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Introduction 

aruch Bhimberg received the Nobel Prize in Medicine in 1976 for discovery of the hepatitis 

B virus (HBV) and for studies of variation in host response to the virus. At the time of the 

award it was not appreciated that Blumberg and his colleague, Irving Millman Ph.D., had 

also invented the first vaccine for hepatitis B, a vaccine that was unique in concept in that it was 

derived from viral proteins circulating in the peripheral blood of humans chronically infected with 

the virus. Nor was it realized by the Nobel committee that HBV was the likely cause of most of 

the cases of primary liver cancer in the world. Nevertheless, the medical faculty of the Karolinska 

Institute clearly understood that Blumberg had employed methods of human population genetics, 

methods that were not in use in virology, to discover a virus that had remained hidden to the 

investigations of a generation of microbiologists. The following biographical information is in¬ 

tended to provide the reader with some sense of the man who was prepared and able to make 

these discoveries. 

Baruch Blumberg was born in New York City in 1925. He attended Union College in Schenec¬ 

tady, New York where he received a Bachelor of Science degree in Physics in 1946. After a year 

of graduate training in mathematics at Columbia University, Blumberg entered Columbia Univer¬ 

sity’s College of Physicians and Surgeons and received a Medical Degree in 1951. It was rare at 

that time for physicians to be so strongly prepared in quantitative science. The usual under¬ 

graduate majors for physicians in training in the United States during the early 1950s were chemis¬ 

try or biology. 
Medical school introduced Blumberg to the world of research. Between his third and fourth 

years, he performed public health surveys in an isolated mining town in northern Surinam, South 

America. This small locale contained an extraordinarily heterogeneous population including 

American Indians, Hindus (from India), Javanese, Africans, and European Jews. Blumberg 

observed that these groups responded differently to infection with the parasite Wucheria bancroftia. 

His report of these observations became his first published paper. 

Following medical school, Blumberg did two years of clinical training at Bellevue Hospital in 

New York City, a public hospital famous for the quality of care provided under incredibly adverse 

conditions. This was succeeded by two years of study of rheumatology at Columbia University, an 

experience that fostered further interest in research. Bhimberg and his mentor, Charles Ragan 

M.D., described the natural history of rheumatoid spondylitis, a paper that is still considered the 

standard in this field. Study of rheumatic disease led to research on hyaluronic acid, an important 

component of connective tissue. This interest, in turn, led Blumberg to Professor Alexander 

Ogston’s laboratory in the Department of Biochemistry at Oxford University, where he spent two 

years as graduate student at Balliol College and received a D.Phil degree in 1957. 

Ogston had a powerful influence on Blumberg’s approach to science, even though it did not 

result in a career in biochemistry. Ogston brought a discipline based on model building and 

hypothesis testing that might not have been there otherwise. Certainly medical research at most 

centers in the United States, at that time, was not so formally structured. Ogston and Blumberg 

have maintained close personal and scientific ties until today. 
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4 INTRODUCTION 

Another essential component of Blumberg’s future research dates from his Oxford days. While 

there he met Anthony C. Allison M.B., D.Phil. who introduced Blumherg to the concept of genetic 

polymorphism. It was Allison who showed that carriers of the Sickle Cell hemoglobin trait 

(heterozygotes) were significantly protected from falciparum malaria. This observation provided 

the fundamental tenet to Blumberg’s future work that genetic variation was responsible for the 

differences in response of humans to infectious and other environmental agents. Beginning while 

both were at Oxford and continuing for several years after they left for other institutions, Blum- 

berg and Allison collaborated on studies of polymorpliisms of urine, serum and red blood cell 

proteins in African, Eskimo and American Indian populations. Together they conceived the fun¬ 

damental notion that humans who were transfused would be exposed to protein variants different 

from their own and that such exposures would induce the production of antibodies which could 

be used to detect the polymorphic proteins. Testing of this hypothesis resulted in the discovery 

of genetic polymorphisms of serum low density lipoproteins. Further testing of this hypothesis, by 

Blumberg, resulted in the discovery of Australia antigen, which ultimately proved to be the coat 

protein of the hepatitis B virus. 

After Blumberg received his Oxford degree, he accepted an appointment in the National 

Institute of Arthritis and Metabolic Diseases at the National Institutes of Health in Bethesda, 

Maryland, where he remained from 1957 to 1964. It was during this period that studies of serum 

protein polymorphisms were actively pursued and Australia antigen was first observed as a precipi¬ 

tin band in a gel immunodiffusion plate (Ouchterlony procedure). 

In 1964 Blumberg moved to the Institute for Cancer Research (now part of the Fox Chase 

Cancer Center) in Philadelphia. There he continued to study genetic variants of serum proteins, 

but the main thrust of his research was focused on understanding the nature of Australia antigen. 

The research team that he organized and directed, including Alton Sutnick M.D., Betty Jane 

Gerstley M.D., Irving Millman Ph.D. and W. Thomas Fondon M.D., soon identified the relation¬ 

ship of Australia antigen to hepatitis and chronic liver disease and described the variety of re¬ 

sponses to what proved to be the hepatitis B virus. These chaiacferizations, although important, 

could have been done by many research groups. The special stamp that Blumberg gave to this 

work was derived from his studies of polymorphisms. That gave the research a population and 

observational focus, as opposed to an experimental or clinical approach. Epidemiology, of course 

is population based, but the methods that Blumberg used were more like modern genetic 

epidemiology and molecular epidemiology than epidemiology as it was practiced at that time. It 

was because of his views on the diversity of human populations that so much effort was devoted 

to describing the distribution and prevalence of hepatitis B carriers throughout the world. This 

resulted in an almost immediate appreciation of the global nature of the hepatitis B problem and 

the need for international solutions. It is not an accident that there have been International Sym¬ 

posia on Viral Hepatitis and Fiver Disease every three years since 1972. It is also part of the 

Blumberg legacy that thousands of investigators throughout the world are involved in some aspect 

of hepatitis B research. 

After a rewarding 25 year career in Philadelphia, Blumberg returned to Oxford in 1988 as 

the Master , of Balliol College. It seems an appropriate completion of the circle. The late Jack 

Schultz Ph.D., a wise Drosophila geneticist at the Institute for Cancer Research, said that transmis¬ 

sion of knowledge had a genetic characteristic in that il was passed vertically from a teacher to 

his students like traits passed from parents to their children. The faculty and students of Balliol 

are now benefiting from the “Blumbergian” view of science and the world. 

r 

W. Thomas London, 
. . Fox Chase Cancer Center, 

Philadelphia, Pennsylvania 



GANDHI MEMORIAL LECTURE 

Solving and Creating Problems: Hepatitis B Virus and the Public Health 

By BARUCH S. BLUMBERG 
Raman Professor, Indian Academy of Sciences, Bangalore 

Introduction of the Speaker 

Today we have with us Prof. Baruch S. Blumberg to deliver the Gandhi Memorial Lecture. He has come to India at the invitation of 

the Indian Academy of Sciences as the Raman Visiting Professor. He will be spending some time with us, visiting various laboratories, 

lecturing at different centres and interacting with many young scientists. Most of you would know that he was awarded the Nobel Prize 

for Physiology or Medicine for the year 1976. The citation says “For discoveries concerning new mechanisms for the origin and dissemi¬ 

nation of infectious diseases”. 

His career has been an unconventional one for a scientist because after his High School he joined the Navy. His interest in the 

seas has persisted to this day. In his autobiographical note he reveals its influence on how he tackles his .scientific problems. “Sea experience 

places a great emphasis in problem solving. It involves extensive planning before action and on the arrangement of alternate methods if 

one is to effect a specific end”. 

Ai a medical student he spent several months in Surinam. While he delivered babies and performed numerous clinical chores he 

noted the enormous variation in the response of different races to the infection of filariasis. His search for an explanation is the saga of 

his scientific career. This led him to the Spanish Basques, the Alaskan Eskimos, the nomad Fulanis of Nigeria and the Indians of Quebec. 

He even spent some time in Chingleput in Tamil Nadu. In this process he became a medical anthropologist of repute. 

It is not my intention to deal in detail with his many remarkable discoveries, his work on filariasis, malaria, intestinal parasites, 

rheumatoid spondylitis; and his discovery of the virus that causes jaundice or the development by him and his colleagues of the vaccine 

against Hepatitis B infection. 

Dr. Blumberg speculates on the nature of scientific enquiry and considers science as a generator and also solver of scientific problems 

— every lime a question is answered several more are raised resulting in an endless search. 

1 shall end this introduction with two quotations — both often used but particularly applicable to Prof. Blumberg 

“Caring for num and fits destiny must aCwcys constitute tfte principal interest of off technical efforts". - AlBert Einstein. 

“Recall the face of the poorest and the most helpless man you have seen and ask yoursef if the step you contemplate is going 

to Be of any use to ftim. Wiff he gain anything By it, will it restore fiim to a controC over fus own life and destiny?" - 

Mofumdas Karamcfiand Gandhi 

May I now request Prof. Blumberg - 

for the welfare of humanity to deliver the 

sailor, traveller, biochemist, medical scientist par excellence and above all a man who cares 

Gandhi Memorial Lecture. 

— S. Ramaseshan 
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Professor Blumberg delivering the Gandhi Memorial Lecture 



Reprinted from Curr. Sci. (1987) 56, 445-462. 

SOLVING AND CREATING PROBLEMS: HEPATITIS B VIRUS AND THE PUBLIC HEALTH*! 

BARUCH S. BLUMBERG 

Raman Professor, Indian Academy of Sciences, Bangalore 560 080, India. 

and 

Fox Chase Cancer Center, 7701 Burholme Avenue, Philadelphia, Pennsylvania I9III, USAft. 

INTRODUCTION 

ROFESSOR Sivaraj Ramaseshan, Professor 

V. Radhakrishnan, Professor Sharat Chan¬ 

dra, colleagues, ladies and gentlemen; 

I am honoured to have been invited, in my 

capacity as Raman Visiting Professor of the 

Indian Academy of Sciences, to deliver the 

Gandhi Memorial Lecture for 1986. I have 

been told that the Raman Trust, which spon¬ 

sors this lecture, requires that it be held each 

year, often on the anniversary of the death of 

Mahatma Gandhi, and within the precincts of 

the Raman Research Institute. 

It is very appropriate that the names of two 

outstanding Indians, Gandhi and Raman, 

should be linked. Gandhi was a nationalist in 

the sense that he recognized the immediate and 

special problems of his own country and 

adopted original political and practical solu¬ 

tions to these problems. But he also had the 

vision to recognize that his methods and his 

goals had a universal appeal. They inspired 

many outside India and gave to the world of 

the oppressed the often-successful political 

approach of non-violence and the principle of 

truth-force Satyagraha. In particular, he in¬ 

spired our own Martin Luther King, whose 

*Part of the work described in this paper was 

supported by USPHS grants CA-40737, RR-05895 

and CA-06927 from the National Institutes of 

Health and by an appropriation from the Common¬ 

wealth of Pennsylvania. 

tText of the Gandhi Memorial Lecture delivered at 

Raman Research Institute, Bangalore, 30 January 

1986. 

ttTo which reprint requests should be sent. 

great contributions have been further recog¬ 

nized this year by the establishment of a 

United States national holiday to honor his 

achievements. 

Professor Raman also was dedicated to his 

nation and his homeplace. He maintained his 

Indian identifications in dress and style even 

when among his fellow scientists of the West. 

But he also had the vision to recognize his 

contributions to world science, which have 

become even more apparent in recent years. 

He established the Raman Research Institute 

and served as the Director of the Indian 

Institute of Science, institutions of the highest 

intellectual standards; they have set a deman¬ 

ding standard for the young people of India 

and offer a powerful means of interaction with 

scientists in other parts of the world. They can 

provide the means by which natural observa¬ 

tions of phenomena peculiar to India can enter 

the corpus of scientific problems of interest to 

the world scientific community. 

Before proceeding to the main text of my 

presentation, I would like to show a photo¬ 

graph (figure 1) which provides an interesting 

link between Professor Raman and my own 

institution, the Institute for Cancer Research, 

Fox Chase Cancer Center, in Philadelphia. It is 

a picture of Professor Raman and other dis¬ 

tinguished x-ray crystallographers, including 

the late Dr A. Lindo Patterson, much of whose 

career was spent at the Institute for Cancer 

Research in Philadelphia. It was taken in 1948 

at the First Congress of the International 

Union of Crystallography at Harvard Univer¬ 

sity, Cambridge, Massachusetts. It pictures 

Professor C. V. Raman along with J. D. 

Bernal (England), C. Patacke (U.S.), P. P. 

Ewald (Germany and U.S.), and the afore- 
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Figure 1. Professor C. V. Raman with Dr A, L. Patterson (Institute for Cancer Research, P'o-x Chase 
Cancer Center) and other scientists at the First Congress of the International Union of Crystallography, 
Cambridge. Massachusetts, 194<S. From lett to right: J. D. Bernal, C. V. Raman, C. Palache, P. P, Ewald, 
A. L. Patterson. 
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mentioned A. L. Patterson (Canada, England, 

U.S.). 
In my talk today I plan to cover several 

topics.* 

1) A description of the research on hepatitis 

B virus [HBV] and how it can contribute to the 

public health in India and elsewhere. I will also 

try to show how broad the research has become 

over the 20 years it has been in progress and 

will cite findings of biological interest which 

have developed along the pathways of re¬ 

search. 

2) A review of aspects of scientific process 

in an attempt to show the problem solving and 

problem creating character of the scientific 

method. 

3) A discussion of how the the solution of an 

important medical problem concerning HBV 
generated another problem which then had to 

be approached by additional attempts at prob¬ 

lem solving. 

The discovery of hepatitis B virus: Medical 
applications. 

The research which led to the discovery of 

the hepatitis B virus began as an investigation 

of inherited variation in humans, specifically 

by the examination of inherited proteins in the 

blood. One of the most impressive features of 

medicine is the great variation in response of 

this host to disease-causing agents. We 

reasoned that if we initially studied such serum 

variation in normal individuals, we could even¬ 

tually determine how people differ in respect 

to disease susceptibility and this in turn could 

help in prevention and therapy. Several of the 

blood proteins were known to be polymorphic, 

hence patients requiring multiple transfusions 

are likely to receive in their blood serum 

proteins that they themselves had not inherited 

or acquired. We hypothesized that if some of 

these proteins were antigenic, a transfused 

* A few references to cited work will be given in this 
review. A more complete bibliography can be found in 
references 1 and 2. 

patient might develop serum antibodies against 

them and his or her blood could be used as a 

“reagent” to study an inherited serum protein 

system. 
While testing this hypothesis, we identified, 

in 1961, inherited antigenic variation of the 

serum low density lipoprotein. Subsequently, 

we and others found that the sera from selected 

transfused patients defined an elaborate multi¬ 

loci system with many alleles controlling serum 

lipoprotein specificities. This has been used in 

genetic and forensic studies and may be of 

value in an understanding of inherited differ¬ 

ences in susceptibility to cardiovascular dis¬ 

eases. Since our hypothesis had been successful 

in revealing a hitherto unknown polymorphic 

system of variants, we continued to test the 

serum of transfused patients against a panel of 

normal sera with the expectation that we would 

find additional antigen-antibody systems of 

interest. 

The frequencies of genes determining poly¬ 

morphisms are known to vary greatly from 
population to population. Hence, to increase 

the probability of finding unknown pheno¬ 

types, we tested the transfused serum not only 

against sera from the United States (where our 

work was being done), but also from Europe, 

Africa, Asia and Oceania. 

In one of these studies we detected a 

precipitin band different from any we had seen 

before. It developed between the serum of a 

transfused hemophilia patient from New York 

and the serum of an Australian Aborigine 

(figure 2). Our problem now consisted of 

determining the nature of this protein present 

in the Aborigine^. 

In order to provide data from which to 

generate hypotheses to begin unraveling the 

nature of this unknown material (called “Aus¬ 

tralia antigen,” after the population in whom 

it was first found, and abbreviated as Au), we 
tested a large number of sera and found that 

Australia antigen was rare in normal Amer¬ 

icans and north Europeans but common in 

populations from several areas of the tropics. It 

was also common in people with leukemia and 
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Figure 2. A precipitin band between a serum from a 

leukemia patient containing Australia antigen 

(top well) and an antibody against it in the serum of 

a haemophilia patient (bottom well). 

this generated an additional hypothesis. Since 

patients with Down’s syndrome (DS, trisomy 

of chromosome 21 associated with mental 

retardation) have a greater risk for leukemia 

than control groups, we predicted that they too 

would have a high frequency of Au. We tested 

sera from Down’s patients and found that 

about one third of institutionalized patients 

had Australia antigen. 

Studies were made of DS patients with and 

without Au in order to determine the factors 

which led to this “condition”. On one occasion 

we observed that a young man who did not 

have Au initially, developed detectable 

amounts of the antigen over a period of weeks. 

We soon discovered that the appearance of the 

Australia antigen was associated with labora¬ 

tory evidence of the development of chronic, 

asymptomatic hepatitis. This gave us an impor¬ 

tant clue as to the nature of Au and generated 

the hypothesis that Au was associated with 

viral hepatitis. 

We tested this hypothesis in turn (in 1967) by 

simply testing the serum of hepatitis pa¬ 

tients, both acute and chronic, for the presence 

of Au. We soon established that there was a 

significant association between Au and hepati¬ 

tis. Having supported this hypothesis, we then 

created another, namely that Au was on, or 

was part of, the hepatitis virus. By 1968 we had 

reported the visualization in the electron 

microscope of particles associated with the 

putative virus (figure 3). A series of other 

observations supported the hypothesis that 

Australia antigen was part of what soon be¬ 

came designated as hepatitis B virus (HBV)"* 

Figure 3. Electron micrograph of the hepatitis B 

virus particles, d = the whole virion (~ 42 nm); 

5 = the surface antigen particle (about 21 nm); 

r = elongated particles containing surface antigen 

(about 21 nm diameter variable lengths). 
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Even before we had concluded the testing of 

the virus hypothesis, it became clear that the 

test we had developed for Australia antigen 

had a very important application. For many 

years, a serious and sometimes deadly com¬ 

plication of surgery was the development of 

hepatitis in patients who had been transfused 

with blood from a donor who was an occult 

carrier of hepatitis virus. The donors them¬ 

selves could be asymptomatic; but if their 

blood were transfused to a patient, the reci¬ 

pient might develop clinical hepatitis. 

In medical research when a finding derived 

from a basic scientific observation can be used 

for therapy or disease prevention, an obliga¬ 

tion arises to utilize the discovery. By 1969, we 

advocated^ donor blood testing and were doing 

this for the Philadelphia General Hospital. 

(This was the first hospital in the United States 

in which donor testing was performed. It 

illustrates a feature of medical research: the 

institution in which research is done is often 

the first place where the beneficial findings are 

applied.) The “Au test” was also valuable for 

the diagnosis of acute and chronic hepatitis and 

became widely used for these purposes. 

It appeared then that a medical problem, 

that is, the prevention of post-transfusion hepa¬ 

titis due to hepatitis B, had been, to a large 

extent, solved (particularly when a sensitive 

radioimmunoassay for HBV was later intro¬ 

duced by ourselves^’ and others). However, the 

solution had raised other problems, namely the 

personal, psychological and sociological com¬ 

plications connected with the identification of 

the carriers. This point will be discussed in 

greater detail later, after the discussion of 

other aspects of the hepatitis B research. 

Introduction of the vaccine 

In 1969. we had received advice from the 

U.S. Government, the sponsor of much of our 

research, that we should seek additional fund¬ 

ing by finding applications for our basic re¬ 

search results. By that time we realized that 

antibodies against the surface antigen of the 

HBV (termed HBsAg) were probably protec¬ 

tive. We had rarely seen individuals who had 

both HBsAg (indicating infection) and the 

antibody, anti-HBs, in their blood. Further, 

Okochi in Tokyo^ had shown that patients who 

had anti-HBs before they were transfused with 

donor blood containing HBV were much less 

likely to develop hepatitis than those who did 

not have anti-HBs. 

Further, we realized that it might be possible 

to produce a vaccine from the peripheral blood 

of carriers of the virus. They carried enormous 

numbers of particles which appeared to be 

composed only of HBsAg. We devised a 

method of separating these particles from the 

whole virus (which was not identified until 

later by Dane, Almeida and others^ in Eng¬ 

land) by centrifugation, column separation, 

proteolytic enzyme treatment and other 

methods. The resultant material is treated with 

formalin and other agents to inactivate any 

remaining hepatitis virus or any other virus; 

appropriate adjuvants are added and this 

constitutes the vaccine. 

In 1969, the Institute for Cancer Research 

filed a patent for the vaccine and its method of 

manufacture in the United States and foreign 

countries and it was issued by the United States 

patent office in 1971. At the time, this was a 

unique method for producing a vaccine. 

However, the medical and scientific world was 

not quite ready for a vaccine since the virus had 

been discovered only recently, and the validity 

of the concept was not universally accepted. 

By 197.5, sufficient amount of work had been 

done in laboratories in the United States and 

elsewhere to encourage us to recommend 

production of the vaccine by an experienced 

manufacturing company. A licensing agree¬ 

ment was concluded with Merck and Com¬ 

pany, a large U.S. drug firm (which had agreed 

to work on the project as early as 1971) and 

later others. The vaccine was produced in 

quantity and in due course, subjected to 

intensive field testing in the United States. 

Volunteers from among male homosexuals in 

New York City were the subjects for the initial 

trial'^ It was learned that the vaccine, which 
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requires three injections over a six-month 

period, was highly effective (greater than 90% 

protection) and, within the limits of the trials 

that had been evaluated, without any side 

effects. Several million doses of this vaccine 

have now been used and, to date, there have 

been no reports of detrimental effects; it is a 

very safe and effective vaccine. In this case, a 
vaccine whose major use has been and will be 

in developing countries, was initially tested on 

United States populations. 

Solution of the vaccine problem raises other 

problems 

The introduction of the vaccine provided an 

example of how the solution of one problem 

raised others; in this case, spurious. 

In 1980, about the time the use of hepatitis 

vaccine was beginning to become widespread, 

the first cases of Acquired Immune Deficiency 

Syndrome (AIDS) were reported in the United 

States. Within a few years it became apparent 

that a terrible epidemic had developed in the 

susceptible groups, primarily male homosex¬ 

uals and drug abusers. A small number of cases 

were also reported in haemophilia patients 

who had received human blood products, and 

more rarely in people who had received trans¬ 

fusions or had sexual contacts with people in 

the high susceptibility groups. 
An inordinate fear of human blood products 

developed; this was extended to the hepatitis 

vaccine despite the fact that the methods of 

manufacture destroy all known viruses and that 

there was no evidence that AIDS had been 

transmitted by the vaccine. The wide use of the 

vaccine in the United States (and to a lesser 

extent elsewhere) was delayed. Subsequently, 

the agent which is thought to be responsible for 
AIDS was identified. It was then shown in a 

variety of ways that AIDS, even if present in 

the blood from which vaccine is prepared, 

could not survive the process of manu¬ 

facture A further point was the finding 

that male homosexuals who had received vac¬ 

cine did not have a different incidence of 

AIDS than those who had. not received the 

vaccine. Based on these findings, the short¬ 

lived fear of the vaccine diminished and it has 

not impaired its use in areas of the world with 

high frequencies of hepatitis carriers. 

The etiologic role of HBV in the causation of 

primary hepatocellular carcinoma 

There is now a substantial body of evidence 

that persistent infection with HBV is required 

for the development of primary hepatocellular 

carcinoma (PHC). The evidence is sufficiently 

impressive to have generated large regional 

and national vaccination programs based on 

the inference that HBV “causes” PHC. This, 

therefore, represents the first example of what 

appears to be a direct, widely used preventive 

program for a virus-caused cancer and is, in 

effect, a “cancer vaccine”. It is important to 

stress that the vaccine is not a treatment for 

cancer that has already commenced. 

In the 1950's investigators in Africa and 

elsewhere had, on the basis of clinical and 

pathological observations, suggested that 

hepatitis might precede PHC and be related to 

its etiology. It was not until the late 1960’s 

when methods for detecting HBV were intro¬ 

duced that it became possible to test this 

hypothesis directly. 

In 1971, at a meeting on cancer in Africa 

held in Uganda, several studies showing a 

striking association between HBV and PHC 

were presented. This event appeared to be a 

turning point, at least in our laboratory, in the 

development of interest in this relationship, 

and the intensity of the work in the field 

increased. In 1975, we wrote*": 
“During recent years, there have been 

parallel developments in understanding, on 

the one hand, the pathogenesis of primary 

hepatic carcinoma . . . and, on the other, 

the biology of Australia antigen . . . and 

the infectious agent, hepatitis B virus 

(HBV), to which it is intimately related. 

Recently, the paths of these developments 

have begun to converge and from this it is 

possible to design a preliminary strategy 

which could, if the interpretations of these 
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data are correct, result in the prevention of 

many, and perhaps most, cases of one of the 

most widespread and deadly cancers of 

humans”. 

The evidence that was then available and 

that supported the statements was presented. 

We discussed the vaccine we had introduced 
and the possible prevention strategies. In the 

relatively short time since that article 

appeared, a large body of data supporting the 

hypothesis that persistent infection with fiBV 

is required for the development of most cases 

of PHC has been amassed. This data will now 

be briefly reviewed [for references see (2)]. 

Carriers of HBV are common in those parts 

of the world where PHC is also common, 

including such surprising locations as Alaska 

where HBV and PHC are found in high 

frequency in the native American population. 

A large series of case-control studies has been 

completed in which the frequency of the virus 

in patients with PHC has been compared with 

the frequency in controls. In essentially all of 

these, the frequency of persistent HBV infec¬ 

tion is higher in the PHC patients than in 

controls. In studies, which utilized the most 

sensitive methods for the detection of the 

virus, the frequency of infection among the 

patients approaches 100%. 

The virus can be identified by immunohisto- 

logic methods in the liver tissue of people with 

PHC. An interesting feature of this observa¬ 

tion, shown by Popper and others who have 

pioneered in the plathological work, is that the 

virus is most abundant in the cells that do not 

appear to have undergone malignant trans¬ 

formation. The neoplastic cells themselves 

often have sparse or no evidence of viral 

protein, while the apparently non-cancerous 

cells surrounding them may have large 

amounts of virus. 

Currently, one of the most exciting areas of 

research is the molecular biology of HBV. The 

entire base sequence of the virus has been 

determined and confirmed by several groups. 

HBV DNA is integrated into the DNA of the 

host liver cells in a very large percentage of 

PHC cases—in some studies, all the cases. 

However, there is also integration of HBV 

DNA in the liver cells of patients without 

PHC, including patients with chronic liver 

disease and asymptomatic carriers of HBV 

who have been infected for several years. 

Hence, integration itself cannot explain the 

pathogenesis of the cancer. The site of integra¬ 

tion of HBV DNA appears to be the same in 

every cell in an individual tumour (i.e. integra¬ 

tion is clonal), but the points of insertion of 

viral DNA are not the same in different 

tumours. Based on present knowledge, there 

does not appear to be a simple pattern of 

integration. 

In one of the most convincing studies on 

cancer, etiology, Beasley and coworkers^^ in 

Taiwan studied prospectively 22,707 male gov¬ 

ernment workers between the ages of 40 and 59 

years. Recruitment into the study population 

began in November 1975 and was concluded in 

June 1978. Of the total, 3435 men were 

asymptomatic carriers of HBV and the remain¬ 

der were not. As of December 31, 1983, 116 

cases of PHC had developed in the study 

population and 113 of these were in HBV 

carriers. The annual incidence for the whole 

population was 82.4/100,000, but for the car¬ 

rier group it was 527.7/100,000. Beasley and 

Hwang estimated the relative risk for the 

carrier men to be 217 times that of the 

noncarriers. The relative risk showed little 

variation from year to year and there was no 

secular trend. This is probably the highest odds 

ratio for any known environmental cause for a 

common cancer. On the basis of life table 

projections, they estimated the lifetime risk of 

death from PHC for a Chinese male carrier in 

Taiwan to be about 40%, a remarkably high 

figure. 

Beasley’s study established that the associa¬ 

tion between HBV and PHC was closer than 

that for any other virus and a site-specific 

cancer, probably for any environmental factor 

and a specific cancer. It has been shown also 

that chronic infection with the virus, rather 

than cirrhosis, carries the risk for cancer. 

13 



452 Current Science, May 20, 1987, Vol. 56, No. 10 

Patients with cirrhosis due to causes other than 

HBV have a low risk for PHC, while those with 

cirrhosis due to HBV have a much higher 

risk'"^. 
Prospective studies similar to Beasley’s are 

now in progress with Eskimos in Alaska, 

Chinese in Hong Kong and Singapore, and 

Japanese in Tokyo. Early reports confirm 

Beasley’s findings i.e. a greatly increased risk 

of PHC in the carriers. 

In 1971, we had proposed, on the basis of 

unusual population distribution and clinical 

and physical characteristics of HBV, that it 

represented the first identified member of a 

new group of infectious agents. We termed 

these “Icrons,” an acronym on the name of the 
Institute for Cancer Research—where the 

research on HBV was initiated. Several viruses 

in this “class” have now been identified in 

woodchucks, ducks and other species. 

The finding of the woodchuck hepatitis virus 

(WHV) provided another convincing piece of 

evidence for the hypothesis that HBV and 

similar viruses cause cancer of the liver. Wood¬ 

chucks (Marmota monax) (figure 4) persistent¬ 
ly infected with WHV have a very high 

probability (80% or greater) of developing 

PHC. Uninfected animals or transiently in¬ 

fected animals never or rarely develop 

tumours. The duck hepatitis B virus (DHBV) 
found Chinese ducks and in the Pekin breed of 

domestic ducks (figure 5) is similar to HBV 

and WHV and it is also associated with pri¬ 

Figure 4. Woodchuck or groundhog (Marmota 

monax). 

Figure 5. Pekin ducks (Anas domesticus). 

mary cancer of the liver, at least in China. Re¬ 

cently, a fourth member of this class of virus 

which appears to cause primary hepatocellular 

carcinoma has been identified. Ground squir¬ 

rel hepatitis virus (GSHV) chronically infects 

the California ground squirrel {Spermophilus 

heecheyi) and, based on long-term obser¬ 

vations, appears to play an etiologic role in 

this species. These viruses will be discussed in 

greater detail later. This appears to be one of 

the most remarkable examples of a series of 

viruses causing similar cancers in four different 

species and provides substantial support to the 

hypothesis that HBV is a necessary cause of 

most (or many) cases of PHC. 

It has been shown both directly and indirect¬ 

ly that many individuals who develop PHC are 

infected at a very young age. In some parts of 

the world, particularly in Asia, the transmis¬ 

sion may be maternal. In other locations, 

transmission is more likely to be horizontal. It 

is also known that infection early in life 



Current Science, May '20, 1987, Vol. 56, No. 10 453 

increases the probability of persistence. These 
observations favour early childhood vaccina¬ 
tion and this will be discussed later. 

The hepatitis problem in India 

Before proceeding to a discussion of mass 
prevention of hepatitis B infection, it would be 
appropriate to discuss the general problem of 
hepatitis in India. 

There are several viral agents which cause 
the common forms of viral hepatitis. Hepatitis 
A is caused by an enteric RNA virus quite 
different in shape and structure from HBV. It 
can cause acute but rarely chronic hepatitis and 
is often spread in epidemics by water or food 
contaminated by the faeces of individuals 
infected with hepatitis A. There is no vaccine 
for hepatitis A, but the administration of 
human gamma globulin can provide protection 
for about 3 months following the injection. 

Hepatitis B can cause both acute and chronic 
hepatitis, as already noted, and many people 
may become asymptomatic carriers for long 
periods of their lives. HBV is spread by many 
means, by transfer of blood from an infected 
individual to another, sexually, from mother to 
child, intimate contact as in families, and 
probably by insects. It may also be spread by 
the fecal-oral route i.e. contaminated food and 
water, but this is not generally thought to be an 
important mechanism of epidemic diffusion; 
this question is still unresolved. 

There are also other viruses which affect the 
liver which have not been characterized. These 
are called “non-A non-B” hepatitis virus since 
they are neither A nor B; but since they have 
not yet been identified, a letter designation has 
not been assigned to them. One of these 
viruses has characteristics of hepatitis A and 
can be spread by water and food. Large 
epidemics of this disease occur in India and in 
some of these there is a high mortality rate. 
This is probably the single most common form 
of viral hepatitis in India. 

There is another form of the non-A non-B 
virus which is similar to B in that it is blood 

transmitted and chronic. In India this appears 
to be less common than the non-A non-B virus 
which is similar to hepatitis A. 

Probably the most important single public 
health measure which could be taken to de¬ 
crease hepatitis in India would be the control 
of human waste and the protection of drinking 
water and food from fecal contamination. 
Since fecal contamination is the cause of a great 
deal of disease in addition to hepatitis in India, 
its control would probably be the most effec¬ 
tive method available to help achieve the goal 
of “Health for all” in India by the year 2000. 
This is, of course, well known to medical and 
public health authorities, but the immense 
logistic effort required has prevented its com¬ 
plete implementation. 

I have learned from colleagues in India that, 
in urban areas, the problem may have in¬ 
creased in recent years because of the rapid 
growth of city populations. The infrastructure 
for water supply and piped sewage disposal 
were in many cases installed years ago and are 
now inadequate for the increased population. 
Multiple breaks may exist in the water and 
sewage lines and, if they are proximate to each 
other, contamination can occur. This is parti¬ 
cularly true when the water supply is inadequ¬ 
ate and the pipes are empty for a portion or all 
of a day. A partial vacuum can result and 
sewage can enter the water lines if they too are 
ruptured. 

In rural areas, deep bores may provide 
uncontaminated water, but its distribution 
after it reaches the surface may allow fecal 
contamination if proper facilities for control of 
waste are not used. A major regional and 
national program directed to providing adequ¬ 
ate waste management and clean water and 
food would result in enormous rewards in 
health improvement. One approach to this 
could include the upgrading of training in 
public health engineering and the improve¬ 
ment in the status of the profession. This might 
be achieved by attaching schools for training in 
these disciplines to the high status scientific 
and engineering institutions in India, such as 
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the Indian Institute of Science and the Indian 

Institutes of Technology. 

Prevention of hepatitis infection 

It has been estimated that HBV is probably 

the second most common cause of viral hepati¬ 

tis (after A-like non-A non-B), and it is 

probably the most common cause of chronic 

liver disease, including the deadly primary 

hepatocellular carcinoma. There are estimated 

to be about 25 million carriers of HBV in India 

making it, after China (with about 100 million 

carriers), the second largest concentration of 

this chronic infection in the world. 

Hepatitis B infection from medical procedures 

There are several specific strategies that can 

be used for the prevention, and possibly the 

eventual elimination of HBV. Prior to the 

discovery of the methods for detection of HBV 

in blood, post-transfusion hepatitis (PTH) was 

extremely common in the United States. In 

some patients receiving large numbers of trans¬ 

fusions (such as heart surgery), the incidence 

of PTH events reached 50%. Beginning in the 

1970’s, testing of donor blood for HBV was 

required by regulation and/or law in many 

United States jurisdictions and in other coun¬ 

tries. PTH due to HBV has now essentially 

disappeared, although PTH due to other 

viruses (non-A non-B) still occur. 
A law enacted by the Government of India 

in 1976 requires the testing of all donor blood, 

but for a variety of reasons this has not been 

accomplished; the Indian Council for Medical 

Research estimates that only 30% of donor 

bloods are tested. There are relatively few 

systematic studies, but the frequency of car¬ 

riers varies from about 4% in some volunteer 

blood donor groups to over 20% in profession¬ 

al donors. It has been difficult for me to obtain 

a figure for the number of blood donor units 

used in India; 10 million per year has been one 

estimate. If we assume that an average patient 

receives two units of blood, then there will be 

about 5 million recipients of these 10 million 

units. If we assume a 5% frequency of carriers 

among the donors (probably a low figure since 

many donors are professionals), then about 

10% of the 5 million recipients will receive 

at least one unit of blood containing HBV 

Based on a prospective study. Dr Jacob John 

of Vellore has estimated that about one third 

of patients receiving positive blood from 

donors will develop clinical hepatitis. Hence, it 

can be estimated that about 165,000 patients 

per year will develop hepatitis B from the 

blood transfusion system. 

Another mode of hepatitis infection is the 

re-use of venipuncture or injection needles or 

other equipment exposed to human blood. It is 

difficult to remove encrusted blood from a 

needle and ordinary sterilization will not kill 

HBV. The amount of virus which can cause 

hepatitis in susceptible hosts may be extremely 

small; an amount contained in the dregs of the 

needle or other instruments (i.e. blood syring¬ 

es) could be sufficient. 

It is difficult to estimate how many cases can 

be caused in this manner, but it is probably not 

less than that caused by transfusions. The 

preventive measures for these cases are ob¬ 

vious. All donor bloods require testing for 

HBV using the sensitive enzyme assay (EL¬ 

ISA), radioimmunoassay (less convenient), or 

a method of equivalent sensitivity. At present 

there is inadequate indigenous production of 

the reagents for these assays and the imported 

reagents are too expensive for widespread use. 

The encouragement of local manufacture could 

remedy the problem. 

Facilities for the manufacture of sharp dis¬ 

posable needles at low cost would decrease the 

dependence on re-used needles and instru¬ 

ments. Local manufacture of other disposable 

blood collecting equipment (i.e. syringes, plas¬ 

tic containers for the units of blood) will also 

be of value in preventing this mode of infec¬ 

tion. It is obvious that the collection of blood 

from donor groups with a low frequency of 

HBV carriers (i.e. volunteer donors) would 

alleviate the situation and probably decrease 

infection with non-A non-B and possibly other 

viruses as well. 
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Prevention of infection with the virus which 

causes AIDS 

There are remarkable similarities between 

the modes of transmission of HBV and the 

virus which is thought to cause Acquired 

Immune Deficiency Syndrome (AIDS). This 

virus is now called Human Immuno-deficiency 

Virus (HIV) but was formerly called LAV/ 

HTLV-III. Methods similar to those used for 
preventing blood borne transmission of HBV 

can be used for preventing blood borne trans¬ 

mission of HIV. A serological test of donors 

for HIV (and antibodies against it) can be 

performed on the same serum specimen re¬ 

quired for testing for HBV. Much of the same 

equipment can be used for the two tests. The 

techniques described above to prevent trans¬ 

mission of HBV by needles and other equip¬ 

ment will also be effective for preventing 

transmission of HIV. 

There is great demand in India for the 

prevention of blood borne AIDS. The imple¬ 

mentation of both the HIV and HBV programs 

can be done together, thus effecting large 

savings in public health expenditures. 

Vaccination against hepatitis B 

The major preventive progrmme involves 

the use of the hepatitis B vaccine. Several 

strategies have been used in different countries 

and regions. In areas of low frequency (i.e. 

United States, northern Europe), routine use 

of the vaccine has been recommended for 

high-risk groups such as health care workers, 

families of carriers, newborn children of carrier 

mothers, male homosexuals and others. In 

areas of moderate frequency (say 1-2%, i.e. 

Japan), the major program is directed to the 

offspring of carrier mothers. They are given 

gamma globulin at the time of birth and a 

second dose of gamma globulin, and the first of 

three doses of hepatitis B vaccine are given at 

two to three months of age. A second dose of 

vaccine is given one month and the third dose 

three months after the first. In some cases a 

fourth dose of vaccine may be used. This 

program has been in progress in Tokyo for 

several years; it is to be extended to all of 

Japan within a few months. 

In areas of high frequency (such as China), 

the plan is to vaccinate all newborn children in 

the high-risk areas. In People’s Republic of 

China this would amount to more than 

20,000,000 courses of vaccinations per year! To 

accomplish this large goal, indigenous produc¬ 

tion of vaccine from human blood is being 

undertaken in newly built factories. 

A vaccination program has been in progress 

on the island of Taiwan since 1984. Taiwan has 

one of the highest frequencies of carriers in the 

world; the mean frequency of carriers (among 

pregnant women) is 18% with a range of 

14-22%. Testing was made available to all 

pregnant women and some 78% were tested 

(352,721 tested of 450,585 pregnant women). 

Women who were HBeAg(-f) or who had high 

titers of HBsAg were identified and they were 

given high titer anti-HBs gamma globulin 

(HBIG) within 24 hr of delivery; vaccination 

injections were given at 1,5 and 9 weeks and at 

12 months. A very high percentage 
(84%) completed three doses and a smaller 

percentage (71%) the entire course. In July 

1986 all newborns will be included in the 
vaccination program. (Pregnant women will still 

be tested to ascertain highly infectious mothers 

and their children will be offered HBIG as 

before.) In due course, vaccination will be 

extended to household members of carriers, to 

medical personnel and eventually to all other 

susceptibles. National and regional programs 

are also in progress in the Gambia, Italy, South 

Korea, United States and elsewhere. 

Vaccination program for India 

What is the appropriate vaccination strategy 

for India? A vaccination program could pro¬ 

ceed as follows. 

1) A systematic survey of Indian popula¬ 

tions in different regions of the country to 

determine the prevalence of HBsAg and anti- 
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HBs carriers. This would provide knowledge of 

high infection areas and also an estimate of the 

population still at risk for HBV infection (i.e. 

those who have no serological signs of infec¬ 

tion). 

2) A systematic survey, in different regions 

of India, to determine the frequency of HBV 

infection in patients with various kinds of liver 

disease. This survey could be combined with 

studies of hepatitis A and non-A non-B hepati¬ 

tis and would provide some estimate of the 

disease load of HBV in hospitalized patients. 

3) Based on these surveys, strategies for 

vaccination (possibly different for different 

parts of the country) could be designed. A 

decision could then be made concerning target 

populations for different regions i.e. (i) all 

newborn children; (ii) only the children of 

carrier mothers; (iii) susceptibles in the fami¬ 

lies of carriers and (iv) all susceptibles. 

Strategies could then be designed, based on the 

cost of vaccine, disease load imposed by the 

virus, cost of identifying susceptibles and other 

variables. 

4) The survey and vaccination activities for 

HBV could be combined with disease surveys 

and prevention programs caused by other 

infectipus agents. Since there is currently an 

interest in the prevalence of AIDS virus in 

India, both surveys could be combined. Even¬ 

tually, hepatitis B vaccination could be made 

part of the routine pediatric vaccinations. 

5) The cost of vaccine sold in the United 

States and Europe is very high (about 100 U.S. 

dollars for the course). However, the cost of 

vaccine produced in Korea is about one third 

of this and the Chinese are said to be producing 

vaccine at about one to three dollars per 

course. Several studies have now shown that 

intradermal injections are effective and require 

only one tenth the amount of vaccine required 

for the intramuscular route (the method cur¬ 

rently widely in use). This brings the cost down 

to about 10 to 30 cents (equivalent to one 

rupee 30 paise to three rupees 90 paise), a 

reasonable amount even for large vaccination 

programs. 

Vaccine prepared by recombinant DNA 

methods has recently been approved by the 

Food and Drug Administration of the United 

States. The cost, however, is not less than the 

currently available product (that is about 100 

U.S. dollars) and it may be some years before 

methods of production bring it down to the 

costs of the blood-produced product. 

Public health authorities will have to balance 

the pros and cons of the possible strategies of 

vaccine production and application and arrive 

at a judicious decision as to which methods to 

use. 

The biology of hepatitis B virus: Sex differences 
in response to HBV 

Physicians and microbiologists usually en¬ 

counter viruses and microbacteria primarily in 

their disease-causing phase. But micro-organ¬ 

isms have a rich interaction with humans and 

other organisms beyond their ability to cause 

distress and woe. Examples of how HBV 

interacts with human sex will now be pre¬ 

sented. (For more detailed information and 

references see refs. 15, 16.) 

In many of its responses, HBV interacts 

differently with human males and females. 

One of the earliest observations on “Australia 

antigen” (that is, hepatitis B surface antigen) 

was the higher frequency of HBV carriers in 

males compared to females. It was shown that, 

when infected, males are more likely to be¬ 

come carriers and females are more likely to 

develop antibody to the surface antigen (anti- 

HBs). This has an important bearing on the 

fate of these individuals, since carriers are, in 

general, more likely to develop chronic liver 

disease and primary cancer of the liver and 

those who develop anti-HBs are often immune 

to further disease. Hence, females are 

favoured over males in this regard. 

Another curious observation emerged from 

a study of patients receiving treatment on a 

renal dialysis unit. Prior to the use of sensitive 

methods for the detection of HBsAg, HBV 

infection was extremely common in renal 
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dialysis patients and in some artificial kidney 

units nearly all patients became infected. (This 

situation is now controlled and hepatitis infec¬ 

tion in dialysis units in the United States and 

elsewhere is rare. This was achieved by 

epidemiological control and restricting carrier 

patients to their own machines in special 

dialysis units or sections of units.) Many 

patients on dialysis units were transplanted 

with kidneys from cadavers and living donors. 

London and his colleagues found that patients 

who developed anti-HBs rejected the trans¬ 

planted kidneys more rapidly than trans¬ 

planted patients who were carriers of HBV. 

Furthermore, they found that this effect, 

although independent of the sex of the reci¬ 

pient, was seen only when the kidney donor 

was a male. There appeared to be a specific 

relation between anti-HBs and an antigen 

present in male but not female kidneys. 

The most perplexing observation and poss¬ 

ibly the most important, concerns the effect of 

the response of parents to HBV infection on 

the sex of their offspring. The original observa¬ 

tions were made in a community in northern 

Greece selected because of the high frequency 

of HBV carriers. If a mother or father were 

carriers, the sex ratio of their offspring (num¬ 

ber of male offspring divided by the number of 

female offspring multiplied by 100) was greater 

than in families in which one of the parents (in 

particular, the mother) was anti-HBs. Similar 

observations were made in four other com¬ 

munities; in France, in Kar Kar, Papua New 

Guinea, in northern Luzon, in the Philippines 

and in two villages in eastern Greenland. In 

several of these the increased sex ratio in the 

carrier families was a consequence of a de¬ 

creased number of females. There was also an 

overall decreased fertility in the carrier families. 

We have developed several models in an 

attempt to explain these sex effects. It was 

suggested that HBV viruses contained an 

antigen that was present in males but not in 

females. Hence, when males were infected 

they would be more likely to regard the antigen 

as “self,” would not develop anti-HBs and 

hence would be more likely to develop the 

carrier state. Male kidneys would contain a 

HBV-like antigen and would be more likely to 

be rejected by a kidney recipient with anti- 

HBs. Another model was that the virus was 

more likely to replicate in a female than in a 

male fetus and therefore, the female concep- 

tus, infected by the carrier mother or father, 

was less likely to come to term than the male 

conceptus. This would explain the observed 

decrease in the number of girls (and children 

overall) in the carrier families. 

HBV and insects 

There are other biological interactions of 

HBV with other species in the environment. 

The virus is borne by mosquitoes and the field 

infection rate can be'^' as high as 1:200. It is 

also found in over 50% of bedbugs (Cimex sp.) 

(figure 6) captured in beds whose main occu¬ 

pants are carriers of HBV''^ The virus has also 

been reported in house flies and other insects. 

There is no evidence that the virus replicates 

in insects; nevertheless, they may be an impor¬ 

tant source of transmission since, in susceptible 

individuals only a small amount of virus may 

cause infection. Insect-borne diseases can be 

controlled and this may have a bearing on the 

planning of extended public health programs. 

This may be particularly important if there is a 

campaign to totally eliminate the virus; this 

may be feasible even now in circumscribed 

island or isolated populations. 

Figure 6. Bedbug (Cimex sp.) SEM. 
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Insect infection may also be of biological and 

evolutionary interest. Insects can provide a 

mechanism by which genetic information can 

be carried from one human to another via the 

viral genome. Since HBV integrates into the 

host DNA of long-term carriers, the infectious 

virus may carry with it to an infected person 

small portions of the genome of the previous 

host, and this could, theoretically, be express¬ 

ed in the new human host. An interesting kind 

of epidemiology may emerge from this in 

which one is concerned with the infectious 

agent, the host and the immediately prior host. 

Hepatitis B-like viruses in other species 

One of the most convincing pieces of evi¬ 

dence that HBV is a necessary cause of 

primary hepatocellular carcihoma in humans is 

the existence of a series of viruses, very similar 

to HBV, which appear to cause PHC in other 

species. In our earlier investigations, we had 

postulated the existence of viruses similar to 

HBV, which we termed Icrons. 

Four of these viruses have been identified at 

the Fox Chase Cancer Center by several 

investigators. These include the human virus 

(HBV), the virus found in the north American 

woodchuck or groundhog (Marmota nionax) 

called woodchuck hepatitis virus (WHV), the 

duck hepatitis B virus (DHBV) first identified 

in China and the tree squirrel hepatitis B virus 

(THBV). In addition, a virus has been re¬ 

ported in the California ground squirrel {Sper- 

mophilus beecheyi) (GSHV) and recently in 

the Palm Tree squirrel of India. (The last 

species is hallowed in Indian tradition. It is the 

squirrel which assisted Rama when he crossed 

the sea to Sri Lanka to rescue his consort Sita 

from the demon Ravana.) HBV-like viruses 

have also been reported in kangaroos and 

possibly other species. Primary cancer of the 

liver, caused by the virus, has been reported in 

four species (humans, woodchucks, ducks, 

ground squirrels). These animals are a rich 

resource for observational and experimental 

research. In addition, they provide a fascinat¬ 

ing body of information to study the evolution 

of the virus and the diseases they cause in both 

closely related and distant species. 

Solving and creating problems in clinical re¬ 
search 

I would like to conclude this presentation 

with a brief discussion of how, in clinical 

research, the solution of problems often cre¬ 

ates other problems. A brief discussion of 

certain aspects of scientific process which 

relate to this concept will be followed by an 

example from our own experience in research 

on HBV-*’ 

Comments on scientific process in clinical re¬ 

search 

A hypothesis is a declarative statement 

concerning the scientist’s view of a state of 

nature confined to a specified subject matter. 

In the inductive phase of scientific process, the 

data are collected first and the hypothesis 

induced from them. In the deductive phase, 

the hypothesis is stated first and then data are 

collected to test it. After the hypothesis is 

stated, a study is designed to test the hypoth¬ 

esis (usually an attempt is made to reject the 

hypothesis) and during the course of testing, a 

body of data accumulates. Irrespective of the 

support or rejection of the hypothesis, the data 

can be used to generate other hypotheses. 

These, in turn, can be tested by additional 

data. Again, a decision can be made as to 

whether the hypotheses of the second cycle are 

supported or rejected and the data used to 
formulate a third series of hypotheses, which 

are also available for testing. This process may 

be continued through many cycles. As the 

process proceeds, more and more hypotheses 

are tested and support or rejection is deter¬ 

mined; that is, more and more qn'^stions are 

answered. At the same time, an even greater 

number of new questions are asked. The more 

that is known, the greater are the number of 

unknowns. If perfect knowledge means that 

the investigator knows everything about a 
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subject, then, if this model of scientific process 

is valid, solutions will always be imperfect. The 

solution of one problem will often raise others. 

To illustrate this concept, we will use the 

experience which resulted from the introduc¬ 

tion of testing of donor blood to prevent 

post-transfusion hepatitis. 

Problem solving and problem creation: The 
prevention of post-transfusion hepatitis 

The test for what was then known as the 

Australia antigen, was reported in 1964. By 

1966, as described above, there was substantial 

evidence that Australia antigen was on the 

surface of hepatitis B virus. In 1967, screening 

of blood donors for occult carriers of hepatitis 

virus was routine in some hospitals in Phi¬ 

ladelphia and by 1970 it was widely applied in 

the United States and other countries. 

In 1968, disturbing reports were heard from 

persons, usually health care personnel, who 

had been identified as carriers of HBV as a 

result of a blood donor or hospital staff testing 

program. For example, a hospital nurse identi¬ 

fied as a carrier was told that she would be 

dismissed because of the possibility that she 

might infect others by personal contact. An 

applicant for a hospital position was deemed 

ineligible for employment because he wak a 

carrier. A homosexual man was informed that 

he was a carrier but given no specific instruc¬ 

tion on how he should conduct himself socially. 

Along with many incidents of this nature, 

policy questions about hepatitis B virus carriers 

were raised by institutions. Military medical 

authorities in a foreign country where hepatitis 

B virus carriers were common asked if they 

should screen applicants for admission to 

medical school and disqualify those found to be 

carriers. The same question was raised with 

respect to admission to officers’ training school 

and graduation from nursing school: should , 

these applicants and graduates be screened for ' 

the carrier state to determine if they should be 

allowed to enter or undertake the practice of 

their chosen professions? (We recommended 

that screening should not be done.) Still 

another difficult policy problem arose in rela¬ 

tion to the adoption of Southeast Asian re¬ 

fugee children. In the mid 1970’s, many chil¬ 

dren from Indochina were placed for adoption. 

Because hepatitis B virus carriers were known 

to be prevalent in Vietnam, the advisability of 

screening these children for the virus became 

an issue. Should the results of this screening 

test determine who would be accepted for 

adoption and who would not? (United States 

health officials decided that carrier testing 

should not be done as a qualification for 

immigration to the USA from Southeast Asia.) 

These carrier-related questions surfaced in 

increasing numbers as the use of the hepatitis B 

virus test became more widespread. 

What appeared to be emerging was the 

possibility that a new class of stigmatized 

persons and groups—hepatitis B virus car¬ 

riers—was being created by the introduction of 

a single laboratory test. These were persons 

who did not have any recognizable external 

characteristics. Their carrier state was 

“occult,” only discernible by use of a blood 

test. Many carriers already had been and even 

more would be, identified as a result of the 

donor and other blood-testing programs that 

had been launched. (Tens of millions of donor 

blood samples are collected each year, and, in 

due course, most of these would be tested.) 

It was known that some carriers could 

transmit hepatitis readily by blood transfusion. 

From this knowledge, but without quantitative 

data on actual transmission, it was inferred that 

carriers could also convey hepatitis through 

social interaction. This assumption began to 

take hold despite the fact that it was apparent 

that most carriers were not very infectious. It 

had been estimated that there were about 

700,000 carriers throughout the United States. 

If they were infectious—for example, to the 

degree that people infected with smallpox 

are—there would have been far more hepatitis 

in this country and elsewhere than there is 

known to be. Furthermore, several preliminary 

studies of health care workers known to be 

carriers showed that they had not transmitted 
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hepatitis B virus to their patients. The scientific 

evidence strongly suggested that, although 

some carriers might be infectious, many were 

much less so if at all, and that the danger to 

public health was probably not immediate or 

enormous. Nevertheless, persons who had 

been identified as hepatitis B virus carriers 

were being medically and socially marked in 

potentially disadvantageous ways. They were 

having personal, family and career difficulties 

as a result of their disclosed carrier status. 

Consideration of these problems made it 

clear that an evaluation of a general screening 

program should be done before any such 

program was executed. (This program refers to 

the screening of persons other than blood 

donors. Blood donor screening had been ev¬ 

aluated, found to be justified and accepted.) 

What was called for was a judicious, well- 

informed set of decisions about screening that 

would potentiate its public health benefits and 

protect individual hepatitis carriers from undue 

economic, psychic and social harm. It became 

apparent that sufficient data were not available 

to make sound decisions that would approp¬ 

riately balance collective needs and individual 

rights. It was not at all clear what the rules for a 

screening program ought to be. Should screen¬ 

ing be compulsory? Should the activities of 

carriers be distinguished from those who were 

not infectious? What instructions should be 

given to identified carriers? What kind of 

protection could and should be offered to those 

with whom carriers came in contact? The 

history of previous medical applications strong¬ 

ly suggested that these issues should be addres¬ 

sed before the screening procedure acquired 

the routine familiarity and authority of an 

established practice; once a procedure has 

been instituted it becomes increasingly hard to 

question or freshly evaluate it. 

There were also broader issues that had 

been raised and required consideration. Most 

of the infectious diseases that people contact 

are transmitted either directly or indirectly 

from other people, in many cases from car¬ 

riers. However, screening for these agents is 

difficult and not done routinely on large 

segments of the general population. For exam¬ 

ple, Staphylococcus aureus carried on skin 

surfaces may be spread from person to person 

and has caused large and calamitous epidemics 

in hospital nurseries. Nevertheless, routine 

screening is not done for this bacteria except 

after infection has been found. Salmonella- 

species may be spread by food handlers and 

cause serious epidemics of diarrheal disease, 

but routine screening is not done because of its 

expense and difficulty. Should hepatitis car¬ 

riers be targetted for screening simply because 

the test is easy to do and widely available? 

Beyond this, how much should biological 

knowledge be allowed to influence and control 

our social relationships? To what extent should 

medical and public health practices be allowed 

to affect our social behaviour—particularly in 
the face of the kind of inadequate information 

that existed at this point about hepatitis B virus 

carriers and the infectious risk they constitute? 

For various reasons, hepatitis screening for 

blood donors was accepted quickly, whereas 

screening for many other infectious agents has 

not been accepted. There was an unambi¬ 

guous, long-standing need to screen blood 

donors for hepatitis. Post-transfusion hepatitis 

was a real and significant problem that had 

been recognized for years and any solution was 

bound to be accepted quickly. The tests for 

hepatitis B virus (particularly the radioimmu¬ 

noassay that was introduced relatively early in 

the program) were sensitive and specific. 

There was a large commercial interest in these 

tests. Test reagents for hepatitis B virus to the 

value of tens of millions of dollars are sold 

yearly, aided by extensive advertising and 

skilled promotion. Further, several law suits 

had been brought against hospitals, blood 

banks, and physicians by defendants who 

developed post-transfusion hepatitis and 

claimed that the institution and health care 

workers were liable because they had not used 

the screening test for hepatitis B virus. In 

addition, blood has a powerful symbolic mean¬ 

ing in our culture. It is associated with life and 
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vigor, lineage and kinship in ways that are 

likely to confer special positive significance on 

technical procedures that guarantee its 
“purity.” 

The question of a general screening program 

(the testing of persons who were not blood 

donors) had to be viewed very differently. We, 

and others in the field, took the position that 

there had not yet been enough research on 

hepatitis B virus carriers to justify general 

screening programs, except for those that were 

part of a research protocol. It was obvious that 

additional research was necessary to resolve 

these medical and bioethical problems. 

Advances in research and their impact on 
ethical questions 

Since our original publications on these 

issues, there have been scientific and technical 

advances that have changed the ethical issues 

in hepatitis B virus carrier screening and 

altered our views in the process. In 1972, 

Magnius and Espmark reported their finding of 

the hepatitis Be antigen (HBeAg). This anti¬ 

gen appears to be a part of the core of hepatitis 

B virus and its presence in a carrier indicates 

that significant amounts of whole infectious 

virus are present in the blood. Mothers who 

are hepatitis B surface antigen (HBsAg) and 

HBeAg positive can transmit hepatitis to their 

offspring, particularly in Asian populations. 

Carriers with HBeAg are in general more 

likely to transmit the virus than those without. 

Furthermore, HBsAg carriers who also have 

antibody to hepatitis B e antigen (anti-HBe) in 

their blood are much less likely to transmit the 

agent than those with HBeAg or those without 

any sign of HBe antigen or anybody. By 

separating the carrier group into those who are 

potentially infectious and those unlikely to 

transmit hepatitis, the problems of screening 
were narrowed and focused. 

■ The introduction of the vaccine against 

hepatitis B virus by Blumberg and Millman 
(described above) has also markedly changed 

the medical and ethical picture. If the vaccine 

continues to be as safe and effective as it now 
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appears to be, it will be possible to protect 

persons with whom carriers come in contact. In 

time, in some regions of the world where 

hepatitis prevalence is high, all or nearly all of 

the population will either have natural protec¬ 

tion against hepatitis B virus (they will have, 

developed the antibody to hepatitis B surface 

antigen [anti-HBs] after natural infection with 

the virus), or they will have been vaccinated. 

When this happens, the public health impact of 

the carriers will be greatly minimized in these 

areas. As a consequence, the chief ethical 

problem of the carrier will have been elimin¬ 
ated. 

In areas with low intensity of hepatitis B 

virus infection, the vaccine will probably be 

used only in high-risk populations, including 

health care personnel, travellers, military per¬ 

sonnel, blood handlers, homosexual men, drug 

abusers, family members of carriers, immig¬ 

rants from HBV high frequency areas and 

certain other groups. In some of these high- 

exposure populations, the frequency of natur¬ 

ally occurring anti-HBs may be common (15 to 

50%). Because the cost of vaccine is high, it 

would be prudent in some areas to screen these 

populations for the presence of anti-HBs (and 

possibly HBsAg), because they would not 

profit from vaccination. Under these changed 

circumstances, the screening of general 

populations would be warranted. The initial ' 

concerns about general population surveys 

would be set aside, because measures of known 

value could be taken as a consequence of the 
survey. 

There are other situations in which screening 

surveys may be warranted. Current policy 

encourages the “mainstreaming” of mentally 

retarded children by placing them in small, 

home-like settings in the general community 

and in regular schools with other children. 

There is a relatively high frequency of carriers 

among children and young adults with Down’s 

syndrome, who make up a sizable portion of 

deinstitutionalized, mentally retarded people. 

Research should continue to determine the risk 

that these children may impose on their elass- 
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mates and on the feasibility of vaccine protec¬ 

tion. 
Other advances that would further alter the 

ethics of screening are likely to occur. Re¬ 

search is now being directed toward an under¬ 

standing of how to either eliminate hepatitis B 

virus from carriers, or to decrease virus replica¬ 

tion so that the carrier is not infectious. If such 

measures become possible, they would pro¬ 

bably also decrease the likelihood of the carrier 

developing chronic liver disease or primary 

cancer of the liver. Under these conditions, 

identified carriers could be offered a therapeu¬ 

tic procedure. This would provide a powerful 

new medical and moral rationale for general 

hepatitis B virus carrier screening that might 

further offset the negative personal, social, and 

cultural side effects associated with it. 

CONCLUSION 

The research on HBV has led to many 

interesting and curious findings. These have 

had practical applications and also are of 

theoretical interest in biology. The search is 

continuous since the unravelling of one prob¬ 

lem generates even more. We hope that it will 

continue to provide information which will 

improve health in India and the world. 
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Introduction to the Papers 

Introduction 

3t is unusual for a scientist to be given the opportunity to contemplate the body of work he 

has accomplished over the course of a scientific career and to attempt to identify unifying 

features that bind the contributions together. There is a temptation to seek a grand design 

in the work that may not have been present in the planning phase, or the scientist may ascribe 

to himself a subconscious sense of order that prevailed during the course of the work that even 

he, at the time, did not perceive. It is probably better, to accept the actuality that science proceeds 

from one unknown to the next (with the hope that some of these will become ‘knowns’) and that 

the process often follows a ‘Shandean’ course, that is, in the manner of Tristram Shandy, the hero 

of Laurence Sterne’s novel of the same name, who peregrinates through life in an apparently 

unplanned and circuitous manner which nevertheless has a strange purpose. 

I am indebted to the Indian Academy of Sciences for extending to me this opportunity to 

indulge in this unusual exercise. 

Tropical diseases and physical biochemistry 

My first publications were reports on a series of tropical disease surveys undertaken in the small 

jungle community of Moengo, in the country of Suriname (then Dutch Guiana) located on the 

northern coast of South America (1, 2, 3)*. I had gone there during my third year in medical 

school to work in the community hospital (owned by the Suriname Bauxite Company, as was the 

entire town and the adjacent aluminium mine) and to conduct public health surveys in and around 

the village and in remote locations in the interior of what was then a primitive and undeveloped 

country. In retrospect, I find that the impact these amateur projects had on my subsequent scien¬ 

tific work and medical interests was remarkable. The population surveys which were the major 

part of the Suriname research eventually led to my interest in epidemiology. The work was done 

in a tropical and undeveloped country; the major impact of the subsequent work of our laboratory 

and much of the field work which was central to it has been in such locations. The projects were 

directed towards an understanding of public health and preventive medicine; much of my sub¬ 

sequent research in its application was directed towards prevention and less so towards therapy. 

But the major impact of the Suriname experience was to focus attention on human variation (and. 

This work was supported by USPHS grants CA-40737, RR-05895 and CA-06927 from the National Institutes 

of Health and by an appropriation from the Commonwealth of Pennsylvania. 

* Numbers in parenthesis refer to publications listed at end of book. 
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in particular, inherited variation) and to question why some people differ from others in respect 

of susceptibility to disease. This was the subject of much of my research in the 60s and 70s and 

has been a guiding concept for our subsequent work on hepatitis B virus (HBV). 

Following my graduation from medical school (in 1951), I engaged in training and research 

in Internal Medicine and the subspeciality of arthritis and joint disease. An important area of 

concern in the arthritis field at that time was the physical chemistry of the large molecules that 

make up the ‘ground substance’ of the spaces between cells. Hyaluronic acid, a long-chain polysac¬ 

charide, was one of these. This substance was of particular interest in that it was the main viscous 

constituent of the joint fluid and there was reason to believe that physico-chemical aberrations of 

this molecule could cause or be related to disease. These studies were done in collaboration with 

Karl Meyer, an eminent physician-chemist who was a pioneer in the chemistry of ground sub¬ 

stance, and with Gerald Oster who was at that time working in the laboratory of the pioneer 

polymer chemist Marks (4, 5). My major work in this field, however, was with Alexander G. 

Ogston (my supervisor and mentor at Oxford University) with whom I completed a series of 

studies on the relation between hyaluronic acid and the protein with which it seemed to be invar¬ 

iably associated. We concluded that the protein was an integral part of the proteoglycan molecule, 

necessary for its biophysical integrity and for the retention of the non-Newtonian viscosity, which 

was believed to be important for the physiological functioning of the joint fluid (9, 10, 11). 

I also developed a clinical research interest during my residency and fellowship. I collected a 

large body of clinical data on a syndrome called “ankylosing spondylitis”. This was an impressive 

involvement of the joints of the spinal vertebrae and the sacroiliac joint of the pelvis. It afflicted 

mostly young men and had a progressive course that led to fixation of the spine and a very 

noticeable bending and stiffening of the whole frame. By studying individuals at various stages of 

their disease, it was possible to make estimates of outcome. Gontrary to general belief, their func¬ 

tional capabilities (in terms of maintaining gainful employment) were not markedly altered; nor 

was there a diminution in their life expectancy (8). (This was the first time I used life tables and 

survival analysis, a device we returned to years later in our studies on disease and morbidity 

outcomes related to HBV.) 

While preparing this study, I became interested in the life of an Irish physician, Bernard 

Connor, who apparently was the first person to describe the pathology of this condition. This 

resulted in a paper describing the life and career of Connor written by my wife and myself (19). 

We became so involved with him that my eldest son received Connor as one of his given names. 

Polymorphisms and inherited variation in response to disease 

While completing my studies on hyaluronic acid at the Department of Biochemistry at Oxford 

University I met Anthony C. Allison. His research had been heavily influenced by the concept of 

genetic polymorphisms, an important biological construct that had been developed by Professor 

E. B. Ford of the Department of Zoology. Based primarily on his experience with butterflies and 

moths. Ford defined a polymorphism as ‘the occurrence together in the same habitat of two or 

more discontinuous forms of a species in such proportions that the rarest of them cannot be 

maintained by recurrent mutation’. The implication of this is that multiple forms of the species 

are maintained in the population because of differential selection pressure. Independently of the 

question of selection, which has been much debated in recent years, this principle directed atten¬ 

tion to the extensive biochemical and immunologic diversity present in the human genome and 

provided a grand biological concept which could be used to study variation that might be related 

to human disease. 
At about this time, another development occurred that opened up the possibility of major 

advances for the study of human polymorphisms. Oliver Smithies, who had worked in Ogston’s 

laboratory just prior to my arrival, introduced the method of electrophoresis in starch gel. This 

allowed a much more detailed separation of serum proteins than had been previously possible, 

and several inherited polymorphisms were detected by combined biochemical, family and 

population studies. For the next few years, in collaboration with Allison, Michael Tombs (then at 

Oxford) and others, I studied polymorphisms in human and animal blood in many parts of the 

world in an effort to discover new polymorphisms and to describe the distribution of those that 
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were known. Since the polymorphic frequencies were thought to depend on different selective 

forces operating in the environment, we studied populations living under very different environ¬ 

mental conditions. Thus in 1957 I studied the Yoruba tribe of western Nigeria and the nomadic 

Fulani of the north (17, 44, 46, 49). The following year, studies were conducted in Alaska among 

the coastal and inland Eskimos and the Indians of the interior (28, 29, 30, 32, 49). We uncovered 

a very rich variation, and the differences in the frequencies of the polymorphic alleles we had 

predicted were easily demonstrated. 

These field trips also served to introduce me to anthropologists. Often, on arrival at the 

remote locations where the blood collections were made the only other outsiders I would encounter 

were anthropologists studying the ethnology or physical characteristics of the populations. Also, 

our studies of the populations allowed us to characterize the populations by the gene frequencies 

of a large number of polymorphic traits: red blood cell groups (12, 28, 30, 46, 49, 79), serum 

pi'oteins (17, 30, 44, 75, 80, 81), gamma globulin types (49, 75), serum alkaline phosphatase (91, 

98), red cell enzymes (62), hemoglobins (61), white blood cell antigens, taste of certain chemicals 

(32), amino acid excretion in the urine (29, 31, 50), and others. Using the gene frequency charac¬ 

teristics, we could compare populations to each other and conjecture about their historical and 

genetic relations using existing knowledge derived from history, language and other disciplines 

seemingly remote from biochemistry. This frequent and intense involvement in field work gave 

us a more profound understanding of our discoveries than would have been possible if we had 

merely received a container of blood in our laboratory. 

These studies were primarily exercises in data collection, amassing the units of information, 

which, at some time in the future, could be incorporated into broad concepts. This inductive form 

of science, in which data is collected from which hypotheses will subsequently be generated, is 

often disparaged in contemporary science with its emphasis on hypothesis testing and finding 

answers to specific questions. In many experience, both conceptual approaches are necessary. I 

enjoyed the opportunity to collect our own ‘raw’ data rather than depend entirely on that of 

others; it made our work seem more allied to that of the naturalists of the eighteenth and 

nineteenth centuries who ventured out to new lands to find species of animals and plants from 

the unknown world to enrich the store of scientific knowledge. We studied many fascinating popu¬ 

lations. These included the Indians and Djukas of Suriname (1, 2, 3), the Spanish Basques (12, 

17), Nigerian Yorubas and Fulani (17, 44, 46), Alaskan Eskimos and Indians (28, 29, 30, 32, 49, 

98), Micronesians from Rongelap and other atolls of the Marshall Islands in the Central Pacific 

(31, 38, 39, 43, 44, 50), the Indians of northern Quebec (79, 99) and Peru (130), and others. 

Animal polymorphisms 

During these field trips we often collected blood from animals other than humans and used these 

to study the same or similar polymorphisms that we were studying in humans (16, 20, 33, 35, 

55). This arose from our interest in the evolution of proteins and the possible connection between 

proteins known to be inherited in humans and in lower animals. This later developed into the 

research on hepatitis B-like viruses in species other than man, the phenomenon of the transmission 

of viruses, and hence genetic information, between animals (particularly domestic species) and 

humans through the intermediary of insect transmission, and the implication of the latter for the 

development of massive disease epidemics over the course of history. 

Our first paper in this series (16) began with the statement, ‘Opportunity arose during recent 

trips to Iceland and Nigeria to collect samples of milk from the indigenous herds of cattle.’ We 

confirmed the presence of a beta-lactoglobulin polymorphism in the Nigerian and Icelandic cattle 

(Tombs had collected the milk in Iceland and I in Nigeria, both in 1957). We also observed in 

the starch gel electrophoretic patterns a polymorphic distribution of the alpha-lactalbumins which 

had not been previously observed, but it was seen only in the Nigerian breeds. The cattle from 

Nigeria were of the ‘Fulani’ breed associated with the nomadic herders of the same name, whose 

blood groups and other characteristics we had also studied (44, 46, 49). We conjectured that the 

relations between Fulani and other cattle might be used to trace the migrations of the domesticated 

cattle as well as of herdsmen. 

On the same expedition to Nigeria, I collected blood samples from several breeds of cattle. 
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and in collaboration with A. D. Banghani of Cambridge, we studied their hemoglobin polymorph¬ 

isms (20). This again was used to conjecture about the ancient affinities and migrations of the 

cattle. Most cattle have only hemoglobin A; however, Jersey cattle have a high frequency of 

hemoglobin B as do the humped Fulani cattle of Nigeria, and several breeds in southern and 

central France and in Switzerland. Flowever, B is not found in breeds of northern Europe, nor 

in the coastal shorthorn cattle of Nigeria (Muturu, N’Dama). We suggested that the B phenotype 

was associated with Indian cattle from the Indus Valley (Harappan) civilization that had found 

their way, possibly along with nomadic herdsmen, into Europe and West and East Africa, carrying 

the hemoglobin B gene with them. 

The albumin polymorphism 

In 1966 Liisa Melartin (Prehn) discovered an electrophoretic variant of serum albumin in a popu¬ 

lation of Algonkian-speaking Indians from northern Quebec, Canada (92). This variant, 

termed albumin Naskapi after the population in which it was discovered, was inherited and had 

a very curious distribution (109, 113, 124, 288). In the initial studies it was found only in northern 

North American Indians (Algonkians, to a lesser extent Plains Indians and northern Athabascans) 

and some of their southwestern relatives (Apaches, Navajos). Later another variant, albumin 

Mexico, was identified, and this was found only in southwestern USA and in Mexican and some 

Central American Indians (104, 303), but neither of the variants was found in European or African 

populations (277). These variants therefore appeared to be exclusive to American Indians (277). 

It was not present in Eskimos or Aleuts. 

At an unusual meeting dedicated to the origins of Native Americans held in a castle in eastern 

Austria in 1975, we postulated that, if there were contemporary Asians whose ancestors were 

remotely related to the Asian predecessors of contemporary North American Indian populations, 

they might also have the albumin Naskapi variant (299). This prediction was soon fulfilled. Elec¬ 

trophoretic variants similar to albumin Naskapi were identified in certain Turkish (306) and Pun¬ 

jabi (India) populations (332). Recently it has been shown that the Turkish variant has the same 

amino acid substitution as the variant from the American Indian population, a finding unlikely to 

be due to chance (378). We have also found that there are differences in the binding of coumarins 

(plant-derived drugs), to the different albumin variants (268), and this may be of medical and 

evolutionary significance. The specific amino acid substitutions in other albumin variants have also 

been identified (303). 

The human albumin polymorphism provides an exciting opportunity not only for the study 

of migration into the New World, but also for the study of the evolution of human serum proteins. 

Isoantibodies in the blood of transfused patients 

By the year I960 it became apparent that there was considerable inherited variation in the serum 

proteins based not only on our own experience but on that of others who by this time had 

discovered polymorphisms of the haptoglobins, transferrins, gamma globulins, Gc proteins and 

others. If that were the case then transfused patients would be likely to receive proteins that they 

had not inherited, given the known frequency of the ‘average’ serum protein polymorphisms. 

Allison visited my laboratory in Bethesda that summer and we decided to test the hypothesis that 

some of the known or unknown polymorphic proteins might be antigenic in humans who had not 

themselves inherited or acquired the specificity. We used the recently introduced Ouchterlony 

technique of double diffusion in agar gel to test this hypothesis. The serum of the transfused 

patient was placed in the central well of a seven-well pattern cut in the gel and sera from other 

individuals were placed in the peripheral wells (see Figure 1, reference 43). If an antibody existed 

in the serum of the transfused patient, then it would diffuse into the gel and react with the 

specific antigen if the latter were present in the sera in the peripheral wells. 

Our prediction was soon fulfilled; after about fifteen trials we found the serum of a transfused 

patient (Mr C. cleB.) with a refractory anemia that gave a clear and beautiful precipitin reaction 

with the serum of some but not all individuals against which it was tested. In fact Mr C. deB.’s 
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serum could be used to divide humans into two distinct groups, those whose blood reacted with 

his and whose blood did not. Using family studies, we showed that the presence of the ‘reacting’ 

phenotype was inherited as a simple autosomal dominant (57) trait. We termed this the ‘Ag’ 
system. 

The protein carrying this inherited antigenic variant was soon identified as the low density 

lipoprotein (54), a protein species associated with heart disease, diabetes, cardiovascular disease 

and other maladies of considerable importance. We (and others) found additional inherited 

specificities of the low density lipoprotein (64, 74, 76, 101, 102). Gradually it appeared that there 

was a complex series of closely linked loci (perhaps four) at each of which two or more alleles 

were segregating. Much of this complex genetics and immunology was accomplished by a group 

of European and Japanese scientists (Vierucci, the late Jan Hirschfeld, Butler, Okochi and others), 

some of whom we collaborated with over the years. One of the problems in the field was the 

difficulty in establishing standard typing of sera as had been done for the Gm polymorphism, and 

later, brilliantly, for the white blood cell antigens (HLA groups). The WHO convened a conference 

in an effort to establish uniformity but this proved unsuccessful. Probably for this reason the Ag 

system never blossomed and, despite the importance of low density lipoprotein in the genetics of 

cardiovascular and other diseases, it has been little employed. 

Discovery of Australia antigen 

However, by this time we were on to other matters. We had continued our survey of sera from 

transfused patients based on the notion that a continued search might reveal additional polymor¬ 

phic, antigenic proteins. In 1963 Harvey Alter (an investigator from the Blood Bank of the Na¬ 

tional Institutes of Health, Bethesda, USA, who was working in our laboratory), saw a precipitin 

band that formed between the serum of a transfused hemophilia patient from New York Gity and 

a single serum in the panel of 24 against which it was being tested. It differed considerably from 

the lipoprotein precipitin bands we had previously seen. This single serum was from an Australian 

Aborigine (73). The lipoprotein phenotypes we had previously described were common in all the 

human populations in which they had been tested, but the new protein was rare. Following a 

practice common in human genetics, we gave it a geographic name, ‘Australia antigen’ (Au), after 

the place of origin of the blood in which it was discovered (84). Assigning a proper name, a name 

that did not infer any supposed function or purpose, had a distinct advantage in that it made 

clear that we did not know what it was and that any interpretation was possible. The problem at 

this point was to determine what this antigen was (93) and how it figured in the life, and possibly 

the death, of humans. 

We determined that the precipitin reaction was stable even with sera that had been stored 

frozen for years. Hence we were able to complete extensive studies on the thousands of sera we 

had collected and stored. We found that Au was rare in the United States and North European 

populations, but common in African and Asian populations, and generally, in tropical areas (96). We 

also tested the hypothesis that it was inherited as a simple autosomal recessive trait. This was sup¬ 

ported in the early studies (96, 127), but exceptions to the expected segregations were found in 

subsequent studies. We also showed (127) that inheritance of Au was closely associated with suscepti¬ 

bility to persistent infection by a hepatitis virus. The possibility of inheritance hepatitis virus infection 

has still not been dismissed, but our increasing knowledge of the genetics of the hepatitis B virus and 

its host in the 1980s outdistanced these early genetic speculations. We decided to abandon the studies 

on segregation in families and await the possibility of a direct test on the genetic material itself. 

Australia antigen and the hepatitis B virus 

There had been several observations suggesting that Au might be related to hepatitis but the proxi¬ 

mate clue which focused the research on the hepatitis association was the finding that Au, although 

rare in normal Americans, was common in people who had leukemia (84, 100, 115, 148, 164). We 

made several hypotheses based on this observation. One was that Au was related to the virus that 

was supposed to be the cause of leukemia, a second that leukemia led to the presence of Au. Another 
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hypothesis stated that both leukemia and Au were caused by the common inherited factor. This 

hypothesis could be tested quickly since there were several groups of people known to be at high 

risk of developing leukemia. Children born with Down’s syndrome (trisomy of chromosome 21 

associated with mental retardation) have a much higher likelihood of developing leukemia than 

do other children. We predicted that there would be a high frequency of Au in Down’s syndrome 

patients; a study was completed in a large institution for the mentally retarded in Maryland, and 

the prediction was confirmed. A second and then a third study were conducted in other institutions 

in New Jersey and Pennsylvania, and each of these supported the original observations (100). 

We conducted a series of observational studies on the Down’s syndrome patients. We had 

made the initial observation tbat tbe presence of Au in the serum was persistent; if present at 

one testing, it would be present at subsequent testings, and if absent initially, it would be absent 

later. We observed an exception to this in one of our patients. A young man, Mr James Bair, 

who had been initially negative on a test, subsequently developed Au. He was admitted to the 

hospital for observation. Coincident with the development of Au, he had developed a form of 

anicteric (that is, without jaundice) hepatitis. 

This observation, then, generated the hypothesis that Australia antigen was associated with 

hepatitis. It was tested in a simple-minded way. We showed that the frequency of Au in persons 

with diagnosis of viral hepatitis, based on the then existing clinical criteria, was higher than in 

a control group. Our first report was based on only 48 cases of hepatitis and was included in a 

paper (100) on Australia antigen, Down’s syndrome and leukemia. We subsequently submitted a 

larger study, but this was rejected by the Annals of Internal Medicine. Years later, the person who 

had reviewed and rejected that paper told me that he had done so because he believed (correctly) 

that we were claiming to have identified the hepatitis virus, and since this had supposedly been 

done so many times in tbe past, he disbelieved our findings. This has allowed us to indulge in 

the perverse pleasure of believing that we were struggling against the scientific establishment to 

gain acceptance of our findings. This was to some extent true, but it did not seem, in the long 

run, to have greatly retarded the clinical use of our initial findings. It may, however, have had 

some effect on the introduction of the vaccine (see below). 

We separated the rejected report into two parts. In one, the frequency of Au in acute hepatitis 

was reported (120). In the second, we compared the levels of enzymes (e.g. SGPT or ALT) that 

are elevated in liver disease in patients with Down’s syndrome with and without Au (108, 181). 

Both of these supported the hypothesis of association. In a later paper, we also showed an associ¬ 

ation of Au with several forms of chronic hepatitis (131). 

There was an interesting and curious direction that our work took at this time (late 1960s). 

Au had been found in high frequency in patients with leprosy. This led to an extensive series of 

studies on this fascinating and tragic disease (103, 139, 141, 152, 156, 215). The data were used 

in our genetic studies, in the hepatitis-association investigations, and in other applications. 

The major impact of the leprosy work, however, was to focus our attention on the im¬ 

munologic aspects of HBV infection. We found that the carrier state for HBV was associated with 

the lepromatous rather than the tuberculoid form of leprosy. The former is associated with major 

immunologic abnormalities. It also caused us to consider again that there was an inherited suscep¬ 

tibility to hepatitis B virus and the organisms which cause other diseases, i.e. leprosy. It also raised 

the conjecture that a potential ‘host’ might have a specific ‘knowledge’ of HBV before infection, 

a notion that has become more interesting in recent years when homologies for the HBV genome 

are being sought for and found in the human genome (the so called variable number tandem 

repeats, or VNTR). 
Now that the association of hepatitis with Au had been confirmed (by ourselves and, later, 

others), we set about to test the hypothesis that Au was, or was a part of, one of the hepatitis 

viruses. In collaboration with Manfred Bayer, a colleague at the Institute for Cancer Research, we 

visualized (in the electron microscope) particles associated with the Au fraction of the serum (114). 

It was later appreciated that these were particles consisting only of surface antigen and could be 

distinguished from the whole virion particle which was subsequently identified by British inves¬ 

tigators. Millman developed a method for immunofluorescent identification of Au in tissues and 

showed that it was localized to the liver cells in individuals infected with HBV (126, 140). The 

antigen was also found in other tissues in humans and other primates using this technique. We 

had already seen that Au could be transmitted to some individuals by transfusion, while others 
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exposed in the same way would develop an antibody against it; these were characteristics expected 

of a virus. 

It has proven very difficult to grow the virus in standard tissue culture lines, but Coyne and 

Millman were able to grow the virus in organ cultures from livers of people infected with HBV 

(180). It is curious that many of the standard methods (tissue culture, plaque formation, standard 

laboratory animal inoculation, egg inoculation, etc.) for the isolation and identification of viruses 

were not satisfactory for HBV. In fact the virus had been detected in quite a unique manner, viz., 

immunodiffusion in agar gel using the serum of a transfused patient. It was perhaps because none 

of our group had been trained as a virologist that we used these unconventional but, in this case, 

appropriate methods rather than the standard approaches that proverl to be unsatisfactory. In any 

case, by the early 1970s, the scientific community in general accepted that the hepatitis virus had 

been identified. 

Prior to our work, it had been recognized that there was more than one kind of hepatitis 

virus. The virus associated with Au was most similar to what had previously been referred to as 

hepatitis B virus (HBV), which appeared to be transmitted primarily by blood, as in transfusion. 

The Au-associated virus was transmitted in that manner, but also, obviously, in other ways since 

the vast majority of people infected with it had never been transfused nor had been injected with 

a needle. Other modes of transmission — sexual, maternal, possibly by insects, the faecal—oral 

route — were suggested by epidemiological observations. In the early 1970s it was accepted that 

Australia antigen was the surface antigen of the hepatitis B virus. The distinction between hepatitis 

B and other hepatitis viruses (i.e. hepatitis A) was made possible by our findings building on those 

of Krugman and other early workers in the hepatitis field. Shortly after, very sensitive tests, in 

particular, radioimmunoassay, were introduced (177). This soon resulted in an immediate applica¬ 

tion to the testing of blood donors to detect HBV carriers; post-transfusion hepatitis due to HBV 

has now been virtually eliminated in many countries (356). The events leading to this clinical 

application have been described (356). In a very short time, our initial laboratory findings were 

translated into practical medical application. 

Invention of the hepatitis vaccine 

Millman had in 1967 come to work in our laboratory with a nearly unique experience. He had 

been employed by Merck, a large pharmaceutical company with facilities near Philadelphia, where 

his major task was to produce a purified pertussis vaccine; he was well prepared for the develop¬ 

ment of a vaccine against hepatitis B. 

We recognized that carriers had in their blood large numbers of particles of a material that 

was probably the surface antigen of the virus. In our first isolations, we had not been able to 

detect significant amounts of nucleic acid (147), and in a series of experiments using non-human 

primates we found that, whereas a partially purified preparation of the Australia antigen particles 

given by injection appeared to result in transmission of the disease, highly purified preparation 

did not. We reasoned that the Au particles contained only the surface antigen (HBs) of the 

hepatitis B virus and that the purification process separated it from the infectious, DNA-containing 

particles that alone would be responsible for transmission. 

We had also observed that Au antigen and the antibody against it (anti-HBs) were rarely 

found in the same individual, and the Japanese workers (Okochi and others) had shown that 

transfused patients who developed anti-HBs were significantly less likely to become infected after 

transfusion with blood containing Au than patients who had not developed anti-HBs. These obser¬ 

vations were consistent with the explanation that antibody developed against Au — the surface 

antigen — was protective. 

In 1969 we described a method for making a vaccine from the surface antigen particles 

present in the blood of carriers and a patent for this process was issued in 1972 (188, 275, 321, 

348, 377, 382). Interest in the vaccine was increased as a result of a series of experimental studies 

with humans and chimpanzees by Krugman, Hilleman, Purcell, Maupas and others. In 1975 we 

made arrangements with a local pharmaceutical company (Merck), and later with companies in 

France and other countries, for the manufacture of the vaccine. Extensive field trials (notably by 

Szmuness) demonstrated the effectiveness and safety of the vaccine, and it is now widely used. 
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For example, in 1987, the People’s Republic of China began a program for the universal vaccina¬ 

tion of all new born children; some 25 million babies per year will be included in the program. 

The introduction of the vaccine probably represents the major contribution of our laboratory 

to the improvement of public health. 

Sex differences in response to HBV infection 

There are striking differences between males and females in response to infection with HBV 

(298). Our first observations showed that there were more carriers among males than females (96, 

191). We later demonstrated that males, when infected, were more likely to become carriers than 

females, and females more likely to develop anti-HBs (203, 273B). In our laboratory and 

elsewhere, a maternal effect on transmission was shown. Mothers were more likely to transmit the 

virus to their offspring than fathers (179, 225), and carrier mothers had slightly longer gestation 

periods than mothers who were not carriers (194). 

Perhaps the most surprising finding was a relation between the parents’ responses to infection 

with HBV and the sex of their offspring. Carrier parents were more likely to have boys than girls, 

and this pattern was seen in very different environments: Greece (251, 289), Greenland (367), 

Papua New Guinea (320) and the Philippines (323). If these findings are confirmed, they imply 

that HBV may have a profound effect on one of the most important demographic and evolutio¬ 

nary factors in human biology. Since similar viruses occur in other animals, and since HBV DNA 

can integrate into host DNA, there are fascinating implications for the role of this virus in the 

genetic composition and destiny of human populations. The interaction of behavioural and biolog¬ 

ical effects was dramatically demonstrated in a study in a Melanesian population where young 

males are traditionally raised by their fathers and uncles, and spend much of their youth in ‘men’s 

houses’. As might be expected, in their society father-to-son transmissions were more common 

than in other cultures (350). 

HBV AND THE AETIOLOGY OF PRIMARY HEPATOCELLULAR CARCINOMA 

At a meeting in Kampala, Uganda, in 1972, reports from various parts of the world clearly showed 

a higher frequency of infection with HBV in patients with primary hepatocellular carcinoma (PHC) 

than in control groups. Shortly after this meeting, we decided to direct most of the efforts of our 

laboratory to testing the hypothesis that persistent infection with HBV was required for the de¬ 

velopment of PHC (256). This was substantially supported in subsequent studies in laboratories 

and in field studies in Asia, Africa and elsewhere by a number of investigators. By the early 1980s 

it was generally accepted that HBV was a necessary causal agent for PHC, one of the most com¬ 

mon cancers in the world. This evidence is reviewed in several of our publications (311, 358, 364, 

371). 
Our earliest studies on the association of HBV and PHC (133) used the insensitive immunodif¬ 

fusion method and did not show a relation. They did, however, inform us that the levels of the 

virus are low in individuals with clinical cancer, an important finding in relation to the disease 

model we later formulated. Much of our field work on PHC was conducted in Senegal and Mali 

in West Africa and in Korea. The African studies were accomplished with a group of French and 

African colleagues (Larouze, Payet, Barrois, Saimot, Marinier, Sankale, Fere, Diop, Froment, Sow, 

Diakhate and others). The Korean studies were conducted by Hann of our staff and collaborators 

(Kim, Bae) (359). 

In Africa (246) and America (309) we showed a strong association of PHC with HBV using 

a variety of sensitive tests, including using the antibody against the core of the virus, anti-HBc. 

We demonstrated in Africa (262) and Korea (325) that carriers who went on to develop PHC were 

more likely to have been infected in their early childhood than carriers who had not developed 

PHC; the infection was often from their mothers. We also showed in extensive cross-sectional and 

prospective studies that children in Africa are unlikely to become persistently infected before about 

one year of age (262), but after that infection is likely. This information was valuable in designing 

vaccination strategies. In indicated that priority should be given to children under one year of 



INTRODUCTION TO THE PAPERS OE BARUCH S. BLUMBERG 33 

age. In practice, in the large national programs now in progress, children are vaccinated at about 

three months of age when other childhood vaccines are administered. Risk factors leading to PHC 

were analysed in the African studies (271, 294). One of the major risk factors for the development 

of PHC appears to be elevated ferritin levels (see below). 

Studies on the aetiologic relation between HBV and PHC, to which our laboratory contributed, 

provide an impressive body of data on the viral cause of a common human cancer. It is the only 

viral-caused cancer for which an effective vaccine is available, and has spurred national programs 

for direct intervention to prevent PHC. Universal childhood vaccination and/or other vaccination 

strategies have been initiated in the People’s Republic of China, Taiwan, Korea, Gambia, in Italy, 

Singapore, Hong Kong, Philadelphia and elsewhere (358). 

In 1982 we developed a model (322), subsequently elaborated, to explain the relation between 

HBV and PHC. It proposed that HBV can replicate only in differentiated cells, which then become 

susceptible to destruction. Cells not fully differentiated when infected do not allow replication and 

are at a selective advantage. They divide rapidly, in response to the death of the infected differen¬ 

tiated cells, and eventually a mutational event converts them to ‘cancer’ cells. This model has been 

very helpful in the design of new concepts and experiments. 

Viruses similar to HBV present in other species 

In 1971 we predicted (169) the existence of viruses similar to HBV that would have a carrier 

status, a polymorphic distribution, and the propensity to cause cancer as well as other forms of 

disease. We termed these ‘Icrons’, an acronym after the Institute for Cancer Research (304). 

The first new virus discovery came about through contacts at the Philadelphia Zoo. We 

learned that there is a high frequency of primary cancer of the liver in Marmota monax, the 

common woodchuck. This resulted in the discovery and characterization of woodchuck hepatitis 

virus (WHV) by Summers and others at our institution (374). A virus in a related species, the tree 

squirrel (Spermophilus beecheyi), was discovered in California, and a third virus was identified in tree 

squirrels in our laboratory (368, 370). An HBV-like virus has also been found by Mehrotra in the 

three-handed palm tree squirrel of India. 

While travelling in China in 1977, I was told that in regions of China where PHC is common 

in humans, it also occurs in certain breeds of domestic ducks. Sera obtained from one such breed 

eventually resulted in the discovery of duck hepatitis B virus (DHBV), which, in China at least, 

is associated with liver cancer. Other viruses have been reported in other animal species but have 

not yet been well characterized. 

It is likely that many species of animals will have their own variety of hepatitis B-like viruses. 

This can provide an interesting evolutionary thread connecting the host animals and the viruses 

that infect them. It also raises questions of a possible role for these viruses in transmitting portions 

of human and other genomes (possibly via insect vectors), representing a method for causing 

major gene frequency changes in populations in which widespread viral infection occurs. 

Insect vectors 

We first identified HBV in mosquitoes in collections in Uganda and Ethiopia (220) in 1972. High 

field infection rates for several species were then noted in collections in Senegal by Wills and 

others, and feeding experiments were conducted in collaboration with colleagues in Kenya (221, 

259). Wills and Ogston found that bedbugs captured in beds whose main occupants were HBV 

carriers had a more than 60% frequency of HBV infection. It was also shown that bedbugs retain 

the virus for several weeks in their bodies and excrete it for an even longer time in their faeces 

(278). Ogston demonstrated experimentally that the virus could be transmitted from one container 

to another by bedbug vectors. 

The presence of the virus in insects does not necessarily mean that it is transmitted by them; 

there is, for example, no evidence that the virus replicates in the insects. However, the virus exists 

in very high concentration in the blood of many carriers, there is an extremely high field infection 

rate in areas where insect - human contacts are very frequent, and susceptible people may become 
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infected after exposure to only a very small amount of virus; hence insect transmission remains 

a possibility. 

HBV has many characteristics of a retrovirus, including integration into the genome of 

infected hosts. The virus replicating in a host may contain some of the genetic information of 

the host, and these, theoretically, could be transmitted from person to person by an insect 

vector — a flying, crawling mechanism for the transmission of viral and host genes. 

Iron and iron-binding proteins 

There are factors in addition to infection with HBV that are required for the development of 

PHC and/or that accelerate the carcinogenic processes in an individual chronically infected with 

HBV. We decided to study iron and iron-binding proteins because there was a significant body 

of data indicating that these factors have a major impact on infection and cancer (366). Also, 

the amount of iron in an individual can be manipulated by regulating intake or by removing 

iron from the body with chelating agents. We reasoned that if a biologically significant relation 

were found, it might be possible to develop therapeutic strategies for altering iron and iron 

binding. 

We found that iron is increased in HBV carriers (239, 296) and that this appears to be a 

consequence of infection and does not precede it (315). Our interest in the tissue iron-binding 

protein ferritin developed as a consequence of the studies our colleague Hann had conducted 

on the relation of increased ferritin levels to poor prognosis in childhood neuroblastoma. 

Lustbader found that individuals with elevated ferritin, when exposed to infection with HBV, 

were more likely to become carriers than individuals who had lower levels, and the latter were 

more likely to develop anti-HBs (336). The elevation of ferritin preceded the infection. 

We then used an epidemiologic approach made possible by the large collections of sera we 

had stored in our field trips extending back to the 1950s. Sera had been collected in the 

Solomon Islands by Damon and his colleagues in the 1960s and we had participated in some 

of the blood studies. The sera had been frozen and stored. In the 1980s, Richard Stevens, then 

a doctoral student of mine went to the Solomon’s and determined who was alive or dead. The 

sera samples collected earlier were tested to determine the ferritin and transferrin levels. As 

predicted, the individuals who had died had higher levels of ferritin and lower levels of trans¬ 

ferrin, that is, higher body iron stores, than those who had survived. These studies have been 

called ‘historic prospective’ in that the specimens are of the past, but they are utilized in a 

prospective fashion. 

A similar technique was used in a cancer study in Taiwan. It was shown that increased 

iron stones earlier in life increases the probability of certain kinds of cancer later in life. These 

and similar studies by ourselves and others (primarily Stevens) may lead to a reconsideration 

of the practice, common in many countries of fortifying foodstuffs, particularly bread, with 

iron. We have recommended that iron should be prescribed only for those who need it since 

increased iron intake in the general population might increase total body iron stores and pos¬ 

sibly increase the probability of decreased survival and cancer. 

In a prospective study in the Solomon Islands, Stevens et at found that an increased ferritin 

level is a predictor of shorter survival (343), and in a similar study in collaboration with Beasley 

in Taiwan (369), we found that increased ferritin levels were prognostic of increased probability 

of cancer. Both these studies utilized our large collection of sera obtained during field trips, 

and population and clinical studies. We have collected sera for more than 25 years and more 

have been discarded. In the Solomon Islands study, sera collected in the 1960s and 1970s were 

used. In the 1980s individuals who had died and those who had survived were identified and 

their sera examined for levels of ferritin. A similar technique was used for the cancer study in 

Taiwan. This constitutes a powerful form of ‘historic-retrospective’ epidemiologic study. 

All these findings, in addition to ongoing experimental studies, indicate that increased iron 

may hasten viral replication and the development of cancer. We are currently designing 

therapeutic trials to test this notion. 



INTRODUCTION TO THE PAPERS OF BARUCH S. BLUMBERG 35 

HBV AND RENAL DIALYSIS 

Infection with HBV had been a major problem in renal dialysis and in renal transplantation 

units. As many as 50% of patients on a unit might become infected; epidemics among the staff 

were frequent and in some instances with many fatalities. The development of the test for the 

Australia antigen made it possible to detect carriers and control the epidemics using conven¬ 

tional epidemiologic principles. 

In the United States in the 1970s, legislation had been passed which authorized the Federal 

government to pay for renal dialysis. This allowed many people to obtain treatment, and new 

dialysis units were opened. We were approached by physicians from a newly opened dialysis 

unit in the Philadelphia area and asked to help in managing the hepatitis problem. In some 

locations, we were told, patients who were identified as HBV carriers were denied treatment; 

if they were not accepted at another unit, this amounted to a decision to let them die. London 

advised against this procedure, and we agreed to monitor patients and staff and provide advice 

on appropriate practices. In addition, carriers were identified and assigned to a special unit. 

Within a short time the regular units were essentially free of HBV. Similar practices have been 

adopted in other renal dialysis and transplantation centres. Widespread epidemics and endemics 

with HBV are now rare (273), and this was accomplished by the use of simple principles of 

epidemiology and public health control. 

London, Drew and the others involved with this project made some fascinating observations 

during the course of the ten-year follow-up program on the dialysis units. They established 

that males were more likely to be carriers and females to develop anti-HBs after infection (see 

below). They also found that individuals who developed anti-HBs were more likely to reject 

transplanted kidneys than patients who, prior to transplantation, had become carriers (266, 

279, 283). Further, in some of the studies this difference could be seen only if the transplanted 

kidney was from a male donor! This suggested that the virus shared antigens with human 

tissues, and that these were more common in males. 

Other studies 

Over the years, I have maintained an interest in the history of science and in the process of 

medical research (307). This has been reflected in several publications, for example, the short 

biography of Bernard Connor already mentioned (19), and a description of an enormous 

pathological specimen, namely arthritis in the vertebrae of the dinosaur Diplodocus (45). I also 

described what, at the time, appeared to be the earliest artistic rendition of a human goitre in 

a haut-reViei from Gandhara, a Greek-influenced culture in what is now the northwestern por¬ 

tion of the Indian subcontinent (77, 97). 

There have been several articles on bioethical problems related to the stigmatization of 

indi-viduals recognized as carriers (e.g. 261). The problems with HBV preceded the very difficult 

issues now being raised concerning the identification of individuals who carry the AIDS virus, but, 

for hepatitis, the problems were handled in a totally different manner. I also pointed out how 

science both solves and creates problems and coined the term ‘Daedalus effect’ to characterize this 

phenomenon (360, 377). 

We identified multiple specificities of HBV (121) and added to the fascinating story on the 

relation of these specificities to the anthropology of population movements (150, 204, 214, 224). 

Before we realized that Australia antigen was a part of the hepatitis virus, there were several cases 

of hepatitis among our staff. We described this epidemic and then recommended measures for 

the control of the disease in the laboratory. We introduced the neologism ‘ergasteric’, that is, 

disease generated in a laboratory (167), a word that has not gained wide acceptance. Drug abusers 

were identified as a high-risk group for HBV infection (163). In collaboration with military 

physicians, we established that many servicemen who had been in Vietnam contracted HBV 

infection, and that much of this could probably be accounted for by intravenous drug abuse 

(232). 
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Current studies - The treatment of the HBV carrier 

As our knowledge of chronic HBV infecdon increased, pardcularly after the development of the 

model for the HBV-PHC relation, it became clear that a therapy against HBV might be effective 

even if it did not completely eliminate HBV. If a drug did not totally eliminate the virus, but 

only decreased the rate of pathogenesis, it might be possible to keep a person asymptomatic 

throughout his or her life-time. We referred to this as “prevention by delay” (331). We predicted 

that such a drug might be found in plants, since so many of the drugs in current use derive from 

plants. We compiled a list of plants that had been used in indigenous medical systems for the 

treatment of jaundice and other symptoms of liver disease. We concentrated on plants that had 

been used in three or more continents as having the greatest promise for further study. Prominent 

among these were plants of the genus Phyllanthus, a pan-tropical weed. Independently of this 

selection process, Venkateswaran, in our laboratory, had been studying this plant because of his 

personal knowledge of its use in India. Extracts of this plant have now been tested extensively in 

vitro and in vivo and the results have been very promising (374). It is hoped that Phyllanthus may 

be developed as a drug that could be used on the two hundred million or so HBV carriers in the 

world to markedly decrease their risk of chronic liver disease and PHC. 
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Clinical Science 

A '^'^New” Antigen in Leukemia Sera 
The “Australia antigen” is found in the sera of some nor¬ 

mal individuals from foreign populations. The total absence 
of the antigen fi'om the sera of normal United States sub¬ 
jects and its relatively high frequency in acute leukemia sug¬ 
gests that the presence of the antigen may be of value in the 
diagnosis of early acute leukemia. Whether the antigen results 
from or precedes the leukemia process remains to be seen. 

Baruch S. Blumberg, MD, Harvey J. Alter, MD, and Sam Visnich 

Patients who receive large numbers of trans¬ 
fusions for anemia and other causes may de¬ 

velop precipitins in their blood. These precipitins 
may react in agar gel double diffusion experiments 
with specific human serum lipoprotein found in the 
blood of other individuals. Since these precipitins 
were found only in patients who had received 
transfusions they were thought to be antibodies 
against serum lipoproteins which developed in the 
patients as a result of the repeated transfusions. 
The precipitin is referred to as an isopredpitin 
since it develops against a specificity found in an 
individual from the same species. The antilipopro¬ 
tein isoprecipitin* ® developed in approximately 30% 
of 47 patients with thalassemia who had received 
transfusions. Isoprecipitins also developed in smaller 
number of transfused patients with other diseases. 
All precipitins stained with sudan black, a dye 
specific for lipid. Immunoelectrophoretic and ultra¬ 
centrifugal studies showed that the protein with 
which the isoprecipitins reacted was a low density 
lipoprotein. The reactor specificity associated with 
the beta lipoprotein is inherited as an autosomal- 
dominant trait and several lipoprotein specificities 
have been found.®'® 

In 1963, sera from patients with hemophilia who 
had received transfusions were tested for the pres¬ 
ence of isoprecipitins using a panel of 24 sera from 
normal individuals, including sera from foreign 
populations. Two of the hemophilia sera formed a 
clearly defined precipitin line with one of the panel 
sera (from an Australian aborigine), but with none 
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of the others. In contrast to the usual findings the 
precipitin line stained only faintly with sudan 
black; it did, however, stain with azo carmine, a 
general protein stain (Fig 1). Subsequent studies 
have shown that this protein system differs from 
that detected with the antilipoprotein antisera. The 
serum protein with which the hemophilia isopre¬ 
cipitin reacts has not been fully characterized and 
has been tentatively called the “Australia antigen.” 
This paper will describe the epidemiologic and im¬ 
munologic aspects of the Australia antigen-isopre¬ 
cipitin system. 

Materials and Methods 

Double diffusion in agar gel was done using a 
micro-Ouchterlony technique on lantern slides.® 
Each of the two hemophilia sera containing the 
isoprecipitin was place(l in the center well of a 
seven-hole micro-Ouchterlony pattern. The sera to 
be tested for presence of Australia antigen were 
placed in the peripheral wells. When a panel of 
antigen-containing sera were identified in this man¬ 
ner, they in turn were each placed in the center 
wells of similar seven-hole Ouchterlony patterns, 
and the sera of patients who had received trans¬ 
fusions, which were to be tested for the presence of 
isoprecipitins, were placed in the peripheral wells. 
In the final testing program two sera-containing 
Australia antigens which reacted with all the hemo¬ 
philia antisera first discovered, were selected to 
screen for the remaining antisera. Two of the 
strongest hemophilia antisera were used in screen¬ 
ing for the sera containing Australia antigen. In 
screening for antilipoprotein antisera, the sera from 
patients who had received transfusions were tested 
using a panel of 24 sera selected from four or more 
population groups as in previous studies.® 
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1. Formation of precipitin line between serum from 
leukemia patient (top well) and hemophilia serum 
(bottom well). 

Immunoelectrophoresis was done by a modifica¬ 
tion of the method of Grabar and Williams.® The 
precipitin lines were first stained w'ith sudan black 
and then with azo carmine.’ Sera were fractionated 
by ultracentrifugation in high density salt me¬ 
dium.® Fractions with a specific gravity greater 
and less than 1.063 were prepared. 

A total of 28 hemophilia sera were studied. These 
included samples from patients from Mt. Sinai 
Hospital, NY, New York Hospital, and the Clinical 
Center of the National Institutes of Health. They 
were all United States whites and had all received 
transfusions many times with fresh frozen plasma 
and whole blood obtained from the hospital blood 
banks as well as commercial sources. The racial 
makeup of the donors could not be known with 
certainty, but they probably included United States 

whites and Negroes. The hemophilia serum used in 
the immunoelectrophoresis experiments contained 
antibodies against both lipoproteins and the Aus¬ 
tralia antigen. It was obtained from a patient (1) 
who had received more than 900 transfusions. 

The sources of some of the normal sera used in 
the studies are given in the Tables. The sera from 
patients were obtained at the Clinical Center, Na¬ 
tional Institutes of Health, New York Hospital, 
and elsewhere. The calculation of the probability 
value was done by using two by two tables and 
Fisher’s X'Square method. 

Results 

Frequency of the Isoprecipitin.—The sera of 107 
patients who had received approximately ten or 
more transfusions, and of 150 normal individuals 
who had not received transfusions, were tested for 
the presence of the Australia isoprecipitin (Table 
1). Eleven isoprecipitin containing sera were found 
in the patient group; none was found in the normal 
population. Of these 11, eight were patients with 
hemophilia, one had plasma thromboplastin com¬ 
ponent deficiency disease (PTC), one thalassemia, 
and one aplastic anemia. The frequency is highest 
in the hemophilia and related PTC group, and the 
difference from the other groups combined is sta¬ 
tistically significant (P<0.001). It had previously 
been found that the frequency of antilipoprotein 
isoprecipitin was very high in thalassemia as op¬ 
posed to other patient groups."^ Hemophilia sera 
containing the Australia isoprecipitin were tested 
for the presence of antibeta lipoprotein; they were 
found to have an incidence similar to other patients 
who did not have thalassemia. Only one of the 
patients in the latter group had an anti-Australia 
antigen isoprecipitin. 

There were two sera which contained both anti¬ 
lipoprotein and anti-Australia antigen isoprecipi- 
tins. This is approximately the number expected 
by chance. 

Frequency of Antigen.—A total of 1,704 sera 
from, nonhospitalized and presumably normal sub¬ 
jects were tested for the presence of Australia 
antigen using at least two, and generally more anti¬ 
sera (Table 2). Reactors were found only in Oceanic, 
Oriental, and Mediterranean populations, and in 
one from the American Indian population. No 
reactors were found among the approximately 700 
United States sera tested including cord serum 
from 18 newborns. The highest frequencies were 

Table 1.—Isoprecipitins in Patients Who Had Received Transfusions Which React 
With the Australia Antigen and With Lipoproteins 

Antibody to Austral ia Antigen Antibody to Lipoprotein 

Disease Total Present Absent % Present Total Present Absent % Present 

Herriophilia 28 8 20 28.6 31 3 28 9.7 

PTC* 2 1 1 2 0 2 

Thalassemia 48 1 47 2.1 47 14 33 29.8 

Other Diseases 29 1 28 3.4 33 3 30 9.1 

Total 107 11 96 10.3 113 20 93 17.7 

Normal controls 150 0 150 0 200 0 200 0 

•Plasma thromboplastin component deficiency disease- 
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found in a small group of native Taiwanese and in 
Australian aborigines. All of these tests were done 
on stored sera. 

Sera from a total of 659 patients with various 
illnesses were tested against one or more of the 
antisera as shown in Table 3. Of the ten reactors 
found, eight had leukemia (including one patient 
with a diagnosis of both acute lymphocytic leu¬ 
kemia and multiple myeloma, and one patient with 
a newly described preleukemia syndrome associ¬ 
ated with a missing chromosome in marrow cells,*®) 
and two had thalassemia. These patients with 
thalassemia were siblings whose parents were bom 
in Greece. As noted in Table 2, the frequency of 
reactors in presumably normal Greeks is 4%. The 
difference between the frequency in leukemia pa¬ 
tients and that in all the disease groups combined 
is statistically significant (P<0.001). All of the 
patients with the Australia antigen had received 
transfusions. However, approximately 300 of the 
patients who did not have the Australia antigen 
had also received transfusions. 

The leukemia sera were studied in greater detail. 
The antigen was found in all the larger subclassifi¬ 
cations with the exception of chronic myelogenous 
leukemia. The. patients with reacting sera were of 
both sexes, and their ages at the time of the diag¬ 
noses varied from 6 to 55 years. Of the ten patients 
in whom the antigen was found, eight are now 
dead, including all but one of the eight patients 
with leukemia, and one of the patients with thalas¬ 
semia. 

A total of 54 patients with acute leukemia were 
studied. Of these, six had the Australia antigen and 
were all dead. Of the 49 who did not have the Aus¬ 
tralia antigen, 19 were dead. The sample size is too 
small to permit adequate corrections for age, dura¬ 
tion and intensity of disease, and other factors, but 
there does appear to be a gross difference with 
respect to mortality between these two groups. 

Characteristics of Antibody and Antigen.—The 
original isoprecipitin-containing sera and the react¬ 
ing sera had been found using specimens which had 
been collected and stored at —20 C for various 
lengths of time up to three years. Several speci¬ 
mens collected at different times were subsequently 
obtained from patients who had received trans¬ 
fusions and whose sera contained the isoprecipitins, 
and from patients with leukemia and normal sub¬ 
jects whose sera contained the Australia antigen. 
•These studies showed that the isoprecipitin was 
present in sera or plasmas which had been stored 
at —20 C for up to 27 months. The Australia 
antigen was present in fresh sera as well as in sera 
or plasmas stored for up to six years. These studies 
also indicate that within the limits of observations, 
the presence of the Australia antigen is essentially 
an invariant characteristic of the individual; that 
is, if it is present at one point in time, it is present 
when tested subsequently. 

The isoprecipitin appears to be a 7S y-globulin.® 
Australia antigen migrates in the beta and slow 
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Table 2.—Australia Antigen in Normal Populations 

Australia Antigen 
Present -^ 

Population No. Tested No. % 
Aborigines. Australia 208 12 6 
Chinese, USA and Taiwan 65 0 0 

Eskimo, Alaska” 24- 0 0 

Greeks. Greece'* 179 8 4 

Indians, Canada'* 78 0 0 

Indians, Mexico 100 1 1 

Israelis 96 2 2 
Japanese, USA 48 0 0 
Koreans 1 1 
Micronesians, Rongelap'* 193 7 4 
Negro, USA” 241 0 0 
Newborn children, white 18 0 0 
Polynesians, Bora Bora 24 1 4 
Samaritans, Israel** 125 2 2 
Taiwanese 23 3 13 
Tristan da Cunha Islanders 42 0 0 
Vietnamese 24 1 4 
White, USA (NIH* employees) 215 0 0 

Total 1,704 38 

'National Institutes of Health. 

a-globulin region on Immunoelectrophoresis, but 
can readily be distinguished from the antigen 
which reacts with the antilipoprotein isoprecipitin 
found in the serum of patient 2' as shown in Fig 2. 
(The top basin contains the antilipoprotein anti¬ 
serum from patient 2* and the second basin serum 
from hemophilia patient 1. The latter has isopre¬ 
cipitins directed against both the Australia antigen 
and lipoprotein. The electrophoresis well contains 
the serum of a patient with leukemia which reacts 
with serum from patient 2 and with both of the 
isoprecipitins in serum from patient 1. Two distinct 
lines of slightly different mobility were seen be¬ 
tween the sera of patients 1 and 3. The lower one, 
which stains blue with Sudan black, corresponds to 
the patient 2 lipoprotein line. The upper one, which 
stains only faintly or not at all with sudan black. 

Table 3.—Australia Antigen in Patients 

Australia Antigen 
Present 

/--—■ 
Disease No. Tested No. % 

Abetalipoproteinemia 4 0 0 
Amyotrophic lateral sclerosis 15 0 0 
Anemia 18 0 0 
Arthritis, various* 15 0 0 
Cancer (other than leukemia) 47 0 0 
"Connective tissue" disorders! 5 0 0 
Diabetes 96 0 0 
Hemophilia 24 0 0 
Hypercholesterolemia 17 0 0 
Leukemia 70 8t 11.4 

Acute myelogenous 17 4 
Acute lymphocytic 38 2 
Chronic myelogenous 10 0 
Chronic lymphocytic 3 1 
45 chromosomes'® 

Lupus erythematosis 
2 

69 
1 

0 0 
Multiple myeloma and 

macroglobulinemia 93 IT 1.1 
Myasthenia gravis 11 0 0 
Rheumatic fever 124 0 c 
Tangiers Island disease 3 0 0 
Thalassemia 48 2 4.2 

Total 659 10 

•Includes eight patients with rheunnatoid arthritis, three with psori¬ 
atic arthritis, and four with Sjogren’s disease. 

tOther than lupus eryfhematosis. 
tone patient had both chronic lymphocytic leukemia and multiple 

myeloma, and is included in both categories. 
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+ 

-1 — — Whole serum, patient 3 

2. Diagram of Immunoelectrophoresis experiment: 
antilipoprotein (patient 2), leukemia (patient 3), and 
anti-Australia antigen (patient 1). 

does stain with azo carmine.) Using the hemophilia 
serum from patient 1 (see above), two distinct 
lines with slightly different mobilities can be seen. 
One of these stains blue with Sudan black and cor¬ 
responds to the lipoprotein antigen which reacts 
with patient 2. The other, which has a slightly dif¬ 
ferent mobility and a different curvature, does not 
stain with sudan black, but does stain with azo 
carmine. In addition, a reaction of nonidentity can 
be demonstrated by immunodiffusion when the 
Australia isoprecipitin system is compared wth the 
typical lipoprotein precipitin as shown in Fig 3. 
(The serum of patient 2 contains an antilipopro¬ 
tein isoprecipitin. The serum of a patient with 
thalassemia with an isoprecipitin against Australia 
antigen is in the top right hand well. The serum of 
the Australian aborigines has both the specific 
lipoprotein and the Australia antigen. The patient-2 
line stains blue with sudan black and the patient-4 
line stains red with azo carmine.) Additional char¬ 
acteristics of the Australia antigen and a method 
for its partial isolation are described in another 
paper.® 

Specificity.—To determine if the antisera had 
different specificities, they were all tested against 
the same antigen placed in the center weh of a 

Patient 2 Patient 4 

Australian 

3. Diagram of Ouchterlony experiment showing cross¬ 
ing of antilipoprotein (patient 2) and anti-Australia 
antigen (patient 4) lines. 

seven-hole-Ouchterlony pattern. No crossing of 
lines were seen between the antisera. Similar ex¬ 
periments were used to compare the Australia 
antigen found in the presumably normal subjects 
with that found in the leukemia patients and no 
differences could be detected. On the basis of these 
initial experiments, we have not been able to detect 
any specific differences between the various anti¬ 
sera, nor between the Australia antigen found in 
normal persons, and in leukemia patients. 

Family Studies.—The studies on normal popula¬ 
tions were done on sera collected on field trips for 
other purposes and stored in the Institutes serum 
bank. In some cases, family sera were available, 
and the results were analyzed to determine if there 
was a family aggregation of Australia antigen. 
Batsheva Bonne examined 125 sera frorn Samari¬ 
tans living near Tel Aviv, Israel"* (Fig 4). This 
represented nearly all the members of this highly 
inbred community. Of these, two siblings who were 
the offsprings of a consanguineous marriage (both 
of whose parents were double cousins) were the 
only individuals with detectable antigen. In the 
Micronesian population, there was one father and 
son affected, but in the five other cases the indi¬ 
viduals were only remotely related or unrelated. 
The reactors in the Greek study were not appar¬ 
ently closely related. Of the 47 patients with 
thalassemia studied, only two were positive, and 
they were siblings. Their parents and one aunt 
were not reactors. The two brothers of one of the 
patients with leukemia with the Australia antigen 
did not react with the antisera. 

Comment 

A second kind of isoprecipitin system has been 
revealed by this study. The Australia antigen with 
which the isoprecipitin reacts differs from the lipo¬ 
protein antigens previously described and the dis¬ 
tribution of isoprecipitins and reactors in patients 
and in normal populations is very different from 
that found for the lipoprotein system. 

It has not been firmly established that the iso¬ 
precipitin in the hemophilia sera is an antibody 
nor that the protein with which it reacts is an 
antigen. However, by analogy with the lipoprotein 
system, it is probable that this is the case and 
these terms have been used in describing the 
system. 

In our discussions it has been assumed that the 
“antibody” is present in the sera of patients with 
hemophilia and other patients, and the “antigen” 
in the leukemia and normal sera. This appears 
likely since the patients with hemophilia and other 
patients had all received transfusions whereas some 
of the individuals in whose sera the Australia anti¬ 
gen was found had not. The possibility still re¬ 
mains, however, that the rare normal sera and 
leukemia sera actually contain an antibody against 
an antigen present in hemophilia patients. It is 
hoped that further studies with patients with 
hemophilia may help resolve this point. 
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4. Portion of a pedigree from the Samaritan commu- the presence of the Australia antigen and the close 
nity, representative of nearly all members, showing interrelation of the parents. 

The high incidence of this isoprecipitin in the 
hemophilia-patient group suggests that either hemo¬ 
philia per se predisposes to the formation of the 
isoprecipitin or that the administration of fresh 
frozen plasma (which distinguishes the treatment 
of hemophilia and PTC patients from the other 
individuals who had received transfusions) particu¬ 
larly predisposes to the formation of the antibody. 
Preliminary evidence suggests that the Australia 
antigenic sites may be revealed by a freezing pro¬ 
cess which leads to the denaturation of lipoprotein. 
This possibility will be discussed in another paper.* 

The high incidence of the Australia antigen in 
the leukemia population as compared with normals 
or other patient populations suggests either that; 
(1) persons with the Australia antigen have an 
increased susceptibility to the development of leu¬ 
kemia, or (2) the antigen itself is a manifestation 
of the disease process, perhaps secondary to an 
alteration in some normal serum constituent with 
a resultant change in antigenic configuration, or 
(3)_the_.Australia antigen is related-to the virus 
which has been suggested as the cause of leukemia. 

The first hypothesis implies “that the Australia 
antigen is present in a patient before he develops 
signs and symptoms of leukemia. The long-term 
observations necessary to support this possibility 
have not yet been made. The Micronesian, Samari¬ 

tan, and Australian aborigine populations would be 
suitable for such a study. In the case of the “preleu¬ 
kemic”'" (Table 4) patient the presence of the 
Australia antigen predated the development of 
frank leukemia. 

Changes in red blood cell antigens during the 
course of leukemia lend indirect support to the 
hypothesis that the Austraba antigen results from, 
rather than precedes the leukemia process. Many 
authors have demonstrated alterations in red blood 
ceil ABO specificities during the course of leu¬ 
kemia." More recently, it has been shown that 
there is a loss of I specificity on the red blood cells 
of certain patients with leukemia.'* The I antigen 
is almost universally present in normals and pa¬ 
tients with other diseases. 

The third hypothesis is being tested in collabora¬ 
tion with workers at the National Institutes of 
Health. 

The total absence of the Australia antigen from 
normal United States subjects studied and its rela¬ 
tively high frequency in acute leukemia suggests 
that the presence of the antigen may be of value 
in the diagnosis of early acute leukemia. 

The available data are too few to support a 
genetic hypothesis, but none of the family studies 
are inconsistent with simple recessive inheritance 
of the specificity. 
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Summary 

An isoprecipitin is present in the sera of many 
patients with hemophilia who have received trans¬ 
fusions. It reacts with a protein (the “Australia 
antigen”) that is found in the sera of some normal 
individuals from foreign populations but is absent 
in sera of the United States populations studied. 
It is found in approximately 10% of patients with 
leukemia. 

R. Rosenfield, MD, and E. Smith, MD, of ML Sinai Hospital 
provided the hemophilia antisera. P. Carbone, MD, E. Cohen, MD. 
E. J. Freireich, MD, and A. B. Key, MD, provided the leukemia 
sera. Other valuable sera used in the experiments were provided 
by T. D. Dublin. MD, Marion Erlandson, MD, J. Fahey, MD, 
H. H. Fudenberg, MD, R. Kirk, PhD, L. Faster, MD, L. Rosen, 
MD, C. Sheba, MD, N. R. Shulman. MD, and A. G. Steinberg, PhD. 

Samples of sera on patient 1 were provided by J. M. Hill, MD, 
of the Wadley Research Institute and Blood Bank, Dallas. 

This investigation was supported in part by Public Health 
Service grants CA-08069-01 and CA-06551-02 from the National 
Cancer Institute. 
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The impartial negative.—So far as I know there are only a few 
medical journals in the world whose proprietors employ a full-time editor, 

among them the Journal of the American Medical Association and its counter¬ 
part in. the Urdted Kingdom, the British Medical Journal, which I have the 
honour to edit. I use the word “honour” deliberately, though in the context it 
has a very commonplace and pedestrian ring about it. To edit the British Medi¬ 
cal Journal is regarded as an honour, and I have often wondered why. It is a 
harassing, exacting, worrying, and ungrateful kind of job. Much of one’s time 
is spent in saying “No!” to writers of monographs, articles, books, and letters, and 
to advertisers—self-advertisers and the legitimate trade. Each year I have to 
reject solely on grounds of space some two thirds of the articles submitted for 
publication in the British Medical Journal. These disappointed authors cannot 
feel otherwise than a bit cast down, and however polite the formula of rejection 
they will consider the editor an obstacle in the way of their progress. As a full¬ 
time editor who no longer practices medicine or works in the laboratory, I often 
feel acutely uncomfortable when returning to an author a paper which is the 
result of weeks, maybe months, of patient observation by the bedside and ex¬ 
periment in the laboratory—work summed up in voluminous tables, histograms, 
and the like, work, one has sadly to reflect at times, which had much better be 
left undone or done in a different way. At least, I feel, that is some justification 
for the existence of full-time medical editors who do not practice their original 
profession. By looking on and seeing all sides of the game, they do stand a 
chance of achieving impartiality. They can sum up the opinions of two or three 
expert referees on a paper, and come to the final decision which every editor 
has to make: “Yes” or “No.” It is in the exercise of this judicial capacity that a 
medical editor is taxed most severely. He needs a fund of that rare commodity, 
common sense; and ability to assess evidence and a keen nose for the humbug, 
the self-advertiser, for the man who wants to sell something.—Clegg, H.: An 
Editor’s Prejudices, Int Rec Med, vol 168, Oct, 1955. 
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A Serum Antigen (Australia Antigen) in Down’s 

Syndrome, Leukemia, and Hepatitis 

llARtCM S. Rl OMUKRC;, M.l)., D.PHIL., F.A.C.P., BeTTY JaNE S. GeRSTLEY, M.D., 

I) Win A. Hungerford, ph.d., W. Thomas London, m.d., 

;uul Ar.lON I. SUTNICK. M.D., F.A.C.P. 

Philadelphia, Pennsylvania 

Wl, UWK I’REMOrSIY RKPORIEI) tllC piCS- 

encc of ati isoaiiiit'd) of human sera, 

j are or absent in normal U. S. and northern 

European |)opulalions but relatively eoni- 

inon in patients with leukemia (1, 2). 1 he 

“new” isoantigen has been called “Aus¬ 

tralia antigen” because it was first found 

in the serum of an Australian aborigine. It 

appears to be dilferein from the low-density 

lipoj)rotein isoantigen system first described 

in our laboratory (3-5). Hemophilia jia- 

tients and others w'ho ha\e received multi¬ 

ple transfusions may develop precipitating 

isoantibodies against Australia antigen. 

1 hese precipitating isoantibodies react wdih 

a protein in the blood of some normal and 

some sick individuals. This isoantigen (Aus¬ 

tralia antigen) could not be identified as 

being any of the known serum proteins. 

Australia antigen (Au(I)) has the im- 

munoelectrophoretic mobility of an alpha 

globulin and a specific gravity of less than 

1.21 (6). It stains faintly with the lipid- 

specific dye Sudan black, indicating the 

presence of some lipid. It can be distin¬ 

guished from the serum alpha- and beta- 
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lipoproteins by its staining characteristics, 

flotation properties, and immunological 

specificities. Specific antibodies against Aus¬ 

tralia antigen have been produced in rab¬ 

bits by immunization with whole serum 

that contains Australia antigen followed by 

absorption with the sera of individuals 

without the protein (7). 

Recent studies of blood collected in 

Cebu, Peru, and Rongelap Atoll show sig¬ 

nificant family clustering of the trait (8). 

In addition, the segregation data are con¬ 

sistent with the hypothesis that individuals 

homozygous for an allele Au^ (genotype 

All'IA id) have detectable Australia antigen 

(phenotype Au(l)) while those homozygous 

for an alternative allele (AulAu) and het- 

ero/Agotes (An'-jAu) have no detectable an- 

ligen (phenotype Au(0)). Pending the ac- 

(piisilion of additional data, this genetic 

hypotliesis has been proposed to explain 

ihe family clustering in the populations 

tested. 

With the use of human and rabbit anti¬ 

sera, the distribution of Au(l) in several 

normal and patient populations has been 

determined (2, 8). Au(l) is absent in normal 

U. S. populations and rare in north Euro¬ 

pean populations (approximately 1/1,000) 

but is fairly common in some Southeast 

Asian and Mediterranean populations. It is 

also relatively common in patients with leu¬ 

kemia, particularly in those with acute 

granulocytic leukemia (see below). 

The original finding of Au(l) in very low 

frequency in normal individuals and in 
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relatively high frequency in some kinds of 

leukemia suggested that individuals with 

this trait (which they may have inherited) 

may be more susceptible to leukemia than 

those without it. A corollary of this hypoth¬ 

esis is that individuals with a high risk of 

developing leukemia would comprise a 

population having a higher frequency of 

the trait than subjects drawn from the nor¬ 

mal populations. Several such groups are 

known. These include patients with Down’s 

syndrome (mongolism), polycythemia vera, 

co-twins of an identical twin having leu¬ 

kemia, individuals exposed to radiation, 

and others (for a review, see Miller (11)). 

Several of these groups have been tested for 

the presence of Au(l), and the highest fre¬ 

quency in any U. S. population so far 

tested has been found in a group of pa¬ 

tients with Down’s syndrome (9, 10). 

In the present paper, we describe our 

further studies on the prevalence of Au(l) 

in Down’s syndrome patients. 

Material and Methods 

Blood specimens were obtained from 75 male 
residents of the State Colony at New Lisbon, 
N. J., who were admitted with the diagnosis of 
mongolism. For a control group, blood speci¬ 
mens were obtained from 76 male residents 
with the diagnosis of “epilepsy.” The age dis¬ 
tribution was approximately the same as in the 
Down’s syndrome group, and they had been 
institutionalized for approximately the same 
length of time. The admitting diagnoses of 
residents at New Lisbon State Colony are sup¬ 
plied by the patient’s local physician, and these 
in general are not altered after admission. Chro¬ 
mosome studies were performed on 17 of the 
Down’s syndrome patients and 4 of the con¬ 
trols (see below). 

After the identification of Down’s syndrome 
patients with and without detectable Australia 
antigen, a second collection was undertaken in 
which blood was withdrawn from 19 residents 
with Au(l) and 26 residents without it. A series 
of tests were performed on these samples. The 
white blood cell, red blood cell, and platelet 
counts, the white blood cell differential count, 
hemoglobin concentration, and hematocrit vol¬ 
ume were determined using standard laboratory 
methods. We are indebted to Dr. R. A. Donato 

of Jeanes Hospital, Fox Chase, Philadelphia, 
Pa., for performing these tests. The follow¬ 
ing red blood cell antigens were identified 
using the appropriate antisera: B, Ai, A, C, D, 
D“, E, c, e, Le", Le", Kp‘, Kp^ M, N, S, s, Vel, 
K, k, Fy*, Fy^ Jk^ Lu“, LiC, Jsh P, Tj“, and V’. 
We are indebted to Dr. Neva M. Abelson of 
the Hospital of the University of Pennsylvania 
for performing these tests. Uric acid levels were 
determined by the method of Liddle, Seeg- 
miller, and Laster (12) through the courtesy of 
Dr. L. A. Healey of the University of Washing¬ 
ton. The white blood cell glucose-6-phosphate 
dehydrogenase and galactose-1-phosphate uridyl 
transferase levels were determined by Drs. W. J. 
Mellman and F. A. Oski of the University of 
Pennsylvania using the methods described by 
them (13). The vitamin Bis levels were deter¬ 
mined by the method of Hutner, Bach, and 
Ross (14). We are indebted to Dr. W. J. Wil¬ 
liams of the University of Pennsylvania for per¬ 
forming these tests. 

Blood specimens from nine Down’s syndrome 
residents (five girls and four boys) of a Mary¬ 
land institution for mentally retarded children 
were also tested. Blood from patients with poly¬ 
cythemia vera was obtained at three different 
clinics. These included 14 patients from Phila¬ 
delphia, 36 from Portland, Ore., and 32 from 
San Francisco. Other sera from patients were 
collected primarily in the Philadelphia area, as 
zioted in the Acknowledgments section. Venous 
blood was collected into dry Vacutainers (Bec- 
ton, Dickinson Co.) or test tubes. The blood 
was allowed to clot overnight and the serum, 
removed by centrifugation. In some cases, small 
amounts of sera were separated from the blood 
immediately after collection and used in the 
double diffusion tests. Sera were stored at —20 C 
for later testing. 

Double diffusion in agar gels was done by 
a micro-Ouchterlony technique described pre¬ 
viously (15). Double diffusion in agar gel tubes 
was done by the method of Preer and Preer 
(16). Chromosome studies were performed on 
leukocyte cidtures from 17 of the Down’s syn¬ 
drome patients using a method recently de¬ 
scribed (17). 

The chi-square determinations were done as 
described by Snedcor (18). When any of the 
two-by-two table cells contained numbers lower 
than five, Fisher’s exact method was used. Stu¬ 
dent’s t test was used for comparing the quan¬ 
titative results obtained on the antigen-positive 
and -negative bloods. Where appropriate, the 
method for comparing unpaired series of num¬ 
bers was used. 
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Table l. Distribution of Australia Antigen in Patients and U. S. Normals 

Disease No. Tested No. Positive % Positive 

A-beta-lipoproteinemia 6 0 0 
Amyotrophic lateral sclerosis 15 0 0 
Anemia, various 26 0 0 
Arthritis* 70 0 0 
Cancer, other than leukemia 95 0 0 

Diabetesf 303 0 0 
Down’s syndrome (mongolism)f 84 25 29.8 
F'anconi’s anemia (hypoplasia bone marrow) 2 1 — 

Hemophilia 60 3 5.0 
Hepatitis, virus§ 48 5 10.4 
Hodgkin’s disease 12 1 8.3 
Hypercholesterolemia 17 0 0 
Leukemia and related diseases (see Table 2)|| 177 16 9.0 
Lupus erythematosus 69 0 0 
Multiple myeloma and macroglobulinemia|l 95 1 1.1 
Myasthenia gravis 11 0 0 
Polycythemia vera 82 0 0 
Rheumatic fever 124 0 0 
Tangier disease 3 0 0 
Thalassemia 84 2 2.4 
U. S. normal population** 1,524 0 0 

Total 2,907 54 

* Fifty rheumatoid arthritis, 3 psoriatic, 4 Sjogren’s, 8 ankylosing spondylitis, 5 “connective tissue” disease, 
t Includes 96 from the United States and 207 from Brazil. 
t Includes 75 male patients from the New Jersey institution, and 5 females and 4 males from the Maryland 

institution. 
§ These sera were from patients suspected of having infectious or serum hepatitis. 
II One patient with Au(l) had both chronic lymphocytic leukemia and multiple myeloma and is included in both 

categories. 
** This includes 607 Negro and 917 white persons. 

Results 

DISTRIBUTION OF AUSTRALIA ANTIGEN IN 

PATIENTS 

Nearly 30% of the Down’s syndrome pa¬ 

tients had detectable Australia antigen in 

their serum. This includes (Table 1) 19 of 

the 75 males from the New Jersey institu¬ 

tion and 3 of 5 females and 3 of 4 males 

from the Maryland institution. This repre¬ 

sents the highest frequency found in any 

patient group so far tested. Four of the 76 

control patients had Australia antigen. Of 

these, three had some stigma of Down’s syn¬ 

drome, that is, prominent epicanthal folds, 

Brushfield’s spots, large interpupillary dis¬ 

tance, short middle phalanx of the fifth 

finger, “mongoloid crease” of the palm, 

high palatal arch, etc. However, none of 

these had the typical Down’s syndrome 

chromosome pattern on examination of the 

peripheral blood. As noted below, mosai¬ 

cism cannot be ruled out by chromosome 

analysis of a relatively small number of 

cells from a single source. The difference 

in frequency of y\ustralia antigen between 

the Down’s syndrome and the control group' 

is highly significant (x2=11.8, P< 0.001)'. 

The protein was not found in any of the 

normal individuals from the United States. 

Australia antigen has been found in pa¬ 

tients with leukemia, hemophilia, and thal¬ 

assemia as well as in those with Down’s 

syndrome. Forty-eight sera from patients 

suspected of having either serum or infec¬ 

tious hepatitis were tested. Of these, five 

were found to have Australia antigen. The 

findings in hepatitis will be described in 

greater detail in a subsequent paper. In 
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addition, a single patient with Fanconi’s 

anemia (hypoplasia of the marrow) and one 

patient (from Finland) with Hodgkin’s dis¬ 

ease have the antigen (Table 1). 

The distribution of Australia antigen in 

leukemia and related disease groups is 

given in Table 2. The frequency is rela¬ 

tively high in acute granulocytic leukemia 

patients and to this date has not been found 

in any patient with chronic granulocytic 

leukemia. Australia antigen was found in 

a single case of the relatively rare chronic 

reticuloendotheliosis. None of the polycy¬ 

themia vera patients had detectable Aus¬ 

tralia antigen. 

We have recently concluded a study on 

Cebu Island, the Philippines, which in¬ 

cluded blood specimens from 584 patients 

with lepromatous lejirosy, 377 patients with 

tuberculoid leprosy, and 764 controls with¬ 

out leprosy (19, 20). There was a signifi¬ 

cantly higher incidence of Au(l) in the 

lepromatous leprosy cases as compared with 

either the tuberculoid leprosy cases or the 

controls (9.4% lepiomatous, 3.4% tubercu¬ 

loid, 4.8% control). This difference is even 

more striking if only young men (under 20 

years) are considered (26.7% lepromatous, 

7.9% tuberculoid, 5.5% controls). As noted 

above, Au(l) is relatively common (about 

5%) in nonhospitalized, apparently normal 

populations in several Asian and Oceanic 

countries including the Philippines (8). 

Table 2. Distribution of Australia Antigen in 
Leukemia and Related Diseases 

Disease Total 
No. of 
Cases 

Positive for 
Australia 
Antigen 

Acute granulocytic leukemia 38 

no. 

7 

(■ 
/O 

18.4 
Chronic granulocytic leukemia 41 0 0 
Acute lymphocytic leukemia 58 2 3.5 
Chronic lymphocytic leukemia 30 4 13.3 
Other* 10 2t - 

* Lymphosarcoma, 3, reticulum cell sarcoma, 3, 
chronic reticuloendotheliosis, 1, plasma cell leukemia, 1, 
acute stem cell leukemia, 2. 

t Chronic reticuloendotheliosis, 1, acute stem cell 
leukemia, 1. 

AGE 

The age distribution by 20-year groups 

of the trait in the Down’s syndrome jra- 

tients is shown in Table 3, in which this 

distribution is compared with that in sev¬ 

eral populations of apparently normal peo- 

{)le in whom Au(l) occurs and with that 

in the sera of leprosy patients and controls 

from Cebu. The normal and patient groups 

used in the comparison were selected be¬ 

cause of the high frequency of Au(l) and 

the availability of relatively large numbers 

of samples. The frequency of Au(l) de¬ 

creases with age in all of these populations. 

When each of the populations is divided 

into younger (0 to 39) and older (40-1-) age 

groups, the differences in frequency of Au(l) 

Table 3. The Distribution of Australia Antigen by Age in Patients with Down’s Syndrome 
and in Three Other Populations 

Age 
Group 

Down’s Syndrome, 
New Jersey 

Marshall Islands, 
U.S.T.T.P.I.* Cebu, Philippinesf Manila, Philippines 

Cases Positive Cases Positive Cases Positive Cases Positive 

yr no. no. C7 /o no. no. Of 
/o no. no. 07 

/o no. no. % 

0-19 34 12 35.3 196 16 9.5 348 30 8.6 22 2 9.1 

20-39 30 6 20.0 148 12 8.1 948 62 6.5 132 6 4.5 

40-59 11 1 9.1 85 4 4.7 378 16 4.2 36 1 2.8 

60+ 0 0 — 67 1 1.5 128 3 2.3 6 0 0 

Total 75 19 496 33 6.2 1,802 111 6.2 196 9 4.6 

* U.S. Trust Territory of the Pacific Islands, 
t The Cebu population includes persons with and without leprosy. 
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Table 4. Blood Factors Studied in Australia Antigen-positive (Au(l)) and -negative (Au(0)) Sera* 

■Studyt 
Positive, Au(l) Negative, Au(0) 

Total 
Au(l)-|-Au(0) 

No. 
Studied 

Mean 
Value 

No. 
Studied 

Mean 
Value 

No. 
.Studied 

Mean 
Value 

Heniojilobin, g!IdO ml 19 15.2 26 15.5 45 15.4 

RBC count, million/mm'^' 19 4.48 26 4.65 45 4.58 

Hematocrit reading, ' ^ 19 43.0 26 43.8 45 43.5 

MC'V, 19 96.2 26 94.5 45 95.2 

.MCH, fxn-g 19 33.9 26 33.5 45 33.7 

Mt'HC, 'e 19 35.3 26 35.5 45 35.4 

WHC count, /mm^ 19 7,153 26 7,725 45 7,483 
PoKmorphonuclear cells, ' u 19 56.3 23 54.0 42 55.0 
Stall cells, ' ^ 19 3.9 23 4.4 42 4.2 
Lymphocc'tes, G, 19 34.1 23 36.9 42 35.7 
Monoc\'tes, T' 19 2.3 23 2.3 42 2.3 
F,osino])hils, 19 2.8 23 2.0 42 2.4 
Basophils, 19 0.4 23 0.5 42 0.5 

WHC 06-PD, n-moles TPX 
reduced/UP WBC/min 

9 17.1 9 15.6 18 16.4 

WHC G-l-lHT'r, ixmoles UDPCr/hr/l(P IFBC 9 29.1 10 26.3 19 27.6 

Platcdcts, jmnT 19 191,158 26 213,461 45 204,044 

Uric acid, mg/UK) ml 18 5.2 26 5.3 44 5.2 

Vitamin B|o, fin^g/ml 17 698.6 23 347.1 40 496.5 

* Xone of the differences were significant with the exception of vitamin Bu, where /. = 2.926 and F < 0.01. 
t iNICV = mean corpuscular volume, INICH = mean corpuscular hemoglohin, MUFKf = mean corpuscular 

hemoglobin concentration, G-6-PD = glucose-6-phosphate dehydrogenase, TPX = triphosphopyridine nucleotide, 
G-l-PUT = galactose-l-phosphate uridyl transferase, UDPG = uridine diiihosphaic glucose. 

are statistically significant for the Cebu 

population (0.02 > P > 0.01) and nearly so 

for the Marshall Islands (0.1 >P> 0.05) 

but not for the others. 

CHROMOSOME STUDIES 

Seventeen patients of the 75 Down’s syn¬ 

drome patients included in this study were 

selected for cytogenetic examination. Cri¬ 

teria used in the selection were low ma- 

' ternal age at birth or other indication of 

possible familial transmission of the syn¬ 

drome, relatively high intelligence, and, in 

one case (385H), the relatively advanced age 

of the patient (60 years). One case was 

chosen at random. The selection was made 

without prior knowledge of the antigen 

phenotype. A minimum number of 10 meta¬ 

phase chromosome counts and 1 karyotype 

analysis was made on each individual (leu¬ 

kocyte cidtures); in those cases in which the 

modal chromosome number was not 47, 

additional counts and analyses were made. 

Fourteen of the 17 patients were found to 

be trisomic for chromosome 21, the classi¬ 

cal finding in Down’s syndrome (21). Of 

the remaining 3, 1 (389H) was a mosaic 

of normal and trisomy-21 cells, the second 

(384H) was the carrier of a 13-15/21 trans¬ 

location and effectively trisomic for 21, and 

the third (385) had only chromosomes that 

were entirely normal in number and mor¬ 

phology in the single cell type studied. 

More extensive cytogenetic analysis might 

have revealed additional mosaicism in 

which cells of subordinate clones were pres¬ 

ent in low frequency, but because it is pos¬ 

sible to study the chromosomes of relatively 

few cell types from a limited number of 

sites, it is impossible to rule out mosaicism 
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completely in any human. None of these 

three had detectable Au(l). 

Of the 14 typical Down’s syndrome pa¬ 

tients (that is, with 47 chromosomes), 3 had 

Australia antigen. Chromosome studies 

were done on 4 of the control patients. 

None of these had the typical Down’s syn¬ 

drome trisomy pattern. 

The blood factors studies are shown in 

Table 4. With the exception of the vitamin 

Bi2 values, there was no significant dif¬ 

ference between the patients with and 

those without Australia antigen. The mean 

of the Bi2 values for the positive group 

(Australia antigen present) was 698.6 and 

for the negative group (Australia anti¬ 

gen absent), 341.3. This gives a t value 

of 2.926 and 0.01 >P> 0.001 and indi¬ 

cates that it is highly unlikely that this 

difference between the means is due to 

chance. The levels of white blood cell galac- 

tose-l-phosphate uridyl transferase and glu- 

cose-6-phosphate dehydrogenase are higher 

on the average in the Au(l) than the Au(0) 

patients, but this difference is not signifi¬ 

cant. They are considerably higher than 

the values given for normal white blood 

cells in the table published by Mellman and 

colleagues (13). The hematocrit reading, 

mean corpuscular volume, mean corpuscu¬ 

lar hemoglobin, and mean corpuscular 

hemoglobin concentration for all the 

Down’s syndrome patients combined are 

slightly higher than those for normals, con¬ 

firming the findings of Naiman, Oski, and 

Mellman (22). The average of the uric acid 

levels for all patients combined is about 

the same as that found for male Down’s 

syndrome patients by Mertz, Fuller, and 

Concon (23) (who used a different tech¬ 

nique for measuring uric acid). They noted 

that young mongoloids had higher levels 

than did the control patients. 

Discussion 

There is a significantly higher frequency 

of Au(l) in the Down’s syndrome patients 

than in the controls. From this, we may 

conclude that the high frequency is asso¬ 

ciated with Down’s syndrome and that it 

is not due to institutionalization alone. The 

frequency appears to decrease with age in 

the Down’s syndrome patients as it does in 

other populations. There is a higliei aver¬ 

age vitamin B12 level in the Au(l) individu¬ 

als compared with the Au(0), but this find¬ 

ing should be confirmed before further 

comment is warranted. All the Down's syn¬ 

drome patients with Au(l) and whose chro¬ 

mosome complement is known have the 

usual 21 trisomy. 

The present state of knowledge concern¬ 

ing Australia antigen has been suinmai i/ed 

in the introduction, d'he most striking fea¬ 

ture of our data is the disco\ery of Aus¬ 

tralia antigen in high frequency in patients 

with Down’s syndrome, leukemia (par¬ 

ticularly acute granulocytic leukemia and 

chronic lymphocytic leukemia), and viral 

hepatitis. These diseases have been linked 

for other reasons: Patients with Down’s 

syndrome have an increased risk of develop¬ 

ing leukemia, particularly acute mxeloge- 

nous leukemia (11); an association has been 

found between epidemics of hepatitis and 

the birth 9 months later of children with 

Down’s syndrome (24); furthermore, it has 

been reported that sera of patients conva¬ 

lescing from hepatitis cause chromosome 

aberrations in tissue cultures (25). 

Most of the disease associations could be 

explained by the association of Au(l) with 

a virus, as suggested in our previous publi¬ 

cations (2, 6, 8). The discovery of the fre¬ 

quent occurrence of Au(l) in patients with 

virus hepatitis raises the possibility that the 

agent present in some cases of this disease 

may be Australia antigen or be responsible 

for its presence. The presence of Australia 

antigen in the thalassemia and hemophilia 

patients could be due to virus introduced 

by transfusions. This, however, could not 

be the only explanation, since many trans¬ 

fused patients neither have the antigen nor 

an antibody against it. To our knowledge,. 
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none of the Down’s patients with Australia 

antigen have received transfusions, and its 

presence in these patients may be the result 

of very early or maternal infection. Associa¬ 

tions between Down’s syndrome and thy¬ 

roiditis (26) and rubella (27) have also been 

suggested, but these have not been studied 

in respect to Au(l). 

As noted in the introduction, a striking 

iamily clustering of Au(l) has been found 

in Filipino and other pojndations (8). This 

could be explained 011 a simple infection 

hypothesis if the attack rate were higher in 

children than it is in adults. (See Table 3 

of this paper and I’able 5 of reference 8.) 

However, the segregation in the families is 

consistent with simple autosomal recessive 

inheritance. If Au(l) is inherited, as these 

results suggest, this would require an ex¬ 

planation consistent with the infection 

theory. It is possible that the trait is in¬ 

herited in some groups such as the Filipinos 

but not in others. Or, the presence of the 

appropriate genes may confer an added sus¬ 

ceptibility to infection with the virus. In 

areas where infection is very common, the 

trait could follow a pattern of mendelian 

segregation as it appeared to do in the 

Philippine studies. 

Studies on the biochemical and immuno¬ 

logic nature of Au(l) are in progress, as 

are additional studies on the association 

with hepatitis. When the results of these 

are a\ ailable, a more explicit interpretation 

may be possible. 

Summary 

Australia antigen (Au(l)) found in pa¬ 

tients with leukemia (particularly those 

with acute granulocytic leukemia) has now 

been found in high frequency in patients 

with Down’s syndrome and virus hepatitis. 

Down’s syndrome patients with Australia 

antigen have, on the average, a higher level 

of vitamin than do the patients without 

this trait. Several hypotheses are discussed 

in an attempt to explain the associations. 
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SuMMARio IN Interlingua 

Antigeno Australia, trovate in patientes con 
leucemia (particularmente in casos de acute 
leucemia granulocytic) ha essite incontrate con 
un alte frequentia in patientes con syndrome 
de Down e hepatitis virusal. Patientes con syn¬ 
drome de Down e antigeno Australia ha, al 
media, un plus alte nivello de vitamina B12 que 
patientes sin iste tracto. Es commentate plure 
hypotheses presentate pro explicar le mentio- 
nate associationes. 
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Anicteric Hepatitis Associated 

With Australia Antigen 
Occurrence in Patients With Down’s Syndrome 

Alton I. Sutnick, MD; W. Thomas London, MD; Betty Jane S. Gerstley, MD; 

Malcolm M. Cronltind, MS; and Baruch S. Blumberg, MD, PhD 

The frequency of Australia antigen is high in patients 
with Down’s syndrome in large institutions (27.7%) and 
is low in patients without this syndrome in the same insti¬ 
tutions (3.2%). It is rare in patients with Down’s syn¬ 
drome in small institutions (1.5%) and absent in newborn 
patients and those who are not institutionalized. Serum 
glutamic pyruvic transaminase levels were studied in age- 
and sex-matched groups of 16 patients with Down’s syn¬ 
drome and Australia antigen [phenotype Au (1)], 16 with 
Down’s syndrome but without Australia antigen [Au(0)] 
and 16 Au(0) mental defectives without Down’s syndrome. 
The findings indicated active liver cell breakdown in 
Au(l) patients, and were confirmed in an extensive study 
including 581 individuals. The findings are best explained 
by the operation of an environmental factor, probably 
infectious, present in the large institutions, and a host 
susceptibility factor present in association with Down’s 
syndrome. 

In recent reports’ ® we have described the charac¬ 
teristics of an unusual antigen present in the 

blood of certain people. The antigen was originally 
detected by micro-Ouchterlony technique with a 
precipitating antibody found in the blood of a 
transfused hemophiliac (Fig 1). It was termed 
“Australia antigen,” since it was first described as 
appearing in the serum of an Australian aborigine. 
It is extremely rare in normal Americans (two in 
2,412) but is relatively common in patients with 
acute myelogenous leukemia (18.4%), chronic lym¬ 
phocytic leukemia (13.3%), Down’s syndrome (9.4 
to 29.8%),“'® and nodular (lepromatous) leprosy 
(9.4%).® We have been searching for features in 
common among this apparently heterogeneous group 
of diseases. The discovery of a strong statistical asso¬ 
ciation between Australia antigen and viral hepati- 
tis“'’ and the identification of Australia antigen as 

From the Institute for Cancer Research, Fox Chase, Phila¬ 
delphia. 

Reprint requests to 7701 Burholme Ave, Fox Chase, Phila¬ 

delphia 19111 (Dr. Sutnick). 

a particle® suggest that hepatitis might be the com¬ 
mon factor leading to the high frequency of Aus¬ 
tralia antigen in persons with these diseases. 

In this communication we describe our studies of 
serum glutamic pyruvic transaminase (SGPT) levels 
in patients with Down’s syndrome, with and with¬ 
out Australia antigen, in institutions of various 
sizes and in patients living at home. 

Methods 

This study included 377 patients with Down’s 
syndrome; 34 were not institutionalized, and the 
rest were from nine separate institutions. Four 
were large state institutions for mental defectives, 
and five were small, private institutions. Institu¬ 
tion 1 (State Colony at New Lisbon, NJ) has 
about 1,200 male residents, aU of whom are 6 years 
of age or older. All of the 144 patients with Down’s 
syndrome in the institution were tested. The diag¬ 
nosis of Down’s syndrome had been made clinically 
prior to admission. The patients with this syndrome 
are not housed separately, but live with other resi¬ 
dents in several cottages. AU patients eat in a com¬ 
mon dining hall. Institution 2 (Pennhurst State 
School and Hospital, Spring City, Pa) has a total 
population of about 3,000 mentally retarded pa¬ 
tients. About 250 have Down’s syndrome, of whom 
113 have been tested. The clinical diagnosis is made 
at the admission examination. The patients with 
this syndrome are not segregated from other men¬ 
tally retarded residents, but male patients and fe¬ 
male patients live in different residences on the 
700-acre tract of land. There are separate kitchens 
and dining halls, and male and female patients do 
not generally intermingle. The other two state in¬ 
stitutions were of similar size. Each of the five 
private institutions had total patient populations of 
less than 50. The diagnosis of Down’s syndrome 
was confirmed with chromosome preparations in 82 
of the 375 patients. In every preparation, the prior 
clinical diagnosis was proven correct. 
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Table 1.—Distribution of Australia Antigen in Mentally Retarded 
Patients and Institution Staff Personnel 

Group Tested No. Tested No. Positive % Positive 
Down's syndrome (large institutions) 

Institution 1 (all males over 6 years old) 144 41 28.5 
Institution 2 

Male 68 26 38.2 
Female 43 8 17.8 

Two other large institutions 53 11 20.8 

Total 310 86 27.7 

Down's syndrome (other) 
Five small institutions 33 1 3 
Patients who were not institutionalized 20 0 0 
Newborn 14 0 0 

— . - 

Total 67 1 1.5 

Mentally retarded 
(unclassified, from large institutions) 
Institution 1 76 4 5.3 
Institution 2 

Male 69 1 1.4 
Female 43 1 2.3 

Total 188 ~6 3.2 
Staff personnel (large institution) 114 0 0 

1. Precipitin line indicating Australia antigen 
in two of lower wells [Au(l)] detected by 
antiserum in central and bottom well of dou¬ 
ble diffusion Ouchterlony plate. Upper three 
wells contain control sera [Au(0)]. 

From institutions 1 and 2, 188 men¬ 
tal defectives without Down’s syn¬ 
drome were tested. This included 76 
patients from institution 1 who were 
classified as “epileptics” and 112 from 
institution 2 with various classifica¬ 
tions of mental retardation. The test¬ 
ing alsT) included 114 staff personnel 
from institution 2. Sera from 14 new¬ 
born patients with Dowm’s syndrome, 
confirmed by cytogenetic studies, were 
tested. In addition, 20 patients with 
Down’s syndrome who were not insti¬ 
tutionalized were tested. Fourteen of 
these attended the day school of the 
Philadelphia Association for Retarded 
Children (Table 1). 

Forty-eight male patients from in¬ 
stitution 1 were selected for a con¬ 
trolled study of SGPT levels in rela¬ 
tion to Australia antigen. This included 
16 patients with Down’s syndrome and 
Australia antigen [phenotype Au (1) ], 
16 patients with Down’s syndrome 
without the antigen [phenotype 
AU(0)], and 16 patients without 
Down’s syndrome. The three groups 
were matched, for age and sex. Follow¬ 
ing this controlled study, a more ex¬ 
tensive investigation was undertaken 
to include 101 patients with Down’s 
syndrome in institution 1 [38 were 
Au(l) and 63 Au(0)], 113 patients 
with Down’s syndrome from institu¬ 
tion 2 [34 Au(l) and 79 Au(0)], and 
112 controls from institution 2 [all 
Au(0)]. Within each of the institu¬ 
tions, the Au(l), the Au(0), and, in 
the case of Institution 2, the patients 
without Down’s syndrome, were com¬ 
parable in respect to sex and age. 

Sera were tested for Australia anti¬ 
gen with both human and rabbit anti¬ 
sera"^ by the micro-Ouchterlony tech¬ 
nique of Blumberg and Riddell.® 
Quantitative studies were done with the methods 
of double diffusion in agar gel tubes described by 
Preer and Preer.'® The SGPT level was determined 
by the method of Wroblewski and La Due” at 89.6 
F (32 C) with a recording spectrophotometer. 
Sera were stored at —13 F (—25 C) until the 
SGPT measurements were completed. All SGPT 
determinations were completed within seven days 
of drawing the blood. The enzyme is known to be 
stable at this temperature for this period of time.” 

Liver biopsy was performed for diagnostic pur¬ 
poses on four patients with Down’s syndrome, Aus¬ 

tralia antigen, and an elevated SGPT level. These 
were open biopsies, done with the patients under 
general anesthesia, because adequate cooperation 
could not be obtained for a needle biopsy. Because 
of the element of risk involved, only those patients 
in whom the procedure was of clinical diagnostic 
importance and for whom proper consent from in¬ 
formed parents or guardians could be obtained, 
were subjected to this procedure. The specimens 
were fixed in formaldehyde solution, stained with 
hematoxylin and eosin, and examined by light 
microscopy. 
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2. Serum glutamic pyruvic transaminase (SGPT) levels 
in age- and sex-matched groups of patients with Down’s 
syndrome [Au(l) and Au(0)], and other mental defec¬ 
tives [Au(0)]. Medians and range indicated. 

Statistical comparisons were done with Student’s 
t test and an MN Chi computer program, provid¬ 
ing an age- and sex-corrected comparison of two 
groups regarding frequency of the Au(l) pheno¬ 
type. 

Results 

Australia antigen is common in patients with 
Down’s syndrome in large institutions, and is ex¬ 
tremely rare in patients without Down’s syndrome 
in the same institutions (Table 1). The difference 
is highly significant when an age- and sex-corrected 
comparison is made with the MN Chi program 
(P < 0.001). This confirms our previously reported 
findings.^ The frequency is much lower in smaller 
institutions. It is entirely absent in newborn pa¬ 
tients with Down’s syndrome, in those who live at 
home, and in the staff personnel of institution 2 

(Table 1). The frequency of Australia antigen is 
age-dependent in the Down’s syndrome group 
(highest frequency in the youngest patients), as it 
is in other populations which have been tested.^ ® 
It is also more common in males than in females, 
but this difference is not significant when an age- 
and sex-comparison is made with the MN Chi 
program (P = 0.1057). A similar sex-related dif¬ 
ference has been reported in other populations.'’ ^ 

There is a clear association between the presence 
of Australia antigen and an elevated SGPT level 

Table 2.—SGPT Values in Persons With [Au(l)] and 
Without [Au(0)] Australia Antigen 

Unclassi- 
fied Patients With 

Mentally Down's Syndrome 
Reta rded ,- 

[Au(0)] Au(0) Au(l) 
Age- and sex-controlled 

study 

No. tested 16 16 16 
Median value 16 14 38.7 (P<0.001) 

Institution 1" 
No. tested 17 63 38 
Median value 16.3 14.2 38.2 (P<0.001) 

Institution 2 
No. tested 112 79 34 
Median value 14.6 15.4 39.4 (P<0.001) 

Total (Institutions 
1 and 2) 
No. tested 129 142 72 
Median value 14.7 15.3 37.8 (P<0.(K)1) 

Outpatients 
No. tested 14 
Median value 11.5 

Staff Personnel 
Institution 2 Normal Au(0) 
No. tested 114 
Median value 13.0 

“'Inck'ding age- and sex-controlled study. 

(Table 2). This is seen in the age- and sex-matched 
comparison in Fig 2 [Down’s Au(l), 38.7 units/ml; 
Down’s Au(0), 14 imits/ml; and non-Down’s 
Au(0), 16 units/ml], and in the subsequent larger 
study [Down’s Au(l), 39.4 units/ml; Down’s 
Au(0), 15.4 units/ml; and non-Down’s Au(0), 14.6 
units/ml]. The findings are the same in both insti¬ 
tutions (Fig 3). The association is so close that, in 
general, the presence of Australia antigen can be 
used as an indication of an elevated SGPT level. 
The median SGPT values in the patients with 
Down’s syndrome who were not institutionalized 
(11.5 units/ml) and the staff (13 units/ml) are also 
significantly lower than the levels in the Au(l) pa¬ 
tients with Down’s syndrome. 

Inflammatory changes of various degrees were 
found in the liver of each of the four patients who 
had Down’s syndrome, Australia antigen, an ele¬ 
vated SGPT level, and who had a biopsy performed. 
Patient 1 had periportal inflammation with lym¬ 
phocytes and plasma cells, minimal hydropic change 
and binucleation of liver cells, and an increase in 
the number of Kupffer’s cells with the presence of 
ceroid pigment. Patient 2 showed marked hydropic 
degeneration with balloon-like distension of the 
cells, liver cell breakdown with loss of margin, cel¬ 
lular debris, and periportal infiltration of lympho¬ 
cytes and plasma cells (Fig 4, top). In this patient, 
there was also nodule formation indicative of post¬ 
necrotic cirrhosis (Fig 4, bottom). Patient 3 had 
increased collagenous connective and fibrous tissue 
in the hepatic triads, and infiltration by 1500- 
phocytes and plasma cells. There was bile duct 
proliferation and focal liver cell necrosis with cyto¬ 
plasmic degeneration, acidophilic bodies, and cellu¬ 
lar reactive infiltrate. The Kupffer’s cells contained 
ceroid pigment and blue-staining granular matter 
which has remained unidentified. Patient 4 showed 
periportal lymphocyte, plasma cell, and histiocyte 
infiltration, advanced albuminous degeneration, 
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large nuclei, irregular liver cell size, cell destruc¬ 
tion, and cellular debris. Histologically, this ap¬ 
peared to be a more active case of hepatitis. 

Comment 

Australia antigen is associated with an elevated 
SGPT value in patients with Down’s syndrome. 
The four Au(l) patients with elevated SGPT levels 
who underwent biopsy had histological evidence of 
hepatitis. There was a small number of liver biop¬ 
sies performed, and no control biopsies were done 
in patients without Australia antigen. Consequent¬ 
ly, this cannot be considered proof that Australia 
antigen is associated with liver damage, but is con¬ 
sistent with this hypothesis. The antigen, with a 
concomitant raised SGPT value, is rare or absent 
in other mental retardates and in staff personnel 
from the same institutions. High SGPT levels are 
due to release of the enz3TTie as a result of liver cell 
damage or death. “ Australia antigen thus appears 
closely related to some agent responsible for liver 
cell injury. 

The increased prevalence of Australia antigen in 
patients with Down’s syndrome in large institu¬ 
tions is striking. The confirmation of the clinical 
diagnosis in all of the 82 patients whose chromo¬ 
some preparations were studied makes it seem un¬ 
likely that major discrepancies occur in the remain¬ 
ing patients. Even if several erroneous diagnoses 
were included, the statistical correlation is so great 
that the conclusions would remain unchanged. Al¬ 
though the frequency of the antigen in patients 
with Down’s syndrome is high in large institutions, 
it has not been found in patients who are not insti- 
tutionahzed and occurs in very low frequency in 
small institutions. (In addition to the 20 sera we 
examined of patients with Down’s syndrome who 
were not placed in institutions, L. J. Old, MD, of 
New York told us [in June 1967] that Australia 
antigen was not found in sera from 25 such pa¬ 
tients. These sera were collected by J. Storm, MD, 
of Manhasset, NY.) This suggests that a factor 
present in large institutions may be responsible for 
the presence of Australia antigen. It is reasonable 
to suppose that this factor is an infectious agent, 
such as a virus, which involves the liver and is dis¬ 
seminated by frequent and intimate contacts be¬ 
tween individuals in large and crowded popula¬ 
tions. Many chemicals and drugs may cause liver 
damage, but these seem less likely to be implicated 
in this situation. There is additional evidence con¬ 
sistent with the hypothesis of infection. Australia 
antigen clusters in families.® It occurs in high fre¬ 
quency in tropical areas where the people have poor 
sanitary practices, and its age-related distribution 
(higher frequency in younger than in older people) 
is similar to the attack rate of viral hepatitis.’® 

The following are two remarkable features of 
these findings: (1) limited distribution of the anti¬ 
gen in institutions, occurring nearly exclusively in 
patients with Down’s syndrome, and (2) absence 
of the antigen in patients with Down’s syndrome 
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3. Australia antigen and serum glutamic pyruvic trans¬ 
aminase (SGPT) level associated with Down's syn¬ 
drome at institution 1 (top) and institution 2 (bottom). 

who live at home. This strongly suggests that the 
following two factors are in operation: (1) an envi¬ 
ronmental factor, for example, an infectious agent, 
present in the large institutions, and (2) a host 
factor which makes the patients with Down’s syn¬ 
drome more susceptible than other inhabitants of 
the same environment. Patients with Down’s syn¬ 
drome are either more susceptible to infection with 
the postulated agent or retain the agent chronical¬ 
ly. In either event, this implies impairment of the 
immune mechanism in patients with Down’s syn- 
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4. Liver specimens of patient 2. Top, Hydropic degen¬ 
eration (hematoxylin and eosin, X250). Bottom, Indica- 
cations of early postnecrotic cirrhosis (xlOO). 

drome/'* Inherited susceptibility to this postulated 
agent may explain previously reported family data 
which are consistent with simple autosomal reces¬ 
sive inheritance of Australia antigen/ 

Australia antigen is also commonly associated 
with other chromosome abnormalities. Four of 16 
patients with a variety of autosomal and sex chro¬ 
mosome abnormalities have the antigen (unpub¬ 
lished observations). Leukemia is also relatively 
common in patients with Down’s syndrome*** and 
in patients with certain other chromosome abnor¬ 
malities.*® We have previously reported the high 
frequency of Australia antigen associated with 
some types of leukemia.* ^ The definition of the 
mechanism linking these findings is the subject of 
our current research. 

This study was supported by Public Health Service research 
grants CA-06651, CA-06927, and CA-08069 from the National 
Cancer Institute, and by an appropriation from the Common¬ 

wealth of Peimsylvania. 
Arrangements were made and facilities provided for testing the 

mentally retarded patients at State Colony at New Lisbon, NJ, 
by F. W. Russell and J. D. Nelson, MD; at Pennhurst State 
School and Hospital, Spring City, Pa, by L. A. Potkonski, MD, 
and B. H. Marshall, MD. Outpatients were provided by Edith 
Taylor and John W. Halpin, Philadelphia Association for Re¬ 
tarded Children. The following individuals and institutions pro¬ 
vided serum sp>ecimens and permitted observation of some 
patients in detail; Rainier State School, Maryland Child Center, 
Melmark School, Beaver Run School, Donegal Spring School, 
Elwyn School, Clifford Nursing Home; L. Gerstley III, MD; 

W. J. Mellman, MD, who provided 12 serum samples from new¬ 
born patients with Down’s syndrome; and F. A. Oski, MD. P. J. 
Grotzinger, MD; S. N. Herschberg, MD; and V. E. Zavatone, 
MD, were instrumental in the management of the inpatients. 
Liver biopsy slides were reviewed by R. A. Donato, MD. J. Ip- 
sem, PhD, devised the computer program. 
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Australia Antigen and Acute Viral Hepatitis 

W. Thomas London, m.d., f.a.c.p., Alton I. Sutnick, m.d., f.a.c.p., 
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g Australia antigen (Au(l)) was 
nummary 20% of 125 

patients with acute viral hepatitis. It was not pres¬ 
ent in the sera of 138 patients with other diseases 
affecting the liver (Laennec’s cirrhosis, infectious 
mononucleosis, hepatoma, and so on). These data 
indicate that the antigen is selectively associated 
with viral hepatitis and is not a nonspecific man¬ 
ifestation of liver damage. 

Pre\ iously we have reported the association of 
.4u (1) with leukemia, lepromatous leprosy, and 
Down’s syndrome, and in 1 to 20% of some 
tropical populations. In these groups the antigen 
occurs more frequently in young males; once pres¬ 
ent, it tends to persist for long periods (years). 
In the acute hepatitis patients there was no sig¬ 
nificant difference in distribution between the 
sexes; the antigen was not found in any patient 
less than 19 years old, and with two exceptions 
it was present in the sera for short intervals (days 
and weeks). Host factors related to immunologic 
competence may be responsible for these differ¬ 
ences. 

WE HAVE PREVIOUSLY described the 

characteristics of an unusual antigen, 

Australia antigen (Au(l)) (1-3). When pres¬ 

ent in serum the antigen forms a pre¬ 

cipitin with specific human and rabbit 

antisera (4). With the use of the micro- 

Ouchterlony technique the sera from large 

numbers of persons with and without dis¬ 

ease have been tested. The antigen occurs 

frequently in tropical populations (1 to 

20%) but rarely in normal North Ameri¬ 

cans and Europeans (2). In the United 

States we have found increased frequencies 

of the antigen in association with certain 

di.seases, that is, acute and chronic lympho¬ 

cytic leukemias, acute granulocytic leuke¬ 

mia, Down’s syndrome, and viral hepatitis 

(3). 

In the same U. S. study those patients 

with Down’s syndrome and Australia anti¬ 

gen had significantly higher levels (mean 

and median) of serum glutamic-pyruvic 

transaminase (SGPT) than did age- and 

sex-matched patients with Down’s syndrome 

without the antigen. Liver biopsies from 

eight such patients with Au(l) showed 

chronic hepatitis (5). 

The antigen has been isolated from the 

sera of five patients by ultracentrifugation 

on a sucrose gradient. Electron microscopy 

showed that these isolates contained par¬ 

ticles 20 m^ in diameter, and these aggluti¬ 

nated upon the addition of specific anti¬ 

sera against Au(l) (6). 

We have considered two alternative hy¬ 

potheses to explain the disease associations 

and physical characteristics of Australia an¬ 

tigen: [1] Australia antigen is released into 

the circulation as a result of liver injury 

and its presence in serum is a nonspecific 

reflection of hepatic damage; and [2] Aus¬ 

tralia antigen is intimately associated with 

a virus causing hepatitis, and its presence 

in serum indicates the presence of that 

virus. Results compatible with the second 

hypothesis are reported here. 

Materials and Methods 

Serum was collected from 125 patients with 

viral hepatitis and 2 or more samples were ob- 
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tained from 56 of these patients. Seventy-five 

sera were provided by Drs. Prier and Strachen 

of the Pennsylvania State Department of Health 

Laboratories. The remainder were obtained 

from patients at affiliated hospitals of the Uni¬ 

versity of Pennsylvania; the Jeanes Hospital, 

Fox Chase, Philadelphia; and Bellevue Hospi¬ 

tal, N. Y. In the hospital group the diagnosis of 

hepatitis was established by serum glutamic- 

pyruvic transaminase (SGPT) elevation, or liver 

biopsy, or both. With respect to the sera ob¬ 

tained by the State Department of Health, we 

attempted to substantiate the diagnosis by con¬ 

tacting the patients’ physicians 6 months to a 

year after the acute illness. The patients in¬ 

cluded here are those in whom the diagnosis 

was confirmed. Of the 125 patients, 41 had re¬ 

ceived a prior transfusion or were considered 

by their physicians to have had serum hepatitis; 

we have classified these as posttransfusion hepa¬ 

titis and all the remaining cases as infectious 

hepatitis. 

Sera were obtained from 57 patients with 

Laennec’s cirrhosis at the affiliated hospitals of 

the University of Pennsylvania and at the Vet¬ 

erans Administration Hospital, Brooklyn, N. Y. 

Sera from 55 patients with heterophil positive 

infectious mononucleosis (IM) were kindly pro¬ 

vided by Dr. Esko Kaarsalo of Turku, Finland. 

An additional 12 sera from patients with IM 

were collected at the Student Health Clinic of 

the University of Pennsylvania. Sera from 14 

patients with other diseases involving the liver 

were tested. These included three patients with 

granulomatous hepatitis, two with jaundice sec¬ 

ondary to choledocholithiasis, one with carci¬ 

noma of the common bile duct, five with hepa¬ 

toma, two with acute cholecystitis, and one 

with Wilson’s disease. All of these were patients 

at hospitals in Philadelphia; the diagnoses were 

Table l. Frequency of Australia Antigen (Au(l)) 
in the United States in Patients with Viral Hepatitis, 

and Other Liver Diseases and in Controls 

Normal Au(l) Percent 
Au(l) 

no. 

U. S. normal population 2,120 2 0.09 

U. S. hospital inpatients 1,024 1 0.19 

Infectious mononucleosis 67 0 0 

Laennec’s cirrhosis 57 0 0 

Other liver diseases 14 0 0 

Viral hepatitis 125 25 20.0 

Infectious 84 11 13.1 

Posttransfusion 41 14 34.1 

made on aspiration liver biopsy or at lapa¬ 

rotomy with biopsy. 

In order to obtain an estimate of the fre¬ 

quency of the antigen in the normal popula¬ 

tion of the United States, 2,120 sera from pre¬ 

sumed normal persons were tested. Of these, 

563 (323 Negroes and 240 whites, ages 15 to 74 

years) were from a sample of the population of 

Evans County, Ga. (7); 215 were white em¬ 

ployees of the National Institutes of Health, 

Bethesda, Md.; 180 were negro employees of 

the same institution; 80 were white residents of 

Tangier Island, Md., and 187 were negro resi¬ 

dents of Sapelo Island, Ga. Others included 

were 518 blood donors at Jeanes Hospital, 114 

members of the staff of Pennhurst State School 

and Hospital, Spring City, Pa., 42 sets of twins 

from Evans County, Ga., 43 members of the 

staff of the Institute for Cancer Research, Phila¬ 

delphia, Pa. and their families, ahd 105 speci¬ 

mens from various other normal persons. 

A broad sample of the patient population in 

Philadelphia was obtained by testing 974 con¬ 

secutive sera (486 individuals) collected at the 

clinical laboratory of the Jeanes Hospital and 

1,064 consecutive sera (556 individuals) col¬ 

lected at the Pepper Laboratory of the Hospital 

of the University of Pennsylvania. 

The sources of patients with Down’s syn¬ 

drome (Tables 2, 3, and 4) have been reported 

in detail previously (5). 

All sera were tested for Australia antigen 

with specific rabbit antiserum (4) by the micro- 

Ouchterlony technique of Blumberg and Rid¬ 

dell (8). Semiquantitative estimates of the titer 

of Au(l) were performed by double diffusion 

in capillary tubes using the method of Preer 

and Preer (9). Contingency tables and chi- 

square determinations were done as described 

by Snedecor (10). 

Results 

Twenty percent of 125 patients with 

hepatitis had Au(l) on one or more occa¬ 

sions (Table 1), whereas Australia antigen 

occurs in less than 0.1% of the normal 

population. (Of the two presumed normal 

persons with Au(l), one had had a previous 

transfusion and the other had been exposed 

to hepatitis.) The only hospitalized patient 

with Au(l) had acute posttransfusion hepa¬ 

titis at the time her blood was drawn. The 

antigen was not found in 138 patients with 

liver diseases other than viral hepatitis. Of 

particular significance is its absence in the 

59 



Volume 70, No. 1 
January 1969 

AUSTRALIA ANTIGEN AND AqUTE VIRAL HEPATITIS 57 

Table 2. Frequency of Australia Antigen (Au(l)) 
by Sex in Patients with Viral Hepatitis and Institu¬ 

tionalized Patients with Down’s Syndrome 

Hepatitis Down's Syndrome* 

Normal Au(l) Percent Normal Au(l) Percent 
Au(l) Au(l) 

no. no. 

Male 63 14 22.2 118 41 34.7 

Female 62 11 18.0 92 16 18.4 

Total 125 25 20.0 210 57 27.1 

* From two Institutions housing both males and females. 
(X2 = 10.97, P = <0.025). 

infectious mononucleosis group, since these 

patients have a type of hepatitis thought to 

be caused by a virus (11). 

The hepatitis patients are divided into 

two categories; [1] posttransfusion hepati¬ 

tis—those who had a prior transfusion or 

were considered by their physicians to have 

serum hepatitis; and [2] infectious hepa¬ 

titis—the remaining hepatitis cases. The 

difference in the frequencies of Au(l) in 

posttransfusion hepatitis (34.1%) and infec¬ 

tious hepatitis (13.1%) is statistically signifi¬ 

cant (x- = 6.46, P < 0.025). 

Other populations with an increased 

prevalence of Au(l) (Down’s syndrome, lep- 

romatous leprosy, and “normal” persons 

from the Philippines and Micronesia) have 

higher frequencies of the antigen in males 

than in females and higher frequencies in 

younger than in older persons (2, 3). Pa¬ 

tients with Down’s syndrome who are in¬ 

stitutionalized are the most thoroughly 

studied of such populations in the United 

States (5) and have been used here for com¬ 

parison with the hepatitis patients, but pa¬ 

tients with lepromatous leprosy and “nor¬ 

mal” populations from the Philippines and 

Micronesia show approximately the same 

distributions of Au(l) (2, 3). In the hepa¬ 

titis patients the frequency of Au(l) is es¬ 

sentially the same in both sexes: 22% in 

males and 18% in females. This distribu¬ 

tion of Au(l) by sex is significantly differ¬ 

ent from that found in institutionalized 

patients with Down’s syndrome where the 

prevalence in males is almost twice that in 

Table 3. Frequency of Australia Antigen (Au(l)) 
by Age in Hepatitis and Institutionalized Patients 

with Down’s Syndrome 

Age Hepatitis Down's Syndrome* 

Normal Au(l) Percent 
Au(l) 

Normal Au(l) Percent 
Au(l) 

yr. no. no. 

0-19 22 1 4.4 67 29 43.3 

20-30 51 14 27.5 109 32 29.4 

40-59 28 6 21.4 34 10 29.4 

60-f- 9 2 22.2 12 0 0 

* (X2 =20.77. P= <O.OOS) 

females (^-’^ 10.97, <0.025, Table 2). 

Table 3 shows the distribution of Au(l) by 

age in the hepatitis patients and institu¬ 

tionalized patients with Down’s syndrome. 

Australia antigen has not been found in 

any hepatitis patient younger than 19 years 

old, whereas among the patients with 

Down’s syndrome the highest frequency of 

the antigen (43.3%) is in the 0 to 19 year 

age group. These distributions differ signifi¬ 

cantly (x== = 20.77, P< 0.005). 

Another characteristic of Australia anti¬ 

gen in other diseases and population groups 

is its persistence (2, 5). In hepatitis, how¬ 

ever, the antigen is transient. In Table 4 

the duration of Au(l) in patients with 

hepatitis and patients with Down’s syn¬ 

drome is compared. Of 15 patients with 

hepatitis and Au(l) on first testing, the 

antigen disappeared from 13 after 2 to 3 

weeks. In one patient Au(l) was present 

for only a single day, but another hepatitis 

patient had Au(l) for 7 months (his SGPT’s 

remained over 100 during that time). In 

Table 4. Comparison of the Chronicity of 
Australia Antigen fAu(l)) in Hepatitis 

and Down’s Syndrome 

Hepatitis, 
Time 2* 

Down’s Syn¬ 
drome, Time 2t 

Au(l) Au(0) Au(l) Au(0) 

_. ,, Au(l) 

Au(0) 

2 13 

1 40 

10 2 

1 29 

♦ Time 2 for the hepatitis patients is 2 to 3 weeks after the 
initial testing (Time 1). 

t Time 2 for the Down's syndrome patients is I year after tht 
initial testing (Time 1); (X2 =31.50, P<.001). 

t Initial testing. 
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Figure 1. Australia antigen (Au(l)) and serum 
glutamic-pyruvic transaminase (5GP7} levels of a 
patient with posttransfusion hepatitis. Au(l) dis¬ 
appeared as SGPT fell to normal. 

contrast, of 12 patients with Down’s syn¬ 

drome and Au(l) on first testing, 10 still 

had the antigen when tested a year later. 

These differences in persistence are signifi¬ 

cant (>(- = 31.59, P = < 0.001). Figure 1 

gives the variation of Au(l) titer, estimated 

by the Freer technique, and the SGPT lev¬ 

els in a patient with acute posttransfusion 

hepatitis. In this patient the Australia anti¬ 

gen titer parallels the fall in SGPT. Such 

a direct parallel between SGPT and Au(l) 

titer has not been found in patients with 

Down’s syndrome. 

Discussion 

The data indicate that Australia antigen 

is associated with viral hepatitis, confirming 

our earlier studies (3, 12). Furthermore, 

Au(l) is not associated with other diseases 

affecting the liver; that is, the presence of 

the antigen in serum is not a nonspecific 

manifestation of liver damage. 

Okochi and Murakami (13) have con¬ 

firmed the association of Australia antigen 

with hepatitis in Japan. They found 44 of 

358 patients with hepatitis to have Aus¬ 

tralia antigen. They also screened all of the 

blood and blood donors passing through 

the blood transfusion service of the Tokyo 

University Hospital and found 141 of 

11,820 blood donors to have Australia anti¬ 

gen. SGPT levels were slightly but signifi¬ 

cantly higher in sera containing Au(l). 

They further demonstrated that persons re¬ 

ceiving blood containing Australia antigen 

could either develop antibody to Au(l) or 

the antigen itself. Those in whom the anti¬ 

gen appeared had posttransfusion hepatitis. 

We have pointed to a number of charac¬ 

teristics of Australia antigen in patients 

with hepatitis different from those in other 

groups where Au(l) is present in high fre¬ 

quency, such as Down’s syndrome, leproma- 

tous leprosy, and “normal” persons liv¬ 

ing in tropical areas. Persistence, higher 

frequency in males than females, and higher 

frequencies in the first two decades of life 

have been consistent findings in these 

groups. In contrast, transience, lack of sex 

predilection, and absence of Au(l) in pa¬ 

tients under the age of 19 are features of 

the hepatitis group. The biologic meaning 

of these differences is not clear, but they 

may reflect the immunologic status of the 

host. That is, the patients who develop 

viral hepatitis do not have an underlying 

abnormality and are able, in a short time, 

to clear their blood of antigen and to effect 

complete recovery. The patients who retain 

the antigen chronically have an immuno¬ 

logic defect and therefore do not rid them¬ 

selves of antigen nor do they completely 

eradicate the inflammatory process (14, 15). 

The patients with Down’s syndrome illus¬ 

trate this hypothesis. 

In large state institutions for the men¬ 

tally retarded, viral hepatitis is a very com¬ 

mon disease; probably every patient is 

exposed to the virus (16). Yet Australia an¬ 

tigen occurs much more frequently in the 

patients with Down’s syndrome than in the 

other patients in the same institutions. Fur¬ 

thermore, patients with Down’s syndrome 

and Au(l) have elevated SGPT’s and have 

evidence of hepatitis on liver biopsy (5). 

In this study we found a significantly 

higher frequency of Au(l) in posttransfu¬ 

sion hepatitis than in infectious hepatitis. 

Okochi and Murakami (13) did not find 

this difference. Further studies are necessary 

before we can determine whether the preva- 
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lence of Au(]) is greater in posttransfusion 

hepatitis. 

Isolated Australia antigen is a particle 

20 m;x in diameter with an appearance com¬ 

patible with that of a virus (6). Currently, 

we are inoculating animals and tissue cul¬ 

tures in an effort to determine whether it 

has other virus characteristics. 

Addendum 

Since the submission of this manuscript, 

an additional confirmation of the associa¬ 

tion of hepatitis with Australia antigen has 

appeared. The SH antigen described by 

Prince (17, 18) is Australia antigen. 
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HEPATITIS AND AUSTRALIA ANTIGEN: 
AUTOSOMAL RECESSIVE INHERITANCE OF 

SUSCEPTIBILITY TO INFECTION IN HUMANS* 

By B. S. Blumberg, J. S. Friedlaender. Anita Woodside, 

A. I. SuTNICK, AND W. T. LONDON 

INSTITUTE FOR CANCER RESEARCH, FOX CHASE, PHILADELPHIA, AND 

DEPARTMENT OF ANTHROPOLOGY, HARVARD UNIVERSITY 

Communicated by Thomas F. Anderson, December 30, 1968 

Abstract.—Examples of inherited susceptibility to infection controlled by 

genes segregating at one or a small number of loci have been identified in lower 

animals. In this study we report data on what appears to be a similar situation 

in humans. '‘Australia antigen” is an antigen found in the sera of patients 

with acute and chronic hepatitis, and it may actually be a form of virus. It 

is very common in many tropical areas, and people in these areas having the 

antigen appear to be hepatitis carriers. The antigen is detected by immuno¬ 

diffusion in agar gel (Ouchterlony method). Individuals with the antigen 

are designated Au(l) and those without it Au(0). Family studies involving 

1797 different individuals residing on the island of Bougainville are consistent 

with the hypothesis that susceptibility to chronic infection with the "antigen” 

is controlled by an autosomal recessive gene (Aw'). This confirms the con¬ 

clusions previously arrived at from similar (but less extensive) studies on the 

island of Cebu. Individuals with this inherited susceptibility do not ordinarily 
have overt manifestations of hepatitis. 

The sign test was used to determine family clustering. Segregation analysis 

was performed by the method of C. A. B. Smith. In the 41 Au(0) X Au(0) 

matings, 53.8 recessives were expected in the offspring and 56 were seen (0.7 

> p > 0.5). In the Au(l) X Au(0) matings, 40.1 recessives were expected 

and 42 were seen (0.7 > p > 0.5). The Au(0) X Au(0) matings were also 

analyzed by the method of Li and Mantel, in which the recessive ratio of 0.25 

is expected by the genetic hypothesis. The values observed were 0.2527 for 
the Bougainville study and 0.2461 for the Cebu study. 

Inherited resistance and susceptibility to infection has been described in 

several animal species. There is a single gene-controlled factor which prevents 

infection of mice by a group of related viruses including yellow fever. West 

Nile fever, Japanese B encephalitis, and others but does not prevent infection 

with other viruses.^ Gowen^ has described inherited resistance to bacterial 

infection in mice and has emphasized the specific nature of the resistance which 

develops. There is evidence for inherited susceptibility to several forms of 

virus-induced neoplasms in animals. These include polyoma virus in mice 

in which two or three independent genes may be involved in the determinatioii 

of resistance;^ mammary tumor in mice;^ leukemia in mice, where the inherited 

factor appears to be related to the histocompatibility locus;® Rous sarcoma'^ 

fowl leucoses;* and others. In humans, several inherited diseases carry with 

them an increased susceptibility to infection; for example, patients with the 

1108 
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inherited disease sickle-cell anemia are unusually susceptible to Salmonella infec¬ 

tions, with osteomyiletis as a frequent complication, while the heterozygotes 

appear to have an increased resistance to falciparum malaria. Patients with 

inherited sex-linked agammaglobulinemia are highly susceptible to several 

bacterial infections. There is also evidence for differences in infectious disease 

susceptibility between different population groups (i.e., increased tuberculosis 

infection in American Indians and increased infection with coccidioidomycosis 

in filipinos and American Negroes) and some of this difference in susceptibility 

may be inherited. These have been reviewed recently. 

In this paper we will describe family studies of a serum factor closely associated 

with acute and chronic viral hepatitis. The segregation of the trait in the 

families is consistent with simple recessive autosomal inheritance, and the data 

can be interpreted as an example of increased susceptibility to a chronic virus 

infection in humans, apparently controlled by genes segregating at a single 

autosomal locus. 

In 1966 we reported on the family clustering and segregation of a serum antigen 

present in high frecpiency in certain tropical populations.^^ Because it had been 

first identified in an Australian aborigine, the antigen was termed “Australia 

antigen.” In the family study we utilized data collected on the Visayan island of 

Cebu in the Philippines. In the o3 families studied, the antigen was more 

commoidy found among relatives of individuals who had the antigen (17%) than 

among the relatives of those who did not have it (2%). The hypothesis of 

simi)le autosomal recessive inheritance was tested in the families in which the 

trait was present. (Inspection of pedigrees ruled out simple autosomal domi¬ 

nant and sex-linked inheritance.) Using the segregation analysis method of 

C. A. B. Smith''* (Table 2), we found a very close fit to the numbers predicted by 

the hypothesis; the data provided strong support for the hypothesis of simple 

autosomal recessive inheritance. 
This initial evidence for the genetic determination of the presence of the 

antigen was interesting since we know that Australia antigen also has features of 

an infectious agent associated with hepatitis.This has been reviewed 

and will be summarized here. Since 1961 we have systematically examined the 

sera of transfused patients for the presence of precipitating isoantibodies against 

constituents of human sera.'^ With these antisera, the Ag system (inherited 

antigenic specificities on the low-density lipoproteins)*® was discovered. We 

subsequently found that patients who received large numbers of transfusions 

(particularly those with hemophilia) quite often develop specific antibodies 

against Australia antigen.Antisera may also be produced by immuniz¬ 

ing rabbits with the serum of a patient with Australian antigen and absorbing 

with a serum which does not contain the antigen.^® 
The antigen occurs in high frequency in acute hepatitis,but in most cases 

it is transient (days or weeks). The association of hepatitis with Australia 

antigen has been confirmed by Okochi and Murakami,®® Prince®^' ®® (the SH 

antigen of Prince is indistinguishable from Australia antigen), and Vierucci,®® 

with reference sera from our laboratory. It also occurs chronically (for months 

or years) in Down’s syndrome patients,''■ ®^ in three forms of leukemia,®* and 
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in apparently normal people in vast areas of Asia and Oceania as well as else 
where in the tropics.20 these groups of patients it appears to be associated 
with chronic anicteric hepatitis.The liver abnormality may be very 
slight, particularly in the case of the apparently normal tropical populations 

referred to. 
As noted, Australia antigen is more common in the general populations in some 

tropical countries (6-25 %) and in Japan (1%) than it is in the United States 
(0.1%). The studies by Okochi and Murakami22 in Japan show that Australia 
antigen may be transmitted by transfusion. Patients transfused with the 
blood of donors containing Australia antigen may develop the antigen in their 
own blood, along with hepatitis, or they may develop antibodies to Australia 
antigen with no evidence of disease. Hence, the detection of the antigen in 
donor bloods is useful in screening for hepatitis carriers. It has also proved 
very useful in detecting occult cases of hepatitis in patients with renal disease 
receiving chronic hemodialysis.®® The “Au test” is now being used for the 
diagnosis of viral hepatitis and for the detection of hepatitis carriers. 

Studies on the Down’s syndrome patients demonstrate that both environ¬ 
mental (infectious) and host (congenital) factors are operating to determine the 
presence of the antigen. 2® In large institutions, Australia antigen is very 
common in Down’s syndrome patients but extremely rare in other mentally 
retarded children and in normal individuals. That is, there is a host factor in 
the Down’s patients which makes them more susceptible to chronic infection with 
Australia antigen. Australia antigen was not found in Down’s patients who 
live at home and attend day schools. Down’s patients who are in-patients at 
small private institutions where sanitation and care are generally better havpi 
extremely low frequencies (3%) of the antigen. This is compatible with the 
explanation that some environmental factor, presumably an infection, is also 
operating and that the crowded conditions of large institutions lead to much 
higher frequencies of the antigen. 

Australia antigen can be isolated by centrifugation in high-density sugar 
gradients. Isolated fractions examined under the electron microscope contain 
large numbers of particles of approximately 200 A diameterthis is about the 
size postulated for hepatitis virus. Although the appearance of the particles is 
consistent with that of a virus, this, of course, does not represent firm evidence 
that these particles are in fact virus. 

All these data taken together (and briefly reviewed here) have led to the 
hypothesis that Australia antigen is or is associated with an infectious agent that 
occurs in viral hepatitis. The theoretical consequences of this will be discussed 
elsewhere. 

In view of these findings, it became extremely important to retest the genetic 
hypothesis by further family studies. Collections of sera on the island of 
Bougainville, Trust Territory of New Guinea, have made this possible. This 
paper contains a report of these studies. 

During 1966-1967 one of us (J. F.) collected blood from individuals in 18 
villages on Bougainville. In each village he attempted to collect blood from as 
large a number of individuals as possible. About 85% of the people over two 
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years old were included in the collection. The majority of these sera were made 
available foi Australia antigen testing. These populations are described in 
detail elsewhere.'^2 ^ tested, including 617 family 

groupings. ABO and Rh blood groups and serum haptoglobin types were 
available in the individuals whose serum had been tested. If the paternity of 
any of the offspring in a family was ciuestioned by the use of these markers, then 
the entire family was removed from the calculations and data from these indi¬ 
viduals do not appear in the tables given herein. The presence or absence of the 
antigen in the plasma was determined by immunodiffusion in agar gel by a micro- 
Oucnterlony method.In this, the antiserum against Australia antigen is 
placed in the center well of the Ouchterlony pattern and the sera to be tested in 
the peripheral wells. The presence of the antigen is indicated by the appearance 
of a precipitin line which stains red with azo carmine. Human antiserum from a 
hemophilia patient^* and an antiserum made by the immunization of a rabbit^® 
with a serum containing Au(l) were used. The sera to be tested were scored as 
Au(l) if a precipitin band was seen under these experimental conditions and as 
Au(0) if a precipitin band was not seen. After the sera were scored for the 
presence or absence of antigen, results were recorded on the pedigree charts. In 
this manner the individuals testing the sera were not aware of the family rela¬ 
tionship and the scoring was objective. 

Results and Discussion.—The frequency of Au(l) in the 18 villages varied 
from 2.9 to 23.9 per cent. In order to determine if there is family clustering 
for the trait, IBM punch cards were prepared for each of the 1797 sera, given 
sequential numbers, and sorted in the IBM 1620 with a random numbers 
program. The cards were then examined in turn until the card of an individual 
who was scored as Au(l) was found. The next card of an individual of the 
same sex and within five years of the same age, but who was scored as Au(0), 
was selected as a control. The cards of the immediate family (mother, father, 
daughter, son, brother, sister, grandmother, grandfather, grandson, grand¬ 
daughter) of the individual scored Au(l) were then examined and the frequency 
of Au(l) was determined. The same was done lor the family of the control 
(Au(0)) individual. Twenty-four pairs were studied in this manner. 

The significance of the results was tested by the Sign test.^'* If the frequency 
of Australia antigen was higher in the family of the Au(l) individual than in 
that of the control (Au(0)), it was scored as positive; if the reverse was true, 
as negative. If there was no clustering in the families of individuals with 
Australia antigen, then an equal number of positives and negatives would be 
expected; but this was not seen (Table 1). Twenty-one of the twenty-four 
pairs studied were positive, two were negative, and one was the same; and this 
is highly unlikely to be due to chance (p < 0.001). This difference was not 
due to the differences in Au(l) frequencies in the villages from which the case 

Inspection of the pedigrees indicated that if the trait were inherited it could 
not be inherited as a simple autosomal dominant trait or as a yyl>"ked trait. 
A .simple autosomal, recessive hypothesis, the same as that tested m the Cebu 
material,- was also tested with the present material. This hypothesis states 

66 



Proc. N. a. S. 
1112 GENETICS: BLUM BERG ET A L. 

Table 1. Clustering of Au(l) in families as shown by the Sign tes . 

1 2 .3 4 
•Au(l)-1 I-Au(0) 

Family Au(l), Family Au(l), 
members % members % 

14 14.7 7 14.7 
3 66.6 11 0 

13 15.4 14 0 
9 22.2 8 0 

12 50.0 10 10.0 
17 41.1 22 13.5 
10 20.0 11 0 
5 40.0 8 37.5 

21 10.5 8 0 
14 50.0 8 0 
11 27.2 34 20.6 
15 6.7 10 30.0 

5 6 7 8 9 
All f'O) 

1-AUU.)-1 

Family Au(l), 
r 

Family Au(l) 

Sign members % members % 

zb 8 37.5 18 16.6 

+ 33 9.1 24 8.3 

+ 12 25.0 14 14.7 

+ 10 10.0 19 31.6 

+ 17 29.4 29 0 

-f 21 9.5 3 0 

+ 21 9.5 13 0 

+ 33 21.2 13 0 

4- 27 25.8 16 12.5 

+ 9 44.4 15 0 
9 11.1 13 0 

17 11.7 13 0 

10 

Sign 

+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

The number of family members and the per cent with Au(l) in the family of Au(l) individuals 
are given in columns 1, 2, 6, and 7. The same data for individuals who are Au(0) are giv'en in 
columns 3, 4, 8, and 9. When the percentage of Au(l) was greater in the families of the Au(l) 
individuals than it was in the families of the Au(0) individuals, the doublet was scored as positive; 
if the opposite was the case, as negative. There were 21 positives and 2 negatives; it is hignly 
unlikely that this is due to chance (p < < 0.001). 

that in individuals homozygous for a gene designated Au^ (i.e., genotype Au'/ 
Au^) Australia antigen would be detectable by the Ouchterlony method (pheno¬ 
type Au(l)). In individuals homozygous for the alternate gene {Au/Au) and 
heterozygotes (Au^/Au), Australia antigen (phenotype Au(0)) would not be 
detectable. 

Two methods of segregation analysis were used to test the genetic hypothesis. 
In Smith’s method,the Au(0) X Au(0) and Au(l) X Au(0) matings are con¬ 
sidered separately and corrections are made for family size. 

For the Au(l) X Au(0) matings the calculations of Smith’s Table .‘1 are 
followed, and the results are shown here in the upper part of Table 2. If the 
genetic hypothesis is correct, then 40.1 recessives are expected, and 42 are 
seen. The variance (as defined by Smith) is 11.0, the x‘^ = 0.341 and 0.7 > p 
> 0.5. This is a good fit to the expected. Included in this calculation are 
ten families in each of which one parent was positive and the other untested. 
It was assumed in each case that the untested parent was Au(0). The prob¬ 
ability of a positive by positive mating is about 1/100 in this population. 

The calculations for the Au(0) X Au(0) matings, which follow those of 
Smith’s Table 6, are given here in the lower part of Table 2. If the genetic 
hypothesis is correct, then 53.8 recessives (i.e., Au(l)) are expected, and 56 
are seen, a very close fit (x^ -= 0.412, 0.7 > p > 0.5). Included in this calcula¬ 
tion are eight families with at least one positive offspring in which the phenotype 
of one parent was Au(0) and in which the other parent was not tested. It 
was assumed in each case that the untested parent was Au(0). In this popula¬ 
tion the chance of an untested parent’s being Au(l) is about 1 in 10; hence it 
is unlikely that more than one has been misclassified. If families in which 
neither parent was tested are also included, then the values for expected and 
observed recessive children are 77.8 and 82 with x^ = 1.044. This is also a 
good fit. The results are summarized in Table 3. 
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„finfamilie, wuk«ttm.l mu, Au{I) chiU. 

Num^«r of ,-Recesaives_, 
children in 

family 

1 
2 
3 
4 
5 

Totals 

families 

me 

6 
5 
4 
6 
3 

24 
* = 0.341 

Observed 
Mating type: Au(l) X Au(0) 

Expected 

1 
2 
3 
4 
5 
0 
8 

Totals 

Me 

4 
13 
13 
4 
5 
1 
1 

41 
r* = 0.412 

Mating type: 

56 53.815 
0.7 > p > 0.5 

meUe mebe 

6 6.000 0 
5 6.665 1.110 
8 6.856 1.960 

17 12.798 4.692 
6 7.743 3.246 

42 40.062 11.008 
0.7 > p > 0.5 

Au(0) X Au(0) 
MeAe MeBe 

4 4.000 0 
15 14.859 1.586 
16 16.861 3.419 
8 5.852 1.680 
9 8.195 2.960 
2 1.825 0.776 
2 2.223 1.172 

11.593 

1113 

Variance 

^imputations by the method of Smith” as per Tables 3 and 6 of his paper. There was one 
family not included in the calculations in which the mother was positive and all her seven children 
were positive but serum was not obtained from the father. We are attempting to test this parent. 

Tablk 3. Summary of calculations by Smith’s'^ method for Cebu and Bougainville families, 
showing variance and x* (/ degree of freedom). 

Location 

C(>l)u 
Cebu 
Bougainville 
Bougainville 

Type of mating 

And) X Au(0) 
Au(0) X Au(0) 
.\u(l) X Au(0) 
Au(0) X Au(0) 

No. of 
families 

7 
24 
24 
41 

I-Recessives-1 

Observed Expected 
12 
33 
42 
56 

12.189 
32.705 
40.062 
53.815 

Variance 
3.556 
8.069 

11.008 
11.593 

X* 

0.010 
0.010 
0.341 
0.412 

Tho .segregation analy.sis method recently introduced by Li and ManteP 

wa.s al.so used to test the genetic hypothesis in the Au(0) X Au(0) families. In 

this, the total number of children t who are the i.ssue of Au(0) X Au(0) matings, 

the number of recessives r (i.e., Au(l)) among these, and the number of children 

j who arc the only recessive offspring in the family are determined. The 

proportion 
r — j 

p' = - 

t - j 

is 0.2r)() for an “ideal” recessive trait. Li and ManteF® give the rationale for 

this calculation and show that it compares favorably with other methods of 

segregation analyse.s. The re.sults of these calculations are shown in Table 4, 

in which they are compared to the calculations for the Cebu data. For the 

Cyebu data the value of p' is 0.24()1 (±0.0585), a close fit, and for Bougainville 

the value is 0.2527 ± 0.0452, also a nice fit. Both of these results compare 

favorably to the values used as an example by Li and Mantel. 
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Table 4. Summary of calculatioris by Li and Mantel’method for 

Au{0) X Au{0) families, 

t j r P' 

Cebu 85 20 36 0.2461 
Bougainville 124 33 56 0.2527 

Cebu and Bougainville 

Standard 
error 

0.0585 
0.0561 

These segregation analyses taken together with the previous Cebu study 

strongly support the hypothesis that the trait follows simple Mendelian segre¬ 

gation in at least these two populations. 

If the distributions in the families were due to simple infection with no genetic 

effect, then it would be expected that the frequency of Australia antigen in the 

genetically unrelated spouses of Au(l) individuals would be about the same 

as the frequency in the genetically related children. There were 33 families 

in which both parents were tested and at least one was Au(l). Ihere were 
27 Au(l) among the 97 offspring, but none of the mates were positive, and 

this difference is significant (0.01 > p > 0.001). 

Although there may be some nongenetic explanation for this distribution, 

as suggested in our previous paper,^^ the (dose correspondence of the observed 

to the expected numbers of recessives in two quite different communities (Cebu 

and Bougainville) adds weight to the validity of the genetic hypothesis. 

The data summarized in the introduction indicate that Australia antigen 

may also behave as an infectious agent. These findings are compatible with 

the explanation that there is an inherited susceptibility to chronic infection 

with Australia antigen mediated by the AiT gene. In populations where the 

Au^ gene is relatively common and where the infectious agent is also common, 

then all those individuals susceptible to the agent would become infected 
and the segregation in the families would appear to follow a pattern of autosomal 
recessive inheritance. 

By analogy with other examples of inherited susceptibility to infection, 

there are probably factors such as age, sex, state of nutrition, etc. which also 

affect susceptibility and resistance. Under appropriate circumstances an 
individual without the inherited susceptibility factors could become infected. 

Most patients in the United States who contract acute viral hepatitis (usually 

post-transfusion hepatitis) may have the antigen transiently, but it is only rarely 

chronic, since they are not genetically susceptible to the chronic infection. In 

these patients, the presence of the antigen is usually as.sociated with evidence' 

of clinical hepatitis and/or highly elevated serum glutamic pyruvate trans¬ 

aminase levels. In individuals with chronic Australia antigen, such as the 

large numbers of apparently normal individuals in Asia and Oceania, the effect 

on the liver is much less striking and may be reflected only in minor elevations 

of serum glutamic pyruvate transaminase, or in no changes at all. A symbiotic 

accommodation of the organism with the host could have developed in these 

individuals over the course of many generations, and even though they become 

infected more readily, they do not develop severe symptoms of the disease. 

This may represent a protective value of the Au^ gene and could be associated 
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with the development ol what appears to be a genetic polymorphism in this 

population. 

The data presented here are compatible with the hypothesis that there is 

an inherited susceptibility in humans to chronic infection with a virus of hepa¬ 

titis. The susceptibility, in this analysis, appears to be controlled at a single 

autosomal locus, and individuals homozygous for a recessive gene termed Au^ 

are more likely to be chronically infected. The infection is not accompanied 

by any apparent illness, although people with Australia antigen are probably 

hepatitis carriers. 

* Supported in part by USPHS grants CA-06551 and CA-08069 from the National Cancer 

Institute, by a grant from the World Health Organization, and by an appropriation from the 

Commonwealth of Pennsylvania. Dr. Friedlaender was the recipient of a N.S.F. graduate 

fellowship and N.S.F. Dissertation Improvement Award. 
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RELATION OF AUSTRALIA ANTIGEN 

Dr. Hlumlterg 

Baruch S. Dlumckrg, M.D., W. Thomas 
London, M.D., and Alton I. Sutnick, 
M.D., The Institute for Cancer Research, 
7701 Burholme Avenue, Fox Chase, Phila¬ 
delphia, Pennsylvania 19111. 

Australia antigen—Au(l)—was first iden¬ 
tified in the serum of an Australian aborigine, 
using an antiserum from a hemojihiliac who 
had received a large number of transfusions. 
It soon became apparent that Au(l) was 
closely related to hepatitis virus or that it 
might be located directly on such a virus. 

The evidence in favor of this interpretation 
can be summarized as follows: 

1) Au(l) is uncommon among normal 
persons in the U.S. (O.I“o) but is frequent 
among patients with acute viral hepatitis 
(approximately 40"j of those with infectious 
hepatitis, and 60°o of those with post-transfu¬ 
sion hepatitis). Au(l) is not found in pa¬ 
tients with other liver diseases. 

2) Au(l) occurs in about 30 percent of 
institutionalized patients with Down’s syn¬ 
drome, in whom it is associated with chronic 
(anicteric) hepatitis as shown by liver biopsy 
and elevated SGPT levels. 

3) The antigen can be isolated by density 
gradient sedimentation. Under the electron 
microscope, Bayer el al^ observed that it is 
a particle w'ith a diameter of 200 A and su¬ 
perficial knob-like “subunits” with a dia¬ 
meter about 30 A. Addition of specific anti- 

This work was supported in part by U. S.. Public 
Health Service Research Grants, Nos. CA-06551, 
CA-08069, CA-06927; by a grant from WHO; and 
by an appropriation from the Commonwealth of 
Pennsylvania. 

TO VIRUS OF hlEPATITlS 

Au(l) antiserum results in the agglutina¬ 
tion of these particles. 

4) Fluorescein-tagged antibody against 
Au(l) has been produced by Millman el al.- 
In general, patients with hepatitis and Au(l) 
in their blood manifest striking fluorescent 
granules iti or on the nuclei of their hepatic 
cells when the fluorescent anti-Au(l) is 
added, whereas the liver cells of patients with¬ 
out hepatitis or Au(l) do not have such 
granules. 

5) Following transfusion with blood from 
donors with Australia antigen, recipients may 
develop clinical hepatitis and Australia anti¬ 
gen in their scrums. These changes have been 
observed in patients in the United States, and 
by Okochi and Murakami-' in Japan. Some 
patients, following transfusion, may develop 
antibodies against Au(l). 

6) In epidemiologic studies, Au(l) be¬ 
haves as if it were infectious. The agent has 
been found in up to 30 percent of patients 
W'ith Dow'n’s syndrome in large institutions, 
but rarely among patients with this syndrome 
in small institutions, and not at all among 
outpatients. 

The detection of Australia antigen by the 
“Au test” is useful in the early diagnosis of 
acute hepatitis and for the detection of hepa¬ 
titis in blood donors. It is now being used 
for this purpose in hospitals in Philadelphia. 

Au(l) is found transiently in acute hepa¬ 
titis, but is persistent in certain chronic dis¬ 
eases, notably Down’s syndrome and leuke¬ 
mia, and is also found in some apparently nor¬ 
mal persons who live in the tropics. 
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Letters to the Editor 

VIRAL HEPATITIS, POSTNECROTIC 

CIRRHOSIS, AND HEPATOCELLULAR 

CARCINOMA 

Sir,—Primary hepatoma most commonly arises in 
patients with postnecrotic cirrhosis (“ post-hepatitic 
cirrhosis ”) and this suggests the possibility of a link 
between the causative agents of primary hepatocellular 
carcinoma and viral hepatitisd In order to test this possible 
relationship, a long-term prospective study will be necessary. 
Two discoveries make such a study possible. The first is 
Australia antigen (Au[l]), detected by double diffusion in 
agar with specific antiserum. This particulate, virus-like 
antigen, originally described by Blumberg,- occurs 
transiently in the serum of patients with acute hepatitis ^ 
and chronically in the serum and liver-cell nuclei of patients 
with persistent anicteric hepatitis.^ Some of the patients 
with anicteric hepatitis have been shown, by liver biopsy, 
to have early changes of postnecrotic cirrhosis. The second 
discovery was that a-fetoprotein (a.f.p.), a normal a- 
globulin of fetal serum,’ reappears in the serum of certain 
adults with primary hepatocellular carcinoma,* * and that the 
test for A.F.P. (by double well diffusion using specific 
antiserum) may be useful in the diagnosis of primary 
hepatoma.’-’ 

In order to obtain preliminary information on this 
problem, we have completed a retrospective study on the 
occurrence of Au(l) in the serum of 65 patients with the 
proven diagnosis of primary hepatocellular carcinoma, and 
in the serum of patients with other liver diseases. The 
results are detailed in the accompanying table. The fre- 

with viral hepatitis, as W'ell as in a non-transfused patient with 
postnecrotic cirrhosis who did not have Au(l) in the scrum.’ 

This question could be answered by a prospective study 
of patients in a group with a high-risk for the development 

of hepatocellular carcinoma. This study should include 
liver biopsy and fluorescent-antibody staining of cells for 
Au(l), with histopathological correlation. 

This work was supported in part by U.S. Public Health 

Service grants nos. CA-06551, CA-08069, CA-06927, and 
FR-05539, and by an appropriation from the Commonwealth 

of Pennsylvania. J. B. S. is a clinical research fellow of The 

Institute for Cancer Research, Philadelphia. 

Institute for Cancer Research, 
Fox Chase, Philadelphia, 

Pennsylvania 1911. 

J. Bruce Smith 
Baruch S. Blumberg. 

OCCURRENCE OF AUSTRALIA ANTIGEN AND a-FETOFROTEIN IN 

PATIENTS WITH HEPATOCELLULAR CARCINOMA 

Popu¬ 
lation 

Diagnosis No, Au(l) 0,' /o No. A.F.P. % 

Hong Hepatocellular earcinoma* 42 2 4-7 42 27 65 
Kong General population 50 2 4 0 50 0 0 

East Hepatocellular carcinoma 11 0 0 0 11 5 45 
Africa General population 512 8 1-5 100 0 0 

U.S.A. Hepatocellular carcinoma 12 0 0 0 12 7 58 
General population 2412 2 0-1 300 0 0 

• 32 of these patients have been reported previously.* 

quency of Au(l) in the sera of patients with hepatocellular 
carcinoma does not differ from the frequency in persons in a 
similar population not having hepatocellular carcinoma. 

This study does not support the hypothesis that the 
agent causing viral hepatitis (which is presumably identified 
by Australia antigen) is also an aetiological factor in primary 
hepatoma. These findings, however, do not rule out the 
possibility. Au(l) might be present in the serum early in 
the course of disease but absent at a later time. Alternatively, 
Au(l) may be present only in the nuclei of liver or other 
cells, and not in the peripheral blood. If this is true, then 
the antigen might be detected using the recently described 

Au(l) fluorescent-antibody technique.* Using this tech¬ 
nique Au(l) has been detected in liver-cell nuclei of patients 
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2. Blumberg, B. S. Bull. N.Y. Acad. Med. 1964, 40, 377. 
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• suppl.), 25, T 341. 
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278, 948. 
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By veronica E. C0YNE(ZAVATONE), M.D., IRVING MILLMAN, Pir.D., 
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ALTON SUTNICK, M.D., and BARUCH S. BLUMBERG, M.D. 

{From The Institute for Cancer Research, Fox Chase, 

Philadelphia, Pennsylvania 19111) 

(Received for publication 8 September 1969) 

Since the discovery of Australia antigen, Au(I), by Blumberg et al. in 1965 (1) the 

association of this antigen vuth viral hepatitis has been well established (2-4). Au(l) 

is present in 58% of patients with posttransfusion hepatitis and in 38% of patients 

with infectious hepatitis (5). When patients are tested serially after blood transfusion, 

the incidence of Au(l) was found to be 74% (6). In most acute cases, the antigen 

appears in the blood early in the disease and disappears within 2-3 wk as clinical 

improvement occurs. 

In addition to the epidemiologic association, there are several findings which 

provide strong support for the hypothesis that Au(l) is an antigenic determinant of a 

virus capable of causing hepatitis, (a) Purified Au(l), isolated from serum of patients 

with hepatitis, consists of virus-like particles, 200 A in diameter, which are agglu¬ 

tinated by specific anti-.-\u(l) antiserum (7). {b) Patients who have received blood 

containing .3u(l) have developed hepatitis with Au(l) in their blood or remained 

healthy and developed antibody to Au(l) (4). (t) With the use of a specific fluorescein- 

conjugated antibody to Au(l) we were able to demonstrate fluorescent granules in or 

on the surface of nuclei of cells from liver tissue in four patients with hepatitis and 

Au(l) in their serum. Five control patients who had neither hepatitis nor serum Au( l) 

did not have fluorescent granules (8). 

The purpose of the present study is to determine whether the fluorescent 

particles in liver tissue are associated with Au(l) in the blood and whether the 

particles are present in tissues other than liver. This study involves 61 liver 

biopsy specimens, 25 specimens of other human tissues, cells from 8 samples 

of bile or duodenal drainage and peripheral lymphocyte cultures from 8 pa¬ 

tients. This study confirms our previous results and establishes: {a) that the 

fluorescent particles in the cells are related to Au(l) in the serum and to the 

diagnosis of hepatitis, {b) The fluorescent particles are present in tissues other 

than liver in some patients. 

* This work was supported in part by United States Public Health Service Grants CA- 

08069, CA-06927, FR-05539, FR-0040, and 5 MOl RR40 from the National Institutes of 

Health, the Brian William Donovan Memorial Fund, and by atj appropriation from the Com¬ 

monwealth of Pennsylvania. V.C. was in receipt of a Damon Runyon Cancer Research 

Fellowship. 
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Materials and Methods 

Colleclion of Specimens.—61 liver biopsy specimens were obtained from 58 patients in 

hospitals in the Philadelphia area and one from elsewhere^ In 57 cases needle biopsies were 

performed using a Menghini needle. Two liver specimens were obtained at surgery and two at 

autopsy. Two patients had a second biopsy performed 4-6 wk after the initial biopsy. The 

second specimen in each case was treated and recorded as a separate specimen for statistical 

analysis. Eight bone marrow specimens were obtained by needle aspiration of the sternum. 

The other tissues were obtained from organs removed at surgery for therapeutic reasons. 

Buffy coat smears and peripheral lymphocytes were obtained from patients in our Clinical 

Research Unit. Seminal fluid was obtained from one patient with acute hepatitis who also had 

Au(l) in his serum. A blood sample was obtained from each patient at the time of liver biopsy 

or collection of other specimens. 

One patient in our Clinical Research Unit was studied in detail and wall be reported else¬ 

where (9). He was a 21 year old male (D.M.) with Down’s syndrome and chronic hepatitis 

and Au(l) in his blood who later developed acute myelogenous leukemia. A bone marrow 

specimen was obtained 3 wk prior to death, and immediately after death specimens of liver, 

spleen, mesentery, and testis were taken. 

Preparation of Tissues for Examination.—Each tissue specimen was placed in a small 

volume of McCoy’s 5a tissue culture medium (Grand Island Biological Co., Grand Island, 

N.Y.) containing 30% newborn calf serum (Hyland Laboratories, Los Angeles, Calif.) and 

was minced to produce a cell suspension.^ A drop of the cell suspension was placed on a clean 

slide, air-dried and fi.xed in acetone at room temperature for 10 min.^ .\t the same time, a 

piece of tissue was placed in formalin and processed for routine histologic e.xamination by the 

clinical pathology departments of the respective hospitals. The bone marrow specimens were 

prepared by placing a drop of the marrow directly on a glass slide, air-drjdng and fi.xing as 

above. Cells were obtained from bile, duodenal drainage, and seminal fluid by centrifugation 

for 10 min in a clinical centrifuge, washing the cell pellet in Earle's balanced salt solution 

(Grand Island Biological Co.), resuspending in McCoy’s medium, and preparing slides as 

above. Buffy coat smears were made from peripheral blood and fixed in acetone for 10 min. 

Peripheral lymphocyte cultures'were prepared b}- the method of Hungerford (10) with the 

omission of colchicine. 

Preparation of Reagent and Staining of Slides.—Fluorescein-conjugated rabbit anti-.\u(l) 

antiserum was prepared and direct fluorescent staining of slides was ])erformed by the methods 

previously published (8). Replicate slides were stained with fluorescein-conjugated goat vs. 

human antiserum and goat-vs.-rabbit antiserum to test the specificit>' of the reaction. In¬ 

direct staining was performed by flooding the slides with unconjugated rabbit anti-Au(l) 

antiserum, washing in buffered saline, and then apphdng fluorescein-laljeled goat-vs.-rabbit 

anti-globulin antiserum. Control slides for the indirect test were treated first with normal 

rabbit serum in place of the anti-Au(l) antiserum before the a])plication of conjugated goat- 

vs.-rabbit anti-globulin antiserum. 

^ These include: The American Oncologic Hospital, Children’s Hospital of Philadel[)hia’ 

the Hospital of the University of Pennsylvania, Jeanes Hospital, Jefferson Medical College- 

Hospital, Philadelphia General Hospital, Pennsylvania Hospital, Temple Universit}- Hos[)ital, 

the Philadelphia Veterans Administration Hospital, and Woman’s Medical College Hospital. 

One case was obtained from the Strong Memorial Hospital, Rochester, New York. 

- McCoy’s medium alone or buffered saline, pH 7.4, were used in some cases and jjroduced 

similar results. 
^ We have tried direct tissue impressions on many liver sj^ecimens in 1 he past and found 

that they were unsatisfactory. 
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Testing of Serum.—Serum from each patient was tested for the presence of Au(l) by double 

diffusion in agar gel (Ouchterlony method), using a panel of anti-Au(l) antisera consisting of 

rabbit, mouse, and human antisera (11). 

Examination of Slides.—Slides were examined for fluorescence in dark field using a Zeiss 

microscope with the HBO 200 watt illuminator, BG 12 exciter filter, and 53 barrier filter. All 

slides were read by one of us (V.C.) without knowledge of the histologic diagnosis or the serum 

results for Au(l). The reproducibility of results was established by examining duplicate slides 

from the same patients and by reading the same slides on different days. To test the accuracy 

of reading, 10 slides were chosen at random and coded. They were read by V.C. and I.M. 

independent!}'. I'he correlation between the two observers was 100%. 

RESULTS 

/. Liver Biopsies 

Appearance of Fluorescence.—When tested b}' the direct method, the liver 

biopsies could be divided into two groups on the basis of fluorescence. In the 

first group, which we called negative, the cytoplasm of the cells usually ap¬ 

peared dull orange-brown almost identical to the autofluorescence seen in 

unstained preparations. The nuclei of cells in this group always appeared 

completely dark (Fig. 1). In the second group, which we called positive, we 

could detect apple-green fluorescence in, or on the surface of, the nucleus and 

occasionall\- in the cytoplasm. The nuclear fluorescence appeared in three dif¬ 

ferent forms: (a) discrete granules varying in size and number, but usually 

averaging one to three per cell (Fig. 2); {b) diffuse finely granular fluorescence 

of the entire nucleus (Fig. 3a); (c) fluorescence of the nuclear rim (Fig. 3b). The 

lirst t\ pe was the most common, but all three types could be seen in the same 

specimen in some cases. In the positive cases, most of the cells on the slide 

showed some form of fluorescence. In some cases discrete fluorescent granules 

were seen in the cytoplasm as well as in the nucleus. Control slides stained 

with fluorescein-conjugated goat-vs.-human or goat-vs.-rabbit antisera, not 

expected to react with Au(l), showed neither intranuclear nor discrete cyto¬ 

plasmic fluorescence. Occasional!}- we observed a pale green diffuse cytoplasmic 

fluorescence in both positive and negative slides as well as in some control 

slides. This was considered nonspecific. 

The indirect method of staining demonstrated fluorescent granules onlv in 

those preparations that were positive b}' the direct stain. However, the granules 

were located to a large extent in the cytoplasm arid intranuclear particles were 

few. In some cases the nucleus was disrupted and fluorescent granules were 

dispersed in the cytoplasm (Fig. 4a, b). We interpreted this to indicate that 

the particles had been dislodged from the nucleus by the prolonged washing 

procedure. Therefore, we confined our observations to the direct method. 

Classification of Patients.—Table I lists the patients on whom liver biopsies 

were performed according to their clinical diagnosis, the histologic diagnosis 

made on the liver specimen, the presence of Au(l) in the serum, and the 
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presence of fluorescence. 33 patients had a clinical and histologic diagnosis of 

viral hepatitis including acute infectious, posttransfusion, chronic recurrent, and 

TABLE I 

Classification of Patients Whose Liver Biopsies Were Studied 

Clinical diagnosis Histologic diagnosis 
Number 

of 
patients 

Number 
with 
Au(l) 

Number 
with 

positive 
fluorescence 

Infectious hepatitis Viral hepatitis 9 5 8 

Posttransfusion hepatitis Viral hepatitis 3 3 3 

Hepatitis in drug users (ex- Viral hepatitis 6 4 4 

posure to needles) 

Chronic alcoholism and drug 

use 

Laennec’s cirrhosis + acute 

and chronic inflammation 

2 0 2 

Chronic recurrent hepatitis Chronic active hepatitis 2 1 2 

Chronic anicteric hepatitis 

and Down’s syndrome 

Mild inflammatory changes to 

early postnecrotic cirrhosis 

12 10 12 

Chronic anicteric hepatitis, Chronic hepatitis 1 1 1 

Down’s syndrome, and leu¬ 

kemia 

Postnecrotic cirrhosis Postnecrotic cirrhosis 1 0 1 

Mental retardation (institu- Normal liver 3 1 3 

tionalized) 

Biliary cirrhosis Biliary cirrhosis 1 0 1 

Biliary atresia Biliary atresia 1 0 1 

Chronic renal disease, (re¬ 

ceived many blood trans- 

Hemosiderosis and chronic in¬ 

flammation 

1 1 1 

fusions) 

Chronic renal disease Normal liver 1 0 0 

Drug toxicity Toxic hepatitis 3 0 0 

Hepatoma Hepatoma 1 0 0 

Metastatic malignancy Carcinoma of colon metasta¬ 

sized to liver 

1 0 0 

Hepatomegaly and jaundice Adenocarcinoma, ? of bile duct 

origin 

1 0 1 

Renal malignancy Carcinoma of kidney metasta¬ 

sized to liver 

1 0 1 

Fever of unknown origin Nonspecific necrosis 2 0 0 

Acute alcoholic Acute alcoholic hepatitis 4 0 0 

Chronic alcoholism Laennec’s cirrhosis 4 0 0 

Sickle cell disease Hemosiderosis and intravascu¬ 

lar sickling 

1 0 0 

Totals 61 26 41 

chronic anicteric hepatitis. Two patients were chronic alcoholics and drug 

users who had been exposed to needles. One patient had postnecrotic cirrhosis 

which was presumed to have resulted from previous viral hepatitis. One pa- 
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tient with chronic renal disease had received many blood transfusions. The 24 

remaining patients had a variety of other diagnoses. 

Relationship between Fluorescence and Serum Au{l).—Table II A gives the 

comparison between the occurrence of fluorescence in the liver cells and the 

presence of Au(l) in the serum. There were 26 patients who had Au(l) in their 

blood. 24 had a diagnosis of viral hepatitis, one was a patient with chronic 

renal disease who had received many blood transfusions, and the other was 

an institutionalized mentally retarded patient with both Au(l) and antibody 

to Aufl) in his serum, but a histologically normal liver. All 26 patients with 

TABLE n 

Comparison of /mmunolluorescence with Presence of An{l) and Pathologic Diaf^nosis 

A. Fluorescence vs. serum .Au(l) 

I’luorescence 
Xumber of patients with serum Au(l) 

Total 
-I- 0 

+ 26 15 41 

n 0 20 20 

Totals 26 35 61 

Clti S(|uaru = 10.5X; P value <0.001 

B. Fluorescence vs, hepatitis (histologic diagnosis) 

I- luorestT-ncc- 
Xumber of patients with hepatitis 

Total 
-t- 0 

4- 30 11 41 

0 3 17 20 

Totals 33 28 61 

Chi sijuare = 16.05; P value <0,001 

.\u(l) in their blood had specific fluorescence in the nuclei of cells obtained 

from the liver biops\-. In addition, 15 of the 35 patients who did not have 

.\u(l) in their blood had fluorescent granules in their liver cells. Six of these 

patients had a histologic diagnosis of viral hepatitis. Two were alcoholics and 

drug users; one was a patient with postnecrotic cirrhosis; two were residents 

of an institution for the mentall)' retarded and had been exposed repeatedly to 

patients with known hepatitis and Au(l). Two were patients with malignancies 

involving the liver and had undergone surgery. One patient had biliary atresia 

and the other primary biliary cirrhosis. 

Relationship between Fluorescence and Hepatitis.—-Table II B gives the com¬ 

parison between the occurrence of fluorescence and the histologic diagnosis of 

viral hepatitis. 30 out of 33 patients with evidence of viral hepatitis (91%) 
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showed nuclear fluorescence. The three patients with hepatitis who did not 

have fluorescence were in the recovery phase of their illness and did not have 

Au(l) in their serum. 

Results of Repeat Biopsies.—Both patients on whom a repeat biopsy was per¬ 

formed had Aufl) in their serum and acute hepatitis at the time of the first 

biopsy. In both cases fluorescent granules were present in the first specimen. 

In one patient fluorescence was not seen on the second specimen, taken 4 wk 

after the first biopsy, coincident with clinical improvement and disappearance 

TABLE III 

Tissues and Fluids Tested for Fluorescence 

Type of specimen 
Number of 

patients 
Number with 

Au(l) in serum 

Number with 
positive 

fluorescence 

Kidney 2 1 0 

Jejunal loop 4 4 0 

L3'mph node 2 2 0 

Spleen 2 1 1 

Bone marrow 8 6 2 

Testis 1 1 1 

Mesenter}’ 1 1 1 

Adrenal 1 0 0 

Ovary 1 0 0 

Gall bladder 1 0 0 

Lung 1 0 0 

Cancer of lung 1 0 0 

Bile and duodenal drainage 8 4 0 

Seminal fluid 1 1 0 

Total 34 21 5 

of Au(l) from the serum. The other patient had a more prolonged illness with 

persistence of Au(l) in his blood for at least 3 months. Fluorescent granules 

were still present in his second biopsy specimen, obtained 6 wk after the initial 

biopsy. 

II. Tissues Other Than Liver 

Table III lists the tissues and cells studied for fluorescence. All the tissues 

studied from D.M. (the patient with Down’s syndrome and acute myelogenous 

leukemia), taken immediately after death, showed fluorescence. The fluores¬ 

cence in the liver, testis, and mesenteric connective tissue is similar to that 

found in the liver preparation from patients with hepatitis in that the three 

patterns of fluorescence were found in all these tissues (Fig. 5a, b, c). In the 

spleen, however, only a small percentage of the cells showed fluorescence which 
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was mostl v in the cy toplasm. The bone marrow' specimen, obtained 3 wk prior 

to death and consisting almost entirely of myeloblasts, did not have fluores¬ 

cence (Fig. 5d). 
Two of eight bone marrow specimens from patients with acute or chronic 

hepatitis show'ed fluorescence confined to the cytoplasm of the cells. These were 

from a patient with acute infectious hepatitis with Au(l) in the blood, and 

from a mentally retarded institutionalized patient who had both Au(l) and 

antibod}- to Au(l). In both of these cases only a small percentage of the cells 

on the slide were involved. 

None of the other tissues studied including buffy coat smears, cells obtained 

froni bile, duodenal drainage, and seminal fluid showed fluorescence. Peripheral 

l\ niphoc\ te cultures in six patients whth chronic hepatitis and Au(l) in their 

seruni also w'ere negative. 

DISCUSSION 

b}- means of the fluorescent antibody technique, using a specific anti-Au(l) 

antiserum, we have demonstrated fluorescent particles mainly in the nuclei and 

occasional 1\' in the cx'toplasm of cells from liver biopsies. Fluorescent particles 

w'ere present in 100of patients who had Au(l) in their serum. Fluorescent 

granules occurred in 15 patients who did not have Au(l) in their blood. Six 

of these had definite clinical and histologic evidence of acute or chronic hepa¬ 

titis, and 5 others probably had been exposed to viral hepatitis (Table I). We 

interpret these results to indicate that the fluorescence test is more sensitive in 

detecting Au(l) than is the precipitin test. An alternative explanation is that 

in some patients there is little or no cellular necrosis and consequently little or 

no antigen is released into the peripheral blood; however, it can be detected in 

the cells. 

The finding of fluorescent granules in one patient with biliary atresia and 

another patient with biliar}- cirrhosis (Table I) raises the question of possible 

involvement by viral hepatitis in the pathogenesis of these diseases of the biliary 

system. Biliar}- atresia as an end result of neonatal hepatitis has been discussed 

by Alpert et al. in their study of patients with trisomy 17-18 (12). 

d'he presence of three forms of fluorescence indicates that Au(l) is not re¬ 

stricted to one location within the nucleus. In most cases the fluorescence 

appeared as one to three small masses within the nucleus corresponding morpho¬ 

logically to the site of the nucleoli. The finding of fluorescence in the region of 

or in the nucleolus is interesting in view of the studies of Bearcroft and Peachey 

(13, 14). Using cytological and cytochemical methods and electron microscopy 

they found that there was swelling of the nucleolus and an increase in nucleolar 

ribonucleoprotein early in viral hepatitis. They postulated that these changes 

may be concerned with viral synthesis. The three forms of fluorescence which 

we observed could indicate stages of viral replication within the nucleolus. 
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proceeding to the dispersal of granules throughout the nucleus, attachment to 

the nuclear membrane, and eventual appearance in the cytoplasm. 

The appearance of fluorescence in a few cells in two bone marrow specimens 

could be explained on the basis of phagocytosis of circulating antigen. The 

widespread presence of fluorescent particles in the tissues of D.M. may repre¬ 

sent either massive invasion by virus in a patient who was critically ill and 

debilitated or a viral proliferation which was directly related to the leukemic 

process. 

We believe that the fluorescent antibody used in this study specifically 

identifies Au(l) for the following reasons, (a) The immunologic specificity of 

the antisera was confirmed by immunodiffusion and immunoelectrophoretic 

anahsis (8). (b) Fluorescein conjugates of antisera which did not contain anti¬ 

body to Au(l) failed to produce fluorescence in the positive liver preparations, 

(c) The association between fluorescent particles in the liver and the presence 

of Aufl) in the serum is highly significant (P < 0.001). (d) Most of the liver 

specimens negative for fluorescence were from abnormal livers, suggesting that 

the fluorescent antibody does not detect simply a nonspecific product of cell 

injury. 

SUMMARY 

We have studied the localization of Australia antigen, a particulate substance 

associated with hepatitis, by means of the fluorescent antibody technique. 

Preparations were made from 61 liver biopsy specimens taken from patients 

with infectious hepatitis, serum hepatitis, and a variety of other diseases. When 

tested with fluorescein-conjugated rabbit anti-Au(l) antisera all 26 patients 

who had Au(l) in their serum had specific fluorescence in their liver cells. The 

fluorescence appeared in three forms; as discrete particles within the nucleus, 

diffuse fluorescence of the entire nucleus, and fluorescence of the nuclear rim. 

Occasionally there were also fluorescent particles in the cytoplasm. Other speci¬ 

mens were tested with the fluorescent antibody including a variety of human 

tissues, buffy coat smears, peripheral lymphocyte cultures, and cells obtained 

from bile and duodenal drainage. Among these specimens, fluorescence was 

found in the cytoplasm of a few cells in the bone marrow of two patients with 

hepatitis and Au(l) in their serum, and in the liver, spleen, mesentery, and 

testis of one patient with leukemia, chronic hepatitis, and Au(l) in his serum. 

We have shown that the presence of fluorescent particles in the liver cells is 

strongly associated with the presence of Au(l) in the serum and the diagnosis of 

viral hepatitis. We believe that this study adds support to the hypothesis that 

Australia antigen is an antigenic determinant of a virus capable of causing 

hepatitis. 
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Fig. la and b. Cells from liver liiopsy of a patient with Laennec’s cirrhosis stained 

with conjugated rabbit anti-.\u(lj antiserum. This patient did not have Au(l) in the 

peripheral blood and had no clinical or histologic evidence of hepatitis. Nuclei appear 

dark. Cytoplasmic particles due to orange autofiuorescence of lipids. I’his is scored as 

negative for fluorescence, fa) pliase; (b) ultraviolet. Magnification, X HOO. 
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Fig. 2a and b. Cells from liver biopsy of a patient with chronic anicteric hepatitis 

who had Au(l) in his peripheral blood. I'he biopsy is stained with conjugated rabbit 

anti-Au(l) antiserum, and shows intranuclear fluorescent particles. This is scored as 

positive fluorescence, (a) phase; (b) ultraviolet. X 1700. 

Fig. 3. Liver preparations from two patients with viral hepatitis'who had Au(l) in 

their peripheral blood. The biopsy is stained with conjugated rabbit anti-Au(,l) 

antiserum, (a) Diffuse fluorescence of entire nucleus, (b) Fluorescence of nuclear rim, 

as well as intranuclear particles. X 1350. 
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Fig. 4. Liver preparation from a patient with viral hepatitis stained by the indirect 

method, (a) Stained with unconjugated rabbit anti-Au(l) antiserum, (b) Stained with 

unconjugated normal rabbit serum. X 1700. 
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AUSTRALIA ANTIGEN (A HEPATITIS-ASSOCIATED ANTIGEN) 

Purification and Physical Properties* 

By IRVING MILLMAN, Ph.D., LAWRENCE A. LOEB, M.D., 

MANFRED E. BAYER, M.I)., and BARUCH S. BLUMBERG, M.D. 

{from the Institute for Cancer Research, Fox Chase, Philadelphia, Pennsylvania 19111} 

(Received for publication 16 December 1969) 

Australia antigen, Au(l), was first detected by Blumberg in 1964 in the serum of an 

Australian aborigine (1). Work concerning the geographic distribution, disease asso¬ 

ciation, genetics, and physical and chemical characteristics of this unusual antigen 

has been reviewed (2). In one of the early studies, specific anti-Au(l) antisera agglu¬ 

tinated particles 180-210 A in diameter which were isolated from the sera of patients 

with viral hepatitis (3). Furthermore, antisera to the Au(l) antigen coupled with 

fluorescein isothiocyanate stained intranuclear granules in the liver cells of patients 

with hepatitis (4). This indicates that cells of the liver of patients with hepatitis con¬ 

tain an antigen in common with the serum particles. All this strongly suggests that 

Au(l) may be, or may be part of, a hepatitis virus. The association of Au(l) with 

acute and chronic hepatitis lias already been well documented (5-15). 

One of the approaches which could shed light on the question of whether 

Au(l) is a virus or not is to study the physical properties of purified Au(l) par¬ 

ticles to determine whether they are consistent with those known for viruses. It 

is also important to ascertain whether the particles contain nucleic acids. It is 

generallv accepted that the hepatitis virus is small, 260 A in diameter or less, 

and that it survives at 56°C for 30 min and freezing at — 10°C to — 20°C for 

1 ^•r or longer. It is resistant to the action of enzymes, ether, and other chemical 

agents (16), and is present in the blood of infected individuals since hepatitis 

can be transferred by needle puncture. The Au(l) antigen is also found in high 

concentrations in the blood of individuals suffering from chronic hepatitis, and 

has man\' of the properties of the postulated hepatitis virus, as this report will 

show. 

Materials and Methods 

Source of .[u{l).—D. M. was a 21 3'ear old male with Down's s\-ndrome who had chemical 

and histological evidence of chronic hepatitis and .Aufl) in his serum when first seen by us in 

* This work was supported Iw U.S. Public Health Service grants CA-06551, CA-08069, 

CA-06927 and FR-05539 from the National Institutes of Health, and by an appropriation 

from the Commonwealth of Pennsylvania. 
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1967. These findings persisted. In early 1969 he developed acute granulocytic leukemia and 

was admitted to our Clinical Research Unit. During the course of his treatment he was given 

1.0 mCi of NaH2^^P04 by intravenous injection and 24 hr later 250 ml of plasma was ob¬ 

tained by plasmapheresis. The patient died of leukemia 6 days later. 

ylway of Au{l).—Immunodiffusion assays were performed by the Ouchterlony method 

using the modifications of Blumberg and Riddell (17). Immunoelectrophoresis was performed 

on 3}^ X inch photographic plates, using 1.1% agarose dissolved in sodium veronal buffer, 

pH 8.2, ionic strength 0.038. 

Electron Microscopy.—Samples containing Au(l) were dialyzed for 4-10 hr against dis¬ 

tilled water at 2-5°C. For negative staining a loopful of material was placed on a carbon- 

form var-coated copper grid to which an equal amount of staining solution was added. The excess 

fluid was immediately blotted with filter paper and the grid dried in the vacuum of the micro¬ 

scope. For negative staining 2% uranyi acetate (w/v) in water or 4% silicotungstate (w/v) 

in solution adjusted to pH 7 with 1 n NaOH was employed. Each technique gave equivalent 

results. The micrographs were taken with a modified Siemens Elmiskop I (Siemens America, 

New York) electron microscope, using double condenser, 80 kv acceleration voltage, and 50 n 

objective apertures at magnifications of 40,000-80,000. 

Counting.—Radioactivity was determined by recording the Cerenkov radiation emitted 

by in a conventional liquid scintillation counter as described by Haberer (18). In pre¬ 

liminary experiments it was shown that the presence of 1 m sucrose, 4 si cesium chloride, and 

a variety of other inorganic salts did not diminish the amount of radioactivity detected. Since 

the radioactivity determination was carried out at 0°-2°C, without the addition of any scintil¬ 

lation solution, samples up to 20 fjX were completely recoverable for subsequent purification. 

Resistance of Au{l).—(a) Enzymes: A serum fraction containing Au(l) was partially puri¬ 

fied by the method of Alter and Blumberg (19) and standardized to a concentration which 

produced a sharp precipitin line when assayed by the immunodiffusion technique. 25-/il por 

tions of this fraction were allowed to react with a series of enzymes under optimal conditions 

as described by the supplier (Worthington Biochemical Corporation, Freehold, N. J.) of all 

but one of the enzymes. These enzymes included trypsin, wheat germ lipase, neuraminidase, 

alpha amylase, phospholipase C, ribonuclease, and deoxyribonuclease. In addition, pronase 

(Calbiochem Corporation, Los Angeles, Calif.), was dissolved in distilled water in a concentra¬ 

tion of 2 mg/ml and 5 n\ of this enzyme solution was allowed to react with 25 ;ul of Au(l) 

fraction. All enzyme reactions were carried out at 37°C for 1 hr. 

(b) Other agents: The effect of elevated temperatures was determined by incubating Au(l) 

in 0.05 M tris(hydroxymethyl)aminomethane (Tris) maleate buffer, pH 7.5, at 56°, 85°, and 

100°C for 1 hr. A similar solution containing Au(l) was exposed to ether and chloroform for 1 

hr at room temperature. These solvents were removed by evaporation before immunoreac- 

tivity was determined. 

Chemical Methods.—Deoxyribonucleic acid was assayed by the method of Dische (20) and 

the fluorometric method of Kissane and Robins (21). Ribonucleic acid was determined by the 

method of All^aum and Umbreit (22) and protein by the method of Lowry et al. (23). 

RESULTS 

Preliminary results indicated that treatment with the enzymes did not affect 

the inimunoreactivity or structure of Au(l). An isolation procedure was then 

devised in which enzymatic digestion was used to degrade other constituents 

without apparently altering Au(l). 

Purification of Au{l).—Step 1. Centrifugation: 100 ml of plasma was clari¬ 

fied by centrifugation at 0°-2°C for 1 hr at 2000 g. The supernatant was re- 
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centrifuged at 300,000 g for 18 hr. Au(l) was detected only in the pellet; this 

was dispersed in 10 ml of 0.15 m NaCl. 

Step Z. Enzyme treatment: To the above suspension were added 4 mg of 

amylase, 0.4 mg of lipase, 0.2 mg of neuraminidase and 0.2 mmoles of Tris- 

HCl, pH 7.5. The total volume (11.4 ml) was incubated for 15 min at 37°C. 

Thereafter 0.6 ml of a solution containing 0.1 mmoles of CaCb, 4.0 mg of tryp¬ 

sin, and 0.1 mg of phospholipase C was added. The mixture then gelled. 2 ml of 

pronase (10 mg/ml) was added and the mixture incubated for 1 hr. The gel 

disappeared and an additional 2 ml of pronase was added. The incubation was 

continued for an additional hour and then the mixture was cooled in an ice 

bath. 

Fig. 1. Gel filtration. 5 ml of the enzyme-treated suspension was placed on a 650 x 

32 mm column of Sephadex G-200 gel which had previously been equilibrated with 

0.85% NaCl. Elution was with the same solution and 5 ml fractions were collected. 

All recovered Au(l) material eluted with the void volume (peak I). 

Step 3. Gel filtration: Portions (5 ml) of the enzyme-treated suspension were 

filtered through Sephadex G-200. The absorption profile is shown in Fdg. 1. All 

fractions comprising the first peak (7), which contained Au(l), were combined. 

Fig. 2 shows an immunoelectrophoresis pattern of each of the separation stages. 

These patterns were developed by adding horse anti-human serum to the 

troughs. There is a decrease in the number and intensity of precipitin bands fol¬ 

lowing enzyme treatments and gel filtration. 

Step ‘3. Sucrose gradient centrifugation: The combined fractions of peak I 

from step 3 were dialyzed against 0.01 m KCl and sedimented through sucrose 

gradients. Fig. 3 shows an analysis of the gradient for incorporation and im- 

munoreactivity. Fractions 16-22 with major Cerenkov radioactivity and reac¬ 

tivity were then combined. 

Step 5. Centrifugation in cesium chloride: Fractions 16-22 trom step 4 were 

sedimented in cesium chloride gradients. Fig. 4 shows the resultant profile 
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Fig. 2. Immunoelectrophoretic patterns of fractions at different stages of purifica¬ 

tion. Pattern 1 is starting plasma; pattern 2 is pellet after centrifugation (step 1); 

pattern J is enzyme-treated pellet suspension (step 2); pattern 4 is enzyme-treated 

pellet suspension passed through Sephadex G-200 (step 3). Troughs contained horse 

anti-human serum which does not contain anti-.Aufl). 

Fig. 3. Sucrose gradient profile. Sucrose gradients were prepared and sampled by 

the method of Martin and Ames (26). Portions (1.0 ml) of peak / in step 3 were 

layered over 32.5 ml linear sucrose gradients ranging from 10 to 30% by volume, in 

0.01 M Tris maleate Duffer pFl 7.4. The gradients were centrifuged in a Spinco SW 27 

rotor (Beckman Instruments, Inc., Fullerton, Calif.), at 57,000 g for 20 hr at 2-5°C. 

Forty-drop fractions were removed by puncturing the bottom of the tubes. Radio¬ 

activity was determined by counting each entire fraction for 100 min; background 

was 20.4 cpm. Immunological reactivity of each fraction was determined as detailed 

in Materials and Methods. The line within the radioactivity peak represents the Au(l) 

positive range according to immunodiffusion. 
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analyzed for content, absorption at 280 density, and reactivity with 
Au(l) antiserum. Immunological reactivity was found in fractions 15-21 with 
greatest activitc in fraction 16. The relative antigenicity of each fraction was 
determined by twofold dilution titration. That fraction which could produce a 
precipitin line at the highest dilution was considered the peak fraction. The 

36.3 

30 I 

20 

10 

FRACTION NUMBER 

Fig. 4. The pooled immunoreactive fractions from the sucrose density gradients 
(Fig. 3) were dialyzed against 0.01 m KCl at 5°C for 18 hr and lyophilized. The dried 
•Aufl) fraction was then dissolved in a small volume of distilled water and mixed with 
saturated cesium chloride solution to produce a final density of 1.3. The resultant solu¬ 
tion (5.0 ml) was centrifuged in a Spinco SW 50 rotor at 222,000 g to equilibrium (40 
hr). 10 drop fractions were collected through the bottom of the tube. Bar represents 
Au(l) activity measured by immunodiffusion assay. Solid area within bar indicates 
highest antigenic activity. 

density of the peak fraction (fraction 16) is 1.21 and it falls within both the 280 
m/x and Cerenkov peaks. The 280 mu peak seen in fraction 8 (Fig. 4) is not 
coincident with ^-P or Au(l) activity. Its absorption profile is not characteristic 
of nucleic acid. Fractions 15-18 were combined and after dialysis against 0.01 
M KCl were used for subsequent studies. 

Analysis for Immunoreactivity.—Fig. 5 shows an immunoelectrophoretic 
analysis of the most purified fractions (15-18) derived from step 5. There is no 
reactivity with horse anti-human serum (pattern 2), indicating the absence of 
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serum proteins (pattern 3). In contrast, Au(l) is seen in pattern 1 (arrow), in 

which the purified material was reacted with human anti-Au(l). A precipitin 

band appears to be in the same position and has the same configuration as the 

band formed by unpurified Au(l) (not shown). The presence of Au(l) in the 

most purified fractions (step 5) indicates resistance of the antigen to the enzyme 

treatments and to gradient manipulations. The absence of detectable serum 

components in purified fractions 15-18 was confirmed by immunodiffusion test. 

Fig. 5. Immunoelectrophoretic patterns of purified Au(l) fractions 15-18 (see 

Fig. 4). Pattern 1—Au(l) band (arrow) developed with anti-Au(l) in trough below. 

Pattern 2—Au(l) reacted with horse anti-human serum placed in trough below. Pat¬ 

tern 3— Whole plasma, containing Au(l), developed with horse anti-human serum in 

trough above. 

Extraction with Phenol or Ether.—The small amount of in the most puri¬ 

fied fraction prior to phenol extraction does not appear to be associated with 

nucleic atids of high molecular weight. 2 mg of calf thymus deoxyribonucleic 

acid as a carrier was added to the combined fractions 15-18 of step 5. After ex¬ 

traction with phenol by the procedure of Thomas and Abelson (24) and cen¬ 

trifugation of the aqueous phase in a cesium chloride gradient, no nucleic acid 

as measured by radioactivity was detected. It is possible that phenol did not 

dissociate nucleic acid from the protein. In a parallel isolation procedure in 

which enzyme treatment was omitted, 70% of the ^^P radioactivity in the most 
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purified fraction was extracted with ether. There was no nucleic acid detected 

chemically. The sensitivities of these methods indicated that if nucleic acids 

were present, the concentration of DNA was less than 1% and the concentra¬ 

tion of RNA less than 10% of the total weight of protein. 

Ejject of Other Agents.—Heat treatment at 85° and 100°C destro}'ed detect¬ 

able immunological reactivit}' as revealed by immunodiffusion test. There was 

no apparent decrease in reactivity after heating Au(l) solution to 56°C for 1 

hr and the reactivity was retained in the unheated control. After ether and 

chloroform treatments, two precipitin bands appeared where onh- one had been 

Fig. 6. Negatively stained particles from purified .\u(l) fractions 15-18 of the 

cesium chloride gradient. Magnification 300,000. Bar indicates 1000 A. 

seen previously. This may indicate that these treatments uncover other anti¬ 

genic groups. One of the precipitin bands of the ether-treated Au(l) fraction 

appeared to be different from one of the two bands of chloroform-treated Au(l) 

fraction, since they crossed, i.e., did not form a line of identity. 

JClectroii Microscopy of Purified Au{l).—Fig. 6 is an electron micrograph of 

.\u(l) present in fractions 15-18 of the cesium chloride gradient. In some of the 

particles a central “core” was observed. Particles were found in all those cesium 

chloride fractions which produced a precipitin band by immunodiffusion (Fig. 

4, fractions 15-21). The greatest concentration of particles appeared to be in 

fraction 16. Heat (100°C), ether, or chloroform did not affect the appearance of 

.^11(1) as seen under the electron microscope. However, the particles disap- 
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peared completely after treatment with Carnoy’s solution (3 parts ethanol: 1 

part glacial acetic acid) followed by pronase digestion. 

DISCUSSION 

Australia antigen was apparently not affected by enzyme digestion as de¬ 

termined by its immunological characteristics and its appearance under the 

electron microscope. The remarkable stability despite such treatment made it 

possible to remove most other human serum proteins as a preliminary step in 

the purification of Au(l). The absence of host-related material (i.e. serum pro¬ 

teins) was demonstrated by a sensitive criterion, namely, the lack of immuno¬ 

logical reactivity with horse anti-human serum in immunoelectrophoretic and 

immunodiffusion analysis. 

The buoyant density of purified Au(l) was 1.21. This value confirms the 

earlier result of Alter and Blumberg (19). This density is lower than that re¬ 

ported for most picorna- and parvoviruses (which are comparable in size to 

Au(l) particles); these range between 1.32 and 1.4 (25). The lower density of 

purified Au(l) could result from the absence of nucleic acid and/or the presence 

of lipids. An external lipid coat has not been reported in viral agents of this size 

range. The presence of lipids in Australia antigen has previously been postu¬ 

lated on the basis of the staining reactions (19). Exposure to ether and chloro¬ 

form appears to uncover previously masked antigenic groups; when the treated 

Au(l) was tested against both human and rabbit anti-Au(l) an additional 

precipitin band was detected. 

The morphology of the particles isolated from the cesium chloride gradient, 

as revealed by the electron microscope, does not differ from that already re¬ 

ported by Bayer et al. (3). The particles are 180-210 A in diameter and in most 

cases spherical in shape. They have central cores and appear to be composed of 

subunits. A few elongated particles with the same diameter (3) have been ob¬ 

served in the present material. Considering the size of these particles they could 

be compared to the adeno- associated (AAV), parvo- , and picornavirus groups 

(25). In the most purified fractions there is no evidence for the presence of sig¬ 

nificant amounts of nucleic acid. Thus, it is possible that the seen in the 

gradients containing Au(l) may have been associated with lipids or lipoproteins 

which were subsequently removed by the phenol extraction. 

The tentative h}'pothesis is that the bulk of material identified as Australia 

antigen may be an incomplete virus or virus capsid associated with viral hepa¬ 

titis. Studies are currently directed at isolating an infectious particle. 

SUMMARY 

Australia antigen [Au(l)], a particle associated with viral hepatitis, was iso¬ 

lated from the plasma of a patient with chronic anicteric hepatitis and leu¬ 

kemia who had received radioactive phosphorus. 
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We have found that the immunoreactivity and appearance of Au(l) in the 

electron microscope were not altered by treatment with enzymes including 

trypsin, pronase, lipase, phospholipase C, ribonuclease, deoxyribonuclease, 

amylase, and neuraminidase. In contrast, other serum constituents were de¬ 

graded by these enzymes. Therefore, treatment of the patient’s plasma with 

many enzymes was exploited as an initial step for the isolation of Au(l). Subse¬ 

quently, Au(l) was purified from the enzyme-treated ^^P-labeled plasma by gel 

filtration through Sephadex G-200 and centrifugation through sucrose and in 

cesium chloride gradients. There were no detectable human serum components 

in the purest fractions, as tested by immunoelectrophoresis and immunodiffu¬ 

sion. The density of the purified Au(l) was 1.21 in CsCl. The particle measured 

about 200 A in diameter, was predominantly spherical in shape and appeared to 

be composed of subunits. Nucleic acids were not detected by spectrophoto- 

metric, radiochemical, and chemical analyses. Immunoreactivity of purified 

Au(l) was destroyed by heating for 1 hr at 85°C but was stable at 56°C. Treat¬ 

ment with Carnot ’s solution (3 parts ethanol: 1 part glacial acetic acid) fol¬ 

lowed by pronase disrupted the particles as seen with the electron microscope. 

These findings, combined with other published information on Australia antigen 

and viral hepatitis, suggest that the bulk of Australia antigen in the blood of 

this patient is an incomplete virus or virus capsid. 
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Much evidence supports the hypothesis 

that Australia antigen (Au[l]) causes viral 

hepatitis. We found Au(l) in 30 of 43 drug 

abusers with hepatitis (69.8%), a similar 

frequency to posttransfusion hepatitis 

(56.3%), but different from infectious 

hepatitis (30.1%). There were no distinctive 

histologic features in liver biopsies from 

drug abusers. Two of nine drug abusers 

with Au(l) followed serially, developed per¬ 

sistent Au(l); two of 22 other Au(l) hepati¬ 

tis patients had persistent Au(l). Australia 

antigen was found in nine of 215 "normal” 

addicts (4.2%), significantly different from 

the general population (two of 2,412), but 

not different from 261 nonaddicts exposed 

to hepatitis by multiple blood transfusions 

(3.8%). Acute hepatitis in drug abusers is 

likely mainly viral, not toxic in origin. 

There is now a great deal of evi¬ 

dence to support the hypothesis 

that Australia antigen (Au[l]) is a 

causal agent of viral hepatitis.'-^ Per¬ 

sistent serum Au(l) has been found 

in patients with subacute and chron¬ 

ic active hepatitis,’'-^ and in up to 20% 

of apparently normal people in some 

tropical, populations.Persistent 

Au(l) also occurs in leukemia,''-’" " 
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Down’s syndrome,”-lepromatous 

leprosy," and chronic renal disease,” 

a group of disorders in which im¬ 

munologic abnormalities have been 

found. 

Because of the widespread illicit 

use of drugs and the high incidence 

of hepatitis among drug abusers, we 

have investigated the question of the 

presence of Au(l) in drug abusers. 

This study was undertaken to deter¬ 

mine the frequency of Au(l) in drug 

abusers with hepatitis, to gain an in¬ 

sight into the etiology of hepatitis in 

these patients (ie, toxic vs in¬ 

fectious), and to assess the relation¬ 

ship of drug abuse to chronicity of 

hepatitis and persistence of Au(l). 

Materials and Methods 

The subjects of this study are 258 habit¬ 

ual users of addicting drugs (ie, opiates, 

amphetamines, barbiturates). Users of 

marihuana alone were not included. Forty- 

three had acute hepatitis at the time they 

were studied, and 215 were asymptomatic 

and presumably healthy. There were 2-31 

men and 27 women. The age range was 

from 16 to 58 years with a median of 23. 

The clinical diagnoses of the patients with 

acute hepatitis were supported by ele¬ 

vated serum glutamic pyruvic trans¬ 

aminase (SGPT) levels and abnormalities 

in other liver chemistry tests. Nineteen of 

these patients had liver biopsies per¬ 

formed which without exception sup¬ 

ported the diagnosis of acute hepatitis. 

These patients were compared with 103 

other patients with viral hepatitis who 

were not known drug abusers. The latter 

group was obtained since the series of 

hepatitis cases reported in our previous 

study," and blood was generally drawn 

soon after the onset of symp¬ 

toms. Australia antigen commonly ap)- 

pears only transiently early in the course 

of hepatitis'-"; this is reflected by a higher 

frequency of Au(l) in the more recent 

series. This group includes 32 patients 

with posttransfusion hepatitis, and 71 

patients without a history of transfusions 

or injections, whose condition was diag¬ 

nosed as infectious hepatitis. To gauge 

the effect of drugs on the persistence of 

Au(l), nine drug users with hepatitis and 

Au(l) in their blood were followed up for 

two months or longer and compared with 

22 other hepatitis patients with Au(l) who 

do not use drugs and who were followed 

up for the same length of time. 

A group of 261 patients at Jefferson 

Medical College Hospital who had re¬ 

ceived multiple blood transfusions were 

used as a control group for the drug ad¬ 

dicts without clinical hepatitis. Patients 

with leukemia and chronic renal disease 

were excluded, since they are known to 

have a high frequency of persistent 

Au(l).’' 

Australia antigen was determined by 

immunodiffusion in agar gel by a micro- 

Ouchterlony technique.'-" Determinations 

of SGPT were performed by the method 

of Wroblewski and LaDue."' Liver biopsy 

specimens were obtained with a Menghini 

needle, and the sections were stained with 

hematoxylin-eosin and special stains. 

Eleven drug abusers with hepatitis and 

Au(l) in their blood were matched by sex 

and age with 11 other patients with acute 

hepatitis. The histologic characteristics of 

their liver biopsies were compared. Statis¬ 

tical comparisons were made bj’ the chi- 

square test or the sign test. 

Results 

Nine of the 215 asymptomatic 

drug abusers (4.2%) had Au(l) in 

their blood. This was significantly 

different from the frequency pre¬ 

viously reported in the general popu¬ 

lation in the United States 

(0.1%)'-"-'-"-" (X'^ = 70.1667, P < 

0.0001). However, it was not sig¬ 

nificantly different from the frequen¬ 

cy in the 261 multiply transfused 

patients who were not drug abusers 

(3.8%) (X’ = 0.0015) (Table 1). Aus¬ 

tralia antigen was found ii? the sera 

of 30 of the 43 drug abusers with 

hepatitis (69.8%) (Table 2). This is 

close to the frequency found in the 

32 patients vidth posttransfusion 

hepatitis (56.3%), and is significantly 
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Table 1.—Frequency of Australia Antigen in Asymptomatic Drug Abusers 

No. Au(l) 

Drug abusers 215 9 4.2 
Multiply-transfused patients 261 10 3.8 
General US population 2,412 2 0.1 

X 
NS’* 

=: 70.1667 
P < 0.0001 

* Not significant. 

Table 2.—Frequency of Au(l) in Hepatitis in Drug Abusers Compared With 
Posttransfusion and Infectious* Hepatitis 

No. Au(l) % 

Hepatitis in drug abusers 43 30 69.8 
Posttransfusion hepatitis 32 18 56.3 
Infectious hepatitis 71 22 30.1 

= 0.9272 

NSf 

= 14.7105 
P < 0.0002 

* No history of transfusions or injections over previous six months, 
t Not significant. 

Table 3.—Persistence of Au(l) Following Acute Hepatitis 

No. Persistent Au(l) % 
Hepatitis in drug abusers 

Other hepatitis patients 
9 

22 

22.2 
9.1 I 

0.1598 
NS’» 

* Not significant. 

different from the frequency of 

Au(l) in the 71 patients with in¬ 

fectious hepatitis (30.1%) (P <0.0002). 

Because of the unreliability of these 

patients, there was some difficulty in 

obtaining blood specimens over a 

long period of time. However, nine 

patients with Au(l) had serial blood 

specimens drawn for periods from 

six weeks to one year. Two of these 

nine had Au(l) in their last serum 

samples, one 63 days after the first 

blood sample tested, and the other 

nearly one year afterward. Of the 22 

hepatitis patients with Au(l) who 

were not drug abusers and who were 

followed for a similar period, two 

(9.1%) also had persistent antigen. 

This difference was not significant 

(Table 3). Coded slides of the liver 

biopsy of the drug abusers with 

hepatitis and the hepatitis patients 

who did not use drugs were exam¬ 

ined by two pathologists in¬ 

dependently, and the findings were 

graded. They were compared by 

means of the sign test, and no im¬ 

portant differences were found. 

One patient appeared to have been 

infected with two organisms as a 

consequence of drug abuse. The 

patient is a 19-year-old boy who had 

taken drugs both orally and paren- 

terally, including mescaline, mari¬ 

huana, amphetamine, dextroam¬ 

phetamine, methamphetamine, chlor- 

diazepoxide hydrochloride (Lib¬ 

rium), and secobarbital. He was ad¬ 

mitted to the hospital with severe 

acute hepatitis. His SOFT level rose 

to 2,400 Karmen units, and his serum 

bilirubin level to 15 mg/100 ml. His 

serum was positive for Au(l) and he 

had a marked rise in heterophil anti¬ 

body titer of the type seen in in¬ 

fectious mononucleosis. The antibody 

titer against EB virus rose during 

his hospitalization. There were 

marked changes of acute hepatitis 

with early fibrotic changes on liver 

biopsy. Fluorescent granules were 

seen in the nuclei of his liver cells af¬ 

ter staining with fluorescein labeled 

anti-Au(l) antibody.'" Au(l) sub¬ 

sequently disappeared from his blood 

and his heterophil antibody titer di¬ 

minished to within the normal range. 

Comment 

This study has demonstrated a 

high frequency of Au(l) in drug 

abusers with hepatitis in the Phila¬ 

delphia community. This frequency is 

not significantly different from that 

found in patients who develop hepa¬ 

titis following transfusions as re¬ 

ported in this and earlier 

studies®'it is significantly higher 

than that in hepatitis patients who 

had no transfusions or injections. 

These results are in agreement with 

a recent report by Cherubin et al in 

New York.'® 

There are now a variety of pub¬ 

lished data of a clinical, immunologi¬ 

cal, epidemiological, and electron mi¬ 

croscopic nature favoring the hypo¬ 

thesis that Au(l) is a virus, or part of 

a virus, which causes human hepa¬ 

titis (see reference 4 for summary). 

Australia antigen is not associated 

with toxic hepatitis.''® The high fre¬ 

quency of Au(l) in drug abusers with 

hepatitis thus favors a viral rather 

than a toxic etiology of hepatitis in 

these patients, as has been suggested 

by others.-" '" The significant differ¬ 

ence from the frequency in infec¬ 

tious hepatitis and the similarity 

to that in patients with post¬ 

transfusion hepatitis suggests that 

the mode of transmission is the same 

as in the latter. However, two drug 

abusers with Au(l) and hepatitis 

gave histories of solely oral drug in¬ 

take, no transfusions or injections, 

but contact with other drug abusers 

who contracted hepatitis from nee¬ 

dles. 

There is a possibility that more 

than one agent may be transmitted 

simultaneously with the same con¬ 

taminated equipment. This was sug¬ 

gested by a young man who devel¬ 

oped severe acute hepatitis with 

Au(l) in his blood accompanied by an 

elevation of heterophil antibody titer 

and a rising EB virus antibody titer, 

which indicates the presence of in¬ 

fectious mononucleosis as well. It 

was considered likely that both Au(l) 

and the virus of infectious mononu¬ 

cleosis were transmitted by injection 

at approximately the same time. Af¬ 

ter a severe illness, his Au(l) dis¬ 

appeared, and the heterophil anti¬ 

body titer returned to normal range. 

Serial blood samples were obtained 

over a period of two months or long¬ 

er from nine of the drug abusers 
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with hepatitis who initially had 

Au(l) in their serum. Two of these 

patients (22.2%) had persistent Au(l) 

in the last blood specimens 63 days 

and one year, respectively, following 

onset of the disease. This was not 

significantly different from the 9.1% 

frequency of persistence in 22 hepa¬ 

titis patients who did not use addict¬ 

ing drugs. 

We also demonstrated a high fre¬ 

quency of Au(l) in drug abusers 

without hepatitis compared with the 

general population. However, when 

these were compared with non- 

addicts who had been exposed to 

multiple blood transfusions, there 

was no significant difference. It does 

not appear that the abuse of drugs 

provokes persistence of Au(l) any 

more than that seen in nonusers of 

drugs; certainly, if it does, it is not 

striking. In other studies,' persistent 

Au(l) has been shown to be associ¬ 

ated with chronic hepatitis, and per¬ 

sistence of viral activity has been 

implicated in this condition. By anal¬ 

ogy, it seems likely that those drug 

abusers with hepatitis in whom 

Au(l) persists are also destined to 

develop chronic hepatitis; it thus ap¬ 

pears that the chronic disease in 

these patients is virus-induced and 

not drug-induced as has been sug¬ 

gested by others.-"-' The possibility 

of some influence of drugs has not 

been entirely excluded however. 

Of practical importance is the 

known tendency of drug users to be¬ 

come professional blood donors to 

support their habit.-' An increased 

risk of posttransfusion hepatitis has 

been documented following trans¬ 

fusions of blood obtained from com- 
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Ergasteric Hepatitis: Endemic Hepatitis Associated 

with Australia Antigen in a Research Laboratory 

ALTON I. SUTNICK, M.D., F.A.C.P., W. THOMAS LONDON, M.D., F.A.C.P., 

IRVING MILLMAN, Ph.D., BETTY JANE S. GERSTLEY, M.D., F.A.C.P., and 

BARUCH S. BLUMBERG, M.D., Ph.D., F.A.C.P., Philadelphia, Pennsylvania 

Endemic hepatitis occurred among the personnel of a 

research laboratory working with human blood and 

tissues in the study of Australia antigen (Au(l)). All 

individuals were tested for serum glutamic-pyruvic 

transaminase (SGPT) levels and Au(l). Fifty-six were 

tested at monthly intervals on 5 to 32 occasions over 

3 Vi years. Eighty-three others were tested less 

frequently. Twenty-seven changes were found in the 

serums of the 56 people tested frequently enough to 

have their course examined. There were four cases of 

typical acute hepatitis with Au(l) in the serum, fifteen 

staff members with rises in SGPT indicative of acute 

anicteric hepatitis, and eight staff members with small 

SGPT rises. We have termed this laboratory-acquired 

infection "ergasteric hepatitis” from the Greek word 

for laboratory. Seven patients were treated with bed 

rest as soon as the SGPT exceeded 50 units; in six the 

levels promptly returned to normal. We recommend 

strict infectious precautions and monthly monitoring 

of SGPT and Au(l) in personnel exposed to human (or 

nonhuman primate) blood or tissues. 

Australia antigen (Au(1)) was first detected in 
the blood of an Australian aborigine in 1963 (1). 
Through a series of sequential studies, patients with 
Down’s syndrome were ultimately tested for Au(l) 
(2, 3); it was in one of these patients in 1966 that we 
found that Au(l) could be acquired. This patient 
also developed asymptomatic anicteric hepatitis. 
We subsequently determined that Au(l) was assoc¬ 
iated with acute and chronic forms of viral hepatitis 
(3-7). Since that time we have been testing the 
hypothesis that Australia antigen is located in a 

► From The Institute for Cancer Research, Fox Chase, Philadelphia, 
Pa. 
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virus that causes hepatitis in many individuals infected 
with it. The data, reviewed in detail in several 
publications (8-10), support this hypothesis. 

After we found the association of Au(l) with 
hepatitis, one of our staff (Institute for Cancer 
Research, Philadelphia, Pa.) developed acute hep¬ 
atitis (in May 1967) accompanied by Australia 
antigen in her blood. Her case, which has been 
reported (11), led to the institution of a surveillance 
and control program for hepatitis in the laboratory. 
Despite this, several of our staff have developed 
signs, symptoms, and laboratory abnormalities (in¬ 
cluding the presence of Au (1)) associated with hep¬ 
atitis. Many other laboratories throughout the world 
are now working with Australia antigen, and cases 
of hepatitis associated with Au(l) have occurred in 
their staffs. 

Hepatitis has been an important laboratory-ac¬ 
quired infection for at least the last four decades 
(12). We have applied the term “ergasteric” (from 
Greek ergasterion, kpyaaTrjpiov, meaning workshop 
or laboratory) (13) to describe such laboratory 
spread of infection. This is analogous to other terms 
such as nosocomial (hospital-induced) and iatrogenic 
(doctor-induced) and serves to distinguish the special 
epidemiologic, prophylactic, and possibly therapeutic 
aspects of hepatitis acquired in the laboratory. In this 
paper we describe the ergasteric hepatitis problem 
in our laboratory and the surveillance program that 
has been designed to cope with it. We hope that our 
experience will help in the design of programs in 
other laboratories and also serve to point out the 
dangers of serum containing Australia antigen and 
of isolated Au(l). This hazard probably exists in 
all laboratories and facilities in which human blood 
and blood products are handled. 
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Materials and Methods 

SURVEILLANCE AND PREVENTION PROGRj\.M 

After the first case of ergasteric hepatitis was diag¬ 
nosed in a staff member in May 1967, a monthly testing 
program was instituted. All staff members were tested 
for Au(l) by the micro-Ouchterlony double immuno¬ 
diffusion technique (14), and the level of serum glut¬ 
amic-pyruvic transaminase (SGPT) was measured by 
the method of Wroblewski and La Due (15). For a 
variety of reasons not ail personnel could participate in 
all monthly testings, but the survey generally included 
most of the staff. The study represents 756 man-months 
of testing. In addition to the monthly testing, strict 
precautions were instituted in the laboratory for the 
handling of biologic materials that aie potentially in¬ 

fectious (Table 1). 

STAFF 

During the time period reported here a total of 139 
staff members were tested. These included physicians, 
scientists, nurses, technicians, laboratory aides, com¬ 
puter keypunch operators, and secretaries. There were 
37 men (age 18 to 47) and 102 women (age 18 to 60). 
Sixty-nine of the personnel were in laboratories not 
closely associated with the Australia antigen program 
and were in contact with the material only briefly. Fifty- 
one of these people were tested once only; eighteen 
were tested twice. The other seventy staff members (with 
the exception of two secretaries and two keypunch 
operators) were in fairly close contact with Au(l) 
either in the laboratory, the Clinical Research Unit, or 
both. These seventy staff members were tested on mul¬ 
tiple (3 to 32) occasions. Fifty-six were tested five or 
more times ^nd were considered to have had enough 
tests to have their course examined. They were then 
classified into the following categories. 

CLASSIFICATION OF SUBJECTS (TABLE 2, FIGURE 1) 

Group A: This group consisted of individuals who 
developed typical acute viral hepatitis characterized by 
gastrointestinal or systemic symptoms with or without 
jaundice, or both, and a peak SGPT greater than 1,500 
Karmen units/100 ml. 

Group B: Individuals with SGPT rises from 30 to 200 
Karmen units/100 ml, with an otherwise constant level 
below 30 Karmen units/100 ml, composed this group. 
These individuals had no symptoms, but their course was 
considered indicative of acute anicteric hepatitis. 

Group C: Those who had a peak of SGPT above their 
usual level but still less than 30 Karmen units/100 ml 
made up the third group. 

Group D: The last group comprised those whose 
SGPT was always less than 30 Karmen units/100 ml, 
with minimal variation from month to month. 

Results 

To determine the expected normal value of serum 

glutamic-pyruvic transaminase (SGPT) for the 

asymptomatic group of people, we calculated the mean 

(15 Karmen units/100 ml) and standard deviation 

(7.5 Karmen units/100 ml) of the value obtained 

for the first test for each of the 139 staff members. 
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For this reason we consider 30 Karmen units/100 ml 

(2 standard deviations above the mean) to be the top 

Table 1. Safety Precautions* 

Collection of Specimens 
Wear gloves 
Avoid spillage 

Cover containers 

Wipe outside of container with disinfectant (3% phenol) 
Handling Materials in Laboratory 

Wear gloves 

Work under hood. Laminar flow hoods are excellent. Fiber¬ 
glass hoods connected to an outside exhaust v/i!l also serve 
the purpose. Probably the best system is a laminar flow 
hood connected to an incinerator device to sterilize all 
exhaust. An ultraviolet unit (Robbins Linit) for exhaust 
air may prove valuable in situations where incineration is 
not po-ssible 

Wipe with disinfectant all containers and so forth before re¬ 
moving from hood 

Wipe table top with disinfectant after use 
Always have containers covered when centrifuged and when 

carried outside the hood 
Remove gloves before leaving work area and before touching 

phone, door knob, and so forth 
Wash hands thoroughly after work and especially before 

eating 
Read all tests- Ouchterlony plates—in special room 

W'ear gloves and face mask 
Swab reading box with disinfectant 
It is desirable to have ultraviolet light on when room is not 

in use. (When plates are stained and dry they can be 
considered safe.) Before staining, plates are infectious. 
Wash water should be carefully discarded and preferably 
autoclaved before discarding 

Disposal of Contaminated Materials 
Discard all glass and nonbiirnable objects in receptacles 

marked “contaminated glass” 
Discard all paper and burnable items in receptacles marked 

“contaminated paper” 
DO NOT mix waste materials or place in wrong containers 
DO NOT OVERFILL 
Place all needles in metal containers. A used 3T'lb ether 

can ser\'es the purpose. W'hen full, stopper and discard 
with glassware trash. Contaminated glassware trash 
should be autoclaved before removal from premises 
(15 lb/15 min) 

Accidents 
Spillage of contaminated material 

Cover area with gauze soaked in disinfectant and allow to 
remain for 2 to 3 hours 

Wipe area well 
Report accident to supervisor 

Personal injuries: cuts, puncture wounds, spillage of material 
on any part of body, ingestion of contaminated material, 
and so forth 
Immediately wash area with large volume of tap water 
Report accident to supervisor 

General Precautions 
Blood should be drawn once a month on all personnel. Tests 

should be made for Australia antigen and serum glutamic- 
pyruvic transaminase 

No eating in laboratories 
No food in laboratory refrigerator 
Do not put hands, pencils, and so forth, in mouth 
No smoking in laboratory 
Wash hands well before leaving laboratory and before eating 

* The precautions taken in our laboratory are based on the premise 
that Australia antigen is an infectious agent. Ihe rules listed above are 
submitted as a guide. 
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normal SGPT level for our laboratory personnel. The 

56 individuals who were tested five or more times 

were classified into the categories defined above. 

GROUP A 

Four patients with typical acute viral hepatitis 

had maximum SGPT levels greater than 1,500 

Karmen units/100 ml, along with clinical symptoms, 

during their illness. When they did not have acute 

hepatitis, their SGPT levels were below 30 Karmen 

units/TOO ml and fairly constant (Figure lA). Three 

were jaundiced, and the fourth was anicteric, her 

highest serum bilirubin reaching 1.7 mg/100 ml. All 

these patients had Au(l) in their serum during their 

acute disease. They are described in the following 

brief case reports. 

Patient 1: A 24-year-oId white female laboratory 
technician (11) was admitted to the Clinical Research 
Unit on 8 May 1967 with a chief complaint of dark 
urine and loss of appetite of 9 days’ duration. Approx¬ 
imately 5 weeks before admission the patient noticed the 
onset of easy fatiguability, with no other associated 
symptoms. Nine days before admission she noted the 
onset of dark urine and light stools and a slight decrease 
in appetite. The night before admission she had had a 
profuse sweat that soaked the sheets of her bed. The 
patient was exposed daily to serum samples, including 
sera from hepatitis patients with Au(l). In addition, she 
had participated in field trips to two large institutions 
for the mentally retarded, both areas of endemic hep¬ 
atitis. As part of her work she had handled isolated 
fractions of Au(l) and, although advised to wear gloves 
when handling these materials, had not done so. The 
day before admission the patient had had her serum 
tested for SGPT; it was 1,400 Karmen units/100 ml. 
She tested her own serum for Au(l) and found that it 
was positive. She knew of no breaks in the skin, and her 
only injections were a tine (tuberculin) test 6 months 
before admission and an influenza immunization 1 year 
before admission. Because of the dark urine she visited a 
urologist, who found bacteria in her urine. He treated 
her with sulfisoxazole (Gantrisin®) for 1 week before 
admission. Physical examination was unremarkable, with¬ 
out detectable jaundice or a palpable liver. Her highest 
SGPT was 1,950 Karmen units/100 ml. Other liver 
function studies were only slightly abnormal: serum 
bilirubin, no higher than 1.7 mg/100 ml; alkaline 
phosphatase, 5.8 Bodansky units/100 ml; and thymol 
turbidity, 6.8 units. The urine was never positive for 
bile. Australia antigen was not detectable in her blood 
after the day of admission. She gradually improved with 
bed rest and high-calorie diet and was discharged 4 
weeks after admission. 

Patient 2: A 25-year-old white female technician was 

admitted to the Clinical Research Unit on 22 August 

1968 with a chief complaint of jaundice and abdominal 

pain. Two weeks before admission she was unduly 

fatigued and developed a distaste for cigarettes. Six days 

before admission she had some upper abdominal pain, 

general abdominal discomfort, anorexia, and constipa¬ 

tion. One day before admission she had scleral icterus 

and began to feel somewhat better as the icterus devel¬ 

oped. She had no history of injections or of any breaks 
in the skin in the laboratory. Past medical history in¬ 
cluded jaundice for 2 weeks at age 16 years, diagnosed 
as hepatitis. Her physical findings included icterus, an 
enlarged tender liver with a soft rounded edge, and a 
barely palpable spleen tip. Her serum bilirubin reached 
8.4 mg/100 ml and SGPT, 1,710 units. Other liver 
function studies showed only minimal abnormalities. The 
Au(l) was present on only the first blood specimen. 
Because she improved rapidly she was discharged, at 
her own request, to bed rest at home only 8 days after 
admission. Since the SGPT did not continue to fall, she 
was readmitted on 24 September 1968 and remained at 
bed rest in the hospital until her SGPT was less than 
50 Karmen units/100 ml. She was again discharged on 
15 October 1968. 

Patient 3: A 20-year-old white female college student 
employed as a technician was admitted to the Clinical 
Research Unit on 17 April 1969 with an intensely 
pruritic rash about the ankles that had developed 3 
days previously. The rash was red and raised, with 
sharp borders. Over the ensuing 48 hours it spread to 
the thighs, the flexor surfaces of the forearms, and then 
to the abdomen, back, flanks, and the nape of the neck. 
She consulted her school physician, who found bilirubin 
in the urine and made the diagnosis of probable hepatitis. 
In the 24 hours before admission she had had some 
decreased appetite and abdominal discomfort. She noted 
dark urine on the morning of admission, but the color 
of her stools had not changed. She had not received 
injections or transfusions or been cut. Before this illness 
she never had allergies or rashes. She denied taking 
drugs orally or parenterally. The patient, her sister, and 
her brother-in-law ate raw clams during the week of 
17 March while vacationing in Florida. On physical 
examination she had the rash described above, slight 
icterus, a temperature of 100.4 F, and minimal liver 
tenderness on deep palpation. The SGPT was 3,240 
Karmen units/100 ml on admission. Her highest serum 
bilirubin was 6.2 mg/100 ml, and her highest alkaline 
phosphatase was 12.9 Bodansky units/100 ml. Thymol 
turbidity rose to 10.7 units. Australia antigen was present 
in her blood on the first 2 days of admission but was 
subsequently absent on repeated tests. The first several 
days in the hospital were marked by nausea and vom¬ 
iting, requiring intravenous fluid therapy. Her course’ 
thereafter was one of steady improvement; she was 
discharged 30 days later. 

Patient 4: A 32-year-old white male physician was 
admitted to the Clinical Research Unit on 20 February 
1970. He had been working in the Laboratories of the 
Division of Clinical Research for about IV2 years and 
had worked extensively with purified Au(l) for the 
previous 5 months. On routine testing his SGPT was 

found to be 90 Karmen Units/100 ml on 18 February 

1970, and it increased to 200 units on 19 February. He 

had nO/Symptoms, but Au(l) was found in his blood. 

He had had a previous transient rise of his SGPT in 

April 1969 to 90 Karmen units/100 ml, which was at¬ 

tributed to a severe cellulitis. To his recollection he had 

not had any breaks in his skin while working in the 

laboratory but had performed a necropsy on a patient 

with Au(l) more than 6 months before admission. He 
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Figure 1. Serum glutamic-pyruvic transaminase (SGPT) levels of a representative patient in each category. A. Acute hepatitis >with SGPT 
rising to greater than 1,500 Karmen units/100 mi, otherwise usual flat pattern. B. Sharp rises of SGPT to 30 to 200 Karmen units/lOO 
ml, otherwise usual flat pattern. C. Slight SGPT rises over this usual flat pattern but remaining below 30 Karmen units/lOO ml. D. Flat 
pattern with all SGPT values less than 30 Karmen units/lOO ml. This was the commonest pattern. 

did drink coffee and smoke cigarettes in the laboratory, 
a possible source of oral contact with the agent. System 
review showed chronic sinusitis, pseudopapilledema, and 
a chronic, nonproductive morning cough. The patient 
had had an unexplained eosinophilia (10 to 35%) for 
at least 12 years. Four months before admission he had 
had a superficial melanoma excised from his back. On 
physical examination he had two very small spider angi¬ 
omata on the dorsum of his right hand, which he had 
had for many years. There were no other relevant find¬ 
ings. Shortly after admission he lost his taste for coffee. 
His liver became palpable and tender about 1 week after 
admission, and he gradually became anorexic and 
somnolent. His SGPT rose to a peak level of 2,300 
Karmen units/100 ml. Highest serum bdirubin was 
5.2 mg/100 ml total (2.7 mg/100 ml direct); highest 
alkaline phosphatase was 13.2 Bodansky units/100 ml; 
and highest thymol turbidity was 9.5 units. Other liver 
function studies were unremarkable. Gradual clinical 
improvement was accompanied by a fall in SGPT and 
the disappearance of Au( 1) from his blood 30 days after 
admission. He was discharged 2 weeks later. 

GROUP B 

Fifteen other patients (group B) had rises in their 

SGPT to a level of 30 to 200 Karmen units/100 ml 

without other clinical signs or symptoms or abnormal 

physical findings (Figure IB). No other liver ftmc- 
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tion abnormalities were found, and Au(l) was not 

detected in their blood. 

GROUP c 

Those in group C (eight people) had slight SGPT 

elevations above their normal level but below 30 

Karmen units/100 ml (Figure 1C), 

GROUP D 

The other 29 patients (group D) had no remark¬ 

able rises in SGPT (Figure ID), 

Discussion 

Viral hepatitis may be endemic among laboratory 

and clinical personnel actively engaged in the study 

of Austraha antigen. There were four typical cases 

of acute viral hepatitis in our laboratory over the 

past 3 years; all four had Au(l) detected in their 

serum. In three Australia antigen had been detected 

for only 1 or 2 days when they first became sympto¬ 

matic. This observation emphasizes the necessity for 

testing patients as early as possible in the course of 

viral hepatitis. Australia antigen was not found in any 

of omr other laboratory personnel. 
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Fifteen additional individuals had transaminase 

rises to 30 to 200 Karmen units/100 ml, which may 

represent episodes of acute anicteric hepatitis. How¬ 

ever, these 15 individuals had no symptoms and prob¬ 

ably would not have come to the attention of a 

physician had they not been in the monthly surveil¬ 

lance program. These 19 definite and suspected cases 

occurred among 56 people working in the laboratory 

for various time periods from 1967 to 1970 and whose 

SGPT was tested 5 to 32 times. They occurred despite 

the careful precautions taken in the laboratory after 

the initial case of hepatitis in May 1967. Eight others 

had lower SGPT peaks, below 30 Karmen units/ 

100 ml, but even these were higher than their usual 

levels. 

The mean SGPT level in 139 normal laboratory 

stafi members who did not experience an episode of 

acute viral hepatitis was 15 Karmen units/100 ml. 

With a standard deviation of 7.5 units, the top normal 

level should be about 30 units, rather than the 40- 

unit level used in most clinical laboratories. Most 

individuals had SGPT levels consistently between 8 

and 15 Karmen units/100 ml, and any significant 

deviation from their usual level should have been 

suspect. It is clear, however, that if these slight 

but definite rises in SGPT did represent infection of 

the fiver, they required no treatment, since those who 

had such rises continued their usual activity. 

In regard to the stafi members w'ith transient SGPT 

elevations (Table 2), we suggest four alternative 

hypotheses: these individuals had a mild asympto¬ 

matic ergasteric infection of acute viral hepatitis and 

recovered; they had some transient acute fiver disease 

of other causes; they had some transient nonhepatic 

disorder causing a rise in SGPT; or the SGPT eleva¬ 

tion may be within the range of normal variation. The 

current series of observations does not distinguish 

between these several hypotheses, but they should 

be tested. 

We do not know what the variation of SGPT 

might be in the population at large if they were 

followed at monthly intervals as were the subjects of 

this study. The agent responsible for this disease may 

be ubiquitous in the population, and hepatitis may 

be common at asymptomatic levels. This would be 

consistent with the difierences we found among our 

laboratory personnel and might represent difierent 

responses of individuals to infection with the same 

or similar agents. The expression of clinical disease 

seen in group A (four cases of acute icteric hepatitis) 

would thus be the result of the specific host response 

to an environmental agent. Other hosts might respond 

by presenting only minimal evidence of acute disease. 

Still others may permit the agent to remain in them 

for long periods with or without causing chronic 

disease. We have presented evidence (16, 17) that 

susceptibility to persistence of Australia antigen is 

inherited as a simple autosomal recessive trait. It 

is reasonable to consider that the capacity of the host 

to interact in other ways with an infectious agent 

would also be inherited. 

Whenever we found an increase in SGPT above 

50 Karmen units/100 ml in a stafi member, bed rest 

was instituted. Six individuals so treated showed a 

prompt return of their SGPT to lower levels, and 

eventually it returned to their usual constant range. 

In one individual (Patient 4) progression to typical 

acute viral hepatitis occurred. He did not develop 

clinical symptoms until 10 days after his first SGPT 

elevation was detected, when it reached the level of 

1,250 Karmen units/100 ml. Australia antigen was 

also detected 10 days before symptoms developed; 

it persisted for 4 weeks. The other three people with 

acute hepatitis presented at a time other than monthly 

testing periods with symptoms suggesting the disease. 

Australia antigen was detected in these three patients 

for only 1 or 2 days after admission, then disap¬ 

peared. None of the four patients recalled any spe¬ 

cific parenteral exposure; infection occurred either 

through an occult break in the skin or via another 

route, probably oral. 

It is difficult to say whether bed rest was useful in 

those people whose SGPT levels came down promptly 

and who did not develop acute hepatitis, or whether 

it would have returned to normal even if they had 

maintained their usual activity. Furthermore, Aus¬ 

tralia antigen was not found in the blood of any of 

these six individuals. Previous studies have indicated 

that strict bed rest is of little value in the treatment 

of clinical acute hepatitis with jaundice (18). Stren¬ 

uous exertion, however, may be harmful in the pre- 

icteric stage (19). It might now be of interest to 

study a group of people at high risk for developing 

Table 2. Classification of 56 Laboratory and Clinical Research 
Staff Members by Serum Glutamic-Pyruvic Transaminase (SGPT) 
Levels* 

Classification Symptoms Peak SGPT Number 

Karmen units/ 
100 ml 

Typical acute viral 
hepatitis 

Suspicious acute anicteric 
Yes > 1,500 4 

hepatitis No 30-200 6 
Minimal SGPT rise 
Low SGPT, minimal 

No <30 8 

variation No <.30 29 

* Tested at least five times. 
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acute hepatitis, test them at regular intervals for 

Australia antigen, and evaluate the importance of 

early bed rest, before the development of clinical 

symptoms. This technique of very early detection 

(as in Patient 4) might also be of value in testing 

the usefulness of other methods of therapy (gamma 

globulin, steroids, antiviral agents, and so forth). 

Previously there has not been a tool for evaluating 

treatment in the earliest stages of the disease; the 

test for Australia antigen now makes such a study 

feasible. 

We are not aware of any other studies in which 

normal people who have a high risk of developing 

hepatitis have been followed at frequent intervals 

for 3 or more years, as in the present study. Hence, 

we do not know if our experience with the disease is 

any worse or any better than that of other labora¬ 

tories where large quantities of human serum are 

handled. Nevertheless, on the basis of our experience, 

ah human serum or other tissues should be regarded 

as contaminated to help protect the laboratory per¬ 

sonnel against infection. The rules instituted in our 

laboratory (Table 1) may help in such a program. 

The personnel of research laboratories working with 

Australia antigen or any human blood or tissue should 

be monitored for Au(l) and SGPT levels. It would 

also be valuable to determine the usefulness of this 

monitoring program for other potentially high risk 

groups, including personnel of clinical laboratories, 

pathology laboratories and morgues, blood banks and 

blood donor stations, renal dialysis units, centers for 

treatment of drug abuse, and primate colonies. In this 

way the diagnosis can be made as early as possible, 

and prompt treatment can be instituted. 
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THE NATURE OF AUSTRALIA ANTIGEN AND ITS RELATION TO 

ANTIGEN-ANTIBODY COMPLEX FORMATION* 

Bv BARUCH S. BLUMBKRG, IRVIXG MILLMAX, ALTOX I. SUTXICK;, AXD 

W THOMAS LOXDOX 

(fyom The Institute for Cancey Resenreh, Fhiladelphia, Fennsyhnnia lOHl) 

Studies on Australia antigen-antibody complexes have just begun. In our 

first electron microscope study of Australia antigen (1), complexes were formed 

upon the addition of antibod\- to the isolated antigen on the grid. .More exten¬ 

sive electron microscope studies of apparent complexes have also been described 

( 2). Shulman and his colleagues (3) suggested that anticomplementary activity 

in sera may reflect the presence of .Australia antigen-antibodx- complexes. Mill- 

man et al. (4) have directl) demonstrated that antigen may be released froni 

antibody by centrifugation of appropriate serum; high and low avidity com¬ 

plexes have been described in this manner. The role of .Australia antigen-anti¬ 

hod)' complexes in periarteritis nodosa (5. 6) has been explored and this will 

be discussed later in this s)'mposium. Hopefull)', more extensive information on 

the distribution of complexes in healthy and sick people will be forthcoming 

soon. The radioimmunoassay ntethod developed in our laborator\' b) Drs. 

Coder and Millman (7. 8) appears to detect antibod)' and .Au(l) complex in the 

serum even in low concentrations, and this ma)' help in the elucidation of this 

problem. 

Before we can understand the nature of antigen -antibod)' complexes we must 

know more about .Australia antigen itself. Since 1963 (9, 10) we have collected 

a varietv of data on this subject and have developed a c(rncept over the past 

)'ear of what ma)' be considered to be a special kind of infectious agent. This 

concept states that .Australia antigen has characteristics both of an infectious 

agent and a serum protein pol) morphism. Most of the data to support this 

h)'pothesis are given elsewhere in our publications and will be referred to in the 

text. 

Australia .[ntigeu as au Infectious Agent.—.After we found the association 

between .Australia antigen and hepatitis in 1966 (11), we began to test the hv- 

pothesis that .Australia antigen is a virus which can cause hepatitis. To do this 

we used the scientiflc strategy of independent evidence. That is. we looked to 

see if .Australia antigen had characteristics similar to that of viruses This 

could be'called the "duck logic.” i.e. if a creature looks like a duck, flies like a 

* Supported by U.S. Public Health Service grants C.A-06551, C.A-06927, C.\-0S069. and 

RR-05539 and by an appropriation from the Commonwealth of Pennsylvania. 
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cluck, swims like a duck, eats like a duck, then il is niore likelc to be a duck than, 

say a scarlet tanager. 

The results of these studies, most of which have now been amph' confirmed in 

laboratories other than our own, as shown in Table I. These can be summarized 

briefly here, but are discussed in detail elsewhere (12-14). 

Australia antigen is associated with acute "viral” hepatitis, both "serum” 

and "infectious” (Table II) and with various forms of chronic hepatitis (Table 

III). Isolated Australia antigen has an appearance compatible with that of a 

virus particle of about 201) in diameter (Fig. 1) (1). The preparations may 

contain sausage-shaped figures and larger (400 A) particles (1, 15). Millman and 

his colleagues (16, 17) have prepared fiuorescent anti-Au(l) antiserum. With 

this the_\- have shown that the liver cells of patients with Australia antigen in 

T.\BLE I 

I'.vidence that Australia Antigen is an Iniectious Ai:ent 

III I Association with acute viral hepatitis. 

ih) .Association with chronic hepatitis. 

(cl Virus-like appearance under the electron microscope (200-.\ particles). 

It/) Transmission of .Audi from man to man. 

If) Transmission and passage of partiall}' purified .Auili to an animal host (infant .African 

green monke\'i. 

(/I Localization [with fluorescent anti-.Au(l)J of .Audi in the nuclei of liver cells of patients 

with hepatitis and/or .Audi in their blood. 

(>;) Distribution of Audi in institutions, disease groups, and populations is consistent with 

the distribution of an infectious agent. 

(//) RX.A identified in Audi particles Isolated from idood. 

(/) Apparent reiilication of .Australia antisren in tissue cultures of human liver cells. 

their peripheral blood and or hepatitis have, in general, fiuorescent granules in 

their nuclei. This has been confirmed b\' studies of liver cells of leukemia pa¬ 

tients with Australia antigen (18). Patients who are transfused with blood con¬ 

taining Australia antigen will often develop hepatitis accompanied b>' .\ustralia 

antigen in the blood (19). Isolated and partially purified Australia antigen has 

been transmitted to nonhuman primates (infant African green monkexs) and 

passaged two times. The amount of antigen present in the final monkey is 

greater than would have been expected b}' simple dilution (20). 

Liver cells from patients with Australia antigen which contain material 

which reacts with fiuorescent anti-Au(l) have been grown in tissue culture. 

.■\fter six passages of the cells the tissue-culture cells or supernatant were still 

found to contain .Australia antigen in their nuclei and the tissue-culture fiuid 

contained Australia antigen (detected by radioimmunoassay) (21). There have 

been manv epidemiologic studies in which the distribution of the Australia 
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unlig'en in populations, in diseasf '.iroups, and in institutions is consistun'tl with 

the distribution of an infectious agent,^ 

It has been reportefl that Australia antigen isolated from blood coiitains 

about 5^ of RXA (22). This is an extremely small amount if the .Au.stralia 

TABLE II 

Distrihulian of Auslralia An/i'^ai in Scriiin and Infectious Hepatitis 

erum" ■'Iiu'e 

Iavesticat<>r> Year PL' heiiatilis 11 iiepaiit is 

> \u 1 t ' ;■ Au' i Au 1 t '; Au I 

London et al. 1%8 41 14 34 S4 11 3 

Okochi and Murakami 1908 101 13 13 66 10 I 5 

Vierucci et al. 1968 8 0 38 80 () s 

Hirschnian et al. 1969 24 2 8 112 18 ll6 

62 4o 

Gocke and Kavey lopu 34 28 82 15 - 46 

Wright et al. 1969 43 21 49 12 3 2 5 

Xordenfelt and Kjellen 1969 13 S 61 8 2 2 

Soulier et al. 1967 16 0 56 29 0 1 

Cossart and Vahrnian 1969 13 - 54 66 31 47 

Bals et al. 1970 34 97 126 83 ■ 

Sutnick et al. 1970 75 48 64 71 22 30 

Prince et al. 1970 159 101 63 129 71 

* n = number of sera tested. 

t Frequencies of Au(l as determined b\ immunodiffti sion. 

1 Prospective suid\' of post-transfusion hepatitis weekly samples after exposure. 

antigen is a complete virus. It is still not certain if this is a portion of t h.e par- 

tide or a contaminant, although the presence of the RX’A has been contii|'med 

by other methods (23). 

If the RXA tinding continues to be supported by additional studies. a|nd if 

it is assumed that RX’A is distributed about equalh- in each of the particles, 

then it can be estimated that sufficient nucleic acid is present in each patmicle 

to code for only one average-siue protein. The molecular weight of Au(|l' is 

‘ Blumberg, B. S., \V. T. London, A. I. Sutnick. and I. Millman. Manuicrip: in prenarjuion. 
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about 3 X 10®, and 5 9f of this is 150,000. If it is assumed that the RXA is single 

stranded, then there would be about 450 nucleotides which could code for 150 

amino acids. If the RXA is double stranded, then it could code for orte-half the 

number of amino acids. An average protein contains about 100 amtno acids. 

TABLE III 

Australia Antigen in Various Forms of Chronic Hepatitis 

Location a* Au 1, r 

Philadelphia ! 4 57.1 

Rochester, Minn. 31 3 9.7 

Tok.vtt 161 21 11.0 

Siena. Ital\- 30 6 20.0 

N'ew Haven 53 17 32.1 

Xew York 0 0 

Chile 18 0 0 

Sweden 17 0 0 

.\ustralia 53 2 3.8 

Switzerland 5 1 20.0 

Spain 22 11 50.0 

.Austria 11 10 45.5 

Oxford. England 38 1(1 26.3 

London. England 68 0 

London. England 17: 

Ti ital 560 103 IS.4 

* n = number of sera tested. 

j Sherlock et al. reported on 17 patients with chronic liver disease in London who had 

.Vustralia antigen, and also stated that none of 68 with "active chronic hei)atitis" were posi¬ 

tive. The over-all frequency in all chronic hepatitis patients was not stated. 

Hence the Australia antigen could code for about one regular protein or a few 

smaller ones, and the remaining material would have to come from the host. 

This is unusual for a typical virus. 

It is also possible that the RX.\ is not uniformly distributed throughout all 
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the particles, and that only a few particles have a full coniplenient of RXA. If 

this were so, then it could be possible to separate the particles containing RXA 

from the empty ones using gradient densit)' centrifugation. This has not hap¬ 

pened in the studies which have been completed. 

l-'iG. 1. Electronmicrograph of .Australia antigen. The particles are about 200 .A in diameter 
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Irrespective of an\' theoreticitl considerations, it is of practical importance to 

regard Australia antigen as if it were a virus since isolated Australia antigen is 

highly infectious and persons working with it may contract hepatitis if precau¬ 

tions are not taken. 

Hence, the hypothesis that Au(l) is a virus has not been ruled out; in fact, 

there is much to support it. However, there are some unusual features of this 

(apparently) infectious agent which we shall discuss in the next section. 

Aitstralia Antigen as a Protein Polymorphism.—Our search for .-\ustralia 

antigen began as an investigation of inherited serum protein poKniorphisms. 

and we have continued to test the hypothesis that Australia antigen is such a 

polymorphism. 

Ford (24) has derined polymorphism as “the occurrence together in the same 

habitat of two or more (inherited) discontinuous forms of a species in such 

proportions that the rarest of them cannot be maintained mereh' b\' recurrent 

mutations.” This implies, for biochemical and immunological traits, that the 

forms are easily distinguishable from each other, that the genetics determining 

the presence of the several forms is explicit, and that the freciuenc\' of the least 

common form is greater than could be maintained b} recurrent mutation. 

Examples of polxniorphisms are the blood groups (ABO. Rh, etc.), the sickle- 

cell hemoglobin poK niorphism, and a large series of serum proteins (i.e. hapto¬ 

globins, transferrins, Gc, Ag [lipoproteins], etc.). The implication is that there 

are differences in selective values for each of the genotypes in these s\ stems and 

that this results in the maintenance of the alternate genes in the populations, 

(For further discussion, see reference 25.! 

Irrespective of any theoretical considerations, the existence of serum protein 

polymorphisms implies that patients who receive transfusions are almost cer¬ 

tain to receive protein variants which they themselves have not inherited or ac¬ 

quired. This led .us to investigate the serum of transfused patients for the pres¬ 

ence of antibodies against pol_\morphic proteins (26) and in this wa_\- the Ag 

system (inherited antigen differences on the low densit}' lipoproteins) was dis¬ 

covered (27). continuation of these investigations led to the discover}- of (tic 

.Australia antigen'. 

The features of Australia antigen which are similar to those of a serum protein 

pol_\-morphism are summarized here. 

(a) Australia antigen has man_\- chemical and physical characteristics of a 

serum protein. It migrates b}" electrophoresis in the alpha position on agar gel; 

it stains, with protein and lipid stains. Its densitv of about 1.21 (28' is greater 

than that of low densit\- lipoproteins, to which it bears similarities (29'. but its 

densit}- is less than most other serum proteins. 

ib) Millman and his colleagues have isolated Australia antigen and puritied 

it b\' column separation, sucrose and cesium chloride densit_\- gradient centrifu¬ 

gations, and digestion with proteolx'tic enzvmes which can hxdrolcze any re¬ 

maining serum proteins (28). The isolated .\ustralia antigen does not have any 
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detectable serum protein as measured b}' immunologic techniques; when this 

isolated material is concentrated 10-fold it does not react with high titer anti¬ 

serum to human serum components. When purified Au(l) is treated with the 

■ detergent Tween 80, it partially dissociates into soluble components (23). These 

released products appear to be serum proteins including IgG (both heav\ and 

light chain), complement, beta lipoprotein, transferrin, and albumin. Traces of 

RNA (about 5%) are also found. The nature of the remaining pellet, which 

probably is some kind of core material, is not known. 

-Although it could be argued that these proteins are nonspecilic contaminants, 

it appears more likely that the .A.ustralia antigen particle itself actual!}- is made 

up of human serum proteins, i.e.. "host” material although not necessarily from 

the host from which the Australia antigen was e.xtracted. 

(c) There are large numbers of apparent!}- normal people (l-iOG), living 

primaril}- in southeast Asia and the tropics, who have detectable and sometimes 

large amounts of Australia antigen in their blood. However, the antigen is 

quite rare in normal U.S. populations (^0.1 G'). This is similar to the presence 

of an inherited serum protein variant in high frequenc}- in some populations 

but not in others (i.e., serum albumin variant "Xaskapi” is common in man}- 

northern Indian tribes but absent in people of European origin). 

id) In the areas M-here it has been tested, the segregation of Au(l ) in families 

follows a pattern of simple autosomal recessive inheritance (30-32). This simple 

form of inheritance is compatible with the definition of a poh morphic s}-stem. 

(e) The relation of antigen to antibod}- does not appear to be typical uf 

that expected of a simple infectious agent. The peculiarities of antigen and 

antibod}- behavior is most striking in the studies of transfused thalassemia 

patients we have completed in collaboration with Dr. \’ierucci of Florence. 

Italy. Se\-eral of these transfused patients (man}- of whom have been followetl 

for up to 7 }-r,i consistent!}- have antigen and others consistent!}- have antibod}-, 

i.e., a transfused patient ma}- "inherentl}-” have either antigen or antibod}-. 

This is analogous to the Ag lipoprotein pol}-morphism in which transfused pa¬ 

tients ma}- have a specific antigen or a specific antibody but not both. 

COXXLUSIOXS 

There is no reason to assume that these two h}-potheses, {a) Australia anti¬ 

gen is an infectious agent, and (b) .Australia antigen is a serum protein polv- 

morphism, are mutually exclusive. Since neither has been rejected, they can 

be combined to make a third hypothesis, namely, that Australia antigen is an 

infectious agent which causes hepatitis in some people infected with it and that 

it has the characteristics of an (inherited) serum protein pol}-morphi5m. This 

concept ma}- generate some interesting hypotheses. For example, since this 

“n^w” agent is construed to be a polymorphism one can conjecture that the 

"host” protein on the agent is not necessaril}- that of the host from which it is 
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isolated, but could be related to the previous host or hosts, i.e., it could be an 

isoantigen. If this concept is correct, then we would expect to see interactions 

between the infectious agent and the host which are analogous to transfusion 

reactions. In blood transfusion, if the patient is I)lood group .\ and receives 

t}pe A blood, no antibodies will develop. If the patient receives t\pe B, then 

antibodies will form and a transfusion reaction can occur. Similarly, if a host 

is infected b_\' an agent which has the same serum protein speciticit\' as the host, 

no antibod}' will form and presumal)!}' invasion by the organism can occur. If 

the specificities are different, then antibodies will form and this ma\' or ma\' not 

result in invasion and in S}'mptoms of one or more different kinds of disease. 

This could include antigen-antibodx' complexes. 

Finally, we have to consider the likelihood that Australia antigen is not 

unique and that other diseases are related to organsinis which might also have 

properties of polymorphisms; kuru and scrapie are two diseases which come to 

mind. Because of the relationship between leukemia and Australia antigen (33 i, 

it is useful to consider that the postulated agent for this disease may fall in 

this "class” of infectious agents. We propose calling agents of this postulated 

class "Icrons.” 

soniARV 

There is considerable data to support the h}'pothesis that Australia antigen 

is an infectious agent that causes hepatitis in man. 

(a) Association with acute viral hepatitis. 

ib) Association with chronic hepatitis. 

(c) \'irus-like appearance under the electron microscope {20()-.A. particles'. 

(d) Transmission of Au(l) from man to man. 

(e) Transmission and passage of partiall}' puritied Au(li to an anim-al host 

(infant African green monkey). 

(f) Localization [with fluorescent anti-Aufl)] of Au(l) in the nuclei of liver 

cells of patients with hepatitis and or .Au(l) in their blood. 

(g) Distribution of .\u(l) in institutions, disease groups, and populations is 

consistent with the distribution of an infectious agent. 

(In RXA identitied in Au(l) particles isolated from blood. 

(f) Apparent replication of Australia antigen in tissue cultures oi human 

liver cells. 

There isydso considerable evidence that .\astralia antigen has many of the 

characteristics of a serum protein polymorphism. Since neither of these hy¬ 

potheses has been rejected the}' can be combined to make a third hxpothesis, 

namely, that Australia anfigen is an infectious agent which causes hepatitis in 

some people infected with it and that it has the characteristics of an (inhertied' 

serum protein polxniorphism. \^’e propose calling agents of this postulated 

class "Tcrons.” 
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Genes, Viruses, and the Immune Response 
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ABSTRACT 

Blumberg, Baruch S., London, W. Thomas, Sutnick, Alton L: Genes, viruses, 

and the immune response. Amer. J. Clin. Path. 56: 265-269, 1971. Many of 

the findings ascribed to autoimmunity on the basis of experimental studies 

could be due to isoimmunity. By this is meant an antibody to an antigenic 

determinant which is present in some members of a species but not in the 

particular individual in whom the antibody is detected. The Ag system in¬ 

volves inherited antigenic specificities on the low density lipoproteins. Anti¬ 

bodies against these determinants may form in patients who receive many 

transfusions or in pregnant women. The role of these antibodies in disease is 

discussed. The Australia antigen is intimately associated with what appears 

to be an infectious agent which causes hepatitis in some people infected with 

it. In addition, it has many features of a serum polymorphism, and isoanti¬ 

bodies may form against it in people infected by transfusion or other means. 

The relation of these two systems to “autoimmune” phenomena is discussed. 

The original concept of autoimmune dis¬ 

ease (as stated by Glynn and Halborow i®) 

is that . . the mammalian body is capa¬ 

ble of developing immune reactions against 

some of its own constituents . . .” and that 

these reactions have a major role in the 

pathogenesis of certain diseases. This con¬ 

cept does not seem to be entirely satisfac¬ 

tory. There is no adequate explanation as 

to why some people develop antibodies 

against tissues and organs and others do 

not. Further, there does not appear to be 

a clear correlation between the specific anti¬ 

bodies and the diseases to which they are 

supposedly related. As an example, rheuma¬ 

toid arthritis has been considered to be 

an autoimmune disease, with rheumatoid 
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factor acting as the autoantibody. However, 

all possible combinations of rheumatoid 

factor and disease are known, i.e., rheuma¬ 

toid arthritis with and without rheumatoid 

factor, and rheumatoid factor with and 

without rheumatoid arthritis. There are 

interesting ways of looking at these data, 

but the original concepts of autoimmunity 

do not deal with these in detail. 

The title of this symposium indicates a 

marked departure from these earlier views 

of autoimmunity, in that the program con¬ 

siders the operation of an external agent, 

a virus, as having an influence on the de¬ 

velopment of antibody. 

We have not been involved directly with 

many of the studies on autoimmunity, and 

my appreciation of the field may be naive. 

It appears, however, that many of the find¬ 

ings ascribed to autoimmunity could, in 

fact, be due to isoimmunity, and I gather 

that this interpretation has been used from 

time to time. By isoantibody I mean an 
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antibody to an antigenic determinant 

which is present in some members of a 

species but not in the particular individual 

in whom the antibody is detected. The 

erythrocyte isoantibodies (anti-A, anti-B) 

are examples of these. An additional con¬ 

sideration is that the antigen in question 

may also be present in members of other 

species. Attempts have been made to iden¬ 

tify such specificities in bacteria and viruses. 

The usual practice in testing for auto¬ 

antibodies is to use as an antigen tissue from 

another member of the same species, and 

in some systems, tissue from another spe¬ 

cies. Tissue from the same individual has 

been used only rarely. Therefore, the anti¬ 

bodies which are detected could be either 

isoantibodies or heteroantibodies. Even if 

a reaction between an antibody and an 

antigen from the same individual is de¬ 

tected, the primary antigenic stimulus may 

have been an isoantigen, with the resulting 

antibody cross reacting with an antigen in 

the host. 

I would like to discuss two isoimmune 

systems we have studied and point out 

some features that may pertain to viruses 

and the immune process. 

Serum protein polymorphisms are inher¬ 

ited differences in serum proteins; the gene 

frequencies are such that two or more 

of the phenotypes are relatively common 

in the population under study. Many of 

these have been described, i.e., serum hap¬ 

toglobins, transferrins, Gc protein, gamma 

globulin, etc.^^ We reasoned that some of 

the polymorphisms that had already been 

discovered or some unknown polymorph¬ 

isms could elicit an antigenic response if 

one human were immunized, as by transfu¬ 

sion, with the blood of another human who 

had inherited a protein antigenically dif¬ 

ferent from his own; that is, an isoantibody 

would form in the transfused patient. This 

hypothesis was tested using the Ouchter- 

lony (double diffusion in agar gel) method 

in which the sera of transfused patients 

were tested against a panel of normal sera. 

A serum which contained a precipitating 

antibody that reacted with some, but not 

all, the sera in the panel was found.^ There 

appeared to be only a single class of pre- 

cipitins, and these were found to react with 

the serum low density lipoproteins.® This 

was termed the “Ag system.” It is impor¬ 

tant to emphasize that this was the only 

protein against which precipitating anti¬ 

bodies were detected. 

We subsequently were able to show that 

these specificities were inherited as simple 

autosomal dominant traits ® and that their 

frequencies varied enormously from popu¬ 

lation to population. Since these initial 

studies, there have been extensive investiga¬ 

tions by a series of European investigators, 

including Hirschfeld, Vierucci, Butler, 

Morganti, and others,^* and at least eight 

specificities of the lipoprotein have been 

identified {i.e., Ag(ai), Ag(x), Ag(t), Ag(y)). 

The genetic studies which have been pub¬ 

lished indicate that these traits are con¬ 

trolled by alleles segregating at three or 

more closely-linked loci. More family stud¬ 

ies are required to substantiate these ge¬ 

netic interrelations, but the present status 

indicates a system which is genetically simi¬ 

lar to the CDE, Rh locus for the erythro¬ 

cyte antigens. 

We can draw several conclusions from 

these and other findings related to the Ag 

system. 

(1) In testing for autoantibodies in hu¬ 

mans it is unusual to test the antibody pres¬ 

ent in the blood against the individual’s 

own tissue {i.e., his own thyroid, muscle, 

gamma globulin, etc.), but rather the blood 

is tested against the tissue of some other 

individual of the same species. If this ap¬ 

proach had been used, the presence of the 

antibodies against the lipoprotein could 

have been construed as an autoantibody. 

(2) Not every individual who is trans¬ 

fused develops antibody against the lipo¬ 

protein determinants he does not possess, 

and the factors resulting in antibody for¬ 

mation are now being evaluated. When an 

individual does develop an antibody, then 

the specificity of this antibody is in part 

genetically determined. 

(a) An antibody will not, in general. 
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form against a lipoprotein determinant 

that the antibody-former has itself in¬ 

herited. 

(b) The antigenic determinants in the 

donor blood are genetically determined, 

and the frequency of the genes varies from 

population to population. Hence, the ge¬ 

netic makeup of the population will deter¬ 

mine the nature of the antigenic risk to 

which the transfused patient is exposed. 

(3) Not only transfused patients develop 

antibodies against lipoproteins; pregnant 

women immunized against determinants 

wTich their unborn children have inlierited 

from their fathers, but not their mothers, 

may develop detectable antibodies.-'^ Ag 

antigenic determinants have also been 

found in primates. 

(4) Many patients in whom antibody de¬ 

velops are repeatedly transfused with blood 

which contains lipoprotein determinants 

which form precipitates in vitro.’’ This 

would appear to be the classic situation 

for the development of antigen-antibody 

disease of the kind which has been postu¬ 

lated to be related to the pathogenesis of 

autoimmune disease. Several conclusions 

have emerged from studies of patients trans¬ 

fused in this manner. Continued trans¬ 

fusion of patients who have developed anti¬ 

body does not result in a cataclysmic event 

although there may be some evidence of in¬ 

flammatory reaction (i.e., fever).Despite 

this, there could be long term effects of 

continued exposure. Thalassemia patients 

who develop antibody and are subsequently 

transfused have a significantly greater mor¬ 

tality than thalassemia patients who do not 

develop an antibody.*® These findings, al¬ 

though statistically significant, are based on 

a small sample, and there may be some 

trivial explanation for the finding. How¬ 

ever, taken at its face value they do not rule 

out a pathologic effect of this antigen- 

antibody reaction. 

(5) Lipoproteins are found in and on 

many tissues and cells; for example, the 

transplantation antigens contain lipopro¬ 

teins. Very little has been done on this 

aspect of lipoproteins, but this would ap¬ 

pear to be a fruitful area for future re¬ 

search on disease relations. 

I would now like to discuss the Australia 

antigen (Au) system, which was discovered 

in the same way as the Ag (lipoprotein) 

system.^’® It introduces a third element for 

consideration, namely, an infectious agent, 

in addition to the two already considered, 

that is, antigen-antibody interactions and 

genes. There has been more interest in the 

Australia antigen system than in the Ag 

(lipoprotein) system because Au is associ¬ 

ated with hepatitis and that the Australia 

antigen test can be used for the diagnosis 

of hepatitis and the detection of hepa¬ 

titis carriers.^® However, there are addi¬ 

tional features which pertain to the iso¬ 

antibody question. Australia antigen was 

discovered as a consequence of the continu¬ 

ation of the study which originally led to 

the finding of the Ag (lipoprotein) system. 

After the discovery of the original Ag anti¬ 

serum, the search for additional antisera 

was continued. This resulted in the detec¬ 

tion of additional anti-lipoprotein antisera, 

including the new Ag specificities. In 1963, 

a precipitin which w^as clearly different 

from those previously found was discovered 

in the serum of a hemophilia patient. The 

initial reaction was with only a single mem¬ 

ber of the panel against which it was tested 

and, since the blood was from an Australian 

aborigine, it was termed “Australia anti¬ 

gen.” In one of our initial studies, we 

showed that the Australia antigen was dis¬ 

tinct from the Ag lipoprotein system, but 

despite this it was also similar in some re¬ 

spects. In addition to studies on the asso¬ 

ciation of Australia antigen with disease, 

we continued to investigate the character¬ 

istics of the system as a polymorphism. The 

results have been published and reviewed 

elsewhere,*® and will be summarized briefly 
here. 

Australia antigen has many characteris¬ 

tics of an infectious agent which can cause 

clinical hepatitis (both acute and chronic) 

in many patients infected with it. It is 

associated with acute and chronic hepatitis 

in many populations, it has the electron 
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microscopic appearance of a virus (200 A 

diameter), and it has some physical charac¬ 

teristics of a virus.®’ It has been trans¬ 

mitted from man to man by transfusion, 

and the recipients may develop hepatitis.®® 

Isolated and partially purified Australia an¬ 

tigen has been transmitted and passaged to 

African green monkeys.®® In the human and 

animal transmission studies, the amount of 

material increased enormously in the in¬ 

fected individuals, i.e., it acts as if it were 

both infectious and a reproducing agent. 

Using fluorescent anti-Auj, material with 

the same antigenic characteristics as Aus¬ 

tralia antigen has been identified in the 

nuclei of patients with hepatitis and Aus¬ 

tralia antigen in their peripheral blood.^®'®® 

The distribution of Australia antigen in 

patients, populations, and institutions is 

compatible with the distribution of an in¬ 

fectious agent. 

There are two findings which do not sup¬ 

port the virus hypothesis. Nucleic acid has 

not been detected in the preparations iso¬ 

lated from the peripheral blood, and Aus¬ 

tralia antigen has not been reported to 

grow on tissue culture.®^* The failure to 

find nucleic acid does not rule out the pos¬ 

sibility that Australia antigen is a virus. 

For example, the nucleic acid could be 

present in only a small percentage of the 

particles and the material would still be 

infective. These findings and other unusual 

characteristics of this agent raise the ques¬ 

tion that “Australia antigen” may in fact 

be another kind of an infectious agent 

whose characteristics are similar to but also 

different from those of viruses. 

Antibodies to Australia antigen may de¬ 

velop in humans (and animals) to whom it 

is transmitted by transfusion or by other 

means. Some of the humans will develop 

hepatitis and others will not. Both anti¬ 

body and antigen may be found in the 

•Since the presentation of this paper, RNA has 
been identified in isolated Australia antigen by 
Nowoslawski and his colleagues, and a form of 
growth in tissue culture has been shown by Coyne 
and her colleagues at the Institute for Cancer Re¬ 

search. 

same individual at different times. At least 

seven different kinds of Australia antigen 

antisera have been identified. These may be 

defined by three or more specificities. An 

individual may at some time have in his 

blood an antigen of one determinant and 

an antibody against another determinant 

at the same time.®^ Complexes of antigen 

and antibody may be found in some indi¬ 

viduals and patients. The distribution of 

these complexes has not been studied syste¬ 

matically. Australia antigen also appears to 

occur commonly in some patients with 

forms of periarteritis.^® 

There are striking differences in the re¬ 

sponses of different individuals “infected” 

with Australia antigen.^® Some develop 

acute viral hepatitis, others chronic active 

or persistent hepatitis, and another group 

may be carriers with no apparent illness. 

The latter are particularly common in 

some parts of the tropics. There is an addi¬ 

tional group of individuals with certain 

underlying chronic diseases who, when in¬ 

fected, develop a persistent infection which 

may be accompanied by chronic anicteric 

hepatitis. These include Down’s syndrome, 

lymphocytic leukemia, lepromatous lep¬ 

rosy, and others. There is accumulating 

evidence that these diseases are character¬ 

ized by an impairment of the immune 

mechanism related to delayed tissue hyper¬ 

sensitivity as well as antibody formation 

(see, for example, reference 1). 

In the populations in which Australia 

antigen is common it is possible to view 

the distribution as analogous to a poly¬ 

morphism. Three studies ®’ ^®’ support the 

hypothesis that susceptibility to persistent 

infection with Australia antigen is inher¬ 

ited as a simple, autosomal recessive trait. 

The individuals homozygous for this pos¬ 

tulated Au' gene appear to be asympto¬ 

matic carriers of the hepatitis agent. 

Hence, these two systems have features 

which may be considered relative to what 

have been called autoimmune diseases. In 

the two systems the isoantibodies may be 

induced by transfusion, by a fetus, or (in 
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the case of Australia antigen) by infection. 

The individual’s genetic makeup has a 

bearing, both direct and indirect, on his 

ability to produce antibody and on the 

specificity of the antibody produced. The 

antigen, antibody, and antigen-antibody 

complexes may or may not be associated 

with disease. 
In the Ag system the presence of the 

antibody appears to be determinable, but 

the characteristics of the disease process are 

unknown. In the Australia antigen system 

the agent associated with the antigen may 

cause hepatitis, but not everyone infected 

with it manifests the disease. There has 

been considerable interest in the role of 

Australia antigen-antibody complexes in 

the pathogenesis of diseases other than 

hepatitis. 

The conventional views on autoimmune 

disease do not encompass the kinds of data 

I have discussed, or many of the extensive 

findings of Mellors and others we will hear 

from today. It is now important to make 

new hypotheses for testing, and perhaps 

this symposium will generate some of these. 
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Viral hepatitis, Au antigen, and 
hope for a 
Our discovery of the Australia an¬ 

tigen has raised hopes that an 
effective hepatitis vaccine may be 
feasible. The studies we completed 
during 1967 and 1968 suggested that 
the antigen is intimately associated 
with the infectious agent that causes 
"viral” hepatitis. These early observa¬ 
tions also pointed up striking differ¬ 
ences in the way individuals respond 
to infection with what seem to be the 
same (or very similar) agents. Re¬ 
sponses seem to fall into the follow¬ 
ing four categories: 
■ Acute hepatitis with transient ap¬ 
pearance of the antigen; 
■ Chronic hepatitis with persistent 
antigen; 
■ Antibody either after acute disease 
or without any evident disease; 
• A persistent and largely asymp¬ 
tomatic carrier state. Carriers are 
particularly common in certain trop¬ 
ical areas and in Southeast Asia, and 
susceptibility to this state is probably 
an inherited trait. All these findings 
had several important effects on our 
ongoing efforts to achieve a vaccine. 

Developing the Vaccine 
The antigen we found in asymptoma¬ 
tic carriers appeared to be identical to 
or very similar to that found in hepa¬ 
titis patients. Further, some of the 
apparently asymptomatic carriers 
had enormous amounts of antigen; we 
estimated that as much as 11 of some 
carriers’ serum protein was made up 
of Australia antigen. Thus the anti¬ 
gen from asymptomatic carriers 
might prove to be a source of vaccine 
material that would require no tissue 
culture for preparation. 

Drs. Irving Millman and Blumberg 
developed a method for isolating Aus¬ 
tralia antigen from serum. We used 
column separations, density gradient 
centrifugation, and proteolytic diges¬ 
tion to remove all the other serum 
constituents. We also devised meth¬ 
ods for inactivating infectivity. We 
soon learned that material isolated in 
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this manner produced antibody in 
rabbits, guinea pigs, mice, goats, and 
nonhuman primates. We also learned 
indirectly that it could produce anti¬ 
bodies in humans; we found that 
many individuals who had .inadvert¬ 
ently received Australia antigen in 
transfused blood developed high ti¬ 
ters of antibody after immunization. 
At this point, we didn’t feel we knew 
enough about the Australia antigen 
to consider extensive clinical trials. 
But useful information from other 
observations is accumulating. 

Dr. Saul Krugman a,nd his col¬ 
leagues have reported some contro¬ 
versial studies in which they used 
boiled serum containing Australia an¬ 
tigen as a vaccine. The results of their 
preliminary work are rather difficult 
to interpret. First, their subjects 
were mentally retarded children, in¬ 
cluding some with Down’s syndrome, 
who often have an unusual immune 
mechanism with respect to Australia 
antigen. And in their initial experi¬ 
ments, Dr. Krugman and his associ¬ 
ates did not study a control group. 

Nevertheless, Dr. Krugman’s re¬ 
sults appear to support the view that 
a vaccine could be protective. How¬ 
ever, as Dr. Krugman has pointed 
out, these results are preliminary. It 
is unlikely that extensive clinical 
trials will be conducted before more 
information is obtained on the nature 
of the Australia antigen and on the 
potential hazards of the vaccine. 

Our next step is to examine some of 
the immunologic features of Austra¬ 
lia antigen and the host reaction to it.- 
Both of these will have a bearing on 
the development and use of the vac¬ 
cine. All the information so far indi¬ 
cates that antibodies could protect 
against hepatitis. 

In our first papers on .^ustralia an¬ 
tigen we pointed out that the anti- 

Aurtralio nntiijen particles, shoien 

in elect ran ni ierograph, 
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serum has multiple specificities. Sub¬ 
sequently we used the terms "anti-Au 
(1)” and "anti-Au(2)” to designate 
specific antisera, referring to the an¬ 
tigenic determinants as a, b, c, etc. 
Subsequent systematic studies by Dr. 
G. L. Le Bouvier resulted in the iden¬ 
tification of additional specificities in 
human antisera; several of these— 
anti-x and anti-y, for example— have 
been extensively studied. Dr. V.K. 
Raunio and his colleagues have also 
shown that some individuals can have 
persistent antigen in their blood and 
at the same time have antibody 
against specificities different from 
those of the antigen. 

Any design for a vaccine would of 
course have to allow for multiple spe¬ 
cificities, and specific vaccines may be 
required during some hepatitis out¬ 
breaks. Since nearly all the specific¬ 
ities identified so far have at least 
one specificity in common, it may be 
possible that one or perhaps only a 
small number of vaccines will provide 
good control for most outbreaks in 

14 

120 



any given geographic region. 

In his pioneer studies on the effects 

of transfusing blood containing Aus¬ 

tralia antigen, Dr. Kazuo Ukochi 

found that individuals who developed 

antibody have a significantly lower 

incidence of hepatitis. These studies 

gave no information on the course of 

the disease in patients who con¬ 

tracted it despite their antibody. In a 

recent summary of his extensive ex¬ 

perience with the transfusion of blood 

containing Australia antigen, Dr. Da¬ 

vid J. Gocke also noted that none of 

the patients who initially developed 

antibody contracted clinical hepa-. 

titis-another indication of the pro¬ 

tective power of antibodies against 

the disease. 

During the past year, high-titer hu¬ 

man antibody against Australia anti¬ 

gen has become available. Gamma 

globulin extracted from these anti¬ 

sera have been used to test the effi¬ 

cacy of passive antibody transfer. In¬ 

dividuals inadvertently stuck with 

needles contaminated by Australia 

antigen have been given the hyper¬ 

immune gamma globulin prophylac- 

tically. To my knowledge, reports of 

controlled studies have not yet been 

published, and cannot be fully eval¬ 

uated until they are, but the prelimi¬ 

nary information so far available is 

encouraging; it seems to indicate that 

the hyperimmune gamma globulin is 

protective. 

In another recently published 

study. Dr. M.E. Conrad and his associ¬ 

ates report on an extensive clinical 

trial of the effectiveness of gamma 

globulin in preventing hepatitis. 

Their subjects were U.S. soldiers 

servung in Korea, and the gamma 

globulin prevented a significant 

amount of viral hepatitis associated 

with Australia antigen as well as that 

in which Australia antigen was not 

identified. The batches of gamma 

globulin used in the Korean study 

contained detectable amounts of anti- 

Au(l), whereas many batches of com¬ 

mercial gamma globulin have no de¬ 

tectable antibody. So it is possible 

that the Korean program was suc¬ 

cessful because the gamma globulin 

contained the antibody. 

Methods for production of the vac¬ 

cine have been developed, and there is 

indirect evidence that vaccine could 

be protective. What now remains to 

be done is to increase our under¬ 

standing of the nature of Australia 

antigen in order that appropriate ani¬ 

mal and, subsequently, clinical trials 

can be devised. 

Australia antigen has character¬ 

istics that are not completely typical 

for a virus. In particular, at least ac¬ 

cording to our studies, it appears to 

contain considerable amounts of host 

material and, if our genetic studies 

are correct, there may be reactions 

between the infectious agent and po¬ 

tential hosts similar to transfusion 

reactions. 

Further, as already noted, the re¬ 

sponse to infection varies enormously 

from individual to individual; this, at 

least in part, is related to the specific 

character of the immune mechanism 

of the patients infected. Hence, some 

individuals may be at risk and will 

benefit from vaccination, whereas 

others do not require vaccination but 

can muster their own defenses. Much 

of our work is now directed to the dis¬ 

covery of methods for identifying 

these different individuals. 

Detecting the Carriers 
On the basis of retrospective studies 

it has been said that about 25% of 

ca.ses of post-transfusion hepatitis 

can be eliminated by the use of the 

Australia antigen test. In Dr. Gocke’s 

extensive series he found that the 

more serious cases of hepatitis appear 

to be those associated with the trans¬ 

mission of positive units of the blood. 

For example, of 84 patients who were 

recipients of Au-positive blood and 

were followed, 28 developed hepatitis 

with icterus. Of 94 receiving Au-neg- 

ative blood, only two developed icteric 
continued 
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SUMMARY OF EARLY STUDIES ON THE 
FREOUENCY OF Au ANTIGEN IN 
ACUTE VIRAL HEPATITIS 

invest igators/Date 

•Serum' 
No. Pts. 
Studied 

Hepatitis 
% 

Positive 

•Infectious* Hepatitis 
No. Pts. % 
Studied Positive 

London et al. 1968 41 34.1 84 13.1 
Okochi and Murakami, 1968 101 12.9 66 15.2 
Vierucx:i et al, 1968 6 37.5 80 7.5 
Hirschman et al, 1969 24 8 112 16 

62 74 
Gocke and Kavey, 1969 34 82 15 46 
Wright et al. 1969 43 49 12 25 
Nordenfett and Kjellen, 1969 13 61 8 25 
Soulier et al, 1967 16 56 29 0 
Cossart and Vahmian, 1969 13 54 66 47 
Bals et al, 1970 35 97 126 75 
Sutnick et al, 1970 75 64 71 30 
Prince et al, 1970 159 63 129 55 

From Postgraduate Medicine, a McGraw-Hill publication 

hepatitis. If Dr. Cocke’s studies are 

borne out in other investigations it 

would indicate that, at least in some 

patient populations, the majority of 

the serious cases of post-transfusion 

hepatitis could be eliminated. 

Routine testing of donor blood for 

Australia antigen has been carried on 

in Philadelphia since 1968, probably 

longer than in any other community. 

By a fortunate circumstance. Dr. 

John R. Senior and his colleagues at 

the Philadelphia General Hospital 

had, in the 1960s, conducted an inten¬ 

sive follow-up of patients receiving 

transfusions to determine the fre¬ 

quency of post-transfusion hepatitis 

at that hospital. They found that 

post-transfusion hepatitis (both icte¬ 

ric and nonicteric) occurred in about 

18% of the transfused patients. 

After the Australia antigen testing 

had been in progress at PGH for 

about one year (using the immunodif¬ 

fusion method, which is less sensitive 

than other methods now available), a 

similar follow-up study was con¬ 

ducted using the same criterion for 

case finding as in the pre-testing 

study. They found that the amount of 

post-transfusion hepatitis had been 

decreased to about one third of that 

found prior to the use of the test. 

During this period the source of the 

donor blood had not been changed. If 

these findings are confirmed in simi¬ 

lar studies in other institutions, then 

it would indicate that more than half 

of post-transfusion hepatitis could be 

eliminated. 

Although it is very difficult to get 

reliable information on how much 

post-transfusion hepatitis there is in 

the U.S., it seems reasonable to esti¬ 

mate a savings of about 1,400 lives 

and $200 million to $300 million a year 

if the Australia antigen test were 

used universally. The American Red 

Cross, and all blood banks approved 

by the American Association of Blood 

Banks, now require the testing of 

blood for Australia antigen. There¬ 

fore it should be possible to evaluate 

the usefulness of this test within the 

next few years. 

Hepatitis in the Mentally Retarded 
Many of our early observations on 

Australia antigen and hepatitis were 

made on patients with Down’s syn¬ 

drome. The information gained may 

be of importance in the care of these 

patients, since it appears possible to 

prevent or control the epidemics of 

hepatitis that occasionally spread 

through institutions for the mentally 

retarded. 

Australia antigen is more preva¬ 

lent among patients with Down’s 

syndrome living in large institutions 

than it is among other mentally re¬ 

tarded patients in the same institu¬ 

tions. Since this observation was 

made in 1966, it has been confirmed in 

many laboratories. In Down’s syn¬ 

drome patients, Australia antigen is 

associated with chronic anicteric 

hepatitis, as evidenced by small but 

significant abnormalities in SGPT, 

SGOT, cephalin flocculation, thymol 

turbidity, and BSP retention; in addi¬ 

tion, there are abnormalities on liver 

biopsy. 

Although the antigen is common in 

Down’s syndrome patients residing in 

large institutions, it is much less com¬ 

mon among those in small institu¬ 

tions. We have not found the antigen 

in patients living at home because 

susceptible individuals in large insti¬ 

tutions are more likely to become per¬ 

sistently (or repeatedly) infected. 

The preventability of the disease is 

implicit in these data. For one thing, 

it is possible that if reinfections, 

rather than a single persistent infec¬ 

tion, cause chronicity, then removing 

patients from their contaminated en¬ 

vironment could be curative. With the 

antigen test we can now evaluate 

how best to prevent or treat hepatitis 

in these patients. The test also can be 

used to monitor, and possibly prevent, 

the epidemics of acute icteric hepa¬ 

titis that often sweep through large 

institutions for the mentally re¬ 

tarded, affecting both patients and 

staff. Here the Down’s syndrome 

patients represent an enormous res¬ 

ervoir of infection. ? 

Dr. Blumberg Is 
associate director 

for clinical research 
at the Institute for 
Cancer Research, 
Philadelphia, and 

professor of medicine 
and medical genetics 

at the University 
of Pennsylvania. 
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Reduction of post-transfusion hepatitis 

by exclusion of Australia antigen from 

donor blood in an urban public hospital 
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Abstract: Post-transfusion hepatitis occurred in ten of 56 (17.9 per cent) patients in 

1963^1964, and in 14 of 78 (17.9 per cent) patients in 1968-1969 at Philadelphia General 

Hospital (PGH). Since November 1969 all donor blood has been tested for Australia antigen 

(Au) by immunodiffusion and later by counterelectrophoresis, and no positive units have 

been transfused. All patients were screened by stringent criteria to exclude any pre-existing 

liver disease and had repeated follow-up examinations after transfusion, including clinical 

examination, as well as serial serum glutamic pyruvic transaminase (SGPT) and Au deter¬ 

minations. Among 204 patients receiving Au-negative donor blood who could be followed 

adequately for six months, 12 (5.9 per cent) hepatitis patients (four icteric) were detected. 

These results indicate a two thirds reduction from the 18 per cent incidence in post-transfu¬ 

sion hepatitis at PGH found on two previous studies. Au testing to exclude positive donors 

and administering only Au-negative blood, and the changes in composition of the donor 

population which resulted, were effective in reducing the incidence of post-transfusion 

hepatitis. 

KEY INDEXING TERMS 

Australia antigen Hepatitis Transfusion 

Liver disease Post-transfusion hepatitis 

11 has been recognized that hepatitis following 

blood transfusion occurs more frequently’ 

than earlier reports had indicated.^''* The 

source of blood probably is the most important 

determinant of the hepatitis risk after transfu¬ 

sion.®"^ Since the discovery of Australia anti¬ 

gen (Au, HAA, HBHg),*'’ it has been possible 

to identify high or low risk sources.’® Blood 

from a group with a high percentage of Au- 

positive donors carries a high risk of transmit¬ 

ting hepatitis.’ ’ 

In a study performed in 1963-1964 at the 

Philadelphia General Hospital (PGH),’ we ob¬ 

served prospectively patients on the obstetrical- 

gynecological service for occurrence of hepatitis 

after blood transfusion. A hepatitis frequency 
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of 17.9 per cent was found. In an effort to 

confirm and extend these earlier observations, 

recipients of whole blood, plasma, packed red 

blood cells, and nontransfused control patients 

were followed at the Hospital of the University 

of Pennsylvania (HUP) and PGH. These two 

hospitals serve distinctly different population 

segments. The PGH patients come almost exclu¬ 

sively from the poor, inner city population, 

while the patients at HUP are referred from a 

wide area around Philadelphia. Post-transfusion 

hepatitis in patients on medical, surgical, and 

gynecologic services at PGH during the repeat 

study in 1968-1969 confirmed the almost 18 

per cent incidence of hepatitis (Table 1). 

We report our experience with a program of 

testing donor blood units at these hospitals, 

particularly the effect of withholding all posi¬ 

tive units in producing a significant reduction in 
the incidence of post-transfusion hepatitis at 

PGH. 

Materials and Methods 

Beginning in September 1968 and continu¬ 

ing until April 1971, patients were accepted for 

study from all services in both hospitals, male 

and female, of any age, and with a variety of 
disease entities (Table I). We followed pros¬ 

pectively after transfusion 551 patients who 

were willing to be followed, who had no history 

of prior transfusion, hepatitis contact, heavy 

alcohol intake, drug addiction, exposure to 

hepatotoxic agents or dmgs, and no history or 

clinical indication by physical examination of 

past or present liver disease, malignancy or 

sickle cell disease. Control patients from neigh¬ 

boring beds on the same services, of similar age, 

sex, and disease, but not transfused, were fol¬ 

lowed concurrently in the same manner, as was 

done previously.’ Because of the suggestion 

that packed red blood cells might be safer than 

whole blood,’^ other groups of recipients of 

only packed cells were also followed. 
Determinations of serum glutamic pyruvic 

transaminase (SGPT), serum glutamic oxal- 

acetic transaminase (SGOT), bilirubin, alkaline 

phosphatase, protein electrophoresis, and test¬ 

ing for Au and antibodies to Au (AuAb) were 

performed prior to or at the time of transfu¬ 

sion, and only patients with normal values were 

followed. AU tests on patients from both hos¬ 

pitals were performed at the Pepper Clinical 

Chemistry Laboratory of HUP. FoUow-up of 

patients was done at intervals of 1,2, 3, 4, 6, 8, 

10, 13, 17, 21, and 26 weeks after transfusion; 

at these times history, physical examination, 

and laboratory determination of serum glu¬ 

tamic pymvic transaminase (SGPT) Au and 

AuAb were performed. 

The criterion for the diagnosis of anicteric 

hepatitis was an elevation of SGPT above 100 

International Units (I.U.), otherwise unex- 

TABLEI 

HEPATITIS AFTER TRANSFUSION OF BLOOD PRODUCTS 

Study Product Recipients 

Hepatitis 

(Icteric) % 

At PGH: 

1963-1964 Whole blood, plasma 56 10 (0) 17.9 

1968-1969 Whole blood, plasma 78 14 (4) 17.9 

1968-1969 Packed red cells only 29 3 (0) 10.3 

After Au Screening-Exclusion Program 

1970-1971 Whole blood, plasma 204 12 (4) 5.9 

Nontransfused Control Patients Followed Similarly 

1963-1964 25 0 0 

1968-1970 62 0 0 

At HUP; 

1968-1969 W'hole blood, plasma 64 3 (1) 4.7 

1968-1970 Frozen, washed red cells 33 0 0 
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plained, occurring on at least subsequent occa¬ 

sions in a patient with previously normal values 

and persisting for at least three weeks. Hos¬ 

pitalization for further studies and liver biopsy 

was recommended for these patients. All pa¬ 

tients with this degree of serum enzyme activity 

also showed findings of hepatitis when Uver 

biopsy could be performed, and transient eleva¬ 

tions in bromsulfonphthalein (BSP) retention, 

as previously reported.^ 

Donor blood from HUP and PGH was tested 

for Australia antigen at The Institute for Cancer 

Research, Fox Chase, by the immunodiffusion 

method.*^ Results were communicated to the 

blood banks by telephone, and positive units, if 

not yet used, were immediately removed from 

the blood bank inventory. 

Based on early observations that about half 

the recipients of donor blood containing Au 

developed hepatitis,^ ® we decided in July 

1969 that no donor blood found to contain Au 

should be administered, and that mechanisms 

would be set up to examine aU donor units. By 

the fall of 1969 complete testing of all donor 

blood at PGH was being performed and units 

were released for transfusion only if negative 

for Au. Thus PGH probably became the first 

hospital in the United States to implement a 

full Au screening and exclusion poHcy. As more 

test sera became available in 1970, the blood 

bank at PGH was able to set up its own testing, 

with both the immunodiffusion and the coun¬ 

terelectrophoresis* ® methods; duplicate speci¬ 

mens were sent to Fox Chase for processing as 

controls. 
Results 

In 1969, before the policy of testing and 

exclusion v/as established, a total of 57 patients 

had received at least one unit of blood contain¬ 

ing Australia antigen. Of these patients (Table 

II), 13 at HUP and seven at PGH died of under¬ 

lying disease within a few weeks after transfu¬ 

sion; four at HUP and six at PGH did not wish 

to be re-examined; 14 at HUP and 13 at PGH 

could be followed satisfactorily for a six-month 

period. Twelve of the 27 patients (44 per cent) 

followed for six months showed evidence of 

hepatitis (three icteric). Seven patients in whom 

TABLE II 

HEPATITIS IN RECIPIENTS 
OF AU-CONTAINING BLOOD, 1969 

Subject No. 

Died of other disease 20 

Refused foUow-up 10 

Followed (observed for full six months) 27 

No. Au AuAb* Neither 

Hepatitis 12 (44%) 7 1 4 

No hepatitis 15 (56%) 0 7 8 

*AuAb, antibodies to Au, 
diffusion. 

as detected by immuno- 

hepatitis developed showed transient detectable 

Au; one developed antibodies to Au, and four 

patients had hepatitis without demonstrating 

either Au or antibodies. Of the 15 patients who 

did not have evidence of hepatitis, seven devel¬ 

oped antibodies to Au, while eight patients had 

no abnormalities. 

Eight of the Au-positive donors implicated 

in possibly transmitting hepatitis were available 

for further evaluation. AU eight showed trans¬ 

aminase abnormalities in the range of SGPT 

70-510 I.U. and SGOT 75-240 I.U., as well as 

elevation in the immunoglobulins (mainly in 

immunoglobulin G) varying from 2000 to 3800 

mg per cent. AU had been clinicaUy asympto¬ 

matic and denied exposure to hepatitis or drug 

use when evaluated prior to blood donation. 

Early in the study we had noticed a marked 

difference in the overaU frequency of post¬ 

transfusion hepatitis between the two hospitals. 

In 1968-1969, there were 14 patients with 

hepatitis, of whom four were icteric, at PGH 

among 78 patients (17.9 percent) followed for 

a fuU six-month period. Hepatitis did not occur 

in 55 nontransfused control patients. During 

the same time period, only three cases of hepa¬ 

titis after transfusion, one icteric, were seen 

among 64 patients (4.7 per cent) followed at 

HUP. The correlation of post-transfusion hepa¬ 

titis with donor antigen frequency became 

evident when we obtained more results of Au 

testing of the various donor groups. During 

1969-1970, more than 26,000 donor units were 

tested at both hospitals. Testing was incomplete 
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TABLE III 

AU FREQUENCY IN DONOR BLOOD UNITS, AT HUP AND PGH 

1969 1970 

Tested Au % Tested Au % 

HUP 
Donor room, club 1735 6 0.35 5008 11 0.21 
American Red Cross 2322 4 0.17 4907 16 0.32 
AABB* 1502 2 0.13 4200 3 0.07 

Total 5559 12 0.22 14115 30 0.21 

PGH 
Donor room 634 6 0.95 699 8 1.14 
Prisoners 1307 41 3.14 1555 23 1.48 
American Red Cross 768 0 0 1009 5 0.50 
Commercial, professional 133 1.50 930 0 0 

Total 2842 49 1.72 4193 36 0.86 

*Units obtained from other hospitals in the region through the registry of the American Association of Blood Banks. 

TABLE IV 

AU FREQUENCY IN DONOR BLOOD AT PGH 

1969 1970 1971 

Volunteer donors 0.95% 1.14% 1.31% 
634/1084* 699t 153t 

Prison donors 3.14% 1.48% 1.48% 
1307/2340 1555 1279 

American Red Cross 0 0.50% 0.06% 
768/987 1009 1798 

Commercial donors 1.5% 0 0 
(including professional) 133/420 930 875 

Total 1.72% 0.86% 0.54% 
2842/4831 4193 4105 

Units used (as whole blood. 
packed cells, fresh frozen 
plasma, etc.) 4334 4074 3860 

*TestedfCollected. 
f Collected and tested. 

in 1969; only 38 per cent of all donor units 

collected for use at HUP and 58 per cent of all 

units for PGH were screened, while in 1970 all 

units were tested before transfusion (Table III). 

The overall frequency of Au was markedly 

higher in the PGH donor populations than in 

HUP populations. By far the highest frequency 

was observed in the PGH paid prisoner donors 

(1969, 3.14 per cent; 1970, 1.48 per cent). 

Volunteer donations by friends and relatives of 

PGH patients showed a much higher frequency 

(1969, 0.95 per cent; 1970, 1.14 per cent) than 

the comparable group at HUP (1969, 0.35 per 

cent; 1970,0.21 percent). 

During 1970 and 1971, after donor screen¬ 

ing and exclusion of Au-positive units had been 

fully instituted, only antigen-negative blood 

was transfused at PGH. It was already evident 

that screening and excluding Au-positive donors 

resulted in a marked change in the prevalence 

of Au in the PGH donor population, prisoner 

donors (Tables III and IV). We have been able 
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to follow a total of 204 patients who received 

only tested Au-negative blood with serial SGPT 

and Austrialia antigen determinations for six 

months after transfusion. Twelve cases of 

hepatitis (5.9 per cent) occurred in this group, 

four of which were icteric (Table I), a signifi¬ 

cant decrease from the previous level (p = 

0.000035). The use of packed erythrocytes 

resulted in only a slightly lower prevalence of 

hepatitis, and the difference was not significant 

(10.3 per cent, p = 0.145). 

When liver biopsy was performed, all pa¬ 

tients with three SGPT elevations to 100 I.U. or 

more showed findings consistent with mild viral 

hepatitis and BSP retention greater than 10 per 

cent at 45 minutes, as had been observed in the 

previous study.^ Most anicteric patients were 

either completely asymptomatic or had only 

vague complaints of anorexia and fatigue. Of 

the four icteric patients only one required hos¬ 

pitalization. This patient had received 15 units 

of whole blood; his transaminase rose to 1528 

I.U. of SGPT and 1908 I.U. of SGOT, and his 

serum total bilirubin reached a high of 22.6 

mg/100 ml. None of the other three icteric 

patients showed a total bilirubin of more than 

4.0 mg/100 ml; their clinical courses were mild. 

Maximum transaminase (SGPT) elevation 

ranged from 235 to 1530 I.U., the average be¬ 

ing 607 I.U. for the entire group. Liver histo- 

pathology was available from six anicteric pa¬ 

tients, and the findings were interpreted as viral 

hepatitis in each patient by the PGH patholo¬ 

gists, who were without knowledge of the 

study. Inflammatory cell infiltrates of mild to 

moderate degree in the periportal and intra¬ 

lobular areas, mild to moderate degenerative 

liver cell changes manifested as granularity, 

ballooning and occasional focal necrosis as well 

as presence of hyaline (Councilman) bodies 

were the consistent findings in the tissue speci¬ 

mens. The clinical picture, the laboratory find¬ 

ings, and the biopsy results showed no signifi¬ 

cantly different features as compared to the 

findings of previously studied patients who had 

presented with icteric and anicteric hepatitis 

after transfusion of blood containing Australia 

antigen. None showed serum Australia antigen 

during the follow-up period. In a nontransfused 

control group of 62 patients from neighboring 

beds who were selected by the same criteria and 

followed concurrently the same way, no case of 

hepatitis was found. 

Discussion 

In two independently conducted similar 

studies, separated by a five-year period, we 

found the frequency of icteric and anicteric 

hepatitis after blood transfusion to be about 18 

per cent among patients at Philadelphia General 

Hospital.* A comparable number of patients 

selected in the same manner and followed 

during the same time period at the adjacent 

Hospital of the University of Pennsylvania 

showed a frequency of less than 5 per cent. The 

major effort of 1970-1971 was directed toward 

determining to what extent post-transfusion 

hepatitis could be reduced at PGH by an Au 

screening and exclusion program. The 5.9 per 

cent overall incidence of hepatitis after blood 

transfusion observed at PGH during 1970-1971 

was a marked reduction from the 18 per cent 

observed in two previous groups of patients. It 

was comparable to the less than 5 per cent 

incidence previously observed at HUP in a 

group of patients who had received untested 

blood, mainly from donors with a much lower 

frequency of Au. 

As had been shown empirically before Au 

testing was available, there are certain popula¬ 

tion groups in which the hepatitis-inducing 

agent or agents are present more frequent¬ 
ly 2,6,1 7 early 1969 we began to collect data 

about the sources of blood used for transfusion 

at both hospitals. Blood from paid donors from 

three Philadelphia prisons, a source upon which 

PGH is dependent to obtain sufficient blood for 

emergency needs, had the highest frequency of 

positive units. Although known addicts were 

excluded as donors, it is well known that drug 

use and addiction are high among prisoners and, 

since they donate for payment, it is likely that 

many deny drug use, previous hepatitis, or 

exposure to hepatitis. The cramped, close living 

conditions in the penal institutions would also 

facilitate the nonparenteral spread of hepatitis 
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from asymptomatic carriers. Thus, prisons 

appear to constitute a significant hepatitis virus 

pool in this community. 

A marked difference was present in volun¬ 

teer-donated units. Friends and family members 

donating for PGH patients had a fivefold higher 

frequency of Au units than the same kind of 

donors at HUP. The volunteer group at PGH 

had a different socioeconomic background 

from the HUP donor population; PGH patients 

were almost exclusively from the poor, pre¬ 

dominantly black, inner city population. The 

substandard housing and hygiene, cramped 

living conditions, and poorer overall health care 

in this group are other factors that could facili¬ 

tate the spread of infection. Blood obtained 

from the American Red Cross showed approxi¬ 

mately equal frequencies of positive units at 

both hospitals. 

Our studies and those of others have shown 

that administration of blood containing Au 

produces observable hepatitis in almost 50 per 

cent of recipients. Another 20 to 30 per cent 

produce antibodies to Au, an indication of 

some active immunologic response to the agent 

transfused. The evidence indicates that these 

antibodies may protect these patients against 

the disease. A significantly (p <0.05) lower 

incidence of hepatitis was observed in those 

developing antibodies after blood containing 

Au was transfused (Table II). The patients at 

PGH who developed hepatitis in the combined 

1968-1969 and 1970-1971 studies each re¬ 

ceived an average of 4.3 units of blood, while, 

in the entire group followed, the average pa¬ 

tient received just above 2.5 units. It appears 

that most of the Au-negative donor blood caus¬ 

ing hepatitis originated from the same donor 

population that had been shown to cause hepa¬ 

titis in nearly 50 per cent of recipients of Au- 

containing blood. Sbcty-five per cent of the 

blood transfused to the hepatitis group had 

originated from prison doners and volunteer 

PGH donations. 
In a recent study of 126 patients at the 

National Institutes of Health,by excluding 

both commercial donors and all units from Au- 

positive donors, post-transfusion hepatitis has 

176 

been reduced to only 3.7 cases per 1000 units 

transfused. Efforts to reduce further the inci¬ 

dence of transfusion-related hepatitis should 

proceed in the direction of excluding Au- 

positive blood and interdicting transfusion of 

blood from demonstrated high-risk donor 

groups. 
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Reprinted from Nature (1969) 221, 195-lV(r 

Additional Specificities of Australia 
Antigen and the Possible Identification 
of Hepatitis Carriers 
In 1964 (ref. 1), we identified an antibody which is com¬ 
mon in the blood of transfused haemophiliacs and which 
reacts with an antigen (first identified in an Australian 
aborigine, thus “Australia antigen”) found in some 
human sera^. Australia antigen, Au(l), is found tran¬ 
siently in the sera of many patients with acute viral 
hepatitis®^® (13 per cent in infectious hepatitis. 34 per cent 
of post transfusion hepatitis’^®). This association with 
hepatitis has been confirmed by other workers using refer¬ 
ence antisera from our laboratory (refs. 10 and 11, and 
unpublished results of Vierucci). Okochi and Murakami*® 
used an anti-Australia antiserum from a transfused 
patient which seems to be identical with reference sera we 
have exchanged. The “SH antigen” recently described 
by Prince is identical with Australia antigen**. In addition 
to its presence in acute viral hepatitis, Australia antigen 
is found in patients with some forms of leukaemia® and 
Dowm’s syndrome (who have chronic anicteric hepa¬ 
titis)®’®’*®’*®. It is also found in 5-20 per cent of apparently 
normal populations in the tropics and south-east Asia®’®’**, 
who may be hepatitis carriers*®. 

Soon after the discovery of the antiserum in transfused 
patients, a method was developed for producing a very 
similar antisermn by immunizing rabbits with the sera of 
patients with Australia antigen and absorbing with normal 
sera*®. These rabbit antisera, and the hmnan antisera 
which seemed to have the same specificity by immuno¬ 
diffusion and absorption experiments, were referred to 

as anti-Au(l) and the antigen as Au(l). 
On the basis of previous experience with iso-antigens 

from transfused patients (the Ag system, inherited iso- 
antigenic specificities on the beta-lipoproteins)*® we had 
reason to believe that other specificities could be found or 
produced by appropriate rabbit immunizations. A rabbit 
w^s therefore immunized with the serum of a patient with 
letikaemic reticuloendotheliosis (C.F.) using the same 
procedure as in our earlier immunization*®. The serum 
from this patient had given an unusual and inconsistent 
reaction with anti-Au(l) serum. The immunization pro¬ 
duced an antiserum (anti-Au(2)) which had at least one 
specificity in coimnon with anti-Au(l) but one in addition 
to this. Furthermore, anti-Au(l) was found to have two 
specificities, only one of which was common to that in 
the “new” anti-Au(2) rabbit antiserum. Antisera which 
gave the same reactions as anti-Au(2) were produced in 
two other rabbits. These identities and dissimilarities of 
specificities were demonstrated by the formation of spurs 
in Ouchterlony immunodiffusion experiments (Fig. 1). 
Hence the anti-Au(l) identifies at least two specificities 
of Australia antigen, a and c; and anti-Au(2) identifies 
at least two specificities, a and b (Table 1). 

Anti-Au(l) has been useful in detecting hepatitis carriers 
and patients with chronic anicteric hepatitis in several 
situations—for example, Down’s patients with chronic 
anicteric hepatitis®’*®’** (30 per cent of institutionalized 
patients), and patients receiving frequent haemodialysis 

Table 1. anti-au(I) asd AXTi-Atr(2) and thbie peesumbd spEcmciTiES 

Antiserum Specificities 
Anti-Au(l) a, c 
Anti-Au(2) a, b 
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for chronic renal disease'® (eiglit of nine j)alients). ft has 
been less useful in detecting hepatitis carriers among 
blood donors in the USA where Au(l) specificity is rare 
(about 0-1 per cent). Au(l) is, however, more common in 
Japan (about 1 per cent) and much more common in 

a 

Patient sera 

chronic hepatitis 

h 

Patient sera 
leukaemic reticuloendotheliosis 

Anti-AuO) Anti-Au(2) 

c 

Fig 1 a Ouchterlonv double diffusion experiment demonstrating the 
presence of a specificity in human antiserum anti-Au(l) (well 1) which 
does not exist in human antiserum anti-Au(2) (well 2). At least two 
different specificities are detected in tiie serum of the Down's syndrome 
patient with chronic anicteric hepatiti.s (well 3). Anti-Au(l) reacts with 
specificities a and c, and anti-Au(2) reacts only with specificity a. The 
precipitin experiment is shown in a, and the results are represented in 
diagram form in b. c. Diagram of an experiment demonstrating the 
nresence of a specificity in human antiserum anti-Au(2) (well 5) which 
does not exist in antiserum anti-Au(l) (well 4). At least two different 
specificities are detected in the serum of the patient with leukaemic 
reticuloendotheliosis (patient C. F.; weil No 6). Anti-Au(2) (well 5) 
r6&ct6 with 8pcciflciti68 a and b and anti-Au(l) (well 4) reacts only with 
specificity a. The lines on this precipitin experiment were too faint for 

photographic reproduction. 

soutli-east Asia and elsewhere m the tropics (3-20 per 
cent). (Jkochi and Murakami'® have used anti-Au(l) 
antiserum to detect carriers among blood donors and 
have shown that patients transfused with Au(l) may 
develop hepatitis associated with Australia antigen, or 
antibodies against Au(l) with no clinical disease. 

The distribution of reactions with anti-Au(2) is very 
interesting in this regard (Table 2). The frequency of 
reactors is very higtl in acute viral hepatitis, in institu¬ 
tionalized patients with Down’s syndrome (in whom 
chronic anicteric hepatitis is very common), in employees 
of institutions for mentally retarded patients who are 
known to have a high frequency of hepatitis, and in thalas- 
saemia patients who have received very large numbers of 
transfusions. The frequency in apparently normal blood 
donors approximates that suggested as the carrier rate 
in volunteer blood donors in the Philadelphia area'®. 

Table 2. DISTRIBUTION OF REACTIONS WITH AN'n-AU(l) AND ANTI-AD(2) 
SFECIFICITIES OF AUSTRALIA ANTIGEN IN DIFFERENT DISEASES AND POPULA¬ 

TIONS 

Au(1) Au(2) 
Population Total No. Per 

cent 
No. Per 

cent 

Blood donors 293 0 0 21 7-2 
Down’s syndrome 
Employees of institution 

209 66 31-6 155 74-2 

for mentaiiy retarded 114 0 0 60 52-6 
Acute viral hepatitis 
Thalassaemia, trans¬ 

58 10 17-2 41 70-7 

fused 128 9 70 124 96-9 

Blood donors are from the Philadelphia area; the Down’s syndrome 
patients, the employees and the hepatitis patients are from nearby institu¬ 
tions. Thalassaemia patients are from the Philadelphia and New York City 
area and from North Italy. 

The much higher frequency in the hepatitis patients as 
well as others with a high likelihood of contracting 
hepatitis, taken with its antigenic relation to Au(l), 
suggests that anti-Au(2) may detect additional specificities 
associated with hepatitis virus which are more widely 
distributed or more readily detected in human sera. 
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Reprinted from Nat., New Biol. (1972) 239, 89-91 

New Specificity of Australia Antigen 
The immunodiffusion laboratory at the Institute for Cancer 
Research frequently acts as a reference laboratory to test anti- 
Australia antigen sera for our colleagues in many parts of the 

world. Because Australia antigen is known to possess different 
antigenic specificities' a panel was established which con¬ 
sisted of Australia antigen specimens selected from hepatitis 
and Down’s syndrome patients and from clinically normal 
residents of the Lau area in Malaita, British Solomon Islands. 
Sera from normal blood donors without Australia antigen were 
included as negative controls. All antisera received after 
August 1971 were tested against this panel to detect hetero¬ 
geneity among both the antibodies tested and the antigens 
included in the panel. Immunodiffusion was performed in a 
seven-hole Ouchterlony pattern with the antiserum in the centre 
well and a positive Australia antigen control serum from a 
Pennsylvania Down’s syndrome patient in the top and bottom 
wells. The patterns were cut in a layer of 1.1% agarose in 
veronal buffer, pW 8.2, on glass lantern slides®’"'. 

Serum from a United States haemophilia patient (given by 
Dr Martin Goldfield) gave an unusual reaction with the sera 
in the panel. The antibody produced a line of complete 
identity between Australia antigen from Down’s syndrome and 
hepatitis patients from the United States, but gave a line of 
partial identity between these sera and the Australia antigen 
in the serum from Lau (Fig. 1). A spur indicated an additional 
antigenic specificity present on the Australia antigen from 
Down’s syndrome and hepatitis but absent in the sera from 
the Solomon Islands. This determinant will be called “f”, 
which appears to be distinct from other described determinants. 

Sera from different parts of the world were tested with the 
anti-f serum (Table 1). All the 114 sera from the United States 
with Australia antigen contained the f determinant as opposed 
to the thirty-four sera from Lau containing Australia antigen, 
none of which had the f determinant. Sera both with and 
without determinant f were found in the samples from Bougain¬ 
ville, South America and the Far East. 

Three independent lines of evidence indicate that the f 
determinant is not the same as the d and y specificities described 
by LeBouvier"' or Kim and Tilles^. First, d and y are differ¬ 
ently distributed from f (d and y both occur across the US 
population and appear to be mutually exclusive'^; determinant 
f occurs in all the US sera tested). Second, the patterns of 
immunodiffusion reactions with specific anti-ad, anti-d and 
anti-y sera were compared to those of absorbed anti-f serum 
using a panel of sera containing Australia antigen (Table 2). 
The absorbed anti-f serum was produced by absorbing the 
haemophilia serum containing anti-f with a Lau serum lacking 
the f determinant. This absorbed anti-f reacted only with sera 
containing the f determinant. The anti-ad No. 1 and the 
anti-y were obtained from the National Heart and Lung 
Institute (NHLI). Anti-ad No. 1 was used at a dilution of 1:32, 

at which it reacts only with the d determinant among the 
samples from hepatitis and Down's syndrome patients. The 
anti-d (LeB) and anti-y (LeB) were given to us by Dr G. 
LeBouvier. These and the anti-ad No. 2, from a US haemo¬ 
philia patient, and the anti-y were used undiluted. 

The pattern of reactions of the absorbed anti-f is different 
from that of either anti-ad, anti-d or anti-y, indicating that f is 
distinct from a, d or y (Table 2). There also appear to be anti- 

Tablel Occurrence of Specificity f in Australia Antigen from Different 
Geographic Areas 

Area 
Australia antigen positive 

n Determ- 
tested inant f Non-f 

Australia 
antigen 
negative 

United States 195 114 0 81 
Hepatitis 32 12 0 20 
Down’s syndrome 32 28 0 4 
Renal dialysis 2 1 0 1 
Leukaemia 2 2 0 0 
Blood donors 127 71 0 56 

South America 10 9 1 0 
Peru (Cashinahua) 8 7 1 0 
Brazil 2 2 0 0 

Europe 13 10 0 3 
Finland 6 6 0 0 
Italy 7 4 0 3 

Asia 9 4 5 0 
Japan 1 0 1 0 
China 7 4 3 0 
Thailand 1 0 1 0 

Pacific Area 

Lau, British Solomon 

197 13 45 139 

Islands 173 0 34 139 
Bougainville 24 13 11 0 

2 
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Fig. 1 Immunodiffusion pattern with spurs produced by the 
antiserum containing anti-f. The centre well contains whole 
anti-f serum; wells a and d contain Australia antigen from a 
US Down’s syndrome patient; wells b and/contain Australia 
antigen from Lau, British Solomon Islands; well e contains 
Australia antigen from Bougainville and well c Australia antigen 
from a US hepatitis patient. The sera from the US contain the 

f determinant. 

bodies in the NHLI anti-y antiserum directed against a de¬ 
terminant, other than y, which occurs in the sera from Lau. 
This may be yet another new determinant. 

Third, we mixed antisera to produce spurs which indicated 
non-identity between f and d and y (Fig. 2). Anti-y reacts only 
with the y antigen of a-l-y-l-f-f- d-,and not with a-f d-f-f4- 
y— (B). Absorbed anti-f reacts with the f of both a-l-d-t-f+ 
y- and a + y-l-f+ d— (C). A combination of these two (A) 
gives a partial line of identity which is the reaction of anti-f 
with a4-d-l-f+ y — and a-l-y+f-l- d—. The spur is the reaction 
of anti-y with the y determinant ina-l-y-l-f+ d —. This shows 
that f and y are not the same. The anti-ad (1 ;32) reacts with 
the d determinant ofa + d-l-f+ y— but not with a-l-y-t-f-1- 
d—. Absorbed anti-f reacts with the f of both a4-d+f+ y — 
and a + y + f-H d- (F). In a combination of the last two (D), 
there is a line of partial identity which is the reaction of f with 

anti-f and a spur due to the anti-d reacting with a + d-bf-b y—; 
this spur indicates that d and f are distinct. 

Dr LeBouvier has given us antiserum to specificity x as well 
as serum containing Australia antigen with determinants 
a-by-bx-b and a-bd-bx. These reagents were compared to 

'•SS ' 
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Table 2 Reactions of Australia Antigen from Different Sources with 
Specific Antisera 

Anti-d 
Ab- (LeB)and Anti- Anti- Anti-ad 

Source sorbed anti-ad y y No. 2 
anti-f No. 1 

(NHLI)* 
(NHLI) (LeB) (NHLI) 

82662 Solomon Islands 0 + S 0 4- 
82616 Solomon Islands 0 + 4- 0 4- 
82627 Solomon Islands 0 + -b 0 4- 
82580 Solomon Islands 0 + -b 0 4- 
82613 Solomon Islands 0 + 4- 0 4- 
82603 Solomon Islands 0 4- -b 0 4- 

119491 Hepatitis -1- 4- 0 0 4- 
119495 Hepatitis + 0 4- 4- 4- 
119497 Hepatitis -b 0 4- 4- 4- 

117391 Down’s syndrome + ot 4- 4- 4- 
117425 Down’s syndrome + 4- 0 0 4- 
117441 Down’s syndrome 4- 0 4- 4- 4- 
066474 Down’s syndrome + 4- 0 0 4- 

* Diluted 1 : 32. t S with NHLI serum only. 
S = positive on stained plate only. 

anti-f and Australia antigen with and without f. Absorbed 
anti-f reacted with both a + y + x f and a4-d+ x— although it 
does not react with a + d+ f— sera. Anti-ax, on the other 
hand, produces a spur between a -t- y -I- x -4- and a + d + x — sera 
but no spur between a + y-f x and a-f-d-1- f—. These results 
indicate that the a + d+ f— also carries x-t-. Therefore, f is 
not the same specificity as x. 

Antisera to detect the b determinant contained in anti-Au(2) 
described by Levene and Blumberg are no longer available. 
Determinant f is highly unlikely to be the same as b, which was 
found in high frequency in sera which did not react at all with 
the anti-Australia antigen [anti-Au(l)] antiserum. The anti-f 
serum does not have this characteristic. 

The determinant f has a distinct geographic distribution, 
which could be due to the association of f with an infectious 
agent with a restricted geographic range, to its relation to host 
genetic factors, or to both. More samples of Australia antigen 
collected in the United States are being examined to determine 
if Australia antigen which lacks f can be found and whether it 
is associated with a particular clinical diagnosis or exposure to 
agents from outside the United States. 

We thank Dr James K. Roche of the National Heart and 
Lung Institute, National Institutes of Health; Dr Martin 
Goldfield of the New Jersey State Deparment of Health; and 
Dr George LeBouvier of the Department of Epidemiology and 
Public Health, Yale University, for the antisera used in this 
study. This work was supported by the US Public Health 
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Service, the US National Institutes of Health, and the Com¬ 

monwealth of Pennsylvania. 
Note added in proof. While this work was in progress we 

became aware of an unpublished report of an additional 
Australia antigen determinant system called r and w (Bancroft, 
W. H., Mundon, F. K., and Russell, P. K., Journal of Immun¬ 
ology, in the press and personal communication from Dr W. 
Bancroft). Three antigen samples, kindly sent to us by Dr 
Bancroft, have been tested for f. Two of these that were scored 
positive for w were also positive for f, while the third was 
negative for both w and f but positive for r. Antibodies to 
w and r are required to establish conclusively the relationship 
between the three determinants. These antisera are not avail¬ 
able at this time. Until the comparison can be completed, no 
statement can be made concerning this question. 
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Reprinted from Nature (1974) 247, 38-40 

Geographic Distribution of Australia 
Antigen Determinants d, y and w 
Australia antigen (Au) has a group of antigenic deter¬ 
minants on its surface, which may occur in different com¬ 
binations in the sera of people living in different geographical 
locations. Several of these determinants have been charac¬ 
terised and given alphabetical designations^"^ It has been 
reported that determinants d and y tend to be mutually 
exclusive® although rarely they occur together (S. M. and 
S. B., unpublished). Determinants w and r also tend to 
occur in different samples rather than together and these two 
determinants have a strongly marked geographical distribu¬ 
tion. Determinant w is common in the USA, South America, 
Europe and Africa, while r is common in Asia and the 
Pacific area® ’. We have tested 893 samples of Australia 
antigen from locations around the world for determinants d, 
y and w. Here we present these findings and speculate on 
factors which may contribute to the geographical distribu¬ 
tion of Australia antigen subtypes. 

The Australia antigen samples included in this study were 
all from apparently healthy asymptomatic carriers. They 
are part of the blood collection of the Division of Clinical 
Research at the Institute for Cancer Research and had pre¬ 
viously been found to contain Australia antigen by immuno¬ 
diffusion testing. Australia antigen determinants were identi¬ 
fied using the standard seven hole immunodiffusion pattern 
cut in 1.1% agarose in pH 8.2 veronal buffer®. Specific 
typing sera were put in the centre well, control Australia 
antigen was put in the top and bottom wells, and test samples 
in the remaining four wells. Human anti-aw was reacted 
against an aw control antigen adjacent to the test samples. 
The formation of a line of identity between the control 
antigen and the test antigen was interpreted as indicating that 
the test antigen was w+. When a spur was formed by the 
control antigen over the test antigen it was considered w". 
The same principle was used in testing for determinant d 
with guinea pig anti-ad antiserum (NIH V 801-502-058). A 
few sera which were known to be Australia antigen positive 
did not react with this serum at all. These will be con¬ 
sidered in detail elsewhere, but here they were considered d". 
These and all other d" sera were retested with a second 
anti-ad serum for confirmation of their d“ status. Absorbed 
chimpanzee anti-y and y control antigen were used to test 
for determinant y. Sera which were negative for both d 
and y were tested with an additional anti-ay serum. 

The antigens have been grouped according to geographic 
origin of the sera and have been assigned to subtype categories 
suggested by Le Bouvier® according to the presence of deter¬ 
minants d and y (Table 1). Subtype A consists of those 
antigens which lack both the d and y determinants. This 
group is designated A because by definition it must have 
determinant a which is defined as the universal or group 
determinant. The subtype categories have been further 
divided into w'' and w“. In all but four cases, determinants 
d and y were found to be mutually exclusive. These are not 
shown in Table 1. Two of these four exceptions were found 
on Bougainville and the other two were from people living 
in the United States who had travelled in Asia. 

Australia antigen with determinant d is common in 
asymptomatic carriers in the United States, North Europe, 
Asia and Oceania, although subtype y does occur in these 
areas. All antigen samples from Japan carry the d deter¬ 
minant while none carry y. Antigen with the y determinant 
occurs almost to the exclusion of d in Africa and in Aus¬ 
tralian aborigines. Determinant y occurs frequently in India 
and in the Mediterranean area in Italy and Yugoslavia. 

Virtually all antigens from Europe, the United States, 
Africa, India and Australia carry the w determinant. 
Antigen without w predominates in the New Hebrides, 
Micronesia, New Caledonia, Bougainville, Japan, Malaita 
and Thailand ffable 2). Both w+ and w occur in the 

Table 1 Distribution of w Determinant with Respect to Subtypes d, y 
and a in Asymptomatic Carriers from Various Geographical Locations 

N w+ 
D 

W“ w+ 
Y 

W” w+ 
A 

W“ 

Northern Europe 
Belgium 2 2 0 0 0 0 0 
Finland 31 31 0 0 0 0 0 
Germany 4 2 0 2 0 0 0 

Total 37 35 0 2 0 0 0 

Mediterranean 
Turin, Italy 17 4 0 13 0 0 0 
Yugoslavia 9 4 0 5 0 0 0 

Total 26 8 0 18 0 0 0 

Africa 
Ghana 6 0 0 6 0 0 0 
Ivory Coast 3 0 0 3 0 0 0 
Nigeria 5 0 0 5 0 0 0 
South Africa (Africans) 2 1 0 1 0 0 0 
Senegal 14 0 0 14 0 0 0 

Total 30 1 0 29 0 0 0 

Asia 
China 4 3 1 0 0 0 0 
Japan 91 25 66 0 0 0 0 
Philippines 5 5 0 0 0 0 0 
Philippines (Cebu) 42 38 2 2 0 0 0 
Thailand 3 2 1 0 0 0 0 

Total 145 73 70 2 0 0 0 

Far East 
India 20 2 0 16 1 0 1 

Australia 
Aborigine 14 0 0 12 0 2 0 

Oceania 
American Samoa 3 0 2 1 0 0 0 

Bougainville 
North 34 0 34 0 0 0 0 
South Central 172 17 75 42 35 1 2 
Tairara 5 0 5 0 0 0 0 

Total 211 17 114 42 35 1 2 

French Polynesia 
Bora Bora 3 2 1 0 0 0 0 
Tahiti 13 6 7 0 0 0 0 
Tubai 1 0 0 0 0 1 0 

Total 17 8 8 0 0 1 0 

Malaita 63 2 61 0 0 0 0 

New Caledonia 
Konmoi 2 0 1 1 0 0 0 
La Foa 6 0 5 1 0 0 0 
Noumea 5 3 1 1 0 0 0 

Total 13 3 7 3 0 0 0 

New Guinea 
Various groups 14 10 4 0 0 0 0 

New Hebrides 
Aoba 8 0 8 0 0 0 0 
Lamap 16 1 15 0 0 0 0 
Norsup 1 1 0 0 0 0 0 
Tanna 17 0 9 0 8 0 0 
Vate 27 1 26 0 0 0 0 

Total 69 3 58 0 8 0 0 

Ponape 5 0 5 0 0 0 0 
Rongelap 6 1 5 0 0 0 0 
Utirik 7 0 7 0 0 0 0 

Central and South America 
Brazil 3 1 0 2 0 0 0 
Dominican Republic 19 11 0 8 0 0 0 
Jamaica 2 0 0 2 0 0 0 
Peru (Cashinahua) 35 33 1 0 0 1 0 
Surinam 11 8 0 3 0 0 0 
Yucatan 3 3 0 0 0 0 0 

Total 73 56 1 15 0 1 0 

North America 
Frobisher Bay, Canada 2 2 0 0 0 0 0 
Philadelphia 22 18 0 4 0 0 0 
Philadelphia (prisoners) 26 18 0 8 0 0 0 
Red Cross donors 90 76 1 13 0 0 0 

Total 140 114 1 25 0 0 0 
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population in China, the Philippines, French Polynesia, and 
New Guinea. 

From these data and the data in Table 2, it seems that 
there are marked geographical separations of subtype. The 
basic northern European subtype is adw+ 'y~ and the African 
subtype is ayw+ d~. In the Mediterranean area these sub- 
types both occur concurrently. The Asiatic type seems to be 
mostly adw+ y~ with some ad+ wy“. Large areas of 

Table 2 Distribution of Subtypes in Asymptomatic Persons Previously 
Described 

Location Subtype D Su btype Y 

Tong^ 30 11 
Thailand* 21 * 2 
Korea* 4t 3 
New Guinea^® 9 0 
Singapore (China)^° 24 1 
Sweden^' 16 3 
Germany t 30 2 
Denmark^^ 89 5 
Israel§ 13 47 
Iran^* 0 23 

* 2 ayw, 20 adr; 1 probably adw. 
t 3 ayw 4 adr. 
+ A. Schober and R. Thomssen, personal communication. 
§ S. Bar-Shany, V. M. Edwards, J. W. Mosley, and W. H. Bancroft, 

personal communication. 

Oceania are ad+ wy“. Japan is at a geographical interface 
with both adw+ y and ad+ wy“. India and Australian 
aborigines are mostly ayw+ d“ and Melanesia is in the inter¬ 
face between Australia (ayw+ d“) and the rest of Oceania 
(ad+ wy~). 

Figure 1 shows the distribution of dominant subtypes from 
different parts of the world tested in this study. 

Fig. 1 Distribution of Australia antigen subtypes. Each symbol 
represents the dominant subtype in that location. Triangles 
represent subtype d. Circles represent subtype y. Solid figures 

represent w+; open figures w“. 

One hypothesis generated by this study is that the 
Australia antigen subtypes among asymptomatic carriers 
could be used as population markers and serve as an 
indication of human migrations. This would be more likely 
if women were included in the migration since when women 
carry the antigen they can transmit it to some of their 
children who may then become chronic asymptomatic 
carriers^^^ When infants acquire Au from their mothers 
the subtype seems to be the same in both the mother and 
child‘‘‘’^®. Daughters can then transmit the same subtype to 
their children and so on through many generations. This 
could mantain the subtype brought by the migrant popula¬ 
tion in a new environment. These introduced subtypes 
might not predominate since there are other mechanisms 
which produce carriers, but they should persist to some 
degree. 

The subtype ayw+ d” is most common in Africa. In all 
areas tested where African slaves were introduced the ayw+ 
d“ subtype occurs but in lower frequency than in Africa. 
These areas include the USA, Brazil, Jamaica, the 
Dominican Republic and Surinam. This is in contrast to 
northern Europe, Japan and Oceania where there are few 
people of African descent and little ay antigen. In the 
United States where about 10% (ref. 16) of the population 
is considered to be of African descent, 15% of the carriers 
are ay'^ while in the Dominican Republic where 85% of the 
people have some African admixture'®, 42% of the Australia 
antigen is ayw+ d“. This hypothesis could be further tested 
by correlating subtype data with other biological data (blood 
and serum groups) and linguistic, archaeological and cultural 
information concerning human migrations. An Au subtype 
marker would be unique among known biological markers 
since it behaves as a unit and is passed from mother to child 
unaltered. In contrast, inheritable human biological markers 
are subject to Mendelian segregation and the resulting pheno¬ 
types can change rapidly from generation to generation. 

Two United States chronic carriers were found to have 
w~ antigen. They had both been in Vietnam and were 
presumed to have acquired their exotic subtype in Asia 
where w“ is more common. We have tested a total of 318 
Au samples from both patients and asymptomatic carriers 
in the United States and all except those two have had the w 
determinant. It is probable that some veterans of the Pacific 
theatre returned to the United States carrying ad+ wy~ at 
the end of the Second World War. This subtype has not 
spread in the United States population to any measurable 
extent. This is compatible with the assumption that maternal 
transmission is the major mechanism for preserving an 
introduced subtype in a new environment. 

South Central Bougainville is unusual in that there are 
seven different Au subtypes. It is unlikely that this diversity 
could be due to chance. The diversity could be related to 
the fact that Bougainville is located between Australia where 
the subtype is entirely ayw+ d“ and Oceania where the com¬ 
plementary subtype ad+ wy“ occurs frequently. In areas 
such as Bougainville two subtypes could meet and recom¬ 
bine by a mechanism similar to crossover which may occur 
in a doubly infected host, either human, animal, or 
arthropod. For example, if ayw+ d~ and ad+ wy agents 
coexist in the same host it is possible that they could 
recombine and yield four types of Australia antigen; the 
original ayw+ d” and ad*' wy~, as well as ay+ wd" and adw'*' 
y~ recombinants. All of these do in fact exist in Bougain¬ 
ville and have not been found together in other locations. 
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Silent Materaal Transmission 
of Australia Antige 
Chronic asymptomatic carricia of Australia antigen (Au, 
hepatitis B antigen, HBAg, HAA and so on) are found in 
human populations throughout the world and they constitute 
an important reservoir for the maintenance of the infectious 
agent. Here we provide evidence which, in combination with 
previous data, suggests that an important mechanism for the 
establishment of these carriers is through tne ‘silent’ (that is, 
without illness) transmission of chronic infections from 
generation to generation through the maternal line. 

There have been several studies related to mothers with 
Australia antigen and their children. We analysed 109 com¬ 
pleted or partially completed families, from five groups [Cebu, 
Bougainville, Lau and Baegu speaking areas of Malaita, and 
Sardinian' families from Turin]. There was a much higher 
frequency of Au in the offspring of matings in which the 
mothers were asymptomatic carriers of Au and the fathers 
were not, than in matings in which the fathers were carriers 
and the mothers were not (for all the families combined 
P=0.55xl0“'° (ref. 2). Okochi and his colleagues found 
that of twelve children bom to Japanese mothers who were 
asymptomatic carriers of Au, seven children became carriers 
within the first 6 months of life*. Papaevangelou found that 
of eleven asymptomatic Greek mothers who had Au, two had 
babies who developed the antigen at 6 and 14 months, respec¬ 
tively. The antigen did not persist in these infants (G. Papae¬ 
vangelou, personal communication). Turner et al. made a 
careful documentation of transmission of antigen from a 
mother with hepatitis to her infant^. Subsequently, the infants 
of five mothers with Australia antigen positive hepatitis were 
studied and four were found to be carriers of the antigen 
without clinical signs of hepatitis*. 

In a larger study of mothers living in California who had 
Australia antigenaemia during pregnancy, or within two *9.onths 
of the birth of their children, Schweitzer and his colleagues 
found a significant incidence of vertical transmission. Of 
twenty-three women who had hepatitis, twelve gave birth to 
infants who developed Australia antigenaemia, some of which 
began, not at delivery, but within weeks or months after¬ 
wards®. In each tested instance the babies had the same 
subtype antigen as their mothers^. The children did not have 
signs of hepatitis other than mild elevations of serum glutamic 
pyruvic transaminase (SGPT). Their development was normal 
although the antigenaemia has persisted for up to 23 months. 
Of fourteen mothers in this series who were chronic antigen 
carriers one gave birth to a baby who became a chronic carrier. 
The frequency of transmission from asymptomatic mothers 
varies in different locations. In contrast to Japan (7/12), 
Greece (2/11) and California (1/14), in Denmark® none of the 
babies of eighty-one carrier mothers became positive, and in 
Pakistan one out of eighteen infants of asymptomatic carrier 
mothers developed the antigen’. These studies indicate that 
Au transmission from mothers with hepatitis is common and 
in some places maternal transmission from chronic carriers 
does occur. 

The source of Au infection sometimes can be identified by 
immunological studies. The surface of the antigen is a com¬ 
posite of determinants which are immunologically distinct 
Persons infected with material containing Au of a certain 
immunological combination, or subtypes, will develop those 
subtypes'*. The same subtype persists in both hepatitis 
patients and chronic earners for as long as they have the 
antigen, with rare exceptions'’-'®. We have used immuno¬ 
logical subtyping to study relationships between Au carried 
by different members of the same family. 

The sera used in this study were collected together with 
pedigrees in eighteen villages in south central Bougainville'’. 
They represented 85% of the healthy residents over the age 
of 2 yr. It was assumed that asymptomatic people with 
antigenaemia were chronic carriers. There was an Au carrier 
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rate of 10.2% on Bougainville and family clustering had been 
observed in the initial testing of these sera. The distribution 
of Au had previously been subjected to segregation analysis 
which was compatible with autosomal recessive inheritance'’. 
The observed family clustering could also be explained by 
intrafamily transmission of an infectious agent or maternal 
transmission as suggested by Turner et al.*. If this were true, 
then all members of a family should have the same subtype. 
The presence of multiple subtypes in the same family would 
rule against the family infection hypothesis. Sera for testing 
were selected from families with more than one antigen carrier 
so that a comparison between family members could be made. 

The subtyping was done by immunodiffusion in a standard 
seven-hole pattern cut in 1.1% agarose in veronal buffer, 
pH 8.2 (ref. 20). In preliminary testing for d and w the anti¬ 
serum was put in the centre well and a control Au which 
carried the determinant complementary to the antiserum was 
put in the top and bottom wells. If a smooth line of identity 
was formed between the control antigen and the test antigen 
the test antigen was scored as positive for the determinant in 
question. If a spur was formed it was considered negative 
for the determinant. Absorbed antiserum was used to test 
for determinant y. Serum from a chimpanzee immunised 
with Au of subtype aywx was absorbed with adwx + y — antigen, 
leaving anti-y in the antiserum. This was used with a y 
positive antigen control. Antigens giving a line of identity 
were considered positive; those giving no line, negative. 

A few unusual sera carried neither d nor y. All such d— y— 
antigens were retested with different dilutions of antisera and 
an additional anti-ad and anti-ay sera. All plates were dried 
and stained with azocarmine for better visualisation of 
precipitin lines. 

Table 1 Australia Antigen Subtypes Found in 
Bougainville 

Eighteen Villages on 

Subtype D Subtype Y Subtype A Subtype DY 
Total (d + y-) (d- y+) (d- y-) (d + y-t-) 

Village Au w + w — w + w — w-f w — w-F w— 

1 18 0 3 10 4 1 0 0 0 
2 4 1 1 2 0 0 0 0 0 
3 3 0 2 0 1 0 0 0 0 
4 5 0 1 3 1 0 0 0 0 
5 5 0 4 0 1 0 0 0 0 
6 14 0 9 5 0 0 0 0 0 
7 14 4 8 0 2 0 0 0 
8 22 6 10 0 5 0 1 0 0 
9 4 3 0 1 0 0 0 0 0 

10 19 1 15 2 0 0 1 0 0 
11 2 0 1 1 0 0 0 4) 0 
12 11 0 1 10 0 0 0 0 0 
13 2 0 0 1 1 0 0 0 0 
14 5 0 2 0 3 0 0 0 0 
15 5 0 0 1 3 0 0 1 0 
16 1 0 0 0 0 0 0 1 0 
17 20 1 11 0 8 0 0 0 0 
18 20 1 7 6 6 0 0 0 0 

174 17 75 42 35 1 2 2 0 

All possible combinations of determinants d, y and w 
except d-fy + w— (Table 1) were found in this population. Of 
the 174 Au samples typed, two contained both d and y. This 
is a rare event and has not been reported before in normal 
people who have not received transfusions. These determinants 
seemed to be on the same particle (S. Mazzur and S. Burgert, 
personal communication). 

Villages 2, 11, 13 and 16 did not contain families in which 
there were more than one member with Au. The data from 
families in the remaining villages which have more than one 
member with antigen are shown in Table 2. Of the thirty-two 
families tested there were eleven families in which two different 
combinations of antigens were segregating. 

Asymptomatic carriers living in the same household can have 
different subtypes of Australia antigen (Table 2). This means 
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that these carriers have not been infected by each other nor 
from the same source. This rules out simple household infec¬ 
tion or maternal transmission as an explanation for all the 
observed family clustering in these families. 

A special case of family infection does, however, seem to 
occur. In families where the mother was an asymptomatic 
carrier, the twenty-two children who were carriers with a 
single exception had the same subtype as their mother. Among 
the twelve families where the mother was positive, one had 
mixed subtypes, while among the twenty families in which 
the mother did not have Au, ten families had antigen of 
different subtypes. These reflected the subtypes in the general 

bution of Australia antigen in several populations. Segregation 
analysis of the distribution of Au in the same Bougainville 
sera which were used in this study revealed the segregation 
pattern expected of autosomal recessive inheritance. The 
vertical transmission reported in this communication is 
compatible with the genetic hypothesis since the genetic analysis 
was applied also to matings in which neither parent was a 
carrier of Au. There would be no maternal effect in these 
families. There is not an occult maternal effect due to unde¬ 
tected levels of antigen in the mothers’ serum because the 
subtypes of the children do not, in general, match each other 
as they would in such a case. 

Table 2 Distribution of Australia Antigen Subtypes in Families where More than One Member has the Antigen in the Blood 

Village Father Mother Sibs 

1 0 w-Fd-y-F w-Fd-y-F w-Fd-y-F w-Fd-y-F 
3 0 w —d-Fy— 0 w —d-Fy — 0 
6 0 w —d-Fy — w —d-Fy — 
7 0 w-Fd-Fy- 0 w-Fd-Fy- w-Fd-Fy- 
9 0 w —d-Fy — 0 w —d-Fy — w-d-Fy- 0 

10 NA w—d-Fy— 0 0 w-d-Fy- 
12 NA w + d-y-F W-Fd-y-F w-Fd-y-F w-Fd-y-F . w-Fd —y-F 0 
12 NA w-Fd-y-F w-Fd-y-F 0 
14* 0 w —d —y-F w —d-Fy — 0 w-d-y-F 
17 NA w —d-Fy — 0 w-d-Fy— w-d-Fy- 
18 NA w —d —y-F 0 w —d —y-F 0 0 
18 NA w-Fd-y-F w-Fd-y-F 0 w-Fd-y-F 

8 ' w-Fd-Fy — NA 0 w-Fd-Fy — 
8* w —d-Fy — 0 w —d —y-F 0 
8* w —d-Fy — 0 . 0 w-Fd-Fy — 
8 w —d-Fy— NA w —d-Fy— 0 

10* w—d—y— 0 0 w-d-Fy- 0 0 
17* w—d+y— 0 w-d- t 0 

4* 0 0 0 0 0 w-d-y-F w-Fd-y-F 
5* 0 0 w —d-Fy — w-d-y-F 
6 NA 0 0 w-d-Fy- w-d-Fy- 
6* 0 0 w-Fd-y-F w-d-Fy- 
7* NA 0 w-Fd-Fy— w-d-Fy- w-d-Fy- w-d-Fy- w-d-Fy- 
8* NA 0 w —d-Fy— w-Fd-Fy— 0 w-d-Fy- 0 

10 0 0 w—d-Fy— w-d-Fy- w-d-Fy- 0 w-d-Fy- 
10* 0 0 0 w-Fd-Fy— w-d-Fy- 0 
12 NA NA 0 w-Fd-y-F w-Fd-y-F 
12 0 NA w-Fd-y-F w-Fd-y-F 
15 0 0 w-d-y-F w-d-y-F 
17 0 0 w —d —y-F w-d-y-F w-d-y-F 
18 0 0 w —d-Fy— 0 w-d-Fy- 
18 0 0 w—d-Fy — 0 w-d-Fy- 0 

* Indicates families with mixed subtypes. NA indicates not available, 
t Insufficient amount to test for y. 

population of the village. Among the six families in which the 
father was positive, there were mixed subtypes in four of the 
families. Children with Au from families where either the 
mother but not the father, or the father but not the mother, 
carried the antigen were compared using Fisher’s exact test 
(two-tailed). The difference in distribution was significant 
(F=0.006). When the families in which either parent was not 
available for testing were excluded from the analysis, the 
differences were still significant (/*= 0.007). The same test 
was used to compare the number of siblings of matching sub- 
type in families with Au carrier and Au negative mothers. 
Tlhis difference was significant (P=0.005). 

These data indicate that vertical transmission from asympto¬ 
matic mothers to their asymptomatic children occurs in this 
environment. Horizontal transmission with the production of 
carriers must also occur within this population since maternal 
transmission cannot account for all of the observed carriers. 

Genetic predisposition to the chronic asymptomatic carrier 
state has been proposed by Blumberg**’^* and confirmed by 
Ceppellini* on the basis of segregation analysis of the distri- 

Women who become Au carriers by virtue of genetic suscep¬ 
tibility can be expected to transmit the antigen to some of 
their children whether or not the children are homozygous for 
the postulated recessive Au susceptibility gene. Thus, a new 
maternal transmission line can be established from a genetically 
susceptible woman whose own mother was not a carrier pro¬ 
vided the susceptible woman is exposed to infection. The 
interaction of the genetic predisposition to the carrier state 
and maternal transmission could be an important source of 
Au carriers. Further, the interaction of these two mechanisms, 
one of which is dependent on the survival and reproduction 
of women who are carriers, would provide a very rapid 
amplification of the number of carriers of Au in an envirpn- 
ment where such a carrier state is advantageous. Such a 
selective advantage has been suggested by Blumberg et al.^^ 

Not all children of mothers who are Au carriers become 
carriers themselves. There are factors, either genetic or 
environmental or both, which influence the outcome of the 
maternal-child relationship. We suggest that other, perhaps 
undiscovered, human pathogens survive by the mechanisms 
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described here and are usually expressed as disease when 
passed horizontally or after long incubation. Techniques 
developed through the study of Australia antigen as well as 
epidemiological patterns disclosed by these studies could serve 
as models for the investigation of these agents. It has been 
suggested that other infectious agents may exist that have 
properties similar to Australia antigen. These have been 
termed Icrons^*. 

Silent maternal transmission with the production of asymp¬ 
tomatic carriers seems to provide a reliable mechanism for 
virus survival particularly in small populations where the 
number of new susceptible individuals is limited. The carrier 
state maintains the infectious agent over long periods of time 
and the maternal-child interaction provides exposure of new 
susceptibles. In contrast, many acute viral infections spread 
quickly, exhaust the availability of susceptible hosts and 
disappear from isolated populations. 
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Reprinted from Arch. Intern. Med. (1972) 130, 227-231 

Sex Distribution of Australia Antigen 
Baruch S. Blumberg, MD; Alton I. Sutnick, MD; 
W. Thomas London, MD; and Liisa Melartin, MD, Philadelphia 

The sex distribution of Australia antigen 
was determined in ten disease groups and 
13 presumed normal populations tested in 
our laboratory. In 22 of these 23 independ¬ 
ent studies, the frequency of Australia anti¬ 
gen was higher in males than in females (P 
< .001). The increased frequency in males 

was most marked in the lower age groups 
(less than 20 years). The overall ratio of Aus¬ 
tralia antigen in males to females is 1.58. 

Arch Intern Med/Vol 130, Aug 1972 

Men arc not as hardy as women, 
and in nearly all environments 

men die at an earlier age. They also 
have a higher susceptibility than fe¬ 
males to infection with a variety of 
organisms. Washburn et al estimated 
the male-female ratio for cases of 
neonatal septicemia and meningitis 
by collecting data from the literature 
(1930 to 1965) and from the case 
records of the Johns Hopkins Hospi¬ 
tal, Baltimore (1896 to 1965).* They 
concluded that, with the exception of 
organisms involved in prenatal in¬ 
fection, there was a higher frequency 
of infection in males than in females. 
Further, the difference was most 
marked in infants and even more 
striking in the post antibiotic age 
than before the widespread use of 
these drugs. They concluded from the 
latter that females were more ame¬ 
nable to therapy than males. Childs- 
proposed a genetic hypothesis to ex¬ 
plain the sex difference. He theorized 
that a gene involved with the syn¬ 
thesis of immunoglobulins is present 
on the X chromosome. In order to ef¬ 
fect dosage compensation (ie, com- 

Received for publication Aug 25, 1971; ac¬ 
cepted Nov 2. 

From the Institute for Cancer Research, Fox 
Chase, Philadelphia. 

Reprint requests to Institute for Cancer Re¬ 
search, 7701 Burholme Ave, Fox Chase, Phila¬ 
delphia 19111 (Dr. Blumberg). 

pensate for the presence of two X 
chromosomes in females and only one 
in the male), Lyon and others have 
proposed that there is random in¬ 
activation of the X chromosomes in 
the cells of females; this allows for 
heterozygosity in females which does 
not occur in males. Hence, if resist¬ 
ance to the effects of infection is 
present on the X chromosome, the 
female, because of her greater vari¬ 
ability, could more effectively resist 
disease. Schlegel and Bellanti-^ have 
suggested that a deficiency of 
glucose-6-phosphate dehydrogenase, 
which is X linked, may be one of the 
factors associated with susceptibility 
to infection, but this has been con¬ 
tested by Rodey et al.^ 

Childs has also pointed out that in 
diseases characterized by an in¬ 
creased production of antibody (the 
so-called auto-immune or iso-immune 
diseases) there is a higher frequency 
of females than males involved (eg, 
disseminated lupus erythematosus, 
primary biliary cirrhosis, rheumatoid 
arthritis, thyroiditis). 

Australia antigen was discovered 
in 1963,= the association of Australia 
antigen with hepatitis was first found 
in 1966,® and since then the associa¬ 
tion has been confirmed by many in¬ 
vestigators. Further, the hypothesis 
that Australia antigen is a hepatitis 
virus has been supported by a variety 
of findings including transmission to 

Australia Antigen/Blumberg et al 227 
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Table 1.—Sex Ratio of Australia Antigen in Patients With Various Diseases and 
Normal Nonhospitalized Populations* 

Male Female 

No. 
No. With 

Au(l) 
% 

With Au(l) No. 
No. With 

' Au(l) 
% 

With Au(l) Ratio 
P 

Value 

Disease 
Acute viral hepatitis” 112 40 35.7 94 18 19.1 1.87 .013 

Chronic hepatitis” 12 3 25 19 0 0 t .095 

Down’s syndrome* 212 67 31.6 92 17 18.5 1.71 .027 

Other mentally retarded” 145 5 3.4 43 1 2.3 1.48 .900 

Leukemia*” 173 22 12.7 124 11 8.9 1.43 .394 

Lepromatous leprosy (Cebu)” 396 45 11.4 188 

o
 

1 

5.3 2.14 .029 

Lepromatous leprosy (India)” 451 32 7.1 101 2 2.0 3.58 .088 

Tuberculoid leprosy (Cebu)” 343 19 5.5 262 7 2.7 2.07 .128 

Tuberculoid leprosy (India)” 281 8 2.8 103 0 0 + .184 

Long-term dialysis (renal 
disease)” 5 5 100 4 3 75 1.33 .906 

X' = 42.3270 P = .0025 

Population 
Marshall Islands” 243 19 7.8 226 14 6.2 1.26 .612 

Cebu, Phillippines” 678 47 6.9 609 17 2.8 2.48 .001 

Cashinahua” 45 10 22 44 6 14 1.63 .436 

Manila” 138 6 4.3 59 3 5.1 .855 .884 

Polynesia” 597 8 1.3 550 3 .54 2.46 .282 

New Hebrides^* 597 61 10.2 394 19 4.8 2.12 .003 

New Caledonia” 518 13 2.5 444 7 1.6 1.59 .433 

India (South)” 116 5 4.3 135 0 0 t .047 

British Solomon Islands^* 127 7 5.5 160 4 2.5 2.20 .312 

New Guinea” 532 16 3.0 287 5 1.7 1.73 .389 

Micronesia” 330 13 3.9 292 6 2.1 1.92 .259 

Surinam 310 7 2.3 315 5 1.6 1.45 .729 

Bougainville” 931 112 12.0 906 97 10.7 1.12 .412 

X" = 47.6840 P = .0058 

* All data are from our laboratory and have been published in the indicated references. Data without references have not been previously 
published. 

t Au(l) only detected in males. 

Table 2.—Sex Ratio of Australia Antigen in Patients With Various Diseases and in Nonhospitalized Populations, by Age 

Male Female 

Age No. With % With No. With % With 

Group (Yr) Au(l) Au(l) No. Au(l) Au(l) No. Ratio Value 

Lepromatous leprosy 0-19 85 24 28.24 44 3 6.82 4.14 .009 
(Cebu) 20+ 482 45 9.34 190 9 4.74 1.97 .069 

Nonlepromatous leprosy 0-19 183 20 10.93 184 6 3.26 3.35 .008 
(Cebu) 20+ 485 27 5.57 425 11 2.59 2.15 .038 

Tuberculoid leprosy 0-19 58 5 8.62 59 3 5.08 1.70 .696 
(Cebu) 20+ 285 14 4.91 203 4 1.97 2.49 .145 

Bougainville 0-19 416 64 15.38 390 45 11.54 1.33 .136 
20^ 363 30 8.15 344 32 9.30 .876 .771 

Polynesia 0-19 406 5 1.23 414 2 0.48 2.55 .432 
20-t- 191 3 1.57 135 1 0.74 2.12 .873 

New Hebrides 0-19 370 42 11.35 255 12 4.71 2.41 .006 
20+ 227 19 8.37 139 7 5.04 1.66 .320 

New Caledonia 0-19 415 9 2.17 388 5 1.29 1.68 .466 
20+ 93 4 4.30 56 2 3.57 1.20 .044 

Down's syndrome 0-19 67 32 47.76 9 2 22.22 2.15 .276 
20+ 132 32 24.24 36 5 13.89 1.75 .271 
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humans and animals/-^ by its virus¬ 
like appearance,'" " identification in 
the nuclei of affected individuals, 
and in other ways. These findings 
have been reviewed (see for ex¬ 
ample’"'") and will not be elaborated 
further here. The use of the Australia 
antigen test (the test for Australia 
antigen in the peripheral blood) has 
permitted the investigation of the sex 
distribution in several diseases and 
populations. An increased frequency 
of Australia antigen in males was re¬ 
ported in our earlier publications,'"'-" 
and additional data have now been 
assembled which confirm this. 

Materials and Methods 

The immunodiffusion method using the 
reinforcement pattern and staining with 
azo carmine was used for the detection of 
Australia antigen." Human and rabbit 
antisera (anti-Au[l]) as described in pre¬ 
vious publications were used in the studies. 

Disease Groups.—The method of collec¬ 
tion and description of these groups 
studied are given in the original publica¬ 
tions referenced in Table 1. They are also 
described briefly here. 

Acute and Chronic Active Viral Hepa¬ 

titis -Physicians in the Philadelphia 
area were asked to submit sera of their pa¬ 
tients diagnosed or suspected of having vi¬ 
ral hepatitis. In most cases only a single 
sample was available from eac’n patient. 
Serum values from patients with chronic 
active hepatitis were obtained from well 
documented cases at the Mayo Clinic. 

Down’s Syndrome (Mongolism).—The 

majority of the Down’s syndrome patients 
housed in two large institutions in the 
Philadelphia area are included.*"® "" They 
have been tested several times over the 
course of two to five years. 

Leukemia.-These are transfused leuke¬ 
mia patients from the National Institutes 
of Health Clinical Center, Bethesda, Md, 
and from various hospitals in Phila¬ 
delphia.” 

Leprosy.-The lepromatous leprosy cases 
include nearly all the patients with this 
diagnosis in a large leprosarium on the is¬ 
land of Cebu in the Philippines. The tuber¬ 
culoid leprosy patients were nearly all out¬ 
patients and represent about one third of 
the patients treated in the clinic at the 
time the study was performed." In the In- 
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dia sample-’’ nearly all the patients in resi¬ 
dence at a large leprosarium in Chingleput 
near Madras are included. The tuberculoid 
patients include a small percentage of 
those treated in three outpatient facilities 
associated with the leprosarium. 

Long-Term Renal Dialysis.—These are 
all the patients treated in a renal dialysis 
unit in Philadelphia."" 

Nonhospitalized “Normal” Populations.— 
The sample from Bougainville, Territory 
of New Guinea, consists of approximately 
80% of all the inhabitants over 5 years of 
age residing in 18 villages in south central 
Bougainville and are described in refer¬ 
ences (Table 1)."" "“ The Marshall Island 
sample includes nearly all the adult popu¬ 
lations of Rongelap atoll and partial collec¬ 
tions from Majuro and Utirik atolls. The 
Cebu population was the nonleprosy con¬ 
trol for the Cebu leprosy study."" In the re¬ 
maining studies, the samples were col¬ 
lected for quite different reasons and 
should be described as casual collections. 

In eight of the populations, there were 
sufficient numbers and information to di¬ 
vide the group into young (0 to 19 years of 
age) and old (20 -f /years of age) subgroups 
for frequency analyses (Table 2). 

Results 

Australia antigen is more common 
in males than in females in all of the 
disease groups and in all of the popu¬ 
lations except one (Table 1). The data 
were statistically analyzed in several 
ways; 

1. A two-by-two contingency table 
was prepared for each disease and 
population group and the chi-square 
and probability value determined for 
each. There was a significant differ¬ 
ence at the .01 level (or less) in four of 
the populations and two of the dis¬ 
ease groups. 

2. Since these are each independ¬ 
ent series of observations, the P value 
for (a) all of the normal population 
groups, (b) all of the disease groups, 
and (c) the population and disease 
groups combined was determined 
using the formula 

2 n 
X(2n) =: —2 2 loge (Pi) 

i = l 

where the degrees of freedom is equal 
to the total number of P values com¬ 

bined. In this calculation P = .0025 
for the disease group, P = .0058 for 
the normal population group, and P 
= .0001 for the combined group. 

3. The sign test was used to com¬ 
pare groups a, h, and c just men¬ 
tioned. In this, a positive sign was as¬ 
signed to the population or disease 
group in which the males had a higher 
frequency than the females and a 
negative sign for the opposite. If 
there were no differences between 
males and females, then there would 
be about an equal number of positive 
and negative signs. But this was not 
true; the respective values for a, b, 

and c are -flO,—0; -1-12,—1; and -1-22, 
—1; and the probability that these are 
due to chance are .001, .003, and 
< .001, respectively. 

From all this we conclude that 
there is a significantly higher fre¬ 
quency of Australia antigen in males 
than in females. 

In the populations in which age 
breakdown was possible (Table 2), the 
male-female ratio is higher in the 
younger (0 to 19 years of age) than 
the older (20 -f- years of age) group in 
every case but one. The overall P 
value by the sign test is .035. 

Comment 

This combined study confirms our 
earlier observations'"'"" that in gen¬ 
eral there is a higher frequency of 
Australia antigen in males than in fe¬ 
males. A review of sex frequency 
data in studies from other labora.- 
tories (A. Vierucci, MD, written com¬ 
munication, July lOTO)""-'"' provides 
further confirmation and emphasizes 
the universality of this relationship 
(Table 3). There could be some trivial 
explanations for the higher frequency 
in males; for example, in some of the 
populations it could be argued that 
male activities and exposures make 
them more likely than females to be¬ 
come infected. However, it is difficult 
to see how this would operate in all of 
the populations studied. For example, 
there is no major difference in activ¬ 
ity between the institutionalized 
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Table 3.-—Sex Ratio of Australia Antigen in Patients With Various Diseases and Normal, 
Nonhospitalized Populations Reported by Other Laboratories 

Male Female 

No. 
No. With 

Au(l) 
% With' 
Au(l) No. 

No. With 
Au(l) 

% With ' 
Au(l) Ratio 

P 

Value 

Disease 
Chronic hepatitis* 22 4 18.2 13 2 15.4 1.18 .801 

Down’s syndrome” 21 3 14.3 9 0 0 t .595 

Down's syndrome” 70 31 44.3 64 16 25.0 1.77 .031 

Other mentally retarded” 70 15 21.4 64 8 12.5 1.71 .245 

Renal transplant patients” 33 13 39.4 34 1 2.9 13.4 .00076 

Dialysis patients” 48 15 31.3 40 5 12.5 2.50 .067 

Various diseases” -6,000 27 - .45 - 6,000 14 - 0.23 1.93 .061 

Acute hepatitis” 16 7 43.8 11 4 36.4 1.20 .99 

X’ = 36.5549 P = .00242 

Population 
Sardinia” 672 57 8.4 451 32 7.2 1.20 .0056 

Japan” 4,222 52 1.23 1,024 2 0.20 6.31 .0091 

Japan” 3,830 89 2.32 1,409 16 1.14 2.05 .465 

X' = 21.3004 = .00162 

* A. Vierucci, MD, written communication, 
t Au(l) only detected in males. 

male and female patients with 
Down’s syndrome or lepromatous lep¬ 
rosy patients. Further, some un¬ 
known bias favoring the observed 
higher frequency in males could have 
been generated in some of the popu¬ 
lations, but again it is hard to envi¬ 
sion how this could happen in vir¬ 
tually all of the populations studied. 
These findings are consistent with 
the general observations of a higher 
frequency of infection in males than 
in females. 

As noted in the introduction, Aus¬ 
tralia antigen is closely associated 
with viral hepatitis and may be the 
infectious agent or part of such an 
agent which causes a large proportion 
of the cases of hepatitis in man. Aus¬ 
tralia antigen is also associated with 
a group of chronic diseases ("Austra¬ 
lia affinity group’’) characterized by 
an impairment of immune function.'^ 
These include Down’s syndrome, the 
lymphocytic leukemias, Hodgkins dis¬ 
ease, lepromatous leprosy (but not tu¬ 
berculoid leprosy), and patients with 
chronic renal disease treated by re¬ 
peated hemodialysis. In addition 
there are vast numbers of people liv¬ 
ing primarily in the tropics and 
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Southeast Asia who are apparently 
asymptomatic carriers of Australia 
antigen. Family studies have been 
concluded in two of these popu¬ 
lations''-"; on the basis of these it ap¬ 
pears that susceptibility to persistent 
infection in these groups is inherited 
as a simple autosomal recessive trait 
controlled by a gene designated Au'. 

This has been supported by an inde¬ 
pendent study of Sardinians living in 
Turin." 

There are several observations re¬ 
lating to hepatitis and to the diseases 
of the Australia affinity group which 
may bear on the sex distribution. The 
frequency of lepromatous leprosy is 
greater in males than in females. The 
causative organism of leprosy (Han¬ 
sen’s bacillus, Mycobacterium leprae) 

often localizes in the testes in pa¬ 
tients with lepromatous leprosy 
whereas involvement of the ovaries is 
rare. Lepromatous males may become 
sterile.” Similarly, male patients with 
Down’s snydrome are sterile while fe¬ 
male patients are not.'" Males also 
predominate in number over females 
in leukemia.'”' The testes are often in¬ 
vaded by a pathological process in 
male patients with acute leukemia 

while involvement of the ovary is less 
common.'" We found evidence of Aus¬ 
tralia antigen in the testes of one 
Down’s syndrome patient by an im¬ 
munofluorescence technique." Aus¬ 
tralia antigen has been identified in 
the testes of a male cancer patient 
who had Australia antigen in his 
blood prior to his death." 

In addition to the genetic hypothe¬ 
sis proposed by Childs,-' these observa¬ 
tions suggest a variety of testable 
hypotheses including the following: 
(1) Antibody to Australia antigen 
forms less frequently in males than in 
females; this may also be related to 
complex formation. (2) Cellular im¬ 
mune responses are less active in 
males than in females. (3) Lym¬ 
phocytes of males are not as respon¬ 
sive to immunogenic stimuli as lym¬ 
phocytes of females. Further, the age 
data suggest that these differences 
may change with increasing age. 
These hypotheses will be tested in 
forthcoming studies. 

This work was supported in part bjf Public 
Health Service grants CA-06551, CA-08069, CA- 
06927, and RR-05539; by funds from the World 
Health Organization; and by an appropriation 
from the Commonwealth of Pennsylvania. 
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Comparison of Progeny of Mothers with and 

without Australia Antigen^ 

By Kay Kukowski, W. Thomas London, Alton I. Sutnick, Max Kahn, 

and Baruch S. Blumberg 

ABSTRACT 

Blood specimens from 852 pregnant women and 699 newborns were tested 

for Australia antigen [Aii( 1)]. Au( 1) was found in 7 of the women, but in 

none of the infants’ cord blood, nor in 90 infants tested subsequently up to 

3.5 months of age. Mothers with Au(l) had a longer gestation time and 

were younger than mothers without Au(l). 

Australia antigen [Au(l)] is, or is located on, an infectious agent that 

can cause hepatitis in man (Blumberg et al., 1971). Persistent Au( 1) is 

widely distributed throughout the world in people who are in apparent 

good health but who can be classified as carriers of Au(l) (Blumberg 

et al. 1971). Consequently, Australia antigen can occur in pregnant 

women who have hepatitis or in pregnant women who are clinically 

well. The effect of both such situations on the course of the pregnancy 

and on the infant may be of considerable importance. The purpose of 

this study is to investigate biological factors of the mothers who are 

“normal” chronic carriers of Australia antigen and their children. 

The current study was carried out in North India. We have previ¬ 

ously studied the prevalence of the Au(l) carrier state in the normal 

population in South India (2%, 5 of 251). From this we expected to 

find a higher frequency of positive females than in an equivalent study 

in the United States. Here we report 1) the frequency and age distribu¬ 

tion of Au(l) in pregnant women from a North India population, 2) 

the effect of Au (1) in the mother on gestation time, birth weight, head 

circumference, length, and congenital anomalies of the baby, and 3) the 

failure to detect Au(l) in the umbilical venous (cord) blood of the 

offspring of these women. 

1 From the Institute for Cancer Research, Fox Chase, Philadelphia, Pennsyl¬ 

vania 19111. 
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Materials and Methods 

Blood was obtained from 852 pregnant women and 699 of their 

newborns at Holy Family Hospital (HFH), New Delhi, India, between 

March 1970 and September 1970. The women attending this hospital 

are largely from middle class families. Samples of blood were collected 

from all women in the course of prenatal care, and again at the time of 

delivery. Cord blood was obtained from infants at delivery. Maternal 

and cord blood were collected from 93.9% of the deliveries at HFH 

during the period from March 1970—August 1970. Blood was collected 

from as many infants as possible at 6 weeks and 3 months of age. These 

specimens were obtained by heel puncture and collected in micro¬ 

centrifuge tubes (Table 1). All specimens were frozen and sent to The 

Institute for Cancer Research and tested for Australia antigen by the 

immunodiffusion technique (Blumberg et al. 1970). 

Table 1 

Frequency of Au(l) in North Indian Mother-Child Population 

N Au(l) % Au(I) 

Maternal Sera 852“ 7 0.82 

Cord Sera 699““ 0 0 

Infant Sera 900*0 0 0 

*652 maternal-cord pairs were collected. 

* “Blood was obtained from 47 babies whose mothers were not tested. This in¬ 

cludes the cord bloods from 6 of the 7 Aii( 1) mothers. 

“*“Infant sera were obtained from infants age 2 days-3.5 months. 

In order to determine the effects of Australia antigen on the baby, 

we recorded the findings on physical examination of the newborns. We 

noted congenital abnormalities, the babies’ height, weight and head 

circumference. The gestational ages (measured from the date of last 

menstrual period), and the classification of newborn infants by using 

the method of Yerushalmy (1967) (Index of adequacy of intrauterine 

development) were determined. The gestational ages were compared 

with birth weight as recommended by Neligan et al. (1970). The sta- 

tistieal comparisons were made with the Mann-Whitney (1947) rank 

sum test and the Fisher (1934) exact 2x2 test. 
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The data were obtained from data slips on the hospital and clinic 

records. The completeness of this information varied with the staff 

present (nurse, midwifery student, etc.). Occasionally a cord blood 

was not obtained from an infant on whom measurements were made. 

Data are available on more mothers than infants because some (includ¬ 

ing one with Au(l)) had not delivered before the termination of the 
study. 

Results 

Seven of 852 pregnant women had detectable Australia antigen. All 

seven were clinically well and specifically did not have hepatitis. Au( 1) 

was absent in all of the 699 cord sera tested and in the sera of 90 

infants tested from 2 days to 3.5 months of age (Table 1). The offspring 

of 6 of the 7 mothers with Au(l) were included. Detailed data are 

included in the appendix. 

The mothers with Au(l) were compared with the mothers without 

Australia antigen [Au(0)] with respect to age, gravida and gestation 

time (Table 2). Significant differences (p < .05) were found for two 

of these comparisons. Mothers with Au(l) were younger than Au(0) 

mothers, and had a longer gestation time. 

In order to determine whether the longer gestation time was related 

to the younger age, or specifically to Au(l), we matched all Au(0) 

mothers of the same gravida and age (±1 year) with the Au(l) 

mothers (Table 3). The younger Au(l) mothers had a significantly 

longer gestatimi time than did the younger Au(0) mothers (p = .009). 

No significant difference was found with the older mothers, but the 

numbers may be too small to demonstrate it. 

The offspring of the Au(l) mothers were compared with the off¬ 

spring of the Au(0) mothers with respect to length, weight and head 

circumference (Table 2). No significant differences were found in 

these parameters. The offspring of Au(l) mothers were all in Yeru- 

shalmy’s Group V (Table 4). That is, they were in the category of 

lowest incidence of neonatal mortality. The 13 “congenital abnormali¬ 

ties” found in this study occurred only in the offspring of Au(0) 

mothers (see appendix). A pair of twins and a single birth had Down’s 

syndrome. 

One mother had viral hepatitis without Au(l) at the time of de¬ 

livery. Her baby did not have Australia antigen at birth or subse- 

154 



492 Kay Kukowski et al. 

O 

03 

oq 

3 
03 
H 

N 

Oi 

C 
o 
•c 

a;> 
4-< 
'C 
u 

Q* 
P 
o Vn 
o 

o* 
p 
o 

O 

0) bc 
c 

lO 
o 
d 

IH 

bO 
C 
P 
o 
>s 

a> 

o 
o 

CO 
00 

00 

o IC in in 

ID CO 
05 o i-H X 
CO CO 05 05 CO 

o 

E 
*43 
a 
o 

a> 
O 

o 
bO c3 

q; 

c3 
«r^ 
> c3 
^ to 

P 
0) 

X) cd 
CQ 

P 
< 

P 
<! 

<M 
lO 

in 
00 
in in pH lO C<l 

X pH <N 
05 OQ ipH X 
r-H CN d pH d 

ca 
t- 
l> 

00 00 !>C0 05l> 
05 00 CO 05 l> Cb 
rH CD CO CD 

l> CO CD CD 

O 

a 
o 

X 
>N 

X 
p 

*S 

>. 
X 
p 

CA « 

tsi 

c cd 
o' 

*X 
c/> 

•X 
cd N 

E 
p 

CT) 

c 
cd 

o 
p 

"cd 
> 

o 
X 

S 
S p 

2 

P o 
§ ^ 

s a: 

o ^ 
s ^ 

■a ^ 

X o 
. G 

s<j cd 
o 

X 2 

1.1 S Crt 

o X 

< o 

'X .2 
G > P O 

P ^ 
■< o 
M-. ^ 

..g 

E i 
P •*■' 
c " 

Cd o 
4^ Cd 

> -B 
•43 B 
U M 
<u 
a .2 
S -3 

a> o 
Cd fl 

T3 
G 
P 

o« 
X 
o 

2 ^ 

155 



Progeny oj Mothers with Australia Antigen 493 

Table 3 

Comparison of Gestation Times of Au{l) and Au(0) Mothers 

Matched for Age and Gravida 

Group 1, Au( 1) Group 2, Au(0) Ni N2 P 

20 yrs. grav. 1 19-21 yrs. grav. 1 4 20 0.00923 

25 yrs. grav. 2 24-26 yrs. grav. 2 1 20 0.433 

25 yrs. grav. 3 24-26 yrs. grav. 3 2 7 0.444 

quently but the infant was jaundiced and had a hemolytic anemia at 

birth. The baby died at the age of 6 weeks with acute gastroenteritis. 

Discussion 

This .study has demonstrated that the carrier state for Au(l) in 

pregnant women is associated with measurable biological character¬ 

istics. The data apply only to apparently normal pregnant women who 

are chronic carriers of Au(l); pregnant women with viral hepatitis, 

with or without Australia antigen, were not included. The mothers 

with Au(l) were significantly younger and had longer gestation times 

than the Au(0) mothers. The prolongation of gestation time was inde¬ 

pendent of the age of the mother or the number of previous pregnan¬ 

cies. The finding that the Au( 1) mothers were younger than the Au(0) 

pregnant women is consistent with the data from other populations 

Table 4 

Birthiceight and Gestation Time of Progeny of Au{l) and 

Au(0) Mothers According to the Yerushalmy Classification 

Group Birth wt. (gm) Gestation time (wk) N Au(l) Au(0) 

1 1500 or less More or less than 37 2 0 2 

11 1501-2500 Less than 37 14 0 14 

III 1501-2500 37 or more 24 0 24 

IV 2501 or more less than 37 18 0 18 

V 2501 or more 37 or more 138 6 132 

TOTAL 196 6 190 

II 
p.< 
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that Au(l) is more common in younger than older persons (Blumberg 

et al., 1966). 

The babies of Au(l) mothers did not differ from babies of Au(0) 

mothers with respect to height, weight, and head circumference. By the 

Yerushalmy classification the infants of Au(l) mothers all fall into the 

group with the lowest risk of neonatal mortality. They also have no 

congenital abnormalities, but the numbers are too small to comment 

on an association. At any rate, it does not appear that Au(l) in the 

mothers is associated with congenital abnormalities in the progeny. 

The failure to detect Au(l) in cord blood and specifically in the 

cord blood of Au(l) positive mothers is consistent with the reports of 

other workers. We have also tested the cord blood of the progeny of 

seven mothers with Au (1) from Philadelphia and none of the bloods 

contained Au( 1) by immunodiffusion. Our 13 cases can be added to the 

116 other reported cases in which cord bloods from mothers with 

Au(l) in their blood at delivery had been tested. Only three of these 

were found positive; two were from babies whose mothers had acute 

hepatitis with Au(l) during pregnancy and the other mother was a 

chronic carrier of Au(l) (London et al. 1969; Lyons et al. 1970; 

Schweitzer and Spears, 1970; Smithwick and Suat Cheng Go, 1970; 

Hawkes, 1970; Tolentino et al. 1971; Keyes et al. 1971; Skinhoj et al. 

1972; Cossart et al. 1972; Marshall and Dudgeon, 1972; Nishioka, 1971; 

Peters, 1971). 

The combined studies of infants from 129 mothers with Au(l) in¬ 

dicate that the presence of Au( 1) in the cord blood is a rare occurrence. 

These findings suggest two hypotheses: 1) the placenta is an effective 

barrier to the transmission of Australia antigen, or 2) the antigen 

crosses the placenta but is inactivated or destroyed in the fetus or for 

other reasons is not detectable. The younger age and fewer children of 

Au(l) mothers raises the question of whether Au(l) impairs fertility. 

These findings might merely represent an effect of their shorter time in 

the childbearing age, but could also indicate that older women in the 

Au(l) group have been relatively infertile, so did not appear in this 

study. This should be tested in other populations and in follow-up 

studies. 
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APPENDIX 

Characteristics of Mothers with [Au(J)] and 

without [Au(0)] Australia Antigen 

Mother’s 

Age 

(years) Au(0) Au(l) 

Gestation 

Time 

(weeks) Au(0) Au(l) Gravida Au(0) Au(l) 

16 1 0 24 0 0 1 243 4 

17 4 0 25 0 0 2 231 1 

18 11 0 26 1 0 3 119 2 

19 22 0 27 0 0 4 63 0 

20 43 4 28 0 0 5 43 0 

21 32 0 29 0 0 6 13 0 

22 54 0 30 1 0 7 10 0 

23 68 0 31 1 0 8 7 0 

24 65 0 32 1 0 9 7 0 

25 109 3 33 1 0 12 1 0 

26 75 0 34 4 0 

27 49 0 35 6 0 Totals 
» 

737 7 

28 36 0 36 9 0 

29 38 0 37 25 0 

30 68 0 38 31 0 

31 21 0 39 48 3 

32 21 0 40 45 2 

33 16 0 41 17 1 

34 9 0 42 2 0 

35 21 0 43 0 0 

36 9 0 44 4 0 

37 2 0 45 1 1 

38 1 0 46 0 0 

39 2 0 47 1 0 

40 7 0 

45 3 0 Totals 198 7 

46 1 0 

Totals 788 7 
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Measurements of Babies of Australia Antigen Positive [Au{l)] 

and Negative [Am(0)] Mothers 

Weight 

(ounces ) Au(0) Au(l) 

Length 

(inches) Au (0) All (1) 

Head 

Circum¬ 

ference 

(inches) Au (0) Au (1) 

15 1 0 13.0 1 0 8.0 1 0 

20 2 0 13.5 2 0 8.5 0 0 

25 1 0 14.0 1 0 9.0 0 0 

30 2 0 14.5 1 0 9.5 0 0 

35 2 0 15.0 2 0 10.0 2 0 

40 0 0 15.5 1 0 10.5 1 0 

45 4 0 16.0 8 0 11.0 1 0 

50 8 0 16.5 3 0 11.5 7 0 

55 5 0 17.0 28 0 12.0 38 0 

60 3 0 17.5 16 0 12.5 50 0 

65 8 0 18.0 114 2 13.0 227 1 

70 14 0 18.5 59 0 13.5 185 3 

75 20 0 19.0 218 2 14.0 135 1 
80 34 0 19.5 71 1 14.5 25 1 
85 58 0 20.0 104 1 15.0 4 0 
90 58 1 20.5 23 0 15.5 0 0 
95 99 1 21.0 27 0 16.0 1 0 

100 94 0 21.5 4 0 16.5 0 0 
105 21 2 22.0 9 0 17.0 1 0 
no 83 2 22.5 0 0 17.5 0 0 
115 
1 on 

33 
Oft 

0 23.0 1 0 18.0 1 0 
iZV oo U 

125 25 0 693 6 679 6 

130 14 0 

135 6 0 

140 8 0 

145 2 0 

150 1 0 

155 2 0 

160 0 0 

165 1 0 

697 6 
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Congenital Abnormalities (Found only in 

Offspring of Au{l) Mothers) 

Au(0) Au(l) Male Female Age Gravida 

('053453 Extra finger left hand + 0 X 26 5 

(4)53678 Extra toe right foot + 0 X 20 1 

0053790 dull foot both legs + 0 X 19 1 

C053906 Spina Bifida + 0 X 30 4 

C053924 Anencephalia (stillborn) + 0 X 29 2 

C053938 Rudimentary rt. ear + 0 X 35 4 

C054475 Bilateral cleft palate with 

harelip + X 22 2 

C053623 Hydrocele bilateral -4- 0 X 30 

0054804 Slight talip eciuino varies 

R. foot + 0 X 23 3 

C053209 Slight talip L. foot posterior + 0 X 24 1 

0054766 Dow n s synd'^onie + 0 X 40 5 

0054193 Dow'n’s syndrome twins + 0 X 18 1 

192 4- 0 X 

0054384 One testis undescended + 0 X 23 1 
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Hepatitis B Surface Antigen (Australia Antigen) 

in Parents and Sex Ratio of Offspring in a Greek Population 

By J. E. Hesser,! J. Economidou,^ and B. S. Blumbergt 

ABSTRACT 

In data obtained from a Greek population, a significant increase in male 

iivebirths was observed when either parent was positive for HB^Ag (Austra¬ 

lia antigen), an antigen associated with the postulated hepatitis agent. Age, 

fertility, birth order, child-parent transmission, and a few socioeconomic 

items were some variables examined in relation to the increased sex ratio. 

The conclusion, based on the available evidence, is that HB^Ag in parents 

is possibly biologically associated,with the sex of their progeny. 

This paper presents observations from a study designed to test the 

hypothesis that there is an association between the sex ratio of off¬ 

spring and the presence of Hepatitis B surface antigen (HB^Ag, Aus¬ 

tralia antigen, Au) in a parent. 

HBgAg is associated with an agent which can cause hepatitis and 

often occurs in the blood of people ill with hepatitis. It can occur as 

well in asymptomatic chronic carriers, and the blood from these people 

may cause hepatitis if transmitted to others. Many populations, espe¬ 

cially those in tropical and Mediterranean areas, have a high prev¬ 

alence of asymptomatic carriers of the antigen. The range is from 

0.1% in Northern European populations to 20% in some Melanesian 

groups. The antigen may be detected by a simple immunodiffusion 

test as well as by more sensitive tests such as radioimmunoassay. 

Studies in some populations have found a significant clustering of 

carriers in families (see, for example, Szmuness, 1973); significantly 

more HBgAg-carrier children in families with positive mothers than 

in families with positive fathers or in families with both parents nega¬ 

tive (Blumberg, 1972); and in one study, a significant identity of 

HBgAg-subtypes between positive mothers and their positive children, 

1 The Institute for Cancer Research, The Fox Chase Cancer Center, Philadel¬ 

phia, Penna. 19111. 

2 Hellenic Red Cross, Blood Transfusion Center, 4 Alkiviadou, Athens, Greece. 
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but not between positive fathers and positive children (Mazzur et al. 

1974). Vertical transmission and/or a genetic factor underlying sus¬ 

ceptibility to infection have been proposed to account for these 

observations of both a maternal and a familial effect associated with 

HBgAg. The study described here was carried out to elucidate these 

familial and maternal effects. 

The study was designed to test two hypotheses—one about fertility 

and one about sex ratio, of which the second is described at length 

below. That hypothesis was: the sex ratio of live births in matings with 

either the mother or the father positive for HB^Ag will be different 

from matings in which neither parent has HB^Ag. 

Methods 

Testing this hypothesis required the collection of reproductive his¬ 

tories and blood samples from a population known to have a high 

prevalence of HB„Ag, on the assumption that adidt individuals who 

are found to be carriers of the antigen have been so for many years. 

Previous studies have indicated that individuals who are carriers are 

likely to have had the antigen persistently (Blumberg et al. 1966), 

possibly from childhood. A prospective study on carrier parents in 

their childbearing years would be a way of testing the hypothesis 

which does not require making this assumption. Such a study was not 

considered warranted at this stage in our investigation. 

A field study was done in Greece (where the prevalance of HB^Ag 

in some communities was known to be greater than 5%) in collabora¬ 

tion with the Hellenic Red Cross as part of their communit)' donor 

screening program. Plati, a village in Macedonia, was the study site 

and was chosen for several reasons: 

1. A screening project run by the Hellenic Red Cross indicated that 

there was an HBgAg prevalence in the village of 8-10%. This was 

one of the highest frequencies found in their survey. 

2. The village, with an estimated population of 1500 people, was 

of an appropriate size. Estimates based on a computer simulation run 

prior to the study through the courtesy of Dr. E. Lustbader of the 

Institute for Cancer Research, indicated that approximately 40 positive 

matings and 150 negative matings would be required to test the 

stated hypothesis. 

3. The location of the village, transportation, and other facilities 

were logistically suitable for the study. 
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The field work was carried out between May and August of 1973. 
Laboratory work has been completed since September of 1973 and the 
laboratory and questionnaire data has been compiled in a computer 
storage facility at The Institute for Cancer Research. It is available 
for analysis through a general conversational program facility, desig¬ 
nated CAPIA, devised by R. K. Stodola and E. Lustbader, ^or the 
Hewlett-Packard 2100A. 

Plati is one of the many villages which was settled in Macedonia 
following the 1922 exchange of Christian Greek and Moslem Turkish 
populations between Greece and Turkey. One and a half million 
refugees had entered Greece from Asia Minor by 1928 (Pentzopoulos, 
1963). The Plati population originates from refugees from the central 
region of Turkey, formerly called Cappadochia. From a population 
of about 1560 people (as recorded in the village census) blood samples 
were obtained from 1097 or about 70% of the population. The age 
distribution in the sample tested was about the same as that of the 
census population (Blumberg et al. 1974). Reproductive histories 
were obtained from 354 married women. These included genealogical 
and social items, and some attitudinal items known to relate to 
fertility, as well as information on all pregnancies, and on health. 
Blood was tested for the presence of HB^Ag, antibody to HBgAg, and 
HBsAg specificities, as well as for a large number of polymorphisms. 
The results of these other studies are to be described in detail else¬ 
where. 

Reverse passive hemagglutination (Hepanosticon(R): Organon), 
and immunodiffusion (ID) (Blumberg et al. 1965) tests were run on 
the entire sample (n = 1097), and radioimmunoassay (RIA) (by a 
modification of Purcell et al. 1973) on 1011. HB^Ag was detected, as 
indicated by the result of one or more of these tests, in the sera of 123 
individuals (11.3% of the total tested population). The distribution of 
HBgAg by age and sex, for the tested population, is given in Table 1. 

Testing and evaluating the stated hypothesis proceeded as follows: 
1. Mating types were grouped according to the presence or absence 

of HBgAg in the parents. 

2. For each group, the age of mothers, the number and sex of 
livebirths, and the number of abortions was determined, and the sex 
ratio of livebirths calculated. 

3. The age of mothers and fertility for each of the groups was 
compared. 
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4. A test of the hypothesis of no diflFerence in the sex ratio between 

the groups was made and rejected. 
5. A test of the hypothesis of no diflFerence in the sex ratio between 

the groups was made, with parents’ sex disregarded, and mothers 

grouped into age cohorts. A maternal age eflFect was discerned. 

6. Several explanations which might account for the observation 

were tested and rejected. 

Results 

Mating types distinguished by the presence or absence of HBsAg 

in parents were grouped as follows: 

1. Twenty-seven matings in which the mother was positive and 

the'father was either negative (-1- x 0) or untested (4- X ?). In eight 

in which only the mother had been tested, it was assumed that the 

father was most likely to be HBgAg negative, given the frequency of 

HBgAg in the total population. In the calculations the (+ X 0) and 

the (-f X ?) matings were grouped together. 

2. Twenty matings in which the mother was negative and the 

father was positive (Ox -t-). 

3. One hundred seventy-two matings with both parents found to be 

negative for HBsAg (0x0). 

4. Eighty-three matings in which only the mother had been tested 

and was HBBAg(O) (0 X ?). Since 10% of these presumably could be 

(Ox -f), they were not included in the analyses, although these data 

are included in the tables. 

5. Four matings in which both the mother and father were positive 

for HBgAg (+ X -f). Because these matings were considered to be 

possibly biologically diflFerent from matings with one parent positive, 

these were separated from the other matings and calculations were 

done both with, and without, their inclusion in the group with one 

parent HB8Ag(-l-). 

There were 48 matings not included in the analyses. These were 

matings in which only the father or the mother had been tested and 

was negative, or had ambiguous test results, and from whom we did 

not obtain complete histories. 

Mean values for age of mothers, age at marriage, and the number 

and sex of livebirths, and the number of abortions reported by them, 

was determined for each of the mating groups (-l-xO), (Ox-f), 

(4- X -I-), (0 X 0), and (0 X ?) (Table 2). 
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The slight differences in the mean age of mothers in the groups 

were not statistically significant ((Ox?) matings were not included). 

This was determined by a test of the null hypothesis of no differences 

in the mean ages using Scheffe F projections (Miller, 1967). 

Scheffe F projections were also calculated to test the null hypothesis 

of no difference between groups for the mean values for each of the 

fertility indicators (e.g. the number of livebirths and abortions). No 

significant fertility differences could be detected in relation to the 

presence or absence of HBsAg in parents. The sex ratio (defined as 

the number of male offspring/the number of female offspring X 100) 

of livebirths was calculated for each of the groups (Table 3). For 

matings with the mother HBgAg positive, the sex ratio of livebirths 

is 175; with the father HBBAg( + ) it is 200; with both parents positive 

it is 100; for matings with both parents HB9Ag(0) it is 113. The 

difference in the number of male and female livebirths between matings 

with HBRAg(O) parents and those with one parent HBBAg( + ) is 

statistically significant (p = .018) (Table 4). Inclusion of the ( + X + ) 

matings with the other matings with an HB8Ag( + ) parent does not 

appreciably change the significance of this result (p = .024). The 

observed relation between HBgAg in parents and an increased sex ratio 

in their offspring is apparently independent of the sex of the affected 

parent. 

A subsequent analysis of the sex ratio results disregarded the sex 

of the affected parent but took into account the proportion of males 

born to different age cohorts of mothers (ages 20-39, 40-59 and 60-1-) 

(Table 5). A significant difference in the proportion of males born to 

(4-) mothers in the youngest cohort (20-39) was found; this was not 

true in the older cohorts. The effect observed in the youngest cohort 

of mothers can account for the effect observed in the total sample. 

One would expect to observe the same effect in all age cohorts unless 

there was some special characteristic of the younger women (possibly 

they acquired their antigenemia at a different age or in a different 

way than the older mothers). 

Major differences between the mating groups, or between age 

cohorts, could not be determined when groups are compared for 

occupation, education, or birth place, or for differences in prenatal 

mortality. Positive parents did have a greater proportion of (-f) off¬ 

spring (23%) than did HBgAg negative parents (12%). However, 

there were not significantly more (-f) male offspring in any of the 
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Table 3 

Sex of Live Births Reported for Matings of Parents with and without 
HB,Ag {Mo = Mother, Fa = Father, NT = Not Tested) 

Matings No. Males No. Females M/F ratio No. Matings 

Mo ( + ) X Fa (0) or NT 49 28 175.0 27 
Mo (0) X Fa (-I-) 36 18 200.0 20 

Subtotal, 
One Parent HB,^Ag( -)-) 85 46 185 47 

Mo (-f) X Fa ( + ) 5 5 100.0 4 
Subtotal, 

HB„Ag (-f-) Parents 90 51 177 51 

Mo(0)X Fa(0) 287 255 113 172 
Mo (0) X Fa (NT) 135 135 100.0 83 

Total, all matings 509 496 103 306 

three cohorts of (+) matings. (Results on the distribution of carriers 

within families will be discussed in a forthcoming paper.) 

The relation to an altered sex ratio in a human population of an 

agent (HEnAg) closely related to infectious disease has, to the authors’ 

knowledge, been previously reported only twice (Mazzur and Watson, 

Table 4 

Chi-square Test (with Yates Correction^) for Significance of 
Difference in Number of Males and Female Livebirths Reported 
for Matings of Parents with and without HB„Ag 

No. Males No. Females 

Both parents HB„Ag (0) 
compared with: 

287 255 

1. Mo (-f) X Fa (0) 49 28 p = .10 

2. Fa (-1-) X Mo (0) 36 18 p = .07 

1 and 2 85 46 p = .018 
3. Fa (-f) X Mo ( -b ) 5 5 

1, 2, and 3 90 51 p =: .024 

4. M (0) X Fa (?) 135 135 p :ir .47 

• Yates corrected Chi-square yields a conservative estimate of p. 
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1975; Robertson and Sheard, 1973). An association of HBgAg in parents 

with the sex of their progeny is reported here we believe for the first 

time. It would be premature at this time to oflFer a biological explana¬ 

tion for the observations made, especially since very little is known 

about factors determining the sex ratio of offspring. If our observations 

are substantiated by further investigations, they can stimulate new 

studies designed to elucidate the biological mechanisms involved in 

sex ratio determinations. 
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population was reported in 1975. Hes- 

ser et al. {18, 19) found a significant 

association between sex ratio of off¬ 

spring and the responses of parents to in¬ 

fection with hepatitis B virus (HBV) in a 

Greek population. In this article, we re- 

HCDdtitiS B Vims d^nd investigation of the relation be- 
^ tween HBV and sex ratio, and suggest a 

Sex Ratio of Offspring possible explanation for this phenome- 

The response to hepatitis B virus infection in 

parents is related to the sex ratio of their children. 

Jean S. Drew, W. Thomas London, Edward D. Lustbader 

Jana E. Hesser, Baruch S. Blumberg 

On a genetic basis, one would expect 

the ratio of males to females at birth to 
be one. In humans, this is not the case. 

In most human populations there is an 

excess of males bom, and the secondary 

sex ratio (the number of males per KK) 

females at birth) falls within a range of 

104 to 107 (/). It is not known whether 

this phenomenon is due to a high sex ra¬ 

tio at conception, or to a high mortality 

of female zygotes in the earliest stage of 

pregnancy (that is, before pregnancy is 

recognized). Observations on spontane¬ 

ous abortions, stillbirths, and postnatal 

mortality show that male mortality ex¬ 

ceeds female by anywhere from 40 to 145 

percent (2). Hence, by the time repro¬ 

ductive age is reached the sex ratio is 

closer to 100 (3, 4). It is probably this ra¬ 

tio that is stabilized by natural selection 

(J-5). 

There are geographic and racial dif¬ 

ferences in secondary sex ratio. For ex¬ 

ample, black populations have consist¬ 

ently lower sex ratios at birth than non¬ 

black populations (/, 6). However, sig¬ 

nificant deviations from the range of 104 

to 107 are infrequent in countries with 

adequate ascertainment (/, 7). Temporal 

variations in sex ratio have been ob¬ 

served in relation to environmental fac¬ 

tors, such as wars (5) and seasons (9); 

but sustained changes in secondary sex 

ratio probably occur too slowly to detect 

(J-5). 
It has been suggested that a cultural 

preference for offspring of one sex could 

affect sex ratio. This has been seen in re¬ 

gard to postnatal sex ratios in societies in 

which a preference for one sex results in 

infanticide of the other (10). Birth con¬ 

trol alone cannot affect secondary sex ra¬ 

tio. however, because the probability of 

a maie at each birth iS independent of the 

sex of previous births In contrast if 

SCIENCE, VOL. 201, 25 AUGUST 1978 

couples within a populatior. vary in their 

inherent or biological probability of hav¬ 

ing a male, sex preferences, expressed in 

terms of effective birth control, could af¬ 

fect the secondary sex ratio (4. 11). 
Intrapopulation variations in sex ratio 

have been attributed to genetic and envi¬ 

ronmental as well as racial differences 

{12, 13). Sanghvi (12) found an associa¬ 

tion of the ABO blood groups of mothers 

and their children with secondary sex ra¬ 

tio. In both Bombay and New York, the 

sex ratio of “O” infants bom to “O” 

mothers was significantly higher than 

that of “A” infants bom to “A” 

mothers. Jackson et al. (13) found a rela¬ 

tion between the Xg® blood group system 

and sex ratio. Sex ratio was significantly 
higher among offspring of Xg^-i- father x 

Xg®- mother matings than among those 

of all other Xg® combinations. They sug¬ 

gested that sensitization of Xg®- 

mothers by Xg:®+ female fetuses might 

lead to a preferential loss of such em¬ 

bryos. In a recent analysis of data from 

the United States, Erickson examined 

the simultaneous effects of mother’s age, 

father’s age, mother’s race, birth order, 

legitimacy, and paternal education on 

sex ratio. The only significant effect de¬ 

tected was a negative association betwen 

birth order and secondary sex ratio (14). 
A relation between sex ratio of off¬ 

spring and an infectious agent has been 

observed in some species of Drosophila, 

in which maternal infection with small 

spirochetes, presumably treponemata, is 

associated with a reduction in male (spe¬ 

cifically single-X chromosome) offspring 

{15, 16). This phenomenon appears to be 

the consequence of a disturbance in the 

development of male zygotes, resulting 

in 50 percent mortality (15-17). 
A relatior Oeiweer sex ratio of off¬ 

spring and an infectious agent in a human 

0036-8075rt8/0825-0687$01.50/0 

Host Responses to HBV Infection 

Hepatitis B surface antigen (Australia 

antigen; HBsAg) is in the outer coat of 

the Dane particle, the presumed virion of 

HBV. Three types of particles (spheri¬ 

cal, rod-shaped, and Dane particles), all 

with HBsAg on their surfaces, may be 

found in the blood of patients infected 

with HBV. When infected, an individual 

may respond by developing acute hepa¬ 

titis, which is demonstrated by the tran¬ 

sient appearance of HBsAg in his blood, 

elevated serum transaminase, and some¬ 

times jaundice. Infection is foliowed by 

the development of antibody against 

HBsAg (anti-HBs) and the resolution of 

the viremia and clinical symptoms. In 

some cases, however, people become 

chronically infected with HBV, with 

little evidence of liver damage and few 

clinical symptoms. Many of these people 

do not develop anti-HBs, and they may 

be HBsAg(-f) for years (20). Such people 

are termed “chronic carriers’’ of HBV. 
They may infect other uninfected per¬ 

sons (by transfusion, for example) and 

apparently are at increased risk of devel¬ 
oping certain chronic liver diseases such 

as chronic aggressive and chronic per¬ 

sistent hepatitis, postnecrotic cirrhosis, 

and primary hepatocellular carcinoma 

(21). 

HBV and Sex Ratio at Birth 

HBV can be transmitted from mothers 

to offspring in the perinatal period, that 

is, in utero, during, or soon after birth. 

Infection early in life with HBV appears 

to increase the likelihood of becoming a 

chronic carrier of the virus (22), and ver¬ 

tical transmission of HBV from mother 

to child has been implicated as a major 

mechanism for the establishment of ear¬ 

ners in at least one population (23). 
Transmission from father to child has not 

The authors are investigators in the Division of 
Clinical Research at The Institute for Cancer Re- 
searen. The Fox Chase Cancer Center, Philadelphia, 
Pennsylvania 19111. Dr. London is also Associate 
Professor of Medicine and Dr Biumberg is also Uni- 
versitv Ihofessor of Medicine and Anthropology at 
the Universit'.' of Pennsylvania, Philadetphia. 
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Table 1. Number of male and female live births according to parents ■ response to HBV (55). 

Couples 
(No.) 

Live births* Sext 

Parents' response to HBV Male Female 
ratio 

Either parent HBsAg(-(-):anti-HBs(-) 
Both parents HBsAg(-):anti-HBs(-) 
Both parents HBsAg(-):either parent anti-HBs(-i-) 
Neither parent HBsAg(-i-);anti-HBs(-) and 

33 
29 

154 
16 

60(1.82 ± .22) 
51 (1.76 ± .24) 

241 (1.56 ± .10) 
25(1.56 ± .39) 

24(0.73 ± .11) 
35(1.21 ± .23) 

222(1.44 ± .10) 
27(1.69 ± .42) 

250.0(161.1,429.1) 
145.7 (95.7,230.0) 
108.6 (90.5, 130.9) 
92.6 (52.7, 161.1) 

either parent HBsAg(+):anti-HBs( + ) __ 

•The numbers in parentheses indicate the number of live b.rths per'couple (mean ± S.E.). Txhe numbers m parentheses indicate the 95 percent confidence l.mits 

in the sex ratio. 

been studied extensively but appears to 

be less common {24). 
An association between hepatitis in¬ 

fection and sex ratio at birth was pre¬ 

viously suggested by Robertson and 

Sheard, who found a relation between an 

outbreak of hepatitis (of unknown etiol¬ 

ogy) and a subsequent decrease in male 

live births (25). Mazzur and Watson de¬ 

scribed a high proportion of males 

among siblings of HBsAg carriers in 

Melanesia (26). In 1973, we studied dif¬ 

ferences in sex ratio associated with 

HBsAg in parents from the Greek village 

of Plati in southern Macedonia (27). 

When either parent was HBsAg(-t-) there 

was a significantly higher sex ratio of live 

births than when both parents were 

HBsAg(-) (18. 19, 28). 
The original analysis of the Plati data 

considered only the presence of HBsAg. 

We subsequently hypothesized that anti- 

HBs would be associated with a sex ratio 

alteration opposite in direction to that as¬ 

sociated with HBsAg. In this article, we 

present an analysis of the Plati data, in¬ 

cluding the data on anti-HBs as well as 

other factors thought to affect secondary 

sex ratio such as parental age, number of 
years of marriage, and order of birth and 

pregnancy. The conclusions from the 

Plati data are compared to observations 

from other studies showing an inter¬ 

action of HBV with sex, and a hypothe¬ 

sis explaining the interaction is pro¬ 

posed. 

Results from Plati 

Serums were obtained from 326 wives 

and 248 husbands. representing a total of 

390 families. Reproductive histones, in¬ 

cluding the number and sex of live births 

and the number of abortions, were ob¬ 

tained from all the women and from 

those men whose wives were not avail¬ 

able for the study. The sex ratio of the 
1558 people (including parents and chil¬ 

dren) ascertained in this community was 

111. This may seem high, but it is not un¬ 

usual for Greece and is not significantly 

differem from sex ratios encountered in 

most human populations. The norma! 

range of sex ratios (from 104 to 107) falls 

within the 95 percent confidence limits of 

— Eithef parent HBsAg(+) • anti-HBst i 

———Both parents HBsAg(-); antiHBs(-) 
_Both parents HBsAg(-), either parent antiHBs( + ) 

Number o( years of marriage 

Fitt. I. Least-squares fits for the regressions of sons and daughters as a function of the number of 
years of marriage. By analysis of covariance (56), the number of sons per years of rnarnage is 
significantly higher (P < .02,' and number of daughters significantly lower (P ^ .0,:) for 

HBsAg(-i-) as compared to ar.ti-HBs(-i-) couples. 
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the ratio in Plati (from 100.4 to 122.7) 

(6). 
Complete information, with respect to 

HBV serology and sex of all live births,, 

was available from 232 couples. These 

couples were categorized according to 

immune responses to HBV, as defined 

by the presence or absence of HBsAg 

and anti-HBs in the serum of each parent 

(29). The sex ratio of offspring of 33 

couples in which either parent was 
HBsAg(+);anti-HBs(-) was compared 

to that of 183 couples in which both par¬ 

ents were HBsAg(-). Among the 183 

couples, the offspring of 29 couples in 

which both parents were anti-HBs(-) 

were compared to those of 154 in which 

either parent was anti-HBs(-+-). There 

were 16 couples in which neither parent 

was HBsAg(-r):anti-HBs(-), but at 

least one parent was HBsAg(-t-):anti- 

HBs(-f) These 16 couples are included 

in Table 1 but were excluded from fur¬ 

ther analysis (56). 
Table ! shows that sex ratio of live 

births was highest in families in which at 

least one parent was HBsAg(-)-):anti- 

HBs(-) [hereafter called HBsAg(-i-) 

couples] (31). intermediate in families 

in which both parents were HBsAg(-); 

anti-HBs(-), and, as predicted, tower 

when both parents were HBsAg(-) and 

at least one was anti-HBs(-i-) [hereafter 

called anti-HBs(+) couples]. A sex ratio 

of 145.7 may seem extreme for the 
HBsAg(-);anti-HBs(-) “control” pop¬ 

ulation, but the 95 percent confidence lim¬ 

its include the normal range of 104 to 107 
(Table 1). The corresponding limits for 

the sex ratio of children of HBsAg(-l-) 

couples do not include the normal 

range. The sex ratio among the 16 

HBsAg(-i-):anti-HBs(-t-) families is sim¬ 

ilar to that of the anti-HBs( + ) couples 

and suggests that the effect of anti-HBs 

overshadows that of HBsAg when both 

are present in one parent (52). From the 

analysis of these results (see Table 1), we 

concluded that the hypothesis that anti- 

HBs would be associated with a sex ratio 

alteration in the opposite direction from 

that observed with HBsAg was con¬ 

firmed. 
The relation between response to 

SCIENCE, VOL. 201 



HBV in parents and sex ratio of ofiFspring 

was further characterized by comparing 

the mean numbers of sons and daughters 

born per family to each category of par¬ 

ents. Table 1 shows that HBsAg(-(-) 

couples had similar numbers of sons but 

significantly fewer daughters per family 

as compared to anti-HBs(+) couples 

(P = .0007) (29). 

Some sex ratio effects might be ex¬ 

plained by other factors such as parental 

ages, number of years married, birth or¬ 

der, and fetal loss. Age is of particular 

importance because differences in the 

frequencies of HBsAg ancj anti-HBs by 

age are well documented (ii). We tested 

the hypothesis that these factors could 

account for our observations in several 

ways. First, we compared the sex ratios 

and mean numbers of sons and daughters 

per fqmily for only coupips married more 

than 15 years. In this way we could ex¬ 

amine presumably “completed” families 

and therefore control for effects of pa¬ 

rental ages and birth order. This sub¬ 

group included 18 HBsAg(-(-), 17 

HBsAg(—):anti-HBs(—), and 97 anti- 

HBsf-f-) couples (for a total of 132 fami¬ 

lies, more than 60 percent of the total 

sample). Again, HBsAg(-i-) couples had 

a significantly higher sex ratio (P = 

.(X)2), the same number of sons, and 

fewer daughters (P = .002) than anti- 

HBs(+) couples. We then compared 

by analysis of covariance the least- 

squares fits for the regressions of sons 

and daughters as a function of number of 

years of marriage. HBsAg(-t-) couples 

had significantly more sons (P < .02) 

and fewer daughters (P < .02) per num¬ 

ber of years of marriage than did anti- 

HBs(+) couples (Fig. 1) (34). The fact 

that in HBsAg(+) couples total number 

of sons per family was similar, but that 

there were more sons per number of 

years married than in anti-HBs(+) 

couples, suggests that the HBsAg(-i-) 

couples had sons earlier in marriage than 

the anti-HBs(+) couples. 

Figure 2 presents the proportions of 

males bom to HBsAg(-l-) compared to 

the number bom to anti-HBs(+) 

couples; these data take into account pa¬ 

ternal and matpmal ages and pregnancy 

and birth order (35). The HBsAg(+) 

couples had consistently higher propor¬ 

tions of male live births than anti- 

HBs(+) couples, regardless of the ef¬ 

fects of the other four factors. These 

overall differences, as compared by the 

Mantel-Haenszel method for stratified 

analysis (36), were significant (see legend 

to Fig. 2). 

We considered two additional ques¬ 

tions. (i) Although parental ages and 

pregnancy and birth orders individually 

25 AUGUST 1978 

did not account for the relation between 

response to HBV in parents and sex ratio 

of offspring, could these factors account 
for the phenomenon if considered simul¬ 

taneously? (ii) What are the relative con¬ 

tributions of parental response to HBV 

and other reproductive factors to the sex 

ratio of offspring? 

To address these questions, we used a 

weighted multiple linear regression anal¬ 

ysis for estimating sex ratio (37). To sim¬ 

plify interpretation, we modeled an ad¬ 

aptation of the sex ratio statistic (number 

of males divided by the number of fe¬ 

males) on a logarithmic scale so that pos¬ 

itive values of the log of the sex ratio in¬ 

dicated more males and negative values 

indicated more females. We considered 

seven factors: HBsAg and anti-HBs in 

mothers and fathers, total number of 

pregnancies, fetal loss, and number of 

years of marriage (38). An initial analysis 

suggested that the presence of HBsAg in 

parents favors males and that anti-HBs 

in mothers favors females. However. 

anti-HBs in fathers, total number of 

pregnancies, number of years married, 

and fetal loss did not have important ef¬ 

fects on sex ratio. We then decided to 

consider together the three HBV-related 

factors—HBsAg in fathers, HBsAg in 

mothers, and anti-HBs in mothers—as 

one “HBV response” variable. Anti- 

HBs in fathers was disregarded since its 

effect on sex ratio was negligible. This 

HBV response variable had three pos¬ 

sible values: when both parents 

were HBsAg(-) and the mother was 
anti-HBs(-(-), “0” when both parents 

were HBsAg(-) and the mother was 

anti-HBs(-), and “-t-1” when either par¬ 

ent was HBsAg(-t-) (and anti-HBs(-)]. 

H Either parent HBsAg( + ) : antl HBsl —) 

rr Both parents HBjAgt—), either parent anti HBs( + ! 

0.30 

0.20 - 

0.10 - 

» -0.10 •- 

0.20 - 

0.10 — 

Father’s age 

<29 30-39 >40 

Mother's age 

<24 25 29 >30 

-0.10 •— 

Fig. 2. The proportion of male live births according to parents’ response to HBV, paternal (a) 
and maternal (b) ages, and pregnancy (c) and birth (d) orders. Total numbers of children are 
indicated at the baseline. The baseline is the proportion of males among all 633 children. The 
absolute proportions of males are indicated by the crossbars in reference to the scale at the 
right. The differences of each category from the baseline proportion are outlined by the en¬ 
closed areas in reference to the scale at the left. The Z and P values (two-tailed) calculated 
according to the method of Mantel and Haenszel (36) are as follows: (a)Z = 2.759, P = .006; 
(b) Z = 3.088, P = .002; (c) Z = 3.187, P = .001; and (d) Z = 3.207, P = .001. 
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This combined variable is significantly 

related to sex ratio (x^ = 5.20). In addi¬ 
tion, fetal loss, although not significant 

as an individual factor, or in relation 

to anti-HBs( + ) or HBsAg(-):anti- 

HBs(-) mothers, appeared to be impor¬ 

tant when considered in reference to 

HBsAg(-t-) mothers. The sex ratio of 

children born to HBsAg(+) mothers who 

had experienced abortions or stillbirths 

(or both) was noticeably lower than that 

of children of HBsAg( + ) mothers who 

had not experienced fetal loss. Thus, a 
“combined HBsAg in mothers :fetal 

loss” variable took the values “ —1” 

when the mother was HBsAg( + ) with 

fetal loss, “0” when the mother was 

HBsAg(-), and “+1” when the mother 

was HBsAg(-t-) with no fetal loss. This 
combined variable was also important in 

predicting sex ratio (x* = 2.61). When 

only the two combined variables are con¬ 

sidered, the analysis predicts sex ratios 

for five possible categories of parents. 

Table 2 shows these five categories with 

the total number of sons and daughters, 
the observed sex ratio, and the sex ratio 

predicted by a two-variable model with 

the following equation; predicted sex 

ratio = exp [0.319 + 0.296 x HBV re¬ 

sponse + 0.553 X fetal loss]. 
By observation, the observed and pre¬ 

dicted sex ratios are nearly equal. How¬ 

ever, the model is descriptive and re¬ 

quires further testing with another set 

of data (39). Fetal loss in HBsAg(-(-) 

mothers has only marginal statistical sig¬ 

nificance, is based on a relatively small 

sample size, and is indicative of the ten¬ 

tative status of this model. Nonetheless, 

the results of this analysis reject the hy¬ 

pothesis that the relation between par- 

Table 2. Sex ratio in Plati, observed and predicted by a two-variable model including HBV 

response and fetal loss. 
--- 

Daugh¬ 
ters 

Sex ratio 

Parents’ category Sons Ob¬ 
served 

Pre¬ 
dicted 

Both parents HBsAg(-), mother anti-HBs(-) 
Both parents HBsAg(-), mother anti-HBs(-t) 
Father HBsAg(-t-) 
Mother HBsAg(-l-) without fetal loss 
Mother HBsAg(+) with fetal loss 

112 
146 

13 
17 
10 

86 
140 

7 
5 
9 

1.302 
1.042 
1.857 
3.400 
1.110 

1.376 
1.023 

1.850 
3.216 
1.064 

ents’ responses to HBV and secondary 

sex ratio can be accounted for by other 

factors thought to affect sex ratio such as 

birth order, parental ages, and number of 

years of marriage. In addition, the analy¬ 

sis suggests some new hypotheses, (i) 

Anti-HBs has an effect on sex ratio only 

when it is present in mothers with 

HBsAg(-) husbands but not when it is 

present in fathers only, (ii) Fetal loss is 

important only in HBsAg(-l-) mothers 

and, when it occurs, is accompanied by a 

decrease in the generally high sex ratio 

of offspring of other HBsAg(+) couples. 

This suggests that, since HBsAg(+) 

mothers without fetal loss have a very 

high proportion of sons, those with fetal 
loss experience a preferential loss of 

males. 
The regression analysis also suggested 

that the three original categories of HBV 

response be changed to the following: (i) 
either parent HBsAg(-t-):anti-HBs(—), 

(ii) both parents HBsAg(-): mother 

anti-HBs(-), and (iii) both parents 

HBsAg(-): mother anti-HBs(-l-). Fig¬ 

ure 3 shows that these new category defi¬ 

nitions yield clearer distinctions between 

the least-squares fits for the regressions 

of sons and daughters as compared with 

the number of years of marriage than did 

the original definitions (Fig. 1). 

Other HBV-Sex Interactions 

Either parent HB$ Ag(+): anti-HBsl —) 
Both parents HBsAg( —), mother anti HBs( —) 

Both parents HBsAg(-), mother anti HBs( + ) 

Number of years of marriage 

Fie 3. Least-squares fits for the regressions of sons and daughters as a function of the numter of 
years of mamage: revised category definitions were used. By analysis of covariance (56,, the 

number of sons oer years of mamage is significantly higher (P < .02) and numoe-- oi 
significantly lower (F < .02) for HBsAg(-r) as compareo to HBs.4g'-);mothe. anti-HBsi + f 

couples. 

In considering possible explanations 

for the association between parents’ re¬ 

sponse to HBV infection and sex ratio of 

offspring, we examined two other in¬ 

stances in which HBV seems to interact 

with sex. 
1) There is a sex diflference in re¬ 

sponse to HBV infection. In most popu¬ 

lations where the prevalence of chronic 

carriers is high, HBsAg is detected from 

0.2 to 5 times more often in males than in 

females (33, 40). Similarly, both post¬ 

necrotic cirrhosis and primary hepato¬ 

cellular carcinoma are more common in 

males (21, 41-43) and, although lupoid 
chronic [HBsAg(-)] hepatitis is more 

common in females, HBsAg(-i-) chronic 

hepatitis is more comipon in males (44- 
46). It has been argued that such dif¬ 

ferences are due mainly to an increased 

exposure of males to HBV infection (47). 
However, we have recently demon¬ 

strated that, among patients with end- 

stage renal disease treated with chronic 

hemodialysis, sex differences in HBsAg 

prevalence are due to a sex difference in 

response to HBV. We controlled the ex¬ 

posure variable by studying the re¬ 

sponses to HBV infection, by sex, 

among 77 patients with renal disease, all 
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of whom became infected with HBV 

while receiving treatment at a single he¬ 

modialysis clinic (48). Among these pa¬ 

tients, males had a 68 percent chance of 

remaining HBsAg(-t-) persistently once 

infected with HBV, whereas females had 

only a 33 percent chance. Conversely, 

females had a 55 percent chance of de¬ 

veloping anti-HBs once infected with the 

virus, whereas males had only a 30 per¬ 

cent chance. These differences in re¬ 

sponse were significant and were not re¬ 

lated to sex differences in age, under¬ 

lying renal disease, or incidence of infec¬ 

tion. 

2) We found that the response of renal 

graft recipients to HBV infection before 

transplantation and the sex of their kid¬ 

ney donors was associated with the dura¬ 

tion of graft survival. We studied the sur¬ 

vival of 87 grafts in 79 patients whose re¬ 

sponses to HBV infection were assessed 

before transplantation (49). Kidneys 

from HLA nonidentical male donors 

which were transplanted into male or fe¬ 

male patients who had anti-HBs prior to 

transplantation had very short survival. 

Eight of nine such grafts were rejected 

within 4 months of transplantation. Sur¬ 

vival of grafts from male donors was sig¬ 

nificantly longer in both uninfected pa¬ 

tients and chronic carriers of HBsAg 

(median survival for both groups was 

more than 22 months). Among the few 

patients who received grafts from female 

donors, there were no significant dif¬ 

ferences in graft survival between anti- 

HBs(-l-), uninfected, and HBsAg(-i-) re¬ 

cipients (50). 

How Can HBV Interact with Sex? 

These two observations, together with 

the results of the Plati sex ratio study, 

led us to the hypothesis that there is 

cross-reactivity between HBsAg and a 

male-associated antigen (51). If HBsAg 

cross-reacts with a male-associated anti¬ 

gen, males would be more likely to rec¬ 

ognize HBsAg as “self’ and therefore 

would remain HBsAg(+) persistently. 

Females, however, would be more likely 

to recognize HBsAg as “foreign” and 

produce anti-HBs. This would result in 

the observed predominance of males 

among chronic carriers of HBV in dial¬ 

ysis patients and other populations. In 

kidney transplant patients, tolerance to 

HBsAg in kidney graft recipients would 

result in tolerance (that is, longer surviv¬ 

al) of male tissues, whereas anti-HBs in a 

recipient would react with male antigens 

on renal allografts, resulting in early re¬ 

jection of grafts from male donors. 

Similarly, we can speculate that toler- 
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ance to HBsAg [reflected in the mainte¬ 
nance of HBsAg(-l-);anti-HBs(-) sta¬ 

tus] in pregnant women would result in 

lack of sensitization against male tissues 

developing within them, and therefore 

good survival of male fetuses. Anti-HBs 

in women, however, could react with 

male antigens and perhaps hinder fertil¬ 

ization by sperm bearing a Y chromo¬ 

some or increase the probability of spon¬ 

taneous abortion of male fetuses. 

HBsAg(-l-) males would have HBsAg in 

their semen which, conceivably, could 

protect Y-bearing sperm from the effects 

of anti-HBs or other “anti-male” anti¬ 

bodies in their spouses’ reproductive 

tracts (52). The effect of fetal loss in 

HBsAg(-l-) women could be explained by 

unhindered replication of HBV in male 

fetuses, and this could result in a greater 

loss of male than female embryos. 

The cross-reactivity hypothesis can¬ 

not explain all the observations from the 

Greek study. If the effects of HBsAg and 

anti-HBs were the only factors modi¬ 

fying sex ratio, HBsAg(-l-) couples 

would have more sons than anti-HBs(-(-) 

couples (5i). However, the observation 

that, even among parents married more 

than 15 years, HBsAg(-l-) couples had 

the same number of sons but fewer 

daughters per family as compared to 

anti-HBs(+) couples suggests that hu¬ 

man behavior is affected by hepatitis B 

infection. In this Greek community most 

younger women preferred small families 

and practiced some form of birth control. 

Also, in some parts of Greece a prefer¬ 

ence for sons (as observed in many other 

societies) has been reported (6). It is pos¬ 

sible that parents chose to limit family 
size only after bearing a desired number 

of sons. If this were so, couples where 

both parents were HBsAg(-) and the 

mother was anti-HBs(-i-) might give birth 

to several daughters before achieving the 

desired number of sons while HBsAg(+) 

couples would have the desired number 

of sons early in marriage and, as a result, 

restrict the number of subsequent births 

and therefore the total number of daugh¬ 

ters born. The sex ratio of offspring of 

HBsAg(-) couples with anti-HBs(-) 

mothers would be unaffected by this 

preference since these couples express 

neither of the factors (HBsAg, anti-HBs) 

affecting sex ratio. If these explanations 

are valid, then in this community biologi¬ 

cal and social factors interact to influ¬ 

ence the secondary sex ratio. 

Conclusions 

We have observed an association be¬ 

tween the types of response to hepatitis 

B infection in parents and the sex ratio of 

their offspring. In either parent HBsAg 

was associated with a high sex ratio of 

live births, while anti-HBs(-(-) in mothers 

was associated with a low sex ratio. Fe¬ 

tal loss in HBsAg(-i-) mothers was also 

related to a lower sex ratio. Other vari¬ 

ables thought to affect sex ratio, such as 

paternal and maternal ages (or number of 

years of marriage) and total number of 

pregnancies, were not significantly re¬ 

lated when considered in the context of 

HBV response and fetal loss. 

Evidence from studies of sex dif¬ 

ferences in response to infection with 

HBV, and survival of transplanted kid¬ 

neys in recipients with different re¬ 

sponses to HBV, as well as the study of 

sex ratio reported in this article led to the 

hypothesis that there is cross-reactivity 

between HBsAg and a male-associated 

antigen. This hypothesis requires both 

experimental and epidemiological test¬ 

ing. 

Very few biological factors that affect 

sex ratio have been identified. Studies of 

the kind reported here should be con¬ 

ducted on other populations (54), and the 

effects of additional infectious agents 

and biological factors on sex ratio should 

be evaluated. 
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SEX DIFFERENCES IN RESPONSE TO 
HEPATITIS B VIRUS 

I. History 

BARUCH S. BLUMBERG 

Sex differences related to responses to hepatitis 

B infection are reviewed. In most human populations 

there is a higher prevalence of chronic carriers of hepa¬ 

titis B virus (persistently HBsAg-l-) among males than 

females. Females are more likely than males to produce 

anti-HBs in response to infection. Diseases associated 

with increased frequencies of carriers are more preva¬ 

lent among males. The response of parents to hepatitis 

B virus (HBV) infection appears to affect the sex ratio 

at birth of their offspring. Couples in which either parent 

is a carrier have higher sex ratios (higher proportion of 

males) compared with couples in which neither parent is 

HBsAg-l-. Couples in which the mother is anti-HBs-l- 

have children with lower sex ratios than either carriers 

or uninfected couples. 

Frequency of HBsAg carriers in males and fe¬ 

males: Original observations. Soon after the discovery 

of Australia antigen (now known as hepatitis B surface 

antigen, HBsAg) in the serum of an Austrahan aborig¬ 

ine, we found that there were larger numbers of male 

than female carriers (1). In 1972 the then-known data 

on the distribution of the carrier state in non- 

From The Institute for Cancer Research, The Fox Chase 
Cancer Center, Philadelphia, Pennsylvania 19111. 

Supported by USPHS grants CA-06551, RR-05539, and CA- 
06927 from the National Institutes of Health and by an appropriation 
from the Commonwealth of Permsylvania. 

Address reprint requests to Baruch S. Blumberg, MD, The 
Institute for Cancer Research, The Fox Chase Cancer Center, Phila¬ 
delphia, PA 19111. 

Arthritis and Rheumatism, Vol. 22, No. 11 (Novemher 1979) 

hospitaUzed patients and in several groups of patients 

with diseases associated with Australia antigen were as¬ 

sembled (2). In all of these (with one exception) there 

was a higher proportion of male than female carriers 

and this difference was most striking in the younger age 

groups. 
These results were consistent with the findings of 

Childs and his colleagues who had collected informa¬ 

tion from the records of Johns Hopkins Hospital from 

1895 to 1955 on the sex of children admitted to the hos¬ 

pital with the diagnosis of bacterial meningitis or septi¬ 

cemia (3). They found that for nearly all of these condi¬ 

tions, there was a higher frequency in males than in 

females. This difference was most striking in the 

younger age groups. They further found that after the 

introduction of antibiotics for the treatment of these in¬ 

fections, the difference in mortality between males and 

females actually increased, although the absolute mor- 

tahty for both sexes had decreased. They interpreted 

these data to mean that young females were more resist¬ 

ant to infection by a large number of species of bacteria, 

that once infected they responded to infection better 

than males, and when given appropriate therapy, they 

responded better to treatment. 

Childs and colleagues then proposed a hypothe¬ 

sis based, in part, on the genetic concept of “Lyoniza- 

tion”; that is, for female cells there is a random in¬ 

activation of one X chromosome. They postulated the 

presence of genes controlling the production of anti¬ 

bodies against bacteria on the X chromosome. Because 
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of the random inactivation of X chromosomes, females 

would be more heterogeneous with respect to antibody 

formation and, therefore, have a greater variety of pos¬ 

sible responses to infection than males. Males would 

have only a single kind of X chromosome and, con¬ 

sequently, less possibihty of variation. 

Frequency of anti-HBs in males and females: 

Original observations. Subsequently, in collaboration 

with Alberto Vierucci and his colleagues, we studied an 

extensive collection of sera obtained from patients 

treated at the thalassemia center in Ferrara, Italy. Thal¬ 

assemia patients produce high titers of anti-HBs, pre¬ 

sumably as a consequence of their repeated immuniza¬ 

tion by HBsAg present in the blood used for 

transfusion. Using immunodiffusion, a relatively in¬ 

sensitive testing method, Vierucci et al found that, in 

general, females were more likely to develop anti-HBs 

antibodies and males were more hkely to become car¬ 

riers (4). 

Transmission of HBV from parents to children. 

Family studies were a major part of the early investiga¬ 

tions of Australia antigen. In 1972 we found that in 

completed or partially completed families, there was a 

larger proportion of carriers among the offspring when 

mothers rather than fathers were carriers (5). This sug¬ 

gested that transmission from the mother to the off¬ 

spring was a more hkely event than transmission from 

the father to the offspring. Additional weight was given 

to this explanation when Mazzur et al reexamined fami- 

hes by using newly developed techniques for determin¬ 

ing the subtypes of HBsAg (6). They found that in fami- 

hes in which either the mother or father was a carrier, 

the offspring nearly always had the same HBsAg sub- 

types as carrier mothers, but were often different from 

carrier fathers. This was consistent with the explanation 

that mothers but not fathers often transmitted hepatitis 

virus to their offspring. This study on completed fami- 

hes suggested that infection from the parents (primarily 

mothers) could occur when the children were quite 

young and that the children would remain carriers for a 

long time. 

Direct evidence was obtained by Schweitzer (7) 

and subsequently others in their studies of mothers who 

had HBsAg positive (HbsAg-i) hepatitis during the 

third trimester of pregnancy or at the time of delivery. 

They found that there was a much greater likehhood 

that the offspring of such mothers would become per¬ 

sistently HbsAgT within weeks or months of birth than 

if the mother did not have hepatitis and HBsAg in her 

blood at the time of delivery. They did not find a high 

frequency of transmission by asymptomatic carrier 

mothers. Shortly afterwards, investigators in Asia found 

that women who were asymptomatic carriers during 

pregnancy were very likely to infect their infants, and 

such babies had a high risk of becoming carriers (8,9). 

This was particularly true if the mother had a high titer 

of HBsAg or was HBeAg-t-. 

There have now been studies in several parts of 

the world, and these show that the frequency of mater¬ 

nal transmission varies from place to place (9-11). The 

time at which mother-to-child infection takes place 

could occur in utero, during birth, or in the early post¬ 

natal period. In Taiwan, intervention therapies at 

birth—delivery of the infant by cesarean section or ad¬ 

ministration of hepatitis B immune globulin (HBIg)— 

have not been effective in preventing maternal transmis¬ 

sion (12), but prophylaxis with HBIg in Holland ap¬ 

pears to have been effective (13). 
These findings focused attention on early parent- 

child relations and led to systematic studies of biological 

events related to the infective status of parents. Before 

describing these, it may be useful to review some addi¬ 

tional information on the sex relatedness of phenomena 

associated with hepatitis B. 

Observations on diseases associated with 

HBsAg. There are several diseases in which the fre¬ 

quency of HBsAg carriers is higher than in the general 

population or other diseases. These include chronic 

hepatitis (14), postnecrotic cirrhosis (15), primary he¬ 

patocellular carcinoma (PHC) (16), Down’s syndrome 

(17) , chronic renal disease treated with hemodialysis 

(18) , some forms of leukemia (19), Hodgkin’s disease 

(20), lepromatous leprosy (21), polyarteritis nodosa (22), 

and mixed cryoglobulinemia (23). For some of these, 

HBV is related to the etiology and/or pathogenesis; for 

others, abnormalities of the immune system are associ¬ 

ated with an increased susceptibility to become a 

chronic carrier when exposed to the virus. 

Each of these diseases, however, has a higher 

prevalence among males than females. Chronic active 

hepatitis associated with hepatitis B is more common in 

men, whereas chronic active hepatitis not associated 

with hepatitis B is more common in women. Post¬ 

necrotic cirrhosis is 3 to 4 times more prevalent among 

men than women and the incidence of PHC is 4 to 9 

times higher in men than women. The carrier rate is in¬ 

creased among patients with lepromatous leprosy, and 

males are much more likely than females to develop the 

lepromatous form. The other polar form of leprosy, tu¬ 

berculoid leprosy, is not associated with persistent 

HBsAg and is equally prevalent in males and females. 

Persistent HBsAg is significantly more common in 
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Number Months HBsAg(+) 

Figure 1. The probability of male or female patients who became in¬ 

fected with HBV in a single hemodialysis unit, remaining HBsAg-f 

once they had converted from HBsAg—. Males with chronic renal dis¬ 

ease have a 68% probability of becoming chronic carriers when first 

detected HBsAg—, whereas female patients have a 33% chance (28). 

Down’s syndrome patients than in other patients with 

mental retardation who reside in the same institution 

(24), and there is a male excess in Down’s syndrome. A 

similar male excess is also found in the myelogenous 

leukemias, Hodgkin’s disease, chronic renal disease 

leading to endstage kidney failure, mixed cryoglobuli¬ 

nemia (a disease associated with hepatitis B immune 

complexes), and periarteritis nodosa, many cases of 

which appear to be etiologicaily and pathogenetically 

related to hepatitis B infection. 

It may also be pertinent that in one study HBsAg 

was localized by immunofluorescence in the testes (25). 

There is testicular localization of the primary disease 

process in several of the above mentioned diseases. 

Male Down’s syndrome patients are generally sterile 

and have small atrophic testes, whereas females with 

Down’s syndrome can bear children. The testes are said 

to be more commonly involved than ovaries in certain 

forms of leukemia. The testes are a site of concentration 

of Mycobacteria leprae (the causative agent of leprosy) 

in patients with the lepromatous form of leprosy, and 

male patients with lepromatous, but not tuberculoid, 

leprosy have testicular atrophy and reduced fertiUty. 

Female patients with lepromatous leprosy also have re- 
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duced fertility, but this appears to have a different cause 

(26). 

Chronic renal disease and hemodialysis. For sev¬ 

eral years we have conducted a systematic study of the 

sera from patients with endstage renal disease who were 

undergoing chronic hemodialysis. Twice a month serum 

is collected from each patient and staflT member at three 

commercial dialysis units in the Delaware Valley and 

tested for HBsAg, anti-HBs, and other factors related to 

hepatitis infection. From its inception, one of the renal 

dialysis units was designated to serve HBsAg-f- patients, 

and on this unit many of the patients either entered in¬ 

fected or became infected with HBV after treatment 

had begun. For example, patients without protective 

anti-HBs antibodies, who had been exposed on this unit 

for one year, had an 80% probability of becoming in¬ 

fected with HBV (27). 

The accumulated sequential data on the patients 

in the renal dialysis unit provided a body of data for re¬ 

examining the differences between the sexes with re¬ 

spect to becoming carriers of HbsAg or developing anti- 

HBs. London and Drew (28) identified all patients in 

the unit who became infected with hepatitis B virus (as 

measured by the development of HBsAg in their blood). 

With a hfetable analysis, the probabihty of remaining a 

Number Months After First Detected HBsAg(+) 

Figure 2. The probability of the same patients not developing anti- 

HBs once detected HBsAg-i-. About 55% of the female patients are 

likely to eventually develop anti-HBs compared with 30% of the 

males (28). 
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carrier or of developing antibody was determined for 

each of the sexes separately. The results are shown in 

Figure 1. There was a significantly higher probabihty 

that males rather than females would remain carriers 

for an indefinite period. Similarly, there was a signifi¬ 

cantly higher probability that once infected, females 

would develop anti-HBs (Figure 2). The general con¬ 

clusion from the study of this special group of patients is 

similar to the earlier findings in the thalassemia pa¬ 

tients; that is, males are more likely to become carriers 

of HBsAg and females to develop antibody (anti-HBs) 

once they have been infected. 
Mazzur had suggested that the higher frequency 

of HBV carriers in males could result from behavioral 

differences between males and females (29); that is, the 

Ufe activities of males more often bring them into con¬ 

tact with hepatitis virus and, as a consequence, they are 

more likely to become infected and to become carriers. 

The design of the renal dialysis study minimizes this ef¬ 

fect, since the behavior patterns of males and females 

on a renal dialysis unit are probably not greatly differ¬ 

ent from each other, and comparisons were made only 

between persons who became infected after initiation of 

dialysis treatment. Using a similar study design, Szmu- 

ness has confirmed these observations in other dialysis 

units (30). 

II. Parental Responses to HBV Infection and 

the Secondary Sex Ratio of the Offspring 

Early studies and generation of hypotheses. By 

1970 it was apparent to us that hepatitis B infection, ei¬ 

ther persistent or acute, during pregnancy might afiect 

the course of the pregnancy and/or the fetus. To that 

end, we studied over 800 pregnant women and 700 of 

their babies bom at the Holy Family Hospital in New 

Delhi, India (31). By use of the immunodiffusion tech¬ 

nique, 7 HBsAg-h pregnant women without clinical or 

laboratory signs of hepatitis were identified. The off¬ 

spring of these women were all healthy and without 

congenital anomahes. Specifically, they did not differ 

from the children bora to HBsAg- mothers with re¬ 

spect to length, weight, or head circumference. The 

HBsAg-l- mothers, however, did differ significantly from 

HBsAg- mothers in two respects: they were younger 

and had longer gestation times. In addition, there was a 

suggestion of reduced fertihty. None of the HBsAg-t- 

women (by history) had been pregnant more than three 

times, whereas 20% of the HBsAg- controls had had 

three or more children. We suggested in the report of 

that study that the findings of younger age and fewer 

children among carrier women might represent either 

an effect of shorter time in the child-bearing age or rela¬ 

tive infertUity of older HBsAg+ women. 

Earher, in collaboration with Friedlaender, we 

had investigated the segregation of HBsAg in famihes 

hving on Bougainville in the British Solomon Islands 

(32). Although the information for this study was not 

collected in a manner that would permit formal analysis 

of fertility or sex ratio of offspring, an exploratory study 

was done for the purpose of generating hypotheses. Dif¬ 

ferences in family size and sex ratio of offspring for cer¬ 

tain matings led to the formulation of two hypotheses 

(33): 

1. The fertility in matings in which one parent or 

the other has HBsAg will be different from one another, 

and from matings in which neither parent has HBsAg. 

2. The sex ratio of the live births from matings in 

which one parent or the other has HBsAg will be differ¬ 

ent from one another, and from matings in which nei¬ 

ther parent has HBsAg. 

Studies in Plati, Greece. These hypotheses were 

tested in a field study carried out in 1973 by Hesser and 

her colleagues (34) in Plati, a village in Greek Macedo¬ 

nia. A significant increase in the secondary sex ratio 

(number of male/number of female live births X 100) 

was observed if either parent was HBsAg-l- (sex ratio = 

185) compared with the offspring of couples in which 

both parents were HBsAg- (sex ratio = 113). Signifi¬ 

cant differences in family size were not noted. 

Later, after we had observed that patients who 

were anti-HBs-l- prior to kidney transplantation had re¬ 

sponses to allografts opposite from chronic carriers (to 

be discussed in greater detail in the following article), 

we reanalyzed the data from Plati. In the second analy¬ 

sis carried out by Drew et al (35), the families were di¬ 

vided into three groups: 
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Table 1. Number of male and female live births according to the responses to HBV of parents* 

Parent’s response 
to HBV 

Couples 

(No.) 

Live births 

Male Female Sex ratio 

Either parent HBsAg + : 
anti-HBs — 

33 60 (1.8 ±0.2)t 24 (0.7 ±0.1) 250(161,429)): 

Both parents HBsAg — : 
anti-HBs — 

29 51 (1.8 ±0.2) 35 (1.2 ±0.2) 146 (96,230) 

Both parents HBsAg — : 
either parent anti-HBs + 

154 24 (1.6 ±0.1) 22 (1.4±0.1) 109(91,131) 

* Data from reference 35. 
t Numbers in parentheses indicate the mean number of live births per couple ± the standard error. 
I Numbers in parentheses indicate 5% confidence limits of sex ratio. 

1. Families in which either parent was 

HBsAg+:anti-HBs— 

2. Families in which both parents were 

HBsAg—:anti-HBs— 

3. Families in which both parents were HBsAg— 

and either parent was anti-HBs+ 

As shown in Table 1, this categorization demon¬ 

strated a very high sex ratio (250) in the offspring of 

HBsAg-t- parents, an intermediate sex ratio (146) in the 

children of the HBsAg—, anti-HBs— parents, and the 

lowest sex ratio in the offspring of the anti-HBs-f par¬ 

ents (109). Further analysis showed that anti-HBs in 

mothers, but not in fathers, was associated with the 

lower sex ratio. Other variables thought to influence 

secondary sex ratio were examined by both Hesser et al 

(34) and Drew et al (35). Parental age, total number of 

pregnancies, birth order, child-to-parent transmission of 

HBV, and socioeconomic factors were evaluated and 

could not account for the observed sex ratio differences. 

Similar studies have now been completed on the 

island of Karkar off the coast of New Guinea and in 

two communities in Greenland. In these populations 

secondary sex ratios are also associated with the HBV 

responses of their parents and the sex ratios are similar 

to those observed in Greece (unpublished data). 

There may also be a fertility effect. In both Plati 

and Karkar, the number of sons bom to each mating 

category (carrier parents or antibody positive mothers) 

was about the same (1.6-1.8 in Plati, 2.0-2.6 in Karkar), 

but the number of daughters per couple differed signifi¬ 

cantly (0.7 in HBsAg-b couples, 1.4 in anti-HBs-h 

couples in Plati, 2.3 in HBsAg-b and 3.2 in anti-HBs 

couples in Karkar). This could be explained by a com¬ 

bination of biological and behavioral factors affecting 

family size. We suggested that in Greece, where a pref¬ 

erence for sons is known to exist, couples would con¬ 

tinue to have children until they had the desired num¬ 

ber of sons. Because of the effect on sex ratio of the 

parents’ HBV responses, HBsAg-f- couples would 

achieve this end with fewer daughters, whereas anti- 

HBs-l- couples would have to have more daughters and 

more children altogether. Alternatively, HBV trans¬ 

mitted from a carrier parent might replicate more rap¬ 

idly and be more lethal to female than male embryos, 

resulting in the increased secondary sex ratios of HBV 

carrier couples. Mothers with anti-HBs would protect 

embryos from HBV infection, thus eliminating selection 

pressure on female fetuses. 

Further discussion of a biological hypothesis 

which could explain the various sex differences associ¬ 

ated with hepatitis B is given by London in the follow¬ 

ing article. 
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Hepatitis B Virus and Sex Ratio on Kar Kar Island 

By Jean Drew.^ W. Thomas London/ Baruch S. Blumberg^ and Susan 
Serjeantson^ 

ABSTRACT 

Hypotheses formulated from a previous study in Greece concerning the relation¬ 

ship between responses to hepatitis B virus (HBV) infection in parents and the 

secondary sex ratio of their offspring were tested in the population of Kar Kar 

Island, Papua New Guinea. The results were similar to those observed in the Greek 

village population. Sex ratios were liighest (115) when either parent was a chronic 

carrier of HBV' (HBsAg(-(-)) and lowest (60) when both parents were HBsAg(—) and 

the mother had antibody to HBsAg (anti-HBs(-t-)). Gouples in which both parents 

were antigen and antibody negative had offspring with sex ratios intermediate (84) 

between the antigen positive and mother antibody positive couples. As in Greece, 

the sex ratio effects were due mainly to differences in the number of daughters, not 

sons, in each family; either parent antigen positive couples had the fewest (2.3) and 

mother anti-HBs(-l-), father HBsAg(—) couples had the most (3.9) daughters per 

couple. As a consequence, the latter couples tended to have larger total family 

sizes. Possible mechanisms to explain these observations are discussed. 

Variou.s epidemiological studies have demonstrated an interaction be¬ 

tween responses to hepatitis B virus (HBV) in parents and the sex ratio at 

birth of their offspring (secondary sex ratio). An association between 

hepatitis infection and secondary sex ratio (no. of sons/no. of daughters X 

100) has been observed previously in populations from Brigg, Great Brit¬ 

ain (Robertson and Sheard, 1973), Languedoc, France (Cazal, Lemaire, 

and Robinet-Levy, 1976), Plati, Greece (Hesser, 1974; Hesser, 

Economidou, and Blumberg, 1975; Drew et al. 1978) and the Solomon 

Islands (Hesser, Blumberg, and Drew, 1976). In the Greek population, 

study of the HBV-sex ratio relation (Drew et al. 1978; Hesser, 

Economidou, and Blumberg, 1975) revealed the following: a) The sex 

ratio of live births from matings in which either the mother or father was 

positive for the surface antigen of HBV (HBsAg) was significantly higher 

than the sex ratio from matings in which neither parent had HBsAg; b) 

Antibody to HBsAg (anti-HBs) in parents was associated with a sex ratio 

alteration in the opposite direction from that observed with HBsAg; the 

children of matings in which either parent was antibody positive and 

*The Insitute for Gancer Research, The Fox Ghase Cancer Center, Philadelphia, 

Pennsylvania 19111. 

*John Curtin School of Medical Research, Box 4, G.P.O., Canberra, A.C.T., Australia. 
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neither was antigen positive had a lower sex ratio than the offspring of 

either antigen positive or antigen and antibody negative parents. Parental 

ages and birth order did not account for the observed differences in sex 

ratio. 

Differences in family size associated with parental responses to HBV 

infection were also searched for. The average family size of antigen posi¬ 

tive parents was smaller than that of antigen negative parents, but the 

difference was not statistically significant. Observations in the Greek 

population generated two additional hypotheses; a) Antibody is associated 

with a decrease in sex ratio when it is present in mothers (with HBsAg(—) 

husbands), but not when it is present in fathers; and b) Fetal loss in 

antigen positive mothers is associated with a decrease in sex ratio. 

In this report we test, in an additional population, the various hypoth¬ 

eses tested in and generated by the sex ratio study in Plati, Greece. The 

subjects of this study were residents of Kar Kar Island, Papua New 
Guinea. This population is similar to the one from Plati in that it is a 

defined population in which hepatitis B infection is endemic. However, 

geographical, racial, socioeconomic, and cultural differences between the 

two groups are great. Thus, we expected that even if the association 

between HBV and secondary sex ratio was a consistent phenomenon, its 

expression might be different in the two populations. 

Materials and Methods 

The people of Kar Kar Island have been studied as part of the Interna¬ 

tional Biological Programme (IBP) and the methods used have been de¬ 
scribed elsewhere (Walsh, 1974; Hornabrook, 1974). Prior to com¬ 

mencement of the IBP investigations, a study of the demography of the 

whole population of Kar Kar Island was undertaken (Hornabrook, 1974). 

During the demographic survey, live birth information was collected by 

the following procedure: “Field workers enumerated each dwelling on 

the island and recorded the inhabitants. Each individual was allotted an 

identification number, coded on the basis of village and sex. The marital 

state and offspring were recorded. The ages were noted separately de¬ 

pending on the source or basis on which estimations were made. The 

baptismal records of the Gatholic mission, the hospital records of birth, 

and the ages as noted in the census or tax registers, were noted whenever 

available. The forms obtained by the field workers [were] checked and 

rechecked and coded for computer analysis” (Hornabrook, 1974). The 

Kaul village complex, a group of four villages in the northwestern part of 
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the island, was selected for more extensive study. In a census conducted 

by IBP personnel in 1969 the four villages had a total population of 1286. 

Every resident of the village complex received a medical examination, 

and a sample of blood was collected for genetic, biochemical and serologi¬ 

cal studies. On presentation for medical examination, subjects were asked 

once again the number of living and dead children. The present investiga¬ 

tion includes subjects from the Kaul complex and four additional villages: 

Dorogodan, Langlang, Orora and Mangar. During the IBP studies, family 

relationships were not established and, in some cases, the total number of 

live births reported in the demographic and medical surveys were dispa¬ 

rate, due to some inevitable loss of accuracy with the interview tech¬ 

nique. Therefore, one of us (SS) revisited Kar Kar Island, before the tests 

of hepatitis B serology were done, to determine marital and pedigree 

relationships and to establish more accurately any previously unrecorded 

adoptions in the eight villages included in the present study. Although 

written records were not available to confirm all of the information ob¬ 

tained by interview, the comparisons made in this paper are within the 

population and should not be biased by the methods of data collection. 

Furthermore, polygamy is not practiced on Kar Kar and marriages are 

stable (Hornabrook, 1974). 
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Fig. 1. Frequencies of HBgAg and anti-HBs by age and sex in the Kar Kar population. 
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Complete information on live births and serum samples from at least 

one parent were available for 239 couples. Of these, 146 couples were 

mother HBsAg(—):father untested and were excluded from analysis be¬ 

cause of the probability that some of the untested fathers were HBsAg(-l-). 

Serum samples were tested in our laboratory for HBsAg by radioim¬ 

munoassay (Ausria II (Abbott Laboratories, N. Chicago, IL)) (Ling and 

Overby, 1972) and for anti-HBs by passive hemagglutination (Vyas and 

Shulman, 1970; Juji and Yokochi, 1969). (Evidence of exposure to HBV 

(HBsAg(-l-) and/or anti-HBs(-l-)) was found in 47% of the subjects tested 

(Figure 1). A higher proportion of males than females was HBsAg( f)). 

Sex ratios were compared by the two-by-two Chi-squared test. The 

one-tailed test is appropriate for these studies, since the direction of the 

differences was predicted by the findings in Plati. The number of 

daughters per couple was compared by the Mann-Whitney “U” test. 

Results 

The outcomes of the various types of matings with respect to the 

responses of patients to HBV are shown in Table 1. We had predicted on 

the basis of our earlier studies in Plati, Greece that the sex ratio of 

offspring of couples with either the mother or father antigen positive 

(HBsAg(+)) would be higher than that of couples with both parents anti¬ 

gen negative (HBsAg(—)). The results fit the prediction (Table 1, row I vs. 

row II, 115 vs. 79; p = .051 (one-tailed)). We then tested a second 

hypothesis derived from the observation in Plati, that anti-HBs would be 

associated with a sex ratio alteration opposite from that associated with 

HBsAg. The results in Kar Kar supported the hypothesis (Table 1, row I 

vs. row IIB, 115 vs. 77; p 0.052 (one-tailed)). Furthermore, as in the 

Plati study, this observation was based on a difference in the mean 

number of daughters, not sons, per couple. Antigen positive couples had 

about the same mean number of sons (2.6 vs. 2.5; Table 1, row I, column 

A vs. row IIB, column A) but significantly fewer daughters (2.3 vs. 3.2; 

Table 1, row I, column B vs. row II, column B) than antibody positive 

couples (p = 0.021, one-tailed). 

Results of the analysis of the Plati data suggested that antibody is 

associated with a decrease in sex ratio when it is present in mothers (with 

antigen negative husbands) but not when it is present in fathers. In Kar 

Kar the findings were similar (Table 2). The lowest sex ratio and the most 

daughters per couple (3.9) were found in the offspring of matings in which 

both parents were antigen negative and the mother was antibody positive 
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(Table 2, row V). Matings in which the father had anti-HBs resulted in 

fewer daughters per couple (2.9) and a sex ratio closer to that found in the 

offspring of antigen and antibody negative matings (Table 2, row III). 

Curiously, antibody in both parents was associated with equal numbers of 

male and female births. 

It was possible that differences in parental ages could have accounted 

for the observed sex ratio differences, since the frequencies of HBsAg and 

.,anti-HBs vary with age (Figure 1). To address this matter, we examined 

sex ratio of live births of “completed” families only. We defined “com¬ 

pleted” families as those in which the mother was at least 45 years old and 

presumably had terminated her reproductive activity. Table 3 suggests 

that, as we saw in Plati (Drew et al. 1978), the association of antigen with 

higher sex ratios and fewer daughters and that of antibody with lower sex 

ratios and more daughters is apparent even in this very small subgroup of 

children of older parents (p = 0.002; one-tailed). 

Reliable information was not available on mothers’ age at the time of 

the birth of each of their children or on birth order. By examining the age 

of the mothers at the time the data were collected and the number of sons 

and daughters born to each woman, it appeared that the older the woman 

the more sons she had, regardless of mating type. The number of 

daughters showed a similar increase with age of mothers among antigen 

negative couples, but not among antigen positive couples. To test the 

hypothesis that the number of daughters born to antigen positive couples 

increased at a different rate than those born to antigen negative or anti¬ 

body positive couples, we estimated the linear least squares fits for the 

regressions of the numbers of sons or daughters vs. mothers’ age for each 

of the three mating types. Analysis of covariance (not shown, available on 

request) revealed that the antigen positive couples had significantly fewer 

daughters than the antibody positive couples (see Table 1 for definitions of 

mating types). Also, antibody positive and antigen and antibody negative 

couples had a steadily increasing number of daughters with increasing 

maternal age, whereas antigen positive couples had a lesser increase in 

daughters. The number of sons among antigen positive couples increased 

with maternal age at about the same rate as among antigen negative 

couples. 

Although the reliability of the number of miscarriages reported per 

woman is uncertain, we examined the data to see whether women who 

reported fetal loss had different sex ratios of offspring than those who did 

not. We did not observe significant differences within each mating type or 

for the entire population of women with reproductive information. 
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One of the purposes of the Plati study was to test the hypothesis that 

differences in fertility or family size are associated with the response of 

parents to HBV. In Plati the average family size was small (less than three 

children per couple), and significant differences were not observed. 

Thexe was a suggestion of an increase in total number of live births among 

the 4nti-HBs( + ) couples (3.0) compared with the HBsAg(+) couples (2.6) 

as a result of a decreased number of daughters and an equal number of 

sons born to the antigen positive parents. In Kar Kar, the family sizes are 

larger and the differences, which are in the same direction as those seen 

in Plati, are also larger (Table I, column D). The maximum family size is 

observed when both parents are antigen negative, the father is antibody 

negative, and the mother is anti-HBs( + ) (6.2 children/couple) (Table 2). 

This is significantly greater than the average of 4.9 children born to anti¬ 

gen positive couples. The regressions of the number of sons and 

daughters on maternal age for each mating type suggest that by age 45, 

each HBsAg( + ) couple would have on the average 1.3 fewer daughters 

than either couples in which both parents are HBsAg(—), anti-HBs(—) or 

couples in which both parents are HBsAg(—) and either parent is anti- 

HBs(+). The actual data (Table 3) on completed families shows that 

HBsAg(+) couples had on the average 1.5 daughters compared with 3.5 

for antigen and antibody negative couples and 4.5 daughters for antibody 

positive couples. 

Discussion 

The data presented here suggest that the relation of response to HBV 

in parents to sex ratio of offspring observed in Plati, Greece is not an 

isolated phenomenon. On Kar Kar Island, as in Plati, HBsAg in parents 

was associated with a high sex ratio of offspring while anti-HBs was as¬ 

sociated with a significantly lower one. In Plati and Kar Kar, this dif¬ 

ference is due primarily to a difference in the mean number of daughters 

rather than the mean number of sons per family. In neither Kar Kar nor 

Plati could these observations be accounted for by differences in parental 

ages. 

We have suggested previously that the various observations of an 

interaction between HBV and sex could be caused by cross-reactivity 

between HBsAg and a male-associated antigen (Drew et al. 1978; Drew, 

London, Lustbader, and Blumberg, 1978). In antigen positive mothers, ' 

immunological tolerance to HBsAg (as reflected by the maintenance of 

HBsAg positivity) would be accompanied by tolerance to male embryonic 
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and fetal tissues; antigen positive fathers have HBsAg in their semen 

(Ogra, 1973) which could protect y-bearing sperm from anti-male factors 

in their wives’ reproductive tracts. The development of anti-HBs in 

women would be accompanied by lack of tolerance to sperm bearing the y 

chromosome and male embryonic and fetal tissues. 

Cross-reactivity between HBsAg and a male-associated antigen can¬ 

not, by itself, explain a deficit of female births not accompanied by an 

increase in male births among HBsAg(+) couples. In regard to Plati, we 

suggested that birth control practices and parental sex preferences could 

account for this observation (Drew, London, Lustbader, and Blumberg, 

1978). If parents limited family size after having some desired number of 

sons, then antigen positive couples, having had a greater proportion of 

sons born among their first two or three children, would attempt not to 

have additional children. Anti-HBs(+) couples, on the other hand, having 

had more girls than boys among their first few children, would continue to 

have more children until they had had the desired number of sons. In Kar 

Kar, although there is some knowledge about modern forms of birth 

control, these are not regularly practiced (Stanhope and Hornabrook, 

1974). There are many ways of limiting family size that could be in use 

including regulation of duration of lactation, coitus interruptus, anal in¬ 

tercourse, insertion of sponges or other barriers in the vagina, etc. 

Hence, based on our observations on hepatitis B virus and sex ratio, the 

hypothesis could be made that in Kar Kar there is a preference for male 

children and traditional birth control practices are used to achieve this 

aim. In this example a biological observation has been used to generate a 

hypothesis which can be tested using the methods of social anthropology. 

Other explanations should also be considered. In 1977 we reported 

that among patients treated with chronic hemodialysis and infected with 

HBV, males were more likely to develop chronic HBs antigenemia while 

females were more likely to develop anti-HBs (London and Drew, 1977; 

London et al. 1977). Data from the same population showed that patients 

who developed anti-HBs experienced more severe but shorter-lived epi¬ 

sodes of liver damage (alanine aminotransferase was elevated to higher 

levels but for shorter periods of time) than those who developed persis¬ 

tent antigenemia (London et al. 1977). There is evidence that most of the 

damage to hepatocytes in acute hepatitis B is produced by the immune 

response to infected cells rather than direct cell lysis by viral replication 

(Blumberg, Sutnick, and London, 1970). The severity and duration of 

liver damage and the types of host response to HBV could be related to 

differences in the rate of HBV replication. That is, rapid replication of 
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HBV in a cell would lead to release of many virus particles, stimulus of the 

immune system, destruction of HBV infected cells by T-lymphocytes and 

production of anti-HBs. Slow replication would result in prolonged re¬ 

lease of small numbers of viral particles, gradual accumulation of particles 

in the circulation, little or no stimulus of the immune system to produce 

anti-HBs and, hence, persistent HBs antigenemia with little or no liver 

damage. The fact that females are more likely than males to develop 

anti-HBs (London and Drew, 1977; Szmuness, Harley, Ikram, and Ste¬ 

vens, 1978) therefore suggests that, in general, HBV replication may be 

faster in female than in male cells. 

There is no direct information indicating that human embryos can be 

infected with HBV in utero. There is circumstantial evidence, however. 

High titer anti-HBs given at birth to babies born to mothers carrying 

infectious hepatitis B virions alters the response of these infants to infec¬ 

tion but does not prevent infection (Stevens et al. 1981). Since hyperim¬ 

mune globulin is effective in preventing infection if given at the time of 

exposure to HBV (Grady et al. 1976), the failure to prevent transmission 

to newborns suggests that infection may have occurred in utero. Sec¬ 

ondly, a virus closely related to human HBV occurs in Pekin ducks (Ma¬ 

son et al. 1980). This virus, called duck hepatitis B virus (DHBV), is 

definitely transmitted vertically. It produces infection under commercial 

breeding conditions in duck embryos as early as five days after laying 

(O’Connell and London, unpublished data). If human early embryonic 

cells can be infected with HBV and if such infected cells die or are unable 

to differentiate normally, then in utero infection would lead to more rapid 

replication and spread of HBV in female than male embryos. This would 

result in reduced viability of female embryos and a decrease in the 

number of female offspring born to HBsAg(-l-) parents. Anti-HBs in a 

pregnant woman’s serum and in the secretions of her reproductive tract 

could protect her fetus from being infected by HBV, or related agents, in 

the semen of an HBsAg(-l-) mate. If female embryos were at greater risk of 

a lethal HBV infection, protection by anti-HBs would result in a greater 

increase in the viability of female than male fetuses. This speculative 

hypothesis warrants experimental and epidemiological testing. 

Biological factors responsible for sex ratio variations in.human popula¬ 

tions have generally been obscure. The present study describes a second 

population in which responses to HBV infection in parents have been 

significantly related to sex ratio of offspring. In addition, in this population 

there is a significant and large effect on fertility (carriers of hepatitis B 

virus have fewer children than parents with antibody). Further study of 
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the effects of HBV and other infectious agents on sex ratio and fertility 

may uncover useful clues to factors which influence these fundamental 

biological parameters. 

Acknowledgments 

This work was supported by USPHS grants CA-06551, RR-05539, 

CA-06927 and CA-22780 from the National Institutes of Health and by an 

appropriation from the Commonwealth of Pennsylvania. 

Received: 24 March 1981. 

Literature Cited 

Blumberg, B. S., A. I. Sutnick and W. T. London 1970 Australia antigen as a 

hepatitis virus. Variation in host response. Am. J. Med. 48: 1-8. 

Cazal, P., J. M. Lemaire and M. Robinet-Levy 1976 Hepatitis B et rapport de 

masculinite. Rev. Fr. Transfus. Immunohematol. 19: 577-581. 

Drew, J. S., W. T. London, E. D. Lustbader, J. E. Hesser and B. S. Blumberg 

1979 Hepatitis B virus and sex ratio of offspring. Science, 201: 687-692. 

Drew, J. S., W. T. London, E. D. Lustbader and B. S. Blumberg 1978 Cross 

reactivity between hepatitis B surface antigen and a male-associated antigen. In: An¬ 

nual review of birth defects, 1977, Part A, Cell surface factors, immune deficiencies, 

twin studies, R. L. Summitt and D. Bergsma (eds.). Alan R. Liss, New York, pp. 

91-101. 

Grady G. F. and V. A. Lee 1975 Hepatitis B immune globulin—Prevention of hepatitis 

from accidental exposure among medical personnel. N. Engl. J. Med. 293: 1967-1070. 

Hesser, J. E. 1974 Infectious disease and population dynamics. Australia antigen 

(HBsAg) in parents, sex ratio of offspring and fertility. Studies in an agrarian village of 

Greek Macedonia. Thesis, University of Pennsylvania. 

Hesser, J. E., J. Economidou, and B. S. Blumberg 1975 Hepatitis B surface antigen 

(Australia antigen) in parents and sex ratio of offspring in a Greek population. Human 

Biol. 47: 415-425. 

Hesser, J. E., B. S. Blumberg and J. S. Drew 1976 Hepatitis B surface antigen, 

fertility and sex ratio: Implications for health planning. Human Biol. 48: 73-81. 

Hornabrook, R. W. 1974 The demography of the population of Kar Kar Island. Phil. 

Transac. Royal Soc. Lond. 268: 229-239. 

Juji, T. and T. Yokoghi 1969 Hemagglutination technique for erythrocyte coated with 

specific antibody for detection of Australia antigen. Japan J. Exptl. Med. 39: 615. 

Ling, C. M. and L, R. Overby 1972 Prevalence of hepatitis B virus antigen as revealed 

by direct radioimmune assay with 125 I-antibody. J. Immunol. 109: 834-841. 

London, W. T. and], S. Drew 1977 Sex differences in response to hepatitis B infection 

among patients receiving chronic dialysis treatment. Proc. Natl. Acad. Sci. (U.S.A.) 74: 

2561-2563. 

195 



Hepatitis B Virus and Sex Ratio 135 

London, W. T., J. S. Drew, E. D. Lustbader, B. G. Werner and B S. Blum- 

BERG 1977 Host responses to hepatitis B infection in patients in a chronic hemodi¬ 

alysis unit. Kidney Intemat. 12: 51-58. 

Mason, W. S., G. Seal and J. Summers 1980 Virus of Pekin ducks with structural and 

biological relatedness to human hepatitis B virus. J. Virol. 36: 829-836. 

Ogra, P. L. 1973 Immunologic aspects of hepatitis associated antigen and antibody in 

human body fluids. J. Immunol. 110: 1197-1205. 

Robertson, J. S. and A. V. She.ard 1973 Altered sex ratio after an outbreak of 

hepatitis. Lancet, 1: 532-534. 

Stanhope, J. M. and R. W. Hornabrook 1974 Fertility patterns of two New Guinea 

populations: Kar Kar and Lufa. J. Biosoc. Sci. 6: 439-452. 

Stevens, C. E., R. P. Beasley, W. Szmuness, C. G. Lin, L. Y. Hwang, T. S. Sun, F. J. 

Hsieh and K. Y. Wang 1981 Efficacy of hepatitis B immune globulin in preven¬ 

tion of prenatally transmitted hepatitis B: Results of a second clinical trial in Taiwan. 

Presented at the 1981 International Symposium on Viral Hepatitis, April 1, 1981, New 

York, New York, 

Szmuness, W,, E. J. Harley, H. Ikram and C, Stevens 1978 Sociodemographic 

aspects of the epidemiology of hepatitis B. In: V'iral Hepatitis, G. N, V'yas, S. N. 

Cohen and R, Schmid (eds.). Franklin Institute Press, Philadelphia, pp. 297-320. 

Vyas, G. N. and N. R. Shulman 1970 Hemagglutination assay for antigen and antibody 

associated with viral hepatitis. Science, 170: 332-333. 

Walsh, R. J. 1974 Geographical, historical and social background of the peoples studied 

in the l.B.P. Phil, Transac. Royal Soc. Lond. 268: 223-228. 

196 



Reprinted from Am. ./. rhys. Aiuhropol. (iy<S4) 64. 24.4-254 

AMERICAN JOURNAL OF PHYSICAL ANTHROPOLOGY 243-254 (1984) 

Sex-Related Differences in Transmission of Hepatitis B Infection 
in a Melanesian Population 

ALEXANDRA LANGENDORFER, WILLIAM DAVENPORT. W. 
THOMAS LONDON, BARUCH S. BLUMBERG, and .SCOIT MAZZUR 
Institute for Cancer Research. Fo.x Chas'c Cancer Center. Philadelphia. 
Pennsylvania Will 

KEY WORDS Hepatitis B virus, HBeAg, HBsAg 

ABSTRACT Factors involved in the spread of hepatitis B virus (HBV) in 

the largely Melanesian population <N - 909) of Graciosa Bay, Ndeni, are 

examined. Based upon cultural information from Ndeni and ways in which 

HBV is spread in other populations, certain practices and interactions, pre¬ 

dicted as effective routes of HBV infection, are analyzed. Most significant are 

father-to-son transmission and older-brother-to-younger-sihling transmission, 

indicating that males are instrumental in the transmission of HBV^ (/ii Ndeni. 

Other possible routes of HBV transmission that ai e not shown to be significant 

on Ndeni are significant modes of disease spread in othei’ cultures. Cross- 

cultural differences are discussed with regard to behavior, age of infection, and 

persistence of HBeAg (an antigen linked to HBV infection). Particularly with 

regard to maternal transmission, it is clear that the average age of infection 

combined with the degi'ee of HBeAg persistence limits the number of infective 

mothers in this population. Cultural practices, however, may explain the 

disproportion of male cai’riers over 30 implicating a largely extinct set of 

culturally sanctioned practices involving very early exposure to HBV in boys 

and their age-related inability to make antibody to the virus. 

This paper examines the spread of hepati¬ 
tis B virus (HBV) in a largely Melanesian 
population living along the shores of Gra¬ 
ciosa Bay. Graciosa Bay is located on the 
South Pacific island of Ndeni in the Solomon 
Islands (formerly Santa Cruz of the British 
Solomon Islands Protectorate). The data are 
based on census material and sera collected 
during a series of field trips conducted from 
1973 through 1977 by the late Scott Mazzur.^ 
The study uses cultural information and 
knowledge about the possible routes of HBV 
transmission to predict routes of infection 
within families and other subgi’oups of the 
population. These predictions are then tested 
using serological and census-related data, 
and the apparent routes of HBV infection are 
determined. As the spread of infection is de¬ 
pendent upon certain behaviors, the results 
of this analysis also generate new hypotheses 
about behavior. 

Hepatiti,s B is caused by a relatively small 
virus (42 nm) containing a distinctive and par¬ 

tially double-stranded circular DNA, an asso¬ 
ciated polymerase, and several distinguisha¬ 
ble protein components. The DNA polymer¬ 
ase incorporates nucleotides into the incom¬ 
plete single-strand portion prior to viral 
replicaton. Both the DNA and its polymerase 
are contained within a protein core known as 
the core antigen or HBeAg |Hoofnagle et al., 
1974] . The outer suiTace of the virion is com¬ 
prised of a second protein termed the surface 
antigen HBsAg, or initially, Australia anti¬ 
gen [Blumberg et al., 1967|. A third antigen, 
HBeAg, is typically found in conjunction with 
the DNA and its polymerase [Magnius et al., 
1975] and is probably a component of the core. 

Received September 1983; revi.sed January 13, 1984; ac¬ 
cepted January 23, 1984. 

'Scott Mazr.ur died in 1979. In accordance with her wishes, the 

Division of Clinical Research of the Institute for Cancer Re¬ 

search maintains the data base and records of her expeditions to 
Graciosa Bay. 
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Specific antibodies produced by the host 
are often present in the serum after infection 
with HBV. These antibodies are associated 
with the major proteins of the virus, HBsAg, 
HBcAg, and HBeAg. Anti-HBs, the antibody 
to HBsAg, protects the host against subse¬ 
quent HBV infection [Blumberg, 1977], 

There are a variety of responses to HBV 
infection. 

1) Acute hepatitis followed by complete re¬ 
covery and serologically marked by the ap¬ 
pearance of HBsAg and anti-HBc initially, 
and succeeded by the appearance of anti-HBs 
and the disappearance of the two earlier 
markers of infection. 

2) Acute hepatitis with 5-10% of cases de¬ 
veloping the chronic carrier state and symp¬ 
toms. Serologically, anti-HBs and anti-HBc 
persist. 

3) Chronic hepatitis with symptoms of 
chronic liver disease. HBsAg and anti-HBs 
persist. 

4) Asymptomatic carrier. Initially there are 
no symptoms. Serologically, HBsAg and anti- 
HBc persist. HBeAg may also be present and 
this appears to be well correlated with viral 
production and the ability of one human to 
infect another |Magnius et al., 1975]. These 
individuals are at increased risk of develop¬ 
ing chronic liver disease and primary hepa¬ 
tocellular carcinoma. 

5) Asymptomatic sustained antibody pro¬ 
duction. Serologically, no trace of HBsAg but 
persistence of anti-HBs [Blumberg, 1977]. 

Factors that help determine which re¬ 
sponse a given host will exhibit are probably 
both genetically related and dependent upon 
the age, sex, and health of the host [Blum- 
berg and Hesser, 1975], 

The probability of being infected with HBV 
is an equally important issue. Infection with 
HBV is due to direct contact with either an 
infected individual’s blood or secretions. Pos¬ 
sible infection routes include injections with 
unsanitary needles, tattooing, sexual inter¬ 
course [Szmuness et al., 1975], sharing of 
chewed material [Leichtner et al., 1981 j, 
birth [Papaevangelou et al., 1974], and direct 
contact with menstrual blood [Mazzur, 19731. 

The Graciosa Bay Villagers of Ndeni share 
a high risk for both HBV infection and chronic 
carrier status with the other inhabitants of 
the Solomon Islands [Blumberg et al., 1974[. 
The Graciosa Bay Villagers, though, are pri¬ 
marily Melanesian with a small amount of 
Polynesian admixture. They live in 14 contin¬ 
uous villages consisting primarily of leaf hut 

dwellings. Though several dialects and some 
distinct language differences exist, the vil¬ 
lages are culturally homogeneous, and inter¬ 
marriage between villages frequently occurs. 
Villagers are generally in good health despite 
the prevalence of malaria, respiratory ill¬ 
nesses, and limited native knowledge of 
infection. 

Certain behaviors that could facilitate the 
spread of HBV are prevalent in the interac¬ 
tions of individuals on Ndeni based on age, 
sex, and family position. All children are 
brea.st-fed and, generally, mothers feed only 
their own children who are under 2 yeai’s of 
age. Between the ages of 2 and 5 years, chil¬ 
dren are weaned with premasticated food. 
While mothers are primarily involved in 
weaning children, other members of the fam¬ 
ily often participate. In particular, fathers, 
proud of young sons, are generally seen car¬ 
rying their sons around the village. 

Hepatitis B vii’us .‘spread facilitated by 
homosexual intercourse is also a factor on 
Ndeni. Homosexual relations, as a form of 
sexual gratification, are culturally sanc¬ 
tioned, and sexual relations among both men 
and adolescent boys are prevalent [Daven- 
poi't, 1964 [. 

In the past, older men often engaged in 
intercourse with very young boys. Then, the 
men’s house was the foremost hut in the 
village. It was the place w'here men slept and 
adolescent boys ventured to have their first 
heterosexual encounters with the village 
concubines. Premai'ital sexual intei'course 
was strictly forbidden except in the men’s 
house, where both married and marriageable 
village w'omen were banned. Almost com¬ 
plete public segi'egation of the sexes was also 
practiced and adultery was uncommon. As a 
result, homosexual relations, w’hile not pre¬ 
ferred ovei’ heterosexual encounters, wei'e a 
major source of sexual gi’atification in adoles¬ 
cents and widowers [Davenport, 1964]. 

In the last 30 years, western missionary 
moralizing and government regulation has 
destroyed the village concubine system and 
reduced the men’s house to a vestige of its 
former role. Today, men’s houses are make¬ 
shift dwellings w'here adolescent boys and 
unmarried young men sleep and engage in 
sexual relations. Ironically, the missionary- 
inspired breakdown of the men’s house has 
been accompanied by the loosening of pre¬ 
marital sexual segregation so that today ad¬ 
olescent heterosexual promiscuity is com¬ 
monplace [Davenport, 1965 [. 
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In addition to homosexual experiences, 
husbands engage in sexual intercourse with 
wives, and heterosexual contact may spread 
infection as it does in other societies |Szmu- 
ness et ah, 1975|. Also, in keeping with tra¬ 
dition, boys spend much of their time with 
their fathei's or with age peer gi’oups. Here 
the sharing and chewing of betel nut be¬ 
tween men and their sons, as well as the 
contact between young boys in play, may fa¬ 
cilitate the spread of HBV. Girls, on the other 
hand, spend much of their time working in 
the fields with their mothers and little time 
chewing betel nut or playing with a group. 

The high prevalence of HBV infection on 
Ndeni, the homogeneity of the villages, and 
the knowledge of virus transmission behav 
iors (i.e., the mode of weaning, betel nut 
chewing, sexual practices, and sex differ¬ 
ences in child rearing) allowed us to make 
the following hypotheses prior to the analy¬ 
sis of HBV transmission on Ndeni: 1. Carrier 
(HBsAgt +)) mothei’s have sigmticantly more 
infected offspring aged 0 to 2 years than non¬ 
carrier mothers. 2. Infants of anti-HBs( T) 

mothers show an antibody response due to 
acquired immunity. 3. Carrier mothers and/ 
or carrier fathers have significantly more in¬ 
fected children aged 3 to 5 years than noncar¬ 
rier mothers and/or fathers. 4. Older carrier 
children have significantly more infected sibs 
aged 0 to 2 years and 3 to 5 years than older 
noncarrier children have. 5. Due to sexual 
segi-egation practices, there is a stronger re¬ 
lationship between a father’s carrier status 
and infection in his sons than between a fath¬ 
er’s .status and infection in his daughters. 
6. Men’s house cohabitants are at greater 
ri.sk of infection and carrier status than sib¬ 
lings or cohabitants who live at home. 
7. Carrier husbands have significantly more 
infected wives than do noncarrier husbands. 

MATERIALS AND METHODS 

From 1973 through 1977 a census of the 
Bay Villages was compiled and updated by 
Scott Mazzur. All individuals who were ser¬ 
ologically te.sted were listed in the census 
and all parents, spouses, and sibs were re¬ 
corded for use in intrafamily infectivity stud¬ 
ies. In addition, the residence of each indivi¬ 
dual was noted so that cohabiting relation¬ 
ships could also be studied with regard to HBV. 
One of us, William Davenport, completed a 
census of this same island population in the 
1950s and this eaidier census was used in 
both verifying and enriching the information 

in the later census. Subsequent visits to 
Ndeni by Davenport have enabled an assess¬ 
ment of the changes in the traditional life 
style so that an accurate and current descrip¬ 
tion of village life on Graciosa Bay was 
obtained. 

In 1974, 771 individuals were tested for 
HBsAg and anti-HBs and the frequency of 
these viral markers was reported [Mazzur 
and Jones, 1977a|. In 1977 a more compre¬ 
hensive ,sera collection was undertaken, and 
909 individuals, roughly 84''7 of the popula¬ 
tion,"^ were sampled. In addition to HBsAg 
and anti-HBs, anti-HBc, HBeAg and anti- 
HBe were tested. 

The serological analyses in this paper rely 
exclusively upon the 1977 sample with but 
one exception. In the analysis of acquired 
immunity, some mothers were only tested in 
1974. As a result, the 1974 anti-HBs status 
of these mothers is analyzed and the results 
are discussed separately. 

During both blood collections, vacutainer 
samples were obtained from adults while 
capillary tubes were used to obtain samples 
from infants and young children. HBsAg 
testing by a commei’cial reverse passive hem¬ 
agglutination assay (RPHA) system (Auscell, 
Abbott) and anti-HBs testing by use of lyoph- 
ilized HBsAg-coated red blood cells (Abbott) 
were done in the field. All initial results were 
confirmed in the field by repeating the test 
after neutralizing the sample with the appro¬ 
priate antigen or antibody. 

In 1977, samples of sufficient volume were 
sent to Dr. N. Nath, American Red Cross, 
Bethesda, Maryland and te.sted for anti-HBc 
activity by radioimmunoassay (CORAB, Ab¬ 
bott). Field identified HBsAg positive sam¬ 
ples were retested by radioimmunoassay 
(Ausria II, Abbott). Those with sufficient vol¬ 
ume were tested for PIBeAg and anti-HBe by 
rheophoresis (Austect, Abbott) and/or by ra¬ 
dioimmunoassay by Dr. H.A. Pfield, Center 
for Disease Control, Phoenix, Arizona. Field 
identified anti-HBs samples were retested by 
hemagglutination (Electronucleonics). 

To describe this serological data, our report 
uses the terms HBsAg status and HBV out¬ 
come. HBsAg status describes an individual 
as a carrier (HBsAg( + )) or a noncarrier 
(HBsAg( —)). The HBV outcome describes 

“The official 1970 government de facto census li.sts the popu¬ 

lation of the Graciosa Bay Village.s as 1,080 (Western Pacific 

High Commission, British Solomon Islands Protectorate, 1970). 
At any given time, an additional 2-3% of the population is 

engaged in work outside the villages. 
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three types of responses to contact with a 
hepatitis B infectious carr ier: 1) not infected; 
2) infected but not a carrier; and 3) carrier. 
Those who are not infected tested negative 
for all the antigen and antibody responses 
specific for HBV that are described above. 
Those who are carrier's tested positive for the 
surface antigen. Those who are described as 
infected but not carriers tested positive for 
some marker's of HBV infection but not 
HBsAg or HBeAg. * Those individuals had 
produced anti-HBs and/or anti-HBc when in¬ 
fected with HBV. 

In analyzing the ser'ological data within 
the context of the census material all of those 
sampled are included. As a r'esult, families 
with more member's appear more freqrrently 
in the tables than families with few mem¬ 
bers. For exarrrple, in analyzing the associa¬ 
tion between a mother’s HBsAg status and a 
0- to 5-year'-old child’s outcome, the outcome 
of each child within the given age gr'oup is 
matched to the mother’s HBsAg status. In 
this way, the status of women who have two 
childr'en in this age group is li.sted twice, 
while the -status of women with one child in 
this gr'oup is li.sted only once. As exposur'e 
and r'espoir.se to HBV among sibs var'y, this 
appr'oach is conipi ehensive. Fur'thermor'e, as 
lar'ger families contribute more individuals 
to the population, it seems appr'opriate to 
scor'e each iirdividual r'ather than each 
family. 

RESULTS AND DISCUSSION 

Maternal transmission 

Mothers’ and/or fathers’ HBsAg status was 
not associated with the HBV outcome of their 
childr'en aged 0 to 2 years (see Table 1). Of 
53 children ages 0 to 2, 48 were uninfected. 
Of the five children who were infected, four 
were HBsAg(-f) and only one child was anti- 
HBs(-l-). All five of these infected children 
were the offspring of HBsAg( —) mothers, but 
two of these childr'en had HBsAgt +) fathers. 

The lack of detectable maternal transmis¬ 
sion from mothers to children less than 2 
years of age suggested that on Ndeni HBV 
was not spread from mother to child during 
pregnancy and birth or during the many 
months of breast feeding and related child 
care following birth. These findings are con¬ 
sistent with Mazzur and Jones’ [1977b] re¬ 
view of the 1974 data from Ndeni that 

■’HBeAg testing was only done when individuals tested 

HBsAg( + ). 

compared the HBsAg status of all mothers 
with their children regardless of age. Mater¬ 
nal transmission, however, is an effective 
route of HBV infection in Africa [Maupas et 
al., 1981], Asia [Stevens et al., 1975; Okada 
et al., 1975] and other parts of the South 
Pacific [Dickie et al., 1982]. 

In places w'here maternal transmission oc¬ 
curs, perinatal infection is one way HBV is 
spread. In Taiwan, Stevens et al. [1975] re¬ 
ported an extremely high rate of maternal 
transmission. Of 158 babies born to asymp¬ 
tomatic HBsAgI +) women, nearly 40% (63 of 
158) tested HBsAg( + ) by 6-12 months of fol¬ 
low-up. To test a specific route of maternal 
transmission, Beasley and Stevens [1975] 
compared breast fed and bottle fed babies of 
HBsAg( + ) mothers in Taipei and found no 
apparent evidence for transmi.ssion via breast 
feeding. Thus, Stevens et al. ] 1975] sugge.sted 
that transmission probably occui'red during 
labor and delivery. 

A specific delivery practice does not seem 
to preclude maternal tratismission. In the 
United States and in Europe transmission 
from asymptomatic HBsAg( +) mothers to 
their childien does not occur even though 
delivery practices are similar to those in Tai¬ 
wan. On Ndeni, where hospital care is not 
available, maternal transmis-sion could not 
account for any infection among children un¬ 
der 2 years of age. 

It is evident that HBsAg( +) women differ 
in the ability to transmit HBV to their in¬ 
fants. Schweitzer et al. ]1973], in a 3-month 
follow-up of 21 children born to HBsAg( + ) 
asymptomatic mothers, found only one 
HBsAg( + ) child. Similar results were re¬ 
ported in studies from Europe (Skinh0j et al. 
in Denmark ]1972] and Papaevangelou in 
Greece [1973], Thailand (Punyagupta et al. 
[1973], and the South Pacific (this study). Yet 
in Japan [Okada et al., 1975], the rate of 
vertical transmission from asymptomatic 
mothers to infants is similar to that reported 
by Stevens et al. .[1975] for Taiwan. Simi¬ 
larly, in the United States Schweitzer et al. 
[1972] reported relatively high levels of 
transmission when mothers tested HBsAg( + ) 
with acute hepatitis. In their study, seven of 
26 women had HBsAgt+ ) children within 3 
months of delivery. 

HBeAg and maternal transmission 

HBsAg alone is not enough of a predictor 
of maternal vertical transmission. Other fac¬ 
tors involving the response of the host to 
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TABLE 1. HBsAg status of parents and HBV outcome in children 
aged 0-2 years and 3-5 years 

Outcomes in children 

HBsAg_ ^gg gf Not Infected, 

Father Mother children Carrier infected not carrier^ Totals 

Negative Negative 0-2 yrs 2 36 1 39 

3-5 2 38 9 49 

Negative Po.sitive 0-2 0 2 0 2 

3-5 0 6 0 6 

Positive Negative 0-2 2 10 0 12 

3-5 3 13 0 16 

Positive Positive 0-2 0 0 0 0 

3-5 0 1 0 1 

'Anti'HBs(+) and'or anti-HBc( + ). 

TABLE 2. Prevalence of HHBeAg and anti-HBe in Graciosa Bay 

HBsAg(+) carriers 

N 

HBeAg(-t-) 

It % 

Anti-HBe( -t-) 

it % 

Unmarried females 11 3 27 1 9 
Married females 17 1 6 4 24 

All females 28 4 16 5 18 

Unmarried males 24 6 25 3 12 
Married males 24 1 4 4 17 

All males 48 7 12 7 12 

Total 76 11 14 12 16 

HBV infection, particularly during preg¬ 
nancy and delivery, need to be considered. 
An important factor linked to HBV infectiv- 
ity is HBeAg. Presence of HBeAg and ab¬ 
sence of anti-HBe has been shown to facilitate 
horizontal HBV transmission [Shikata et ah, 
1977], 

HBeAg was detected in 11 (14%) of 76 
HBsAg(-l-) individuals tested. The level of 
anti-HBe was similar (16%). The distribution 
of HBeAg and anti-HBe was similar for both 
the 48 HBsAg( -+•) males and the 28 HBsAg(-t-) 
females tested (see Table 2). 

Among the 17 married HBsAg(-t-) women 
who were tested, only one was HBeAg(-l-) 
while four (24%) were anti-HBe(-t-) (see Table 
2). 

The small percentage of HBeAg( -f-) moth¬ 
ers among the relatively small percentage 
(9-14%) of HBsAg(-l-) women of childbearing 
age (see Table 3) limits widespread transmis¬ 
sion of HBV in our study population. Only 
two of the 53 children under 2 years of age 
had HBsAg(H-) mothers (see Table 1). 

In contrast, HBeAg is found in asympto¬ 
matic carriers at relatively high frequencies 
in Taiwan where maternal transmission is 
documented. In one study 20 of 62 carrier 
Chinese mothers (32%) were HBeAg( I-) while 
only 2% were anti-HBe(-f) [Beasley et ah, 
1977]. In this same study, 13 of the 42 
HBeAg( —) mothers (31%) had HBsAg(-l-) off¬ 
spring, while 17 of the 20 HBeAg(-t-) mothers 
(85%) had carrier children (see Tables 4, 5). 
In Europe, where vertical transmission of 
HBsAg is low, HBeAg is found in virtually 
none of the asymptomatic carriers tested, 
while anti-HBeAg is found at levels well over 
50% [Eleftheriou et ah, 1975; Magnius et ah, 
1975] (see Table 4). 

Persistence of HBeAg through childbearing 
years 

Among HBsAg(-f-) village children, how¬ 
ever, the proportion of HBeAg(-I-) carriers is 
much higher than among older individuals 
of marriageable age. A comparison of mar¬ 
ried carriers (generally all those over 20) with 
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TABLE 3. Hepatitis B virus marker distribution by age and sex in the 1977 sample of the Graciosa Bay 
Village population 

Age of 
group Sex 

Number and (%) 

Carrier 
HBsAg( + ) 

Not 
infected 

Infected, 
not carrier' Totals 

0-2 yrs M 1 (3) 33(97) 0 (0) 34 
F 0 (0) 14 (93) 1 (7) 15 
u 3 1 0 4 

3-5 yrs M 5 (14) 24 (69) 6(17) 35 
F 2 (8) 21 (81) 3(11) 26 
u 0 13 2 15 

6-10 yrs M 12(17) 25 (35) 35 (48) 72 
F 2 (3) 39(61) 23(36) 64 

11-15 yrs M 6 (8) 23 (.30) 47 (62) 76 
F 4 (9) 19(43) 21 (48) 44 

16-20 yrs M 2 (8) 7(27) 17 (65) 26 
F 3 (14) 6 (27) 13 (59) 22 

21-30 yrs M 5(11) 7 (16) .32 (73) 44 
F 6(10) 19 (.30) 38 (60) 63 

31-40 yrs M 10(25) 5(12) 26 (63) 41 

F 7(13) 9(16) 39(71) 55 

41-50 yrs M 7 (22) 3 (10) 21 (68) 31 
F 4 (16) 5 (19) 17 (65) 26 

> 50 yrs M 5 (24) 0 (0) 16(76) 21 

F 0 (0) 2 (13) 14(87) 16 

Totals 84 (11) 275 (38) 371 (51) 730 

* Anti-HBs( +) and/or anti-HBd -f-). 

unmarried carriers (generally those under 20) 
showed a four- to five-fold decrease in the 
proportion of HBeAg(-t) individuals in the 
older, married HBsAg(-l-) carrier group (Ta¬ 
ble 2). In studying Japanese HBsAg carriers, 
Ohhayashi et al. |1976| also noted a decrease 
in the frequency of HBeAg with age (Table 
4). 

However, Ohhayashi et al. [1976| reported 
frequencies of HBeAg for both adults and 
children that were much higher than those 
found on Ndeni. Among the HBsAgt +) Japa¬ 
nese studied, the percentage of HBeAg(-l-) 
individuals under 20 was well over 40% (see 
Table- 4). In comparison, the percentacge of 
those HBeAgt +), among unmarried carriers 
on Ndeni, was well under 30% (see Table 2). 
Similarly, while the proportion of HBeAg(-r) 

Japanese carriers does decrease from 41% at 
ages 11 to 20 to 17% at ages 21 to 40, the 
proportion of infectious HBsAg( + ) Japanese 
adults remains at a level that is three times 
as great as the frequency of infectious 
HBsAg(-t-) adults on Ndeni (see Tables 2 and 

4). In another Asian population, a Korean 
population with chronic active liver disease, 
Kim et ah, [in preparation) reported even 
higher levels of HBeAg persistence (>than 
20%) among HBsAgt -)-) adults (see Table 4). 

The persistence of HBeAg at levels greater 
than 15% among populations of Asian adult 
carriers [Beasley et ah, 1977; Okada et ah, 
1976; Ohhayashi et al., 1976; Kim et ah, 
in preparation) helps maintain a large num¬ 
ber of infectious adult carriers in these pop¬ 
ulations (Table 4). The level of HBeAg 
persistence found in Asia, but not on Ndeni, 
is probably responsible for the significant 
amount of maternal, neonatal, HBV trans¬ 
mission reported in Asia but not apparent on 
Ndeni. In turn, population differences in the 
persistence of HBeAg may be directly related 
to factors such as the age of onset of infection. 

Age at onset of infection related to outcome 

At a time when mother and child contact 
is so intimate, it is fortunate that there are 
so few HBeAg(-l-) mothers in the Graciosa 
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TABLE 4. Prevalence ofHBeAg and anti-HBe among HBsAg(+j individuals in various populations^ 

Location Population description N % HBeAgi -b) % Anti-HBe(-f-) Reference 

Taiwan Asymptomatic mothers 62 32% 2% Beasley et al. [1977| 

Japan Asymptomatic mothers 23 43% 30%. Okada et al. (1976) 

Asymptomatic mothers 49 28% 30%. Shiraki, Yoshihara,and 

Sakuri [1980] 

Asymptomatic individuals Ohbayashi et al. (1976] 

Ages 1-10 13 77% 15%. 

11-20 22 41% 23%r 

21-40 46 17% 28% 

41-60 21 14% 38% 

61 or older 13 15%. 54%. 

Korea Patients with chronic liver Kim et al. (in 

disease Ages 20-29 14 21.4% 42.9%. preparation) 

30-39 70 32.9%' 42.8% 

40-49 113 50.4% 25.7%. 

50-59 77 37.7% 36,4%. 

> 60 39 20.5%. 48.7%; 

Sweden Blood donors Magnius et al. ]1975] 

Asymptomatic 18 0% 56%. 

individuals 21 43% 0%. 

Individuals with 
abnormal 

liver function 

England Patients at London Eleftheriou et al. 11975) 

Hospital 99 0%. 14%. 

Acute hepatitis 79 44%. 3%. 

Chronic active hepatitis 16 13%. 44% 

Chronic persistent 5 0%. 80% 

hepatitis 21 0% 73%. 

Primary hepatic 
carcinoma 

Asymptomatic carriers 

'Sampling and testing methods also vary in studies by population. 

TABLE 5. HBeAg and anti-HBe and. maternal transmission ofHBsAg in Japan^ 

Infants 

Population description and maternal status N tf HBV infected tt HBsAg( -b) tt anti-HBs( +) 

A.symptomatic HBsAg(-(-) carrier mothers Japan 
HBeAg 14 13 (93%.) 12 (86%) 0 
Anti-HBe( +) 31 9 (29%.) 2 (6%) 5(16%) 
Both HBeAg and anti-HBe( —) 4 2 (50%.) 1 (25%) 0 

[Shiraki, et al., 1980) 
HBe Ag( -b) 10 10(100%.) 10(100%.) 0 
Anti-HBe(-b) 7 0 0 0 

[Okada et al., 1976) 

'Sampling and testing methods also vary in studies by population. 

Bay Villages because, once infected, children 
aged 0 to 2 are more likely to become carriers 
than older children. A significant difference 
in response (P = .04) was noticed when viral 
markers were compared in older children 
ages 3 to 5. A decrease in HBsAgf + ) re¬ 
sponses to infection was apparent: four of five 
infected 0-2-year-olds were HBsAgf-l-) (80%) 
while seven of 18 infected 3-5-year-olds (39%) 
were HBsAg(-f-), and only 14 of 72 infected 
6-10-year-olds (19%) were carriers (Table 3). 

Very few of the children aged 0 to 2 were 
tested for anti-HBc because the serum sam¬ 
ples were generally of insufficient volume. 
Comparisons between the 0-2-year-olds and 
the 3-5-year-olds using only HBsAg and anti- 
HBs data revealed the same significant dif¬ 
ference in outcome between age groups as 
reported above. 

This same pattern is seen in Senegal, where 
34% of children under 2 years of age were 
infected with HBV and half of these were 
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HBsAg( + ); but by age 13, the prevalence of 
HBsAg among those infected is greatly re¬ 
duced, and while 91% are infected only 13% 
of these are HBsAg(-f) [Maupas et ah, 1981], 
Studies done in America in institutional set¬ 
tings have also shown a relationship be¬ 
tween early exposure to HBV and increased 
likelihood of becoming a chronic carrier 
[Szmuness et ah, 1970]. Similar results from 
Malo Island concerning newborns led Dickie 
et al. [1982] to conclude that perinatal expo¬ 
sure to HBV is likely to result in a failure to 
produce antibody and a lifelong HBsAg car¬ 
rier status. 

Primary hepatocellular carcinoma on Ndeni 

Chronic HBV infection has been associated 
with liver disease including post hepatitic 
cirrhosis and primary hepatocellular carci¬ 
noma (PHC). There is also evidence that the 
onset, and possibly the pathogenesis, of HBV- 
related chronic liver disease may depend in 
part on the age at which chronic infection 
begins [Blumberg et al., 1975]. 

A review of medical records at a hospital 
on Kira Kira, a nearby island, revealed the 
death of a 5-year-old village girl from pri¬ 
mary hepatocellular carcinoma. The cluster¬ 
ing of HBsAgt-f-) carriers within her nuclear 
family makes early exposure to HBV infec¬ 
tion a likely component in this child’s termi¬ 
nal illness. In 1977, a year or more after the 
girl’s death, her mother tested HBsAg(-l-), 
HBeAg -), and anti-HBe( —). The lack of de¬ 
tectable HBeAg in the mother in 1977 may 
not be a good indicator of the mother’s infec- 
tivity 5 to 10 years earlier when the girl and 
three surviving siblings were born. Two of 
the three surviving siblings are HBsAg(-i-) 
but were not tested for HBeAg and anti-HBe. 
The other sib was HBsAg] — ), anti-HBs( —), 
and anti-HBc(-I-) at age 7. The presence of 
only anti-HBc indicates exposure to HBV 
years before; and in a child of 7, this means 
early exposure to the virus. The carrier sta¬ 
tus of the two other young sibs are likely 
outcomes to early HBV infection. The father 
was HBsAg]-), anti-HBs(-), and anti- 
HBc]-). The absence of HBsAg in the father 
and its presence in the mother coupled with 
the markers exhibited by the children indi¬ 
cate maternal transmission as the likely 
pathway for infection in this family. It is 
conceivable that perinatal transmission of 
HBV resulted in immunologic tolerance in 
three of the four children, and that in one of 
these three young HBsAg]-!-) carriers, early 

HBV infection promoted the development of 
primary hepatocellular carcinoma. It is likely 
that as better medical services become of¬ 
fered on Ndeni, more individuals will be 
identified with PHC and other HBV-related 
liver diseases. 

Lack of acquired maternal antibody 

Six of the 30 children less than 1 year old 
had mothers who were anti-HBs(-f-) in 1977. 
Though four of these six children were only 
6 months old, none showed an antibody re¬ 
sponse. A 7-month-old child and another un¬ 
der 1 year also showed no trace of acquired 
immunity. Two more children aged 8 months 
and just under 1 year had mothers with 
detectable anti-HBs in 1974. Neither of 
these children had a measurable anti-HBs 
response. 

The lack of detectable acquired maternal 
antibody in children 6 months old or greater 
is consistent with reports from Senegal 
[Maupas et al., 1981]. While 30% of newborn 
Senegalese babies are protected by passive 
immunity, only 4% maintain anti-HBs titers 
during the second 6 months of life. In fact, 
the loss of acquired immunity, infection, and 
seroconversion to carrier status was reported 
by Dickie et al. [1981] in a child only 9 
months of age in a population from the New 
Hebrides. A review of mother-child serologi¬ 
cal responses to HBV in this New Hebrides 
population led Dickie et al. [1981] to believe 
that acquired antibody did little to prevent 
eventual HBsAg]-I-) outcomes and, in fact, 
that it may promote such an outcome. Our 
data do not support the latter conclusion. 
None of the chilch-en aged 0 to 2 years and born 
to antibody-positive mothers were HBsAg 
carriers, but all four HBsAg carriers had 
mothers with no detectable viral markers of 
infection. Thus, among the Graciosa Bay Vil¬ 
lagers of Ndeni, acquired antibody was not 
measurable in those 6 months of age or older 
and its effect was not shown to be detrimental 
in very young children. 

Paternal Transmission and Sexual 
Segregation 

Neither mothers’ nor fathers’ HBsAg sta¬ 
tus had a significant effect on the HBV out¬ 
come of their children aged 0 to 3 years and 
3 to 5 years ]see Table 1). However, when 
HBV outcomes of boys aged 0 to 5 years and 
6 to 10 years were compared with fathers’ 
HBsAg status, a highly significant associa¬ 
tion between fathers’ HBsAg .status and sons’ 
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TABLE 6. HBsAg status of parents by sex and HBV outcome of children 
aged 0-5 and 6-10, by sex 

HBsAg status of parent 

Childi'en 

Age Sex 

HBV outcome of children 

Carrier 
Not 

infected 

Infected, 
not carrier' Totals 

Father: negative 0-5 yrs M 1 44 7 52 

F 3 36 5 44 

positive M 5 11 1 17 

F 0 13 1 14 

Mother: negative M 6 50 8 68 
F 3 45 6 54 

positive M 0 5 0 5 
F 0 4 0 4 

Father: negative 6-10 M 6 15 22 43 
years F 1 25 17 43 

positive M 3 5 7 15 
F 0 7 3 10 

Mother: negative M 7 19 24 50 
F I 30 20 51 

positive M 2 1 5 8 
F 0 2 0 2 

'Anti-HBs( + ) and/or anti-HBc(+). 

HBV outcome at ages 0 to 5 was found. Car¬ 
rier fathers were more likely to have carrier 
sons (P = .002). Fathers had no measurable 
effect on sons aged 6 to 10 and daughters 
aged 0 to 5 and 6 to 10 (see Table 6). 

Mothers’ HBsAg status had no apparent 
association with the HBV outcome of chil¬ 
dren regardless of sex (Table 6). In comparing 
children of HBsAg( 4-) parents, there were 
relatively fewer children in the HBsAg(-l-) 
mothers group, indicating again that the 
small percentage of HBsAg(-l-) mothers lim¬ 
its the role of mothers in transmission of 
HBV to offspring. In contrast, the greater 
percentage of HBsAg(-l-) men (see Table 3) 
helps to facilitate the spread of HBV from 
father to offspring. Due to practices of sexual 
segi'egation, fathers involved in the weaning 
of sons, but not daughters, transmit HBV to 
sons and not to daughters. 

Horizontal transmission by male siblings 

Children 0 to 2 years old with one or more 
older HBsAg(-f) siblings and children 0 to 2 
without carrier siblings did not vary signifi¬ 
cantly in outcome. A comparison of children 
3 to 5, having at least one older HBsAg(-f) 
sibling, with children in the same age group 
without older carrier siblings, showed a sig¬ 
nificant difference in outcome (P = .03). At 
this age, children with older carrier sibs had 

a gi'eater chance of becoming carriers. In 
analyzing the data on older siblings by sex, 
it was found that the HBV status of older 
brothers had a significant effect on the sibs 
ages 3 to 5 (p = .01) (see Table 7). The HBV 
status of older sisters did not have any meas¬ 
urable effect (p = .71), but only two children 
ages 3 to 5 had an HBsAg(H-) older sister. 

Strictly defined behavioral differences be¬ 
tween the sexes enhance contacts between 
boys that could lead to infection. Sexual seg¬ 
regation rules dictate that boys eat prepared 
meals together and from a common bowl (30 
years ago all village males ate together this 
way). Girls, though, are isolated and the 
number of contacts in food sharing is limited 
to female family members. This type of seg¬ 
regation of the sexes may help perpetuate 
the significant difference (.05 < P < .1) in 
the frequency of infection between preadoles¬ 
cent males and females aged 6 to 10 (see 
Table 3). The isolation of females also limits 
the effect that an infectious female has in 
spreading HBV. Further field observations 
could test these hypotheses. 

Horizontal transmission of HBV between 
children is a significant mode of HBV infec¬ 
tion in other societies as well. Horizontal 
transmission among American children in 
Boston as a means of infection was also 
shown by Leichtner et al. [1981]. In the Bos- 
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TABLE 7. HBsAg status of brothers and sisters compared with HBV 
outcome of younger sibs aged 3-5 years 

HBsAg status 

Outcomes in children aged 3-5 years 

Carrier 
Not 

infected 
Infected, 

not carrier' Totals 

All sisters negative 4 37 9 50 
At least one sister positive 0 2 0 2 

All brothers negative 3 40 7 50 
At least one brother 3 3 2 8 
positive 

' Anti-HBs( + ) andy'or anti-HBd -( ). 

ton study, shared chewing gum was the prob¬ 
able vehicle of infection. On Ndeni, the 
sharing of food, particularly premasticated 
food with those who have trouble chewing, 
appears to be one mode of spi'eading infection. 

As both mothers and brothers share food 
with young family members, it is interesting 
that carrier brothers, and not carrier moth- 
er6, spread HBV to children aged 3 to 5. 
While behavior may be the main factor af¬ 
fecting these results, age-related differences 
in the frequency of infectious cari’iers may 
also be an important factor. The frequency of 
carrier boys is similar to the frequency of 
carrier women of marriageable age. Twenty- 
three of 183 boys (13%) aged 3 to 15 tested 
HBsAg( + ), and 17 of 144 women (12%) aged 
21 to 50 tested HBsAg( + ) (see Table 3). Mar¬ 
ried women (those generally older than 20) 
have a much lower proportion of infectious 
HBeAg(-l-) carriers than unmarried cai'rier 
boys (see Table 2). The four-fold difference in 
infectious carriers may facilitate the spread 
of HBV from older brother to younger sib but 
not from mother to child. 

Homosexual practices and transmission 

Among teenage boys who cohabit, the out 
come of carrier is associated with having an 
HBsAg( + ) sib. While carriers represent 11% 
(Table 3) of the total population of villagers, 
50%) of the carrier boys in cohabitation units 
have carrier brothers at home. A comparison 
with sisters’ HBsAg status revealed that 67% 
of cohabiting boys who are carriers have car¬ 
rier sisters. Thus, on Ndeni there was no 
significant difference in the proportion of 
those either infected with HBV or positive 
for HBsAg when young cohabiting men were 
compared with sibs that had no history of 
cohabitation. Perhaps the limited number of 
sexual contacts in a Graciosa Bay Village 
(average population < 100) accounts for the 

apparent ineffective spread of HBV via hom¬ 
osexual contact. 

The similarity in HBsAg marker preva¬ 
lence between boys who cohabit and their 
sibs suggests an additional explanation for 
the lack of apparent HBV infection through 
homosexual contact. Most males on Ndeni 
are infected as children long before sexual 
cohabitation begins. This explanation is sup¬ 
ported by the family clustering of HBV 
among sibs as reported by Mazzur and Jones 
|1977bl using data collected in 1974 from this 
population. 

This pattern strikingly contrasts the spread 
of HBV through homosexual practices in 
New York City. In the study of New York 
City homosexuals [Szmuness et al., 1975], 
37-51%) of male homosexuals exhibited a ser¬ 
ological marker of HBV infection. This level 
of infection is at least five times greater than 
that in the general population (7%). Sexual 
activity among homosexuals was correlated 
with infection, and the greater the number 
of sexual contacts, the greater the infection 
rate. 

Heterosexual practices and transmission 

There was no apparent association be¬ 
tween carrier husbands and infection in their 
wives (P — .35). Similarly, the spread of HBV 
through heterosexual contacts, as seen in 
New York City [Szmuness et al., 1975], was 
not apparent on Ndeni. In New York City, 
evidence of HBV infection was found in 26%' 
to 28% of the spouses of HBsAg(-l-) individu¬ 
als, while spouses of noncarriers had C’lily a 
10% to 11%) rate of HBV marker prevalence. 

The relatively low general prevalence of 
infection in New York City decreases the 
chances of childhood infection through fam¬ 
ily contacts. As a result, both homosexual 
and heterosexual contact become significant 
factors in the spread of HBV. Conversely, 
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children on Ndeni are at high risk for HBV 
infection, and by age 15 most individuals 
have been exposed to HBV. As a result, sex¬ 
ual contacts on Ndeni are not as significant 
a factor in HBV infection as they are in New 
York City. 

Sex-related differences in HBsAg frequency 

One interesting feature of HBV marker 
distribution on Ndeni is the striking increase 
in HBsAg(-l-) men over 30 years old. While 
11% of 21-30-year-old men are HBsAg(-l-), 
22% or more of men over 30 are HBsAg( +). 
Among those older than 30, the prevalence 
of HBsAg among males is significantly 
higher than among females (Mazzur et al., 
1981). 

This higher frequency in older males may 
be a cohort effect and may not be seen in 30 
years when the boys in our study become 
men. The increased prevalence of carriers 
among older men could be related to the more 
traditional life-style that once existed. Post- 
World War II government rules, while met 
with resistance, did destroy the most impor¬ 
tant traditional men’s institution, the men’s 
house. This men’s house of the past, unlike 
today’s vestige, was a place where all village 
men gathered, sometimes bringing young 
sons. Food sharing and homosexual encoun¬ 
ters among very young boys and adults were 

probably responsible for an early and more 
widespread exposure to HBV among boys. 
Girls, then as today, would be largely unaf¬ 
fected by men’s house activities. As early 
exposure to HBV seems more likely to result 
in an HBsAg( -I-) response, the men’s house of 
old may have institutionalized the exposure 
of very young males to HBV^ and the subse¬ 
quent development of the carrier state. 

This study has focused on behavior to elu¬ 
cidate routes of HBV infection in a specific 
population. As behavior is mediated by cul- 
tm’e, populations with different cultures have 
different practices. When these practices in¬ 
volve the spread of HBV infection, it is likely 
that effective routes of disease spread will 
differ between cultures. These differences are 
evident when factors such as age, sex, and 
family interaction are compared with regard 
to HBV marker prevalence. This study has 
determined routes that are effective in the 
spread of hepatitis B in Graciosa Bay Village 
society. Other routes of infection exist, and 
in other populations, some of these are the 
routes that spread HBV most efficiently. It is 
only by analyzing HBV in many populations 

that we can determine the dynamics of its 
infection. 
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ABSTRACT 

Individual mosquitoes trapped in the field in Africa and mosquitoes 

studied in a laboratory were tested for Australia antigen (Au) by radioimmuno¬ 

assay. Anopheles Stephens! fed on blood containing Au had detectable Au up 

to 48 hours after feeding. Ten of 42 mosquitoes trapped in residential areas 

in East and Central Africa had detectable Au. In addition, one collection of 

eggs from Anopheles Stephens! which had fed on blood containing Au was found 

to have Au. These findings support the hypothesis that mosquitoes could be a 

vector of Australia antigen and hence hepatitis virus for man. They suggest 

an additional hypothesis that Au could be maintained in mosquito populations 

by way of maternal transmission. 
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After finding that Australia antigen (Au) is related to the etlologic 

agent of "viral hepatitis" we suggested that it might be transmitted by mos¬ 

quitoes (Blumberg ajL., 1967, 1970). There have now been several reports 

on Au and insects (Prince et al., 1972; Smith et al., 1972; Skinh^j, 1972; 

Zebe et al., 1972) and in this paper we describe two kinds of mosquito studies 

1. Anopheles Stephens! were fed on blood containing Australia antigen 

and blood without it. Using the radioimmunoassay (RIA) method (Coller et al., 

1971), Au was found in the mosquitoes which fed on the Au positive blood, 

but not in the other exposed insects, nor in other controls. 

2. Au was found in mosquitoes collected in several areas of East and 

Central Africa where Au frequencies are high. 

Taken together, these studies indicate that 1) mosquitoes can carry Au; 

2) Au can be detected in single mosquitoes using the RIA method; and 3) mos¬ 

quitoes captured in the field carry Au. These findings are compatible with 

the view that mosquitoes could be responsible for the spread of hepatitis in 

some places. 

MATERIALS AND METHODS 

The Rat Tail Technique for Feeding Mosquitoes. 

Mosquitoes will not feed on blood unless it is presented to them in an 

acceptable form. The rat tall technique is suitable for feeding experiments 

with several species of mosquitoes (Sudia, 1971). 

A laboratory white rat was killed with chloroform. While the carcass 

was still warm, a circular incision was made at the basal end of the tail and 

the tail skin loosened from the muscle by cutting the fascia. Uniform pressure 

was applied with the fingernails (surgical gloves were worn throughout the 

procedure), and the tail skin pulled slowly off the muscle. The tip of a 
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Pasteur pipet was cut about 1/4" below the constriction, and the rough end 

fire polished. After cooling, it was inserted into the upper end of the tail 

skin and the tail fastened with a rubber band at the point of the glass con¬ 

striction. The tail was flushed with physiological saline to clear it of any 

loose tissue or blood. 

To facilitate the immediate intake of blood by the mosquito, the whole 

blood was mixed with an equal part of 5% dextrose in distilled water. The 

mixed blood was then put into the tail skin by using a syringe with a spinal 

needle canula attached so as to reach the tip when filling. Once the tail 

skin was filled, the wide end of the glass was stoppered with a cork. The 

tail was placed in a Petri dish in an Incubator at about 37°C for 15 minutes 

to warm the blood to body temperature and then placed in the mosquito cage for 

feeding. 

Bionomics and Distribution of Anopheles stephensl Liston. 

This brief description is abstracted from Foote and Cooke (1959). 

Anopheles stephensl is divided into two sub-species — Anopheles Stephens! 

mysoreasls, which is found only in India, and Anopheles Stephens! stephensl, 
« 

which has a more cosmopolitan distribution. Adults of Anopheles stephensl are 

commonly found in houses, cowsheds, barracks, and other types of manmade 

shelters. They feed readily on man in the laboratory and in nature. They 

are usually difficult to find because they hide in small, out-of-the-way 

places, such as the many small, dark creases and crevices in folded or crum¬ 

pled cloth. Their flight range does not usually exceed one-half mile. 

Larvae are found in both urban and rural locations. The outstanding type 

of breeding place consists of wells and other artificial containers, such as 

cisterns, water collections near buildings, flooded cellars, and bases of run¬ 

ning fountains. In rural areas larvae are found in all sorts of breeding 
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places containing fresh, brackish, or sewage-contaminated water either in 

direct sun or in the shade. Pools, stream beds, slowly moving creeks» irriga¬ 

tion channels, drains, and miscellaneous breeding places with fresh water 

often contain larvae. Larvae habitually sink deep into the water and stay 

submerged for long periods. 

The recorded distribution includes the following locations: Afghanistan, 

Arabia, Assam, Bangladesh, Burma, China (South), India, Indochina, Iran, Iraq, 

and Pakistan. 

Specimen Preparation and Radioimmunoassay. 

Individual mosquitoes were placed in tissue grinding vessels containing 

0.25 ml of phosphate (.01 M) buffered saline pH 7.3. The mosquitoes were 

homogenized using a matched grooved "Teflon" pestle. Fifty pi of suspension 

was drawn by micropipette for assay (Collar ^ , 1971). Each sample was 

run in duplicate and compared with 4 normal human sera run in duplicate. In 

addition, individual unfed pooled mosquito controls were assayed for compar¬ 

ison. There was no difference between the normal human sera and normal mos¬ 

quito controls. Results are expressed as number of standard deviations 

inhibition from normal human serum controls. 

Feeding Experiment Design. 

Anopheles stephensl mosquitoes were obtained from a laboratory bred 

colony at the Naval Medical Research Institute, Bethesda, Maryland. The 

experiments were begun when the mosquitoes were four days old (four days 

beyond the larval stage). 

Two series of feeding experiments were done. The first was designed to 

see if Au could be detected in single mosquitoes and the duration of Au in the 

mosquito. The insects were all allowed to feed on Au(l) blood. Some were 
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then killed immediately after feeding and others at 24, 48, 72 and 96 hours 

after feeding. The individual mosquitoes were assayed for Au using the RIA 

method. As a control, several unfed mosquitoes were tested at the same time. 

This experiment demonstrated that Au could be detected and also gave informa¬ 

tion on the duration of persistence of Au in the mosquitoes. 

In the second experiment, the experimental insects were allowed to feed 

on Au positive blood and the controls on Au negative blood. 

Whole blood was collected from a patient with Down's syndrome who had Au 

in his blood. At the same time blood was collected from an apparently normal 

person who on repeated testing did not have Au. These were coded and placed 

in the rat tail for feeding as described above. One group of mosquitoes were 

allowed to feed on normal coded specimen, and the second group on the Au posi¬ 

tive specimen. Blooded females were then placed in individual test tubes 

with a cotton plug moistened with sugar water. Groups of mosquitoes were 

killed directly after feeding (0 hours) and at 12, 24, 48, 72, 96, 115, and 

137 hours after feeding. Individual mosquitoes were then prepared and ana¬ 

lyzed as described above. 

Some of the tubes contained eggs after 72 hours, which were also frozen, 

prepared and analyzed in the same manner as the mosquitoes. Forty-one col¬ 

lections of eggs were made from different tubes. In addition 10 normal mos¬ 

quitoes which were not fed were prepared and tested. 

All specimens were tested using coded numbers. 

Field Studies. 

Mosquitoes were collected in CDC mosquito light traps. A small light 

bulb was used to attract the insects who were drawn into and retained in the 

trap by means of a down-blowing fan blade driven by a small electric motor. 
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Compressed CO^ (dry ice) was suspended alongside the trap as another induce¬ 

ment to the insects to enter. Unless otherwise mentioned, the traps were 

hung from low branches of trees or bushes for each of the collections. 

Field collections were made in the following locations. All of these 

are in Uganda with the exception of 11 and 13 which are in Ethiopia. 

1. Murchison Falls National Park, Chobe region. Collections were made 

adjacent to the residential area and within 1/8 mile of the staff quarters. 

3. Murchison Falls National Park, Para region. Collections were made 

in a low bush area adjacent to the residential section. 

7. Semiliki Forest (Rift Valley). Collections were made in low bush 

adjacent to the tented camp area. 

8. Semiliki Forest (Rift Valley). Collections were made within the 

staff village. 

10. Kampala. Mosquitoes collected inside a house in a middle income 

residential area. 

11. Addis Ababa, Ethiopia. Collections were made in the compound of a 

residence on the Burundi Residence road. 

13. Addis Ababa, Ethiopia. Collections were made in the forecourt of 

the Lideta Mother and Child Health and Training Center which is located in a 

densely populated residential area in the Lideta section of Addis Ababa. 

RESULTS 

Feeding Experiments. 

In the first feeding experiments (Table 1) Australia antigen was de¬ 

tected in all of the mosquitoes which had been fed on blood containing Au 

and which were sacrificed at the time of feeding and after 24 hours. At 

48 hours the Au levels were positive in three of the five insects tested, 
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while none of those tested at 72 and 96 hours were positive. The levels of 

Au were lower at 48 hours than at 0 and 24 hours. The controls (unfed mos¬ 

quitoes) at 0, 72, and 96 hours were all negative. 

From this experiment we concluded that Au could be detected in mos- 
\ 

quitoes who fed on Au. Further, the Au persisted for up to 24 hours in all 

the mosquitoes tested and in up to 48 hours in most. The levels in the non- 

fed controls were all 5'or below and scored negative, with the exception 

of one male insect (which presumably would not have fed on the blood) which 

had a level of 6. 

The results of the second feeding experiment are shown in Table 2 and 

Figure 1. The number of positive (i.e., greater than -5 S.D.) and negative 

mosquitoes are shown for the indicated times of sacrifice. Insects in the 

first 2 rows were fed blood containing Au, and those in the third and fourth 

rows, blood wjiich did not contain Au. There were four other kinds of coiftrols. 

Some of the mosquitoes exposed to blood containing Au, and to the blood which 

did not contain Au, did not feed (rows 5 to 8). There were several males 

sacrified at the 0 and 12 hour times, and there were 10 mosquitoes not allowed 

to feed. 

In Figure 1, the levels (in S.D.) for all the mosquitoes sacrificed at 0, 

12 and 24 Ijours are shown, as well as the levels for the mosquitoes which dici 

not feed, and/or the mosquitoes which were not exposed to blood. 

A majority of the mosquitoes sacrificed at 0, 12 and 24 hours which had 

fed on blood containing Au were positive for Au, while none of the other mos¬ 

quitoes had positive levels. The levels in the positive mosquitoes were much 

higher than the controls (Figure 1). The levels at 24 hours were less than 

at 0 hours. 

The second experiment confirms the first, with the additional control of 

the insects fed on blood which does not contain Au. Positive values were not 
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Table 2. The number of mosquitoes scored positive (> 5 S.D.) at the indicated 

times after feeding on blood either containing or not containing Au are shovm 

in rows 1-4. The results for various other controls are shown in the remain¬ 

ing rows. For example, at 0 hours 3 of the mosquitoes fed Au + blood were 

positive and 1 was negative. Both of the mosquitoes fed Au negative blood 

were negative. 

Numbers 

=-•» -8—r-J—3- s.-J-s -r_i. 

of Mosquitoes Scored + or - 

Test 

Result 
Hours after Exposure to Blood 

0 12 24 48 72* 96 115 137 

Fed blood + 3 2 4 0 0 0 0 0 

containing Au 1 1 1 8 7 5 5 5 

Fed blood which + 0 0 0 0 0 0 0 

did not contain 

Au 

2 3 3 2 2 2 1 

Did not feed on + 0 0 

blood containing 

Au 

4 8 

Did not feed on + 0 

blood which did 

not contain Au 

7 

Males in cage with + 0 0 

rat tall containing 

Au positive blood 

1 6 

Males in cage with + 0 

rat tail containing 

Au negative blood 

5 

Mosquitoes not + 0 

fed 10 

7C * 

One sample of eggs which were collected from the tube of insects fed 

blood containing Au and sacrificed after 72 hours were found to contain Au 

(-9 S.C.). 

727 

219 



VOL 6, No. 2 Research Communications in 

SEPTEMBER 1973 Chemical Pathology and Pharmacology 

blood blood blood blood blood blood 

Ooy 0 12 hrs 24 hrs 

Figure 1. Australia antigen was detected only In mosquitoes 

fed on positive blood. Mosquitoes tested 48, 72, 96, 115, and 

137 hours after feeding were negative for Au. 

* 
SD = Standard deviation from the mean of 8 sera negative for Au. 
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Table 3. Results of the field studies. The number and short description 

of the stations at which collections were made are given in the first two 

columns. All but the last two places are in Uganda. The levels of Au found 

in individual mosquitoes are given in the last column. Mosquitoes scored as 

positive are underlined. 

Station 

No. Station Results 

1 Murchison Falls, Chobe -3 

3 Murchison Falls, Para -3, -3, -3, -4, -5, -2 

7 Semiliki Forest +2, +2, -4, 

-2, -2, -3, 

-3, -5, -5, 

-10, -3, 

-1, -3 

-5, -4 

8 Semiliki Forest, staff -4, -3, -3, -8,. -6 

10 Kampala -10, -5 

11 Addis Ababa, Ethiopia -8, -5, -8, -5, -6 

U Addis Ababa, Lideta -2, -7, -7, -2, -4 
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found after 24 hours; in this study the antigen appeared to persist for a 

shorter time than in the first experiment where positives were seen up to 

48 hours. 

One of the egg collections contained detectable Au at a level of -9 S.D. 

This specimen was collected from the tube containing the insects wjiich had 

been fed blood containing Australia antigen and sacrificed after 72 hours. 

Field Studies (Table 3). 

Ten of the 42 mosquitoes tested had Au at a level greater than 6 S.D. 

Three were collected in the Semiliki Forest, 2 in Kampala, and 5 in Addis 

Ababa. All positive mosquitoes belonged to the genus Culex. 

DISCUSSION 

From the feeding experiments we can conclude that A. stephensl mos¬ 

quitoes can carry Au and that the presence of Au can be detected in single 

insects. Au can be detected up to 48 hours after feeding; the levels in the 

Insects decrease with time. 

Mosquitoes caught in the wild have also been found to have detectable 

levels of Au; these were in general low. This might Tiave been expected since, 

on the average, it is unlikely that the mosquitoes would have been trapped 

directly after biting a person with Au in his or her blood. 

These and the previously published articles on the relation of Australia 

antigen and Insects now make possible the investigation of a variety of in¬ 

teresting questions. Are mosquitoes responsible for the transmission of 

hepatitis and/or the Au carrier state in some conmunitles? [See, for example, 

Blumberg et al. (1973), Australia antigen in the Solomon Islands, in which 

the high frequency of Au in some communities is compared to malaria rates.] 
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Is this reflected in seasonal patterns of infection? What species of mos¬ 

quitoes carry Au? 

Some species of non-human primates can carry Au (Blumberg ^ » 1971). 

Do they or other animal species act as intermediate hosts in nature? Do the 

insects serve as mechanical transporters of Au, or can the "organism" multi¬ 

ply in the insects? The data from this study do not suggest growth in the 

insects, since the amount detected decreases v'ith time. However, it may be 

difficult to detect production of Au in short term studies. Long term 

feeding experiments which test the hypothesis that Au can replicate in mos¬ 

quitoes are in progress. 

Elsewhere we have discussed the relation of Au to the genetics of the 

host. Do these flying insects have any role in the propagation of genetic 

"information"? Au was detectable in a single collection of eggs. Studies of 

eggs and generations of mosquitoes bom to mosquitoes fed blood containing Au 

have been initiated. There is evidence that Au can be transmitted maternally 

in humans (Blumberg, 1972) and this may also be the case in certain species 

of mosquitoes. 
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HEPATITIS B SURFACE ANiTGEX (AUSTRALIA AXTIGEX) 

IX MOSQUITOES COLLECTED IX SEXEGAL. WEST AFRICA* * 
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W. THOMAS LONDON, RITA DECHENE.t and IRVING MILLMAN 

Departmrnl of Environmrnlal Resources, Bureau of Community and Environmental Control, 

Harrisburg, Pennsylvania, Chaire dr Afededne et d’Epidemiologic .ifricaine (Prof. Payrt), 
Hopital Claude-Bernard, Paris, France, and The Institute for Can,i, f,, ',rarch. 
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Abstract. During July and August of 1973. 9,19S mosquitoes were collected in the Republic 
of Senegal. Eight species of mosquitoes were found in the collections: Culex thalassius. Culex 
pipiens qtiinquefasciatus, Culex tigripes, Culex phillipi, Aedes irritans. Aedes aegypti, Anopheles 
gambiae, and Mansonia sp. Specimens were sorted by biological condition; those obviously 
engorged were designated as fE), females with swollen abdomens not conspicuously blooded 
were considered gravid (G), and those wdth normal or shrunken abdomens were considered 
neither blooded nor gravid (U). Representative samples of each sp)ecies were tested by solid 
phase radioimmunoassay for hepatitis B surface antigen (HBjAg. Australia antigen). A total 
of 12 mosquitoes w’ere found to be HB^Ag positive out of 1,658 individuals tested. These 
were: 9 Culex thalassius, 1 (E), 5 (G), 3 fU); 2 Culex pipiens quinquefasciatus. 1 tE). 1 
(U); and Aedes irritans, 1 (U). 

It has been suggested that hepatitis B surface 
antigen (HB^Ag) may be transmitted by blood¬ 
sucking arthropods in parts of the w'orld where 
both the agent of hepatitis B and such insects 
are common.’’® Mechanical transmission by the 
contaminated proboscis of the insect is thought 
to be likely but has not been demonstrated in 
the laboratory’. The experimental studies to deter¬ 
mine whether HB„Ag is replicated within a mos¬ 
quito have been ambiguous. Several groups of 
investigators found that certain species of mos¬ 
quitoes fed on blood containing HB^-Ag had detect¬ 
able antigen for 48 to 90 hours after feeding.'* ® 
Their interpretation of these observations has 
been that HBgAg disappears as the blood is 
digested and that the antigen is not replicated. 
There are, however, some studies which are 
contrary’ to this interpretation. Smith et al.® 
found HBgAg for 10 days in Culex pipiens which 
had been fed on blood containing HBgAg. The 
HBgAg became undetectable, but after 3 weeks 
was found in the salivary glands. Muniz and 
Micks found that HBgAg persisted for up to 6 
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day’s after feeding in Aedes aegypti.' Metselaar 
and colleagues in East Africa fin collaboration 
with our laboratory! found HBgAg in .4. aegypti 
for as long as 6 weeks after feeding.® 

Only three previous field studies on mosquitoes 
have been conducted in areas of Africa with high 
frequencies of HBg.Ag in the human population. 
In two of these, mosquitoes of the same species 
were pooled, as is the practice in arbovirus studies. 
Prince and his co-workers found 28 of 187 pools 
(8 species) positive for HBgAg by radioimmuno¬ 
assay,® while Brotman et al." reported 17% of 
their collection to be positive. They suggested 
that replication of the antigen does not occur in 
mosquitoes. Since the mosquitoes were pooled, it 
is quite likely that mosquitoes which were not 
fed or gravid, but which contained HBgAg, would 
be overlooked. The small amount of HBgAg 
present in these mosquitoes might not be detected 
if other members of the pool did not contain 
HBgAg. In field collections made in Uganda and 
Ethiopia, we detected HBg.Ag in Culex species 
mosquitoes.’® In those studies, mosquitoes were 
tested singly but they were not identified as to 
species or biological state. In this paper we report 
on additional field studies undertaken in Senegal, 
West Africa in July and August, 1973. The 
purpose of this study was to determine: 1) 

whether HBgAg could be detected in wild-caught 

mosquitoes that were neither engorged nor gravid; 

86 

225 



IIB.AG IN MOSQI ITOKS ((U.LI.CTi;!) IN SLM.GAL 1S7 

Taull 1 

ilosguitp sprcics collected in Senegal 

Collection site 

Mosquito species Uatar* Tekine I'akala M Hour Total 

Culex thalassius Theobold 117 796 260 5.544 6,717 

C. pipiens quinque iasciatiis Say l.sT S 98 - 243 

C. iigripcs Grandpre & Charmoy - - 2 3 5 

C. phiUipi Edwards 1 - - - 1 

Aedes aegypti (Linnaeus) 3 3 4 7 17 

Aedes irritans Theobald - 6 12 2.075 2.093 

Anopheles gamhiac Giles 4 11 83 18 116 

Mansoia sp. - - 6 - 6 

Totals 262 824 465 7.647 9,198 

* Leprosarium. 

2) which species of mosquito contained detectable 

HByAg; and 3) the frequency of HBgAg in wild- 

caught specimens of the affected species. 

MATERIALS AND METHODS 

Mosquito collections were made using CDC 

light traps with a modified electrical system.” 

Diy- Ice was used as an attractant. (Dry Ice was 

flown from Paris to Dakar each Monday morn¬ 

ing.) Mosquitoes were killed by freezing in Diy 

Ice and placed in plastic vials with plastic stoppers, 

tajied shut, marked and stored in Dry Ice. En¬ 

gorged specimens were removed from the traps 

and stored in separate vials. All specimens were 

returned to the Pasteur Institute in Dakar where 

they were stored in a Revco freezer at -70° C. 

At the termination of the collections, the mos¬ 

quitoes were stored in Diy Ice, carried to Paris, 

and then shipped by air from Paris to The In¬ 

stitute for Cancer Research in Philadelphia. In 

Philadelphia, the samples were stored at -30° C 

in a mechanical freezer. Using a chill table the 

mosquitoes were sorted by morphological charac¬ 

ters and the species were identified. They were 

then stored again at -30° C until they were 

prepared for testing by solid phase radioimmuno¬ 

assay. Care was taken to prevent the transmission 

of hepatitis or any exotic arbovirus to laboratory 

workers. All identifications were confirmed by 

the Smithsonian Institution, Southeast Asia Mos¬ 

quito Project, Washington, D. C. 

Solid Phase Radioimmunoassay 

Individual mosquitoes were ground in 250 /J 

of cold fetal calf serum (Grand Island Biological 

Co.) with the aid of a 4.5-m] capacity ground 

glass surfaced tissue grinder. Ground mosquito 

suspensions were maintained in an ice bath and 

tested immediately or frozen at -30° C until 

assayed. The solid state assay system used was 

a modification of the technique reported by Pur¬ 

cell et al.^' In our system, dissociated human 

antibody to HB^Ag (anti-HB,.) was used to coat 

disposable microtiter V well plates. The IgG 

fraction of guinea pig anti-HB„, isolated by DEAE 

cellulose fractionation, was labelled with ^-^I by 

the procedure of Greenwood et al.^^ and used in 

the final application of the “sandw'ich” technique. 

Each sample was assayed in duplicate and in 

several cases in quadruplicate. Each assay plate 

contained at least 10 controls. Controls included 

ground non-fed mosquitoes, mosquitoes fed nor¬ 

mal human serum, mosquitoes fed guinea pig 

serum and normal human plasma. The control 

mosquitoes were laboratory reared Culex pipiens 

quinguefasciatus. None of the controls was found 

to differ significantly. A mosquito was considered 

positive only if duplicate determinations were 

greater than 1.5 X the mean of the 10 controls 

and if repeat determinations in duplicate were 

also greater than 1.5 X the mean of the controls. 

Mosquito Species 

Table 1 lists the species identified and locations 

of each collection. Aedes irritans and Culex thalas- 

sius represent 90% of the collection. Their large 

representation reflects the serious drought in these 

regions over the past 5 years. Aedes irritans and 

Culex thalassius breed in salt marshes and crab 

holes along the ocean. Culex pipiens quinque- 

jasciatus was not as abundant as we had expected, 

particularly in light of the poor sanitary conditions 
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WILLS LI AL. 

1 Altl I 2 

\iivihrr ni iudividual mcsquitors Irsird /'V salid fiha^r 

radioimi>tuiioassa\', and number joiind pasilivc jor 

hepatitis B surface antigen 

S[)«iei 
Nn. N(t. 

c 

Cule thalassius l.OSS 9 

C. pipiens quinquelasciatus 20.; 

.iedrs irritans 226 1 

.ledrs aegypti 15 0 

.Anopheles gambiae 116 0 

Total 1,648 12 

in the area. (Few Ciilex pipictis were found either 

in the light traps or in collections with batter>’ 

operated as})iraiors made in villages.) This cosmo¬ 

politan mosquito is thought to have been intro¬ 

duced into West Africa only within the last 200 

years. Aedes aegypti was not readily attracted to 

the traps, although lar\ae were abundant in certain 

areas in cisterns and artificial containers. Anoph¬ 

eles gatnbiae did not seem to fa\or the trap, and 

most of the adult females were collected with a 

battery-run mechanical hand aspirator in native 

huts in the village of Pakala. Although Culex 

phillipi is also a salt marsh mosquito, only one 

specimen was collected in a light trap at the leper 

hospital adjacent to the University of Dakar. 

Collections 

Four areas were chosen for collection sites 

(Table 1). 

1) Leprosiiriinn, Dakar. This area was a small 

leper hospital with about 40 beds, adjacent to 

the University of Dakar. Trap collections were 

relatively unproductive from this area (Table 1) 

since the collections were made at the end of July 

and the first week of August before any significant 

rain had fallen. Although close to the ocean, 

there was little opportunity of brackish water 

species to breed due to the topography of the 

terrain. A leprosarium was selected for this 

collection since it is known that there is a high 

frequency of HB,;Ag in lepromatous leprosy 

patients. 

2) Pekinc. Pekine is a small suburb about 12 

kilometers east of Dakar. It was selected as 

representative of a densely populated residential 

area similar, in general, to many others in the 

Dakar area. 

Tai:i 1. .' 

Mc^quitoes positive ior hepatitis I’l surjaec antigen by 

solid phase radioimmunoassay* 

riiu <■ 
Culex 

thoidssius 

Culex 
pipiens 

quinquelasciatus 

Aides 
trntans 

Dakarr 1 (E) 1 (U) - 

Pekine 1 (in 1 (E) - 

M’Bour 2 (in. 5 (G) 1 (un 

Total 9 7 1 

• (E). rnp»rct'<^: 

+ Lrprtisarium. 

(G). pravid. (C). neither enporped m>r pravid. 

3 > Pakala. Pakala i; a village 10 kilometers 

east of the town of Thies and about 65 kilo¬ 

meters from Dakar. Collections were made on 

the night of the 8th of August. There was a 

heavy storm this night which caused a malfunction 

of the light bulbs on two of the traps. It was 

relatively easy, however, to use the mechanical 

aspirator and a flashlight to collect Anopheles 

gambiae on the inside walls of the huts. 

4) M’Bour. This small town along the coast 

45 kilometers south of Dakar was by far the 

most productive area for mosquitoes. The collec¬ 

tion site was appro.ximately 1.5 kilometers from, 

a leper village. 

RESULTS AND DISCUSSION 

Out of a total collection of 9,198 si)ecimens, 

1,648 were tested individually by solid phase 

radioimmunoassay for HB^Ag. The mosquitoes 

tested by the radioimmunoassay method (Table 

2') were selected as follows. For those species 

of which only a small number was caught (C. 

pipiens quinquelasciatus, A. aegypti, A. gambiae), 

all specimens in good condition were tested. How¬ 

ever, for three species (C. tigripes, C. phillipi, 

Mansonia sp.) no S|)ecimen was tested since only 

a few were collected and they were used for 

identification. Specimens used for identification 

were subsequently deposited with the Smithsonian 

Institution. A 10% sample was taken of the two 

most common species (C. thalassius, A. irritans). 

Of 1,088 specimens of C. thalassius, 9 were found 

HB.^.Ug positive (Tables 2 and 3). Of those 

positive, 1 had recently had a blood meal. 5 were 

gravid, but 3 had neither recently fed nor were 

they gravid. Two hundred and three C. pipiens 

quinqiiejasciatus were tested, and 2 were found 

to be positive. Of these, one was engorged but 
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Tabi.k 4 

Results of solid phase radioimmunoassay for hepatitis B surface antif;en, showing biological condition of mos- 

quitoes and minimum field infection rate (MFIR) 

M4»S()uito sj^ies 

Nu 

BKnicirti 

of individual musqui 

Gravid 

loes Irsled 

Nrilhor bVwdcd 
nor jrravid MFIR 

Culei thalassius 7S(If* 398 (5) 612(3) 1:2CM 

C. pipiens quinquefasciatus 3(1) - 200(1) 1:200 

.Aedes irritans 4 (0) 82 (0) 226 ( 1) 1:226 

* The numlxT of mosquitoes |^>sili\c fur Australia ^nlipcn is sb<>\\ n in [parentheses. 

the second was neither engorged nor gravid. The 

only other positive mosquito was 1 of 226 Aedes 

irritans tested and it also was neither engorged 

nor gravid. 

As previously mentioned. HB^Ag has been de¬ 

tected up to 72 hours and longer after experi¬ 

mental feedings but prior to this study has not 

been demonstrated in non-engorged, non-gravid 

wild caught female mosquitoes. 

The minimum field infection rate (MFIR) for 

the three species in which HB^.^g was found was 

approximately 1 in everx- 200 mosquitoes (Table 

4). 

Arthropod-borne diseases have the following 

characteristics. The infectious agent is found in 

the blood of an iniecied \erteDrate host. The 

agent can be transmitted from the host to an 

arthropod in a blood meal. The arthropod can 

transmit the agent to another host. As strictly 

defined, the agent will replicate in the vector, but 

simple mechanical transmission by arthropods 

may be sufficient. HB^^.Ag is found in the pe¬ 

ripheral blood of patients with hepatitis and of 

hepatitis carriers. It has been demonstrated in 

mosquitoes which arc gravid, which have recently 

fed, and in mosquitoes which are neither of these. 

Ex]jerimentally, it has been shown that mosquitoes 

of .several species can imbibe HB„Ag in blood and 

that it can be detected in the mosquito for several 

days or longer after feeding. Except for the rejx)rt 

of Smith et al.,® it has not been shown that HB,;.Ag 

can be transmitted from the insects to experi¬ 

mental animals, nor is it known whether the 

hepatitis B virus (HBV) can replicate in the 

mosquito. If either of these is demonstrated, then 

HBV could be considered an arthropod-borne 

infectious agent. Further, the field infection rate 

of non-engorged, non-gravid mosquitoes is similar 

to that of mosquitoes which transmit other arthro¬ 

pod-borne viruses. The agent appears to be 

present in a large number of mosquito species. 

(In this stud)’, it was present in all three species 

which were collected in large numbers.') This is 

similar to certain arthropod borne viruses (for 

example, ^’enezuelan equine encephalitis) while 

some agents may be carried by a small number 

of mosquito species (e.g., yellow fever'). From 

this it appears likely that mosquitoes could play 

an important role in transmission of hepatitis B 

in areas where mosquitoes and HB,;.\g in the 

human population are common. 

ACK.N’OWLEDGMENTS 

The authors wish to acknowledge the kind 

assistance and advice of Dr. Samba Diop, Direc¬ 

tor of Preventive Medicine, Hygiene and Public 

Health of the Republic of Senegal; Dr. Jean Coz, 

of the Pasteur Institute, Dakar, for use of their 

facilities; and Dr. Nasser Amini for assistance in 

field collections. We are indebted to Drs. Ronald 

Ward and Sunthorn Sirivanakarn of the Smith¬ 

sonian Institution for identifying the mosquito 

species, and to Theresa Halbhcrr of The Institute 

for Cancer Research for technical assistance. 

KEFEREN’CES 

1. Harris, J. F., 1953. Infective hepatitis and ho- 

molgous serum jaundice, a major source of 
disability among military personnel. Milit. 

Surg., 113: 355-376. 

2. Prince, A. M., 1970. Prevalence of scrum hepa¬ 

titis related antigen (SH) in different geo¬ 
graphic regions. Am. J. Trap. Med. Hyg., 19: 

&72-S79. 

3. Blumhcrg, B. S., Sutnick, A. I., London, W. T., 

and Millman, I., 1970. Current concepts. .Aus¬ 
tralia antigen and hepatitis. .V. Engl. J. Med.. 

283: 349-354. 

4. Byrom, N. .A., Dasidson, G., Draper, G. C., and 

Zuckerman, .A. J., 1973. Role of mosquitoes 

228 



190 WILLS ET AL. 

in transmission of hepatitis B antigen. J. Infect. 
Dh., 12S: 259-260. 

5. Prince, A. M., Metselaar, D., Kafuko, G. VV., 
Mukwaya, L. G., Ling. C. M., and Overby, 
L. R., 1972. Hepatitis B antigen in wild-caught 
mosquitoes in Africa. Lancet, 2: 247-250. 

6. Smith, J. A., Ogunba, E. O., and Francis, T. I., 
1972. Transmission of Australia Au (1) anti¬ 
gen by Culex mosquitoes. Nature, 237: 231- 
232. 

7. Muniz, F. J., and Micks, D. W., 1973. The 
persistence of hepatitis B antigen in Aedes 
aegypti. Mosg. News, 33: 509-511. 

8. Metselaar, D. B., Blumberg, B. S., Millman, I., 
Parker, A. M., and Bagshaw'e, A. F., 1973. 
Hepatitis B antigen in colony mosquitoes. 
Lancet, 2: 758-759. 

9. Brotman, B., Prince, A. M., and Godfrey, H. R., 
1973. Role of arthropods in transmission of 

hepatitis-B virus in the tropics. Lancet, 1: 
1305-1308. 

10. Blumberg, B. S., Wills, W., London, W. T., and 
Millman, I., 1973. Australia antigen in mos¬ 
quitoes. Feeding experiments and field studies. 
Res. Commun. Chem. Pathol. Pharmacol., 6: 
719-731. 

11. Carroll, D., and Wills, W., 1973. A simple 
method for artifidally feeding mosquitoes. 
Proc. 60th Anna. Meeting N.J. Mosg. Exterm 
Assoc., 170-173. 

12. Purcell, R. H., Wong, D. C., Alter, H. J., and 
Holland, P. V., 1973. A microtiter solid-phase 
radioimmunoassay for hepatitis B antigen. Appl. 
Microbiol., 26 : 478—484. 

13. Greenwood, F. C., Hunter, W. M., and Glover, 
J. S., 1963. The preparation of “*I-labelled 
growth hormone of high sftedfic radioactidty. 
Biochem. J., 89: 114—123. 

229 



Reprinted from Lancet (J977) 2, 217-219 

HEPATITIS-B VIRUS IN BEDBUGS (CIMEX 
HEMIPTERUS) FROM SENEGAL 

William Wills 
W. Thomas London 
Barbara G. Werner 

Moustapha Pourtaghva 

Bernard Larouz^ 
Irving Millman 
Walter Ogston 

Samba Diallo 
Baruch S. Blumberg 

Institut de Medicine et d’Epidemiologie Africaine, Hopital 

Claude Bernard, Paris, France; Service de Parasitologie, 

Faculte de Medicine de Dakar, Dakar, Senegal; Institul 

Pasteur de Teheran, Teheran, Iran; and Institute for Cancer 

Research, Fox Chase Cancer Center, Philadelphia, 

Pennsylvania 19111, U.S.A. 

Summary Bedbugs of the species Cimex hemip- 
lerus (F) were collected on four separate 

occasions from the bedding in the huts of village 
dwellers in Senegal, West Africa. Hepatitis-B surface 
antigen (HB^Ag) was detected in unengorged nymph 
and adult bedbugs in each of the first three collections. 
3 of 28 such specimens were HB5Ag( + ) in the first col¬ 
lection and 3 of 17 specimens were positive in the second 
collection. In the third, 6 of 9 were HB5Ag( + ) when the 
bed occupant was known to be HB^Ag^-r). 2 of these 6 
positive insects did not contain human serum proteins. 
Bedbugs in the fourth collection were captured and kept 
alive without a blood meal for 30 days. 3 of 89 of these 
samples were HB Ag( + ). These are the highest field in¬ 
fection-rates of hepatitis-B virus reported in any insect 
species. The bedbug must be considered a potential vec¬ 
tor of hepatitis-B virus. 

Introduction 

Blood-sucking arthropods have been proposed as 
vectors of hepatitis-B virus (h.b.v.).*'^ In tropical and 
other areas most of the population may show evidence 
of present or past infection with H.B.v.,’-'' and in such 
areas lifetime exposure to mosquitoes and other arthro¬ 
pods is frequent. Many workers have studied mosquito 
species, and field infection-rates—i.e., the prevalence of 
hepatitis-B surface antigen (HB^Ag) in unengorged, 
non-gravid mosquitoes—have ranged from 1 in 200 in 
several species’"^ to 1 in 100 in Anopheles gambia* 

Other blood-feeding insects such as bedbugs, which 
live more intimately with man than do mosquitoes, have 
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not been evaluated systematically as potential vectors of 
H.B.v. We know of two previous efforts to assess the role 
of HBjAg in bedbugs. Brotman et ah’ collected bedbugs 
from the beds of prostitutes in the Ivory Coast. They 
pooled their specimens and found one of eighteen pools 
to be positive for HB^Ag. Newkirk et al.,‘° in laboratory 
experiments, fed the temperate bedbug Cimex lectu- 
larius (L) on HB5Ag(+) blood. They found that HB^Ag 
persisted in these insects for 35 days or more after feed¬ 
ing. In some instances the titres of antigen appeared to 
rise after the disappearance of human serum proteins, 
suggesting replication of the virus. 

Here we report high field infection-rates of h.b.v., as 
detected by the presence of HB^Ag, in unengorged bed¬ 
bugs collected from the beds of inhabitants of villages in 
Senegal, West Africa. 

Materials and Methods 

Bedbugs were collected from huts in rural villages in Sene¬ 
gal on four occasions. Collection A was made during the rainy 
season in August, 1975, from three villages near Thies, about 
70 km Cast (inland) of Dakar; collection B was made from the 
same three villages in the dry season in March, 1976; collec¬ 
tion C was made in the village of Dieng, near Djourbel, about 
170 km east of Dakar in September, 1976; and collection D 
was from the same village in November, 1976. 

The bedbugs were captured by searching bedding during the 
daytime, using a flashlight. Bugs from each bed were placed in 
a separate container. On the first three occasions, the insects 
were killed by freezing a few hours after capture, and kept at 
—30°C or colder. These bugs were returned to the L'.S.A. on 

dry ice and stored in a freezer until they were tested. Bugs of 
collection D were captured and returned alive to the L'.S.A. 
(Cimex is free from U.S.A. quarantine restrictions)) where they 
were maintained at 28°C for 30 days in an insectary at Harris¬ 
burg, Pennsylvania, when they were killed and stored in the 
freezer. 

VlChile still frozen the bugs were examined under a stereo¬ 
microscope and their stage of development (nymph or adult), 
sex (of adults), and state of engorgement were noted. They 
were then ground in a 0-25 ml (or 0-50 ml for bedbugs in col¬ 
lection D)'solution of 1% human serum albumin with 0 01% 
merthiolate preservative, using glass-in-glass tissue grinders, as 
previously described.* The homogenates were frozen immedi¬ 
ately. Later, without further processing, they were thawed and 
tested in duplicate by radioimmunossay (‘Ausria IT125’, 
Abbott Laboratories, North Chicago, Illinois). The criteria of 
positivity were those recommended by Abbott Laboratories. 
Other arthropods which we have tested (e.g., ticks, fleas, and 
unfed mosquitoes) were all HB,Ag(—) in this assay. 
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In collection C only, the homogenates were tested for 
human serum proteins (other than albumin) by immuno- 
electrophoresis in 11% agarose gel using polyvalent anti¬ 
human whole serum produced in horses (Behring Diagnostics, 
Somerville, New JerseyV" The HR,Agf-t-''- bedbugs of collec¬ 
tion C were also tested for e antigen and anti-e by rheophor- 
esis'^ in 0-8% agarose plates (Abbott Laboratories). 
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Results 

All bedbugs collected were identified as C. hemipterus 

(F), the predominant species in West Africa and other 
tropical areas.The results of the HB^Ag tests on bed¬ 
bugs from the four collections are shown in table i. 

In 1975, we collected 28 unengorged bedbugs from 
villages near Thies. Of these, the 1 unengorged nymph 
collected was HB5Ag(-(-) and 2 unengorged adults out of 
27 tested were HB5Ag(-(-). In March 1976, 48 bedbugs 
were collected from the same villages. Of these, 1 of 11 
unengorged nymphs, 2 of 6 unengorged adults, and 3 of 
20 engorged adults were positive for HB^Ag. 

In August, 1976, 18 bedbugs were collected from the 
beds of four individuals whose status with respect to 
HBjAg was known (collection C). The beds were 
wooden cots which stood directly on the dirt floors of the 
huts. Each hut contained one, two, or three beds, one of 
which had been occupied for more than a year by the 
designated occupant. We were not able to determine 
whether other individuals occupied the same bed tran¬ 
siently. 16 bedbugs were from the beds of two HBjAg(-i-) 
individuals (a 17-year-old boy and a 12-year-old girl) 
and 2 were from the beds of HB5Ag(—) persons (a 
40-year-old woman and 16-year-old boy). 11 of the 16 
bedbugs from the 'antigen-positive persons were 
HB,Ag( + ) and the 2 bedbugs from antigen-negative in¬ 
dividuals were HB5Ag(—). Among the 11 HB5Ag(-(-) bed¬ 
bugs were 2 unengorged nymphs and 4 unengorged 
adults. The prevalences of HB^Ag in engorged (5 posi¬ 
tive of 7 tested) and unengorged specimens (6 positive of 
9 tested) were similar. 
TABLE U-HUMAN SERUM-PROTEINS* IN UNENGORGED BEDBUGS 
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scored (-1^) or (—) without knowledge of HB,Ag results. 
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To assess whether the presence of HB^Ag in the unen¬ 
gorged insects was a reflection of incomplete digestion of 
a previous blood meal, we tested all unengorged bedbugs 
in collection C for human serum proteins by immuno- 
electrophoresis, without knowledge of the HB^Ag 
results. 2 of the 6 HB5Ag(-i-) unengorged bedbugs did 
not contain detectable human serum proteins by im- 
munoelectrophoresis, a relatively insensitive method, 
while the others did (table ii). 

All of the HB5Ag(-i-) bedbugs were tested for e 
antigen, a marker of infectivity.'^''^ 1 engorged and 1 
unengorged, serum-protein-positive bedbug were 
e-antigen positive, suggesting that these insects con¬ 
tained virus particles which are likely to be infectious.*^ 
e antigen was not detected in the serum of the HB5Ag( + ) 
individual from whose bed these 2 bugs were collected. 
Anti-e was not found in any of the bugs. 

Collection D was made to gain further information on 
the role of digestion of the blood meal by the bedbugs. 
Field-capiured insects were held for 30 days in an insec¬ 
tary without additional blood feeding, by which time 
human serum proteins should be fully digested.'® 3 of 89 
specimens were HB5Ag( + ). 

Discussion 

The field infection-rates of h.b.v. that we observed in 
unengorged C. hemipterus are the highest reported in 
any insect species. Although the presence of HB^Ag or 
even the presence of whole virus is insufficient evidence 
for accepting the bedbug as a vector of h.b.v., the data 
are sufficient for this to be considered a possibility. 

Several aspects of the epidemiology of hepatitis B are 
compatible with a role for bedbug transmission. Hepa¬ 
titis B IS frequently transmitted to sexual partners,'* and 
moiher-to-inlant transmission is particularly common in 
the tropics.'Blood-sucking arthropods feeding on the 
occupants of the same bed could amplify the risk of 
hepatitis-B infection for previously uninfected persons 
or help perpetuate infection in infected individuals by 
repeated inoculations of virus. 

In the past bedbugs were not considered vectors of 
disease, but lately two groups have observed that Cimi- 
cids may be vectors and reservoirs of certain arbovi¬ 
ruses. Williams et al.'* reported recovery of Kaeng Khoi 

virus from unengorged bat bedbugs (Stricticimex parvus 

and C. insuetus) and from suckling bats (Tadarida plica- 

ta) collected in caves in central Thailand. These investi¬ 
gators concluded that, although they did not directly 
demonstrate transmission of Kaeng Khoi virus from the 
bedbugs to bats by bite, the evidence was sufficient to 
implicate the bedbug as a possible vector of the virus. 

Investigators in the Vector-Borne Diseases Division of 
the Center for Disease Control (Fort Collins, Colorado) 
have shown that Oeciacus vicarius, which infests the 
nests of swallows, is the biological vector and reservoir 
of Fort Morgan virus, a member of the Western equine 
encephalitis group, and is a reservoir of Bijou bridge 
virus in the Venezuelan equine encephalitis group. Fort 
Morgan virus was recovered from wild-caught swallow- 
bugs and from the sera of nestling swallows and spar¬ 
rows inhabiting the infested nests. Neutralising anti¬ 
body, but not virus, was detected in the blood of adult 
birds. In contrast, infectious virus was repeatedly iso¬ 
lated from swallowbugs collected during the winter, at 
a time when both nestling birds and mosquitoes were 
absent from the study site. Swallowbugs fed experimen¬ 
tally on viraemic nestling sparrows became infected and 
were able to transmit the virus to other nestling spar¬ 
rows. Bijou bridge virus was recovered from wild caught 
swallowbugs and from birds that were also infected with 
Fort Morgan virus. Bijou bridge virus was also transmit¬ 
ted in the laboratory to swallowbugs and from the swal¬ 
lowbugs to nestling birds. 

The bat-bedbug and swallowbug studies provide evi¬ 
dence that CimicidaE may be reservoirs and vectors of 
viruses in nature. Our studies of C. hemipterus suggest 
that this arthropod may be a vector of h.b.v. Clearly, 
H.B.V. antigens can persist in this organism for long per¬ 
iods, but whether it can transmit h.b.v. to man or labor¬ 
atory animals remains to be determined. 
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Antibody to hepatitis-B.core antigen 
Sttmmary was assayed in the scrum 

of patients with primary hepatic carcinoma (pji.c.) 

and controls from Hong Kong, West Africa, and the 
United States. In each region the prevalence of anti- 
HBc was higher in P.H.C. patients than in controls, 
ranging from 70 to 95 % in the patients and from 20 to 
68% in the controls from Asia and Africa; 24% erf 
P.H.C. patients and 4% of controls from the U.S. had 
anti-HBe- These data support the hypothesis that 
chronic infectitm with hepatitis-B virus is aetiologically 
related to PJI.C., especially in Asia and Africa, although 
other factors must also be involved. 

INTRODUCTION 

Primary hepatic carcinoma (p.h.c.) is the most com¬ 
mon malignant neoplasm in several erf the world’s 
major populations (Chinese, Africans, Filipinos). 
Therefore, it may be the most common cancer in man. 

On the basis erf necropsy studies showing an associa¬ 
tion between chronic hepatitis and/or macronexltilar 
post-necrotic cirrhosis with pPayet ^ and Steiner 
and Davies ^ suggested that viral hepatitis may be the 
major cause of PJI.C in Africa. When tests for infec¬ 
tion with hepatitis-B virus (H3.V.) became available it 
was possible to evaluate the assodation of H.B.V. with 
PJI.C. Several studies in Africa and Asia showed an 
increased prevalence (35-80%) of Australia antigen 
(hepatitis-B surface antigen, HB,Ag) among patients 
with PJLC These high prevalences were generally 
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deteaed only when sensitive methods (radioimmimo- 
assay, immime adherence hsemagglutinatitxi) for 
assaying HB,Ag were used.** This observation 
suggested that either HB,Ag was present in decreased 
quantity in pji.c. patients or there was some antigenic 
difference between the HB,Ag in P.H.C. and that found 
in HB,Ag carriers.* No increase in the prevalence of 
antibody to hepatitis-B surface antigen (anti-HB,) has 
been reponed in p.h.c. patients.® 

If patients with P.H.C. are infected with h.b.v. but 
are producing small quantises of HB,Ag, there may be 
defects in viral assembly or viral replication in the 
malignant cells. Hoofnagle et al.® have suggested that 
antibody to hepatitis-B core antigen (anti-HB,,) is a 
better indicator of intracellular replication of h.b.v. 

than anti-HB, or HB,Ag. In this paper we report 
the detection of anti-HB, in a very high proportion 
of patients with pji.c. TTiese data suppon the hypo¬ 
thesis that chronic infection with h.b.v. is at least one 
tetiological factor in pji.c. and suggest a method of 
preventing this form erf cancer. 

materials and methods 

HBcAg was extraaed by the method of Hoofnagle et al7 
from the liver of a patient who had chronic hepatitis, was 
positive for HB,Ag, and had received a renal transplant. 
Electron microscopy of a biopsy specimen of this patient’s 
liver showed numerous 27-29 nni. particles in the nuclei 
of parenchyma cells. (Attempts by the methods described 
below to extract HBcAg from the livers of four other 
HB,Ag carriers and one liver from an HB^Ag-negative 
person were unsuccessful.) The liver was removed at 
necropsy, perfused with 0'25Af sucrose, and frozen in dry 
ice. For preparation of core antigen the liver was thawed 
and homogenised in a Waring blender as a 25 % suspension 
in cold phosphate-buffered saline. The homogenate was 
sonicated twice for 60 seconds each at maximum setting in 
a Bronson W 185E sonicator (Heat Systems Inc.) with 
special microtip. The procedures used to concentrate 
and isolate HBcAg are shown in the figure. 

HBcAg in the liver homogenate extract (HBcB2) reacted 
by C.E.P. and immunodiffusion (i.d.) with the rhesus anti- 
HBc and the precipitin in i.D. produced a line of identity 
with anti-HBc in the serum of HBiAg carriers. All sera 
from the ph.c. patients and controls were tested first by 
C.E.P. and I.D. against HBcB2. c.e.p. was carried out in 
1'1% agarose in barbitone buffer, pH 8-2. i.D. was per- 
fonned in 0-9% Noble agar in barbitone buffer, pH 8-2. 
HBcB2 was placed in the centre well and known anti-HBc 
was placed in the first and fourth wells of a seven-well i.b. 
pattern. Sera were cemsidered to contain anti-HBc if they 
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ANTI-HBc in patients with p.h.c. 

Location* No. Anti-HBc + (%) Pt 

(1) Dakar, Senegal-A 

P.H.C. 43 41 (P5%) 2-3 xlO-'* 
Controls 62 16 (26%) 

(i) Dakar, Senegal-B 

P.H.C. 28 25 (55%) 0055 
Controls 28 18 (.64%) 

(3) Bamako, Mali 

P.H.C. 24 17(77%) 7-8 X 10-‘ 
Controls 40 10 (25%) 

(4) Hong Kong 

P.H.C. 37 26 ( 70%) 2-3 xlO-* 
Controls 58 21 (36%) 

(5) Philadelphia, U.S.A. 
P.H.C. 

Controls 
21 

50 
5 (24%) 

2 (4%) 
0 041 

Total 

P.H.C. 153 114 (75%) 2 X 10-‘» 
Controls 238 67 (28%) 

- _ ., ---Controls are I 
or 2 persons without p.h.c. from Senegal matched for each case by 
•ge, 8CX, and ethnic group. 

(2) Patients with p.h.c. at H6pital Le Dantec, Dakar. Controls are 
in^viduals without p.h.c. matched for each case by age, sex, and 
ethnic group. 

(3) Patients with p.h.c. at Hdpital Point G, Bamako. Controls are 1 or 
2 persons from Mali without P.H.C. matched for each case by age 
sex, and ethnic group. ’ 

(4) Patients with p.h.c. coUected by Dr David Todd at the Queen Mary 

Hospi^, Hong Kong. Controls are 58 patients without p.h.c. 
from the same hospital with a variety of other diseases. 7 of the 
58 controls had cirrhosis; 5 of these had anti-HBc. 

(5) Sera from patients with p.h.c. were submitted by physicians at 
several hospitals in .Philadelphia. Controls were 25 healthy 
volunteer blood-donors and 25 prisoner blood-donors. 

t Calculated from Fisher’s exact 2x2 test. 

showed a line of identity with known anti-HBc by i.n. and 
a precipitin by c.e.p. Sera which gave equivocal results 
were tested by c.e.p. against HBcB2 Amice® ccmcentrate 
and the gradient fractions containing HBcAg. If a 
precipitin was observed, such sera were scored anti-HBc 
positive. In general, c.e.p. and i.d. using the HBcB2 
fraction gave definitive results. 

PATIENTS AND CONTROLS 

The P.H.C. patients and controls tested for anti-HBc are 
listed in the table. The diagnosis of pji.e. was accepted 
only if patients had histological evidence of p.h.c. on 
biopsy or at necropsy or if their clinical picture was 
compatible with p.h.c. and they had a-fetoprotein detect¬ 
able m their serum by c.e.p. or i.d. 

RESULTS 

The table shows that, of 153 patients with pji.c, frexn 
three continents, 114 had anti-HB^ detected by the 
relatively insensitive C.EJ*. and i.D. tests. In Senegal 
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over 90% of the patients had anti-HBc whereas in 
Mali and Hong Kong about 70% were positive. Of 
the 5 anti-HB^-positive American P.H.C. patients, 1 
was Chinese and another was from Puerto Rico. 

DISCUSSION 

The prevalence (rf anti-HBo among these pjr.c. 
patients is higher than the reported prevalence of 
HB,Ag or anti-HB, among p.h.c. patients.®^ The 
frequency of these factors in p.h.c. patients will be 
reported elsewhere in studies describing the variation 
of response of West Africans to h.b.v. infection. Here 
we wish to emphasise the likelihood that virtually all 
PJi.e. patients in West Africa and South-East Asia 
are (or have been) infected with h.b.v. In the U.S.A., 
H.B.V. is associated with a considerable proportion of, 
but not all, cases of P.H.C 

Furthermore, anti-HBc must be present in high titre 
to be detectable by C.E.P. and i.D., whereas HB^Ag is 
present only at low concentrations in P.H.C. patients.* ^ 
This suggests that in p.h.c. there is a continuous pro¬ 
duction core antigen and limited synthesis of HB^Ag. 
Hadziyannis ® has reported that, by immunofluorescent 
techniques, HB,Ag is found only in the parts erf the 
liver unaffected by P.H.C. On the basis of these 
observations and the data reported here, we suggest 
that both the unaffected and malignant liver cells are 
producing HB^Ag. 

The data do not in themselves indicate a causal 
relationship between hepatitis B and p.h.c., but, taken 
together with previous findings, they support the 
hypothesis that H.B.V. infection is tetiologically related 
to P.H.C. Since infection with h.b.v., as detected by 
the presence of HB,Ag, and-HB,, or anti-HB^, is 
common in the general populadons of West Africa and 
Hong Kong, addidonal factors must be involved in 
the causadon of P.H.C. Some of these are under 
invesdgadon and will undoubtedly be identified in 
due course. No matter what other factors are involved, 
however, if H.B.V. infecdon is one necessary factor then 
prevendon of infecdon with h.b.v. could lead to preven- 
don of P.H.C. With the development of a vaccine 
against h.b.v., prevendon erf many cases of P.H.C. may 
be a realisdc expectadon. 

We thank Dr S. N. Huang for supplying the human liver 
for the source of HBcAg, Dr David Todd for the sera from 
the Chinese patients and controls, Dr Jay Hoofnaglc for the 
rhesus anti-HBc antibody, and Barbara Peticolas, Ellen Halpem, 
Theresa Halbherr, and Frauds Kem for technical assistance. 
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Institutes of Health, and by an appropriation from the Com¬ 
monwealth of Pennsylvania. 
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Philadelphia, Pennsylvania 19111, U.S.A. 
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Reprinted from Am. J. Pathol. (1975) 81, 669-682 

The Relation of Infection With the Hepatitis B Agent to 
Primary Hepatic Carcinoma 

Baruch S. Blumberg, MD, Bernard Larouz^, MD, IHP, W. Thomas 
London, MD, Barbara Werner. PhD, Jana E. Hesser. PhD, Irving Mill- 
man, PhD, Gerard Saimot, MD, and Maurice Payet, MD 

In Asia, Africa, and other tropical areas, primary hepatic carcinoma (PHC) is associ¬ 
ated with liver cirrhosis of the postnecrotic (macronodular) type. Chronic viral hepa¬ 
titis is likely to be the cause of this cirrhosis in many patients from regions where 
chronic infection with the hepatitis B virus (HBV) is common. More than 95% of 
patients with hepatoma (in Mali and Senegal) have evidence of infection with HBV, a 
much higher frequency than in controls. Thirty-nine of 62 patients with PHC had 
hepatitis B surface antigen (HB^Ag) (controls, 8 of 98) and 56 of 63 (controls, 26 of 100) 
had antibody against hepatitis B core antigen (anti-HBc). In earlier studies, we demon¬ 
strated a maternal effect of HBsAg. If the mother has the antigen and the father does 
not, the children are much more likely to also have HBjAg than if the father has the 
antigen and the mother does not (93/161 = 57.8% when mother is positive vs. 28/135 = 
20.7% when father is positive; P = 0.6 X 10 "’). Studies in Greece and in the Solomon 
Islands show that presence of HBsAg in parents affects the sex ratio of the offspring of 
the mating. This implies that the presence of the agent in a parent can affect the fetus 
early in life. Parental studies in the west African hepatoma patients showed that there is 
a very high frequency of HBsAg in mothers (71.6%), while the frequency in fathers 
(18.5%) is significantly less. This suggests that the development of hepatoma in off¬ 
spring is related to infection in parents. Several years ago, we described a vaccine 
which may be useful in preventing infection with hepatitis B. Strategies are discussed 
which might be effective in preventing the development of carriers with, it is hoped, a 
consequent decrease in the frequency of HBV carriers, chronic hepatitis, and primary 
hepatic carcinoma. The strategy would employ methods for decreasing the frequency 
of the agent in the environment by the application of public health methods including 
the vaccination of appropriate newborns and other members of the population. (Am J 

Pathol 81:669-682, 1975) 

During recent years, there have been parallel devel¬ 

opments in understanding, on the one hand, the pathogenesis o{ primary 

hepatic carcinoma (PHC, hepatoma) and, on the other, the biology of 

Australia antigen (hepatitis B surface antigen) and the infectious agent, 

hepatitis B virus (HBV), to which it is intimately related. Recently, the 

From The Institute for Cancer Research, Fox Chase Cancer Center, Philadelphia, and Institut de 
Medecine et d’Epidemiologic Africaines, Hospital Claude Bernard, Paris, France. 

Presented at the Fifty-ninth Annual Meeting of the Federation of American Societies for Experi¬ 
mental Biology, Atlantic City, New Jersey, April 14-18, 1975. 

Supported by Grants CA-06551, RR-05539, and CA-06927 from the National Cancer Institute, and 
by an appropriation from the Commonwealth of Pennsylvania. 

Address reprint requests to Dr. Baruch S. Blumberg, The Institute for Cancer Research, Fox 
Chase Cancer Center, 7701 Burholme Avenue, Philadelphia, PA 19111. 
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paths of these developments have begun to converge, and from this it is 

possible to design a preliminary strategy which could, if the inter¬ 

pretations of these data are correct, result in the prevention of many, and 

perhaps most, cases of one of the most widespread and deadly cancers of 

humans. These developments will be discussed under five categories, and 

in a sixth section suggestions for the use of this information will be given. 

The subject headings are: a) The relation of hepatoma to hepatitis in 

Africa and Asia, b) The relation of HBV to hepatoma. [Hepatitis B surface 

antigen (HBsAg); antibody to the surface antigen (anti-HBs); antibody to 

hepatitis B core antigen (anti-HBc)j. c) Family clustering of HBsAg. Ma¬ 
ternal (and possibly paternal) transmission of HBV. d) Presence of HBjAg 

in the mothers of patients with hepatoma, e) The development of a 

vaccine against HBV. f) Considerations of strategies to prevent hepatoma 

in areas where it occurs in high frequency. 

These studies may also be useful in investigating other agents which 

may be related to the pathogenesis of other cancers. 

The Relation of Hepatoma to Hepatitis B in Asia and Africa 

Primary hepatic carcinoma is the most common form of cancer oc¬ 

curring in males in certain areas of the world with large populations, e.g., 

China, Africa, the Philippines. Thus, although PHC is a relatively un¬ 

common disease in the United States, it is an international health prob¬ 

lem of major significance. For example, it has been stated that in Taiwan 

it is the second most common cause of death. ^ 
Hepatoma is associated with liver cirrhosis of the postnecrotic (macro- 

nocular) type. Hepatoma often arises in a liver affected by long standing 

cirrhosis (70 to 80%), but hepatoma and cirrhosis may develop simultane¬ 

ously or, less commonly (10%), hepatoma may occur in an otherwise 

normal liver.^ Since postnecrotic cirrhosis is the response of the liver to an 

agent (or agents) which causes neerosis of hepatic cells, much of the 

research on hepatoma has centered on studies of hepatotoxic agents which 

are common in areas where hepatoma is common. For example, consid¬ 

erable effort has been expended on the studies of cycads, mycotoxins, and 

nitrosamines. The best-documented cause of postnecrotic cirrhosis, how¬ 

ever, is viral hepatitis. In the late 1950s and early 1960s, Payet ^ and 

Steiner and Davies * suggested, on epidemiologic and pathologic grounds, 

that viral hepatitis was the major cause of hepatic cirrhosis and hepatoma 

in east Africa (Uganda) and west Africa (Senegal). Since, at that time, no 

tests were available for identifying the viral agent of hepatitis, this hypoth- 
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esis could not be tested adequately. With the discovery of Australia an¬ 

tigen and its specific association with hepatitis B, this became possible.® 

This hypothesis states that there is a relation between infection with the 

hepatitis B agent, the development of chronic hepatitis and chronic liver 

disease, and the development of hepatoma. These relations need not be 

linear, and it is also obvious that other factors must be involved. Not 

everyone infected with HBV develops hepatitis or becomes a carrier (some 

develop anti-HB*, and in some persons exposed to HBV the effect is not 

measurable). Nor does everyone who develops chronic hepatitis develop 

postnecrotic cirrhosis, and of those who do, even in high-incidence areas, 

only a fraction develop hepatoma. From this, it is obvious that other 

factors may also be needed to develop hepatoma. If there are many factors 

essential to cause an illness, the prevention of only one of them could 

prevent the development of the disease. Complete knowledge of all the 

etiologic factors is useful, but not essential, in designing prevention strate¬ 

gies. 

In general, carriers of HBsAg are common in areas where hepatoma is 

common. Do some of these carriers have chronic hepatitis? There is 

evidence that this is the case. In Table 1 (taken from Economidou et al.^) a 

summary of studies on liver chemistry abnormalities in carriers is shown. 

In most of these locations some of the carriers have evidence of liver 

malfunction. In a matched pair study in the village of Plati, Greece, a high 

prevalence area, it was shown that there is a significantly higher level of 

SGPT in the carriers than in matched individuals who are not carriers.® ”' 

Table 1—SGPT Levels in Blood Donors with HBgAg Reported in Published Studies 

SGPT determination 

Source No. of donors 
Prevalence 
ofHE^Ag 

No. HBsAg 
carriers tested Abnormal* (%) 

Okochi and Murakami 3,131 1.78 56 9 
Soulier etal. 18,084 0.43 35 11 
Otto-Servais et al. 6,656 0.15 9 (6)t 
Wewalka 113 38 
Sanwald and Sauerbruch 2,053 0.83 17 0 
Klinman 52,429 0.1 23 39 
Cazal and Robinet-Levy 52,966 0.28 40 35 
Szmunessefa/. 208,000 0.15 197 11 

12 

Economidou and 
Binopoulou 6,606 2.9 143 16 

8 

* The definition of abnormal is generally an elevation of SGPT greater than 50 ID. 
t Number with abnormal tests. 
Reproduced from Economidou et a/.* (Res Commun Chem Pathol Pharmacol 10:703, 

1975) by permission of P.'o Publications. 
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From this we may conclude that a proportion of carriers in these regions 

have chronic liver malfunction and it is reasonable to conclude that, over 

the course of many years of the carrier state, their livers could be signifi¬ 

cantly affected. 

The Relation of Hepatitis B Virus to Hepatoma 

In the early studies of association of HBsAg with hepatoma, insensitive 

detection techniques were used. These showed no or weak associations of 

HBsAg with hepatoma. In recent years, however, sera from patients with 

hepatoma have been tested by very sensitive methods, immune adherence 

hemagglutination (lAHAA) and radioimmunoassay (RIA), and high fre¬ 

quencies of HBsAg among the patients with hepatoma from different parts 

of the world have now been found (Table 2). Although an association of 

HBsAg with hepatoma has not been documented in American and north¬ 

ern European populations, the increased frequency of HBsAg in hepatoma 

detected by RIA and lAHAA is not paralleled by a similar increase in 

detection frequency among the general population of the same area. This 

suggests that HBsAg in hepatoma patients is either present in small 

amounts or that the antigen present in patients with hepatoma is anti- 

genically similar but not the same as HBsAg. There are other inter¬ 

relationships of HBsAg, cirrhosis, and hepatoma which also suggest that 

these three entities may be causally interconnected. For example, all three 

are more common in males than females and all may cluster in families. 

Recently it has become possible to test not only for HBsAg but also for 

anti-HBs, antibody against the surface antigen, and anti-HBc, antibody 

against the core antigen (HBcAg) of the hepatitis B agent. These presum¬ 

ably all indicate that the individual has been infected with HBV. Prelimi¬ 

nary results of our study in Mali and Senegal are shown in Table 3 

(adapted from Maupas et al}^ and Larouz6 et al}*). From this it can be 

said that nearly all of the hepatoma patients have some evidence of infec¬ 

tion. The frequencies of HBjAg and anti-HBt are higher in the 

hepatoma patients than in controls. The frequency of anti-HB^ is higher 

in the controls in Senegal (also true in Japan, see Table 2), suggesting 

that the hepatoma patients have a different biologic response to HBV 
than the controls. 

Family Clustering of HB^Ag 

Among the earliest investigations of Australia antigen were studies on 

family distribution. The initial studies supported the hypothesis that 

HBsAg in carriers segregated as if it were controlled by an autosomal 
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recessive gene (for review see Blumberg This simple hypothesis has 

been formally rejected by the finding that some offspring of matings in 

which both parents are positive are not carriers. There are, in addition, 

some other exceptions to simple genetic control. There is a sex effect (in 

general, males are more often carriers than females) and an age effect (the 

frequency is low in the very young, increases to a peak in early decades of 

life, and then decreases in later years). In addtion, there is a striking 

maternal effect and this will be reviewed here. 
In completed (or nearly completed) families, if the mother is positive 

and the father negative, many more of the offspring have HBsAg than in 

families where the father is a carrier and the mother is not, or when 

neither parent is a carrier (Table 4). This distribution varies from popu¬ 

lation to population and in some (for example, in the village of Plati, 

(ireece) this trend is not seen.^® 
In another study on maternal effect, Mazzur et al}’’ used data on the 

suhtxpes of HB^Ag to investigate its family distribution. They ex¬ 

amined families from Bougainville, Papua, New Guinea, in which 

HB,.\g was segregating and where several different subtypes of HBsAg 

\\cre present. In families in which the mother was positive, essentially all 

the children had the same subtypes as the parent, but they had variable 

sul)t\ pes when the father was the positive parent or when neither parent 

was positive. This suggests, as does the previous data, that transmission 

can occur directly from the mother to the offspring either in utero, early in 

life, or later during the contact between mother and children. 

There is also more direct information on mother-child transmission. 

Schw eitzer and others have shown that when mothers have hepatitis 

and HBs-Ag in their blood at the time of delivery, their offspring are very 

likely to become carriers within weeks or months of birth. With the 

a\ ailability of more sensitive methods for detection of HBsAg, the antigen 

has now been found in low levels in some cord bloods and newborn 

children.Nishioka and his colleagues in Japan® have shown that 

mothers who are carriers but do not have apparent hepatitis at the time 

the child is delivered are also likely to transmit the antigen to their 

children. This is also true in Taiwan, as Stevens and his colleagues have 

shown,*® but it is not necessarily the case in western countries such as 

I nited States. In Taiwan, the probability of a child’s developing anti- 

genemia increased in direct proportion to the levels of HB^Ag in the 
mother’s blood.*® 

Taken together, it appears that there is a maternal effect. Are there any 

detectable effects of parental carriage of HBsAg, in addition to the devel¬ 

opment of carriers among the offspring? An effect, found by Hesser and 
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her colleagues/®'^® may, if substantiated by subsequent studies, indicate 

that the action of the HBV agent does have an effect before the birth of 

the child. They found that the presence of HBsAg in either parent results 

in an alteration of sex ratio. In Plati, Greece, the sex ratio (100 X number 

of rnalesmumber of females) of matings in which either parent has HBsAg 

(1S5) is significantly higher than in matings in which neither parent has 

IlBs.Ag (112) (Table 5). In subsequent studies in four communities in 

Boimainville and the Solomon Islands, the effect of HBsAg in the parent 

on the sex ratio of offspring was confirmed.^® In this case, however, the 

direction of the change was different than in Plati. When HBsAg was 

present in the mother, then there was a decrease in the number of males 

horn; this finding was consistent in each of the communities (Table 6). 

An additional effect has been reported by Kukowski et A small but 

significant increase in gestation time was found in mothers who were 

HB.Ag carriers. If this finding is confirmed, then it would indicate a 

further profound effect of HBV on the biology of parturition. 

Presence of Hepatitis B Virus in the Mothers of Patients With Hepatoma 

Ohbayashi and his colleagues reported studies on three Japanese 

families of patients with hepatoma. In these families, the mothers were 

HB \g carriers, and the implication has been drawn that transmission 

through the mother—as discussed in the previous section—may have an 

effect on the development of hepatoma in some of the children. We have 

recentl) completed controlled studies in Mali and Senegal, west Africa, on 

patients with hepatoma, their mothers, and other members of their fami¬ 

lies These studies will be reported in detail shortly/^ preliminary results 

are given here (Table 7). A large percentage of the mothers of these 

patients are carriers of HBsAg, supporting the notion that a maternal 

effect may be significant in the development of hepatoma. 

Table 5—Sex Ratio of Offspring from Matings of Parents With and Without HBgAg in a 
Greek Population 

No. of offspring 
No. of _ 

Mothers Male Female Sex ratio 

Mother HBsAg( + ) 27 49 28 175 
Father HBsAg( + ) 20 36 18 200 

Total, either 
parent HBsAg( + ) 47 85 46 185 

Parents HBsAg(-) 172 287 255 112 

Reprinted from: Hepatitis-associated (Australia) antigen, fertility and sex ra»' . Implications 
for health planning. Hum Biol 47, 1975 (In press) by Hesser, Blumberg, and Drew by permis¬ 
sion of Wayne State University Press. 
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Table 7—HBgAg in Parents of Patients With Primary Heptic Carcinoma and Parents of 

Matched Controls* 

No. 

No. 
HBsAg( + ) 

(RIA) 
Percent 

HBsAg( + ) No. 

No. 
HBsAg( + ) 

(RIA) 
Percent 

H^Ag(+) 

Matched 

PHC patients 28 22 78.6 controls 28 16 57.1 

Fathers 27 5 18.5 Fathers 27 5 18.5 

Mothers 28 20 71.6 Mothers 28 4 16.6 

2x2 tests! 

PHC patients vs. matched controls 0.15 
Fathers of PHC vs. fathers of controls NS 
Mothers of PHC vs. mothers of controls 3.1 X 10 * 
Mothers of PHC vs. fathers of PHC 1.8X10^ 
Mothers of controls vs. fathers of controls NS 

* Adapted from Larouze et al.'* 
I Fisher’s exact test. 

The Development of a Vaccine Against Hepatitis 6 Virus 

Shortly after our discovery of Australia antigen and its association with 

hepatitis, it became apparent that the antigen found in carriers could be 

used to prepare a vaccine which might be protective against HBV. We 

de\ ised a method using ultracentrifugation to separate the antigenic mate¬ 

rial from possibly infectious particles, and techniques for removing excess 

serum proteins and insuring that any remaining infectious material would 

be inactivated.This was a unique method for producing a vaccine. 
The antigen is removed from the blood of carriers who have large 

amounts of the material and given in small quantities to other individuals 
w ho require protection. 

series of successful animal trials using chimpanzees and some prelimi- 

nar\ human studies have now been completed in several laboratories and 

the\ provide encouraging support for the use of the vaccine as a pre¬ 

ventative for hepatitis and, probably, for the prevention of the carrier 

state. Trials of the vaccine in humans are now being considered.^® 

Consideration of Strategies to Prevent Hepatoma in High-Incidence Areas 

If the vaccine is indeed protective, then several strategies for 
control of hepatoma can be suggested. 

There has been considerable discussion on the possibility of developing 

a vaccine against cancer. A frequent objection to this procedure is that the 

number of cases of a given cancer (say leukemia) is very small compared 

to the number of individuals who are theoretically at risk and would 
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require vaccination. In the case of the hepatitis B vaccine we have de¬ 

scribed, its use would be justified on the basis that it prevents acute and 

chronic hepatitis, chronic liver disease, and the development of carriers. If 

it also prevents hepatoma, then this would be an added important advan¬ 

tage of the vaccination program. In areas with a high endemicity of HBV, 

hepatitis and chronic liver disease are common in the population, and the 

use of the vaccine could be medically and economically justified on this 
basis. 

The simplest strategy may be to vaccinate large segments, or conceiv¬ 

ably all, of the population in high endemicity areas in Africa, Asia, or 

elsewhere. If this were the case, then it would first be neccessary to know 

what effect this vaccine would have on carriers of HBsAg, since it is 

conceivable that it might be disadvantageous. If so, then screening of the 

population for carriers would be required. 

Another strategy might be to specifically treat the newborn offspring of 

HBsAg-positive mothe’rs. In some parts of the world it has been estimated 

that most carriers originate from carrier mothers, and the data from Japan 

and Africa indicate that these children may have a higher risk of devel¬ 

oping hepatoma in later life. It has been found that high titer anti-HB. 

immunoglobulin given to newborn offspring of positive mothers can pre¬ 

vent the development of the carrier state in these children.^® Hence 
a anti-HB, procedure might be developed to provide immunoglobulir 

shortly after birth and vaccine later in life. Since the endemic areas infec 

tion with HBV is likely to be common, recurrent stimulation of th( 

immune system would produce anti-HBj. 

Any vaccine program should be coordinated with general sanitary am 

public health measures to eliminate HBV from the general environment 

i.e., improvement in waste elimination, control of arthropod vectors, pro 

tection of food from contamination, etc. 

Discussion 

The advances in recent years in our understanding of the biology of 

Australia antigen and its recognition as the surface antigen of the hepatitis 

B agent have led to consideration of the feasibility of the immunologic 

prevention of a common cancer. In considering such an extensive public 

health program, attention must be given to the possible adverse con¬ 

sequences to the community and population. The removal of an agent 

such as HBV in highly endemic areas may have consequences which 

cannot be foreseen. It is for this reason that we are attempting to learn as 

much as possible about the ecologic interactions of this agent. For ex- 
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ample, our findings of an association of HBV in parents with the sex ratio 

of their offspring raise the question whether removal of the agent may 

affect the population dynamics and sociologic structure of a community. It 

may be possible to anticipate consequences of this nature in the overall 

planning of a prevention campaign. 
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HOST RfiSrONSES TO IlEPATTnS-B 
INFECTION IN PATIENTS WITH PRIAIARY 

HEPATIC CAIICINOAIA AND THEIR FAAIILIES 
A Cnsc/Conlrol Study In Senegal, West Africa 

n. Laroozi; W. T. Ia*ni>()n 

G. Saimot H. G. Wp.rnfr 

H. D. I.USTIIADER M. PaYET 

n. S. IlLUMnERO 

Irtsntute for Cancer Retearch, Fox Chase Cancer Center, 

PhilaJelfhta, Pennsyli>ania 19111, U.S^., and fnstitut de 

Medecine et d'F.pidimiologie Africaine, Hdpiial Claude 

Rernard, Paris, France 

Summary A cnsc/contml study of patients witli pri 

mary hepatic carcinoma (r.ii.i:.) and 
their families was carried out in Dakar, Senegal. 28 

P.it.c. cases were matched by age, stx, and ethnic group 

with 28 controls. Scrum was collected from cases, con¬ 

trols, parents (28 mothers, 27 fathers) of cases, parents 

of controls, 71 siblings of cases, and 58 siblings of con¬ 

trols. Assays of their sent for hepatitis-E surface antigen 

(lIHsAg), antilxxiy to IIBsAg (nnti-lin$) and aniilHKly 

to hepatitis-I) core antigen (nnu-lirjc) produced the fol 

lowing results (1) Nearly all r.it.c. cases (97%) and con¬ 

trols (93%) had some evidence of infection with hepnti- 
tis-H virus (ti.B.v.), but the cases were more likely to be 

anti-linc(r ) and less likely to be anti-llHs( + ) than ihc 

controls. (2) Most of the mothers of the cases were 
llllsAg( t ) (71%), whereas only H% of the mothers of 

controls were Iin$Ag{ 4 ). I^wcr titres of anti-IlHs were 

more common in the mothers of the cases. (3) None of 27 

fathers of coses had detectable anii-lins, but 13 (48%) 

of the fathers of controls were anti-lins(+ ). (4) Siblings 
ol the r.ii.c. cases were more likely to have anti Ilfis 

than cii.rer their sibs with p.ii.c. or the sibs of the con¬ 

trols. However, sibs of p.ii.c. cases had lower litres of 

anti-HBs than the sibs of the controls. I hcsc data arc 

consistent with the hypothesis that the p.ii.c. cases were 
inlecied with ii.n.v. by their mothers ami that there was 

an environmental factor which affected the immunologi¬ 

cal response of all family members to ii.n.v. Infection 

with Ii.n.v. and the imxle of response to that infection 

among members of families appear to be major factors 
in the etiology of p.ii.c. in West Africa. 

Introduction 

Infection with hepaiitis-B virus (ii.n.v.) is associated 

with post necrotic cirrhosis and primary hepatic car¬ 
cinoma (p.ii.c.). Hcpatiiis-B surface antigen (HBsAg) is 

more prevalent in areas where p.ii.c. is common, and 

HBsAg litres arc higher in p.ii.c. patients than in con¬ 
trols from the same area when assayed by the most sensi¬ 

tive techniques.In Senegal and Mali, we found that 

90% and 75%, respectively, of the p.ii.c. patients had 
antibody to hepatitis-B core antigen (anti-HBc) in their 
blood,^ and that nearly all the patients had some evi¬ 

dence of hepatitis-B infection (i.c., HBsAg, anti-HBc, 

and/or anti-HBs). 'I'hcsc frequencies arc much higher 
than in matched controls from the same countries (anti- 

HBc 27-6% in Senegal and 16% in Mali; any evidence 

of hcpaiiiisH infection, 65% in Senegal and 61-7% in 
Mali).’ ‘ 

Carriers of HBsAg cluster in families’ and several 

workers have demonstrated transmission of ii n v. from 

mother to offspring.'* '• The risk of individuals infected 

in utero or shortly after birth of becoming chronic car¬ 
riers is apparently high. 

Several investigators have described a clustering of 
HBsAg carriers and chronic hepatic disease in families 

of patients with p.ii.c.'* *' Ohbayashi ct al. yeporled 

three such families, each with an HBsAg(+ ) mother, 
and suggested that maternal transmission of ii.n.v. may 

be an important factor in hcpato-carcinogenesis.* *' 
Beasley tested the mothers of 6 I'aiwanese patients with 
P.II.C.; all were HBsAg( + ). ** 

I aken together, these observations suggest that; (I) 

dilferent mcxies of transmission of, and different host re¬ 

sponses to, hepatitis-B infection cluster in families, and 
(2) particular kinds of transmission and host response 

are associated with p.ii.c. If this is so, such modes of 

transmission and types of host response would constitute 
risk factors for p.ii.c. In this study we have tested these 

hypotheses, identified risk factors, and calculated the 

relative and absolute risk for p.ii.c. contributed by these 
factors. 

Afaterlal anti Afetliotlt 

I he patients Were from fhe dcpartmcni of medicine of the 
le Daniec Hospital, Dakar, Senegal. 

Hie diagnosis of p.ii.c. was based on the following criicria; 
(I) palpable mass in the liver, or an enlarged, hard liver; (2) 
hislological examinaiion of a transparietal liver biopsy speci 

Cot reel t on*i! 

SiHiiiiwirjr! I.liip 17 - Only 3 motlicr."? of the ^.^'Ies Ii.tJ .nitl-lin nn<l Ihrse 

vere at low titer. ^ 
Line 5 - IIDgAp, Is more coiwiion In PIIC patients 
controls from the same area. 

th.nn In 
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men (24 of 28 cases); and (3) detection of alpha-fetoprotein 
(a.f.p.) by immunodilfusion (l.D.). The four cases in which 
biopsies were not taken were positive for a.f.p. by i.d. 

hach case of p.h.c. was individually matched for age (mean 
age 32), sex (22 males, 6 females), and ethnic group with an 
apparently healthy individual living in the same urban neigh¬ 
bourhood or the same rural village as the patient. Blood was 
collected from all the mothers of the cases and controls, from 
27/28 fathers of cases and controls, and from as many siblings 
as possible—71 in the P.ii.c. families (40 males, 31 females) 

and 58 from 22 of the 28 control families (27 males, 31 
females). 

Blood was collected by venepuncture into dry glass tubes. 
The sera were separated from the red cells, frozen immediately 

at 4'X/, and were eventually shipped to Paris and then to Phil¬ 
adelphia where laboratory tests were performed. ITie sera 
were kept frozen in dry ice during transportation until the 
time of testing. All tests were done using coded specimens and 
the results were recorded without knowledge of the classifica¬ 
tion of the sera. HBsAg was determined by radioimmunoassay 
(‘Ausria’ it, Abbott Laboratories)^’ and i.d., anti-llBs by 
hxmagglutination,’^ and anti-ilBc by counter-immunoelectro- 
phoreiic and l.D. techniques.* The data were coded and stored 
in computer disc files from which the tables were computed 
and analysed by Fisher's exact test,” Z score,” and the 
Mann-Whitney test.” 

Results 

The frequency and distribution of factors related to 

ii.B.v. infection in the p.ii.c. cases and controls and their 
parents is shown in table i. Essentially all the p.h.c. pa¬ 

tients and controls and most of their mothers showed 
some evidence of infection with h.b.v. However, the 
nature of the responses of the patients and their parents 
to II.B.V. infection differed radically from the responses 

of the controls and their parents. In the p.h.c. patients 
anti-lIBc was more common and anti-HBs less common 
than in the controls. 20 of 28 mothers of cases were 

lIBsAg( + ) and anti-HBc( + ), whereas only 4 of the 
mothers of controls had HBsAg and 9 (including the 4 
HBsAg ( + 1) had anti-HBc. The remaining 5 anti- 
HBc(f) control mothers also had anti-HBs. The fre¬ 
quency and tiircs of anti-HBs were much higher in the 
control mothers than in the mothers of the p.h.c. pa¬ 
tients (the 3 anti HBs(-f) mothers of cases had titres of 

1/4, 1/8, and 1/8). 

Although frequencies of HBsAg and anti-HBc were 
similar in the fathers of the cases and the fathers of the 

controls, none of the 27 fhthers of the p.h.c. patients 

had anti-HBs compared with 13 anti-HBs(-F) among 27 
fathers of controls. 

These data suggest that the mothers of p.h.c. patients 
arc carriers of h.b.v. and the fathers have an inadequate 
(or different) humoral immunological response to this 
infectious agent; and further that the mothers transmit¬ 
ted the hepatitis-B infection to their affected offspring. 

To test the last hypothesis we compared the frequencies 
of HBsAg in the mothers of anti-HBc( + ) cases and anti- 

HBc( + ) controls (table it). Anti-HBc( + ) p.h.c. patients 

I aBLE II -ASSOCIATION OF HBSAg IN MOTHERS OF P.ll C. PATIENTS WITH 

ANTI HBC* IN P II.C. PATIENTS AND NO ASSOT.IATION OF HBSAg IN 

MOTHERS OF CONTROI S WITH ANTI-HBC IN CONTROl.S 

IIBsAglf) IIBsAg( ) 

Mothers of i*.H C. cates 

P.H c. onli IIBc( + ) t7 8 
P.H r, ami IIHc(- ) 3 0 

Mothers of controls: 

Comrol anli IIBd t) 2 16 
Conirol fliHi IIRc( ) 2 8 

• Ami IIBc is used here because il is ihe ii b.v.-related factor with tlie higbesi 
frequency in cases and controls. 

2xt table,/'- 19 99; r -I 7x 10. * 

were significantly more likely to have an HBsAg(F) 

mother (P-4x 10“*) than were anti-HBc(-F) controls. In 
every instance either the p.h.c. patient, his mother, or 
both showed evidence (HBsAg(+] and/or anfi-HBc( + ]) 
of current and presumably chronic infection with h.b.v. 

A related question is, what is the relative risk of p.h.c. 

which can be attributed to a mother being a chronic car¬ 
rier of HBsAg? Since each control was carefully 

matched with each case, a matched-pair analysis was 
done. A pair consists of a mother of a case and the 

mother of the matched control. There were 4 pairs in 

which both the mother of the case and the mother of the 
control were HBsAg( + ), 16 pairs in which the mother of 

the case was HBsAg(F) and the mother of the control 
HBsAg(—), and 8 pairs in which both mothers were 
HBsAg(-). In no instance was the mother of the control 
HBsAg( + ) and the mother of the case HBsAg(-). Rela¬ 

tive risk (R) for matched pairs was calculated by the 
number of mother pairs in which the mothers of cases 

were HBsAg( + )/the number of mother pairs in which 

the mother of the control was HBsAg(-F). This yields a 

ratio of 20/4 or a relative risk of 5/1. An alternative 
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method of calculating, which does not utilise the 

matched-pair design but holds constant the other factors 
contributing to risk of p.h.c. (absence of anti-HBs in 
fathers and absence of anti-HBs in cases or controls), 
yields a relative risk of 12-3 if the mother is HBsAg( + ). 

The other factors which show the most significant dif¬ 
ferences in table i give lower relative risks (R) by 
matched-pair analysis. For fathers not having anti-HBs, 

R—1-95, and for the case being anti-HBs(- ), R-2-1. 

The power of each of these risk factors to discriminate 
between the H.ii.c. and control matched pairs is shown 
in a branching diagram (see accompanying figure). At 
each branch point there was a ditfcrcnt distribution of 
case control pairs according to the particular risk factor. 
In any pair, if the case or the parent of the case was dis¬ 

tinguished from the control or the parent of the control 
by that factor, the branching stopped. For example, in 
16 pairs the mother of the case was HBsAg( + ) and the 
mothef of the control was HBsAg( - ). For these 16 pairs, 
HBsAg( + ) was a distinguishing factor. The remaining 
11 pairs were then examined to determine whether the 
fathers were anti-HBs(-»-) or (—). In 6 pairs the father 
of the case was anti-HBs(—) and the father of the con¬ 
trol was anli-HBs(^), &cc. Ultimately, two pairs 
remained that were not distinguished by this procedure. 
I'hcse 2 controls had all three risk factors and in addi¬ 
tion were HBsAg( + ) and anii-HBc( + ). From this analy¬ 
sis we conclude that these individuals are at high risk of 
developing p.ii.c. 

A matched-pair analysis of the p.ii.c. cases and their 
parents, and the controls and their parents, for the three 
risk factors is shown in table in. If all cases were cor¬ 
rectly classified by the three factors, they would be 
entered above the diagonal. Misclassifications, control 

families having more risk factors than cases, would 
appear below the diagonal. Cases which cannot be dis¬ 
tinguished from controls would fall on the diagonal. In 
this study there were no misclassifications but there were 

5 families of cases which have the same number of risk 
factors as their matched control families. We devised a 
scoring system (see legend to table in) for evaluating the 

significance oi this distribution of risk factors and by 
this analysis the risk factors were found to be distributed 
differently among the case than among the control fami¬ 

lies. 
The analysis of the siblings of the cases and the con¬ 

trols was complicated by the variable size of the families 
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TABLE III-MATCIIED-HAIH ANALYSIS OF KISK FACTOKS 

No. of risk factors* in cases and ihcir parents: 

0 12) Toials 

0 

}/6 4/6 
1 

S/6 
3 

6/6 

4 8 

1 

2/6' 
0 

S/6 
l^\^ 

4/6 
5 

S/6 
7 13 

2 

1/6 
0 

2/6' 
0 

.s/6 
2 

4/6 
1 4 

3 

0/6 
0 

1/6 
0 

2/6 
0 

S/6 
2 2 

Totals 0 2 to 15 27 

‘Risk factors are: mother IIBsAg(i-)i father anti HBs(-)i case or control 

ai)iillBs(-). 

Scoret.—A nsk factor which is present in a f.h.c. family adds one point and 

each risk faaor that the matched control family lacks also adds one point to the 

matched pair. If a case family has 3 risk factors and a control family 0, then 

the scoie is 6/6. If a control family has 3 risk factors and a case family 0, then 

the score is 0/6. For each of the possible combinations in between an appropriate 

score between 1/6 and 3/6 is given in italics the upper righthand corner of each 

box. The best total score if case families all had 3 risk facton and control fami¬ 

lies 0 IS 27. If the scores were randomly distributed the expected score would be 

13 5. Hie observed score was significantly dilfercnt from 13 5. Total 

scores 20 16./.=2-56; rcO 01. 

and the failure to collect blood from all siblings. (Sera 

were not obtained from siblings in 6 of the control fami¬ 
lies.) With these reservations in mind, certain features 
are apparent (table tv). Most of the siblings of the h.h.c. 

patients had been exposed to hepatitis-H infection; 67 of 
73 had either HBsAg, anii-HBc, or anti-HBs in their 
blood. They differed from their affected siblings (the 

p.H.c. cases) in that their response to hepatitis-B infec¬ 
tion was manifested mainly by the production of 
anti-HBs (82%), and less commonly by the presence of 

HBsAg or anti-HBc (211%). That is, given parents who 
confer on their offspring a high risk of developing p.H.c., 

the ability to produce anti-HBs substantially reduces 
that risk. 

The siblings of the controls had frequencies of 

HBsAg, anti-HBc, and anti-HBs that were lower than 
their own brothers or sisters selected as the controls for 
the p.H.c. cases but were similar to those observed in the 

general population of Senegal.’ * Comparison of the fre¬ 
quencies of H.D.v.-related antigens and antibodies in the 
sibs of the cases with those in the sibs of the controls 
revealed a significantly higher (p—l-6xl0~’) frequency 

of anti-HBs in the sibs of the cases. Since these individ- 
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uals were living, or had lived, with a mother and/or a 

sibling (in whom p.h.c. developed) who were carriers of 
HBsAg, this is not surprising. However, the titrcs of 
anti-HBs/ay and anti-HBs/ad in the sibs of cases were 

lower than the titres in the sibs of the controls (based on 
only those individuals who have detectable antibody). 
The difference was most significant (p=:0 001) for anti¬ 
body against HBsAg/ay, the major antigenic subtype 

in West Africa. 

Discussion 

The results of this study arc consistent with the 
hypothesis that a particular mode of transmission-—e.g., 
infection of offspring early in life by mothers who arc 

carriers of H.b.v., is an important (and perhaps neces¬ 
sary) factor in the development of p.h.c. 20 of 28 
mothers of p.h.c. patients were HBsAg(-p). Since their 

affected children were born as long as 40 years before 
this study was done, two interpretations must be consi¬ 
dered: (1) the mothers had been infected by the off¬ 
spring with P.H.C. and HBsAg; and (2) the mothers of 
P.H.C. patients were chronic carriers of HBsAg (and pre¬ 
sumably H.B.V.) and transmitted the h.b.v. infection to 
the P.H.C. case at birth or early in life. 

P.H.C. mothers were probably chronic carriers of 

HBsAg (and h.b.v.). In point prevalence studies, chronic 
carriers are much more likely to be detected than are in¬ 
dividuals who are transiently HBsAg(-i-). Furthermore, 
it is unlikely that these women reached old age in Sene¬ 
gal without having been exposed to h.b.v. infection ear¬ 
lier in life. There was evidence of h.b.v. infection 
(HBsAg, anti-HBc, or anti-HBs) in about 65% of the 
population in West Africa, in 60% of women in the 
reproductive age-group, and inro 50% of the 10-15 year 
age-group (unpublished data). Therefore, we think it is 

unlikely that the p.h.c. mothers (women now in their 
40s, 50s, and 60s) were infected by the p.h.c. cases. 

If the mothers we detected as being HBsAg( + ) were 
positive at the time their child was born, then they have 
been HBsAg( + ) for 20—40 years. Since chronic carriers 
are often not carriers forever, it is quite possible that the 
8 HBsAg(—) mothers were HBsAg( + ) when their 
affected children were born. (The 8 offspring with 

P.H.C., of the 8 HBsAg(—) mothers, are currently anti- 
HBc( + ) and 6 of the 8 are HBsAg( + ).) 

Although maternal transmission of h.b.v. may be a 

necessary factor in the development of p.h.c., it is not 

sufficient. Otherwise, the incidence of p.h.c. would be 
much higher than has been recorded. In this study we 
observed a paternal effect, the failure of fathers of p.h.c. 

patients to produce anti-HBs. In Senegal we would 
expect that at least 50% of males in this age-group 
would have anti-HBs. Although the fathers of p.h.c. pa¬ 
tients had been heavily exposed to h.b.v. in their homes 
and in the community, their immunological response to 
the agent was inadequate (or, at least, different from 
other men in Senegal). The nature of the factor in the 
fathers which affects their immunological response is 
unknown and will be investigated further. Some insight 
into the nature of this factor is provided by the observa¬ 
tions that the frequencies of anti-HBs are also lower in 
the cases and the mothers of the cases than in their res¬ 
pective controls, and the titres of anti-HBs/ay are lower 
in the sibs of the cases than in the sibs of the controls. 
These findings suggest that an environmental factor(s), 
present in the household of the cases, to which the 
fathers are maximally exposed and to which other 

family members are exposed to a lesser degree, may be 
responsible for suppressing the antibody response to 
HBsAg. Such a factor(s) could be one of the hepatic car¬ 

cinogens proposed by others (aflatoxins, nitrosamines, 
cycads).^* 

Irrespective of why the mothers have HBsAg and the 
fathers lack anti-HBs, the use of these markers as risk 
factors has identified individuals at high risk of develop¬ 
ing a particular cancer. The relative risks we have calcu¬ 
lated are conservative estimates. The odds ratio, 
(AD/BC in a 2x2 table), is the usual method for calcu¬ 
lating relative risk." Using this approach the relative 
risk (R) of p.h.c. given by a mother being HBsAg(+) 
was 15 and for a father lacking anti-HBs, R==59. 
(Because there are no fathers of cases with anti-HBs 

(bin B—0), 0-5 was added to each bin to permit estima¬ 
tion of R.) R for absence of anti-HBs in the p.h.c. cases 

was 5-4. In addition, control subjects in this study had 
much higher frequencies of HBsAg (57%) and anti-HBc 

(64%) than we have found in studies of general popula¬ 
tions in West Africa or in age, sex, ethnic group matched 

controls selected for other patients with p.h.c.’ ‘ The 
controls selected for this study live in the same neigh¬ 
bourhoods as the p.h.c. patients, and they may be at 

higher risk of developing p.h.c. than controls outside 
this neighbourhood. 
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Nevertheless, very few factors associated with 
common cancers have given anything like the 5 to 12 
fold relative risk or the 71-6% absolute risk of r.n.c. as¬ 
sociated with HBsAg( + ) mothers reported here. Ander¬ 

son” identified a small group of women, with a sister 
and mother with premenopausal bilateral breast cancer, 

who have a 47-fold (by odds ratio) relative risk of devel¬ 

oping breast cancer, but they account for only 1 or 2% 
of the breast-cancer population. Smoking cigarettes is 
a.ssociated with a high absolute risk of lung cancer. Yet 
the relative risk (using similar methods of calculation) 
for smokers of more than one pack of cigarettes a day 

is about 10-fold that of non-smokers.^’' 
The results reported here are based on a small sample. 

The conclusions we have drawn require confirmation, 
and the hypothesis we have stated with respect to risk 

factors must be tested. Retrospective and prospective 
studies have been designed, and the field work is in pro¬ 
gress. Should these studies confirm these results it would 
suggest that prevention or control of infection with 
H.B.v. by public-health measures, hepatitis-B hyperim¬ 
mune globulin, or hepatitis-B vaccine would be followed 

by a decline in the incidence of p.h.c. 
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Australia Antigen and the 
Biology of Hepatitis B 

Baruch S. Blumberg 

The discovery of the infectious agent 

associated with hepatitis B and the eluci¬ 

dation of new mechanisms for its dis¬ 

semination are the consequences of a se¬ 

ries of studies involving many investiga¬ 

tors in our laboratory in Philadelphia. 

The particular directions the work has 

followed have been a product of the in¬ 

terests and personalities of the investiga¬ 

tors. physicians, technicians, students, 

and others who have come to our labora¬ 

tory. It has resulted in a complex body of 

data which crosses the boundaries of 

several disciplines. I have been fortunate 

in having as co-workers dedicated and 

highly motivated scientists. We have had 

a warm, friendly, and congenial atmo¬ 

sphere and I am grateful to my col¬ 

leagues for bringing these qualities to 

their work. 

Polymorphism and Inherited Variation 

E. B. Ford, the Oxford zoologist, lepi- 

dopterist. and geneticist, defined poly¬ 

morphism as “the occurrence together in 

the same habitat of two or more (inher¬ 
ited) discontinuous forms of a species, in 

such proportions, that the rarest of them 

cannot be maintained merely by recur¬ 

rent mutation" (/). Examples of poly¬ 

morphism are the red blood cell groups 

in which the different phenotypes of a 

system may occur in high frequencies in 

many populations. This, according to 

Ford’s view, would be unlikely to occur 

as a consequence of recurrent mutation 

operating alone to replace a phenotype 

lost by selection. Another example is the 

sickle cell hemoglobin system. In this. 

genes may be lost from the popu¬ 

lation each time a homozygote (who has 

sickle cell disease) fails to contribute 

to the next generation because of death 

before the reproductive age. The het¬ 

erozygotes (Hh^lHh^) are, however, 

thought to be differentially maintained in 

the population because individuals with 

this phenotype are less likely to succumb 

to falciparum malaria and consequently 

survive to contribute genes to the next 

generation. The theory implies that there 

are different selective values to the sev¬ 

eral forms of polymorphisms. This no¬ 

tion has been questioned recently since it 

has been difficult to demonstrate selec¬ 

tive differences for most polymorphisms. 

Independent of the biological causes for 

the generation and maintenance of poly¬ 

morphisms, the concept unifies a large 
number of interesting biological data. No 

two people are alike, and polymorphisms 

probably account for a great deal of vari¬ 
ation in humans. There are other inter¬ 

esting implications of polymorphisms. In 

some instances, the presence of a small 

amount of a material may be associated 

with one effect, and the presence of 

larger amounts of the same material may 

be associated with a very different effect. 

One gene for hemoglobin S protects 

against malaria, while two genes result in 

the (often) fatal sickle cell disease. Poly¬ 

morphisms may produce antigenic dif¬ 

ferences. Antigenic variants of ABO and 
other red blood cell groups may result in 

transfusion reactions. Differences in Rh 

red blood cell groups may cause life- 

threatening antigenic reactions between 

a mother and her child late in pregnancy 

and at the time of birth. Polymorphic an¬ 

tigens may have an effect when one hu¬ 

man’s tissues interact with those of an¬ 

other in blood transfusion, transplan¬ 

tation, pregnancy, intercourse, and possi¬ 
bly. as we shall see, when human anti¬ 

gens are carried by infectious agents. 

Oliver Smithies (who had been a grad¬ 

uate student of A. G. Ogston. my mentor 

at Oxford) developed the ingenious 

starch-gel electrophoresis method that 

allowed the separation of serum proteins 

on the basis of complex characteristics 

of their size and shape. With this, he dis¬ 

tinguished several electrophoretically 

different polymorphic serum proteins 

(haptoglobins, transferrins, and the like). 

In 1957 and for several years after, in 

collaboration with Anthony Allison who 

was then in the Department of Biochem¬ 

istry in Oxford, we studied these vari¬ 

ants in Basque, European, Nigerian, and 

Alaskan (2) populations and found strik- 
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ing variations in gene frequencies. At the 

same time, I acquired experience and 

some skill in mounting field studies. Us¬ 

ing this and similar techniques in the fol¬ 

lowing years, I studied inherited variants 

in other populations and regions. These 

included red blood cell and serum groups 

in Spanish Basques, in Alaskan and Ca¬ 

nadian Indians, and in Eskimos; (3- 

aminoisobutyric acid excretion in Eski¬ 
mos, Indians, and Micronesians; protein 

and red blood cell antigens in Greeks, 

and various variants in North and South 

American Indians and in U.S. blacks and 

whites (2). We identified several “new" 

polymorphisms in animals. With Michael 

Tombs, another of Ogston’s pupils, we 

discovered a polymorphism of alpha 

lactalbumin in the “Zebu” cattle of the 

pastoral Fulani of northern Nigeria (4). 

Later. Jacob Robbins and I found a poly¬ 

morphism of the thyroxine binding pre¬ 

albumin of Macaco mulatto (5). From 

these studies, and those of other investi¬ 

gators, the richness and variety of bio¬ 

chemical and antigenic variation in se¬ 

rum became strikingly apparent. 

In the summer of I960, Allison came 

to my laboratory at the National Insti¬ 

tutes of Health. We decided to test the 

hypothesis that patients who received 

large numbers of transfusions might de¬ 

velop antibodies against one or more of 
the polymorphic serum proteins (either 

known or unknown) which they them¬ 

selves had not inherited, but which the 

blood donors had. We used the tech¬ 

nique of double diffusion in agar gel (as 

developed by Professor Ouchterlony of 

Goteborg) to see whether precipitating 

antibodies had formed in the transfused 

patients which might react with constitu¬ 

ents present in the serums of normal per¬ 

sons. 

After testing serums from 13 trans¬ 

fused patients (defined as a person who 

had received 25 units of blood or more), 

we found a serum that contained a pre¬ 
cipitating antibody (6). It was a very ex¬ 

citing experience to see these p'^ecipitin 

bands and realize that our prediction had 

been fulfilled. The antibody developed in 

the blood of a patient (C. de B.. male), 

who had received many transfusions for 

Copyright © 1977 by the Nobel Foundation. 
The author is associate director for clinical re¬ 

search at the Institute for Cancer Research at the 
Fo.x Chase Center. Philadelphia, Pennsylvania 
19111. This article is the lecture he delivered in 
Stockholm. Sweden, 13 December 1976. when he re¬ 
ceived the Nobel Prize in Physiology or Medicine, a 
prize he shared with D. Carleton Gajdusek. Minor 
corrections and additions have been made by the au¬ 
thor. The article is published here with the per¬ 
mission of the Nobel Foundation and will also be in¬ 
cluded in the complete volume of Les Prix Nobel en 
1976 as well as in the series Nobel Lectures (in Eng¬ 
lish) published by the Elsevier Publishing Company, 
Amsterdam and New York. Dr. Gajdusek's lecture 
will be published in a subsequent issue. 



the treatment of an obscure anemia. He 

was extremely cooperative and inter¬ 

ested in our research and on several oc¬ 

casions came to Maryland from his home 

in Wisconsin for medical studies and to 

donate blood. 
During the course of the next few 

months we found that the antibody in C. 

de B.’s blood reacted with inherited anti¬ 

genic specificities on the low density 

lipoproteins. We termed this the Ag 

system; and it has subsequently been the 

subject of genetic, clinical, and forensic 

studies (7). 
We continued to search for other pre¬ 

cipitating systems in the serums of trans¬ 

fused patients on the principle that this 

approach had resulted in one significant 

discovery and that a further search 

would lead to other interesting findings. 

During my last year at Bethesda, Harvey 

Alter, a hematologist, came to work with 

us. We also had been joined by Sam Vis- 

nich, a former Navy jet fighter and com¬ 

mercial airlines pilot, who, during a slack 

period in aviation, came to work in our 

laboratory as a technician. 

In 1963, we had been studying the se¬ 

rums of a group of hemophilia patients 
from Mt. Sinai Hospital in New York 

City, which had been sent to us by Rich¬ 

ard Rosenfield, the director of the blood 

bank. Antibodies against the Ag proteins 

were not common in this group of se¬ 

rums, but one day we saw a precipitin 

band that was unlike any of the Ag pre- 

cipitins. It had a different configuration, 

it did not stain readily with Sudan black 

(suggesting a low lipid content compared 

to the Ag precipitin), but it did stain red 

with azocarmine, indicating that protein 
was a major component. There was a 

major difference in the distribution of the 

serums with which the transfused hemo¬ 

philia patient reacted. Most of the antise¬ 

rums to Ag reacted with a large number 

(usually about 50 to 90 percent of the 

panel serums), but the serum from the 

hemophilia patient reacted with only 1 of 

24 serums in the panel, and that speci¬ 

men was from an Australian aborigine (8, 

9). We referred to the reactant as Austra¬ 

lia antigen, abbreviated Au. The original 

Australian serums had been sent to us by 

Robert Kirk. We subsequently went to 

Western Australia to collect and test a 

large number of additional serums. 

We then set out to find out why a pre¬ 

cipitin band had developed between the 

serum of a hemophilia patient from New 

York and that of an aborigine from Aus¬ 

tralia. At the outset we had no set views 

on where this path might lead, although 
our investigation was guided by our prior 

experience with the Ag polymorphism. 

In preparing this “history” of the dis¬ 

covery of antigen Au, I constructed an 

outline, based on a hypothetico-deduc- 

tive structure, showing the actual events 

that led to the discovery of the associa¬ 

tion of Au with hepatitis. From this it is 

clear that I could not have planned the 

investigation at its beginning to find the 

cause of hepatitis B. This experience 

does not encourage an approach to basic 

research that is based exclusively on 

specific-goal-directed programs for the 

solution of biological problems. 

The next step was to collect informa¬ 
tion on the distribution of Au and anti¬ 

body to Au in different human popu¬ 

lations and disease groups. We had es¬ 

tablished a collection of serum and 

plasma samples, later to develop into the 

blood collection of the Division of Clini¬ 
cal Research of the Institute for Cancer 

Research, which now numbers more 

than 200.000 specimens. The antigen was 

very stable; blood that had been frozen 

and stored for 10 years or more still gave 

strong reactions for Au. There were 

some instances in which blood had been 
collected from the same individual for 

six or more successive years. If the se¬ 
rums were positive on one occasion, they 

were in general positive on subsequent 

testings; if negative initially, they were 
consistently negative. Presence or ab¬ 

sence of Au appeared, at least in the 

early experiments, to be an inherent 

characteristic of an individual. 

We were able to use our stored serums 

for epidemiological surveys and, in a 

short time, accumulated a considerable 

amount of information on the worldwide 

distribution of Au. It was very rare in 

apparently normal populations of the 

United States; only 1 of 1000 serums 

tested was positive. However, it was 

quite common in some tropical and 

Asian populations (for example. 6 per¬ 

cent in Filipinos from Cebu, 1 percent in 

Japanese, and 5 to 15 percent in certain 

Pacific Ocean populations). We will 

come back to a consideration of the hy¬ 

pothesis that was generated from this set 

of epidemiologic observations after con¬ 

sideration of an interesting disease asso¬ 

ciation discovered at about the same 

time. 

Visnich had been asked to select from 

our collection the serums of patients who 

had received transfusions in order to 

search for more antiserums to Au. He 

decided, however, to use them both as 

potential sources of antibody and also in 

the panels against which antiserums to 

Au were tested. Included among the 

transfused serums were specimens from 

patients with leukemia who had recieved 

transfusions. A high frequency of Au, 

rather than antiseimms to Au, was found 

in this group. We subsequently tested 

patients with other diseases and found 

Au only in transfused patients. 

On the basis of these observations we 

made several hypotheses. Although they 

sound like alternative ones, they in fact 

are not; and, over the course of sub¬ 

sequent years, in a sense, all of them 

have been supported and are still being 

tested. 
One hypothesis stated that, although 

Au may be rare in normal populations, 

individuals who have Au are more likely 

to develop leukemia than are individuals 

who do not have the antigen. That is, 

there is a common susceptibility factor 

which makes it more likely for certain 

people both to have Au and to develop 

leukemia. We also suggested that Au 

might be related to the infectious agent 

(virus) which is said to be the cause of 

leukemia. 

A corollary of the susceptibility hy¬ 

pothesis is that individuals who have a 

high likelihood of developing leukemia 

would be more likely to have Au. 

Down’s syndrome (Mongolism) patients 

are more likely to develop leukemia than 

are other children; estimation of the in¬ 

creased risk vary from 20 to 2000 times 

that of children without Down’s syn¬ 
drome. I had, in 1964. moved to the In¬ 

stitute for Cancer Research in Phila¬ 

delphia to start its Division of Clinical 

Research. While there we tested the se¬ 

rums of Down’s syndrome patients resi¬ 

dent in a large institution and found that 

Au was very common in this group (ap¬ 

proximately 30 percent were Au posi¬ 

tive); the prediction generated by our hy¬ 

pothesis was fulfilled by these observa¬ 

tions. a very encouraging finding (10). 

The presence of the antigen in people liv¬ 

ing closer to Philadelphia also made it 

possible to study persons with Au more 

readily. Until this time, all the individ¬ 

uals with Au who had been identified ei¬ 

ther lived in Australia, or some other dis¬ 

tant place, or were sick with leukemia. 

Down’s syndrome patients were ad¬ 

mitted to the Clinical Research Unit (lo¬ 

cated in our sister institution, Jeanes 

Hospital) for clinical study. We found 

again that the presence or absence of Au 

seemed to be a consistent feature of an 

individual. If Au was present on initial 

testing, then it was present on sub¬ 

sequent testing; if absent initially, it was 

not found later. In early 1966 one of our 

Down’s syndrome patients, James Bair, 

who had originally been negative, was 

found to have Au on a second test. Since 

this was an aberrant finding we admitted 

him to the Clinical Research Unit. There 

was no obvious change in his clinical 

status. Because he apparently had devel- 

2.59 



oped a “new” protein, and since many 

proteins are produced in the liver we did 

a series of “liver chemistry” tests. 

These showed that between the first test¬ 

ing (negative for Au) and the subsequent 

testing (positive for Au) this patient 

(J.B.) had developed a form of chronic 

anicteric hepatitis. 

On 28 June 1966, the day of J.B.’s ad¬ 

mission to the Clinical Research Unit, 

my colleague, Alton Sutnick, wrote the 

following dramatic note in the patient’s 

chart. 

SCOT [serum glutamic oxaloacetic trans¬ 
aminase] slightly elevated! Prothrombin time 
low! We may have an indication of [the reason 
for] his conversion to Au+. 

His prediction proved correct. The 

diagnosis of hepatitis was clinically con¬ 
firmed by liver biopsy on 20 July 1966, 

and we now began to test the hypothesis 

that Au was associated with hepatitis 

(//). First, we compared the trans- 

atninase (SGPT, serum glutamic pyruvic 

transaminase) levels in males with 

Down’s syndrome who had Au and those 

who did not. The SGPT levels were 

slightly but significantly higher in the 

Au( + ) individuals. Second, we asked cli¬ 

nicians in Pennsylvania to send us blood 

samples from patients with acute hepa¬ 

titis. W. Thomas London and others in 

our laboratory soon found that many 

hepatitis patients had Au in their blood 

early in their disease, but the antigen 

usually disappeared from their blood, af¬ 
ter a few days or weeks. Another dra¬ 

matic incident occurred which added to 

our urgency in determining the nature of 

the relation of Au to hepatitis. Barbara 

Werner (now Dr.) was the first techni¬ 
cian in our laboratory in Philadelphia. 

She had been working on the isolation of 

Au by extensions of the methods devel¬ 

oped by Alter and Blumberg during the 

earlier work in Bethesda. Early in April 

of 1967 she noticed that she was not in 

her usual good state of health. She was 

well aware of our observations that Au 

was related to hepatitis and, one eve¬ 

ning, tested her own serum for the pres¬ 

ence of Au. The following morning a 

faint but distinct line appeared, the first 

case of viral hepatitis diagnosed by the 

Au test. She subsequently developed ic¬ 

teric hepatitis and, fortunately, went on 

to a complete recovery. 

By the end of 1966 we had found that 

Au was associated with acute viral hepa¬ 

titis. In our published report {10) we 

said: 

Most of the disease associations could be 
explained by the association of Au(l) with a 
virus, as suggested in our previous publica¬ 
tions. The discovery of the frequent occur¬ 
rence of Au(l) in patients with virus hepatitis 

raises the possibility that the agent present in 
some cases of this disease may be Australia 
antigen or be responsible for its presence. The 
presence of Australia antigen in the thalas¬ 
semia and hemophilia patients could be due to 
virus introduced by transfusions. 

That is. we made the hypothesis that 

Au was (or was closely related to) the 

etiologic agent of “viral” hepatitis, and 

we immediately set about to test it. Our 

original publication did not elicit wide 

acceptance; there had been many pre¬ 

vious reports of the identification of the 

causative agent of hepatitis and our 

claims were naturally greeted with cau¬ 

tion. Indeed, an additional paper on Aus¬ 

tralia antigen and acute viral hepatitis 

(77) which extended our findings pub¬ 
lished in 1967 was initially rejected for 

publication on the grounds that we were 

proposing another “candidate virus” 

and there were already many of these. 

Confirmation of our findings and the 

first definitive evidence on the relation of 

Au to posttransfusion hepatitis came 

soon. Kazuo Okochi, then at the Univer¬ 

sity of Tokyo, had followed a line of in¬ 

quiry very similar to ours. He had start¬ 

ed with the investigation of antiserum to 

Ag (lipoprotein), and we had corre¬ 

sponded on this subject. Okochi then 

found an antiserum in a patient with 

chronic myelogenous leukemia which 

was different from the precipitins in an¬ 
tiserum to Ag. He also found that it was 

associated with liver damage. During my 

several field trips to Japan, I had lectured 

on Australia antigen. Okochi sent the un¬ 

usual antiserum to us to compare with 

antiserum to Australia antigen; we found 

that they were identical. He confirmed 

our finding of the association of Au with 

hepatitis and then proceeded to do the 
first definitive study of transfusion. He 

found that Au could be transmitted by 

transfusion and that it led to the devel¬ 

opment of hepatitis in some of the people 

who received it, and that some trans¬ 
fused patients developed antibody to Au 

(72, 13). The Au-hepatitis association 

was also confirmed in 1968 by Alberto 

Vierucci {14) who had worked in our lab¬ 

oratory and Alfred Prince (75). 
We had made some preliminary obser¬ 

vations in Philadelphia in collaboration 

with John Senior of the University of 

Pennsylvania on the transfusion of donor 

blood which was found to contain Au. 

We then developed a protocol for a con¬ 

trolled, long-term study to determine 

whether donor bloods which had Au 

were more likely to transmit hepatitis 

than those which did not. In 1969 we 

heard from Okochi that he had already 

embarked on similar transfusion studies. 

In June of that year he visited our labora¬ 

tory in Philadelphia and showed us his 

data. These, in his (and our) opinion, 

demonstrated with a high probability 

that donor blood containing Australia an¬ 

tigen was much more likely to transmit 

hepatitis than donor blood which did not 

contain the antigen. [Similar studies 

were later done by Dr. David Gocke (76) 

in the United States and the same con¬ 

clusions were reached.] We immediately 

stopped the experimental study and es¬ 

tablished the practice of excluding donor 

bloods with Australia antigens in the 

hospitals where we were testing donor 

units. This was a dramatic example of 

how technical information may com¬ 

pletely change an ethical problem. Be¬ 

fore Okochi’s data had become available 

it was a moral necessity to determine the 

consequences of transfusing blood con¬ 

taining Australia antigen; and it had to be 

done in a controlled and convincing man¬ 

ner since major changes in blood trans¬ 

fusion practice were consequent on the 

findings. As soon as the conclusion of 

Okochi’s well-controlled studies were 

known to us, it became untenable to ad¬ 
minister donor blood containing Austra¬ 

lia antigen. Autres temps, autres moeurs. 

It was, however, possible to do a 

study to evaluate the efficacy of Au 

screening on posttransfusion hepatitis 

with the use of historical controls. Senior 
and his colleagues had completed an 

analysis of posttransfusion hepatitis in 

Philadelphia General Hospital before the 

advent of screening and found an 18 per¬ 
cent frequency of posttransfusion hepa¬ 

titis. In the fall of 1969, we started testing 

all donor blood and excluding Au posi¬ 

tive donors. Senior and others undertook 

a similar follow-up study I year after the 

screening program was in progress. They 

found that the frequency of post¬ 

transfusion hepatitis had been reduced to 

6 percent, a striking improvement (77). 

The practical application of our initial¬ 

ly esoteric finding had come about only 2 

years after the publication of our paper 

on the association between Au and hepa¬ 
titis {10). In retrospect, one of the major 

factors contributing to the rapid applica¬ 

tion of the findings was the simplicity of 

the immunodiffusion test. Another was 

our program of distributing reagents con¬ 

taining antigen and antibody to all inves¬ 

tigators who requested them. We did this 

until this function was assumed by the 

National Institutes of Health. 

After the confirmation of the associa¬ 

tion of hepatitis with Australia antigen, a 

large number of studies were published, 

and, in a relatively short time the routine 

use of the test in blood banks became es¬ 

sentially universal in the United States 

and many other countries. It has been es- 
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timated that the annual saving resulting 

from the prevention of posttransfusion 

hepatitis amounts to about half a billion 

dollars in the United States. 

Virology 

Virological methods (that is, tissue 

culture, animal inoculation, and others) 

had been used for many years prior to 

our work to search for hepatitis virus, 

but had not been very productive. Our 

initial discoveries were based primarily 

on epidemiologic, clinical, and serologi¬ 

cal observations. Here, 1 will tfy to re¬ 

view the early virology work from our 

laboratory [Robinson and Lutwick have 

reviewed much of the recent work (/5)]. 
Bayer et al. (19), using the isolation 

techniques initially introduced by Alter 

and Blumberg (20), examined isolated 

Au with the electron microscope. They 

found particles about 20 nanometers lin 

diameter which were aggregated by an¬ 

tiserum to Au. There were also sausage¬ 

like particles of the same diameter, but 

much elongated (Figs. I and 2). Subse¬ 
quently Dane, Cameron, and Briggs 

identified a larger particle about 42 nm 

in diameter with an electron-opaque core 

of about 27 nm (27). It is probable that 

this represents the whole virus particle. 

Both the 20-nm and 42-nm particles 

contain Australia antigen on their sur¬ 

faces and this is now termed hepatitis B 

surface antigen (HBsAg). The surface 

antigen can be removed from Dane parti¬ 

cles by the action of detergents to reveal 

the core which has its own antigen, hepa¬ 

titis B core antigen (HBcAg). Antibodies 

to both these antigens (anti-HBs, anti- 
HBc) can be detected in human blood. 

The surface antigen can be detected in 

the peripheral blood by the methods we 

initially introduced and by more sensi¬ 

tive methods that have since been devel¬ 

oped. Anti-HBs is often found in the pe¬ 

ripheral blood after infection and may 

persist for many years. It may also be de¬ 

tected in people who have not had clini¬ 

cal hepatitis. Anti-HBc is usually asso¬ 

ciated with the carrier state (that is, per¬ 

sistent HBsAg in the blood) but may oc¬ 

cur without it. HBcAg itself has not been 

identified in the peripheral blood. Anti- 

HBc is also found commonly during the 

active phase of acute hepatitis, before 

the development of anti-HBs but in gen¬ 

eral does not persist as long as anti-HBs. 

DNA has been isolated from the cores 

of Dane particles and is associated with a 

specific DNA polymerase. Robinson and 

Lutwick have shown that the DNA is in 

the form of double-stranded rings (18). 

Jesse Summers, Anna O’Connell, and Ir¬ 

Fig. I. Electron micrograph showing the sev¬ 
eral kinds of particles associated with hepa¬ 
titis B virus (see Fig. 2). Magnification, x 
90,0(X). [Electron micrograph prepared by E. 
Halpem and L. K. Weng] 

ving Millman of our institute have con¬ 

firmed these findings and provided a 

model for the molecule, which appears 

to have double- and single-stranded re¬ 

gions (Fig. 3) (22). 

By means of immunofluorescent and 

electron microscope studies, hepatitis B 

core particles have been identified in the 

nuclei of liver cells of infected patients; 

HBsAg is found in the cytoplasm. It is 

thought that assembly of the large parti¬ 

cles occurs in the cytoplasm and that 

large and small particles (surface antigen 

only) emerge from the cells and even¬ 

tually find their way to the peripheral 
blood. 

Fig. 2. Diagram showing appearance of parti¬ 
cles associated with hepatitis B virus, the 
large or Dane particle (a), the small surface 
antigen particle, and the sausage-shaped par¬ 
ticle (b), and the core of the Dane particle (c). 
[Adapted from E. Lycke, Lakartidningen 73, 
3743 (1976)] 

Vaccine Against Hepatitis B 

In 1968 we were informed by the fed¬ 

eral government, which provided most 

of the funds for our work, that they 

would like to see applications of the bas¬ 

ic research they had funded for many 

years. It occurred to us that the exis¬ 

tence of the carrier state provided an un¬ 

usual method for the production of a vac¬ 

cine. We presumed that the very large 

amounts of HBsAg present in the blood 

could be separated from any infectious 

particles and used as an antigen for elicit¬ 

ing the production of antibodies. The an¬ 

tibodies in turn would protect against in¬ 

fection with the virus. Irving Millman 
and I applied separation techniques for 

isolating and purifying the surface anti¬ 

gen and proposed using this material as a 

vaccine. To our knowledge, this was a 

unique approach to the production of a 
vaccine; that is, obtaining the immuniz¬ 

ing antigen directly from the blood of hu¬ 

man carriers of the virus. In October 

1969, acting on behalf of the Institute for 

Cancer Research, we filed an application 

for a patent for the production of a vac¬ 

cine. This patent was subsequently (Jan¬ 

uary 1972) granted in the United States 

and other countries (23). 

There are observations in nature 

which indicate that antibody against the 

surface antigen is protective. In their 

early studies, Okochi and Murakami ob¬ 

served that transfused patients with anti¬ 

body were much less likely to develop 

hepatitis than those without it (13). In a 

long-term study, London et al. (24) has 

shown that patients on a renal dialysis 
unit, and the staflf who served them, 

were much less likely to develop hepa¬ 

titis if they had antibody than if they did 
not (Fig. 4). Lustbader has used these 

data to develop a statistical method for 

rapidly evaluating the vaccine (25). 

There have now been several animal 

and human studies of the vaccine, and 
the results are promising (26). It should 

be possible to determine the value of the 

vaccine within the next few years. 

Variation in Response to Infection 

with Hepatitis B 

A physician is primarily interested in 

how a virus interacts with humans to 

cause disease. But this is only part of the 

world of the virus. Our introduction to 

studies on hepatitis B was not through 

patients with the disease, but rather 

through asymptomatic carriers and in¬ 

fected individuals who developed anti¬ 

body. Therefore, many of our investiga¬ 

tions have been of infected but apparent- 
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ly healthy people. There are a variety of 

responses to infection: 

1) Development of acute hepatitis 

proceeding to complete recovery. Tran¬ 

sient appearance of HBsAg and anti- 

HBc. Subsequent appearance of anti- 

HBs which may be persistent. 

2) Development of acute hepatitis 

proceeding to chronic hepatitis. HBsAg 

and associated anti-HBc are usually per¬ 

sistent. 

3) Chronic hepatitis with symptoms 

and findings of chronic liver disease not 

preceded by an episode of acute hepa¬ 

titis. HBsAg and anti-HBc are per¬ 
sistent 

4) Carrier state. Persistent HBsAg 

and anti-HBc. Carrier is asymptomatic 

but may have slight biochemical abnor¬ 
malities of the liver. 

5) Development of persistent anti- 

HBs without detectable HBsAg or symp¬ 
toms. 

6) Persistent HBsAg in patients with 

an underlying disease often associated 

with immune abnormalities, that is, 

Down’s syndrome, lepromatous leprosy, 

chronic renal disease, leukemia, primary 

hepatic carcinoma. Usually associated 

with anicteric hepatitis. 

7) Formation of complexes of antigen 

and antibody. These may be associated 

with certain “immune” diseases such as 

periarteritis nodosa. 

Family Studies 

In our first major paper on Australia 

antigen (9) we described family cluster¬ 

ing of Au in a Samaritan family from Is¬ 

rael that had been studied by the anthro¬ 

pologist Batsheva Bonne. From it we in¬ 

ferred the hypothesis that the persistent 

presence of Au was inherited as a simple 

autosomal recessive trait. The genetic 

hypothesis has proved to be very useful 

not in the sense that it is necessarily 

“true” [exceptions to the simple hypoth¬ 

esis were noted by us and others very 

soon (27)], but because it has generated 

many interesting studies on the family 

distributions of responses to infection 

with hepatitis B. V/e suggested that 

hepatitis virus may have several modes 

of transmission. It can be transmitted 

horizontally from person to person simi¬ 

lar to the transmission of “convention¬ 

al” infectious agents. This is seen in the 

transmission of hepatitis B virus (HBV) 

by transfusion. Other forms of direct and 

indirect horizontal transmission exist; 

for example, by sputum, by the fecal-or¬ 

al route, and, perhaps, by hemato- 

phagous insects (see below). It has even 

been reported that it has been spread by 

Fig. 3. Structure of the DNA extracted fron 
Dane particles proposed by Summers el al. 
(22). The position of the gaps in the single 
strands and the location of the 5' and 3' ends 
are shown. 

computer cards {28), an extraordinary 

example of adaptation by this ingenious 

agent! HBV may also be transmitted ver¬ 

tically. If the genetic hypothesis were 

sustained, then it would imply that the 

capacity to become persistently infected 

is controlled (at least in part) as a Mende- 

lian trait. The data are also consistent 

with the notion that the agent could be 

transmitted with the genetic material; 

that the virus could enter the nucleus of 

its host and in subsequent generations 

act as a Mendelian trait. The data also 

suggest a maternal effect. A reanalysis of 

our family data showed that in many 

populations more of the offspring were 

persistent carriers when the mother was 

a carrier than when the father was a car¬ 

rier. Many investigators have now 

shown that women who have acute type 

B hepatitis just before or during delivery 

or women who are carriers can transmit 

HBV to their offspring, who then also 

become carriers. This may be a major 

method for the development of carriers 
in some regions, for example, Japan. In¬ 

terestingly, this mechanism does not ap¬ 

pear to operate in all populations. This 
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Fig. 4. Probability of not developing HBsAg 
for patients admitted to a renal dialysis unit 
with and without anti-HBs. The patients with 
anti-HBs are relatively well protected while 
those without antibody are very likely to de¬ 
velop infection. [Adapted from Lustbader et 
al. (25)i 

suggests that some aspects of delivery 

and parent-child interaction, differing in 

different cultures, as well as biological 

characteristics may affect transmission. 

The family is an essential human social 

unit. It is also of major importance in the 

dissemination of disease. A large part of 

our current work is directed to an under¬ 

standing of how the social and genetic re¬ 

lations within a family affect the spread 

of hepatitis virus 

Host Responses to Human Antigens 

and HBV: Kidney Transplantations 

London, Jean Drew, Edward Lust¬ 

bader, and others in our laboratory have 

undertaken an extensive study of the 

patients in a large renal dialysis unit in 
Philadelphia (24. 29, 30). The renal pa¬ 

tients can be characterized on the ba¬ 

sis of their responses to infection with 

hepatitis B. Patients who develop anti¬ 

body to HBsAg are significantly more 

likely to reject transplanted kidneys that 

are not completely matched for HLA an¬ 

tigens than patients who become carriers 

of HBsAg (Fig. 5) (30). Since many of 

the patients became exposed to hepatitis 

B while on renal dialysis, their response 

to infection can be determined prior to 

transplantation. In this patient popu¬ 

lation there is a significant correlation 

between development of anti-HBs and 

the subsequent development of anti¬ 

bodies to HLA after transplantation. We 

have also found a correlation between 

the development of antibody to HLA 

and anti-HBs in transfused hemophilia 

patients and in pregnant women. Hence, 

there appears to be a correlation be¬ 

tween the response to infection with 

HBV and the immunologic response to 

polymorphic human antigens in tissue 
transplants. Further, from preliminary 

studies, it appears that donor kidneys 

from males are much more likely to be 

rejected by patients with anti-HBs than 

by patients without anti-HBs. These dif¬ 

ferences were not observed when the 

kidneys were from female donors. Lon¬ 

don is now extending his observations 

to other transplants, in particular, bone 

marrow, to determine whether a similar 

relation exists. 

Sex of Offspring and Fertility of 

Infected Parents 

In many areas of the world, including 

many tropical regions (for example, the 

Mediterranean, Africa, southeast Asia, 

and Oceania) the frequency of HBsAg 

carriers is very high. In these regions, 
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most of the inhabitants will eventually 

become infected with HBV and respond 

in one of the several ways already de¬ 

scribed. Our family studies and the 

mother-child studies show that there is a 

maternal effect. Jana Hesser (then a 

graduate student in anthropology work¬ 

ing in our laboratory) and Ioanna Econo- 

midou, Stephanos Hadziyannis, and our 

other Greek colleagues collected infor¬ 

mation on the sex of the offspring of par¬ 

ents in a Greek town in southern Mace¬ 

donia. In this community the probability 

of infection with HBV is very high and a 

majority of the parents had evidence of 

infection, that is, detectable HBsAg or 

anti-HBs (or both) in their blood. It was 

found that if either parent was a carrier 

of HBsAg there were significantly more 

male offspring than in other matings {31). 
Using the Greek data and additional data 

from Mali in West Africa in subsequent 

studies, London, Drew, and Veronique 

Barrois (a postdoctoral trainee from 

Paris) have found that there is a defi¬ 

ciency of male offspring when parents 

have anti-HBs and that this may be a 

consequence of differential male mortali¬ 

ty during the period in utero (32). This 

had led London and his colleagues to test 

the hypothesis that anti-HBs has speci¬ 

ficities in common with Hy or other his¬ 

tocompatibility antigens determined by 

genes on the Y chromosome. If these ob¬ 

servations are supported by additional 

studies, then HBV may have a signifi¬ 

cant effect on the composition of popu¬ 

lations in places where it is common, 

which includes the most populous re¬ 

gions of the world. The ratio of males to 

females in a population has a profound 

effect on population size as well as on the 

sociology of the population. This con¬ 

nection of anti-HBs with sex selection 

may also explain why there is a greater 

likelihood of rejection of male kidneys 

by renal patients with anti-HBs, and in¬ 

dicate how kidneys can be better se¬ 

lected for transplantation. Pregnancy 

and transplantation of organs have cer¬ 

tain immunologic features in common. 

Rejection of male kidneys and “rejec¬ 

tion” of the male fetus may be mediated 

by similar biological effects. 

Number Months After Transplantation 
Fig. 5. (a) Probability of rejecting a kidney graft by renal dialysis patients who received kidneys 
from male donors. There is a significant difference in rejection rate between patients who were 
carriers and those who developed anti-HBs {30). (b). Probability of rejecting a kidney graft by 
renal dialysis patients who received kidneys from female donors. There is no difference in the 
rejection rates between the two groups of patients {30). 

Table 1. Frequency of HBsAg, anti-HBc, and anti-HBs in primary hepatic carcinoma (PHC) and 
controls in Senegal and in Mali, West Africa. Abbreviations: RIA, radioimmunossay; P is the 
two-tailed probability obtained from Fisher’s Exact Test. [Adapted from Larouze et al. {37)] 

Patient Control 

Test Num¬ 
ber 

tested 
+ - 

Percent 
positive 

Num¬ 
ber 

tested 
- + 

Percent 
positive 

P 

HBsAg RIA 39 31 8 
Senegal PHC 
79.4 53 6 47 11.3 4 X 10-" 

Anti-HBc 39 35 4 89.7 58 16 42 27.6 1 X 10-« 
Anti-HBs 39 8 31 20.5 58 26 32 44.8 0.02 
Total 

exposed 39 37 2 94.8 58 38 20 65.1 8 X lO-* 

HBsAg RIA 21 10 11 
Mali PHC 

47.6 38 2 36 5.2 4 X 10-“ 
Anti-HBc 20 15 5 75.0 40 10 30 25.0 5 X 10-“ 
Anti-HBs 21 8 13 38.0 40 17 23 42.5 0.95 
Total 

exposed 21 19 2 90.4 40 25 15 62.0 0.02 

Primary Hepatic Carcinoma 

The project with which we are most 

concerned at present is (i) the relation of 

hepatitis B to primary hepatic carcinoma 

(PHC), and (ii) methods for the pre¬ 

vention of the disease. PHC is the most 
common cancer in men in many parts of 

Africa and Asia. For many years investi¬ 

gators in Africa including Payet et al. 
{33), Davies {34), and Steiner et al. {35) 
have suggested that hepatitis could be 

the cause of PHC. With the availability 

of sensitive tests for Australia antigen it 

became possible to test this hypothesis; 

it has now been established that there is 

a striking association of hepatitis B with 

PHC {36, 37) (Table I). In our studies in 

Senegal and Mali we found that essen¬ 

tially all the patients had been infected 

with HBV and that most had evidence of 

current infection (presence of HBsAg or 

anti-HBc, or both). Ohbayashi and his 

colleagues {38) had reported several fam¬ 

ilies of patients with PHC in which the 

mothers were carriers. In our study in 

Senegal {39), Bernard Larouze and oth¬ 

ers found that a significantly larger num¬ 

ber of mothers of PHC patients were car¬ 

riers of HBsAg compared with controls, 

and that none of the fathers of the cases 

had anti-HBs. In control families, on the 

other hand, 48 percent of the fathers de¬ 

veloped antibody (Table 2). The hypoth¬ 

esis we have made is that, in some fa¬ 

milies, children will be infected by their 

mothers, either in utero, at the time of 

birth, or shortly afterward during the pe¬ 

riod when there is intimate contact be¬ 

tween mother and children. In some cas¬ 

es, the infected child will proceed 

through several stages to the devel¬ 

opment of PHC. At each stage, only a 

fraction of the infected individuals will 

proceed to the next stage, and this will 

depend on other factors in the host and 
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in the environment. The stages include 

retention of the antigen (carrier state), 

development of chronic hepatitis, devel¬ 

opment of cirrhosis and finally, devel¬ 

opment of PHC (Fig. 6). We are cur¬ 

rently testing this hypothesis in prospec¬ 

tive studies in West Africa {37). If it is 

true, then prevention of PHC could be 

achieved by preventing infection with 

HBV, and the vaccine we have in¬ 

troduced, in association with appropriate 

public health measures, could reduce the 

amount of infection. This might also in¬ 

volve the use of y-globulin in the new¬ 

born children of carrier mothers, and 

such studies are now being conducted by 

Beasley and his colleagues in Taipei. We 

are now considering the appropriate 

strategies that might be used to control 

hepatitis infection and, perhaps, cancer 

of the liver. 

Transmission by Insects 

HBsAg has been detected by several 

investigators including Prince et al. (40), 

Smith et al. (41), Muniz and Micks (42), 

and others in mosquitoes collected in the 

field in areas where HBsAg is common in 

the human population. In 1971, we col¬ 

lected mosquitoes in Uganda and Ethio¬ 

pia and found Au antigen in individual 

mosquitoes (43). In more extensive stud¬ 

ies in Senegal, we found a field infection 

rate of about 1 in 100 ior Anopheles gam- 

biae and also identified the antigen in 

several other species of mosquitoes (44). 

It is not known whether HBV replicates 

in mosquitoes, but it has been reported 

that it can be detected in mosquitoes 

many weeks after feeding and it has been 

found in a mosquito egg. Feeding experi¬ 

ments have been conducted with the 

North American bedbug (Cimex lectu- 

larius); these studies show that this in¬ 

sect can also carry the antigen (45). Wil¬ 

liam Wills, in our laboratory, has found a 

very high infection rate (~ 60 percent) in 

the tropical bedbug Cimex hemipterus 

collected from the beds of individuals 

known to be carriers of hepatitis B (46). 

Bedbugs could transfer blood (and the 

virus) from one occupant of a bed to an¬ 

other. If it is in fact a vector of hepatitis, 

then it could provide a frequent non- 

venereal (and unromantic) form of con¬ 

nubial spread. It may also provide a 

means for transmission from mother (or 

father) to young children who may share 

the parents’ bed in early life; and this 

would be related to the child-rearing 

practices of a community. 
Insect transmission may be important 

in the program for the control of hepatitis 

B infection and for the prevention of 

Child Chronic 

H8V Infection » Carrier 

Eorly Life of HBV 

Chronic_ Postnecrotic 

Hepotitis Cirrhosis 

-1 
Primary 

Hepatocellulor 

Corcinoma 

Fig. 6. Scheme for the pathogenesis of prima¬ 
ry hepatic carcinoma, showing the sequence 
of stages leading to PHC. 

chronic liver disease and primary hepatic 

carcinoma. An understanding of the role 

of insects in the spread of infection, par¬ 

ticularly its transmission from mother to 

children, would help in designing ef¬ 

fective strategies for control. 

Hepatitis B as a Polymorphism 

The original discovery of hepatitis B 

resulted from the study of serum antigen 

polymorphisms. Its identification as an 

infectious agent does not diminish the 

value of this concept. It is useful to view 

infection with HBV not only as a “con¬ 

ventional” infection but also as a trans¬ 

fusion or transplantation reaction; our 

studies on renal transplantation are an 

example of this. 
HBV appears to have only a small 

amount of nucleic acid, probably only 

sufficient to code for a few proteins. 

Much of the coat (and possibly other 

portions of the virus) could be produced 

by the genes of the host. Millman and his 

colleagues found that the surface antigen 

contains material with antigenic specific¬ 

ities in common with serum proteins in¬ 

cluding IgG, transferrin, albumin, beta- 

lipoprotein, and others (47). If this is 

true, then the antigenic makeup of the vi¬ 

rus would be, at least in part, a con¬ 

sequence of the antigenic characteristics 

of the host from whence it came; and 

this, as suggested by our sex studies, 

may include male antigens. In our dis¬ 

cussion of the “Icron” concept (a name 

we introduced which is an acronym on 

the Institute for Cancer Research) (48), 

we pointed out that the responses of the 

putative host to HBV may be dictated in 

part by the nature of the “match” be¬ 

tween the antigens of the host and virus 

(that is, the virus acts as if it were a poly¬ 

morphic human antigen). London et al. 

(49) and Werner and London (50) have 

described this in a review of these con¬ 

cepts. If person A is infected with HBV 

particles that contain proteins antigeni- 

cally very similar to his own, then he will 

have little immunologic response and 

will tend to develop a persistent infection 

with the virus. On the other hand, if the 

proteins of the agent are antigenically 

different from his, he will develop an im¬ 

mune response to the virus (that is, anti- 

HBs) and will have a transient infection. 

During the course of infection in person 

A, new particles will be synthesized 

Table 2. Frequency oi HBsAg, anti-HBc, and anti-HBs in patients with primary hepatic carci¬ 
noma (PHC) and controls, and in the parents of patients and controls. The studies were con¬ 
ducted in Dakar, Senegal, West Africa. Abbreviations; ID, HBsAg by immunodiffusion; RIA, 
HBsAg by radioimmunossay. [Adapted from Larouz6 et al. (59)] 

Item N -1- %+ N -1- %+ P 

Primary hepatic 
carcinoma (PHC) Controls 

HBsAg( + )ID 28 9 32.1 28 5 17.9 0.35 
HBsAg(-h)RIA 28 22 78.6 28 16 57.1 0.15 
Anti-HBc(-(-) 28 25 89.2 28 18 64.3 0.05 
Anti-HBs(-t-) 28 7 25.0 28 18 64.3 6 X 10-3 
HBsAg(-l-), anti-HBc(-l- ). 

or anti-HBs(-t-)* 28 27 96.4 28 26 92.9 0.99 

Mothers of PHC Mothers of controls 
HBsAg(-l-)ID 28 15 53.6 28 3 10.7 1 X 10-3 
HBsAg(-l-)RIA 28 20 71.4 28 4 14.3 3 X 10-3 
Anti-HBc(+) 28 20 71.4 28 9 32.1 6.9 X 10-3 
Anti-HBs(-(-) 28 3 10.7 28 15 53.6 1 X 10-3 
HBsAg(-t-), anti-HBc(-(-), 

or anti-HBs(-l-)* 28 21 75.0 28 19 67.9 0.76 

Fathers of PHC Fathers of controls 
HBsAg(-(-)ID 27 2 lA 27 3 11.1 0.99 
HBsAg(-l-)RIA 27 5 18.5 27 5 18.5 1.00 
Anti-HBc(-f-) 27 5 18.5 27 8 29.6 0.52 
Anti-HBs(-(-) 27 0 0 27 13 48.1 3 X 10-3 
HBsAg(-l-), anti-HBc(+), 

oranti-HBs(-l-)* 27 5 18.5 27 18 66.6 7 X 10-3 

•Any evidence of infection with HBV. 
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which contain antigenic characteristics 
of A. In turn, person A can infect person 
B and the same alternatives present 
themselves. If the relevant proteins of B 
are antigenically similar to the antigens 
of A and the antigens of the HBV pro¬ 
duced by A, then B could develop a per¬ 
sistent infection. If they are different, 
then antibody can form, as described 
above. (A derivative of this hypothesis is 
that inflammatory disease of the liver is 
associated with the immune response to 
the infectious agent rather than solely 
with replication of the agent.) A further 
possibility is that the virus has complex 
antigens; that some may match the host 
and some may not and that both per¬ 
sistent infection and development of an¬ 
tibodies may occur. The persistent anti¬ 
gens and the antibody in the same indi¬ 
vidual would have different specificities, 
and this occurrence has been described 
(57). 

This view of the agent as an Icron in¬ 
troduces an interesting element into the 
epidemiology of infectious agents in 
which not only the host and virus are fac¬ 
tors, but also the previous host or hosts 
of the agent. If, in fact, the agent does 
replicate in insects (see above), the anti¬ 
genic characteristics of previous human 
hosts may be affected by transmission 
through another species. This in turn 
might have an effect on the response of 
the next host. 

Bioethics and the Carrier State 

During the course of our work a num¬ 
ber of bioethical questions have arisen 
(52). Experience has shown that these 
bioethical considerations cannot be sep¬ 
arated from “science,” that answers 
cannot be provided on a “purely scientif¬ 
ic” ground, and that our technical 
knowledge is inseparably intertwined 
with bioethical concerns. 

It has been recognized that hepatitis B 
may be transmitted by means other than 
transfusion, that is, by contact, fecal-or¬ 
al spread, insects, and the like. With the 
introduction of the screening test, many 
carriers were identified. It is estimated 
that there are 1 million such carriers in 
the United States and more than 100 mil¬ 
lion in the world. This has led to a situa¬ 
tion that may be unique in medicine. Al¬ 
though some carriers may be able to 
transmit hepatitis by means other than 
blood transfusion, this is probably not 
true for many (or most) carriers. There 
are studies which show that spread of in¬ 
fection from carriers in health care occu¬ 
pations to patients may not be common. 
At present there is no satisfactory meth¬ 

od of identifying the infectious carriers 
although it appears that carriers with 
“e” antigen, an unusual antigen original¬ 
ly described by Magnius (55), are much 
more likely to transmit disease. Despite 
this, carriers have had professional and 
social difficulties. Health care personnel 
who are carriers have been told that they 
must leave their jobs. In some cases, car¬ 
riers have changed their pattern of social 
behavior because of the fear that they 
might spread disease to people with 
whom they come in contact. What ap¬ 
peared to be happening was the devel¬ 
opment of a class of individuals stigma¬ 
tized by the knowledge that some mem¬ 
ber of the “class” could transmit 
hepatitis. 

The bioethical problems raised from 
the studies of hepatitis carriers can be 
viewed as a conflict between public 
health interests and individual liberty. 
When the risk to the public is clear, and 
the restrictions on personal liberties are 
small, there is little problem in arriving at 
appropriate regulations. For example, 
the transfusion of blood containing hepa¬ 
titis B antigen is a disadvantage to the 
patient recipient and it has been stopped. 
The denial of the right to donate blood is 
not a great infringement of personal ac¬ 
tivity, and the individuals concerned and 
society have agreed to accept this mod¬ 
erate restriction. The problems raised by 
person-to-person transmission are more 
difficult. The extent of the hazard to the 
public is not clear, since it is not (now) 
possible to distinguish carriers who 
transmit disease from those who do not. 
On the other hand, if all carriers are 
treated as infectious, the hazards im¬ 
posed on the carrier may be enormous, 
that is, loss of job and ability to continue 
in the same profession, restriction of so¬ 
cial and family contacts, and others. 
What is clear is that for a very large num¬ 
ber of carriers, the risk of transmitting 
hepatitis by person-to-person contact 
must be very small. All members of the 
carrier class should not be stigmatized 
because some can transmit hepatitis. 

On a broader level, the ethical issue is 
raised as to the extent to which biologi¬ 
cal knowledge about individuals should 
impinge on daily lives. Is it appropriate 
to regulate the risks inherent in people 
living together and interacting with each 
other? An issue has been raised with re¬ 
spect to hepatitis because the test can be 
easily done and because millions of 
people are tested as part of blood donor 
programs. As a consequence of these 
tests, this particular group of carriers has 
been identified. There are carriers of oth¬ 
er agents, some of them potentially more 
hazardous (such as staphylococcus or 

typhoid), and these carriers are not rou¬ 
tinely tested and therefore not placed at 
a disadvantage. 

It is hoped that many of these prob¬ 
lems can be resolved by continued re¬ 
search into the nature of the hepatitis 
carrier state, and that carriers who have 
already been identified will not be jeop¬ 
ardized during this period when neces¬ 
sary information is not available. 

A characteristic of many large-scale 
public health control programs is the 
emergence of problems that were not an¬ 
ticipated prior to the institution of the' 
program. For example, the control of 
malaria has in many areas resulted in a 
markedly decreased infant mortality 
with a large increase in population. 
When this has not been accompanied by 
a concomitant increase in food produc¬ 
tion, the nourishment and well-being of 
the population have actually decreased. 

With the availability of the serologic 
and environmental tests for hepatitis B, 
it is now possible to begin the design of 
control measures for this disease. If the 
hepatitis B vaccine is found to be ef¬ 
fective, then it may also be of value in 
preventing the development of the car¬ 
rier state. We are now attempting to in¬ 
vestigate the biology of the hepatitis B 
agent to learn whether some of the con¬ 
sequences of control can be known be¬ 
fore the program begins. An example al¬ 
ready discussed is the possible effect of 
HBV infection on sex ratio. The role of 
the virus in the life of the insects in 
which it is found is not known, but may 
be profound; and there may be other ef¬ 
fects on the ecology that are not now ob¬ 
vious. 

We hope to continue the study of these 
broad problems to be as well prepared as 
possible when and if attempts are made 
to eliminate or decrease the frequency of 
the hepatitis B virus. 
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Since the identification of the hepatitis B virus (HBV) in 1967, it has become 

possible to determine the relationship between HBV and primary hepatocellular 

carcinoma (PHC) (Blumberg et al. 1975). A substantial body of evidence has 

accumulated supporting the hypothesis that persistent infection with HBV is 

required for the development of PHC; this evidence is summarized in this paper. 

It follows that this common and very deadly cancer can be prevented if persistent 

infection with HBV can be prevented. A vaccine against HBV (Millman and 

Blumberg 1978) is' currently being tested, which, if proved safe and effective, 

could help in the prevention program. The increasing knowledge of how HBV is 

transmitted will also help in the design of public-health strategies. 

HBV has many unusual characteristics, which are described later in this 

paper. In 1971 (Blumberg etal. 1971), on the basis of the characteristics then known, 

we suggested that H BV might be considered, for heuristic purposes, the prototype 

of a new class of viruses and that others of this new class might be identified in 

the future. The term “Icron,” an acronym for The Institute for Cancer Research, 

with a neuter Greek ending, was used to designate this class of infectious agents. 

The relationship of HBV to PHC described in this paper indicates that other 

members of the postulated Icron class of viruses may also be related to common 

cancers and, again by analogy' to the HBV-PHC model, may be preventable. The 

woodchuck hepatitis virus (WHV) (Summers et al. 1978a; Werner et al. 1979), 

described elsewhere in this volume, is very similar to HBV and is also related to 

cancer of the liver. It appears to be a second example of an Icron. There is good 

reason to believe that other such viruses will be found, and some of these may be 

related to other commdn cancers in man. This study on HBV may then provide a 

useful general approach to an understanding of the role of viruses in the 

pathogenesis of cancer and in the prevention of such cancers. 

Primary Cancer of the Liver 

Primary (in contrast with secondary or metastatic) cancer of the liver originates 

in the liver and is a malignant tumor of hepatic tissue (parenchymal) cells; hence, 
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the technical name primary hepatocellular carcinoma. The cancer usually arises 

in a liver that has already been damaged by chronic inflammation (chronic active 

hepatitis) and/or scarring (cirrhosis). Because the liver is a large internal organ 

(approximately 2500 g), the tumor has usually grown to substantial size by the 

time it is detected by a physician. Surgery, X ray, and drug therapy are rarely 

effective, and patients with the tumor generally die within 1 year of diagnosis 

(Okuda and Peters 1976). 

It has been recognized for many years that there is a marked variation in the 

incidence of PHC by geography, race, age, and sex. The tumor is relatively rare 

in the United States (approximately 6000 cases per year) and in Europe, but it is 

the most common cancer of males in parts of China, Taiwan, other regions of 

Southeast Asia, and most of Africa. Annual mortality rates from 25 to 150 per 

100,000 have been recorded in some of these areas. In Taiwan, with a population 

of approximately 17,000,000, about 10,000 persons die annually of PHC. If 

mortality from PHC is similar in the People’s Republic of China and in the other 

areas of the world where the disease is endemic, then this cancer may cause 

between 500,000 and 1,000,000 deaths annually. Therefore, it must be one of the 
two or three most common and most deadly cancers in the world. 

In the United States, PHC is more common among nonwhites, with 

particularly high rates among Americans of Chinese descent. It is also more 

common among blacks than whites, but not nearly as frequent as among blacks 

in Africa (Waterhouse et al. 1976). 

Among all geographic and racial groups, males are more commonly affected 

than females. Depending on the age and population reported, male-to-female 

ratios have varied from 3:1 to 9:1. In studies with our colleagues Chung Yong 

Kim and Hie-Won Hann in Korea and Bernard Larouze, Marc Sankale, and 

Birame Diop in Senegal, we have found five to six times as many cases among 

men than among women. PHC is rare in children, but we have seen cases in 

teenagers and in persons in the 20-year-old age group. The highest incidences 

appear to occur in the 40-60-year-old age group. 

An interesting characteristic of primary liver cancer was discovered in 1965 by 

the Soviet scientists G. I. Abelev and Y. S. Tatarinov (N. F. Gamaleya Institute, 

Moscow). Abelev found that experimentally induced liver cancers in mice 

produced a protein that migrated as an a-globulin on electrophoresis and was 

identical with a protein produced during embryonic life by the yolk sac and the 

fetal liver. Because of these characteristics, the protein was called a-fetoprotein 
(AFP). About the same time, Tatarinov described an a-globulin in the sera of 

humans w'ith PHC. Shortly thereafter, Abelev demonstrated that the human 

protein was also a fetal protein and was very similar to the mouse AFP (for 

review, see Abelev 1968). Since then, studies of AFP in the sera of patients with 

PHC have shown prevalences varying from about 50% in the United States and 

western Europe to nearly 90% in Africa and Asia (Masseyeff 1973). Because 

AFP is normally synthesized in only minute quantities after birth, the detection 

of AFP is useful as a diagnostic test for PHC and has been used to screen nearly a 

million individuals in the People’s Republic of China (Sun, this volume). 

In this paper we will not review the extensive work on the induction of liver 

cancer by chemicals in experimental animals. Many chemicals, including azo 

dyes, nitrosamines, polycyclic hydrocarbons, cycasine, and mycotoxins, are liver 

carcinogens in experimental animals. In man, interest has centered on 

aflatoxin B, a mycotoxin produced by a family of fungi that commonly 

contaminates peanuts, grains, and other human foodstuffs and has caused 
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“epidemics” of cancer in lower animals. Aflatoxin has been detected in the 

environment in many areas of the world that have high frequencies of PHC. It 
has been very difficult, however, to design and carry out meaningful studies in 

human populations on the direct relationship of PHC to aflatoxin (i.e., whether, 

within an area having a high incidence of primary liver cancer, patients with 

PHC are more likely to have ingested aflatoxin than individuals without the 

disease). From the point of view of prevention, elimination of aflatoxin from the 

environment would require major changes in the economic and agricultural 

practices of the populations involved. 

In this paper, evidence is adduced to test the hypothesis that persistent 

infection with HBV is necessary for the development of cancer of the liver. In 

testing the hypothesis, the process of independent evidence will be used. Several 

independent bodies of evidence are considered, any one of which taken by itself 

may not be convincing, but taken together they provide, we believe, substantial 

support for this hypothesis. 

It is also clear from the evidence presented that although chronic HBV may be 
necessary for the development of PHC, it is not sufficient, and other factors 

in the host and environment are required to bring about the pathogenesis, i.e., 

there are several necessary “causes” of PHC, and HBV infection is one of them. 

It is a hopeful characteristic of preventive medicine that it is not necessary to 

know all causes in order to effect prevention; it is necessary to know only one 

preventable cause to interrupt the cycle. An example often cited is the control of 

an epidemic of cholera in London in 1848 described by John Snow. His studies 

were done before the discovery of the cholera vibrio and, in fact, before the 
promulgation of the germ theory of disease. He found in one neighborhood of 

London that those persons who drank from a particular common water source, 

a well, had a much higher frequency of cholera. From this he deduced that 

drinking water from the well was a preventable cause; he removed the well’s 

handle and thus arrested the epidemic even though he was not aware of the 

“causative” organism. 

Hepatitis B Virus 

The virion (infectious particle) of HBV is 42 nm in diameter; it has a coat protein, 

hepatitis-B surface antigen (HBsAg), and a core protein. hepatitis-B core antigen 

(HBcAg). The core contains a unique double-stranded circular DNA molecule 

with a single-strand region and an enzyme, a specific DNA polymerase, that can 

copy the single-strand region to complete the double-stranded molecule. 

Recently, another antigen, e antigen (HBeAg), which is soluble and may appear 

in the serum, has also been associated with the core of the 42-nm particle. Three 

kinds of virus-associated particles are seen by electron microscopy in the sera 

of infected individuals—42-nm particles (often called Dane particles after their 

discoverer). 20-22-nm particles, and rod-shaped particles varying in length but 

20- 22 nm in width. The latter two particles are present in much greater numbers 

than the 42-nm virions and are composed entirely of coat protein, HBsAg (for 
review, see Melnick et al. 1977). 

When an individual is infected with the virus, there is an incubation period 

ranging from 6 days to 6 months before HBsAg appears in the blood. In acute, 

self-limited infection, HBsAg is present in the circulation for days or weeks, but 

it eventually disappears and antibody to HBsAg(anti-HBs) becomes detectable. 

Antibody to the core of the virus (anti-HBc) generally appears before anti-HBs, 
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when HBsAg is present in the blood, and persists for variable periods after the 

disappearance of HBsAg. It may be found when neither HBsAg nor anti-HBs is 

detected and may be associated with active viral replication. 

There is a second, qualitatively distinct, host response to HBV. Some 

individuals when infected with the virus fail to clear it from their blood. They 

remain HBsAg(+) and anti-HBc(+) for years and produce little or no detectable 

anti-HBs. These individuals are the “chronic carriers” of HBV. They can, if 

intact virions are present in their plasma (as indicated by the presence of HBeAg, 
viral DNA, HBV DNA polymerase, and/or Dane particles), transmit HBV to 

others via blood transfusion or close personal contact; they are at increased risk 

of developing several chronic liver diseases, including primary liver cancer. 

HBV and the Development of PHC 

There are nine independent lines of evidence supporting the hypothesis that 

persistent infection with HBV is necessary for the development of PHC. 

1. If two maps of the world are overlaid one on the other, one showing the 

distribution of the high-incidence (endemic) areas of PHC and the other 

showing the areas with high frequencies of chronic carriers of HBV in the 

general population, there is a very high degree of overlap. Thus, PHC occurs 

commonly in the same regions where chronic carriers are prevalent. 

2. The traditional epidemiological method for investigating whether some 

factor is associated with a disease is the case-control study. In this study, 

identified cases of disease are compared with appropriate controls without 

disease (usually matched by age, sex, and location) for the presence or 

absence of the suspected factor. Such studies and related ones have shown 

that up to 80% of patients with PHC living in endemic areas are HBsAg(+) 

and up to 87% are anti-HBc(+) (Table 1). In the same areas, controls have 

much lower frequencies of HBsAg and anti-HBc. Even in the United States, 

patients with PHC have significantly higher frequencies of HBsAg and 

especially of anti-HBc in their blood than do controls; i.e., serological 

evidence of persistent infection with HBV is significantly more common in 

the cases of PHC than in the controls (Szmuness 1978; R. L. Yarrish 

et al., in prep.). 

3. As noted earlier, 80% or more of the cases of PHC arise in a liver already 

affected by cirrhosis and/or chronic active hepatitis. If chronic hepatitis 

and cirrhosis are steps on the way to the development of liver cancer, then 

case-control studies of these twO diseases should also show higher 

prevalences of chronic infection with HBV in the cases as compared with 

appropriate controls. Studies in Africa, Taiwan, and Korea have demon¬ 

strated that almost all such patients are chronically infected with HBV 

(HBsAg[+] and/or anti-HBc[+]) (e.g., see Hann et al. 1979). 

4. Since PHC is a cancer of the liver, one would expect to find signs of HBV 

infection in the hepatic tissues of patients with the disease. HBV proteins can 

nearly always be demonstrated in such tissues by histochemical stains or 

immunological techniques (Nayak et al. 1977). HBsAgand HBcAgare either 

not detected or found in only small quantities in the tumor cells themselves, 

but rather they are found in the nonmalignant cells adjacent to the expanding 

tumor. These proteins are not found in the livers of uninfected individuals or 

in persons with anti-HBs in their serum. 
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Table 1 

Frequency of HBsAg and Anti-HBc in Patients with PHC and Controls 

Country 

{a) Hepatitis-B surface antigen 

PHC Controls 

no. tested positive (%) 1 no. tested positive (%) 

Greece 189 55.0 106 4.7 

Spain 31 19.3 101 2.0 

United States 34 14.7 56 0 

Senega! 291 51.9 100 12.0 

Mozambique 29 62.1 35 14.3 

Uganda 47 47.0 50 6.0 

Zambia 19 63.1 40 7.5 

S. Africa 138 59.5 200 9.0 

Taiwan 84 54.8 278 12.2 

Singapore 156 35.3 1516 4.1 

Japan 260 37.3 4387 2.6 

Vietnam 61 80.3 94 24.5 

(6) Antibody to hepatitis-B core antigen 
PHC Controls 

Counin no. tested positive (%) no. tested positive (%) 

Greece 80 70.0 160 31.9 ' 

Spain 31 87.0 101 14.8 

United States 33 48.5 56 0 

Senegal 291 87.3 100 26.0 

S. Africa 76 86.0 103 31.7 

Hong Kong 37 70.3 58 36.2 

Only studies using radioimmunoassay or a test of equivalent sensitivity for HBsAg and in which 
controls were included are used. These data have not been corrected for age. Adapted from 
Szmuness (1978) and R. L. Yarrish et al. (in prep.). 

5. If persistent HBV infection “causes” PHC, such infection should precede the 

occurrence of PHC. To test this hypothesis, it is necessary to identify the 

“healthy” chronic carriers of HBV and the controls who are not carriers and 
to follow up on the individuals in such groups over a period of several years to 

watch for the development of PHC. Two studies of this prospective design are 

currently in progress, one in Japan directed by K. Sakuma and his colleagues 

(pers. comm.) and another in Taiwan conducted by Beasley and Lin (1978). 

In the study in Japan, all employees of the Japan National Railway in Tokyo 

between the ages of 40 and 60 had a blood sample drawn as part of their 

annual physical examination. The workers found to have HBsAg in their 

blood were tested again 6 months later. If they were still positive, they were 

designated chronic carriers. A total of 341 such individuals were identified 

as compared with 17,843 HBsAg(-) noncarriers. Over the succeeding 6 

months to 3.5 years, three cases of PHC occurred among the carriers, whereas 

none was observed among the noncarriers. 

Beasley’s study in Taiwan (Table 2) was conducted on male civil servants, 

also between the ages of 40 and 60. In a study similar to that conducted in 

Japan, 3000 carriers were identified. The controls were 3000 HBsAg(-) 

individuals matched by age, sex, and place of origin in mainland China or 

Taiwan. The subjects were followed-up for about 4 years. Eleven cases 
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Table 2 

Prospective Study of the Development of PHC in 

Asymptomatic Male Government Workers in Taiwan 

Total 

No. PHC deaths 

HBsAg(+)-chronic carriers 3000 11 17 

Matched controls 3000 0 4 

Eleven cases of PHC developed in the group, all of which were in 
the carrier group. The carriers and controls were followed up 
prospectively for 4 years (Beasley and Lin 1978). 

occurred during the follow up, and all of the cases developed in the chronic 

carriers. These two studies provide very strong support for the hypothesis 

that chronic infection with HBV is etiologically related to PHC. 

6. As stated previously (point 3), PHC usually develops in a liver affected by 

cirrhosis and/or chronic hepatitis. Some investigators have argued that 

hepatotoxic agents (e.g., alcohol and liver parasites such as Schistosoma 

mansoni and Clonorchis sinensis) that cause cirrhosis are associated with an 

increased risk of developing PHC and that HBV is “just” one more 

hepatotoxic agent. Therefore, a particularly rigorous test of the hypothesis 

that chronic infection with HBV imparts an increased risk of PHC beyond its 
role in the production of cirrhosis is to compare the incidences of PHC in 

patients with cirrhosis of the liver who are or are not chronic carriers of HBV. 

Such a study is being carried out in Japan by Obada (1977). Beginning in 

April 1973, patients with cirrhosis were categorized as HBsAg(+) or 

HBsAg(-), carefully evaluated to be sure that they did not have PHC on 

admission to the study, and then followed-up for the development of PHC. 

As shown in Table 3, the patients who were HBsAg(+) were at about four 

times the risk (during a 3- to 4-year follow-up period) of developing PHC as 

were the HBsAg(-) patients. 

7. In populations where HBV is endemic, there is good evidence that many of 

the chronic carriers arise as a result of infection transmitted from their 

mothers early in life (at the time of delivery, in the period after birth when the 

mother and child have considerable close contact, or, perhaps, prenatally), 

i.e., the mothers themselves are chronic carriers and offspring born at times 

when the mothers are infectious are likely to become chronic carriers 

Table 3 

Development of PHC in Japanese Patients 

with Cirrhosis of the Liver 

No. of patients Developed PHC" 

HBsAg(+) 30 1 (23.3) 

HBsAg(-) 85 5 ( 5.9) 

Total 115 12 (10.4) 

These patients were followed up for 1 to 4.5 years. 

Nearly 25% of the patients in whom the cirrhosis was 
associated with HBV, but only 6% of those presumably 
due to other causes, developed PHC (Obada et al. 1977). 

“Number in parentheses indicates the percentage of 
patients who developed PHC, 

272 



HBV and Liver Cancer 407 

(Blumberg 1972). The potential infectiousness of the mothers appears to be 

associated with the presence of intact hepatitis-B virions, DNA polymerase, 

and HBeAg in their peripheral blood. Among members of a population, 

individuals infected at birth will have been chronic carriers of HBV longer 

than chronic carriers of similar age infected later in life. Therefore, if the 

duration of being a chronic carrier is related to the likelihood of developing 

PHC, one could predict that the mothers of patients with PHC would be 

more likely to be chronic carriers than the mothers of control individuals of 

similar age who do not have PHC. Larouze et al. (1976) conducted such a 

study in Dakar, the capital of Senegal in West Africa. We found that about 

70% of the mothers of patients with PHC were HBsAg(+) as compared with 

only 6% of the mothers of controls. Even when mothers of PHC patients were 

compared with mothers of HBsAg(+) carriers without cancer, the mothers of 

the cancer patients were significantly more likely to be HBsAg(+). In 

collaboration with Chong Yong Kim of the National University Hospital and 

our colleague Hie-Won Hann, we have carried out similar studies in Seoul, 

South Korea, and our findings are consistent with the African studies (Hann 

et al. 1979) (Table 4). 

If chronic-carrier mothers give birth to children who become chronic 

carriers and such children have an increased risk of developing PHC, then 

other children born to the same mothers should also have an increased risk of 

becoming carriers and developing chronic liver diseases including PHC. 

Studies by Drs. Hann, Kim, and our group in South Korea support this 

notion. About 60% of brothers and 40% of sisters of patients with PHC are 

HBsAg(+); the brothers appear to have an increased prevalence of chronic 

active hepatitis, cirrhosis, and PHC. 

We have also detected a paternal effect. Spouses of chronic carriers 

generally have a very high prevalence of anti-HBs(70-90%inourstudies). In 

Korea and Senegal, fathers of patients with PHC or other chronic liver 

diseases had significantly lower frequencies of anti-HBs than men of similar 

age in the general population, despite chronic exposure to carrier wives 

and / or carrier children. The nature of this paternal factor is not clear at this 

time. 

8. Most studies of the relationship of viruses to cancer have been done in 

experimental animals or tissue-culture systems. It is thought that the genomes 

of such viruses become integrated into the genome of the host cell and that the 

product of a viral gene is required to produce malignant transformation of 

the cell. 

Summers et al. (1978b) has tested this hypothesis. He isolated HBV DNA 

and, with the use of DNA polymerase from Escherichia coli, made 

radioactively labeled copies of the HBV DNA that in turn could be used as 

probes to see whether viral DNA was present in PHC tissue, i.e., would 

hybridize with DNA in the liver tumor cells. His studies demonstrated viral 

DNA in the liver cells of patients with PHC who showed evidence of HBV 

infection in their blood. The viral DNA, however, was located within protein 

cores and did not appear to be integrated into the genomes of the tumor cells. 

Because it is not certain that a given block of tissue removed at autopsy is free 

of nontumor cells and blood, it is difficult to know whether the viral DNA 

was extracted from malignant or nonmalignant hepatocytes. In any event. 

Summers was unable to demonstrate integration of the HBV genome into 

malignant or nonmalignant hepatocyte genomes 
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Recently, Marion and Robinson (this volume) studied a unique tissue- 

culture preparation originally developed by Alexander of South Africa from 

the liver of an African patient who had died of PHC. He found that part of the 

genome of HBV was integrated in three places into the DNA of the 

chromosomes of the liver cells growing in the tissue culture. It is not clear at 

present how this relates to the studies on liver cells from biopsies and 

autopsies. 
9. The existence of primary carcinoma of the liver associated with a virus 

similar to HBV in Marmota monax is an additional piece of evidence 

supporting the hypothesis. This is discussed in detail by Snyder and Summers 

(this volume) but will be described briefly here. 
Robert Snyder has trapped in the wild and maintained at the Philadelphia 

Zoological Garden for the past 18 years a colony of Pennsylvania 

woodchucks {M. monax). During this period, he has performed postmortem 

examinations on 102 woodchucks; 23 of these had primary liver cancer, and 

three had chronic active hepatitis. He further noted that, as in humans with 

PHC, the tumors in the animals were usually associated with chronic 

hepatitis and, sometimes, cirrhosis. 
Several years ago, we examined the sera of some of these animals for 

the presence of HBsAg but did not detect it. Summers studied these sera 

again, this time with more rewarding results (Summers et al. 1978a). He based 

his investigation on the hypothesis that viruses of the same class as HBV 
(which we had called Icrons; see below) would have similar nucleic acid 

structures and similar DNA polymerases; i.e., they would contain a circular 

double-stranded DNA genome with a single-strand region and a DNA 

polymerase capable of filling in the single-strand region to make a fully 

double-stranded circular DNA. He assayed serum samples from the 

woodchucks for particles containing DNA polymerase with this activity; 

about 15% of the serum samples had such particles. Summers and his 

colleagues went on to study three animals in great detail; two that had died of 

liver cancer and one of a myocardial infarction. They found that the two 

animals with liver tumors had particles in their sera very much like the three 

types of particles associated with HBV; the animal without tumor did not 

have such particles. The viral DNA was, as predicted, very similar to HBV in 

size and structure. 

Recently, Werner et al. (1979) found cross-reactivity between the surface 

(WHsAg) and core (WHcAg) antigens of the woodchuck hepatitis virus 

(WHV) and the comparable antigens on human HBV. Antiserum against 

HBcAg precipitates the cores of WHV and antiserum against WHV cores 

(anti-WHc) precipitates HBcAg. There is also cross-reactivity of the surface 

antigens, but it is less than that for the core antigens. Anti-HBs will not 

precipitate WHs.Ag or vice versa, but antibody to WHsAg (anti-WHs) will 

agglutinate red blood cells coated with HBsAg, and anti-HBs antibodies will 

agglutinate erythrocytes coated with WHsAg. 

A carrier state for WHV in M. monax that appears to be analogous to the 

HBsAg carriers in humans has been found. The frequency of carriers among 

Pennsylvania and New Jersey woodchuck populations is 10-20%, similar to 

that found for HBV in several human populations. 

Liver cancer in the woodchuck is not what is generally thought of as a 

laboratory model of a human disease, i.e., it was not designed or “created” by 

an investigator for his own purpose, rather it is a naturally occurring disease 
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related to a naturally occurring virus, both of which have a remarkable 

number of features in common with their human counterparts. It may be 

possible by careful study of the relationship of WHV to primary liver cancer 

in the woodchuck to understand the mechanisms that relate HBV to human 

liver cancer. For e.xample, it appears that the woodchucks that develop PHC 

are chronic carriers of WHV, and it is likely (although not proved) that 

animals that develop antibody to the surface antigen of WHV are protected 

from PHC. Thus, the factors that result in either of these two polar responses 

to WHV can be investigated and identified. Factors that appear relevant in 

the development of the chronic carrier state and PHC in the woodchuck can 
be studied epidemiologically in humans, and, vice versa, factors associated 

with PHC from epidemiological studies in humans can be investigated 

experimentally in woodchucks. 

Sequential Events in the Development of Liver Cancer 

The preceding nine pieces of evidence, in addition to supporting the hypothesis 

that chronic infection with HBV is required for the development of PHC, also 

provide insight into a sequence of events that may begin at birth or before birth 

and progress ultimately to cancer (Fig. I). HBV is transmitted from an infected 

mother to her child early in life. The child becomes a chronic carrier of the virus 

and over a period of many years develops a chronic inflammatory disease of the 

liver, chronic active hepatitis; this leads to regeneration of liver tissue and 

proliferation of fibrous tissue (cirrhosis); and finally, by mechanisms that are 

currently unclear, cancer can arise from the regenerating liver tissues. Possible 

models for the development of cancer in these situations are described below. 

This sequence of events can be considered the life history of one person who 

develops PHC. On a population basis, however, the sequence is more like a 

pyramid. A large number of chronic carriers (5-20% of the population) are 

present in endemic areas as a result of maternal and other means of transmission 

of the virus. Some of the chronic carriers develop chronic active hepatitis, but 

the majority do not; some proportion of the individuals with chronic active 

hepatitis develop cirrhosis, but most do not; and finally, some of the individuals 

with cirrhosis develop PHC, but again most (~75% from the Japanese study) do 

not. Therefore, it is important to investigate which factors lead to progression 

from one stage to the next and which lead to arrest of the process or even 

reversal. 

Figure 1 

Scheme of pathogenesis of primary hepatocellular carcinoma. 
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Inherited Susceptibility, Polymorphisms, and Hepatitis-B Subtypes 

Early family studies on the distribution of the Australia antigen (the term 

initially used for what is now known as hepatitis-B surface antigen) were 

consistent with the hypothesis that the ability to become persistently infected, 

i.e., to become a carrier, segregated as if it were an autosomal recessive trait 

(Blumberg et al. 1969). Subsequent studies, in general, have supported the 

notion of some genetic control, but they also show that the simple genetic model 

is not tenable. There is a striking male/female difference in the distribution of the 

carrier state (more males than females). There is a change in frequency of the 

carrier state with age; and maternal transmission, as already noted, may be 

common. Furthermore, it is clear that there is direct horizontal transmission, 

i.e., from one person to a genetically unrelated second person. The genetic 
hypothesis could be modified from expectation in view of these .differences 

(i.e., partial penetrance, expressivity, sex effects, etc.). It would be better, 

however, to develop a new genetic-environmental hypothesis on the basis of 

HBV epidemiological and virological information, but this has not yet 

been done. 

The early population and family studies of hepatitis-B carriers also were 

consistent with its description as a serum polymorphism (London et al. 1972). 

The identification of Australia antigen (HBsAg) as a surface component of a 
virus does not diminish the value of the polymorphism concept. It is useful to 

view the responses to infection with HBV (i.e., development of the chronic 

carrier state or transient infection with production of anti-HBs) not only in a 
conventional manner, but also as a transfusion or transplantation reaction. 

Studies on renal transplantation are an example of this. 

HBV appears to have only a small amount of nucleic acid, probably only 

sufficient to code for a few proteins. Some of the coat (and possibly other 

portions of the virus) may be contributed by the host. (Recent successes in 

cloning of HBV DNA in bacteria will help to identify the proteins that are coded 

by viral genes.) Millman et al. (1971) reported that the surface antigen contains 

material with antigenic specifications in common with serum proteins, includ¬ 

ing IgG, transferrin, albumin, and ^-lipoprotein. These observations were 

confirmed by Neurath et al. (1974). Recent evidence indicates that HBsAg has 

specific binding sites for albumin and that HBeAg binds tightly to IgG. 

Receptors for other host proteins may also be present. If this were true, then the 

antigenic makeup of the virus would be, at least in part, a consequence of the 

antigenic characteristics of the host from which it came. The responses to HBV 

of the putative host may be dictated in part by the nature of the “match” between 

the antigens of the host and virus, i.e., the virus acts as if it were a polymorphic 

human antigen. If person A is infected with HBV particles containing proteins 

antigenically very similar to his own, then he will have little immunologic 

response and will tend to develop a persistent infection with the virus. On the 

other hand, if the proteins of the agent are antigenically different from his, he 

will develop an immune response to the virus (i.e., anti-HBs) and will have a 

transient infection. During the course of infection in person A, new particles will 

be synthesized that contain the antigenic characteristics of A. In turn, person A 

can infect person B and the same alternatives will present themselves. If the 

relevant proteins of person B are antigenically similar to the antigens of person A 

and the antigens on HBV supplied by host A, then person B could develop a 

persistent infection. If they are different, then antibodies can form, as described 
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above. A likely possibility is that the virus has complex antigens: Some may 

match the putative host and some may not, and both persistent infection and 

development of antibodies may occur. The persistent antigens and the 

antibodies in the same individual would have different specificities; this 

occurrence was described earlier. 

Subtypes of HBsAg 

The distribution of the subtypes or strains of HBV is consistent with the 

distribution of polymorphic traits. Levene and Blumberg (1969) found that 

different subtypes of Australia antigen could be identified by rabbit immuniza¬ 

tions with appropriate surface antigens. LeBouvier (1971) and others enlarged 

and systematized the findings. All surface antigens (HBsAg) have a common 

antigen (“a”). There are two sets of antigens, d and y and w and r, that appear to 
have an “allelic” relationship to each other as though they were controlled by sets 

of genes at two different loci. A particular viral surface antigen may be either d or 

y. but rarely both and rarely neither, and w or r, but rarely both and rarely 

neither. Other specificities have also been reported, but these have not yet been 

described in great detail. 

There are specific geographic localizations of the HBsAg subtypes. For 

example, in North America and northern Europe, the d variant is very common 

but the y less so. The r subtype is found in infected people in Asia and Oceania, in 

people elsewhere who originate from the areas of high frequency, but rarely in 

people from the Americas, Europe, and elsewhere. In Japan, the ancient peopling 

of the island is reflected in the current distribution of subtypes. The populations 

of the Ryukyu Islands (south of Japan’s main islands) and southern Japan have 

subtypes similar to those of Indonesians and Malaysians, which reflect 

migrations from these regions. The populations of the northern parts of the 

Japanese islands reflect the long-ago migrations from Central Asia (through 

Korea) and regions of the Asian mainland to the north of Japan. 

Sex Differences in Response to HBV 

There are a large number of human male-female differences with respect to their 

interactions with HBV. 

The differences in the relative numbers of males and females vary in the 

postulated sequence of conditions leading from early persistent infection with 

HBV to cancer of the liver (Fig. 1). If a mother is a carrier of HBV, then there is 

about an equal chance that her sons and daughters will become infected at birth. 

However, it is somewhat more likely (ratio ~1.5:1) that the sons will remain 

infected and become carriers and develop chronic active hepatitis. More males 

than females (ratio ~3:1) will develop cirrhosis of the liver, and an even greater 

proportion (ratio ~6:1) will develop primary hepatic carcinoma (Sherlock 1975). 

Thus, in this unfortunate progression toward cancer, only a portion of 

individuals entering each stage will go on to the next, and the ratio of males 

approximately doubles with each progressive stage. 

Once infected with HBV, males are more likely to remain persistently infected 

and become carriers; females are more likely to be transiently infected and then 

develop antibody to the surface antigen. Our most quantitative data come from 

a 5-year study of patients with end-stage kidney disease treated in an artificial 
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kidney unit (London and Drew 1977). In this unit, patients had a high probability 

of infection with HBV. Males had a 68% chance of remaining HBsAg(+) after an 

initial infection with HBV as compared with a 33% risk for females. Conversely, 

females had a 55% chance of losing the antigen and developing anti-HBs after 
infection as compared with a 25%chance for males. Szmuness et al. (1978) have 

confirmed these observations with patients from a large number of dialysis units. 

There have been additional observations on sex differences and responses to 

HBV. We studied patients in Philadelphia with end-stage kidney disease who 

had received renal transplants (London et al. 1977). If the recipients had anti- 

HBs, their kidney grafts had a significantly shorter survival than recipients who 
vere H BsAg carriers or recipients who had not been infected. The shortest graft 

survival was in a subgroup of patients with anti-HBs that received grafts from 

male donors. Grafts from female donors into anti-H Bs(+) recipients did not have 

a shortened survival. (Most “donors” of cadaver kidneys are males. This is 

apparently due to the practice of obtaining kidneys from those who have died as 

a result of trauma and the higher incidence of deaths due to trauma in males 

as compared with females.) Since the publication of our report, seven other 

groups have examined their transplant populations. Five groups have observed 

shorter graft survival in patients with anti-HBs and two have not. The 

differences may possibly be explained by the manner of exposure to HBV. Our 

patients, and those of the groups whose results are consistent with ours, appear 

to have been infected by repeated exposure to chronic carriers in hemodialysis 

clinics. The reports by groups with results that differ from, ours suggest that their 

patients with anti-HBs were infected in the outside community and not in a 

dialysis clinic. This implies that HBV strains (HBsAg subtypes) endemic in 

dialysis clinics may be antigenically different from those in the general 

community, and the responses to such subtypes may have different conse¬ 

quences. We have shown that the HBsAg subtypes present in carriers in the 

dialysis unit, where most of our patients were infected, differ from those present 

in carriers outside the unit but in the same geographic location. This suggests 

that the immune response to a certain HBsAg subtype or antigenic determinant 

present on some but not all HBV strains may be the factor associated with 

kidney-graft rejection. 

The third sex difference associated with response to H BV is related to another 

kind of “graft." We studied the sex ratio at birth of offspring according to the 

response of parents to HBV infection (Drew et al. 1978). In a village in Greek 

Macedonia, we found that there was a high proportion of boys born to couples 

in which either the mother or father was a carrier. Among couples in which the 

mother had anti-HBs and the father was not a carrier, there was a significantly 

lower proportion of male children. We have found the same trend in populations 

from Papua New Guinea and Greenland. Extensive studies of this kind have not 

been carried out as yet by other investigators. 

These observations on sex differences could be explained by a variety of 

biological mechanisms. One hypothesis (which can be tested) is that there is 

cross-reactivity between HBsAg and a male-associated antigen, i.e., the antigen 

may be present in males but never, or only rarely, in females. If HBsAg cross- 

reacts with a male-associated antigen, males would be more likely to recognize 

HBsAg as “self’ and therefore would remain HBsAg(+) persistently. Females, 

however, would be more likely to recognize HBsAg as “foreign” and produce 

anti-HBs. This would result in the observed predominance of males among 

chronic carriers of HBV in dialysis patients and other populations. In kidney- 
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transplant patients, tolerance to HBsAg in kidney-graft recipients would result 

in longer survival of male tissues, whereas recipients with anti-HBs would react 

to male antigens on renal allografts, resulting in early rejection of grafts from 

male donors. 

Similarly, we can speculate that tolerance to HBsAg (reflected in the 

maintenance of HBsAg[+]:anti-HBs[-] status) in pregnant women would result 

in a lack of sensitization against male tissues developing within them and 

therefore good survival of male fetuses. Anti-HBs in women, however, could 

react with male antigens and perhaps hinder fertilization by sperm bearing a 

Y chromosome or increase the probability of spontaneous abortion of male 

fetuses. HBsAg(+) males would have HBsAg in their semen that, conceivably, 

could protect Y-bearing sperm from the effects of anti-HBs or other “anti-male” 

antibodies in their spouses’ reproductive tracts. 

We can now propose a hypothesis that brings together the data on sex 

differences in response to infection with HBV with the development of chronic 

liver disease and cancer. The contrasting courses of HBV infections can be 

characterized as a female-type reaction or a male-type reaction. In the female- 

type reaction, the sequence of events appears to be typical of many 

noncytopathic viral infections: (1) virus binds to receptors on hepatocytes; 

(2) DNA of the HBV enters the hepatocyte; (3) virus replicates in the hepatocyte; 

and (4) virus is produced. Replication of HBV does not appear to cause cell 

death; most cell damage probably results from an immune response to antigenic 

determinants on virus-infected cells. Doherty et al. (1976) have demonstrated 

(with other viruses) that destruction of virus-infected cells is carried out by 

cytotoxic T lymphocytes with dual specificities. Such T cells recognize viral 
antigens and self-antigens (HLA in humans and H-2 in mice) on the surface of 

the infected cell of the host. There is also an immune response to virus released 

from infected cells. Thus, infection of females with HBV is associated with acute, 

but self-limited, liver damage; self-limited because the anti-HBs antibodies 

produced by immune-responsive B lymphocytes clear the blood of circulating 

virus and T lymphocytes (probably) destroy virus-infected cells in the liver. The 

liver is able to regenerate, and after a few months it returns to a functionally and 

structurally normal state. 

In the male-type reaction, the first part of the infectious process is probably 

similar to that in females, i.e., hepatocytes are infected and virus is produced. 

Because of the postulated cross-reactivity between a determinant on H BsAg and 

a male-associated antigen, however, the immune-responsive cells do not 

recognize either the virus or the virus-infected cells as “foreign.” Therefore, virus 

continues to be produced with only minor damage to liver cells. However, this is 

not the only kind of reaction possible in males. As already described, the viral 

antigens are polymorphic (HBsAg subtypes d, y, w, r, etc.) (see, for example, 

LeBouvier 1971) and the postulated male-associated cell-surface antigen may 

also be polymorphic, i.e., some males may cross-react with the HBsAg male-type 

antigen and some may not. A given human male could be infected with HBV 

with an antigenic determinant (or determinants) similar or dissimilar to antigens 

on his own cells. If the antigens are dissimilar, his immune system would 

recognize them as foreign and the female-type reaction would occur. 

A further consequence of the polymorphic nature of both the virus and the 

human host is that situations of partial recognition and partial dissimilarity 

could occur. Some antigens on the virus would not be shared by the host and 

would be recognized as foreign, but another might cross-react. This could result 
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in a modified immune response, i.e., not sufficient to clear HBV from the 

circulation or HBV-infected hepatocytes from the liver. An immune response in 

the presence of persistent HBV infection could result in continuing damage to 

infected hepatocytes (chronic hepatitis and cirrhosis). 

How does this biological model account for the occurrence of chronic liver 

disease in females? In addition to the polymorphism of the sex-related antigen, it 

is postulated that there are antigenic equivalents in the host to the non-sex- 

related antigens of the HBsAg (the “autosomal” antigens) that are also 
polymorphic. The same types of match, mismatch, and combination of match and 

mismatch may occur with these antigens with the consequences already described 

for the sex-related antigen. Since the predominance of disease in males is so 

striking, the model allows for a pathogenetically greater effect of the sex-related 

antigens than the autosomal antigens. Also, the male-associated antigen may 

occasionally occur in females. 

An animal model for alternative pathologic outcomes of a nonlytic viral 

infection is lymphocytic choriomeningitis (LCM) in mice. Infection with LCM 

virus in adult mice follows the scheme described for HBV infection in females. 

The mice develop an acute encephalitis mediated by cytotoxic T cells and usually 

die. In contrast, LCM infection of neonatal mice leads to persistent infection 

with virus and a continuing immune response. In such mice, most of the cell 

damage is done by LCM antigen-antibody immunocomplexes. Immuno- 

complexes are present in HBV-associated chronic active hepatitis in humans, 

but whether liver-cell damage is caused by immunocomplexes, cytotoxic T cells, 
or both is unclear. 

Biological Models of Cancer of the Liver 

The accepted model for how viruses cause cancer is that nucleic acid from the 

virus is integrated into the genome of the host cell. An integrated viral gene then 

produces malignant transformation of the cell, and all of the progeny of that cell 

are cancer cells. Although this is an attractive hypothesis, it does not deal with 

the epidemiological and clinical findings, e.g., sex differences in the incidence of 

PHC, the background of chronic liver disease, and the long incubation period. 
We suggest another model that attempts to account for the clinical and 

epidemiological observations. As pointed out previously, the liver is a 

regenerative organ. The stimulus for hepatic cells to divide is death or removal of 

hepatocytes. In the presence of continuous liver-cell destruction, there would be 

continuous liver-cell regeneration. One would expect that, as a result of random 

mutation or exposure to environmental carcinogens, the dividing hepatic stem 

cells would give rise to occasional mutant hepatocytes, some of which would be 

malignant. The malignant clones that would have the best chance of survival 

(becoming clinically apparent cancers) would be those that lacked receptors for 

HBV or, once infected, lacked the ability to express HBV antigens and thus 

would escape damage from immune responses to antigens on virus-infected 

cells. As noted above, in histopathological studies HBsAg is usually found in 

lesser quantities in the tumor cells and in larger amounts in the cells immediately 

surrounding tumor foci. Although development of liver cancer in individuals 

with persistent HBV infection and chronic liver disease can be considered a 

failure of the immune system to prevent the tumor, this differs from the 

immunosurveillance hypothesis of cancer, since it is not a failure of the immune 

system to recognize tumor antigens, but an enhanced chance of survival of 
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malignant cells over their nonmalignant neighbors because of a relative lack of 

viral antigens on the tumor cells. The model can be viewed as an “internal 

polymorphism” of liver cells with respect to response to infection with HBV, 

analogous to the polymorphism of response to HBV infection in human 

populations. 
This model for the pathogenesis of primary liver cancer accounts for the 

association of persistent HBV infection with both chronic liver damage and 

PHC. It also accounts for the decreased quantity of HBV antigens in hepatic 

cancer cells and their presence in nonmalignant cells of tumor-bearing livers. 

Finally, it offers an explanation of sex differences in the incidence, prevalence, 

and mortality of HBV-associated chronic liver diseases and PHC. 

Balance between Malignant and Normal Cells 

There is an interesting conceptual consequence of the reasoning used to develop 

this biological model of the pathogenesis of primary hepatocellular carcinoma. 

Most models of carcinogenesis imply that the causative agent affects a 

previously normal cell by influencing its genetic mechanism to change it into a 

cancer cell. The assumption is that any cell that has been transformed into a 

cancer cell will give rise to a malignant tumor. The present model implies that the 

effect of the hepatitis virus is to slowly eliminate normal cells, with a concomitant 

increase in cells that have the potential to develop into cancers. The immediate 

transforming event, which could be a spontaneous mutation, a carcinogen 

(e.g., aflatoxin)-induced mutation, or even integration of an HBV genome 
(which, according to recent work by Robinson et al. [this volume], may occur 

under certain conditions), is insufficient to produce a clinical cancer. Therefore, 

under normal conditions, there is a balance between (I) cells that are unlikely to 

become cancerous and (2) cells that are either already cancerous, but kept in 

“control” by normal neighbor cells, or more likely to give rise to cancer cells 

during subsequent divisions. According to this model, the HBV infection upsets 

this balance because of its differential effect on the malignant and nonmalignant 

cells, leading to greater destruction of nonmalignant cells. 

Prevention of Chronic Liver Disease and PHC 

We believe that the data that have been presented and other studies now being 

done support the hypothesis that persistent infection with HBV is necessary for 

the development of chronic liver disease and PHC. If present and future studies 

continue to support the hypothesis, then it would follow that prevention of 

infection with HBV and/or modification of the host response after infection 

could lead to a decrease in the incidences of these deadly diseases. To effect 

control, it is necessary to know the modes of transmission and factors related to 

host response. HBV is a very adaptive organism, and several modes of 

transmission are known. This could be construed as unfortunate since it might 

be difficult to control all the methods of transmission. Another view is that the 

existence of many infection routes allows for multiple strategies for control, 

i.e., there are numerous vulnerable places in the scheme of pathogenesis where 

preventive techniques could be applied. 

HBV can be transmitted directly by blood transferred from an infected 

individual to an uninfected one, i.e., transfusion, reuse of contaminated needles, 

tatooing, etc. It is transmitted readily from husband to wife and probably by 
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venereal means. It is found in the saliva and presumably could be spread by the 

respiratory route. Maternal transmission has already been discussed. It is 
usually assumed that the fecal-oral route (i.e., by fecal contamination of water 

and food) is not a major method of transmission because the virus cannot be 

regularly detected in the feces of infected persons. However, there are various 

agents in feces, including certain bacteria, that alter the antigenicity of HBsAg to 

make it undetectable. Hence, poor sanitation could also be responsible for 

transmission. At least two potential insect vectors (mosquitoes and bedbugs) 

have high field-infection rates for HBsAg and they may be an important means 

of transmission. 

The vaccine against HBV that we introduced (Millman and Blumberg 1978), if 

proved safe and effective, could have an important role in prevention strategies. 

Other public health measures useful in controlling infectious diseases can also be 

utilized. These measures can be justified not only for the prevention of PHC, but 

also for the prevention of chronic liVer disease, a major cause of morbidity and 

mortality in areas where HBV is common. 
It should be possible to determine in a relatively short time whether prevention 

programs are effective by measuring changes in the risk factors brought about by 
the program. This could have the effect of encouraging similar investigations for 

other common cancers. 

The Icron 

Early in our studies it was recognized that HBV had unusual characteristics of 

structure and behavior. As a heuristic device, we suggested the group term Icron 

to designate HBV and other infectious agents that might be found in the future 

with characteristics sufficiently similar to be grouped with HBV. It is a proper 

name; however, the name itself does not carry any functional significance. 

Rather, as the characteristics of Icrons become known, they will impart a 

meaning to the name. 

Table 5 lists the characteristics of HBV, most of which have been described in 

the preceding pages. These characteristics can be compared with those of known or 

newly discovered viruses. A major value of such a listing is that it suggests 

hypotheses generated from knowledge of one virus (HBV) that can be tested in 

other viruses. WHV is the second member of the Icron group and shows many, 

but not all, of these characteristics. This approach has some similarities to the 

work of botanical systematists who study numerous characteristics of 

apparently similar plants and compare them with a type specimen, usually the 
first found of a species. 

The objective of this exercise is to identify other viral agents in addition to 

WHV that have properties in common with HBV; in particular, those associated 

with commonly occurring cancers. If these are found, then it may be possible to 

develop preventive methods analogous to those proposed for HBV and cancer 
of the liver. 

ACKNOWLEDGMENTS 

This work was supported by U. S. Public Health Service grants CA-06551, 

RR-05539, and CA-06927 from the National Institutes of Health and by an 

appropriation from the Commonwealth of Pennsylvania. 

283 



> 
a: 

■o 
c 

> 
03 
X 

c 
o 
c/5 

0) o. 
n £ 
<Q O 
H U 

.2 
'■S 

E 
c 

o 

I 
o 

a 

jc 
ei 

c o W) 
c c 

o OX) 

1> h O 3 
cS i: -o 

c/i - 'ey 
(u t n: cu) 

Tj .2 cQ c 
w .b P ^ 
J— > c/5 CO 

CL 

c/5 ^ 
O < 
^ c/5 O flQ 
^3: 

(/5 OX) 

o < 
u ffl 

I -c 2 -c 

.2 .2 -2 2 
o 

t 

**5 c/5 ■5 OD OX) OX) OX) 

E E 
3 
O E 

< 
c/5 

c < 
o 

c 

c c 'u c § x- 
o 
cO X 

o 
CO 

(N <N 

cO 
> 

C'X 

Ct' 

I 

4> Im 4) 
u. 

? ? + + + ^ + + 

.2 .2 2 00 
b. 
O 

*5 *5 c o *a 

E E E .2 5 c 
c c c c/5 "O OX) OX) w o 

o »o E < < 
c 
4) E 

w-> 
I 

o 

<N 
I 

O 
(N 

r^i 
I 

o 
<N 

‘u 
CO 
> 

c 

r- 
<N 3

1
8

2
 

1
0

0
%

 c/5 
OQ 

c/5 
OQ 

X 

c/5 
4> 

£L 

E 
o 
o 

+ + + ^ + + + cO 

-o 
4) 
•o 
c 

— (U 
OX) </5 
c 
c/5 i) 

•o 
c 

4) 

u 
JO 

3 

CO 
1 

-2 
S 

o 
Q. 

< 
O < CJ 

u 
3 
o z 

u 
‘o “O Q 

> 
CQ 
X 
JO 

’5 

io 
o 

o o 
C J= 

E J CJ 
3 
C 

C 
4) 
OX) 

c 
< 

o 
4) 

c/5 
C <u 
OX) c/5 

4> 

^ §: CO ^ 

; -C) 
4> 3 

418 

284 

R
es

p
o
n
se

s 
to

 i
n

fe
ct

io
n

 

c
a
rr

ie
r 

st
a
te
 

+
0
. 
l-

~
2
0
%

 i
n
 h

u
m

an
 

+ 
!0

-2
0

%
 i

n 
P

en
n
sy

lv
an

ia
, 

p
o

p
u

la
ti

o
n
 

M
ar

y
la

n
d
, 

an
d
 

N
ew

 J
er

se
y
; 

A
/, 

m
o
n
a.

x
 



an
ti

-s
u
rf

ac
e 

an
ti

g
en
 

+ 
an

ti
-H

B
s 

0
->

5
0
%
 

+ 
a
n

ti
-W

H
s 

~
2

5
9

t 
in
 s

am
e 

a
re

a
s 

a
n
ti

-c
o
re

 a
n
ti

g
en
 

+ 
a
n
ti

-H
B

c
 

0
-6

0
%
 

+ 
a
n
ti

-W
H

c
 

an
ti

-e
 a

n
ti

g
en
 

+ 
a
n
ti

-H
B

e
 

? 

C
li

n
ic

al
 c

o
n
d
it

io
n
s 

U. u, u. 
A t A A 

S S S S 

o 
c 

;/? XJ 
<u 

c 5/5 
1) <u 

u > 
03 GO (U o E o S 
o 

X) 
c + + + 

t/5 • — 

TO 
O, ^ 

-= .y 
w o .c 

^ ^ t o ^ .h 
«3 O O 

«U o 
o 

Cl 2 

4> O 
o 

(U E 
o 
c 

CQ u. 
JU 
E(/i 

»- CJ w-i * r“ t H 

.E S 
t;: ^ TO a> <u 
<u 
j= .Sri 

Cl 2 

a> 

CQ - - 
ca o <j 

3 u o 

E 
o 
S b o 

2 *- p CT3 
.S o 

c 
o 

c <u 
> a> 

c 
o 

'7> ^ 
<2 

E ^ t/5 b 
c 2 
u. 

H 

oc 
3 

-D 

<U 

CC 
c 

t/5 <U 

1> -b 

(D O 

03 

(U 
E '5 o 
> 

419 

285 



420 B. S. Blumberg and W. T. London 

REFERENCES 

Abelev, G.I. 1968. Production of embryonal serum a-globulin by hepatomas: Review of 

experimental and clinical data. Cancer Res. 28:1344. 

Beasley, R.P. and C.C. Lin. 1978. Hepatoma risk among HBsAg carriers. Am. J. 

Epidemiol. 108:247. 

Blumberg, B.S. 1972. Australia antigen. A review with comments on maternal effect. 

Bull. Acad. Med. Toronto 45:45. 

Blumberg, B.S., I. Millman, A.I. Sutnick, and W.T. London. 1971. The nature of 

Australia antigen and its relation to antigen-antibody complex formation. J. Exp. 

Med. 134:320. 

Blumberg, B.S., J.S. Friedlaender, A. Woodside, A.I. Sutnick, and W.T. London. 1969. 

Hepatitis and Australia antigen. Autosomal recessive inheritance of susceptibility to 

infection in humans. Proc. Natl. Acad. Sci. 62:1108. 

Blumberg, B.S., B. Larouze, W.T. London, B. Werner, J.E. Hesser, I. Millman, G. 

Saimot, and M. Payet. 1975. The relation of infection with the hepatitis B agent to 

primary hepatic carcinoma. Am. J. Pathol. 81:669. 

Doherty, P.C., D. Gotze, G. Trinchieri, and R.M. Zinkernagel. 1976. Models for 

recognition of virally modified cells by immune thymus derived lymphocytes. 

Immunogenetics 3:517. 

Drew, J.S., W.T. London, E.D. Lustbader, J.E. Hesser, and B.S. Blumberg. 1978. 

Hepatitis B virus and sex ratio of offspring. Science 201:687. 

Hann, H.L., W.T. London, P. Whitford, C.Y. Kim, and B.S. Blumberg. 1979. Hepatitis B 

virus and primary hepatocellular carcinoma: Family studies in Korea. Proc. Am. Soc. 

Clin. Oncol. (Abstr. C), 20:588. 

Larouze, B., W.T. London, G. Saimot, B.G. Werner, E.D. Lustbader, M. Payet, and 

B.S. Blumberg. 1976. Host responses to hepatitis B infection in patients with primary 

hepatic carcinoma and their families. A case/control study in Senegal, West Africa. 

Lancet 11:534. 

LeBouvier, G.L. 1971. The heterogenicity of Australia antigen. J. Infect. Dis. 123:671. 

Levene, C. and B.S. Blumberg. 1969. Additional specificities of Australia antigen and the 

possible identification of hepatitis carriers. Nature 221:195. 

London, W.T. and J.S. Drew. 1977. Sex differences in response to hepatitis B infection 

among patients receiving chronic dialysis treatment. Proc. Natl. Acad. Sci. 74:2561. 

London, W.T., J.S. Drew, B.S. Blumberg, R.A. Grossman, and P.J. Lyons. 1977. 

Association of graft survival with host response to hepatitis B infection in patients with 

kidney transplants. N. Engl. J. Med. 296:241. 

London, W.T., A.I. Sutnick, 1. Millman, V. Coyne, B.S. Blumberg, and A. Vierucci. 

1972. Australia antigen and hepatitis: Recent observations on the serum protein 

polymorphism, infectious agent hypothesis. Can. Med. Assoc. J. 106:480. 

Masseyeff, R.F. 1973. Factors influencing a-fetoprotein biosynthesis in patients with 

primary liver cancer and other disease. In Alpha-fetoprotein and hepatoma (ed. H. 

Hirai and T. Miyaji), p. 3. University Park Press, Baltimore, Maryland. 

Melnick, J.L., G.R. Dreesman, and F.B. Hollinger. 1977. Viral hepatitis. Sci. Am. 

235:44. 

Millman, 1. and B.S. Blumberg. 1978. Perspectives de la vaccination contre le virus de 

I’hepatite B. Rev. Prat. 28:1943. 

Millman, I., H. Hutanen, F. Merino, M.E. Bayer, and B.S. Blumberg. 1971. Australia 

antigen: Physical and chemical properties. Res. Commun. Chem. Pathol. Pharmacol. 

2:667. 

Nayak, N.C., A. Dhark, R. Sachdeva, A. Mittal, H.N. Seth, D. Sudarsanam, B. Reddy, 

U.L. Wagholikar, and C.R.R.M. Reddy. 1977. Association of human hepatocellular 

carcinoma and cirrhosis with hepatitis B virus surface and core antigens in the liver. Int. 

J. Cancer 20:643. 

Neurath, A.R., A.M. Prince, and A. Lippen. 1974. Hepatitis B antigen: Antigenic sites 

286 



HBV and Liver Cancer 421 

related to human serum proteins revealed by affinity chromatography. Proc. Nall. 

Acad. Sci. 71:2663. 

Obada. H. 1977. Hepatitis B virus and liver cancer and cirrhosis of the liver. Clinician 

24:63. 

Okuda, K. and R.L. Peters, eds. 1976. Hepatocellular carcinoma, p. 499. Wiley. 

New York. 

Sherlock, S. 1975. Di.seases of the liver and biliary system, 5th F.d. Blackwell, Oxford. 

Snow, J. 1865. Snow on cholera. Commonwealth Fund, New York. 

Summers, J., J.M. Smolec, and R. Snyder. 1978a. A virus similar to human hepatitis B 

virus associated with hepatitis and hepatoma in woodchucks. Proc. Natl. Acad. Sci. 

75:4533. 

Summers, J., A. O’Connell, P. Maupas, A. Goudeau, P. Coursaget, and J. Drucker. 

1978b. Hepatitis B virus DNA in primary hepatocellular carcinoma tissue. J. Med. 

Virol. 2:207. 

Szmuness, W. 1978. Hepatocellular carcinoma and hepatitis B virus: Evidence for a 

causal association. Prog. Med. Virol. 24:40. 

Szmuness, W., E.J. Harley, H. Ikran, and C.E. Stevens. 1978. Socio-demographic 

aspects of the epidemiology of hepatitis B. In Viral hepatitis: A contemporary 

assessment of etiology, epidemiology, and prevention (ed. E. Vyas et al.). p. 297. 

Franklin Institute Press, Philadelphia. 

Waterhouse, J., C. Muir, P. Correa, and J. Powell, eds. 1976. Cancer incidence in five 

continents, vol. III. International Agency for Research on Cancer, Lyon. 

Werner, B.G., W.T. London, and S.S. Wachtel. 1979. Evidence that hepatitis B surface 

antigen and H-Y antigen do not cross-react. Immunogenetics 8:561. 

287 



Reprinted from Int. J. Cancer (1980) 26, 711-715 

Int. J. Cancer: 26, 711-715 (1980) 

ASSOCIATION OF HEPATITIS B VIRUS INFECTION WITH 
HEPATOCELLULAR CARCINOMA IN AMERICAN PATIENTS 

Robert L. Yarrish, Barbara G. Werner ' and Baruch S. Blumberg 

Institute for Cancer Research, Fox Chase Cancer Center, Philadelphia, Pa. 19111, USA. 

Thirty-four patients from the Philadelphia area with 
hepatocellular carcinoma (HCC) were matched with 
colon cancer patients, lung cancer patients and blood 
donors according to age and sex. Sera from the four 
groups were tested to determine the prevalence of 
hepatitis B surface antigen (HBsAg), antibody to HBsAg 
(anti-HBs), and antibody to hepatitis B core antigen 
(anti-HBc). Five of the HCC patients (14.7%) and none 
of the controls were positive for HBsAg. At least one of 
the three serologic markers of hepatitis B virus (HBV) 
infection was found in 51.5 % of the HCC patients, 5.3 % 
of the colon cancer patients, 11.1% of the lung cancer 
patients, and 10.7% of the blood donors. Twelve of the 
seventeen seropositive HCC patients (70.6%) were 
positive for anti-HBc alone, while all of the seropositive 
lung cancer patients and donors were positive for anti- 
HBs alone. Sera positive for any HBV marker were also 
tested for e antigen (HBeAg) and its antibody (anti- 
HBe). Four of the HCC patients (23.5 % of the seroposi- 
tives) had anti-HBe, while none of the sera tested had 
HBeAg. A history of alcoholism did not appear to influ¬ 
ence HBV seropositivity in the HCC patients. This study 
supports the hypothesis that HBV infection is closely 
associated with HCC even in areas where both condi¬ 
tions are uncommon. The wide disparity between 
seropositivity for HBsAg and anti-HBc in the HCC pa¬ 
tients is an unusual feature, for which an age effect may 
be the best explanation. 

Since the discovery of the Australia antigen, many 
investigators have used serologic, pathologic, and 
epidemiologic methods to study the association be¬ 
tween hepatitis B virus (HBV) infection and 
hepatocellular carcinoma (HCC). Their findings, 
which have veen reviewed comprehensively by 
Blumberg et al. (1975) and Szmuness (1978), strong¬ 
ly suggest that a significant association between 
HBV infection and HCC does exist. Most of the data 
supporting this association, however, come from 
populations in Africa and Asia which have relatively 
high prevalences of these two conditions. Demon¬ 
strating a similar association in areas such as the 
United States, where HBV infection and HCC occur 
much less frequently, has been more difficult; and 
investigation in these areas has probably been dis¬ 
couraged to some extent by the findings of studies 
done when methods for detecting HBV infection 
were in their earliest stages of development (Alpert 
and Isselbacher, 1971; Smith and Blumberg, 1969; 
Prince et al., 1970). 

More recently, two studies of HCC patients from 
California have used serologic tests and special 
stains for HBV antigens in liver tissue to show a 
frequency of HBV infection of over 70% in those 
patients showing non-alcoholic liver disease, while 
the rate of infection in alcoholic patients was much 
lower (Peters et al., 1977; Omata et al., 1979). A 
study of 24 British Caucasian HCC patients showed 
evidence of HBV infection in 67% but found no 

significant bias in favor of non-alcoholic patients 
(Bassendine et al., 1979). None of the above studies, 
however, used other cancer patients as controls. A 
recent study from Greece which did use such con¬ 
trols suggested that HBV infection was a significant 
risk factor for the development of HCC 
(Trichopoulis et al., 1978), but the applicability of 
these findings to American and other European 
populations is uncertain since Greece has a preva¬ 
lence of HBV infection approaching that of many 
Asian and African countries (Hadziyannis, 1974). In 
the present study we have examined sera from 34 
HC(r patients from the Philadelphia area. To control 
for the possibility that hospitalization and severe ill¬ 
ness may themselves be risk factors for the develop¬ 
ment of HBV infection, we have age- and sex- 
matched our patients with two groups of patients 
having other malignancies as well as with a group of 
presumably healthy blood donors. 

MATERIAL AND METHODS 

Study and control populations 

Sera used for the study were collected from sever¬ 
al Philadelphia hospitals between 1968 and 1977 and 
stored at —20°C in the blood collection of the Insti¬ 
tute for Cancer Research. The use of sera and pa¬ 
tient information was approved by the Institutional 
Review Comittee in December, 1976. Diagnoses 
were obtained from physicians who supplied the 
specimens. The diagnosis of HCC was verified by 
histologic examination in all cases except one, in 
which the diagnosis was made by an elevated serum 
alpha-fetoprotein and typical clinical findings and 
course. Demographic information was obtained 
from hospital records or, when possible, from pa¬ 
tient interview. 

Sera from the HCC patients were matched ac¬ 
cording to age and sex with sera from three control 
groups: (T) patients with carcinoma of the colon; (2) 
patients with carcinoma of the lung; and (3) blood 
donors from a local general hospital. Control sera 
were selected so as to minimize age differences be¬ 
tween HCC patients and controls, and a maximum 
age difference of 5 years was allowed in matching. 
Within the limits of the material available, each 
HCC serum was matched with sera from two blood 
donors. In several instances where two separately 
drawn specimens from an HCC patient were avail¬ 
able, the patient was matched with two colon and 
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lung-cancer patients and four donors. The specimen 
panels of the control patients were drawn from ap¬ 
proximately the same group of hospitals which sup¬ 
plied the HCC specimens. In order to avoid a pre¬ 
screening effect, all donor sera were selected from a 
group drawn prior to routine blood bank screening 
for HBsAg. As a result, the donor sera had been in 
storage for an average of 39 months longer than the 
HCC sera. The colon and lung cancer control sera 
had been in storage an average Oi 4 months and 17 
months less than the HCC sera, respectively. 

Age and sex characteristics of the four panels are 
shown in Table I. The Mann-Whitney test showed 
no statistically significant differences between the 
age distributions of the HCC patients and of any of 
the control groups. Information regarding race and 
birthplace was obtained from 29 of the HCC patients 
and showed that the group included 21 Whites, 7 
Blacks, and 1 Oriental. Two of the Whites were born 
in Eastern Europe, one in Germany, one in Canada, 
and one in England, while the one Oriental patient 

Anti-HBc was assayed by CIE using HBcAg pre¬ 
pared from the liver of a human HBV carrier who 
was immunosuppressed. Detai.' of the preparation 
of the antigen have been described elsewhere 
(Maupas et al., 1975). Sera were initially screened 
against a crude preparation consisting of sonicated 
homogenate of the infected liver freed of large cellu¬ 
lar debris by four 30-min centrifugations at 3000 g. 
Specimens found to be positive by this assay but 
negative for HBsAg were tested for confirmation by 
CIE against a preparation of HBcAg purified by 
isopycnic banding in a CsCl gradient. The HBcAg 
banded at a density of 1.30-1.34 g/cm^. 

In addition, 25 of the 30 sera positive by any of the 
above assays were tested for HBeAg and anti-HBe 
by rheophoresis against reference sera. Details of 
the method have been previously described (Werner 
et al., 1977). 

Insufficient quantities of a few sera made it im¬ 
possible to perform all assays on all specimens. 

TABLE 1 

AGE AND SEX OF HCC PATIENTS AND CONTROLS 

Sex Age 

Total Male Female Range Mean ± SD 

HCC 34 28 6 23-79 59.5±14.2 
Colon Ca 38 30 8 32-82 63.6± 9.4 
Lung Ca 45 36 9 30-78 58.8±12.6 
Blood donors 56 48 8 18-78 50.5±12.8 

was born in Korea. The 23 remaining patients were 
born in the continental United States. 

Serologic testing 

Sera were tested for HBsAg by radioimmunoassay 
(Ausria II, Abbott Laboratories, North Chicago, 
Ill.), and all positives were confirmed by counter- 
immunoelectrophoresis (CIE) against a reference 
serum containing anti-HBs. 

Anti-HBs was assayed by passive hemagglutina¬ 
tion as described by Vyas and Shulman (1970) using 
human red blood cells coated with HBsAg of both 
ad and ay specificities (Electronucleonics, Inc., 
Bethesda, Md.). Sera which showed agglutinating 
activity of 1:16 or greater, or of 1:8 with confirma¬ 
tion by inhibition, were considered positive. 

RESULTS 

Serology 

HBsAg was found significantly more frequently in 
the HCC group than in the controls. As shown in 
Table II, five of the 34 HCC patients (14.7%), but 
none of the controls, were positive for HBsAg. Anti- 
HBs testing showed one positive in 33 HCC patients 
(3.0%) and no positives in the colon carcinTma con¬ 
trols, while the lung carcinoma and donor controls 
showed positivity rates of 11.4% and 10.7 % respec¬ 
tively. No group differed significantly from any 
other with respect to anti-HBs when analyzed by 
test with Yates’s correction, however. 

Anti-HBc also occurred significantly more fre¬ 
quently in the HCC group, as shown in Table III. 

TABLE II 

FREQUENCY OF HBsAg (RIA) AND ANTI-HBs (PHA) 

HBsAg Anti-HBs 

No. Positive p‘ No. Positive 

HCC 34 5 (14.7%) _ 33 1 ( 3.0%) _ 
Colon Ca 38 0 <.05 38 0 NS 
Lung Ca 45 0 <.05 45 5 (11.1%) NS 
Blood donors 56 0 <.02 56 6 (10.7%) NS 

'Determined by test with Yates’s correction, control compared with HCC group. 
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TABLE III 

FREQUENCY OF ANTI-HBc IN HBsAg-NEGATIVE SERA 

No. Anti-HBc positive p' 

HCC 29 12 (41.4%)2 — 

Colon Ca 38 2 ( 5.3%) <.001 
Lung Ca 45 0 <.001 
Blood donors 56 0 <.001 

'Determined by test with Yates’s correction, control compared 
with HCC group. - ^One specimen was positive for both anti-HBs and 
anti-HBc. 

The five HBsAg-positive specimens were also anti- 
HBc-positive, and anti-HBc occurred alone in 
41.4% of the HBsAg-negative HCC sera. In the col¬ 
on cancer group, anti-HBc occurred in two patients 
(5.3%), while in the lung cancer patients and blood 
donors, anti-HBc was not detected. 

When HBsAg-positive sera were grouped with 
those positive for anti-HBc alone {i.e., those sera 
showing evidence of HBV infection without an anti- 
HBs response), this combination accounted for 
48.5% of the HCC patients, 5.3% of the colon 
cancer patients, and none of the two other control 
groups (Table IV). The HCC patients differed sig¬ 
nificantly from all of the control groups in this re¬ 
spect (p<0.001). The combination of anti-HBs and 
anti-HBc in a serum was uncommon, being found 
only once in the HCC group. The HCC patients also 
differed significantly from the control groups with 
respect to the overall frequency of HBV infection, as 
reflected by positivity for any of the three markers 
(Table IV). The rates of infection were similar in the 
three control groups - 5.3%, 11.1%, and 10.6% - 
and significantly lower than the rate seen in the HCC 
group (51.5 %). 

Four of the 16 HCC patients tested were positive 
for anti-HBe. None was positive for HBeAg. All of 
the control sera tested were negative for both. 

History of alcoholism 

In 21 HCC patients a positive or negative history 
of alcoholism could be obtained by interview or from 
hospital records. Similar proportions of alcoholic 
and non-alcoholic patients showed evidence of HBV 
infection, and comparison by test showed no 
significant difference between the two groups 
(Table V). 

DISCUSSION 

This study demonstrates a high frequency of 
hepatitis B virus infection in a group of hepatocellu¬ 
lar carcinoma patients from the Philadelphia area, 
where both HBV infection and HCC are relatively 
uncommon. Moreover, the association between the 
two conditions is statistically significant when the 
HCC patients are compared with other cancer pa¬ 
tients and with a group of healthy blood donors. 

Of interest is the fact that the frequency of HBsAg 
positivity in our HCC patients is roughly half that 
found by Tabor et al. (1977) and Omata et al. (1979) 
in previously reported American series, while the 
overall prevalence of HBV infection in our series is 
in close agreement with the former and somewhat 
higher than that found by the latter. This difference 
between HBsAg positivity and overall HBV 
seropositivity is due to the many HCC patients in 
our series who were positive for anti-HBc alone. 
This category of patients was recognized in 1975 by 
Szmuness, who speculated that they might be indi¬ 
viduals undergoing resolution of the chronic carrier 
state (Szmuness, 1975). It appears that these pa¬ 
tients, like chronic carriers of HBsAg, have been 

TABLE IV 

OVERALL SEROPOSITIVITY FOR HBV INFECTION IN HCC PATIENTS AND CONTROLS 

HBsAg, anti-HBs or anti-HBc HBsAg and/or anti-HBc only 

No. Positive P' No. Positive P' 

HCC 332 17 (51.5%) — 33 16 (48.5%) _ 

Colon Ca 38 2 ( 5.3%) <.001 38 2 ( 5.3%) <■001 
Lung Ca 45 5 (11.1%) <.001 45 0 <•001 
Blood donors 56 6 (10.7%) <.001 56 0 <.001 

■Determined by test with Yates’s correction, control compared with HCC group. - ^One specimen could not be tested for anti-HBs. 

TABLE V 

HBV SEROPOSITIVITY VERSUS HISTORY OF ALCOHOLISM 
IN HCC PATIENTS 

HBV positive' HBV negative 

Alcoholic 7 (87.5%) 1 (12.5%) 
Non-alcoholic 9 (69.2%) 4 (30.8%) 

■Positive for FIBsAg, anti-HBs or anti-HBc. 

infected with HBV but have not responded with pro¬ 
duction of the “protective” antibody, anti-HBs. 
Thus they may be at risk for chronic hepatitis and its 
possible sequelae - hepatic cirrhosis and HCC. 

In a recent study of Chinese-Americans living in 
New York City, Szmuness demonstrated that anti- 
HBc generally can be detected for a longer time than 
HBsAg in the serum of infected patients (Szmuness 
et al., 1978). Other studies similarly indicate that 
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anti-HBc may be the most persistant marker of HBV 
infection (Cohen and Cossart, 1977; Hansson, 1977; 
Szmuness et al., 1976). In our series of HCC pa¬ 
tients, anti-HBc likewise appears to give a much bet¬ 
ter estimate of the prevalence of past and current 
HBV infection than does either HBsAg or anti-HBs. 

Studies of HCC patients in which both HBsAg 
and anti-HBc have been assayed are limited, but 
they show a striking variability with respect to three 
parameters - HBsAg seropositivity, concurrence be¬ 
tween HBsAg and anti-HBc seropositivity, and 
mean age of patients. Two studies from Senegal 
which show the highest frequencies of HBsAg 
positivity (77% and 79.4%) also show the best 
agreement between HBsAg and anti-HBc positivity 
(Blumberg et al., 1975; Larouze et al., 1976). The 
mean ages of the patients in these studies are 32 and 
41.5 years, respectively. Our HCC patients stand at 
the other extreme, with a much lower frequency of 
HBsAg positivity (14.7%), a frequency of anti-HBc 
positivity three Jtimes this, and a mean age of nearly 
60. Most of tTie other published series occupy an 
intermediate position with respect to these three pa¬ 
rameters (Blumberg et al., 1975; Omata et al., 1979; 
Bassendine et al., 1979; Trichopoulis et al., 1978; 
Kubo et al., 1977), a notable exception being 
Omata’s California series, which has a mean age 
similar to ours (56.7 years) but close agreement be¬ 
tween HBsAg and anti-HBc positivity (26% and 
32%) (Omata et al., 1979). 

Population studies indicate that HBsAg positivity 
peaks in the third to fifth decades of life and declines 
in the sixth decade (Szmuness, 1975; Papaevangelou 
et al., 1977). Thus, the lower frequency of HBsAg in 
our patients when compared with the Africans may 
be partly or wholly the result of an age effect, as 
others have suggested (Szmuness, 1978; Vogel et al., 
1970). Other possible explanations, however, might 
include genetically or environmentally determined 
differences in host response to HBV infection, or 
even infection with different strains of the virus. 

The frequency of anti-HBs in our HCC patients 
(3 %) was lower than that in our lung cancer patients 
(11.1%) and donors (10.7%), although the differ¬ 
ence was not statistically significant. Studies from 
HBV-endemic areas have consistently shown lower 
frequencies of anti-HBs in HCC patients than in 
controls (Blumberg et/a., 1975; Larouze et al., 1976; 
Macnab et al., 1976; Vogel et al., 1972). One Ameri¬ 
can series, however, reports the opposite, with 33% 
of their patients and 4% of their controls positive 
(Tabor etfl/., 1977). 

Our finding of several sera positive for anti-HBe 
and none positive for HBeAg agrees with findings of 
several previous studies (Tabor et al., 1977; Werner 
et al., 1976; Eleftheriou et al., 1975) and is not sur¬ 
prising for two reasons: (1) anti-HBe has been 
shown to correlate with low circulating levels of 
HBsAg (Skinhpj, 1977), and low levels of anti- 
genemia seem to be a feature of HCC patients 
(Szmuness, 1978); and (2) the frequency of anti-HBe 
in HBV-infected persons also seems to increase with 
age (Skinhpj, 1977). Since HBeAg shows a positive 

correlation with the production of Dane particles 
and anti-HBe a negative correlation, Werner’s sug¬ 
gestion that HCC patients are unlikely to have cir¬ 
culating whole virus may apply to patients from non¬ 
endemic as well as endemic areas (Werner et al., 
1976). 

The number of HCC patients in which a history of 
alcohol intake was available is small, but our study 
seems to show similar rates of HBV infection in al¬ 
coholic and non-alcoholic patients. Thus, it agrees 
with the recent British study (Bassendine et al., 
1979) but disagrees with two California studies 
which suggest a significant association between HBV 
infection and HCC only in non-alcoholic patients 
(Peters et al., 1977; Omata et al., 1979). In compar¬ 
ing these studies with our own, however, it is impor¬ 
tant to note that the California patients were divided 
into those with alcoholic or non-alcoholic liver dis¬ 
ease largely on the basis of histopathology, while our 
own patients were grouped as alcoholic or non-al¬ 
coholic according to history. The California series 
also include many patients of Chinese and Mexican 
descent, while our own included only one Oriental, 
the remainder coming from non-endemic areas of 
North America and Europe. 

In summary, this study has used matched control 
groups of cancer patients and blood donors to dem¬ 
onstrate a strong association between hepatitis B vir¬ 
us infection and hepatocellular carcinoma in our 
study population. We feel that this association sup¬ 
ports the hypothesis that HBV infection plays an 
important role in the development of HCC in areas 
such as the United States as well as in areas in which 
both conditions are endemic. Although the exact 
role of HBV in the oncogenesis of HCC remains 
obscure, major advances in this area are likely to be 
forthcoming from experimental work with the newly 
described woodchuck hepatitis-hepatoma model 
(Summers etai, 1978; Werner e? a/., 1979) and from 
prospective studies of human populations. Studies of 
the latter type, such as that of Kubo et al. (1978) in 
Japan and the larger study currently being conduced 
by Beasley in Taiwan (Beasley and Lin, 1978), have 
begun to define the substantial risk of HCC for indi¬ 
viduals chronically infected with HBV. At the same 
time they provide a means to observe patients at all 
stages of the progression from apparently uncompli¬ 
cated HBV infection to HCC. These observations 
will almost certainly lead to valuable insights into the 
pathogenesis of hepatocellular carcinoma and hope¬ 
fully will also suggest strategies for preventing or 
altering the course of this almost invariably fatal 
disease. 
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HEPATITIS B VIRUS AND THE PREVENTION 
OF PRIMARY HEPATOCELLULAR 

CARCINOMA 

Primary hepatocellular carcinoma (PHC or hepa¬ 

toma) is one of the most lethal and most common can¬ 

cers in the world. Before 1950, several pathologists 

noted that PHC usually occurred in livers that were 

affected with cirrhosis. In the 1950s, workers in West 

and East Africa suggested that the cirrhosis was of the 

postnecrotic type, and therefore that both cirrhosis 

and PHC were end results of viral hepatitis. It was not 

possible to test this hypothesis at that time, since the 

virus could not be detected. After the discovery of 

Australia antigen and its identification in 1967 with a 

hepatitis virus (later designated hepatitis B virus or 

HBV), that hypothesis could be directly studied. 

When sensitive tests for the surface antigen of HBV 

(HBsAg) were developed, a series of studies in Africa 

and Asia consistently showed a much higher frequen¬ 

cy of persistent infection with HBV in patients with 

PHC than in appropriate controls.' 

Encouraged by those findings, we and others in 

Africa, Asia, Europe, and America proceeded to test 

the hypothesis that infection with HBV was required 

for the development of most cases of PHC. The re¬ 

sults of these studies will be summarized here. After 

reviewing this evidence, the reader may wish to de¬ 

cide that it is sufficient to conclude that the hypothe¬ 

sis is more likely to be supported than rejected. If such 

a conclusion is reached, it will be appropriate to test a 

consequent hypothesis: that prevention of HBV in¬ 

fection will eventually decrease the incidence of PHC. 

In 1969 Millman and Blumberg introduced a novel 

method for the preparation of a vaccine against HBV; 

the vaccine is produced by extraction of particles con¬ 

taining only HBsAg from the peripheral blood of 

HBV carriers.^ In a recent field trial, Szmuness et al.^ 

found that this vaccine was safe and highly effective. If 

their findings are supported by other trials now in 

progress, it is likely that the hepatitis B vaccine will 

become available for clinical use within the next one 

or two years. Along with other public-health meas¬ 

ures, the vaccine could then be used to prevent infec¬ 

tion with HBV in large populations and could there¬ 

by permit a direct test of the initial and derivative 

hypotheses. 

In presenting the several bodies of data that sup¬ 

port the hypothesis of a relation between PHC and 

persistent infection with HBV, the method of inde¬ 

pendent evidence is used. Although any single item 

may have an alternative explanation, the total body 

of information is best explained by the stated hy¬ 

pothesis. 

First of all, PHC occurs commonly in regions where 

chronic carriers of HBV are prevalent and much less 

frequently in areas where they are not. Secondly, case- 

control studies have shown that 90 per cent or more of 

patients with PHC who live in areas where HBV is en¬ 

demic have HBsAg or high titers of antibody against 

the core antigen in their blood. These markers can be 

considered evidence of current or previous persistent 

HBV infection. In the same areas, controls have mark¬ 

edly lower frequencies of HBsAg and antibody to 

HBV core antigen. Even in the United States, where 

PHC is uncommon, patients with the disease have 

higher prevalences of HBsAg and especially of anti¬ 

body to core antigen than do controls. In other words, 

in areas of both high and low PHC incidence, sero¬ 

logic evidence of persistent infection with HBV is 

more common in patients with PHC than in controls.'' 

Most cases of PHC (approximately 80 per cent) 

arise in a liver already affected with cirrhosis or chron¬ 

ic active hepatitis or both. If chronic hepatitis and cir¬ 

rhosis are steps toward the development of liver can¬ 

cer, then case-control studies of these two diseases 

should also show higher prevalences of chronic infec¬ 

tion with HBV in the cases. Studies in Africa and 

Korea have confirmed this prediction."' 

HBV proteins can usually be demonstrated with 

histochemical stains or immunologic techniques in the 

hepatic tissues of patients with PHC. HBsAg and hep¬ 

atitis B core antigen are undetectable or present only 

in small quantities in the tumor cells themselves, but 

are found in the nonmalignant cells adjacent to the ex¬ 

panding tumor and elsewhere in the liver.* These anti¬ 

gens are not found in the livers of uninfected persons 

nor in persons with antibody to HBsAg in their 

serum. 

If persistent HBV infection causes PHC, such in¬ 

fection should precede the occurrence of PHC. To test 

this hypothesis, it is necessary to identify asympto¬ 

matic chronic carriers of HBV and controls who are 

not carriers and to follow them for several years to see 

whether PHC develops. A major study of this type is 

being conducted by Beasley and Lin in male civil ser¬ 

vants between the ages of 40 and 60 years in Taiwan.'' 

Approximately 3500 carriers were identified. The con¬ 

trols are 3000 HBsAg-negative men matched by age 

and place of origin in mainland China or Taiwan and 

approximately 16,000 other HBsAg-negative men be¬ 

tween the ages of 40 and 60 who were not matched for 

place of origin. The subjects have been followed for 

two to four years. Fifty cases of PHC have occurred 

during the follow-up period, and all but one have been 

in chronic carriers. Thus far, the relative risk of PHC 

is more than 250 times greater in carriers than in non¬ 

carriers, and 98 per cent (the attributable risk) of the 

cases have occurred in carriers.’’* 

Because PHC usually develops in a liver that is af¬ 

fected by cirrhosis or chronic hepatitis or both, some 

investigators have argued that any hepatotoxic agent 

that causes cirrhosis is associated with an increased 

risk of PHC, and that hepatitis B virus is one such 

agent. A rigorous test of the hypothesis that chronic 

infection with hepatitis B virus increases the risk of 

PHC in addition to producing cirrhosis is to compare 

the incidence of PHC in patients with cirrhosis who 

are or are not chronic carriers of HBV. Obata et al. 

have performed such a study in Japan. Seven of 30 
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HBsAg-positive patients with cirrhosis (23 per cent) 

but only five of 85 HBsAg-negative patients with cir¬ 

rhosis (6 per cent) had PHC after about four years.’ 

In populations where HBV is endemic (sub-Saha¬ 

ran Africa, Asia, and Oceania), there is good evi¬ 

dence that many of the chronic carriers acquire HBV 

as a result of infection transmitted from their mothers 

early in life (at the time of delivery, in the period after 

birth when the mother and child have considerable 

close contact, or perhaps prenatally). That is, the 

mothers themselves are chronic carriers, and off¬ 

spring born when the mothers are infectious are like¬ 

ly to become chronic carriers. Within a population, 

persons infected at birth or during the first year of life 

will have been chronic carriers of HBV longer than 

persons of similar age who are infected later in life. 

Therefore, if the duration of being a chronic carrier is 

related to the likelihood of having PHC, one could 

predict that the mothers of patients with PHC would 

be more likely to be chronic carriers than the mothers 

of controls of similar age who do not have PHC. 

Studies in Senegal, West Africa,'® and in Korea^ are 

consistent with this prediction. 

Most studies of the relation of viruses to cancer have 

been conducted in laboratory animals or tissue-cul¬ 

ture systems. It is thought that the genomes of DNA 

viruses or DNA transcripts of RNA viruses become in¬ 

tegrated into the genomes of host cells, and that the 

product of a viral gene is required to produce malig¬ 

nant transformation of the cell. Integrated DNA 

sequences of HBV have been identified in a cell line 

derived from a primary hepatocellular carcinoma re¬ 

moved from the liver of an African patient." In addi¬ 

tion, Brechot et al. have reported integration of DNA 

from HBV into the primary-tumor cells of three pa¬ 

tients with PHC.'^ In these primary tumors, the inte¬ 

gration sites were probably identical in each cell with¬ 

in the tumor, suggesting that the integration event 

was present in the initial cell that gave rise to the 

tumor. 

Persistent infection with a virus similar to HBV is 

associated with a naturally occurring primary carci¬ 

noma of the liver in Marmota monax, the woodchuck or 

groundhog. Robert Snyder has trapped Pennsyl¬ 

vania woodchucks in the wild and maintained a 

colony at the Philadelphia Zoological Garden for 

the past 20 years. Post-mortem examinations were 

performed in more than 100 woodchucks, and about 

25 per cent of the animals had primary liver cancers. 

The tumors in the animals were usually associated 

with chronic hepatitis. Summers, a virologist at the 

Institute for Cancer Research, examined serum sam¬ 

ples from these animals for evidence of infection with a 

virus similar to HBV. He based his investigation on 

the hypothesis that viruses in the same class as HBV' 

would have a similar nucleic acid structure and simi¬ 

lar DNA polymerase. HBV was known to have unique 

characteristics: it contains a circular, double-strand¬ 

ed DNA genome with a single-stranded region and a 

DNA polymerase capable of filling in the single- 

stranded region to make a fully double-stranded, cir¬ 

cular DNA. Summers found that about 15 per cent of 

the woodchuck serum samples had particles contain¬ 

ing a DNA polymerase and a DNA genome that were 

similar in size and structure to those of HBV. Exami¬ 

nation of pellets from these serum specimens with an 

electron microscope showed the three types of parti¬ 

cles associated with HBV. Later, Werner et al. 

showed cross-reactivity of the core and surface anti¬ 

gens of the virus in woodchucks (WHV) with the com¬ 

parable antigens of HBV.'^ A close association be¬ 

tween persistent WHV infection and PHC has also 

been found; DNA from WHV hybridized to the cellu¬ 

lar DNA in five woodchuck livers containing PHC but 

did not hybridize to the DNA in nine livers without 

tumors. Finally, Summers and his colleagues have 

demonstrated integration of one or two WHV ge¬ 

nomes into tumor-cell DNA in two woodchuck pri¬ 

mary liver cancers. Integration appeared to occur at 

the same unique site in each cell of the tumor. Thus, 

each tumor was a clone with respect to the integrated 

viral DNA." 

Liver cancer in the woodchuck is not what is gener¬ 

ally regarded as a laboratory model of a human dis¬ 

ease — that is, it was not designed or “created” by an 

investigator for research purposes; rather, it is a nat¬ 

urally occurring disease related to a naturally occur¬ 

ring virus, both of which have remarkable features in 

common with their human counterparts. 

Additional viruses with similarities to HBV have 

been found in Chinese domestic ducks (in which there 

is a high frequency of liver cancer) as well as domestic 

Pekin ducks in the United States. They have also been 

found in California ground squirrels {Spermophilus 

beecheyi). We have termed HBV and the viruses simi¬ 

lar to it “Icrons” — an acronym based on the name of 

the Institute for Cancer Research, where three of 

these viruses were discovered. 

Our interpretation of these nine lines of evidence is 

that, taken together, they strongly support the hy¬ 

pothesis that persistent infection with HBV is re¬ 

quired for the development of most cases of PHC, and 

therefore that the next step is warranted: testing of the 

hypothesis that decreasing the frequency of HBV in¬ 

fection will in due course decrease the frequency of 

PHC. The availability of the hepatitis B vaccine pro¬ 

duced from HBsAg in human blood and increasing 

knowledge of the mechanisms of transmission of HBV 

will make such a study feasible. Since the incidence of 

cancer is high in HBV carriers, it may be possible to 

measure the effect of the program within a reasonable 

time. In any case, the control of HBV infection is 

clearly justified as a public-health measure for the 

prevention of acute and chronic hepatitis and post¬ 

necrotic cirrhosis, diseases of major importance in the 

same regions where PHC is common. 

The associations of HBV and WHV with this car¬ 

cinoma suggest that there may be other, similar virus- 

cancer relations that could be dealt with by primary- 

prevention strategies. We believe that searching for 
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such viruses and cancers in animals and human be¬ 

ings is an important new direction for cancer re¬ 

search. 

The Institute for Cancer 
Research 

The Fox Chase Cancer Center 
Philadelphia, PA 19111 

Baruch S. Blumberg, M.D. 

W. Thomas London, M.D. 
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A Cellular Model of the Role of Hepatitis B 
Virus in the Pathogenesis of Primary 

Hepatocellular Carcinoma 

W. Thomas London and Baruch S. Blumberg 

Institute for Cancer Research, Fox Chase Cancer Center, Philadelphia, Pennsylvania 19111 

We have devised a model to explain the role of hepatitis B virus (HBV) in the pathogenesis of 
acute and chronic liver disease and primary hepatocellular carcinoma. The model postulates that 
the liver contains two populations of cells—R and S cells. R cells are resistant to productive 
infection with HBV, whereas S cells (susceptible cells) actively replicate virus when infected. As a 
result, infected S cells have a shortened survival; their death stimulates the growth (regeneration) 
of R cells. The model also proposes that R cells are less mature than S cells. They can divide and 
produce R cells or divide and differentiate into S cells, but S cells can only give rise to other S cells. 

Integration of viral DNA may occur in either R or S cells, but only integration of HBV DNA in R 
cells is of potential tumorigenic significance. R cells are already being stimulated to proliferate by 
the death of S cells; the site or arrangement of integrated DNA may increase the expression of one 
or more cellular genes providing an additional growth advantage for a particular R cell over other 
proliferating R cells. As this clone expands, it may develop the phenotypic characteristics of a 
neoplasm. A clinical tumor will not result, however, unless the stimulus to cell division is maintained 
by the death of S cells. Integration of HBV DNA sequences into S cells is not of tumorigenic 
significance. S cells have a limited capacity for cell division, and integration of viral DNA does not 
increase that capacity. 

In this report, the model is used to explain various phenomena associated with HBV infection, 
and new data presented at the Kroc conference are used to test the model. 

Infection with hepatitis B virus (HBV) can have many 
outcomes. Transient infections can result in subclinical 
disease, acute anicteric hepatitis, acute icteric hepatitis, 
or fulminant hepatitis. Persistent infections may give rise 

to no detectable liver disease, chronic persistent hepati¬ 
tis, chronic active hepatitis, postnecrotic cirrhosis, or 
primary hepatocellular carcinoma (PHC). The mecha¬ 
nisms by which one virus can produce so many different 
effects in the same organ, the liver, are poorly under¬ 
stood. We have devised a model that provides at least a 

partial explanation of these and other phenomena (listed 
below) associated with HBV infection. The purpose of 
the model is to generate testable hypotheses of the role 
of HBV in the pathogenesis of acute and chronic liver 

diseases and PHC. 
A pathogenetic model of HBV infection should at¬ 

tempt to explain the following phenomena: 

This work was supported by USPHS Grants CA-06551, RR-05539, 
CA-22780, and CA-06927 from NIH and by an appropriation from the 
Commonwealth of Penn.sylvania. 

Address reprint requests to: W. Thomas London, M.D., Institute for 
Cancer Research, F’ox Chase Cancer Center, 7701 Burholme Avenue, 
Philadelphia, Pennsylvania 19111. 

(i) PHC is associated with persistent but not with 
transient HBV infection (1). 

(ii) Persistent infection is also associated with chronic 
hepatitis and cirrhosis (2, 3). 

(iii) Acute hepatitis is usually associated with transient 

rather than persistent infection (2, 3). 
(iv) There is a long “incubation” period (20 to 40 years) 

between the onset of persistent HBV infection and the 
development of PHC (2, 3). 

(v) Hepatitis B surface antigen (HBsAg) is commonly 
found in nonneoplastic cells, but only rarely in the neo¬ 
plastic cells of a liver containing PHC (4). 

(vi) Sequences of HBV DNA are found integrated into 
the genomes of both tumor and nontumor cells of livers 
containing PHC (5, 6). 

(vii) The concentration of HBsAg in the serum of 
patients with PHC is low (2, 3). 

(viii) In areas where PHC is endemic, the incidence of 
liver cancer in males is 4 to 9 times that in females (7). 

(ix) Infants born to carrier mothers do not become 
HBsAg(-l-) until 2 to 3 months of age. Fetuses do not 
produce HBsAg (8). 

(x) Infants frequently develop persistent infections 

lOS 
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with HBV, whereas adults usually develop transient in¬ 
fections (8, 9). 

THE MODEL 

Our model (2, 3) proposes that the liver contains two 
populations of hepatocytes: (a) cells that are susceptible 

to productive infection with HBV, hereafter called S 

cells; and (b) cells that are resistant (or relatively resist¬ 
ant) to productive infection, hereafter called R cells. 
Integration of HBV genomes can occur in either R or S 
cells. We assume that infected S cells have a shortened 
survival. This could occur by several mechanisms. Virus 

production probably compromises host-cell metabolism 

sufficiently to eventually kill the cell. Secondly, there 
may be an immune response to viral-cellular antigen 
complexes on the surface of hepatocytes replicating virus 
(10). Thirdly, infected S cells may be more vulnerable to 
the effects of toxic oxygen radicals than uninfected cells. 
[Vierucci et al. have shown that HBV proteins cause the 

release of superoxide anions from polymorphonuclear 
leukocytes (11).] 

In the liver, the stimulus for cell division is the death 
or removal of hepatocytes (12). Hence, persistent infec¬ 
tion with HBV leads to continuous cell death and to 
continuous regeneration. Infected S cells have the great¬ 

est risk of dying; R cells, on the other hand, are not 
productively infected and are, therefore, likely to increase 
in number. 

Integration of viral DNA into an R cell may have 
tumorigenic significance. Since R cells are already being 
stimulated to proliferate by the death of S cells, the site 

or arrangement of integrated DNA and the associated 
rearrangements of cellular DNA may increase the expres¬ 
sion of one or more cellular genes providing an additional 
growth advantage for a particular R cell over other 
proliferating R cells. As this clone expands, it may, by 
the process of clonal evolution, develop the phenotypic 

characteristics of a neoplasm. The point here is that 
integration, expression of a cellular oncogene, and phe¬ 
notypic transformation are insufficient to produce a clin¬ 
ical tumor unless the stimulus to cell division is main¬ 
tained. There must, of course, be some stage at which 
the R cell clone (or subclone) acquires sufficient auton¬ 

omy to not require external stimuli, but we assume that 
this is quite late in the process. 

This model requires two populations of hepatocytes, 
one susceptible and one relatively resistant to HBV 
infection. Such cell populations have not yet been iden¬ 
tified in the human liver. However, it is known that the 

liver will respond to repeated cytotoxic insults with re¬ 
peated rounds of regeneration eventually leading to liver 
failure (12). Therefore, it is likely that there are less 
mature cells which can divide and differentiate further, 
and fully differentiated cells which either cannot divide 
or can only divide 1 or 2 times. We have proposed that R 

cells are the less mature, and S cells are the fully differ¬ 
entiated hepatocytes. According to this scheme, an R cell 
can divide and yield two R cells, or one R cell and one S 
cell, or two S cells. An S cell, if it can divide at all, can 
only produce S cells (Figure 1). Since the selective pres¬ 
sure of HBV infection is applied mainly to S cells, R cells 
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Fig. 1. The liver contains two kinds of cells, less mature cells that 
are resistant to productive infection with HBV, called R cells and 
terminally differentiated celts that are susceptible to HBV infection, 
called S cells. R cells can divide into R or S cells, but S cells can only 
give rise to other S cells. 

HHV O 
Infection 

Fig. 2. Integration of HBV DNA and neoplastic transformation can 
occur in either R or S cells, but S cells have a limited capacity to divide 
and are subject to productive infection with HBV. Therefore, transfor¬ 
mation of an S cell will not lead to the development of a clinically 
significant tumor. 

will gradually accumulate (Figure 2). The model hy¬ 
pothesizes that integration of an HBV genome into an R 
cell decreases the probability of differentiation into S 
cells. Phenotypic transformation of an R cell ensures that 
it will only give rise to other R cells. The integration 
event may, in addition, result in increased (or decreased) 

expression of a cellular gene (or genes) which may pro¬ 
vide a further growth advantage (R cell surrounded by 
dashed line in Figure 2). If this occurs, the clone arising 
from that R cell will soon outgrow all other R cells. Even 
at this stage, the model postulates that this clone will not 
become a clinically significant tumor unless growth stim¬ 

ulation is maintained by selective pressure against S 
cells. Further steps, collectively known as clonal evolu¬ 

tion, are required before a clone or subclone can become 
a clinical tumor. 

Integration of viral DNA and malignant transforma¬ 

tion of an S cell would not result in a clinically significant 
tumor both because of the limited capacity of an S cell 

to divide and its susceptibility to productive infection 
with HBV. 
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EVIDENCE FOR R AND S CELLS 

Is there evidence that hepatocytes differ in their sus¬ 
ceptibility to HBV infection? Several investigators have 

attempted, using serial liver biopsies and immunofluores¬ 
cence or immunoperoxidase techniques, to identify the 
patterns of HBV infection within the liver. Studies in 
adult humans have, in general, shown that at the time of 

diagnosis of acute hepatitis B [when alanine aminotrans¬ 
ferase (ALT) levels are elevated], very few cells demon¬ 

strate either HBsAg or hepatitis B core antigen (HBcAg) 
(13, 14). HBsAg is present in the plasma prior to the rise 
of liver enzymes. Observations of the pattern of HBV 
infection in the liver during the incubation period of 
hepatitis have been made on experimentally infected 
chimpanzees (15-17). In these animals, liver enzymes rise 

6 to 10 weeks after the appearance of HBsAg in plasma. 
Initially, the cell membranes of a few hepatocytes show 
a low-intensity staining for HBsAg in a “honey-comb”- 

like pattern. Cells showing this pattern of staining in¬ 
crease in number and are accompanied by the appear¬ 
ance of cells whose nuclei stain for HBcAg and less 

commonly other cells which demonstrate HBsAg in their 
cytoplasm. Very few cells have both cytoplasmic HBsAg 
and nuclear HBcAg. Eventually, 90% or more of hepa¬ 
tocytes demonstrate membrane staining of HBsAg and 

up to 50% nuclear staining of HBcAg; diffuse cytoplasmic 
staining of HBsAg is rarely seen. Cells demonstrating 

staining for HBV proteins begin to disappear from the 
liver prior to the rise in ALT and continue to disappear 
until very few are demonstrable at the time ALT level 
reaches its peak. 

When a virus infects a cell, it must adsorb to the cell 
surface, penetrate the cell membrane and reach some 

specific intracellular site before viral replication can be¬ 
gin. Very little is known about these events with respect 
to HBV. One interpretation of the immunofluorescence 
studies, following acute infection, is that most hepato¬ 
cytes have receptors for HBV, as demonstrated by 
HBsAg staining of cell membranes. A smaller population 

of cells replicate virus as shown by nuclear staining for 
HBcAg or cytoplasmic staining for HBsAg. Whether the 
rapid disappearance of nuclear- and membrane-stained 
cells coincident with the ALT rise indicates elimination 
of these cells or a combination of suppression of viral 

replication and cell death is unclear. 

In persistent HBV infections in humans, the immuno- 
histology is more explicit and better documented than in 
acute infections (18, 19). In patients with chronic persist¬ 
ent hepatitis or chronic carriers without histologic evi¬ 
dence of liver disease, hepatocytes showing diffuse cyto¬ 
plasmic staining for HBsAg are scattered throughout the 

liver. In some areas, aggregates of HBsAg(-l-) cells are 
seen. With hematoxylin and eosin stains, the cytoplasm 

of these cells frequently has a “ground-glass” appearance. 
Precise counts of stained and unstained cells in the liver 
of chronic carriers have not been reported, but the 
impression is that 30 to 80% of cells are HBsAg(-)-). 

HBcAg is found in only a few per cent of hepatocytes in 
“normal” carriers, whereas in carriers receiving immuno¬ 

suppressive drugs (renal transplant patients), 50 to 90% 

of cells may contain core antigen. 

In patients with chronic active hepatitis, HBcAg may 

appear in up to 60% of liver cells together with membra¬ 

nous or cytoplasmic HBsAg. The positive cells tend to 

appear in clusters. In patients with postnecrotic cirrhosis, 
clusters of cells are again seen showing cytoplasmic stain¬ 

ing for HBsAg. By orcein and immunoperoxidase stains 
of formalin-fixed, paraffin-embedded tissue, HBsAg is 

seen in the form of discrete cytoplasmic bodies adjacent 

to, or surrounding, the nucleus. HBcAg has been detected 
in as many as 40% of hepatocytes, but more commonly it 

is identified in 5% or fewer cells (19). 
In patients with PHC, HBsAg can frequently be found 

in the cytoplasm of some clusters of nontumor cells 

usually in the form of large discrete bodies. Cells showing 

membrane staining or multiple small granules of HBsAg 
in the cytoplasm are sometimes seen. The tumor cells 
generally do not show HBsAg. In our experience, when 

tumor cells contain HBsAg, it is in the small granular 
form. HBcAg is either not detectable or is present in less 

than 5% of cells (4, 19). 

Collectively, these observations are consistent with the 
view that the majority but not all cells present in the 
liver of normal adults are mature hepatocytes, S cells, 

and that they are susceptible to infection with HBV. It 
is uncertain whether the membranous staining for 
HBsAg, without nuclear HBcAg or cytoplasmic HBsAg, 

seen in the early stages of acute HBV, indicates adsorp¬ 
tion of virus particles on the cell surface or expression of 
viral protein in the cell membrane. In patients with 
persistent infection, as the liver disease progresses over 
time, fewer liver cells express viral protein. This is com¬ 
patible with the hypothesis that S cells are selected 

against, and R cells accumulate. 

APPLICATIONS OF THE MODEL 

According to the model, the liver in the fetus and 
newborn would be composed mostly or entirely of R cells 
and would not be able to support replication of HBV 
(Figure 3). After birth, further division and differentia¬ 

tion occur giving rise to S cells which can permit viral 
replication. Infection with HBV during the first 6 months 
of life generally results in a persistent infection (Figures 
3-5). Again, according to the model, infection is taking 
place at a time when the R cell population is decreasing 
and the S cell population is increasing as a result of 

normal processes of growth and development. Thus, as 
S cells become infected and gradually die, new S cells are 
continuously available to maintain the infection. Later in 
life, the reverse is true; most cells in the liver are S and 
few are R (Figures 3, 4). Infection may result in the death 

of large numbers of S cells (acute hepatitis), and too few 

S cells are available to maintain the infection. 
The male-female difference in tumor risk is probably 

related to sex differences in the risk of persistent infection 
with HBV. Females are less likely than males to develop 
a persistent infection following initial exposure to HBV 
and more likely to develop anti-HBs. Among individuals 

infected for more than 1 year, females are more likely 
than males to eventually clear the infection. In terms of 
the model, selective pressure against S cells is maintained 
for a longer time in males than in females. One hypothesis 
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Fig. 3. The proportion of R and S cells varies at different stages of 

life. 

Fetus and Newborn 
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Infant 3 to 6 Months 
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infection. R cells 
differentiate into S cells 
to maintain infection. 

Adults 

Most cells are S cells. 
Too few R cells differ¬ 
entiating into S cells 
to maintain infection. 

Fig. 4. The availability of S cells at different stages of life influences 
the kind of infection and liver diseeise which develops. 

O 
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Fig. 5. Chronic infection with HBV results in elimination of S cells, 
generation of new S cells by division and differentiation of R cells, and 
the gradual accumulation of R cells. R cells containing integrated HBV 
DNA sequences are unable to differentiate into S cells and, therefore, 
accumulate more rapidly than other R cells. 

derived from this model is that males maintain a higher 

proportion of R cells in their livers throughout their lives 

than females. That is, the distribution of R and S cells in 

adult male livers is closer to the 3- to 6-month-old infant 

than the female adult pattern (Figures 3, 4). 

TESTS OF THE MODEL 

New information was presented at this conference. 

These data, since they were acquired after the model was 

formulated, can be used as informed tests of the model. 
The studies of Brechot et al. (20), Shafritz (21), and 
Summers and Mason (22) confirmed earlier reports from 

their laboratories (5, 6) that integrated sequences of HBV 
DNA can be found in tumor and nontumor cells in the 
livers of HBV-infected humans or woodchuck hepatitis 

virus-infected woodchucks. Since their preliminary re¬ 
ports were used in modifying earlier versions of the 
model, the new results cannot be used to test it. Never¬ 

theless, it is important to reiterate that according to the 
model, integration occurs in both R and S cells, but only 
R cells are at risk of giving rise to tumors. 

The studies of Burrell et al. (23) concerning in situ 
hybridization of HBV DNA in human liver biopsy spec¬ 
imens are pertinent to the model. His method Was capa¬ 

ble of detecting cells containing 10 or more HBV ge¬ 
nomes, suggesting that only cells actively replicating 
virus were identified. This was supported by the findings 
that, in 90% of the cells positive for hybridization, the 
HBV DNA sequences (grain counts) were localized to 
the cytoplasm and that most of the grain counts were 
contributed by sequences of single-stranded HBV DNA. 
As predicted by the model, the cells actively replicating 
virus (positive for HBV DNA) were focally distributed 
and, histologically, were undergoing degeneration. Ac¬ 
cording to the model, the cells which produce virus are 
S cells and their survival is shortened as a result of the 
infection. It is the death of S cells that stimulates the 
growth of R cells. 

A further test of the model is provided by the work of 
Eddleston (10). Using the patients’ own lymphocytes and 
hepatocytes, he found that the target antigen for HBV- 
infected liver cells was the core, not the surface antigen. 

Other studies, including those of Burrell et al. (23) pre¬ 
sented here, suggest that the hepatocytes which express 
HBcAg are the ones that are actively replicating virus. 
That is, the host immune response is directed only 
against the cells actively replicating virus, not against 
cells with integrated HBV DNA that are not producing 

HBV. Again, according to the model, cells actively rep¬ 
licating virus and subject to immune killing are S cells 
and the cells not producing core antigen (not replicating 
virus) would be R cells. 

Thus, our model can explain most of the phenomena 
previously associated with acute and chronic HBV infec¬ 
tions and many of the new observations. Our research is 

now focused on isolating and characterizing R and S cells 
in woodchuck livers and testing directly the hypothesis 
that tumors will arise from R cells in woodchucks per¬ 

sistently infected with woodchuck hepatitis virus. 

Acknowledgment: We wish to thank Dr. Edward Lust- 

bader for his many contributions to our thinking about 
this model. 
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Guest Editorials Baruch S. Blumberg^ and W. Thomas London^ 

Hepatitis B Virus and the Prevention of Primary Cancer of the Llver^^ 

A convincing body of evidence now exists to support 

the hypothesis that chronic infection with the HBV is 

required for the development of most cases of primary 
cancer of the liyer in humans. The plasma-derived 
hepatitis B vaccine, which is now available, has in many 

field trials been found to be highly effective and very 
safe. 1 hus, in time, there should be a marked reduction 
or possibly a total elimination of primary cancer of the 

liver (PHC). 

In this editorial we will review the evidence in favor of 
the hypothesis that persistent HBV infection is a neces¬ 

sary “cause” for very many cases of PHC. This does not 
rule out the possibility that other environmental factors 
(e.g., aflatoxins) and host factors may also play a 

significant role in its pathogenesis. We will then discuss 
several forms of prevention, the first two currently in use 

and a third possibly applicable in the future. [These 
features are detailed in (I, 2).] The forms of prevention 
include the following: 1) primary prevention—preven¬ 
tion of PHC by preventing infection with HBV, 2) 

secondary prevention—“prevention” of PHC in people 
who are already HBV-infected by detection of very early 

tumors and removal of them surgically, and 3) prevention 
by delay. We have introduced this term to describe 
possible v/ays in which asymptomatic carriers of HBV 
could be managed so that the onset of symptomatic 

chronic liver disease and PHC might be delayed for a 
sufficiently long period to enable the carrier to live out 

his or her normal life-span without experiencing many 
of the detrimental effects of hepatitis B infection, includ¬ 
ing cancer. 

In the 1950’s, Payet et al. (3), Steiner and Davies {4), 
and other investigators in Africa suggested that viral 

hepatitis might be the cause of primary cancer of the 
liver, on the basis of clinical, pathologic, and observa¬ 
tional evidence. At that time it was not possible for this 

hypothesis to be tested directly; but after 1967, with the 
introduction of better methods for the detection of HBV 

(5), tests of this notion were undertaken. 
In 1971, at a meeting on cancer in Africa held in 

Uganda, several studies showing a striking association 

between HBV and PHC were presented. This event 
appeared to be a turning point in the development of 

interest in this relationship, and the intensity of the work 
in the field increased. In 197.5 we said (6): 

During recent years, there have been parallel 
developments in understanding, on the one hand, 

the pathogenesis of primary hepatic car- 

(inoma . . . and, on the other, the biology of 

Australia antigen . . . and the infectious agent, 

hepatitis B virus (HBV), to which it is intimately 

related. Recently, the paths of these developments 

have begun to converge, and from this it is possible 
to design a preliminary strategy which could, if the 

interpretations of these data are correct, result in the 
prevention of many, and perhaps most, cases of one 

of the most widespread and deadly cancers in 
humans. 

The evidence that was then available and that sup¬ 
ported the statements was presented. We concluded by 

discussing the vaccine we had introduced (7) and possible 
prevention strategies. In the relatively short time since 
that article appeared, prevendon programs have begun in 

Alaska (among Native Americans), Korea, Senegal, north¬ 
ern Italy, Taiwan, Japan, and China and among east 

Asians living in Los Angeles and Philadelphia. There is 
considerable hope that the objectives may be achieved. 

PERSISTENT INFECTION WITH HBV REQUIRED 
FOR THE DEVELOPMENT OF MOST CASES 
OF PHC 

Carriers of HBV are common in the parts of the world 
where PHC is most common, including such surprising 
locations as Alaska where HBV and PHC are common in 
the Eskimo population {8). A large series of case-control 

studies, in which the frequency of the virus in patients 
with PHC was compared to the frequency in controls, 

has been completed [reviewed in (7, 2)]. In some of these 
studies, which utilized the most sensitive methods for the 

Auhri \'IA I IONS USKD: AFP = a-f(H()protein(s); Air)S = acquired immune 

deficiency syndrome: CAH = chronic active hepatitis; HBV = hepatitis B 

virus; DHBV=duck HBV; HBeAg=hepatitis B e-antigen; HBeAg(-t-)= 

positive HBeAg; HBsAg=hepatitis B surface antigen; PHC=primary 

hepatocellular carcinoma; WHV = woodchuck hepatitis virus. 
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detection of the virus, the frequency of infection in the 
cases approached 100%. 

The virus can be identified by immunohistologic 
methods in the liver tissue of people with PHC (9). An 

interesting feature of this observation, shown by Popper 

and others {10) who have pioneered this work, is that the 

virus is most abundant in the cells that do not appear to 

have undergone malignant transformation. The neoplas¬ 

tic cells themselves often have no or sparse evidence of 
viral protein {10). 

Currently, one of the most exciting areas of research is 

the molecular biology of HBV. The entire base sequence 

of the virus has been determined and confirmed by several 
g’ oups {11, 12). HBV DNA is integrated into the DNA of 

the host liver cells in a very large percentage of PHC 

cases—in some studies, ^ the cases. However, there is 
also integration of HBV DNA in the liver cells of patients 

without PHC, including those with chronic liver disease 
and asymptomatic carriers of HBV. Hence, integration 
itself cannot explain the pathogenesis of the cancer. The 

site of integration of HBV DNA appears to be the same in 
every cell in an individual tumor (i.e., clonal), but the 

insertion locations of viral DNA are not the same in 
different tumors {13-17). 

The most impressive evidence supporting the HBV- 
induced PHC hypothesis is epidemiologic. In one of the 
most convincing studies on cancer etiology, Beasley and 
his co-workers {18, 19) in Taiwan are studying prospec¬ 

tively 22,707 male government workers between the ages 
of 40 and 59 years. Recruitment into the study population 
beg.an in November of 1975 and was concluded in June of 

1978 Of the total, 3,435 men were asymptomatic carriers 
cf HBV and the remainder were not. As of December 31, 
1983, 116 cases of PHC had developed in the study 
population and 113 of these were in HBV carriers. Even 
the three tumors in noncarriers occurred in persons who 

showed evidence of prior HBV infection. The annual 
incidence for the whole population was 82.4/100,000, but 
for the carrier group it was 527.7/100,000 {18, 19). Beasley 
and Hwang {19) estimated the relative risk for the carrier 

men to be 217 times that of the noncarriers. The relative 
risk showed little variation from year to year and no 

secular trend. This is probably the highest odds ratio for 
any known environmental cause for a common cancer. 

On the basis of life table projections, they estimated the 
lifetime risk of death from PHC or cirrhosis for a Chinese 
male carrier to be between 40 and 50%, a remarkably high 

value. 
Beasley’s study established that the association between 

HBV and PHC was closer than that for any other virus 

and a site-specific cancer, probably for any environmental 
factor and a specific cancer. It has been shown also that 

chronic infection with the virus, rather than cirrhosis, 
carries the risk for cancer. Patients with cirrhosis due to 

causes other than HBV have a low risk for PHC, while 

those with cirrhosis due to HBV have a much higher risk 

{19,20). 
Prospective studies similar to Beasley’s are now in 

progress with Eskimos in Alaska, with Chinese in Hong 

Kong and Singapore, and with Japanese in Tokyo. Early 

reports confirm Beasley’s findings, i.e., a greatly increased 

risk of PHC in the carriers. In 1971 {21) we had proposed, 

on the basis of unusual population distribution and 

clinical and physical characteristics of HBV, that it 

represented the first identified member of a new group of 

infectious agents. We termed these “Icrons.” Using his 

knowledge of the molecular characteristics of HBV, 

Summers (22), working at the Institute for Cancer 

Research, Philadelphia, PA, was searching for viruses 
similar to HBV. He subsequently discovered two of these 

(in woodchucks and ducks), and another has been 

identified in California ground squirrels (22). 

The finding of the WHV provided another convincing 

piece of evidence for the hypothesis that HBV and similar 

viruses cause cancer of the liver. Woodchucks {Marmota 
monax), which develop persistent infection with WHV, 

predictably (>80%) develop PHC, whereas uninfected 

animals or transiently infected animals never or rarely 
develop tumors (22). Another example is seen in ducks 

found in China. The DHBV is similar to HBV and WHV 
and it is also associated with primary cancer of the liver, 

at least in China {23, 24). 
It has been shown both indirectly and directly that 

many of the individuals w'ho go on to develop PHC are 
infected at a very young age (25). In some parts of the 
world, particularly Asia, the transmission may be mater¬ 

nal. In other locations, transmission is more likely to be 
horizontal. In either situation, since infection at an early 
age increases the probability of persistent infection, 

protection by vaccination in infancy appears to be 
indicated. 

VACCINE 

Infectious agents may produce many aniibocMes in the 
infected host. .Some of these antibodies protect against 
subset}uent infection and others do not; production of an 
appropriate vaccine requires the identification of the 

protective antibody. At the time of the very first observa¬ 
tions on what was then called Australia antigen, it was 

obvious that the virus and the antibody against its surface 
antigen (anti-HBs) rarely occurred in the same serum. 

These observations were further supported by the early 
studies of Okochi and his colleagues {26), who were able 
to demonstrate in their first transfusion studies that the 
patients who had anti-HBs had a lower risk of infection 

with HBV than those who did not have the antibody. 
These observations, scanty as they were, were sufficient 

to stimulate the development of a vaccine. In October o. 

1969, Blumberg and Millman (7) and Millman (27) 
described the methods for extracting surface antigen from 

the blood of carriers and its use as the source of the 
vaccine. This vaccine was based on the then unique 

concept that the viral protein could be extracted directly 
from human plasma by methods that would make it safe 

for inoculation in humans and would preserve its 
antigenicity (27). 

Experiments in humans were not undertaken at the 
time of its initial proposal, and the value of this kind of 

vaccine was questioned by some authorities. Later (in 
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1970), Krugman and his colleagues {28) inoculated 
children with a preparation of HBV-positive serum that 

had been boiled for 1 minute. In challenge experiments 

the heated serum provided protection against HBV 
infection {28). This experiment had the effect of con¬ 

vincing manufacturers and researchers that the Blumberg- 

Millman vaccine would probably work, and large batches 

of the vaccine were prepared for use. 

In an elegantly designed and executed field trial, the 
late Wolf Szmuness and his co-workers {29) demonstrated 

the safety and effectiveness of the vaccine. He used as his 

study population a group of male homosexuals in New 

York City at high risk for HBV infection {29). There have 

subsequently been several other field trials that confirm 

the effectiveness of the vaccine. It has gained the approval 
of the Food and Drug Administration in the United 
States, as well as that of licensing authorities in other 

jurisdictions. It is probable that about 2 million doses of 
plasma-derived HBV vaccines have now been adminis¬ 
tered and there have not, to our knowledge, been any 

significant adverse effects associated with their use. 

PRIMARY PREVENTION OF PHC 

Prevention programs will be based primarily, but not 

exclusively, on the use of the vaccine. The vaccine that is 
currently used is derived from jilasma. I’his vaccine may, 

in due course, be replaced by vaccine produced by 
recombinant DNA techniques or by synthetic antigens. 
The price for the vaccine is currently very high, even for 

countries with large public health budgets. It is likely 
that the price of the vaccine will deciease as more is 
required, as more companifs and countries begin to 
manufacture the product, and as new methods of manu¬ 

facture are developed. This has already happened in 
South Korea where a plasma-derived vaccine is being 
produced for about one-third the cost of the American or 
French vaccines (Kim CY: Personal communication). 

The duration of the efficacy of the vaccine is also not 
known. In the United States the current recommenda¬ 
tions are for revaccination after .5 years. As more 
experience is gained, it will be possible to design more 

accurately the timing of revaccinations if they are 
required. Protection at an early age is most important 
since it is during this period that infection is most likely 
to result in the development of the carrier state. Infection 

in later life is more likely to lead to development of 
antil'ody against the virus and, therefore, to less risk of 

chronic liver disease and PHC. 
Primary prevention programs can be classified in three 

categories. 
1) Populations with low prevalence of HB V infection.— 

Northern European countries, most of North America, 

and other nontropical or subtropical areas fit into this 
category. Vaccination is recommended in these regions 

for peofjle in high-risk groups. These include health care 
workers (particularly those with frequent exposure to 

human blood), travelers to endemic areas, military 

personnel, male homosexuals, individuals working on 

renal dialysis units, possibly dialysis patients, drug 

abusers, and other persons frequently exposed to HBV 

carriers. 

Despite the demonstrated safety of the vaccine, there 

has been a development that has affected its acceptance. 

Since 1980, AIDS has been identified in certain suscep¬ 
tible populations, primarily in the United States. Epi¬ 

demiologic evidence indicates that AIDS can be trans¬ 
mitted by blood transfusion, plasma products (factor 

VIII), or contaminated needles. Although the vaccine 

manufacturing process is lethal to all known viruses, 

some individuals have avoided immunization with the 
vaccine because of fear of contracting AIDS. There is no 

evidence that this can occur. Recently, the probable 
etiologic agent of AIDS has been identified as a retrovirus. 

The process of hepatitis B vaccine manufacture has been 
shown to inactivate this virus. 

2) Populations of moderate prevalence in which 
maternal transmission is important.—In Japan, the 

frequency of carriers is about 3%. Evidence indicates that 
30-,50% of the carriers occurs as a consequence of 

maternal transmission. Dr. Nishioka and his co-workers 
in Toyko {20), among others, have been screening 

expectant mothers for HBsAg for several years. Those 
women identified as positive for HBsAg are then screened 

for the presence of HBeAg. Eor those found to be 
HBeAg(+), immunization of the newborn is recom¬ 

mended. The infant is given high-titer anti-HBsAg at 
birth, a second dose of anti-HBsAg is given at about 2 
months of age, and vaccination is started at about 3 
months of age. .Several studies show that the vaccine is 
very effective in newborns. The vaccination programs 

can be started at birth or within 3 months of age, when 
other pediatric vaccines are administered. 

In the future, more extensive vaccination programs 
may be used in these countries to eliminate the remaining 

horizontally transmitted infections. These programs 
could include all newborns as well as adults who are still 
susceptible. The extension of the program to these other 

groups will probably depend on the availability and cost 
of the vaccine. 

3) Populations with a high frequency of HBV carriers.— 
The frequency of HBV carriers in these populations 

ranges from 5 to 15%. I'hese populations include much of 
China, other regions in Asia, and sub-Saharan Africa. 
Although maternal transmission occurs commonly, par¬ 

ticularly in Asia, it may be relatively less important than 
transmission from virus carriers among siblings, other 

family members, and members of the general community. 

In these populations, universal childhood vaccination 
beginning at birth or withirt the first 3 months of age has 
been proposed and is being used in some regions (e.g.. 

South Korea). It is believed that public health authorities 

in the People’s Republic of China have also decided on a 
program to vaccinate all newborns. If vaccine becomes 

more available and less expensive, then susceptible adults 
may also be vaccinated. 

An interesting problem arises in those low-frequency 

areas for HBV carriers that contain large populations 
from high-frequency areas of HBV carriers. For example, 

in the United States (particularly in California) there are 
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many immigrants from regions in Asia where HBV is 

endemic. In Philadelphia, we are testing pregnant 
women in this population for the presence of HBsAg. An 

immunization program for the newborns of the mothers 
positive for this antigen is now in progress In due 

course, vaccination may also be made available to all 

newborns and to susceptible adults in these populations. 
Similarly, the Eskimo and Indian populations of 

Alaska have a high frequency of HBV carriers and an 
increased risk of developing PHC {30). A program has 
been proposed to immunize all susceptible individuals in 
this relatively small population (^60,000) as well as all 

newborns (Rhoades E: Personal communication). 

Extensive immunization programs, therefore, are in 
progress already, and more are planned. In addition to 
the vaccine, however, there may be other measures that 

can be used to control hepatitis B transmission. General 
improvement in sanitation may have a beneficial effect. 

There is substantial evidence that insects, particularly 
bedbugs, are heavily infected with HBV {31-3-1). Possibly, 
insect control could contribute to decreasing HBV 
infection. Also, some human behavicjrs, particularly 

those between mothers and newborn children, could 
influence transmission (35). 

We can now consider what can be done for the 
approximately 210 million people in the world who are 
already carriers of HBV. 

SECONDARY PREVENTION OF PHC 

If carriers of HBV are at a high risk of developing 
PHC, IS there some way of detecting cancer at ati early 

stage? Small resectable tumors can be found by following 
HBV carriers prospectively with periodic testing of AFP 

and possibly other fetal proteins (a-glutamyl transferase, 
acidic ferritin). Sun, as well as the Coordinating Group 
for Research on Liver Cancer in China, has had exten¬ 

sive experience using mass surveys for elevations of 

AFP {36). Persons with elevated AFP are investigated 

with imaging procedures (particularly ultrasound) which 
can localize small masses. If a tumor is visualized, surgery 

is recommended. Using these methods, Tang’s group 
(37), at the Shanghai F'irst Medical College, reported a 

significant improvement in survival. In some cases, more 
than 1 tumor was detected by continued surveillance of 

AFP levels in patients who had already undergone 
hepatic resection. .Similar studies are being conducted in 

Eskimo populations in Alaska and persons of Asian 
origin residing in Los Angeles and Philadelphia. In 

Alaska at least 4 early cancers have been detected in HBV 

carriers monitored for AFP elevations [(35); Heyward W: 
Personal communication]. 

During the course of the next few years the value of this 

approach can be ajipraised as the results from different 

centers become available. The question of screening of 

carriers for AF’P in low-frequency HBV areas is still at 

issue. Studies now in progress may allow the identifica¬ 
tion of a subgroup of carriers who are at particularly 
high risk of developing tumors. 

In collaboration with Beasley in Taiwan, we are 

currently evaluating the role of the non-binding proteins 

ferritin and transferrin in predicting the development of 

liver cancer in HBV carriers. A series of predictors may 
eventually be identified that could focus on those 

subgroups of HBV carriers at highest risk of PHC {39). 

MODEL FOR PATHOGENESIS OF PHC 

T here are certain features of the HBV-PHC relation¬ 

ship that require an explanation not provided by 

conventional theory. We have introduced a model to 
explain these findings {40). The observations used to 

generate the model are reviewed and the model itself is 
described. New studies are now in progress to test the 
model, but these will not be considered here. 

PHC is associated with chronic infection with HBV, 
not with an acute, transient infection. PHC usually 

occurs in a liver affected with chronic hepatitis and/or 
cirrhosis. Hepatitis A virus infections, which do not have 
a c hronic form, are not associated with liver cancer. Most 

people who develop the carrier state of HBV and, 

subseciLiently, PHC do not experience an antecedent, 
acute disease. The “incubation period’’ for the develop¬ 
ment of PHC appears to be very long; people who 
develop PHC may be infected as early as the first few 

months cjf life, but the disease usually does not appear 
untd very much later, i.e., the fifth or sixth decade. 

Hence, any model has to take into account the very long 
period of exposure of liver cells to HBV. A simple 
mutational model does not seem to explain all the 
observed phenomena. 

Histologic studies of the liver tissues of patients with 
PHC reveal that the neoplastic cells do not contain large 
amounts of HBsAg, hepatitis B core antigen, or whole 

virus, while the surrounding cells often contain large 
(|uantities of viral components {41, 42). The amount of 

HBsAg in the serum of patients with PHC is low 
compared to that in healthy HBV carriers and individuals 
with other forms of chronic HBV infection. Further, the 

amount of HBsAg in the serum decreases as the cancer 
progresses. 

From the molecular studies HBV DNA is known to 

integrate into the genome of tumor cells {14-17). HBV 
may also be integrated into the DNA of cells that are not 

transformed or in the hepatocytes of individuals with 

chronic infections who do not have cancer {14, 17). The 
integrations in nontumor tissue often appear to be 
clonal. Finally, chronic infection with HBV causes not 

only PHC but also various forms of chronic liver disease; 
therefore, the model must explain how the same agent 

can cause more than one disease. 

Our model postulates that the livers of mature humans 

(and animals that can be infected with a similar virus 
(22)] contain at least two populations of cells. The first 

and larger component readily becomes infected with 

HBV, synthesizes viral proteins, and can produce infec¬ 

tious virus. VVe have referred to this population of cells as 

“susceptible” or .S-cells. 

The second and, in adults, smaller population of cells 

is relatively resistant to replicative infection with HBV. 
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We have called this group of cells “resistant” or R-cells. 

If these cells become infected, integration of viral DNA 

may occur, but they produce little or no intact virus. 

In individuals chronically infected with HBV, S-cells 

have a shortened survival. This fact may be due to an 

immune response to viral and cellular antigens on the 

surface of the virus-infected hepatocytes, or it may be that 

cells that are actively replicating virus are metabolically 

compromised. The death of S-cells, which in a chroni¬ 

cally infected liver would be continuous, stimulates the 
division of R-cells. Hence there is a continuous process of 

death, regeneration, and, possibly, scarring of the livei. It 

is this continuous process that leads to the picture of 
chronic liver disease and posthepatic cirrhosis, which is 
often associated with chronic HBV infection. 

The R-cells are relatively immune to death from HBV 
infection, since HBV replication does not occur, and host 

immune responses are not actively evoked; hence, R-cells 
are at a selective advantage compared to the S-cells. As a 

result, the S-cell population gradually decreases and the 
R-cell population increases. 

Eventually, integration of HBV DNA into the DNA of 

the host cells may occur. If integration occurs in an S- 
cell, this probably has little consequence since the S-cell 

will eventually die as a result of the HBV replication and 
the host response. If the integration occurs in an R-cell, it 
may lead to a tumor. The R-cell population, because of 
the continuing death of S-cells, is continually expanding. 
Integration of viral DNA may give a further advantage to 
a clone of R-cells originating from a cell into which HBV 

DNA has been integrated. The integration of the HBV 
DNA into the R-cell may arrest its maturation and, thus, 
when it divides it will produce only otlier R-cells. 
Integration of the DNA may also stimulate growth 

factors or oncogenes in the particular clone of cells, 
which will further increase growth potential. As the 

clone expands, it may, by the process of clonal evolution, 
develop the characteristics of a malignant neoplasm. 

What are the origins of the R- and S-cells? We have 

proposed that R-cells are less mature cells and S-cells are 
fully differentiated hepatocytes. The R-cells are the 
predominant cell form in early fetal life, decreasing in 
number but never totally disappearing in the maturing 
liver. S-cells are the predominant form in the normal 

mature liver. 
.4ccording to this scheme, under normal circumstances, 

a dividing R-cell will give rise to I R- and 1 S-cell. Under 

abnoirnal circumstances an R-cell can divide and yield 2 
R-cells or it can divide and differentiate into 2 mature 
S-cells. The more mature S-cell, if it can divide at all, will 

produce only other S-cells. Since the selective pressure of 
HBV infection is applied mainly to S-cells, R-cells will 

gradually accumulate. As already noted, integration of 
HBV DNA into the R-cell genome could hinder further 

differentiation and ensure that only R-cells are produced. 
This will further increase the rate of expansion of the 

R-cell component. If the integration of DNA results in 
the, turning on of a cellular gene, which alters the cell 

phenotype in some waylhat provides a growth advantage, 
the resulting clone will have an even greater growth and 

selective advantage. In due course this effect becomes a 

clinical cancer perceptible to the host. 
This model can also be used to explain certain features 

of liver disease other than PHC. Fulminant hepatitis may 

occur when livers with no or few R-cells become infected. 

If all the S-cells are killed by replicating HBV, there 

would be no resistant R-cells from which new liver cells 

could be regenerated. This consequence would suggest 

some unusual therapeutic measures. 
Recent studies have shown that steroid therapy may be 

effective for CAH not associated with HBV but may be 

detrimental for CAH associated with HBV infection. In 

terms of the model, the steroids would depress the 

immune response by affecting lymphocytes. This event 
would lead to a temporary reduction in the destruction of 

the hepatocytes. However, the steroids would prolong the 

life of the infected S-cells, encourage the chronicity of 
infection, and thereby irr;)ede the rate of recovery. 

The model could also explain the observation that the 

offspring of carrier mothers who are also HBeAg( + ) 
rarely, if ever, have evidence of infection until about 3 
months of age, after which they are highly likely to 

become persistently infected. Newborns would have 
relatively few S-cells and therefore would not produce 

sufficient quantities of virus to be detected by current 
means. By 6 weeks to 3 months of age a sufficient number 
of differentiated (S) cells would be available to synthesize 

enough HBV for detection by conventional assays. 
Young people rather than adults are more likely to 

become chronically infected. In terms of the model this 

likelihood could be explained by the relative abundance 
of R-cells in the child. When S-cells are killed by the 
reaction to the HBV infection, sufficient R-cells are 

present to provide a new source of S-cells. In the adult, 
however, there is a relative scarcity of R-cells. When S- 
cells are killed by the infection, insufficient numbers of 

R-cells exist to provide S-cells at a high enough rate to 
maintain the infection. 

PREVENTION BY DELAY 

There are some interesting leatuies of this model that 

can be used to discuss what we have termed “prevention 
by delay.” It should be clear that this form of prevention 

is at present speculative. 
The model posits that the driving force in the growth 

of the cancer is the death of S-cells as the result of 

replication of HBV. Hence, if we could devise methods to 
stop or even slow dcjwn this process, it might be possible 

to prevent the development of serious liver disease during 
the normal life-span of the individual. If this interven¬ 

tion could be started before a large component of R-cells 
had accumulated, then very mild procedures could be 
used over a long period rather than severe treatments over 

a relatively short time, such as are generally used in 

cancer therapy. 

Most forms of cancer therapy are directed toward the 
killing of as many cancer cells as possible. In the process, 

because cancer cells and normal (particularly developing) 

cells have much in common, many normal cells are also 
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affected. This places a limit on the aggressiveness of 

cancer therapy. The procedures recommended by this 

model are directed toward preserving the health of the 
S-cells rather than promoting the destruction of the 

infected R-cells. 

The suggested “therapies” have a limited goal. It is not 
necessary to eliminate all the R-cells but only to keep 
their numbers at a sufficiently low level as to be 

imperceptible to the HBV carrier. Further, it is not even 

necessary to eliminate completely the HBV infection, 
which may be very difficult if integration has occurred. 

What is required is to slow down the process to such an 
extent that the presence of the virus is not perceived by 

the patient, that is, to prolong the asymptomatic phase of 
the carrier state while at the same time to attempt to 
decrease the risk of the HBV carrier developing chronic 

hepatitis and PHC. 
Another aspect of this form of prevention is that it can 

be applied very early, although at present it is hard to say 

how early. It would be helpful to identify those HBV 
carriers who will remain persistently infected from 

infancy to adulthood. Methods for doing this should Ite 
uncovered with fuither research. Again, what is proposed 
is prevention rather than therapy since we hope to be able 

to develop a benign forni of management that could be 
used by HBV carriers who are not sick. 

What can be done to slow down the process of cancer 
and liver disease pathogenesis? The answer to this is not 
known now, but there are investigations in our laboratory 

and others that could have a bearing on these procedures. 
The goals would be to decrease the rejdication of HBV 

and to prevent the entry of newly synthesized virus into 
uninfected liver cells. These goals should be achieved at 

an early stage before R-cells accumulate significantly and 
before integration leading to rapid division of the R-cells 

commences. 
Evidence exists that liver cells with high concentrations 

of the iron-binding protein ferritin, as well as possibly 

high levels of iron, are more likely to become infected and 

to replicate HBV. We are trying to understand this 
process sufficiently well to see if some management of 

iron or iron-binding proteins can favorably alter this 

process {39, 43). 
A variety of chemicals, many derived from plants, exist 

that alter the HBsAg characteristics in a manner that 

affects their immune reactions {44). Such materials may 
have a role in preventing hepatocyte infection. There are 

also materials that may affect HBV replication by 

altering its DNA polymerase, and such chemicals may 

help to ameliorate infection. 
HBV, like other viruses, must enter the cell through 

specific attachment sites. If these sites can be blocked, 
then invasion of uninfected hepatocytes may be pre¬ 

vented. A series of investigations on polymerized serum 
albumin have indicated a possible role for this material 

in the process {43). In addition, superoxide anion, 

peroxides, and hydroxyl radicals may play a role in liver 
cell destruction. The formation of superoxide anions is 

related to HBV infection and may be controllable with 

antioxidants {46). 
We realize that these approaches are still speculative, 
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but we believe that such lines of investigation may 

eventually lead to the prevention of chronic active 
hepatitis, cirrhosis, and liver cancer by delaying their 

occurrences beyond the life-spans of HBV carriers. 

CONCLUSIONS 

As indicated in this paper, several national and 

international jjrevention programs for the control of 
HBV infection are in progress and more are con¬ 

templated. These i)rograms should lead to a considerable 
decrease in the fretjuency of primary cancer of the liver. 

More experience with these programs will be needed 
before deciding on the best manner ter proceed, but a 
campaign to eliminate completely the virus eventually 

might be cernsidered. d’his campaign could have con¬ 
siderable consequences for human biology and ecology 
[see {47) for discussions of the role of HBV in human 

mortality, sex determination, and fertility], which must 
be considered as the prevention programs are evolving. 

Fhe price of HBV vaccine is high, but predictably the 

cost will decrease, fwen when the cost decreases, the 
programs will be expensive, and they are most needed in 
areas of the world where public health budgets are Icrw. 
I'he program for the control of HBV therefore may be 

conducted as an internationally funded, worldwide effort. 
A committee of the World Health Organization has 

recommended such a program. 
Infection with HBV is costly in terms of both morbidity 

and mortality fre^m PHC and chronic liver disease. HBV 
infection is not, however, the most important medical 
problem in those tegions of the w’orld where it is 

common; bacterial and viral diseases, malaria, schis¬ 
tosomiasis, filariasis, malnutriiion, and other diseases 
also exert a terrible toll. It would be unfortunate if an 
anti-HBV campaign detracted from useful work cjn the 

control of these diseases. However, although HBV 
infection may not be the most important disease in 

Africa, it may well be the most important disease for 
which control appears feasible. This circumstance argues 
for the rapid implementaticju of a vaccination program. 
Hepatitis vaccination could possibly be combined with 

other pediatric vaccinations, thereby decreasing the effort 

of implementation. 
For heuristic reasons, we have considered the R-.S 

(cells) developmental model only in terms cif HBV and 
PHC. In time, however, its application to other forms of 

cancer may be appropriate. The model recommends, we 
believe, a new and encouraging approach to cancer 

control in which individuals at high liver cancer risk can 

be detected. Prevention programs directed toward sup¬ 
porting the health of infected cells, rather than the 

destruction of malignantly transformed cells, could then 

be instituted. 
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HEPATITIS B INFECTION AND KIDNEY-GRAFT 
SURVIVAL 

To ike Editor: Since our publication on the relation of hepatitis B 
infection before transplantation to survival of HLA nonidentical 
kidney grafts,' two additional reports have appeared: Cuthbert et 
al.’ found that graft survival was better in anti-HBs { + ) than anti- 
HBs (—) patients; and Rashid et al.' reported results similar to ours 
— i.e., that early graft rejection was more common in anti-HBs (-h) 
than anti-HBs ( —) recipients. These differences arc significant in all 
three populations (P<0.02), although Rashid’s observations and 
ours differ significantly from those of Cuthbert et al. Thus, there is 
probably a biologic reason for the differences in behavior of the 
three patient populations. 

One difference between the populations is in the prevalence of 
hepatitis B infection. The high frequencies of HBsAg and anti-HBs 
in Rashid’s and our populations (33.3 and 42.7 per cent, respec¬ 
tively) reflect the regular exposure of these patients to hepatitis B 
virus (HBV) in hemodialysis units. Cuthbert’s patients (112 per 
cent had HBsAg or anti-HBs) were not as heavily exposed to HBV 
infection in dialysis units (Ware A: personal communication), and 
anti-HBs probably developed as a result of prior exposures to HBV 
in the outside community. The prevalences of anti-HBs and HBsAg 
observed by Cuthbert et al. are similar to those seen in general pop¬ 
ulation surveys in the United States' and lower than those reported 
in many hemodialysis units.' 

Recent and frequent exposures to HBV may stimulate lympho¬ 
cyte and macrophage responses to HBV' antigens. If lymphocytes 
stimulated by HBV antigens also recognize an antigenic determi¬ 
nant on donor cells, early rejection may result. Elsewhere, we have 
suggested that there is a male-associated antigen that cross-rcacts 
with an antigenic determinant on HBV.‘ If anti-HBs were present 
as a result of past exposures to HBV cellular immune responses 
might not be stimulated at the time of transplantation, and 
responses to kidney grafts might not be affected. Hence, the con¬ 
flicting results of the three transplant studies suggest that the set¬ 
ting and proximity of the HBV infections are important for evalua¬ 
tion of the correlation of anti-HBs with cellular responses to HBV 
and to kidney-graft survival. 

Furthermore, in the clinic that we studied, as is usual in Unit¬ 
ed States and European dialysis units, HBV infections were 
predominantly with “ay” subtypes of HBsAg whereas most infec¬ 
tions in the outside community are with HBs.-Vg/ad.’ ’ Presensitiza¬ 
tion with the y determinant may affect the subsequent response to 
kidney grafts. 

We are indebted to Cuthbert et al. for reporting their observa¬ 
tions. As a result, we have modified our initial interpretations and 
developed new hypotheses. Testing of these will, we hope, enlarge 
our understanding of the relations of responses to HBV infection 
with kidney-graft survival. 
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TRACHEOSTOMY FOR ACUTE EPIGLOTTITIS 

To Ike Editor: In the “Weekly Clinicopathological Exercises” 
published on October 20, 1977, a very interesting 34-year-old man 
who died of acute epiglottitis was discussed. Dr. M. Stuart Strong 
made the correct clinical diagnosis, and in his discussion, he stated, 
“Epiglottitis is not rare: indeed, it is relatively common in children, 
v.'ith cases encountered once or twice a week in busy pediatric 
units.” He then pointed out that in a series of 97 cases of epiglotti¬ 
tis that we reported, 11 (or 12 per cent) of the patients were adults.' 
He then goes on to state, “The disorder is not as threatening to 
adults as it is to children because the adult structures are more 
rigid. ” He further states, “Not all patients require intubation or tra¬ 
cheotomy..., but most children have to be intubated, and if the cir¬ 
cumstances for managing the intubated child are not excellent tra¬ 
cheotomy may be required.” 

I disagree with this statement, and I think that there is ample 
evidence to support my position. We stated in our report that six of 
the 11 adults in our study required tracheostomy to survive. In 
another report on epiglottitis in adults all three patients with this 
disorder required tracheostomy; two died during the procedure.’ 
This report reviewed 37 other cases of acute epiglottitis in adults. 
When these references are individually examined, the statement 
that this disorder is not as threatening to adults as it is to children is 
not borne out. One study cited in the review described three adults 
with acute epiglottitis; one who survived after tracheostomy and 
two who died while the procedure was being performed to relieve 
abrupt, complete airway obstruction.' Indeed, it appears that, as in 
our study, adults require nasotracheal intubation or tradieostomy 
as often as children to survive. 

An earlier CPC in \h.t Journal also emphasizes this point.* In a 66- 
year-old woman with acute epiglottitis onset of complete airway 
obstruction was so rapid that one of the discussants commented, “It 
took approximately fifteen minutes to perform the tracheostomy- 
after we had attempted to pass an endotracheal tube. She became 
progressively hypoxic during the procedure and died before the tra¬ 
cheostomy was completed.” This is another example of the deadly, 
rapid and unpredictable course that this infection may pursue in 
the adult. 

Pediatricians are now in general agreement that to prevent such 
catastrophes, an assured airway must be established as soon as the 
diagnosis of acute epiglottitis is made.' As shown in our study, ap¬ 
proximately half the 97 patients required tracheostomy to survive, 
and in half these cases, obstruction w-as so abrupt in onset that two 
patients died while the procedure was being attempted and one was 
left with decerebrate anoxic brain damage. “Prophylactic’’ naso¬ 
tracheal intubation is now generally preferred over tracheostomy, 
but since it is not always successful it should not be undertaken 
without adequate provisions for immediate surgical intervention. 

Thus, it appears that adults as well as children are at high risk of 
abrupt complete airway obstruction with this disease. .An assured 
airway should be established immediately as soon as the diagnosis 
is made in all age groups with this life-threatening infection. 

Washington, DC 20012 
James W. Bass. M.D. 

Walter Reed Army .Medical Center 
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PERSPECTIVES DE LA VACCINATION 
CONTRE LE VIRUS DE L'HEPATITE B 

par i. Miliman et B.-S. Blumberg 

Le lien entre ce qui sera appele par la suite 
antigene Australia et I’hepatite, a ete decouvert a 
la fin de 1966; I’hypothese d’une relation entre 
I’antigene, les particules de 20-24 nm qui lui sont 
associees et le virus de Thepatite, a ete formulee 
peu de temps apres (1). En 1968, nous avons ete 
informes par le gouvernement federal des Etats- 
Unis d’Amerique, qui nous allouait une grande 
partie de nos credits, qu’il souhaiterait voir 
naitre des applications de cette recherche fonda- 
mentale qu’il subventionnait depuis si long- 
temps. C’est ainsi que nous avons eu la possibi- 
lite de produire un vaccin contre le virus de 
I’hepatite par une nouvelle methode. 

Des observations faites pendant de nombreu- 
ses annees et des faits plus recents (2, 3) sugge- 
rent que I’infection par le virus de I’hepatite 
confere une immunite prolongee, consequence 
probable de I’apparition d’anticorps protecteurs. 
Si I’antigene Australia est une partie du virus de 
I’hepatite, avons-nous pense, les anticorps speci- 
fiques diriges contre lui pourraient etre protec¬ 
teurs. De plus I’antigene peut etre obtenu simple- 
ment a partir du sang peripherique des porteurs 
asymptomatiques de I’antigene Australia, qui ont 
des taux tres eleves de cet antigene. Beaucoup de 
vaccins anti-viraux sont produits a partir de 
virus developpes en culture de tissu ou sur oeuf 
embryonne; on produit ainsi des vaccins vivants, 
attenues ou tues; mais il n’a pas ete possible de 
cultiver le virus de I’hepatite B de cette maniere. 
En outre, la source representee par le sang 
humain pourrait bien avoir reellement quelques 
avantages, comparee aux cultures de tissus, one- 
reuses et biologiquement complexes. 

Plusieurs arguments rendaient peu vraisembla- 
ble que les petites particules (20-24 nm) repre- 

sentent le virus entier. En 1967, nous avons 
trouve que le serum des mongoliens presentant 
une hepatite anicterique, contenait des concen¬ 
trations de HBs Ag a des taux aussi forts que 
10^2 particules par millilitre de serum. Si ces 
particules avaient represente le virus entier, il 
paraissait inconcevable qu’une telle infestation 
soit compatible avec la survie des patients! Nos 
premiers travaux biochimiques et physiques (4, 
5) s’accordaient avec le fait que I’antigene Aus¬ 
tralia (appele antigene de surface de I’hepatite B, 
en abreviation HBs Ag) etait probablement I’en- 
veloppe du virus. La fraction purifiee, qui 
contient I’HBs Ag, comprend les particules de 
20-24 nm ayant une densite en chlorure de 
cesium de 1,20-1,21. Les traces d’acide nucleique, 
detectees dans ces particules, furent considerees 
comme insuffisantes pour coder un virus dont le 
poids moleculaire est estime a 3 x 10^. Les par¬ 
ticules contenaient des lipides et des glycoprotei- 
nes, les lipides etant probablement responsables 
de la faible constante de sedimentation. 

Les experiences preliminaires indiquaient que 
I’HBs Ag du sang des porteurs humains pouvait 
etre purifie, de sorte qu’il soit grossierement 
depourvu d’acide nucleique et des composants 
du serum humain normal. Nous avons admis 
que I’absence d’acide nucleique etait la meilleure 
indication de I’absence de virus complet infec- 
tant. Nos precedentes etudes sur la transmission 
experimentale de I’antigene Australia a des sin¬ 
ges nouveau-nes (des vervets africains) etaient 
compatibles avec cette hypothese. Des prepara¬ 
tions partiellement purifiees pouvaient etre trans- 
mises et repliquees, mais les preparations les plus 
purifiees (dans lesquelles les acides nucleiques 
sont probablement elimines) ne I’etaient pas. En 
octobre 1969, travaillant pour !’« Institute for 
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Cancer Research » (ICR), nous avons depose 
une demande de brevet pour un vaccin prepare a 
partir de I’antigene Australia et pour un procede 
de fabrication. Ce brevet a ete pris successive- 
ment pour les USA (Janvier 1972) et pour d’au- 
tres pays (7). 

II y a maintenant plusieurs series d’etudes 
utilisant des vaccins et des materiaux vaccinants 
contenant I’HBs Ag (antigene Australia), prepa¬ 
res par differentes methodes. En 1970, Krugman 
rapporte des experiences faites avec du serum 
non purifie contenant I’HBs Ag et inactive par la 
chaleur (8). Une preparation, le MS-2, qui avait 
ete utilisee dans des experiences anterieures, etait 
diluee dans de I’eau distillee et chauffee a 98 °C 
pendant une minute. A la suite de cela, Krug¬ 
man annonqa que la chaleur detruisait I’infectio- 
site, tout en laissant persister I’antigenicite : 
29 enfants d'une institution pour handicapes 
mentaux, n’ayant jamais eu de contact avec le 
virus B, ont ete inocules avec la preparation 
MS-2 traitee par la chaleur. Environ 1 enfant sur 
2 requt 3 injections du vaccin inactive. 4 a 
8 mois apres la derniere injection, ils etaient 
inocules avec le serum non chauffe contenant le 
virus actif. Krugman indiqua que, chez 20 
(69 p. 100) des 29 enfants, I’hepatite B a ete 
prevenue ou modifiee dans son expression Clini¬ 
que. La maladie etait attenuee chez les 9 autres 
enfants et etait associee a une reduction de 
I’incidence de I’etat de porteur chronique. En 
juin 1971, Soulier, lors d’un seminaire qui s’est 
tenu au Centre international de I’Enfance a 
Paris, a public que le serum chauffe, contenant 
le virus de I’hepatite B, peut etre utilise pour 
proteger contre I’infection. Soulier chauffait sa 
preparation pendant 10 heures, a 60 °C (9). Bien 
que les travaux de Krugman et de Soulier confir- 
ment I’efficacite du vaccin, leurs protocoles expe- 
rimentaux pechaient sur plusieurs points impor- 
tants. 

C’est a peu pres a cette epoque, que des etudes 
experimentales sur I’animal ont ete entreprises. 
Nous avons tout d’abord tente d’identifier un 
animal d’experience qui serait satisfaisant pour 
des etudes sur la transmission; nous avons teste 
I’antigene Australia chez de nombreuses especes : 
animaux de laboratoire, pensionnaires de zoo et 
animaux domestiques, afin de determiner quelles 
especes pouvaient etre naturellement infectees 
par le virus de I’hepatite B. Nous pensions que 
les especes naturellement infectees seraient les 
meilleurs sujets d’experience. Nous avons trouve 
que, seulement certains primates (chimpanzes, 
gibbons, vervets verts d’Afrique, etc.) pouvaient 
etre porteurs de I’antigene Australia. 

L’ICR a cede a la firme pharmaceutique 
Merck and Co les droits d’exploitation du brevet 

La Revue du Praticien 
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concernant le vaccin contre I’hepatite B. Hille- 
man et ses collaborateurs de chez Merck ont 
produit un vaccin purifie, fabrique a partir d’un 
melange de plasmas de porteurs de virus de 
I’hepatite B (11). Ce melange contenait les 
2 sous-types adr et ayw, dans les proportions 
respectives de 89 et 11 p. 100. Les particules 
d’HBs Ag etaient purifiees par centrifugation 
isopycnique en chlorure de cesium (2 fois) et par 
ultracentrifugation en gradient de sucrose 
(1 fois). La preparation finale, utilisee dans leurs 
essais, etait ajustee pour contenir 20 pg/ml de 
proteines (determines par la methode de Lowry) 
et traitee pendant 72 heures a 36 °C avec du 
formol au 1/4 000. Les preparations ont ete 
testees sur des chimpanzes de 10 a 20 kg. 6 de 
ces animaux requrent 1 ml de vaccin en intravei- 
neux. Aucun animal de ce groupe ne developpa 
d’hepatite. 

6 chimpanzes controles, qui requrent 1 000 
doses infectantes du virus B vivant, attraperent 
I’hepatite. Le groupe de Merck a aussi teste le 
pouvoir immunogene du vaccin sur des cobayes. 
Ils montrerent que 2 pg administres une fois en 
sous-cutanee provoquent I’apparition d’anti- 
corps. Quand 3 doses successives etaient admi- 
nistrees, la dose necessaire par injection etait 
seulement de 0,5 pg. On obtenait une serocon¬ 
version chez plus de 50 p. 100 des animaux, 
apres 3 doses de 2 pg. 4 des 6 animaux qui 
requrent chacun 3 injections de 20 pg repondi- 
rent. Le vaccin apparait sur puisque aucun des 
chimpanzes vaccines ne presente d’augmentation 
des SGPT, d’apparition d’HBs Ag ou d’anticorps 
diriges contre la partie centrale de I’antigene 
(anti-HBc), tous signes consideres comme des 
temoins de I’infection. 

Pendant que Merck essayait son vaccin, Pur¬ 
cell et Gerin, a I’Institut national de la Sante, 
dans le Maryland, testaient de leur cote un 
vaccin purifie fabrique d’une maniere analogue. 
Des vaccins ayw et adr ont ete purifies chacun a 
partir d’une unite de sang de porteur asympto- 
matique. Les deux vaccins de PPrcell et Gerin et 
celui de Merck sont constitues principalement de 
particules de 22 nm purifiees par centrifugation. 
Le vaccin de Purcell et Gerin est inactive par 
incubation dans du formol au 1/2000, 96 heures 
a 37 °C. La concentration des proteines dans les 
vaccins est ajustee a 20pg/ml (Lowry). Le vac¬ 
cin de Purcell et Gerin differe de celui de Merck 
essentiellement par le fait qu’il est stabilise avec 
de I’albumine serique humaine a 1,4 p. 100. 

Purcell et Gerin utilisent une dose immuni- 
sante de 0,1 ml par voie sous-cutanee, suivie par 
une injection de rappel avec la meme dose en 
sous-cutanee un mois plus tard (12). 7 chimpan- 
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zes, dont 3 controles, sont utilises pour ces tests. 
Un des chimpanzes controles, revolt en intravei- 
neux 1 ml de serum HBv (sous-type ayw) qui a 
servi a la fabrication du vaccin, un second re9oit 
la serum-albumine humaine utilisee cornme 
diluant et le troisieme ne re9oit pas d’injection. 
3 chimpanzes re9oivent le vaccin purifie du 
sous-type ayw, 2 re9oivent le vaccin apres inacti¬ 
vation par le formol et le troisieme avant inacti¬ 
vation. Le quatrieme animal est vaccine avec le 
vaccin adr inactive par le formol. Les serums des 
7 chimpanzes sont testes pour les SGPT, 
I’HBs Ag, I’anti-HBs et I’anti-HBc. Seul le chim- 
panze inocule avec le serum HBs Ag + ayw 
devient infecte avec augmentation des SGPT, 
apparition d’anti-HBc et d’HBs Ag. Aucun des 
6 autres animaux ne presente ces modifications. 
Les anticorps diriges contre HBs Ag (anti-HBs) 
sont detectes (par radio-immunologie) chez les 
4 animaux vaccines. Des titres du 1/32 au 1/64 
sont trouves par hemagglutination passive. Les 
animaux vaccines et celui qui n’a re9u aucune 
injection, sont inocules avec HBv (souche MS-2, 
sous-type ayw), a une dose calculee pour entrai- 
ner I’hepatite chez la moitie des chimpanzes 
(lO^’^ doses infectantes (DI)5o), 24 semaines 
apres la derniere injection du vaccin. Les echan- 
tillons de sang sont recueillis 2 fois par semaine, 
apres cette infestation. Chez les 2 animaux contro¬ 
les (celui qui n’a re9u aucune injection et celui 
qui a re9u le diluant) apparaissent HBs Ag et 
anti-HBc. Au contraire, aucun des animaux 
immunises n’a d’HBs Ag dans son serurn ou ne 
developpe de signes d’hepatite. Celui qui a re9U 
le vaccin heterologue adr, repond mal et a initia- 
lement des signes serologiques d’infection (un 
titre faible d’anti-HBs suivi par I’apparition 
d’anti-HBc), mais sans signes biochimiques d’at- 
teinte hepatique. Cette reponse rappelle I’infec- 
tion cliniquement latente de Thomme sans signes 
biologiques, mais avec une replication virale. 

En juin 1976, des experimentateurs de chez 
Merck rapportent leurs travaux de protection 
chez le chimpanze (13). Ils trouvent que 3 doses 
de vaccin (voir ci-dessus) protegent les chimpan¬ 
zes contre 1 000 doses infectantes de virus B 
vivant donne en intraveineux. 6 chimpanzes sont 
vaccines avant I’inoculation et 5 autres non vac¬ 
cines servent de controle. Les animaux sont 
examines pendant 24 semaines. Aucun des ani¬ 
maux vaccines ne presente de signes cliniques 
d’hepatite. 

Les anticorps diriges contre le sous-type a, 
paraissent suffisants pour la protection. Murphy 
et coll. (14) ont indique que, dans les experiences 
ou les chimpanzes etaient inocules avec des pre¬ 
parations non purifiees d’HBs Ag contenant diffe- 
rents sous-types, les animaux devenaient infectes 

et developpaient I’HBs Ag et eventuellernent 
I’anti-HBs, correspondant a I’inoculation initiate. 
Des etudes complementaires faites par Barker et 
coll. (15) ont montre que les chimpanzes conva¬ 
lescents sont proteges de I’infection par des pre¬ 
parations de virus de I’hepatite B ayant un 
sous-type different. Bien que ces resultats parais¬ 
sent indiscutables, il est peu souhaitable que des 
vaccins soient prepares a partir d’un seul sous- 
type. Ou bien des melanges de differents sous- 
types seront prepares, ou bien les vaccins seront 
fabriques a partir des sous-types les plus souvent 
rencontres dans le pays ou le vaccin sera utilise. 

Maupas et ses collegues a Tours, en France, 
ont aussi rapporte leur experience de vaccina¬ 
tion. 11s purifient le vaccin par chromatographic 
d’affinite, en utilisant un anti-HBs couple par du 
bromure de cyanogene au sepharose 4B (16). Le 
serum contenant I’HBs Ag de sous-type ayw avec 
un titre en electrosynerese superieur ou egal au 
1/16 est passe sur la colonne. L’HBs Ag est elue 
avec NaSCN a la concentration de 3 ml/litre a 
pH 7,4. La premiere fraction d’HBs Ag eluee est 
passee a travers une seconde colonne contenant 
des anticorps anti-serum humain couples au 
sepharose. Le second passage est necessaire pour 
eliminer les traces de proteines eluees avec 
I’HBs Ag a partir de la premiere colonne. Le 
materiel purifie, standardise a une concentration 
en proteines de 70 pg/ml a un titre en electrosy¬ 
nerese de 1/2, en hemagglutination passive au 
1/512 et en radio-immunologie au 1/1000. Des 
traces d’lgG sont encore detectables. Le vaccin 
est ensuite inactive dans du formol a 0,1 p. 100 
pendant 48 heures, a 37 °C et une semaine a 
-t- 4 oC. Administre a 5 chimpanzes, il est^ effi- 
cace, c’est-a-dire qu’aucun des animaux n’a de 
signe d’infection par le virus de I’hepatite B. 
Maupas a ensuite vaccine 30 malades et 73 mem- 
bres du personnel soignant de I’unite d’hemodia- 
lyse de Tours. Chaque individu vaccine re9oit 
2 injections de 1 ml de vaccin en sous-cutanee 
dans le mois. Il rapporte que 95 p. 100 du 
personnel soignant et 60 p. 100 des malades 
developpent des anticorps anti-HBs. Les mem- 
bres du personnel soignant et les malades sont 
suivis pendant 1 an. Aucun membre du groupe 
vaccine ne presente d’hepatite clinique ou ne 
devient HBs Ag+. 50 p. 100 des membres du 
personnel soignant non vaccines et 60 p. 100 des 
malades devient HBs Ag+. Dans le groupe des 
gens qui ont ete apparemment proteges, se trou¬ 
vent 11 individus qui n’ont pas developpe d’anti- 
corps anti-Hbs apres la vaccination. L’interpreta- 
tion donnee par Maupas est que la protection 
pourrait survenir meme en I’absence d’anticorps 
anti-Hbs detectables. Il postule que I’immunite 
cellulaire peut jouer un role protecteur. Maupas 
est le premier a utiliser I’hydroxyde d’alumine 
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comme adjuvant au vaccin. L’utilisation de I’ad- 
juvant entraine une seroconversion plus rapide. 

Brzosko et coll., dans Hepatitis Scientific 
Memoranda, en mars 1976, rapportent des resul- 
tats preliminaires avec un vaccin purifie de 
fa9on semblable. Leur premier lot de vaccins est 
purifie par chromatographie a partir de serums 
adr et ayw, standardises pour contenir 200 pg/ml 
de proteines et inactives avec du formol au 
1/100 pendant 168 heures (la temperature d’inac- 
tivation n’est pas precisee). Le formol est enleve 
par dialyse. 3 chimpanzes sont inocules avec des 
doses massives de vaccin pour tester son inno- 
cuite. Chaque animal re9oit 10 ml de vaccin 
contenant 2 mg d’HBs Ag par voie intramuscu- 
laire et intraveineuse. 9 semaines plus tard, les 
animaux re9oivent des injections de rappel de 
5 ml de vaccin en intramusculaire. 2 mois apres 
le I®"" rappel, les animaux sont injectes avec 
0,1 ml de vaccin en intramusculaire. 4 semaines 
apres la derniere injection, ils sont inocules avec 
HBv fait d’un melange de sous-types (lO^-^^ 
doses infectantes (DIjso adw et 103-25 (DIjso 
ayw). 10 semaines plus tard, ces memes animaux 
sont utilises pour tester I’immunogenicite d’un 
second lot de vaccin. Ce lot est prepare a partir 
d’un serum contenant HBs Ag precipite par le 
sulfate d’ammonium, suivi d’une digestion par la 
pepsine et d’une concentration sur un systeme 
Amicon DC 30 equipe avec une membrane 
XM 100. Les faits rapportes dans ce resume sont 
difficiles a interpreter. Les auteurs ont declare 
que I’HBs Ag a ete detecte chez chaque animal 
une fois seulement, dans I’echantillon preleve 
une semaine apres une nouvelle injection de 
vaccin faite 10 semaines plus tard. Anti-HBc 
n’est jamais trouve chez aucun des animaux et 
I’anti-HBs est detecte* chez tous les animaux 
apres la premiere semaine. Ils concluent que le 
vaccin, fabrique selon ce precede, est sans dan¬ 
ger. 

Nous avons depuis longtemps suggere que 
I’antigene Australia pourrait contenir des specifi- 
cites antigeniques analogues ou identiques a cer- 
taines proteines du serum humain et a d’autres 
constituants antigeniques de I’hote et que de 
telles specificites antigeniques sont polymorphes 
au sein de I’espece humaine. Des etudes ont 
donne des resultats contradictoires a ce sujet. Le 
vaccin est purifie a partir du serum humain et 
des contaminants possibles pourraient inclure 
des proteines seriques. Ainsi se trouve soulevee 
la possibilite que la vaccination entraine le deve- 
loppement d’anticorps diriges contre des protei¬ 
nes de I’hote, ce qui pourrait avoir un effet 
indesirable. Un probleme analogue pourrait exis- 
ter chez les patients qui re9oivent des transfu¬ 
sions de sang ou d’autres vaccins qui sont pro- 

duits sur cultures de cellules humaines. A notre 
connaissance, de tels effets n’ont pas ete obser¬ 
ves mais il est aussi peu probable que le pro¬ 
bleme ait ete etudie de fa9on systematique chez 
les patients transfuses et chez ceux qui ont ete 
vaccines a partir de vaccins humains. En raison 
de ce probleme theorique, a savoir que le vaccin 
pourrait contenir des acides nucleiques de I’hote 
et/ou des antigenes humains d’origine cellulaire 
ou serique, des vaccins polypeptidiques ont ete 
proposes (17, 18). Dans ceux-ci, I’HBs Ag isole 
serait fractionne par des traitements enzymati- 
ques ou autres, dans I’espoir que les antigenes 
induisant la production d’anti-HBs et d’anticorps 
diriges contre I’hote se trouvent dans des frac¬ 
tions differentes. 11 est cependant possible aussi 
que ces 2 elements soient dans la meme fraction 
et des tests appropries devraient etre mis en 
oeuvre pour preciser s’il en est ainsi. Dans cette 
optique, Melnick et coll. (16) ont montre que la 
migration de cellules de I’exsudat peritoneal de 
cobaye irrmunise avec une fraction polypeptidi- 
que de 24 000 dalton etait inhibee par le serum 
humain normal. Ceci implique que les consti¬ 
tuants de I’hote ou des determinants du serum 
normal font partie de la macromolecule de 
I’HBs Ag. Une telle possibilite a-ete postulee la 
premiere fgis par Millman et coll. (19), puis 
soutenue plus tard par Neurath (20). Un autre 
point, concernant I’utilisation de vaccins prepa¬ 
res ainsi est qu’ils pourraient avoir une plus 
faible antigenicite que les vaccins prepares a 
partir de I’antigene de surface intact et que de 
plus grandes quantites d’un vaccin, dont la pro¬ 
duction est onereuse, pourraient etre necessaires. 

En plus des etudes rapportees ici, des recher- 
ches sur le vaccin sont en cours au Japon, dans 
la Republique populaire de Chine, en Suede, aux 
Pays-Bas et probablement ailleurs. 

Lustbader et coll. (21) ont con9u une etude 
destinee a tester un vaccin contre I’hepatite B 
dans une population a haut risque (unite d’he- 
modialyse renale) qui peut servir a tester la 
valeur du vaccin. Ceci a I’avantage d’utiliser une 
population test relativement petite et de ne pas 
necessiter de temoins en parallele. 

Les resultats des etudes publiees a ce jour et 
resumees ici, sont encourageants. Pour que les 
vaccins soient acceptables, ils doivent etre effica- 
ces et surs. Leur efficacite et leur innocuite 
doivent etre tout a fait convaincantes pour satis- 
faire aux regies utilisees par les organismes offi- 
ciels, tels que la « Pood and Drug Administra¬ 
tion » aux USA, pour autoriser la mise sur le 
marche. 

Si le vaccin est accepte, il peut trouver alors 
de nombreuses applications. L’hepatite B est un 
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probleme important dans les regions du monde 
developpees medicalement, mais aussi et encore 
davantage dans I’Afrique sub-Saharienne, dans 
certaines regions d’Asie et d’Oceanie et ailleurs 
ou les taux d’infestation peuvent etre extraordi- 
nairement eleves. Dans ces pays, les maladies 
chroniques du foie et le cancer primitif du foie 
peuvent etre tres frequents et il y a des raisons 
de penser qu’ils peuvent etre associes a une 
infection persistante par HBv. Si ces hypotheses 
sont confirmees, les programmes de vaccination 
contre I’hepatite B pourraient connaitre d’impor- 
tantes consequences, notamment la prevention 

d’un cancer frequent et mortel et ceci pourrait 
constituer un exemple d’un vaccin anticance- 
reux* 

* Une revue sur I’utilisation de gammaglobulines avec un 
litre eleve d’anticorps anti-HBs pour la prophylaxie passive 
de rhepatite B, recemment publiee, pourrait interesser les 
lecteurs de cet article (22). 

(The Institute for Cancer Research, The Fox Chase Cancer 
Center. 7701, av. Burholme, Philadelphie, Pennsyhanie I9III 
USA. Ce travail a ete finance par une bourse USPHS 
CA-06551, RR-05539 et CA-06927 du « National Institute of 
Health » et par une subvention du « Commonwealth of Penn¬ 
sylvania ».) 
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e Antigen in Hepatitis B Virus Infected Dialysis Patients: 

Assessment of Its Prognostic Value 

BARBARA G. WERNER, Ph.D.; and BARUCH S. BLUMBERG, M.D., Ph.D., F.A.C.P.; 

Philadelphia, Pennsylvania 

Many investigators consider the presence of e antigen 

(HBeAg) valuable in predicting which patients with acute 

hepatitis B are at risk of remaining infected and developing 

chronic liver disease. We tested this hypothesis in a 

retrospective study of serial samples from patients 

undergoing long-term hemodialysis. We found HBeAg in the 

early phase of a// hepatitis B virus (HBV) infections. There 

was no significant difference between transiently and 

persistently hepatitis B surface antigen (HBsAg)-positive 

persons with regard to the frequency of HBeAg during the 

first 3 months of HBs antigenemia. Thus during the early 

period of viral activity, the presence of HBeAg is of no 

prognostic value in determining chronicity of HBV infection. 

We believe the disagreement on the prognostic value of 

HBeAg is a reflection of variations in time and frequency of 

sampling. The HBeAg remains, however, a useful indicator of 

potential infectivity of HBsAg( + ) persons. 

THERE ARE two major classes of responders to infection 

with hepatitis B virus (HBV): those persons who make 

antibody to hepatitis B surface antigen (anti-HBs), clear 

the virus, and are thereby only transiently hepatitis B 

surface antigen (HBsAg) positive; and those who are un¬ 

able to produce anti-HBs and are persistently positive for 

HBsAg. The e antigen system was first recognized in sera 

containing HBsAg by Magnius and Espmark (1). The e 

antigen (HBeAg) is immunologically distinct from hepa¬ 

titis B surface and core antigens and is a marker of in¬ 

creased infectivity of HBsAg-positive sera (2-5). In addi¬ 

tion, Nielsen, Dietrichson, and Juhl (6) have suggested 

that HBeAg is of prognostic value in HBsAg-positive 

acute viral hepatitis in predicting progression to chronic 

hepatitis or cirrhosis. A number of repiorts have support¬ 

ed their hypothesis (7-9), but some investigators have 

presented data to the contrary or at least urged caution 

because the correlations are not absolute (10-14). 

Testing samples collected monthly from patients with 

end-stage renal disease undergoing chronic hemodialysis, 

we retrospectively assessed the value of HBeAg in pre¬ 

dicting which patients wiU become transiently or persis¬ 

tently HBsAg(-l-). We also determined the frequency of 

► From The Institute for Cancer Research. The Fo* Chase Cancer Center; Phila¬ 

delphia. Pennsylvania. 

•5 1 rt Annals of Internal Medici le 89:310-314. 1978 

occurrence of HBeAg in these groups and defined its time 

of appearance and duration of positivity relative to other 

indicators of HBV infection. 

Materials and Methods 

ASSAYS 

Sera were tested for HBsAg by counterelectrophoresis, im¬ 
munodiffusion, and radioimmunoassay (Ausria II, Abbott Lab¬ 
oratories, North Chicago, Illinois). Antibody to HBsAg(anti- 
HBs) was assayed by passive hemagglutination (15); titers were 
determined from twofold serial dilutions incubated with HBsAg 
coated human erythrocytes (Electronucleonics, Bethesda, 
Maryland). Antibody to hepatitis B core antigen (anti-HBc) 
was measured using counterelectrophoresis and immunodiffu¬ 
sion methods (16). Both HBeAg and anti-HBe were detected by 
rheophoresis in 0.8% agarose plates (Abbott Laboratories) (17). 
Serum glutamic pyravic transaminase (SGPT, or serum alanine 
transferase) activity was measured by Henry’s modification (18) 
of the method of Karmen and colleagues (19) and recorded in 
Karmen units (KU). 

PATIENT GROUPS 

The general patient population, the epidemiology of hepatitis 
B infection, and the dialysis regimen at a community-based 
dialysis unit, Delaware Valley Artificial Kidney Clinic 
(DVAKC), have been described in detail in previous reports 
(20-22). Sera were obtained monthly for SGPT measurements 
and HBsAg and anti-HBs testing. Sequential serum samples 
from nine transiently and nine persistently HBsAg-positive pa¬ 
tients were obtained for periods of 14 to 42 months. All persons 
in these two groups began dialysis therapy HBsAg( —) and be¬ 
came HBsAg(-l-) while at the DVAKC. Serum samples from 
another group of six chronic carriers who were HBsAg(-)-) at 
admission to the DVAKC were collected for 16 to 63 months. 
After the initial HBeAg findings in the transiently HBsAg(-t-) 
patients, a second group of 10 transiently HBsAg(-f) patients 
was tested for HBeAg. Finally, a cross-sectional sample of 32 
HBsAg(-l-) patients was analyzed to find the point-prevalence 
of HBeAg. This group consisted of all persons HBsAg-positive 
by radioimmunoassay at one randomly selected monthly testing 
of all DVAKC patients. 

STATISTICAL TESTS 

We used 2x2 chi-square tests to compare the frequencies of 
HBeAg in the various groups. Mann-Whitney tests were used to 
compare the HBeAg-positive and -negative patients in the 
point-prevalence sample with respect to age, transaminase level, 
and duration of HBsAg positivity (23). 

Results 

Table 1 summarizes the HBeAg results for the serial 

samples from transient and chronic carriers of HBsAg. 

All 28 patients in our study who converted to HBsAg(-f) 

at this dialysis unit were also HBeAg(-i-) for at least one 
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monthly serum testing, regardless of their eventual re¬ 

sponse to HBV. Only two patients were never 

HBeAg(-l-) during the analysis period. They were 

HBsAg(-f-) on arrival at DVAKC, and it is not possible 

to know if they were previously HBeAg( -r). The results 

of testing sera from the second group of patients who 

were transiently HBsAg(-r) confirmed those for Group 

1- The HBeAg was found in the serum of every person, 

and when Groups 1 and 2 were compared the percentag¬ 

es of HBeAg(-(-) specimens during HBs antigenemia 

were not significantly different. 

A comparison of the HBsAg(-t-) samples from the per¬ 

sistent carriers who converted to HBsAg(-t-) at the 

DVAKC with the HBsAg(-f-) samples from both tran¬ 

siently positive groups showed a significantly higher fre¬ 

quency of HBeAg in the long-term carriers {P < 0.01). 

The two groups of persistently positive patients were also 

different from each other with regard to the frequency of 

HBeAg-positive samples {P < 0.01). The percentage of 

HBeAg(4-) samples was lower in the group of patients 

who were HBsAg(-i-) before dialysis at the DVAKC. 

By examining all HBsAgf -h) persons at one randomly 

selected monthly testing of DVAKC patients, the point- 

prevalence of HBeAg among persistently HBsAg( -f) pa¬ 

tients was found to be 63% (20 of 32). Additional testing 

indicated that 29 of these 32 persons (91%) were 

HBeAg(-i-) at some time during treatment at the 

DVAKC. All three who lacked HBeAg came to the unit 

HBsAg(-l-). (Two of these three patients are included in 

the sequential study.) The HBeAg(-i-) samples had 

slightly higher HBsAg titers by coimterelectrophoresis 

(median = 1:256) compared to HBeAg( —) samples (me¬ 

dian = 1:64). The HBeAg(-(-) patients also had signifi¬ 
cantly higher SGPT values (Mann-Whitney U test, 

P < 0.01), although only one person had an elevation 

greater than 40 KU. The HBeAg-positive and -negative 

persons did not differ significantly vnth regard to sex 

(Fisher’s exact 2x2 test) or age (Mann-Whitney U 

test). Additional testing for HBsAg showed that all per¬ 

sons in the point-prevalence sample were long-term carri¬ 

ers. but, as illustrated in Figure 1, the HBeAg( —) pa¬ 

tients had been HBsAg(-f-) significantly longer than 

those who were still HBeAg( -I- ). 

Figure 2 shows the presence of HBeAg in serial sam- 

Tabi« 1. HB«Ag Testing of Se<)uentiai HBsAg(-j-) Samples from 
Dialysis Patients 

Patient Group Patients HBsAg(-h) 
Samples 
Tested 

Samples 
HBeAg(-h) 

Patients 
HBeAg(-h) 

Transiently HBsAg(-f) 
no. no. % no. % 

Initial group 9 
Second 

42 21 (50.0) 9 (100) 

group 10 
Persistently HBsAg(-f) 

Converted at 

45 18 (40.0) 10(100) 

clinic 9 
Arrived 

226 183 (81.0) 9 (100) 

positive 6 189 74 (39.2) 4 (66.7) 

Figure 1. Duration of HBsAg positivity for HBeAg( + ) and 
HBeAg(—) chronic carriers in the cross-sectional sample. Mann- 
Whitney U test: t/= 102.5; Z = 2.95; P(Z) = 0.0037. Nine per¬ 
sons whose time of conversion to HBsAg(-r) was not known and 
one person who was anti-HBe(-^) were excluded from this analysis. 

pies from the persistently HBsAg(-l-) patients in Table 1. 

Among the nine persons for whom the time of conversion 

to HBsAg(-t-) is known, seven were HBsAg(-f-) for at 

least 2 years, and of these persons five remained 

HBeAg(-!-). Of the six HBsAg carriers who were 

HBsAg(-f-) on arrival at the dialysis unit, three were 

HBeAg( -h) for at least 2 years while the other three were 

either only briefly positive or never had HBeAg or anti- 

HBe. One patient was followed for more than 5 years and 

never had detectable HBeAg. Thus individuals may re¬ 

main chronic HBsAg carriers long after the loss of de¬ 

tectable HBeAg. In addition, some persons who were 

HBeAg(-r) for long periods were intermittently 

HBeAg(-). 

The time of appearance of HBeAg relative to the first 

HBsAg-positive sample (by radioimmunoassay) can be 

seen graphically in Figure 2, top, and in Figure 3. Sam¬ 

ples obtained 1 and 2 months before HBsAg positivity 

were tested for HBeAg and were uniformly negative. In 

the chronic carriers of HBsAg, HBeAg positivity fol¬ 

lowed the detection of HBsAg by radioimmunoassay by 1 

month in five cases and appeared concomitantly in four 

others. Using the less sensitive counterelectrophoresis 

and immunodiffusion methods to detect HBsAg, no dif¬ 

ference in time of appearance of HBsAg and HBeAg was 

observed. The HBeAg was present slightly before or at 

the same time as anti-HBc and the first transaminase ele¬ 

vation. All but one patient had elevated SGPT levels; 

three had consistently high levels for 1 year or longer. In 

two of these three patients, the SGPT levels dropped to 

normal values at the same time that HBeAg was no long¬ 

er detected. 

Six of nine transiently HBsAg(-+-) persons (Figure 3, 

left) were positive by radioimmunoassay 1 month before 

HBeAg positivity; in the other three, both antigens ap¬ 

peared concomitantly. The HBeAg was also first detected 

at the same time as or shortly after the first HBsAg(-i-) 

sample (detected by counterelectrophoresis in this 

group). The HBeAg occurred about the same time as 

anti-HBc and was usually positive before the peak SGPT, 

although in two cases the peak coincided with the ap¬ 

pearance of HBeAg. A month after the peak SGPT only 

two of nine patients were still HBeAg(-f-). All of these 

patients showed only transient elevations in SGPT. As 

previously reported (22), the transiently HBsAg(-f) pa¬ 

tients generally had higher transaminase elevations than 
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Figure 2. HBeAg in fjersistently HBsAg-positive patients. NS = no 
sample; NT = HBsAg(-i-) but not tested for HBeAg. Arrow marks 
conversion to HBsAg( + ). All these patients were still HBsAg(-r) at 
the completion of the study. 

those chronically HBsAg positive. The second group of 

transiently positive patients had similar patterns, with the 

appearance of HBeAg after that of HBsAg by 1 or 2 

months. As in the other groups, HBeAg was not detected 

when HBsAg was positive only by radioimmunoassay. 

No transiently HBsAg( + ) patient was HBeAg positive 

longer than 4 months, whereas most long-term carriers of 

HBsAg did not begin to lose detectable levels of HBeAg 

until after 18 months. Thus HBeAg clearly persists for a 

longer time in chronic carriers of HBsAg. During the 

first 3 months of HBs antigenemia, however, there was 

no significant difference in the frequency of HBeAg be¬ 

tween chronic carriers and those transiently HBsAg(-t-). 

Ten of the 19 transiently HBsAg(-f) patients devel¬ 

oped anti-HBe during the year after the disappearance of 

HBsAg and HBeAg. None of the chronic carriers of 

HBsAg had detectable anti-HBe after the apparent loss 

of HBeAg. 

Discussion 

Hepatitis B virus infections are common among per¬ 

sons undergoing long-term hemodialysis (24-27), and 

many of these patients are HBeAg(-l-) as well as 

HBsAg(-f) (1). In an earlier study we showed that the 

probability of a patient who became HBsAg(-l-) in this 

clinic becoming a chronic carrier was 62.8% and rose to 

88.5% if the patient was antigenemic for 5 consecutive 

months (22). If infected with HBV, men were more likely 

to become chronic carriers and women more likely to 

develop anti-HBs (22). Age, race, or type of underlying 

kidney disease could not be used to predict which pa¬ 

tients were at greatest risk of becoming chronic carriers 
of HBsAg. 

In the past few years, evidence has been accumulating 

that the presence of HBeAg may predict which patients 

with acute hepatitis are more likely to develop chronic 

liver disease, although this has recently been questioned. 

We examined the sera of patients converting to HBsAg 

while on dialysis to determine if the presence of HBeAg 

indicated which patients would become chronic carriers 

and would therefore be more likely to develop chronic 

liver disease. A total of 28 patients were studied during 

the first weeks of HBs antigenemia, and all 28 were 

HBeAg(-l-) for at least one monthly sample. This group 

included 19 transiently HBsAg-positive patients. Thus 

the presence of HBeAg does not indicate which persons 

will become chronically HBsAg( -t-). 

The temporal relation of the testing for HBeAg to the 

onset of detectable HBsAg must be carefully defined. 

Lofgren, Myhre, and Nordenfelt (8) have examined serial 

samples from patients who were either transient or 

chronic carriers and found only three of 21 patients with 

transient HBs antigenemia to be HBeAg( -f ) as compared 

with 16 of 18 HBsAg(-t-) carriers. The most probable 

reason for the difference from our results is that the first 

samples they tested were already HBsAg positive, where¬ 

as in most of our cases the sample 1 month before conver¬ 

sion was available for testing. We could therefore ascer¬ 

tain the first appearance of HBsAg more precisely. We 

showed that the transiently HBsAg-positive patients had 

HBeAg only briefly; thus Lofgren’s patients may already 

have lost the antigen before testing. Other reports also 

indicate the importance of time of sampling. Gibson and 

Ruparelia (28) found that six of 15 patients tested within 

the first week of jaundice were HBeAg(-l-), whereas none 

of 27 patients with acute hepatitis B who were tested later 

than 1 week after the onset of jaundice was HBeAg(-i-). 

Lam, Redeker, and Mosley (29) showed that specimens 

obtained early in the illness were more frequently 

HBeAg(-i-) than later samples; and Aikawa and col¬ 

leagues (30) recently found that all seven patients studied 

were HBeAg(-t-) during the early stage of infection. A 
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Figure 3. HBeAg in transiently HBsAg-positive patients. NS = no 
sample: NT = HBsAg(-i-) but not tested for HBeAg. Arrow marks 
conversion to HBsAg(-^). Sera from Patients 2 and 9 of the initial 
group were not available for testing the month before the first 
HBsAg(-r) sample; however, the samples 2 months before were 
negative for both HBsAg and HBeAg. 

312 September 1973 • Annals of Internal Medicine • Volume 89 • Numbers 

319 



second possibility for the difference in findings is that our 

patients were undergoing long-term dialysis and there¬ 

fore were not in good health before the HBV infection. 

Cappel, DeCuyper, and Van Beers (14) recently found a 

higher frequency of HBeAg positivity in hemodialysis pa¬ 

tients with acute hepatitis than in nondialyzed patients. 

Because all their patients had clinical and biochemical 

signs of acute hepatitis when they entered the study, it is 

not possible to make a direct comparison with our data 

or learn about the duration of HBeAg positivity in their 

patient groups. 

As clearly pointed out by Nielsen, Dietrichson, and 

Juhl (31), there is difficulty in excluding chronic liver 

involvement without a biopsy because biochemical test 

findings may be misleading. We recognize the problem in 

assuming that the transiently HBsAg(-i-) patients did not 

develop chronic liver disease; however, the rapid fall of 

SGPT to normal levels and the fact that all but one pa¬ 

tient became anti-HBs(-r) suggest that this is a fair as¬ 

sumption. 

We have also shown that chronic carriers of HBsAg 

may lose detectable HBeAg; in this group the loss of 

HBeAg does not seem to predict the loss of HBsAg. 

However, more sensitive detection methods may show 

that HBeAg is still present in these persons. The relative 

insensitivity of the rheophoresis method may also ac¬ 

count for the intermittent periods in which HBsAg is 

present without detectable HBeAg (Figure 2). Our re¬ 

sults are in accord with those of Vogten and co-workers 

(9), who showed that the disappearance of HBeAg during 

the course of chronic active liver disease did not always 

lead to a better prognosis, clearance of HBsAg, or pro¬ 

duction of anti-HBs. In general, however, we have found 

that those carriers who eventually lose HBeAg have low¬ 

er SGPT values, a finding consistent with those of others 

who have found evidence of more liver damage in 

HBeAg(4-) persons (12, 32-34). 
At present the nature and origin of HBeAg are un¬ 

clear. Magnius and associates (35) have suggested that 

HBeAg may be produced as a host response to active 

HBV infection, possibly as an idiotypic determinant on 

IgG (36). Another possibility is that HBeAg may be 

needed for complete viral particles as suggested by the 

recent data of Lam, Tong, and Rakela (37), who released 

HBeAg from detergent-treated Dane particles. The time 

of appearance of HBeAg relative to other indicators ol 

HBV infection does not allow us to evaluate these possi¬ 

bilities. More sensitive detection methods for HBeAg 

may help clarify this issue. 
The regular testing of hemodialysis patients at the 

DVAKC usually allowed us to find evidence of HBV in¬ 

fection before clinical symptoms became apparent and 

before serum transaminase concentrations became elevat¬ 

ed. Thus we were able to show that all HBV-infected 

persons are at least transiently HBeAg positive. The dif¬ 

ference in opinion about the prognostic value of HBeAg 

is likely to be related to the variations in frequency and 

time of sampling. The time of sampling relative to the 

onset of disease is critical when only a single specimen is 

tested. 

Sherlock (38) has pointed out that the persistence of 

HBeAg in patients recovering from type B hepatitis indi¬ 

cates a poor prognosis, and we have shown that HBeAg 

is present longer in chronic carriers. Thus only during 

convalescence does HBeAg have any value in predicting 

chronic HBV infection, and by this time in the disease 

course it is apparent that HBsAg is also persisting. The 

importance of HBeAg testing therefore lies in its role as 

an indicator of potential infectivity of HBsAg(-!-) pa¬ 

tients and their sera. This has been documented both by 

transmission data (2-5) and by studies from our laborato¬ 

ry and others showing the close association of HBeAg to 

the presence of the intact viiais and viral replication (17, 

39, 40). 
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VIRUSES SIMILAR TO HEPATITIS B 
VIRUS (ICRONS) 

Baruch S. Blumberg, M.D.* * 

In 1971, on the basis of the unusual clinical and epidemiologic characteristics of hepatitis 
B virus, we postulated the existence of a class of viruses that we termed icrons. An increased 
understanding of the molecular biology of hepatitis B virus resulted in the discovery, by 
Summers and his colleagues, of the woodchuck hepatitis virus. This virus is common in the 
North American woodchuck {Marmota monax) and is associated with primary cancer of the 
liver in this' animal. Subsequently similar viruses were found in Beechey ground squirrels in 
California by Marion and her coworkers and domesticated (Pekin) ducks from the United 
States by Mason and his coworkers. In the latter the virus infects the liver and presumably is 
associated with disease of this organ. 

The discovery of additional viruses similar to hepatitis B virus in animals other than man 
and their association with cancer of the liver encourages the continuing search for other 
virus-cancer associations for which prevention methods might be effective. Hum Pathol 12: 
1107-1113, 1981. 

The association of “Australia antigen” with 
hepatitis virus was found in 1967. By 1970 it was rec¬ 
ognized on the basis of epidemiologic, serologic, and 
clinical evidence that it was an unusual infectious 
agent. This was in large part a consequence of the 
history of its discovery. For several years we had been 
investigating serum protein polymorphisms in hu¬ 
mans and lower animals.’ The term polymorphism, as 
used in population genetics, refers to two or more 
inherited discontinuous forms of a trait in a popula¬ 
tion of a species in which the form of the trait present 
in lowest fret uency would not be maintained in the 
population on the basis of simple recurrent mutation 
alone. The term polymorphism, as originally intro¬ 
duced by the British lepidopterist E. B. Ford, in addi¬ 
tion to describing the numerical relationships of the 
distinct inherited types, carried with it the explana¬ 
tion that the several forms of the trait were retained 
in the population as a consequence of differential 
survival values. For example, if the heterozygote were 
at a selective advantage, both homozygous forms 
would be retained, even if one homozygote were at a 
disadvantage. The most frequently cited example in 
humans is the sickle cell trait. Individuals who are 
heterozygotes for the Hb‘^ gene (and have both sickle 
and normal adult hemoglobin) have relative protec¬ 
tion against infection with falciparum malaria and 
maintain both genes in the population despite the 
disadvantage to the homozygote Hb'‘ individuals who 
usually develop life shortening sickle cell anemia. 

Independent of the explanation for their existence, 
many polymorphisms are known in humans and 
other animals. They include the well known red blood 
cell antigens (e.g., ABO and Rh), many serum pro¬ 
teins (haptoglobin, transferrins, Ag lipoproteins), red 
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blood cell enzymes, and antigens on the white blood 
cells (the HLA system). Often the inherited differ¬ 
ences are antigenic, and this has important cliriical 
consequences. Patients transfused with whole blood 
must be given red blood cells whose ABO and Rh 
antigens match their own; otherwise a serious im¬ 
mune transfusion reaction will develop. When organs 
are transplanted from one individual to another, the 
donor and recipient are matched for as many HLA 
antigens as possible, although the contribution of this 
antigenic locus to transplant rejection may not be as 
great as it was originally thought to be. 

After identification of Australia antigen as the 
surface coat of an infectious agent, it still was useful to 
consider the virus and the human immunologic re¬ 
sponse to infection with it as a polymorphic system, 
and this led to curious insights into the action of 
hepatitis B virus. There are several features of Aus¬ 
tralia antigen (hepatitis B surface antigen, HBsAg) 
and hepatitis B virus that are similar to those of a 
serum protein polymorphism.^ The distribution of 
asymptomatic individuals who are persistently in¬ 
fected with hepatitis B virus (chronic carriers) and 
those who develop antibody against the surface 
antigen (anti-HBs) mimics the distribution of a serum 
protein polymorphism. After infection, an individual 
appears to have the capacity to either become a per¬ 
sistent carrier or develop anti-HBs. It is very rare for 
an individual to have both these responses simulta¬ 
neously. There is evidence that the propensity for 
becoming a carrier is under some form of genetic 
control, but it does not appear to follow a simple pat¬ 
tern of segregation. 

The geographical distribution of subtypes of 
HBsAg may also be explainable by a genetic mecha- 
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nism. Certain subtypes are restricted to particular 

geographic regions. For example, subtypes adr are 

found commonly in Southeast Asia and Oceania but 

rarely in the United States and Europe. These speci¬ 

ficities do not appear to spread rapidly to other'geo¬ 

graphic regions. One may conjecture that although 

infection may occur, only residents of the region with 

an inherited ability to become persistent carriers of 

their particular local specificity will become carriers. 

This may mirror the remote peopling of a country. 

For example, the HBsAg carriers in the Ryuku Is¬ 

lands (to the south of the Japanese main islands) and 

in the southern portions of the main islands of Japan 

have a distribution of specificities similar to those in 

Indonesia and Malaysia whence they were settled; 

central and northern Japan reflects the peopling of 

these regions from central Asia via Korea and north¬ 

ern Japan. This could be explained by the existence 

of genes that rendered an individual susceptible to 

persistent infection with a particular specificity and 

the preservation of these genes in the gene pools of 

populations. 

Independent of the validity of the genetic hypoth¬ 

esis, within an area where hepatitis B virus is endemic 

there will be a large number of people (5 to 20 per 

cent) who are carriers of the virus, and these indi¬ 

viduals have large numbers of particles containing 

HBsAg in the peripheral blood. An even a larger 

number (40 to 70 per cent) have antibody against the 

surface antigen (anti-HBs). The virus can be iden¬ 

tified in the sera of apparently normal people by the 

use of immunologic technicpies in which one human 

serum is reacted against another. The potential re¬ 

actants are very common, and this simplifies the iden¬ 

tification of viruses and the acquisition of reagents. 

There are striking differences in the way in which 

humans react to infection with the virus. As already 

discussed, most of those infected either develop 

anti-HBs or become carriers, and neither of these 

groups becomes actually ill. Acute hepatitis develops 

in a small percentage of the population. Most of these 

people recover completely, but some (5 to 10 per cent) 

develop chronic hepatitis, which can progress to life 

shortening, posthepatitis cirrhosis, and some chron¬ 

ically infected individuals develop primary hepato¬ 

cellular carcinoma. (This process is described in de¬ 

tail in the accompanying article by W. T. London.) 

There are interesting concepts that emerge from 

consideration of the interaction of hepatitis B virus 

and its host as an antigenic polymorphic system. For 

example, if the infectious agent is construed to be a 

polymorphism, one can conjecture that the “host” 

protein on the agent is not necessarily that of the host 

from which it is isolated, but could be related to the 

previous host or hosts; i.e., it could be an isoantigen. 

If this concept is correct, we would expect to see in¬ 

teractions between the infectious agent and the host 

that are analogqus to transfusion reactions. In blood 

transfusion, if the patient has group A blood and re¬ 

ceives type A blood, no antibodies will develop. If the 

patient receives type B, antibodies will form and a 

transfusion reaction can occur. Similarly, if a host is 

infected by an agent that has the same serum protein 
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specificity as the host, no antibody will form and 

presumably invasion by the organism can occur. If 

the specificities are different, antibodies will form, 

and this may or may not result in invasion and symp¬ 

toms of one or more different kinds of disease. This 

could include antigen-antibody complexes. 

On the basis of what appeared to be differences 

between hepatitis B virus and other viruses, for 

heuristic reasons we suggested a group name, Icron, 

for hepatitis B virus and other agents like it that 

might be found in the future.^ The name consists of 

an acronym for the Institute for Cancer Research, 

where the virus was discovered, with a neuter Greek 

ending. It also carries the implication of a particle. 

The motivation for assigning the name was to focus 

attention on the discovery of new viruses by em¬ 

phasizing the unusual characteristics of hepatitis B 

virus. 

MOLECULAR BIOLOGY OF 
HEPATITIS B VIRUS 

The clinical and epidemiologic characteristics of 

hepatitis B virus suggested that it might be represen¬ 

tative of a distinctive group of infectious agents. Fol¬ 

lowing the identification of the whole hepatitis B virus 

virion and the characterization of the molecular biol¬ 

ogy of the virus, it became even more apparent that it 

was different from other viruses. The molecular biol¬ 

ogy of the hepatitis B virus is reviewed by Dr. Lon¬ 

don in this symposium but is summarized briefly 

here to indicate the characteristics to be looked for in 

viruses of the Icron group. 

1. There are three particle forms of hepatitis B 

virus. The whole virion (initially called the Dane 

particle after the person who first described it) is 42 

nm. in diameter (range, 40 to 50 nm.). There is a 

central core particle about 24 nm. in diameter that 

contains DNA and a specific DNA polymerase. The 

surface antigen (HBsAg) is antigenically distinct from 

the core antigen (HBcAg). A second smaller (22 nm.) 

particle is composed entirely of surface antigen. A 

third particle is of the same diameter as the small 

particle but is elongated and has a variable length up 

to about 500 nm. The surface antigen particles (both 

small and elongated) may occur in large numbers. It 

has been estimated that in some carriers, up to I per 

cent of the serum protein is surface antigen. 

2. The hepatitis B virus DNA has unusual char¬ 

acteristics. It is circular and double stranded and has 

about 3200 base pairs. This is the smallest number of 

base pairs in any known DNA virus. Neither of the 

strands is closed. One of the strands is of variable 

length and composes about 50 per cent or more of the 

more complete strand. That is, the DNA is single 

stranded in part and double stranded in part, and 

there is considerable individual variation in the length 

of the single stranded portion. At the time of discov¬ 

ery this was a unique characteristic of the virus. 

3. DNA polymerase present in the core acts in 

vitro to complete the single stranded region. The 

virus does not require any polymerase from the host 

for this purpose; this is also a unique characteristic. 
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4. The virus cannot be grown in conventional 
tissue cultures. There are, however, some interesting 
tissue culture systems that have been developed. Al¬ 
exander obtained tissue from a South African patient 
with cancer of the liver and was able to induce this 
tissue to grow by using tissue culture techniques. It 
has been subjected to passage many times, and addi¬ 
tional cultures of this kind have been prepared. The 
tissue culture fluid contains HBsAg, and viral DNA 
is integrated into the genome of the cells. How¬ 
ever, whole virus particles are not produced. Growth 
of a virus in tissue culture is usually considered 
to be essential to virus research. Although this 
has not been done for hepatitis B virus, there is a 
great deal known about the virus. This includes 
preparation of a vaccine, the development of highly 
sensitive methods for its detection, the analysis of the 
nucleic acid sequence of the genome (one of the few 
human viruses that have been so characterized), and 
the cloning of the sections of the gene that produce 
core and surface antigen (see the London article for 
references). 

DISCOVERY OF WOODCHUCK 
HEPATITIS VIRUS 

Early in our studies of the hepatitis B virus, in 
order to carry out inoculation studies we required an 
animal other than man that could be infected with the 
virus. We surveyed sera of about 30 different species 
to identify animals that might have become infected 
“naturally.” HBsAg was found only in nonhuman 
primates but not in any of the usual laboratory 
animals.^ We were given several primates that had 
been infected with hepatitis B virus , and these were 
housed at the Penrose Research Laboratory of the 
Philadelphia Zoological Garden. The animals were 
used for observations and as an occasional source of 
blood for clinical and immunologic studies. We visited 
the animals from time to time, often discussing our 
project with Dr. Robert Snyder, the director of the 
laboratory. Snyder had written his doctoral thesis on 
the sex ratio in the eastern woodchuck or groundhog 
{Marmota rnonax), basing his studies on observations of 
a large group of woodchucks in western Pennsylvania 
and, later, on a colony of the animals he kept at the 
zoo. He was aware of our interest in hepatitis and 
cancer of the liver and told us that these diseases oc¬ 
curred in wild and captive woodchucks. We tested the 
sera of some 40 of these animals for HBsAg using the 
immunodiffusion method and did not find any that 

reacted with anti-HBs. 
In 1975 our colleague. Dr. Jesse Summers, began 

his work on the molecular biology of hepatitis B virus 
and discovered some of the unusual characteristics 
just described. As his work progressed, he com¬ 
menced a search for other viruses that were similar to 
the hepatitis B virus, and we suggested that he test the 
woodchuck sera that had been used in the im¬ 
munodiffusion testing.^ He screened the sera by cen¬ 
trifuging at high speed and assaying the pellets for 
endogenous DNA polymerase activity. He found that 
15 per cent of the sera had particles that contained 

DNA polymerase. Three animals that had died of 
natural causes were studied in detail, two with 
hepatocellular carcinoma and one apparently of a 
mydcardial infarction. The two animals with cancer 
had the DNA polymerase particles, whereas the 
animal that died of heart disease did not. The sera 
containing the DNA polymerase were studied by 
cesium chloride equilibrium centrifugation and other 
means. They contained a large number of spherical 
and tubular particles similar in size and structure to 
the Corresponding HBsAg particles of hepatitis B 
virus. In the fractions containing the major DNA 
polymerase activity, larger particles (about 45 nm.) 
were found that closely resembled the large DNA- 
containing (Dane) particles of hepatitis B virus. The 
woodchuck particle DNA was about 3300 nucleotides 
in length, slightly larger than hepatitis B virus DNA. 

The DNA has both single and double stranded 
regions. The single strand length varied from virus to 
virus and was about as large as the equivalent region 
in the hepatitis B virus DNA. The nucleic acid 
homology between hepatitis B virus and woodchuck 
hepatitis virus was measured by liquid hybridization, 
and it was estimated that 3 to 5 per cent of the genomes 
(about 100 to 150 base pairs) were homologous.^’® 

Galibert et al.^ have come to a different conclu¬ 
sion using other methods. They compared the section 
of the hepatitis B virus DNA that codes for HBsAg 
with the equivalent section of the woodchuck hepatitis 
virus DNA and found that 487 of 678 residues were 
identical; that is, for this portion of the genome the 
homology is 74 per cent. It is likely that other portions 
of the molecule also have a great degree of homology. 

There are remarkable similarities between the 
viruses. There are differences, however. Werner and 
her colleagues,® using the reverse passive hemaggluti¬ 
nation inhibition method, found that about 0.1 to 1 
per cent of the surface antigen (HBsAg and WHsAg) 
is shared in common. This would account for the fail¬ 
ure to find any reactivity in the earlier studies when 
the insensitive immunodiffusion method was used to 
search for hepatitis B virus-like viruses in the wood¬ 
chuck sera. It is likely that there is more cross reactiv¬ 
ity on the surface antigen than initially found. 
Millman has shown that radioimmunoassay using 
beads coated with anti-HBs can detect sera containing 
WHsAg. From Galibert’s study^ it can be predicted 
that there are major similarities between the surface 
antigen polypeptides of the respective viruses. 

There was greater cross antigenicity between the 
core antigens of hepatitis B virus and woodchuck 
hepatitis viruses. About 5 to 10 per cent of mutual 
antigenic sites were found using crossover electro¬ 
phoresis. 

Cummings et al.® cloned the hepatitis B virus 
DNA and then the woodchuck hepatitis virus DNA in 
the vector Xgt WES, and these were suhcloned into 
the kanamycin resistant plasmid pAOl. The clone 
produced a large amount of recombinant DNA of 
each of these viruses. They recalculated the size of the 
DNA as 3200 base pairs for the woodchuck hepatitis 
virus and 3150 base pairs for the hepatitis B virus. 
Tissue tropism of woodchuck hepatitis virus was de- 
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termined by assaying the organs of five woodchucks 
with primary hepatocellular carcinoma for wood¬ 
chuck hepatitis virus DNA/ In every animal most of 
the activity was in the liver and the hepatoma and 
very little in the other organs studied (kidney, lymph 
nodes, spleen, salivary glands, lung). 

I hey also wanted to determine whether viral 
DNA is incorporated into the DNA of the cancer cells 
of the diseased liver and found that in two of the 
animals the results were consistent with the presence 
of one or two woodchuck hepatitis virus genomes in¬ 
tegrated into the DNA of most of the cells and also 
that the integration occurred at the same site in all the 
cells. This finding, as the authors stated, is of major 
importance in evaluating the role of woodchuck 
hepatitis virus (and hy analogy hepatitis B virus) in 
the pathogenesis of primary cancer of the liver. The 
integration of the genome at a particular site in each 
of the tumor cells implies that the tumor originated 
from a single cell that had been infected with the 
woodchuck hepatitis virus and that the infection of 
the cell could have occurred at the time of, or before 
(but not after), the event that precipitated tumor 
formation. 

POPULATION STUDIES OF 
WOODCHUCK HEPATITIS VIRUS 

Tyler and her coworkers” tested the sera of 
animals collected in locations in Maryland, New Jer¬ 
sey, and Pennsylvania within 220 km. of Philadelphia. 
In one collection 24 per cent of 166 animals had 
WHsAg (detected by passive hemagglutination inhi¬ 
bition using anti-WHs), and 42 per cent had anti-WHs 
(by passive hemagglutination). The frequency of in¬ 
fection and of carriers was about the same in males 
and females. However, there was a higher infection 
rate and a higher frequency of carriers in the older 
(age more than about 10 months) than in the younger 
animals. The authors suggested that this difference 
was due to the greater exposure to infection in the 
older animals and the possibility that host response 
changes with age. 

The occurrence of primary hepatocellular car¬ 
cinoma in wild caught (or killed) animals and in 
animals maintained in the colony at the Philadelphia 
Zoological Garden compared by age and longevity 
has been investigated by Snyder.** Animals living in 
the protected environment of the zoo have a longer 
life expectancy than those exposed to the hazards of 
natural living. (This apparently is true for many 
species of animals.) Snyder, on the basis of release 
and recapture studies in wild animals, estimates 
that the mean age of death in free living animals 
was 14.9 months, and 50 per cent survived only 
eight months. The mean age of death of the zoo 
animals was 55.3 months, with 50 per cent surviving 
56 months. About 25 per cent of the colony animals 
died with, and presumably of, primary hepatocellular 
carcinoma, the most frequent cause of death. The 
mean age of death was 63 months, and none of the 
captive animals died of cancer before the age of 23 
months. The earliest case of primary hepatocellular 
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carcinoma observed was in an animal that was signif¬ 
icantly older than the mean age aUdeath of the free 
living animals. Only 15 per cent of the free living 
animals survived until 23 months and less than 10 
per cent until 60 months. Hence, very few animals in 
the wild would be expected to enter the time period 
when the risk of primary hepatocellular carcinoma is 
greatly increased. Snyder found four cases of primary 
hepatocellular carcinoma in 1007 autopsies per¬ 
formed on animals shot in the wild. He suggested that 
if a “correction” is made for the much younger aver¬ 
age age of the wild animals, the frequency is similar to 
that of the zoo raised group. It has been suggested 
that the extraordinarily high frequency of primary 
hepatocellular carcinoma in the captive animals is a 
consequence of some carcinogenic factor within the 
colony area, but it is more likely to be due to the 
longer life expectancy of zoo animals, which allows 
them to enter the high risk age period. In nature, 
animals usually succumb for other reasons before 
they die of primary hepatocellular carcinoma—a 
common but not wholesome method of disease pre¬ 
vention.'® 

TRANSMISSION OF WOODCHUCK 
HEPATITIS VIRUS 

Six young (four to eight month) woodchucks 
without signs of woodchuck hepatitis virus infection 
were injected with dilutions of serum containing 
woodchuck hepatitis virus." All the animals showed 
evidence of infection (WHsAg, anti-WHs, anti-WHc), 
but none was persistently infected. The incubation 
period increased with a decreasing concentration of 
inoculum, and the titers of virus that developed in the 
animals receiving the smaller inoculations were lower. 
As a result of this experience it appears that the wood¬ 
chucks are good animals for studying infectivity of 
woodchuck hepatitis virus (and possibly hepatitis 
B virus). They may also provide a means for deter¬ 
mining the factors that lead to chronicity following 
infection. 

STRATEGY FOR FINDING 
ADDITIONAL ICRONS 

Following discovery of the woodchuck hepatitis 
virus it became feasible to set up a description of an 
icron, equivalent to the “type specimen” used by 
zoologists and botanists, to which the newly discov¬ 
ered virus could be compared.'^ As new characteris¬ 
tics of the original and newly discovered viruses are 
uncovered, they can be added to the list of Icrons 
(Table 1). In due course a Judgment can be made as to 
which characteristics are universal (for example, some 
of the features of the DNA) and whether subgroups 
of Icrons exist. It also suggests characteristics that can 
be used to decide which animals, organs, and tissues 
should be examined to find new viruses. The iden¬ 
tification of woodchuck hepatitis virus in a Marmota 
suggested that other Sciuridae and Rodentia (the 
family and order in which Marmota is placed) should 
be examined (e.g., ground squirrels; see following 
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TABLE 1. CHARACTERISTICS OF ICRONS 

Hepatitis B Woodchuck Ground Squirrel Duck Hepatitis B 
Virus Hepatitis Virus Hepatitis Virus Virus 

Particles 
Present in large quantities in blood -1- + + + 
V'irion structure double shell + + + + 
Virion diameter, nm. 40-45 40-45 47 40 
Surface antigen particle, nm. 20-25 20-25 18-20 35-60 
Elongated surface antigen, length, nm. >500 X500 >750 Not seen 
Core, nm. 27 27 -27 27 
Tryptophan/tyrosinc ratios High } High P 

DNA 
C'ircular + + + + 
Double and single stranded + + + + 
DfJA polymerase + + + + 
Nucleotides (number) 3150 3200 3200 3000 
Homology with hepatitis B virus, % 100 Yes Yes <10% 
EcoRl sites (number) 1 1 2 1 

Antigens 
Surface (hepatitis B virus, cross reacting %) HBsAg WHsAg(O.l-l) GSHsAg DHBsAg 

(large) 
Core (hepatitis B virus, cross reactitig %) HBcAg WHcAg(5-10) GSHcAg D HBcAg 

(large) 
e + + P ? 

Surface subtypes Yes ? ? P 

Responses to infection 
Carrier state, % in populatioti 0.1-20 0-20 0-50 12% 
Antisurface antigen, % in population Anti-HBs Anti-WHs ? P 

0-50 25 
Anticore antigen, % in population Anti-Hbc Anti-WHc + P 

0-60 
Anti-e antigen + } + P 

Tropism Liver Liver p Liver, 
pancrea,s(?) 

Clinical conditions 
Acute hepatitis + ? P P 
Chronic hepatitis + + P + 
Cirrhosis + } P ? 
Primary hepatic carcinoma + + ? + 

section). The hepatitis B virus is found in primary had DNA poly merase, whereas in the hepatitis B 
cancer of the liver and has a tropism for liver. Other virus only a pon tion of HBsAg reactive sera has poly- 
animals that develop cancer of the liver or chronic merase activity. The whole virion is slightly smaller 
liver disease (e.g., certain ducks in China; see p. 1112) than the hepatitis B virus. The DNA is verv similar in 
are therefore important candidates for investigation. size and structui re, with the important difference that 

ground scjuirrel hepatitis virus DNA has two EcoRl 
A VIRUS IN THE BEECHEY cleavage sites, whereas hepatitis B virus DNA and 
GROUND SQUIRREL woodchuck hepatitis virus DNA have only a single 

site. 
The Beechey ground squirrel {S} ')ermophiius There is a ! significant amount of cross reactivity 

beecheyi) is a common mammal on the campus of between the sur face antigens of hepatitis B virus and 
Stanford University in California and a member of ground squirrel hepatitis virus.''* Appropriate anti- 
the Sciuridae family, as are the Marmota. Marion, 
Robinson, and their colleagues'^^ found that the sera 
of many of these animals had HBsAg reactivity by 
solid phase radioimmunoassay. All the sera with re¬ 
activity contained virus-like particles with DNA poly¬ 
merase activity, d hey designated the virus as the 
ground squirrel hepatitis virus, by analogy with 
hepatitis B virus, even though liver tropism was not 
shown. (Dead animals were not available for testing.) 
The particles were very similar to the characteristic 
particles of hepatitis B virus and woodchuck hepatitis 
virus, with som'e interesting differences. The elon¬ 
gated particles were more numerous and their aver¬ 
age length was significantly greater than that of other 
Icrons. I’here were also more large virion particles, 
and essentially all the sera containing particles also 

HBs antiserum can detect essentially all sera that 
contain ground squirrel hepatitis virus. This implies 
that there must be closely related configurations of 
the surface antigen polypeptides. A particular anti- 
HBs antiserum could be used to show two antigenic 
forms of ground squirrel hepatitis surface antigen 
GSHsAg, although it did not show heterogeneity 
in HBsAg. 

HBsAg has two polypeptide chains measuring 
25,000 and 29,000 daltons. They have nearly identical 
peptide compositions and similar primary sequences, 
and all the electrophoretic differences ca)' probably 
be accounted for by the carbohydrate pre.sent on the 
larger but absent from the smaller polypeptide. 
GSHsAg has two polypeptides of 23,000 and 27,000 
daltons, each slightly smaller than the equivalent 
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HBsAg polypeptides. They also have nearly identical 
peptide compositions. Gerlich et al.'^ suggest that the 
larger polypeptide may differ from the smaller 
by a carbohydrate portion. It can be estimated that 
about 10 per cent less DNA sequence would be re¬ 
quired for the 23,000 clalton (iSHsAg polypeptide 
than for the equivalent 25,000 dalton IIBsAg piece. 

About one-third of the peptide spots of the 
23,000 (I’23) GSHsAg polypeptide are shared in 
common with the equivalent 25,000 (P25) HBsAg 
polypeptide, and about one-half of the spots of 
HBsAg P25 are shared with P23 polypeptide of 
GSHsAg. Cxerlich et al. cite the as yet unpublished 
finding that the ground scpiirrel hepatitis virus core 
antigens (GSHcAg) have more cross leactivity with 
HBcAg than do the respective surface antigens. This 
greater variability in surface antigen than in core 
antigens is also a feature of many other enveloped 
viruses. It generates the interesting comept that for a 
given genome, viruses maintain a greater variability 
on the surface than internally, perhaps as a primaiy 
mechanism to restrict host s[)ecies specificity and to 
allow for variation of immunologic response with the 
members of the host species. 

DUCK HEPATITIS B VIRUS 

In 1977, while in the northern Kwangsi Auton¬ 
omous Region, an area of high endemicity for primary 
hepatocellular carcinoma, I was told that in some re¬ 
gions of the People’s Republic of China, where pi i- 
mary hepatocellular carcinoma is common in hu¬ 
mans, it is also common in domesticated ducks. The 
following year, in collaboration with Dr. L.-T. Sun of 
Beijing, sera were obtained from farmyard ducks 
collected in Chi-tung County on the north bank of the 
Yangtze across from Shanghai City. A virus similar in 
appearance to hepatitis B \ irus was seen in the sera of 
11 of the 33 ducks.A series of investigations was 
started on these particles. 

Mason attempted to infect domesticated Pekin 
ducks {Anas domesticus) obtained from commercial 
breeders in the United States with this presumed 
virus. In doing so, he found that the Pekin ducks were 
already infected with a virus similar to the hepatitis B 
virus and to the virus found in their Chinese cousins. 
(Pekin ducks were imported to America from China 
in the nineteenth century.) He and his colleagues 
found that four of 12 Pekin ducks tested had DNA 
polymerase similar to that found in the hepatitis B 
virus and the woodchuck hepatitis virus. These sera 
contained virus-like particles about 40 nm. in diame¬ 
ter, similar in appearance to the large virion particles 
of the other icrons. Core particles could be distin¬ 
guished in the whole and disrupted virions, and these 
were similar in appearance and size to the core parti¬ 
cles of the other viruses.'® 

The nucleic acid was circular, double and single 
stranded, and about the same size as that of the other 
viruses. Particles that appeared to be analogous to the 
surface antigen particles of hepatitis B virus were 
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more heterogeneous in size and shape than the 
equivalent {nulicles in hepatitis B virus, woodchuck 
hepatitis virus, and ground squirrel hepatitis virus. 
Lhey estimated hepatitis B virus and duck hepatitis B 
virus (DHBV, as they called it) to have less than 10 
per cent DNA homology. In analysis of the tissue of 
one infected animal, using an annealing rate assay for 
viral DNA, they found most of the activity in the liver. 
A much smaller amount was found in the pancreas, 
but it was significantly greater than in the other organs 
tested. Of 219 ducks of different ages and sex, 26 (12 
percent) had duck hepatitis B virus, and it was present 
about equally in both sexes and in all ages, from one 
day to 14 months. O’Connell and London'^ found 
virus in embryos removed as early as 15 days after the 
eggs were laicl. This strongly suggests that infection of 
the embryo by the mother is an important mechanism 
for virus transmission. Maternal infection may be im¬ 
portant in many human populations, and the duck 
hepatitis B virus studies would permit interesting 
cross species comparisons. 

DISCUSSION 

There are several properties present in all icrons 
( fable 1). The “carrier” state (that is, the presence of 
large amounts of virus or surface antigen particles in 
the peripheral blood without apparent illness) 
occurs with a high frequency in one or more of the 
populations of tbe affected species. The virion and 
(ore structure and size are similar. The DNA shape 
(relaxed circular), size (3000 or so nucleotide pairs), 
double and single strandedness, and the presence of 
DNA polymerase in the core are additional universal 
characteristics. The ground squirrel hepatitis virus 
has two EcoRI sites that distinguish it from the 
hej)atitis B virus, woodchuck hepatitis virus, and duck 
hepatitis B virus, which have only one.'^^ There has 
been a considerable amount of homology in the nucleo¬ 
tides and in the surface antigens when they have been 
compared. The cross antigenicity appears to be 
greater for the core than for the surface antigen, sug¬ 
gesting that the outside covering is in a position to 
preserve its antigenic separateness, which should de¬ 
crease the probability of cross species infection. There 
is also the potential that under some natural or other 
conditions, this separateness could be altered, since 
many peptide and nucleotide sequence similarities 
exist 'betw'een the surface antigens and their genes. 

It is not know'll w'hether the viruses from differ¬ 
ent species can cross infect individuals from other 
species and, if so, whether they cause disease. Epide¬ 
miologic and clinical studies can be done very rapidly 
when strong antisera and antigen preparations are 
available for serologic and organ testing. 

Liver tropism is characteristic of icrons in the 
animals in which it has been studied. The duck 
hepatitis B and ground squirrel hepatitis viruses were 
initially found in carrier animals that were not ap¬ 
parently ill, and this may be the case for icrons dis¬ 
covered in the future. A study of the distribution of 
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the virus in the tissues and organs of the carriers 
would predict which organs would he affected in the 
host that develops disease. By analogy, in human car¬ 
riers the hepatitis B virus is concentrated in the liver, 
and this indicates the organ involved in individuals 
who become sick after infection. The relatively small 
amount of duck hepatitis B virus in the pancreas 
suggests that icrons not yet studied or discovered 
might be related to chronic diseases of this organ. 

From where did these viruses arise? How long 
have they existed in the species they currently infect, 
and weie they transmitted to other species during the 
course of evolution? Would it be possible to identify 
an animal genome whence this virus arose, if in fact 
that was its beginning? What was the “primordial” 
virus? 

Recent observations and experiments relating to 
speciation could generate interesting speculation and 
studies of hepatitis B virus-like viruses in different 
species.'*^ According to this approach, speciation 
could in some cases result from the isolation of a few 
members of a widespread population, and these 
founding members could have a very different genet¬ 
ic inventory from that of most of the members of the 
parent population. This is thought to arise as a conse¬ 
quence of chance, but other mechanisms for markedly 
changing the genetic makeup of the founding mem¬ 
bers might also occur; for example, the introduction 
of “new” genes into the host genome by viral infec¬ 
tion. Hence, subsequent generations would be af¬ 
fected by widespread infection in parents or 
ancestors, and this could provide the genetic differ¬ 
ences postulated for this mechanism of species evolu¬ 
tion. It should become possible to address and possi¬ 
bly answer some of these questions as we learn more 
about Icrons and their distribution in the natural 
world. 

There is now substantial evidence that persistent 
hepatitis B virus infection is required for the devel¬ 
opment of primary cancer of the liver (see reference 
11 and the article by London on page 1085). The vac¬ 
cine introduced by Blumberg and Millman'*' has now 
successfully been tested by Szmuness and his col¬ 
leagues.^® The imminent availability of the vaccine has 
accelerated planning for studies to prevent primary 
cancer of the liver, one of the most common and most 
deadly cancers in the world. The discovery of a re¬ 
lation between a second Icron (woodchuck hepatitis 
virus) and possibly a third (duck hepatitis B virus) 
to cancer o f th e liver in the species they infect 
raises the expectation that one can identify other 
virus-cancer relations that might also be preventable, 
and much of our current research is directed to 

that end. 
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ABSTRACT Sera from sheep and other domestic animals 
contain a substance that gives a strongly positive test for anti¬ 
body to hepatitis B virus surface antigen by the accepted radio¬ 
immunoassay procedure. We have purified this substance 
from sheep serum to near homogeneity by ion-exchange, affin¬ 
ity, and molecular exclusion chromatography and have identi¬ 
fied it to be an IgM. We present evidence that this sheep IgM is 
an antibody to polymerized sheep albumin. This antibody may 
arise due to infection by hepatitis B virus, hepatitis B virus-like 
viruses, or other pathological agents and may react with hepa¬ 
titis B virus surface antigen by combining with polymerized 
albumin bound to the hepatitis B virus receptor for this poly¬ 
mer. 

In an earlier report we described a glycoprotein, contained in 
the sera of a variety of animals, which has a high affinity for 
hepatitis B surface antigen (HBsAg) (1). This substance 
(termed “hepatitis B binding substance,” HBBS) gave a 
strongly positive test by the commonly used radioimmunoas¬ 
say (RIA) for antibody to HBsAg (anti-HBsAg), The reac¬ 
tion between HBsAg and anti-HBsAg in the RIA could be 
totally inhibited by prior incubation of the HBBS with 
HBsAg, However, tests done at this time did not support the 
hypothesis that HBBS was an antibody to HBsAg, We were 
thus interested in learning the basis of this binding phenome¬ 
non. 

We have now isolated this material from sheep serum and. 
contrary to the earlier conclusions, have identified it as an 
IgM antibody. We report here on the characterization of this 
IgM and present evidence consistent with the hypothesis 
that this IgM is an antibody to polymerized sheep albumin 
(PS albumin). As in humans (2-4), anti-PS albumin may arise 
in sheep due to replication in the liver of hepatitis B virus 
(HBV)-like or other viruses. Reaction with HBsAg may be 
through polymerized human albumin (PH albumin) bound to 
the HBsAg PH albumin receptor (5). 

MATERIALS AND METHODS 
Assay for HBsAg Binding Activity. During purification, 

anti-PS albumin (formerly HBBS) in serum samples and col¬ 
umn fractions was detected by its affinity for HBsAg by us¬ 
ing the Ausab solid-phase RIA for ai.ti-HBsAg (Abbott). In 
this assay, plastic beads, coated with purified HBsAg, are 
exposed to serum or other sources of anti-HBsAg or HBBS. 
The beads are then washed, exposed to ^^‘’I-labeled HBsAg 
(^^^I-HBsAg), washed again, and assayed for radioactivity. 
Activity was expressed as the ratio of cpm of test sample to 
mean cpm of normal human serum supplied by the manufac¬ 
turer. 

Animal Sera. Commercial lots of sheep sera were periodi¬ 
cally screened for binding activity by the Ausab assay. The 
main sources were Miles (Pentex lot 432), and Dutchland 
Laboratories (Denver, PA; lot 820804-8C). 

NaDodS04/Polyacrylamide Gel Electrophoresis, Analytical 
NaDodS04/polyacrylamide gels with 5% stacking gels and 
15% separating gels were prepared according to Laemmli 
(6), except that the bisacrylamide concentration was halved 
in the separating gel and NaDodS04 was present only in the 
sample buffer. 

Preparation of PS Albumin. Sheep albumin was isolated 
from the serum of a single animal by chromatography on 
DEAE-Sephadex A-50 (see Eig. 1, fraction 3), dialyzed ex¬ 
haustively against distilled water, and lyophilized. The poly¬ 
mer was made by reaction with glutaraldehyde as described 
by Hansson and Purcell (7) and was purified by chromatog¬ 
raphy on Sephacryl S-300. The breakthrough peak (Mr ~ 
600,000) was used for the procedures below. 

RIA for Anti-PS Albumin Activity. Three to 5 mg of sheep 
anti-PS albumin (or other sheep protein fractions) was cou¬ 
pled to cyanogen bromide-activated Sepharose 4B according 
to the manufacturer’s procedure. The protein-coupled Seph¬ 
arose 4B was suspended in 0.02 M sodium phosphate buffer 
(pH 8.0) containing 2.5% bovine serum albumin (BS albu¬ 
min) and 0.02% sodium azide (10 ml per dry gram of Sepha¬ 
rose 4B) and stored at 4°C. 

PS albumin (100 p-g) prepared as above was iodinated by 
the iactoperoxidase method (Enzymobeads; Bio-Rad) using 
0.25 mCi of Na^^^I (1 Ci = 37 GBq) according to the manu¬ 
facturer’s method. The product was desalted on a 1.5 x 100 
cm Sephadex G-lOO column. The specific radioactivity was 
about 2-4 X JO^ cpm/yitg. 

The assay was performed by pipetting 50 ^(.l of protein- 
coupled Sepharose 4B [using a Drummond Microdispenser, 
Drummond Scientific (Broomall, PA)] into 6 x 50 mm glass 
tubes and incubating with appropriate amounts of ^^H-la- 
beled PS albumin (^^^I-PS albumin) and test substance in a 
total volume of 250 /rl. All buffers contained 2.5% BS albu¬ 
min to prevent nonspecific binding. The mixture was incu¬ 
bated for 1 hr at 37°C and overnight at 4°C. The Sepharose 
beads were washed at least twice by suspension and centrif¬ 
ugation and assayed for radioactivity in the Abbott Auto- 
Logic scintillation counter. 

Protein Determination. Protein concentration was estimat¬ 
ed by the optical density at 280 nm, assuming a molar extinc¬ 
tion coefficient of 15, or by the method of Lowry et al. (8). 

RESULTS 

Purification of Anti-PS Albumin. Preliminary experiments 
indicated that the anti-PS albumin has a high affinity for Ci- 
bacron blue F3GA dye and this provided the basis for our 
isolation scheme. 

Albumin (which also has an affinity for Cibacron blue) was 
first removed from sheep serum by equilibrium chromatog- 

Abbreviations: HBsAg, hepatitis B surface antigen; HBBS, hepati¬ 
tis B binding substance; anti-HBsAg, antibody to HBsAg; PS albu¬ 
min, polymerized sheep albumin; PH albumin, polymerized human 
albumin; BS albumin, bovine serum albumin; RIA, radioimmunoas¬ 
say; HBV, hepatitis B virus. 

The publication costs of this article were defrayed in part by page charge 
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Fig. 1 Equilibrium chromatography of sheep serum on DEAE- 
Sephadex A-50. —, % T280: Ausab activity. Fractions were 
pooled as indicated. Buffer was 0.20 M sodium phosphate (pH 5.75) 
containing 0.02% sodium azide. 

raphy on DEAE-Sephadex (Eig. 1). Anti-PS albumin (detect¬ 
ed by its Ausab activity) was recovered as a major peak with 
a small shoulder, which eluted at the breakthrough peak of 
the column. The activity was well separated from the albu¬ 
min peak (fraction 3). The material from fraction 1 of the 
DEAE-Sephadex column was applied to a Cibacron blue 
F3GA (Affi-Gel blue, Bio-Rad) column (Fig. 2), which was 
washed with the equilibration buffer until the breakthrough 
peak (which was devoid of activity) emerged. Then the same 
buffer containing 1.4 M NaCl was applied, which eluted the 
activity as a sharp peak corresponding to the leading edge of 
the material absorbing at 280 nm. The elution profile of frac¬ 
tion 2 from the DEAE-Sephadex column was similar to that 
of fraction 1 on Affi-Gel blue but, due to its low yield, was 
not further studied. As a final purification step. Affi-Gel blue 
fraction 2 was applied to a Sephacryl S-300 column that had 
been previously calibrated with molecular weight marker 
proteins (Fig. 3). The Ausab activity emerged at essentially 
the excluded volume of this column, having an apparent 
averaging about 800,000, suggestive of the presence of an 
IgM. The second peak eluting from this column was devoid 
of Ausab activity and had an apparent AT averaging about 
150,000, which suggested that it consisted of IgG. 

IgM Nature of Anti-PS Albumin. Each of the active frac¬ 
tions obtained throughout the purification procedure was an¬ 
alyzed by NaDodS04/polyacrylamide gel electrophoresis 
(Eig. 4). Because the same quantity of protein was applied to 
each slot, only the dominant species of each fraction is seen. 
The starting serum shows principally bands of MrS 67,000, 
54,000, and 28,000, which most likely represent albumin and 
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F:g. 2. Chromatography of DEAE-Sephadex column fraction 1 
on Affi-Gel blue. Symbols are as in Fig. 1. Elution was with 0.02 M 
sodium phosphate buffer (pH 7.1) containing 0.02% sodium azide. 
At the gap, elution with the starting buffer containing 1.4 M NaCI 

was initiated. 
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Fig. 3. Gel filtration of Affi-Gel blue column fraction 2 on Se¬ 
phacryl S-300. Symbols are as in Fig. 1. Buffer was 0.02 M sodium 
phosphate (pH 7.1) containing 0.5 M NaCl and 0.02% sodium azide. 

the heavy and light chains of IgG, respectively. The active 
fractions from the DEAE-Sephadex and Afifi-Gel blue col¬ 
umns also show bands that comigrate with those of the IgG 
standard. However, the active material from the Sephacryl 
S-300 column shows bands of MrS 74,000 and 28,000 that 
comigrate with those of the IgM standard, supporting the in¬ 
dications from the gel filtration experiments that the active 
material is IgM. 

Immunodiffusion of the active fraction against anti-sheep 
IgM, IgG, albumin, and complement C3 confirmed the pres¬ 
ence of IgM. Preincubation of the Ausab active material with 
anti-sheep IgM inhibited the activity by >90%, whereas anti¬ 
sheep IgG inhibited by <20%. Mild reduction (15 mM mer- 
captoethylamine) and alkylation with iodoacetamide de¬ 
stroyed >90% of the Ausab activity, which indicated that the 
pentameric IgM structure is required for activity and that 
IgG does not play a significant role in generating this activi¬ 

ty- 
The purified IgM did not appear to be anti-HBsAg. We 

reported previously that immunodiffusion of HBBS against 
HBsAg did not produce a precipitin band (1). In further stud¬ 
ies we find that preincubation of the IgM with ^‘^I-HBsAg 
(Abbott) (in the presence or absence of unlabeled HBsAg 
carrier) failed to inhibit precipitation of HBsAg by anti- 

Fig. 4. NaDodS04/polyacrylamide gel electrophoresis of Au- 
sab-positive fractions. Ten micrograms of total protein was loaded 
per well. Lane 1, sheep serum; lane 2, DEAE-Sephadex fraction 1; 
lane 3, AfFi-Gel blue fraction 2; lane 4, Sephacryl S-300 fraction 1; 
lane 5, sheep IgM; lane 6, sheep IgG; lane 7, molecular weight mark¬ 
er proteins. Stain was Cooma^sie brilliant blue. 
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Fig. 5. RIA for anti-PS albumin (PSA) activity. •, IgM (Sepha- 
cryl S-300 fraction 1); o, IgG (Sephacryl S-300 fraction 2); -I-, het¬ 
erogeneous sheep serum proteins (Affi-Gel blue fraction 1); ■, gly¬ 
cine. 

HBsAg. Furthermore, if the IgM is preincubated with ^^^I- 
HBsAg, anti-sheep IgM fails to precipitate ^^-^I-HBsAg, even 
upon the further addition of anti-sheep globulin. This sug¬ 
gests that an IgM-^^^I-HBsAg complex does not form. 

An IgM antibody in humans has been found to combine 
with PH albumin (2-4), which is probably bound to the PH 
albumin receptor on HBsAg (5). These findings and our data 
prompted us to test the hypothesis that the sheep IgM we 
isolated is anti-PS albumin. 

Characterization of Anti-PS Albumin Activity. Immunodif¬ 
fusion of the purified IgM against PS albumin (M^ ~ 600,000) 
produced a sharp, somewhat weak, precipitin band. No band 
was obtained with the modified monomer or intermediate 
molecular weight polymers. These preliminary results indi¬ 
cated that the IgM fraction contained antibodies against de¬ 
terminants unique to PS albumin. 

Results of a typical RIA for anti-PS albumin activity are 
shown in Fig. 5. Both of the controls, which consisted of 
Sepharose-coupled glycine and fraction 1 from the Affi-Gel 
blue column (immunoglobulins and other serum proteins), 
showed very little tendency to bind PS albumin. The IgG 
fraction, which copurified with the IgM up to the last (Sepha¬ 
cryl S-300) step in the fractionation, shows some binding ac¬ 
tivity. Clearly, the highest affinity for PS albumin resides in 
the IgM. Addition of 1 mg of monomeric sheep albumin per 
250-/xl assay caused no inhibition of binding, whereas 16 /xg 
of unlabeled PS albumin diminished binding by 62%, sup¬ 
porting the notion that the antigenic determinants do not re¬ 
side on the monomeric albumin. 

These binding data were subjected to Scatchard analysis 
(9), as shown in Fig. 6. No apparent binding existed at all for 
the glycine and serum protein controls. The IgG component 
did show binding with an apparent valence of 1.8, whereas 
the IgM had an apparent valence of about 6.0. The slope of 
the plot for both the IgG and IgM was essentially the same 
and gave an apparent affinity constant of 4.6 x 10^ liters/ 
mol. 

DISCUSSION 

The results reported here indicate that what we termed 
HBBS, originally detected by its affinity for HBsAg, is an 
IgM antibody to PS albumin and not to HBsAg. This affinity 
is probably not a general property of sheep IgM as the active 
material comprises only about 4% of the reported total IgM 
contained in sheep plasma (10). Monomeric sheep albumin 
does not prevent anti-PS albumin from combining with PS 
albumin. Thus, the antibody activity appears to be specific 
for determinants formed by the polymerization process in 
accordance with the human and murine data (2, 3) and to 
have a rather high affinity constant. The anti-PS albumin 
IgM had an apparent valence of 6. Although 10 ' 'mbining 
sites per mol of IgM are theoretically expected, aiv- ' inter¬ 
ference often renders some antibody sites inaccessiole to 
antigen in the case of large antigens such as PS albumin (11). 
Some IgG antibody to PS albumin also is produced and ex¬ 
hibits a valence of 1.8. It may be that certain combining site 
similarities cause it to copurify with the IgM up to the last 
fractionation step. The absence of a reaction between anti- 
PS albumin and commercial ^^^I-HBsAg may be due to re¬ 
moval of the polymerized albumin during the purification 
process. Reactivity of the anti-PS albumin with Ausab beads 
may be due to the presence of albumin, which is added as a 
blocking agent, mimicking its polymerized form when ab¬ 
sorbed to the plastic beads. Alternatively, the antigen used 
for bead preparation may still have PH albumin bound to its 
receptor [antibodies to polymerized albumins crossreact be¬ 
tween species (12)]. 

Antibodies to PH albumin (Mr ~ 570,000) have been found 
in the sera of patients having hepatitis and other liver dis¬ 
eases (2-4). HBsAg has a species specific receptor site for 
PH albumin of Mr ~ 500,000 (5). This site appears to reside 
in the 55-amino-acid peptide NH2-terminal to HBsAg that is 
coded for by the pre-S region of the HBV genome (13). Com¬ 
plexes of IgM and HBsAg have been observed in the serum 
of patients with acute viral hepatitis (14). Persistence of 
these complexes for more than a month seems to be a reli¬ 
able prognostic indicator for persistence of the carrier state. 
Blocking experiments with PH albumin suggest that the IgM 
component in these complexes is anti-PH albumin (15). Elu- 

Fig. 6. Scatchard plot of the data from Fig. 5. Symbols are as indicated in the legend to Fig. 5. B/F, bound/free. 
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tion experiments on the complex failed to demonstrate that 
the IgM is anti-HBsAg (16). However, no direct tests of 
these notions have been performed. 

Our results indicate that sheep also develop anti-polymer¬ 
ized albumin, perhaps initiated by a‘ HBV-like or other 
pathological agent. Anti-PS albumin appears to mimic anti- 
HBsAg using the currently acceptable RIA for anti-HBsAg. 
Furthermore, in this paper we provide direct evidence that 
the IgM is an antibody to PS albumin. However, we have not 
detected viral markers in any ovine or bovine sera. 

Hoofnagle et al. have confirmed our earlier survey on the 
ubiquity of this antibody and its reactivity with HBsAg (17). 
They also find the activity resides in an IgM. Because a 
booster injection of HBsAg caused an increase in titer of 
“anti-HBsAg” in rabbits that had preexisting antibody, these 
authors concluded that the IgM was an antibody to HBsAg. 
However, our evidence suggests that they were in fact 
studying anti-polymerized albumin. The reaction of anti-po¬ 
lymerized albumin with HBsAg most likely occurs through 
polymerized albumin bound to the receptor on the viral sur¬ 
face. Thus, a booster injection of HBsAg may also contain 
polymerized album.in. Anti-polymerized albumin isolated 
from animal sources may be useful in the production of diag¬ 
nostic assays or in affinity purification of hepatitis-like virus¬ 
es. The presence of polymerized albumin receptors on hepa- 
tocytes (18) may be responsible for viral tropism to the liver. 
Induction of anti-polymerized albumin in an animal model 
such as the woodchuck may modify hepatitis infectivity or 
the carrier state (or both). 
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Lack of perinatal transmission of hepatitis B 
virus infection in Senegal, West Africa 

Between 1977 and 1980. 1442 pregnant women in Thies, Senegal, were tested for serologic markers 

of hepatitis B virus (HBV) infection. Of these. 9.8% were HB^Ag(+). 59.9% were anti-HBJ+j, and 

15.6%) had anti-HB,. alone. Of 116 HB^Agf+j pregnant women, only 19.8% were HB^g(+j, a much 

lower proportion of infectious carriers than seen in Asian populations. Cord blood from 1353 babies 

was HB^Agi—). implying that the babies were not infected prior to birth. Four hundred sixty-two 

babies, including 88 born to HB^g(+) mothers, were observed for 2 weeks to 38 months after birth. 

In contrast to observations in Asia, none of the babies became HB,Ag(+) before 5 months of age, and 

only three of the 16 born to HB^g(+j mothers became HB,Ag(+j within the first year of life: all 

three developed chronic infections [i.e., HBsAg(+) for >6 months. In the second year of life, six of 

34 babies born to HBsAg(+), HB^g(—)/anti-IIBJ—) mothers became infected with HBV. and four of 

the six developed chronic infections. During the first 3 years of life, infections occurred at a higher 

rate in infants born to HB^Agl+j {17%o) than to HB^Agi—} (4%>) women. The latter group of infants 

included 4.09o of those born to anti-HBJ+j mothers, 4.6%) born to anti-HB^g(+), and 3.2%> born 

to uninfected women. These observations indicate that HBV infections in Senegal usually do not occur 

perinatally, but do occur at high incidence later in infancy and childhood. Such infections can be 

prevented by the use of hepatitis B vaccine alone; administration of hepatitis B immune globulin 

should not be needed. (J Pedi.atr 106:843. 1985) 

Evelyne Marinier, M.D., M.S., Veronique Barrels, M.D., 

Bernard Larouze, M.D., W. Thomas London, M.D., Ardean Cofer, B.A., 
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« 

Hepatitis b virus infection and chronic carriers of 

the virus are common in many tropical countries, particu¬ 

larly Asia and sub-Saharan Africa.A high incidence of 

infection may also occur in Arctic communities.^-There is 

now substantial evidence^ (recently reviewed) that chronic 

infection with HBV is etiologically associated with the 

development of primary hepatocellular carcinoma. In 
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areas endemic for HBV, PHC is the most common or one 

of the most common malignant tumors. In a study in 

Taiwan of chronic HBV carriers and controls, the relative 

risk of PHC in carriers was >200 times that of noncar- 

riers.^ More than 95% of cases of PHC have developed in 

chronic carriers.^-^ 

See related article, p. 777. 

HBV Hepatitis B virus 

PHC Primary hepatocellular carcinoma 

In a study in Senegal, we found that mothers of patients 

with PHC were more likely to be carriers (70%) than 

mothers of matched individuals who did not have PHC 

(10%).* This finding was subsequently confirmed in Korea’ 

and in Taiwan.^ From this observation* we inferred that 

many persons who eventually develop PHC have been 

infected by their mothers early in life. 
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Table I. Number of children’s sera collected at different ages according to mother’s HBV response 

Age of babies 

Status of mothers 1 wk to 3 mo 3 to 5 mo 5 to 12 mo / to 2 yr 2 to 3 yr Total 

HB,Ag(-l-) 26 16 40 42 18 142 

Anti-HB,(-I-) 153 55 94 52 26 380 

Anti-HBc(+) only 42 13 28 11 6 100 
Negative 36 12 27 9 5 89 

Total 257 96 189 114 55 711 

Some babies are represented more than once if specimens were obtained from same child at different ages; 462 babies are included. 

Table II. Effect of mothers’ HBV status on babies’ FIBV status at birth 

HBV status (cord blood) of babies 

HBV status of mothers 

HBsAg(+) Anti-HBd+) Negative Total 

HB,Ag(+) 0* 0* 0 Q* 

Anti-HBs(+) 8 707 30 745 

Negative 124 108 376 608 

Total 132 815 406 1353 

Association is highly significant: P < 0.0001. 

*At beginning of study, cord blood sera of seven babies were found to be HB,Ag( + ). This apparently was caused by contamination of baby’s cord blood sample 

with maternal blood. Procedures for collection of cord blood were revised and carefully followed. No positive cord blood sera were detected thereafter, and these 

seven mother-baby pairs were excluded. 

Studies in Asia,'*’ " Africa,and elsewhere''' '^ have 

shown that maternal transmission plays a large role in 

transmission of HBV and in the development of the carrier 

state. Maternal transmission, however, does not necessari¬ 

ly mean that infection takes place in the prenatal period. 

Carrier mothers who are also HBeAg(+) are more likely to 

transmit HBV to their newborn infants than those who are 

anti-HB,,Ag(-l-) or do not have either HBeAg marker,'** 

but little is known about this relation in African fami¬ 

lies,^" 

Infection at an early age, particularly maternally trans¬ 

mitted infection, may increase the risk of developing 

chronic liver disease and PHC, and decrease the age of 

onset. Hence, the mother-child relationship in respect to 

HBV infection is very important in understanding the 

pathogenesis of chronic liver disease and PHC, and in 

developing methods for the control of infection, particular¬ 

ly use of the newly available hepatitis B vaccine. We report 

a prospective study of mother-child-HBV relationships 

conducted in Senegal, West Africa. 

METHODS 

Blood specimens were obtained from mothers visiting a 

mother-child clinic and from their offspring at about the 

time of birth and at periods up to 3 years after delivery. 

The clinic is in Thies, the second largest urban center in 

Senegal, located 80 km east of Dakar, the capital. About 

7000 deliveries per year are performed in the clinic 

in-patient facility. Between April 1977 and April 1980, 

1442 women admitted for delivery were interviewed, a 

questionnaire completed, and specimens of maternal and 

cord blood obtained. Only time and personnel available 

determined which women were selected for study. The 

information obtained included name, address, ethnicity, 

age, and previous history of jaundice, and birth date, birth 

weight, and sex of the offspring. 

Maternal sera were collected and immediately tested for 

HBjAg at the Centre National de la Transfusion Sanguine 

in Dakar by feverse passive hemagglutination. All babies 

born to HBsAg(-t-) mothers were included in the follow-up. 

Follow-up was also conducted in HBsAg(—) mothers and 

their offspring. The intention was to choose as controls the 

next two HBsAgf—) mothers who lived in the same district 

as the HBsAg(-l-) women. As the study proceeded, many 

babies could not be followed, and we ultimately accepted 

as controls all the mothers who agreed to keep their babies 

in the study after the first (15 day) follow-up visit, 

regardless of the district. Four times as many HB,Ag(-) as 

HBsAg(-t-) women were studied. Controls came from all 

districts where HBsAg(-(-) women lived. Blood collections 

from the children were planned for intervals of approxi¬ 

mately 15 days; 3, 6, and 12 months; and then yearly for up 

to 3 years; and from the mothers at 6 months after delivery 

(Table I). Most babies submitted two or more follow-up 

samples; in some, all the planned samples were collected. 

All sera, including those tested in Dakar, were tested at 

the Institute for Cancer Research in Philadelphia for 

HBjAg by radioimmunoassay (Ausria II; Abbott Labora- 
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lories, North Chicago, Ill.). Anti-HB, was determined 

by passive hemagglutination^' against red blood cells 

coated with HB^Ag subtypes ad and ay, separately, and 

were scored as positive if titers were >1:4 and could be 

inhibited by HB,Ag(+) serum (Electro-Nucleonics, Be- 

thesda, Md.). Titers of 1:4 and 1 ;8 were categorized as low; 

>1:16 but <1:128 as medium; and >1:128 as high. 

Anti-HBc and HB^Ag were determined by RIA (Corab; 

Abbott Laboratories) (Abbott Laboratories).^^ Anti-HBe 

was only tested by a micro-micro immunodiffusion method 

developed in our laboratory (personal communication). All 

sera were assayed for HB^Ag and anti-HBs. Those negative 

for both were then tested for anti-HBcAg. One hundred 

sixteen of the mothers’ sera positive for HB^Ag were tested 

for HBjAg and anti-HBeAg. 

The “survival” analyses were done by the method of 

Kaplan and Meier.“ 

RESULTS 

Mothers and children studied. A total of 462 babies (242 

boys), including 88 born to HBsAg(-h) mothers, were 

observed for 2 weeks to 38 months. One to six blood 

specimens were obtained for each baby (Table I). Babies 

born to 88 HBsAg(-l-) and 374 HBsAg(—) women were 

observed. Ten infant deaths were reported during the 

perinatal period (six babies of carriers and four born to 

HBsAg(—) women); the cause of death was not recorded. 

A total of 1442 pregnant women were tested. Of these, 

141 (9.8%) were HB,Ag(+), 864 (59.9%) had anti-HB„ 

and 225 (15.6%) had anti-HB^ alone. Only 212 (14.7%) 

did not have any evidence of infection. The responses did 

not differ significantly by ethnic group. Total rate of HBV 

infection increased with age (P <0.0016), but the preva¬ 

lence of HBjAg remained about the same (Fig. 1). Only 

one case of clinical liver disease was found; a woman who 

was HBsAg(-t-) on first testing had PHC and died 2 months 

after the delivery of her child. 

The presence of HBeAg and anti-HBe were determined 

in 116 of the mothers who were HB^Agf-l-). Of these, 23 

(19.8%) were HBeAg(4), 24 (20.7%) were anti-HB,.(-l-), 

and the remaining 69 (59.5%) had neither. Because 

HBjAg was tested by RIA, but anti-HBe was tested by the 

micro-micro immunodiffusion method, the high proportion 

of HBeAg(-), anti-HBe(-) women probably reflects the 

relative insensitivity of the micro-micro immunodiffusion 

method. 

Findings at birth. There were 1353 pairs of mothers and 

their newborn babies, but the questionnaire information 

was not complete for all pairs. Cord blood samples of all 

babies were HBsAg(-), implying absence of in utero 

infection (Table II). There were 815 mothers who had 

anti-HBs, and 707 (86%) of their offspring also had 

(0 

Fig. 1. Cumulative HBV infection rate in 1009 pregnant women 

related to age in years. Percentage of women who remained 

uninfected in five age categories are 24%, 20%, 14%, 13%, 8%. 

Table III, Relation of anti-HB^ titers in mothers to 

anti-HBs titers in babies at birth 

Anti-MBs 

titers in babies 

Anti-HB^ titers in mothers 

Low Medium High Total 

Low 187 75 5 267 

Medium 31 213 35 279 

High 1 29 131 161 

Total 219 317 171 707 

Low tiler, 1:4 to 1:8 by passive hemagglutination; medium titer, 1:16 to 

1:64; high titer, >128. /’< 0.0001. 

anti-HBs (Table II). Further, the titers of anti-HB^ in 

mothers and their children were similar (Table III); 531 of 

the children and mothers had about the same titer. For the 

remaining 176, the children’s antibody titers were higher 

of lower than the mothers’, but in most instances the 

differences were equal to or less than twofold, which could 

be accounted for by variations in the assay system. Thirty 

children with HBsAg(-), anti-HBs(—) mothers had anti- 

HB, (Table II). In all 30, the anti-HB^ titers were low 

(<1:16), suggesting to us that anti-HB^ below the level of 

detectability was probably present in the maternal sera. 

Events after birth Babies who were anti-HBs(-P) at 
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Table IV. Transient* and chronic! infections in children at different times after birth 

according to HBV status of mother 

HBV status of mothers 

Noncarrier Carrier 

Age of 

babies 

Uninfectedf anti-HBc (+)§ anti-HBJ+) HB,Ag(+j Total 
Cumulative 

Infection events n % n % n % n % n % total 

1 wk to 5 mo Transient 0 0 0 0 0 0 
Chronic 0 0 0 0 0 0 

Total sera 62 65 247 88 462 462 
collected 

5 to 12 mo Transient 0 0 1 0 1 1 
Chronic 0 1 2 3 6 6 

Total sera 33 30 123 78 264 462 

collected 

12 to 24 mo Transient 1 0 2 2 5 6 
Chronic 0 1 2 4 7 13 

Total sera 14 15 68 55 152 462 

collected 

24 to 38 mo Transient 0 0 0 2 2 8 
Chronic 1 1 3 4 9 22 

Total sera 5 5 25 17 52 462 

collected 

Total 

Transient 1 1.6 0 3 1.2 4 4.5 8 1.7 

Chronic 1 1.6 3 4.6 7 2.8 11 12.5 22 4.7 

Transient + Chronic 2 3.2 3 4.6 10 4.0 15 17.0 30 6.4 

Total sera 62 65 247 88 462 

collected 

In each time pericxi, only new events are recorded, and babies infected are not counted in next period. Total collected, number of babies at risk of HBV 

infection collected during indicated period. 

*Child anti-HB,!-) at birth, and subsequently anti-HBif+l at titer >1:4 or anti-HB,(+) after HBsAgf+l test. Babies anti-HB^+l at birth who had twofold 

increases in titer in two subsequent samples or who became anti-HB,(+) after two anti-HB,!—) tests. 

tChild became HB,Ag(+), and remained positive on all subsequent tests or on last sample tested. 

tHBsAg(-), anti-HB,(-), anti-HB^f-). 

§Anti-HB.(-), HB,Ag(-). 

birth lost this antibody within 6 to 9 months of age (Table 

IV). As might be expected, the children with high titers 

were slowest to lose antibody. 

There were no, infections prior to 5 months of age, and 

this was independent of the mothers’ response category. 

During the follow-up periods (maximum 38 months), 30 

infections (eight transient and 22 chronic) occurred. The 

carrier mothers had children with the highest frequency of 

both chronic and transient infection events. Seventeen 

percent of the offspring of carrier mothers became 

infected, whereas only 4% were infected in the other 

categories (P <0.0001). 

The children of mothers with any marker became 

infected earlier and in higher frequency than the offspring 

of mothers who were uninfected (Fig. 2). Most of the 

infections occurred in the children of carrier mothers. In 

the mothers who were anti-HBs(+), children did not 

become infected until 9 months of age. (The only exception 

was probably a laboratory error, in a child who had a high 

titer of anti-HBs in cord blood was anti-HBs(-) at 15 days. 

and developed a low titer of anti-HBs at 5 months of age.) 

HBeAg and anti-HBe were determined in 87 HBsAg(+) 

mothers whose babies returned for follow-up. The off¬ 

spring of the HBeAg(-l-) mothers became infected before 

the children of carrier mothers with neither HBeAg nor 

anti-HBe, and the offspring of carriers with anti-HBe were 

the last to become infected. None of 16 babies born to 

HBeAg(-l-) women became HBsAg(+) before 5 months of 

age. By the end of the 38 months, 25% of the babies born to 

HBeAg(+) mothers had become infected, and all of these 

were chronic infections (Table V). The anti-HBe(-l-) and 

HBeAg(—)/anti-HBe(-) mothers had fewer chronically 

infected babies than the HBeAg(-l-) mothers, but more 

than HBsAg(-) mothers (8% compared with 4%). 

DISCUSSION 

The frequency of HBV markers in our study population 

of mothers is similar to that found in other African 

females.'^'The frequency is lower than in Taiwan'® 

but higher than in Japan" and in western countries. 
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Fig. 2. Survival curves showing percentage of children remaining uninfected at successive time intervals after birth 

according to HBV status of mothers. Infected mothers had more infected offspring than did uninfected mothers, and most 

infections occurred in offspring of carrier mothers. A, Babies born to HBsAg(+) mothers (83.0% uninfected at 35 

months); X, babies born to anti-HB,.(+) mothers (95.4% uninfected at 35 months); A, babies born to anti-HBs(+) mothers 

(95.6% uninfected at 35 months); •, babies born to uninfected mothers (96.8% uninfected at 35 months). 

Table V. Infection of offspring of carrier (HBsAg(+)) mothers according to time after birth 

and HBeAg, anti-HB^ response of mothers 

e status of HBAgl'^) mothers 

HBAg(+). 

HBAg(+l anti-HBJ+) anti-HBJ—j Total 
Cumulative 

Age of babies Infection events n % n % n % n % total 

1 wk to 5 mo 

Transient 0 0 0 0 0 
Chronic 0 0 0 0 0 
Risk(n) 16 20 51 87 87 

5 to 12 mo 

Transient 0 0 0 0 0 
Chronic 3 0 0 3 3 

Risk(n) 15 15 47 77 87 

12 to 24 mo 

Transient 0 0 2 2 2 
Chronic 0 0 4 4 7 

Risk(n) 8 12 34 54 87 

>24 mo 

Transient 0 2 0 2 4 

Chronic 1 1 1 3 10 
Risk(n) 3 5 8 16 87 

Total 

Transient 0 0 2 10.0 2 3.9 4 4.6 

Chronic 4 25.0 1 5.0 5 9.8 10 11.5 
Transient + chronic 4 25.0 3 15.0 7 13.7 14 11.1 
Risk(n) 16 20 51 87 

The presence of HBjAg in carriers (an indicator of 

infectivity) is significantly lower in our African study 

population than in populations from the Far East.'*- 

There are several possible explanations for these differ¬ 

First, there may be differences in the sensitivity of the 

technique we used for measuring HBeAg and that of other 

investigators. That is, we may not have detected some 

significant number of HBeAg(+) sera. However, this is 

unlikely, because the commercial RIA (Abbott Laborato- ences. 
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ries) is a highly sensitive, reliable test.” Moreover, the low 

rate of transmission of HBV from HBsAg(+), HBeAg(-) 

mothers to their babies is consistent with the assay for 

HBeAg being accurate. 

Second, HB^Ag is associated with higher HB^Ag titers,^’ 

viral DNA polymerase,” HBV DNA,^“ and probably the 

amount of whole virus produced. Therefore, infected 

Africans may produce less virus than Asians and others. If 

this is true, then there may be geographic or genetic 

differences in virus cell interactions. 

The offspring of carrier mothers were more likely to 

become infected than the children of the other mothers; 

this confirms previous studies in Senegal and elsewhere. 

Many of the offspring of non-HB^Ag carrier mothers also 

became infected, usually later, presumably from contact 

with other sibs or persons outside the home whom they 

encountered more frequently with increasing age. 

Among the HB,Agt+) mothers, there were apparent 

differences in infectivity for their babies in the following 

order: (1) HBeAg(+), (2) neither HB,Ag(+) nor anti- 

HBe(+), and (3) anti-HBc(+). This is consistent with studies 

in other parts of the world. The role of KB,Ag in predicting 

infectivity appears to be independent of its lower frequency in 

this population. However, the frequency of transmission of 

HBV from HB^Ag(+) mothers to their offspring is less in 

Africa than in Asia. In Asia, about 90% of babies born to 

HBjAgCT) women become HB,Ag(+),‘*' whereas in the 

Senegalese population in our study, only 25% were infected 

during the entire period of observation (maximum 36 

months, average about 2 years). 

None of the infants had serologic markers of HBV 

infection before 5 months of age. This is somewhat 

different from babies in western populations'^-and 

particularly from babies in Asian populatio.is.'°-" In Tai¬ 

wan, for example, more than 90% of babies born to 

HBsAg(+) mothers became HBsAg(-l-) by 3 months of 

age. 

These results can now be viewed from the standpoint of 

recommending strategies for mounting a prevention pro¬ 

gram including the use of the hepatitis B vaccine. The 

offspring of carrier mothers become infected earlier than 

other children, but the offspring of other mothers also have 

a high likelihood of infection later in life. Mothers with 

anti-HB, will transmit the antibody to their children, 

particularly if it is in high titer in the mothers. However, 

anti-HB, appears to offer only a minimal amount of 

protection, and for only a few months. An observation of 

great importance is that none of the children we observed 

became infected before about 5 months of age. Therefore, 

vaccination before that age is advisable; it is known that 

children can muster an effective response to the vaccine 

during the first few months of life.” Studies initiated by 

the late Professor Maupas and his colleagues indicated 

that such vaccinations prevented almost all HBV infec¬ 

tions in the first 2 years of life.” It appears that in Africa it 

will not be necessary to screen mothers to detect antigen or 

anti-HB„ because all children in high-risk areas should be 

vaccinated regardless of the response of their mothers, and 

this vaccination should be done between 1 and 3 months of 

age. Furthermore, because infection does not occur until 

>5 months after birth, the use of hepatitis B immune 

globulin in babies born to HBeAg(-l-) mothers is not 

warranted. 

Before any decision on the use of this vaccine is 

considered, it is necessary to evaluate the possible benefits 

against risks and costs of vaccination. The risk appears to 

be small. There is now experience with more than 500,000 

vaccinations, and there do not appear to be any side effects 

of consequence. In West Africa, although hepatitis infec¬ 

tion and its sequelae are important medical problems, 

malaria, schistosomiasis, infectious diarrheas, onchocerci¬ 

asis, malnutrition, and other diseases may have higher 

priorities for public health resources.” However, although 

hepatitis may not be the most important disease problem in 

West Africa, it may be one of the most important solvable 

disease problems. Population-based information of the 

kind provided by our study should be useful for planning 

the detailed tactics and strategy of prevention programs. 

We thank Dr. Soumah, Mr. Souleymane Sy, Mr. Mamadou 

Sene, Dr. Bathilly, and Dr. Mustapha Sow for help and sup¬ 

port. 

REFERENCES 

1. Blumberg BS, Melartin L, Guinto RA, Werner B: Family 

studies of a human serum isoantigen system (Australia 

antigen). Am J Hum Genet 18:594, 1966. 

2. Szmuness W, Prince AM, Diebolt G, LeBlanc L, Baylet R, 

MasseyelT R, Linhard J: The epidemiology of hepatitis B 

infection in Africa: Results of a pilot survey in the Republic of 

Senegal. Am J Epidemiol 98:104, 1973. 

3. Skinh^ P, McNair A, Andersen ST: Hepatitis and hepatitis B 

antigen in Greenland. Am J Epidemiol 99:50, 1974. 

4. Barrett DH, Burks JM, McMahon B, Elliott S, Berquist KR, 

Bender TR, Maynard JE: Epidemiology of hepatitis B in two 

Alaskan communities. Am J Epidemiol 105:118, 1977. 

5. Blumberg BS, London WT: Hepatitis B virus: Pathogenesis 

and prevention of primary cancer of the liver. Cancer 

50:2657, 1982, 

6. Beasley RP, Lin C-C, Hwang L-Y, Chien C-S: Hepatocellu¬ 

lar carcinoma and hepatitis B virus: A prospective study of 

22,707 men in Taiwan. Lancet 2:1129, 1981. 

7. Beasley RP: Hepatitis B virus as the etiologic agent in 

hepatocellular carcinoma: Epidemiologic considerations. 

Hepatology 2:2IS. 1982. 

8. Larouze B, London WT, Saimot G, Werner BG, Lustbader 

ED, Payet M, Blumberg BS: Host responses to hepatitis B 

infection in patients with primary hepatic carcinoma and their 

338 



Volume 106 
Number 5 

HBV infection in West Africa 84 9 

families; A case/control study in Senegal, West Africa. 

Lancet 2:534, 1976. 

9. Hann HL, Kim CY, London WT, Whitford P, Blumberg BS: 

Hepatitis B virus and primary hepatocellular carcinoma: 

Family studies in Korea. Int J Cancer 30:47, 1982. 

10. Stevens CE, Beasley RP, Tsui J, Lee W; Vertical transmission 

of hepatitis B antigen in Taiwan. N Engl J Med 292:771, 

1975. 

11. Okada K, Yamada T, Miyakawa Y, Mayumi M: Hepatitis B 

surface antigen in the serum of infants after delivery from 

asymptomatic carrier mothers. J Pediatr 87:360, 1975. 
12. Barrois V, Larouze B, Drew JS, London WT, Blumberg BS, 

Payet M: Hepatitis B antigen and its relation to alpha 

fetoprotein. In Fishman WH, Sell S, editors: Onco-develop- 

ment gene expression. New York, 1976, Academic Press. 

13. Barin F, Perrin J, Chotard J, Denis F, N’Doye R, DiopMar I. 

Chiron JP, Coursaget P, Goudeau A. Maupas P: Cross- 

sectional and longitudinal epidemiology of hepatitis B in 

Senegal. Prog Med Virol 27:148, 1981. 

14. Derso A, Boxall EH, Tarlow M.}, Flewett TH: Transmission 

of HBsAg from mother to infant in four ethnic groups. Br 

Med J 1:949, 1978. 

15. Papaevangelou G, Hoofnagle JH: Transmission of hepatitis B 

virus infection by asymptomatic chronic HB^Ag carrier moth¬ 

ers. Pediatrics 63:602, 1979. 

16. Skinh^ P, Cohn J, Bradburne AF: Transmission of hepatitis 

type B from healthy HBjAg positive mothers. Br Med .1 1:10, 

1975. 

17. Schweitzer IL, Mosley JW, Ashcavai M, Edwards V, Overby 

LB: Factors influencing neonatal infection by hepatitis B 

virus. Gastroenterology 65:277, 1973. 

18. Stevens CE, Neurath RA, Beasley RP, Szmuness W: HB^Ag 

and anti-HBj detection by radioimmunoassay; Correlation 

with vertical transmission of hepatitis B virus in Taiwan. J 

Med Virol 3:237, 1979. 

19. Beasley RP, Trepo C, Stevens CE, Szmuness W: The e 

antigen and vertical transmission of hepatitis B surface 

antigen. Am J Epidemiol 105:94, 1977. 

20. Prince MA, White T, Pollock N, Riddle J, Brotman B, 

Richardson L: Epidemiology of hepatitis B infection in 

Liberian infants Infect Immun 32:675, 1981. 

21. Vyas GN, Shulman NR: Hemagglutination assay for antigen 

and antibody associated with viral hepatitis. Science 170:332, 

1970. 

22. Mushawar IK, Overby LR, Frosner G, Deinhardt F, Ling 

CM: Prevalence of hepatitis B e antigen and its antibody as 

detected by radioimmunoassays. J Med Virol 2:77, 1978. i 

23. Kaplan EL, Meier P: Non-parametric estimation from incom¬ 

plete observations. J Am Stat Assn 53:457, 1958. 

24. Larouze B, Feret E, London W, Marinier E, Lustbader E, 

Diop B, Blumberg B: Epidemiology of hepatitis B in Gawan, a 

rural community in Senegal, in preparation. 

25. Drucker J, Barin F, Chiron JP, Coursaget P, Goudeau A: 

Hepatitis B virus infection in infants of anti-HB, positive 

mothers. Lancet 2:259, 1981. 

26. Papaevangelou G, Hoofnagle J, Kremastinou J: Transplacen¬ 

tal transmission of hepatitis B virus by symptom, free chronic 

carrier mothers. Lancet 2:746, 1974. 

27. Dupuy JM, Giraud P, Dupuy C, Drouet J, Hoofnagle J: 

Hepatitis B in children. J Pediatr 92:200, 1978. 

28. Shiraki K, Yoshihara N, Sarukai M, Eto T, Kawana T: Acute 

hepatitis B in infants born to carrier mothers with the 

antibody to HB^Ag, J Pediatr 97:768, 1980. 

29. Nordenfelt E; Dane particles, DNA polymerase and e antigen 

in two different categories of hepatitis B antigen carriers. 

Intervirology 5:225, 1975. 

30. Werner B, O'Connell AP, Summers J: Association of e 

antigen with Dane particle DNA in sera from asymptomatic 

carriers of hepatitis B surface antigen. Proc Natl Acad Sci 

USA 74:2149, 1977. 

31. Okada K, Kamiyama I, Inomata M, Imai M, Miyakawa Y, 

Mayumi M: e Antigen and anti-e in the serum of asymptom¬ 

atic carrier mothers as indicators of positive and negative 

transmission of hepatitis B virus to their infants. N Engl J 

Med 294:746, 1976. 

32. Gerety RJ, Schweitzer IL: Viral hepatitis type B during 

pregnancy, the neonatal period, and infancy. J Pediatr 
90:368, 1977. 

33. Barin F, Goudeau A, Denis F, Yvonnet B, Chiron JP, 

Coursaget P, Diop Mar I: Imm.une response in neonates to 

hepatitis B vaccine. Lancet 1:251, 1982. 

34. Larouze B, Frornent A, London W, Feret E, Marinier E, 

Lustbader E, Diop B, Blumberg B; Hepatocellular carcinoma: 

A public health problem in tropical countries. In Maupas P, 

Guesry P, editors: Hepatitis B vaccine, INSERM Symposium 

18. Amsterdam, 1980, Elsevier/North Holland Biomedical 

Press, p 195. 

339 



Reprinted I'roin Proc. Natl. Acad. Sci. U.S.A. (1987) 84, 274-278 

Effects of an extract from Phyllanthus niruri on hepatitis B and 
woodchuck hepatitis viruses: In vitro and in vivo studies 
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ABSTRACT An aqueous extract of the plant Phyllanthus 
niruri inhibits endogenous DNA polymerase of hepatitis B virus 
and binds to the surface antigen of hepatitis B virus in vitro. The 
extract also inhibits woodchuck hepatitis virus (WHV) DNA 
polymerase and binds to the surface antigen of WHV in vitro. 
The extract, nontoxic to mice, was tested for antiviral activity 
in woodchucks (Marmota monax). In a trial using six long-term 
WHV-carrier woodchucks, five treated animals showed a 
faster decrease in woodchuck hepatitis virus surface antigen 
titer compared to one untreated control. In animals recently 
infected with WHV, the extract was effective when adminis¬ 
tered i.p. in three out of four animals in reducing and within 
3-6 weeks eliminating both the surface antigen titer and DNA 
polymerase activity in serum. The treatment was discontinued 
after 10 weeks, and the treated animals have remained free of 
detectable markers of WHV for more than 45 weeks. In 
contrast, three untreated controls remained positive for both 
markers for WHV. One of the controls died after 8 weeks; the 
other two controls have remained positive for WHV markers 
for more than 45 weeks. In a third trial with long-term carriers, 
test animals treated subcutaneously with the extract for 12 
weeks did not respond; but on switching the mode of admin¬ 
istration to i.p., two out of the five animals showed a significant 
decrease in woodchuck hepatitis virus surface antigen titer 
compared to controls. 

Chronic carriers of the hepatitis B virus (HBV) may remain 
asymptomatic for long periods, but many are at high risk of 
eventually developing post-hepatitic cirrhosis and primary 
hepatocellular carcinoma. Carriers are often infected within 
the first few years of life, but symptoms of chronic liver 
disease and primary hepatocellular carcinoma may not be 
perceived until the third, fourth, or later decades; pathogen¬ 
esis, even though relentless, is slow (1, 2). 

Materials of animal, bacterial, and plant origin (3) have 
been described that appeared to interfere with the binding of 
the HBV surface antigen (HBsAg) to the HBsAg antibody 
(anti-HBs). Subsequently, about 1200 species of plant were 
tested, and about one-third were found to inhibit anti- 
HBs-HBsAg binding. To obtain more specificity and in¬ 
crease the probability of obtaining an effective therapeutic 
agent, in addition to the inhibition of HBsAg-anti-HBs 
binding, we examined plant extracts in vitro to determine if 
they inhibited the endogenous DNA polymerase (DNAp) of 
HBV, which is necessary for its replication. The first plant 
tested was Phyllanthus niruri, which has been and is used 
widely (4) in southern India and elsewhere for the treatment 
of jaundice. The treatment of HBV carriers has not been 
recognized in traditional indigenous medical systems. The 
inhibition of anti-HBs-HBsAg binding by P. niruri in vitro 
has been reported by Thyagarajan et al. (5). 

To assess the effects of P. niruri on the replication of 
HBV-like viruses in vivo, we used the woodchuck (Marmota 
monax) as an animal model. The carrier state in woodchucks 
and humans is similar. Liver diseases including primary 
hepatocellular carcinoma induced by woodchuck hepatitis 
virus (WHV) in woodchucks are very similar to those 
induced by HBV in humans. WHV is similar to HBV (6, 7) 
with substantial immunological cross-reactivity (8) and sig¬ 
nificant homology of DNA (9). The endogenous DNAp of 
both viruses exhibited optimal activities in the same range of 
pH, MgCl2 concentration, and showed similar sensitivity to 
inhibitors like phosphonoformic acid and arabinofuranosyl 
nucleotides (10). 

In this paper we report that P. niruri has profound effects 
in vitro on HBsAg, on woodchuck hepatitis virus surface 
antigen tWHsAg), and on the DNAp of both viruses and in 
vivo on the replication of WHV and on liver histopathology. 
In some controlled studies, it appeared to eliminate WHV 
from carriers. 

MATERIALS AND METHODS 

Preparation of the Aqueous Extract ofP. niruri. Dried whole 
plant (40 g) was pulverized in a Waring blender and mixed 
with 200 ml of water. The mixture was shaken periodically 
(60°C) for 2 hr and filtered through nylon mesh. The filtrate 
was centrifuged at 8000 rpm for 1 hr in a Beckman JAIO rotor 
at 20°C. The supernatant was filtered through a 0.45-/L(,m filter 
(Millipore) for in vivo studies. 

Assay for HBsAg or WHsAg Binding Activity. Serial dilu¬ 
tions of the aqueous extract of P. niruri were mixed with an 
equal volume of sera positive for HBsAg or WHsAg, and the 
mixture was incubated for 1 hr at 20°C. The mixture was 
assayed directly for HBsAg or cross-reacting WHsAg using 
Ausria II ELISA kits (Abbott). Binding activity was ex¬ 
pressed as the decrease (in percent) in the absorption of the 
test sample compared to that of the control composed of 1:1 
(vol/vol) mixture of surface antigen positive serum and PBS. 
(PBS = 0.01 M sodium phosphate/0.85% NaCl, pH 7.2.) 

Assay of WHsAg Titers in Serum. Serum titers of WHsAg 
were determined by assaying serial dilutions of serum with 
the Ausria II kit using the value obtained for sera of 
uninfected woodchucks as controls. 

Inhibition of Endogenous Viral DNA Polymerase Activity. 
Suspensions of the virus were added to a reaction mixture 
containing the nucleotides required for DNA synthesis by 
DNAp. The formation of DNA was determined by gel 
electrophoresis. Serial dilutions of the extracts of the plant 
were added to determine their inhibitory ability. 

Abbreviations: DNAp, DNA polymerase; HBV, hepatitis B virus; 
WHV, woodchuck hepatitis virus; WHsAg. woodchuck hepatitis 
surface antigen; HBsAg, hepatit's B surface antigen; anti-HBs, 
antibody to HBsAg. 
*To whom reprint requests should be addressed. 

The publication costs of this article were defrayed in part by page charge 
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in accordance with 18 U.S.C. §1734 solely to indicate this fact. 
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Table 1. Effect of P. niruri extract on the binding of MBs 

to HBsAg or WHsAg 

% inhibition of 

P. niruri extract, 

mg/ml 

anti-HBs binding 

WHsAg HBsAg 

5 61 63 

2.5 45 35 

1.25 25 18 

0.63 11 9 

0.5 13 0 

0.31 13 0 

0.1 5 0 

Serum (50 yu,l) containing HBV (or WHV) particles was 
layered over a 10-20% sucrose gradient and centrifuged at 
45,000 rpm for 3 hr in a SW 55 Ti rotor in a Beckman 
ultracentrifuge. Pelleted virus was separated from the super¬ 
natant and was resuspended in 5 p,l of 0.05 M Tris-HCl, pH 
8.0. Equal volume of serial dilutions of the extract of P. niruri 
was mixed with the virus suspension. Then nucleotide 
triphosphates dATP, dGTP, dCTP, and [^^P]dTTP were 
added in the presence of 0.05 M Tris-HCl, pH 8.0, containing 
10 ^iM MgCl2, 0.15 M NaCl, 1 mM dithiothreitol, and 0.1% 
Nonidet P-40, and the mixture was incubated at 37°C for 2 hr. 
For control, the virus suspension was mixed with 0.05 M 
Tris-HCl buffer, pH 8.0, instead of the potential inhibitor. The 
reaction was stopped by the addition of 15 /xl of Pronase (0.5 
mg/ml) in 0.1% NaDodS04 containing 0.01 M EDTA in 
Tris-HCl, pH 7.4; and the mi.xture was electrophoresed on 
1.5% agarose gel using bromophenol blue as the tracking dye. 
The DNA formed was detected by autoradiography. 

A quantitative determination of the inhibition was obtained 
by substituting [^HJdTTP and [^HJdGTP for [^^PJdTTP as 
radiolabel according to the method reported by Hantz et al. 
(10) with modifications. In this experiment the reaction was 
terminated by the addition of 2.5 ml of 5% (wt/vol) trichloro¬ 
acetic acid [containing 2% (wt/vol) pyrophosphate]. Then 40 
/a1 of 2.5% bovine serum albumin and 100 /A of 5% (wt/vol) 
calf thymus DNA were added as carriers, and the mixture 
was filtered through a glass fiber filter (Whatman). The filter 
was washed thrice with 5% (wt/vol) trichloroacetic acid 
containing pyrophosphate, thrice with 95% (vol/vol) ethanol, 
dried under a heat lamp, and the radioactivity remaining on 
the filter was measured in a scintillation counter (Packard 
Instrument, Downers Grove, IL). 

P. niruri extract, /xg (dry weight)/ml 

Fig. 1. Inhibition of DNAp of WHV by aqueous extracts of P. 
niruri. The data are presented as /xg (dry weight) per ml of assay 
mixture. 

To determine the WHV DNAp activity in sera of wood¬ 
chucks used for experiments in vivo, a virus pellet, centri¬ 
fuged from 50 ^A of serum on sucrose density gradient, was 
used directly without addition of any diluent buffer as 
described above. 

RESULTS 

The Effect of P. niruri Extract on WHsAg and HBsAg in 
Vitro. P. niruri extract inhibits the reaction of HBsAg with 
anti-HBs and of WHsAg with anti-HBs (Table 1). The 
inhibition was concentration dependent for HBsAg and 
WHsAg. 

Inhibition of WHV DNAp by the Extract in Vitro. Serial 
dilutions were assayed for their ability to inhibit WHV DNAp 
activity. Inhibition (Fig. 1) was directly proportional to the 
concentration of the extract up to 600 /xg/ml at which the 
inhibition was 82%. 

Toxicity Tests in Mice. Forty outbred albino female mice 
were used to determine the toxicity of the extract in accord¬ 
ance with a National Institutes of Health recommended assay 
to determine acute toxicity. The mice were divided into eight 

Fig. 2. Effect of aqueous extracts of 
P. niruri given i.p. on long-term chronic- 
carrier woodchucks (solid lines) com¬ 
pared to a single control carrier (dashed 
lines). For clarity, the results have been 
arbitrarily separated in two groups, A and 
B. The numbers of the animals are given 
next to the appropriate curve. 
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Fig. 3. Effect of aqueous extracts of P. niruri given i.p. on recently infected woodchucks. Solid lines indicate treated animals, and dashed 
lines indicate the controls. Arrows indicate the beginning and end of treatment. The DNAp activity [positive (+) or negative (-)] is indicated 
in parentheses. 

sets of five mice and were weighed. Four sets designated 
“test” were given i.p. aqueous extract ofF. «/rMn[0.1 ml, 1.8 
mg (dry weight) per mouse], while the other four sets, 
designated “control,” were given i.p. PBS, 0.1 ml per mouse. 
All sets were weighed after 3 and 7 days. There was no loss 
in weight among the treated or control mice after 3 days. 
There was a net gain in weight among all the mice after 7 days. 
One of the treated mice died on the 3rd day of internal injury 
unrelated to the test. 

Long-Term Chronic-Carrier Woodchucks. An initial study 
was conducted on woodchuck carriers whose sera showed 
the presence of both the surface antigen and WHV DNAp 
activity at the time these animals were trapped. The length of 
time these animals were carriers of WHV was unknown, but 
it was probably more than several months. Of the six carrier 
woodchucks that were available, five animals, 128,129, 131, 
228, and 250, were treated; and one, 274, was used as control. 
Test animals were given 0.5 ml of the extract [9 mg (dry 
weight)] i.p. once a week, while the control animal was given 
the same volume of buffered saline i.p. once a week. The 
animals were bled periodically, and the titer of WHsAg was 
determined (Fig. 2). A comparison of the slope of the curves 
indicated that the extract appeared to reduce the titer of 
WHsAg in long-term chronic carriers. 

Woodchucks Recently Infected with WHV. The second 
study was conducted on animals that were negative for WHV 
at the time of capture but became positive while in the 
enclosures in our woodchuck colony. By the time of the 
experiment, these animals had been infected for at least 1 
month. The aqueous extract of P. niruri [0.5 ml, 9 mg (dry 
weight) per woodchuck] was administered i.p. twice a week 
to four woodchucks, 319, 339, 360, and 376A; the other three, 
370, 388, and 117, received 0.5 ml of PBS twice a week. They 
were followed by weekly bleeding and assay for WHsAg and 
WHV DNAp. Treatment was terminated after 72 days, but 
the weekly bleedings were continued for over 300 days. Liver 
biopsy was performed on day 80, except for control wood¬ 
chuck 117, which was autopsied when it died on day 57. 

In woodchuck 319, WHsAg started dropping soon after the 
start of treatment, becoming undetectable about 21 days later 
(Fig. 3). WHV DNAp activity stayed positive for about 1 
week after the surface antigen titer became undetectable, but 
subsequently it also became undetectable. Although the 

treatment with extract was terminated after 72 days, there 
were no detectable levels of the surface antigen or DNAp 

i A 

|-97|-69j-34|-2oj-13|| 0 | 8 | 15 | 21 | 34 
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Fig. 4. Autoradiography of DNAp activity on the day indicated 
(-, before treatment) in the sera of a control animal, 370 (A) and a 
treated animal, 339 (B). These are typical of the other two control and 
treated animals (see Fig. 3). Arrow indicates the band of 3.3-kilobase, 
closed, circular DNA of WHV. 

42 48 56 62 TO 77 
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Fig. 5. Comparison of livers from the untreated woodchuck 370 
{A and-B) and the treated woodchuck 339 (C and D) that were infected 
with WHV and obtained at biopsy 8 days after the termination of 
treatment. All preparations were sectioned in paraffin at 5 /xm and 
stained with hematoxylin and eosin. (A) Typical pattern of chronic 
progressive viral hepatitis with granulomatous inflammation cen¬ 
tered chiefly around portal triads with frequent “bridging” interven¬ 
ing spaces between them (b). Note blurring of intralobular cords as 
compared with C (treated), owing to inflammatory swelling of 
individual hepatocytes. (x75.) {B) A periportal lesion, with an 
agglomeration of lymphocytes, plasmacytes, histiocytes, fibroblasts, 
and necrotic hepatocytes (n); proliferating biliary ductules (d) are 
conspicuous, which, along with fibrosis, indicate a progression to 
cirrhosis. (x300.) (C) Minimal inflammatory foci are barely visible in 
the portal triads of this treated animal. Hepatocytic swelling and loss 
of crispness of cords is seen to the right of center. (x75.) Overall, 
these effects are much less than in the untreated liver. (D) Small 
periportal granuloma; hepatocyte and cords are well preserved, apart 
from rare necrosis (n). (x300.) 

activity in 319 up to 300 days after the start of treatment (i.e., 
228 days after termination of treatment). The control animal 
370, on the other hand, did not show a drop in either WHsAg 
titer or DNAp activity up to 300 days. 

Treated animals 339 and 360 showed a similar drop in 
WHsAg between 21 and 35 days after the start of treatment, 
followed 7-14 days later by a drop in WHV DNAp; the 
markers stayed undetectable up to 300 days. Control animals 
117 and 388, however, showed high levels of the WHsAg and 
DNAp during the same period. Autoradiography of the 
product of DNAp reaction in the serial bleedings of control 
woodchuck 370 and P. niruri extract-treated woodchuck 339 
is given in Fig. 4. The presence of a band at 3.3 kilobases 
(arrow) indicated WHV DNAp activity up to 21 and 28 days. 
These became undetectable thereafter. DNAp of control 
animal 370 did not change. 

Woodchuck 376A, one of the four treated animals, became 
bacteremic early in the experiment. Chloramphenicol was 
administered, but the animal succumbed to the infection. It 
did not respond to the extract. 

The histopathology of the livers of control woodchuck 370 

Table 2. Data on liver biopsies performed 8 days after 

termination of treatment in experiment involving 

woodchucks recently infected with WHV 

Pathology 

Portal 

infiltrate 

Focal 

necrosis Diagnosis 

Control animal 

370 -t-t-t- -t-t- Chronic, active 

hepatitis 

388 -t-l- -I- + Chronic, active 

hepatitis 

117 

P. niruri extract- 

treated animal 

-t-f Chronic, active 

hepatitis 

319 ± Mild viral 

hepatitis 

339 -(- -f- Active hepatitis 

360 0 Minimal, portal 

hepatitis 

0, None. ±, Marginal. -I-, Minimal positive. -H-, Positive. 
Extensive. 

and treated animal 339 are shown in Fig. 5. Data on the liver 
biopsy performed 8 days after the termination of treatment 
are given in Table 2. (Liver biopsies before treatment were 
not available.) The three untreated controls, 370, 388, and 
117, showed extensive portal infiltration and focal necrosis; 
all three were diagnosed as chronic active hepatitis. The 
livers of the treated animals 319, 339, and 360, on the other 
hand, showed marginal or negative portal infiltration and 
focal necrosis. The diagnosis of woodchuck 319 was early 
mild viral hepatitis, of 339 was early active hepatitis, and of 
360 was minimal portal hepatitis. 

Subcutaneous Administration of the Extract in Long-Term 
Carrier Woodchucks. Five of eight long-term WHV-carrier 
woodchucks (327, 437, 456, 488, and 492) were administered 
0.5 ml [9 mg (dry weight)] of extract subcutaneously twice a 
week. The remaining three (318, 429, and 471) were given 0.5 
ml of PBS subcutaneously twice a week. The animals were 
bled weekly, and the titer of WHsAg and WHV DNAp was 
monitored. During 3 months of treatment, there was no 
appreciable change in either marker in the treated or control 
animals. 

We concluded that subcutaneous administration was inef¬ 
fective. We hypothesized that either the active principle was 
not absorbed by this route, that antibodies were developed 
against the extract, or some other mechanism rendered it 
ineffective. After 90 days the mode of administration was 
changed to the intraperitoneal route that had apparently been 
successful in the previous studies. Two of the treated animals 
showed a drop in WHsAg about 60 days after switching to i.p. 
administration (Fig. 6). One control and two treated animals 
died due to bacteremic infections. None of the control 
animals showed any significant change in WHsAg. 

DISCUSSION 

London and Blumberg (1) have proposed a model to explain 
the observations on the relation between primary hepatocel¬ 
lular carcinoma and HBV. It postulates the existence of fully 
differentiated liver cells which, when infected, allow com¬ 
plete replication of HBV. (They are designated S cells; i.e., 
susceptible to replication.) Less-differentiated liver cells 
(common in the fetus and newborn but less so in the adult 
liver), when infected, do not allow replication, although 
penetration of the virus and integration of virus DNA may 
occur. (They are designated R cells; i.e., resistant to repli- 
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Fig. 6. Effects of P. niruri extracts 
given i.p. to animals that did not respond 
to subcutaneous administration of the 
same extract. (A) Treated animals; (B) 
controls. 

cation.) The proliferating HBV in the differentiated celts 
leads to cell death, in part caused by the immune response of 
the host to its S cells altered by HBV. The less-differentiated 
R cells are not damaged by the virus, since the virus does not 
replicate. The R cells divide and multiply in response to the 
death of the S cells. With increased division of R cells, 
chromosomes are more liable to disruption, deletion, re¬ 
arrangement, or mutation by the resident HBV (or, possibly, 
another agent). This could result in a favored clone that 
divides rapidly and is eventually perceived as a cancer. 

The course of these events could be stopped if virus were 
eliminated from the carrier. If this is not possible, then 
decreasing the virus load or inhibiting its entry into liver cells 
could slow the death of liver cells so that perceptible disease 
would not be expected to occur until the carrier had lived out 
a life span. We have referred to this as “prevention by delay” 

(2). 
In an attempt to achieve this goal, we looked for agents that 

would affect the virus or its entry into liver cells. The aqueous 
extract of P. niruri inhibits HBV DNAp and WHV DNAp and 
interferes with the binding of anti-HBs to HBsAg and WHsAg 
apparently because of its ability to bind the surface antigen. 

The extract of P. niruri was tested in three independent in 
vivo experiments in woodchuck carriers. In the first, with 
long-term carriers, a significant drop in the titer of WHsAg 
was observed in the extract-treated animals compared to the 
control. In the second, using short-term carriers, the WHsAg 
and WHV DNAp in three of four treated animals became 

undetectable and stayed that way even after the treatment 

was terminated, while the levels of these markers stayed high 

in the controls. These results indicated a possible break in the 

carrier state directly attributable to the treatment with P. 

niruri extract. The conclusion from the third experiment was 

that the extract was not effective when administered subcu¬ 

taneously. However, on switching the mode of administra¬ 

tion to i.p., two out of three extract-treated animals showed 

a drop in WHsAg titer. The advantages of intraperitoneal 

chemotherapy for liver ailments have been reported (11) and 

may be applicable to WHV and HBV infections since 

replication of both these viruses takes place in the liver. 
Although this experiment was faulted because of its post hoc 
design, the results were in the direction predicted from the 
two earlier experiments. 

Our preliminary results indicate that there are one or more 
active materials in P. niruri that inhibit the replication of 
WHV in vivo and decrease the pathological effects of WHV 
on woodchuck liver. By inference, the substance should 
affect HBV infection in humans similarly. Using a variety of 
techniques (including HPLC), we have identified fractions 
from P. niruri containing the DNAp inhibitory activity and 
the surface antigen binding activity. 

We are indebted to Philip Custer for the histopathological studies, 
Howard Blatt for the biopsies, and Terry Halbherr and Renee Grob 
for technical assistance. The research was supported in part by 
grants from the Kaiser Family Foundation, the Mary L. Smith 
Charitable Lead Trust, and the Commonwealth of Pennsylvania. 
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EFFECT OF PHYLLANTHUS AMARUS* ON 
CHRONIC CARRIERS OF HEPATITIS B VIRUS 
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Summary In a preliminary study, carriers of hepatitis 
B virus were treated with a preparation of 

the plant Phyllanthus amarus for 30 days. 22 of 37 (59%) 
treated patients had lost hepatitis B surface antigen when 
tested 15-20 days after the end of the treatment compared 
with only 1 of 23 (4%) placebo-treated controls. Some 
subjeas have been followed for up to 9 months. In no case 
has the surface antigen remmed. Clinical observation 
revealed few or no toxic effects. The encouraging results of 
this preliminary study recommend continued evaluation of 
this plant and the aaive principles isolated from it. 

Introduction 

Plants of the genus Phyllanthus have been used widely 
by traditional medical practitioners for the treatment of 
jaundice and other diseases. Their use was described in 
Indian Ayurvedic literature more than 2000 years ago. 
Phyllanthus species are also used in China, the Philippines, 
Cuba, Nigeria, Guam, East and West Africa, the Caribbean, 
Central America, and South America. 

Extracts of Phyllanthtis amarus'^ and P tenellus inhibit the 
reaction between HBsAg (the surface antigen of the 
hepatitis B virus [HBV]) and the antibody to it (anti-HBs). 
HBV contains an endogenous DNA polymerase which is 
required for its replication. Phyllanthus extracts inhibit the 
endogenous DNA polymerase of HBV virus, woodchuck 
hepatitis virus,^ and duck hepatitis B virus (unpublished). 
The inhibition is quantitatively specific for the DNA 
polymerases of these HBV-like viruses; much larger 

quantities are required to inhibit the DNA polymerases of 
bacteria and mammals (unpublished). 

Five studies of the effect of extracts of Phyllanthus species 
on woodchuck (Marrnota monax) carriers of woodchuck 

*The plant tested in this study is known in India as Phyllanthus 

nituri and has been so described in previous reports (Thyagarajan 
1982, Venkateswaran 1987, Thyagarajan 1986). It has now been 
identified as P amarus (Grady Webster, University of California, 

Davis, CA; Personal communication). 

hepatitis virus have been completed^ (and published). The 
extract-treated animals were much more likely than 
placebo-treated controls to lose the virus, and the virus titres 
fell in more of the extract-treated than placebo-treated 
animals. 

Acute (1 month) and chronic (3 months) toxicity studies 
in mice have been reponed.^^ There was no clinical or 
histopathological evidence of toxicity. The traditional 
medical uses indicate that this plant is non-toxic, although, 
to our knowledge, there have been no previous systematic 
studies of toxicity in man or animals, Various methods of 
administration are described in the traditional systems. In 
most of these methods the whole plant, rather than 
individual components, is used. Our eventual aim is to 
identify, purify, and synthesise an active agent from 
Phyllanthus which can be used in the treatment of HBV 
infection. We are concentrating on the fraction of the extract 
that inhibits the HBV DNA polymerase. 

It is important to establish first whether the whole plant is 
effective in abolishing the carrier state. It is also possible that 
there are several active substances, or that several activities 
must act in conjunction for effective therapy or to prevent 
toxicity. Studies with the whole plant would contribute to an 
understanding of these questions. 

Phyllanthus is used widely in India and elsewhere but, to 
our knowledge, there has been no controlled trial of its 
effeaiveness in carriers. In this study, we have tested the 
hypothesis (stated and implied previously'^) that treatment 
with P amarus will lead to the loss of the HBV carrier state. ' 
Additional explanatory variables, particularly HBV 
serological responses, have also been measured to 
differentiate between responders and non-responders to the 
treatment.’' 

Subjects and Methods 

Carriers of HBV in three categories were identified. These 
included 28 symptom-free carriers detected among voluntary blood 
donors at the Institute of Child Health and the Hospital for 
Children, Madras; 14 carriers with symptoms, who were 
outpauents with the diagnosis of chronic liver diseases at the 
Department of Gastroenterology, Government General Hospital, 
Madras; and 18 patients from the Institute of Child Health and 

Hospital for Children with glomerular nephritis, who were also 
chronic carriers of HBV. 

Before the trial, the carriers were followed for 6 mondis with 
repeated (4-6) serological tests for HBsAg and anti-HBc IgM. Only 
those who remained carriers for 6 months were included in the 
study. The glomerular nephritis patients were followed for 1 year 
before inclusion. Carriers were stratified by sex and age (within 3 
years) and assigned randomly to treatment and placebo groups. 
Treatment and follow-up were carried out with the subjects as 
outpatients. The treated patients were given 200 mg of the dried, 
powdered, sterilised plant in a capsule three times a day for 30 days. 
Placebo-treated patients were given an equal amount of sterile 
lactose in a capsule. The subjects were instructed to continue their 
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regular diet and activities. Of the 78 cases (40 treated, 38 placebo) 

randomised, 18 (3 treated, 15 placebo) failed to complete the course 

of capsules or did not return after the treatment. I'he population 

available for follow-up therefore consisted of 37 treated and 23 

placebo subjects. All the clinical studies were done in Madras with 

plants collected locally. 

Full-grown plants (30-45 cm) were selected. The whole plants, 

including roots, were quickly washed with cold water. A technique 

of intermittent sterilisation was used. The washed plants were 

maintained at 45°C for 30 min daily for 3 successive days. 'I’he roots 

were removed and the remainder of the plant powdered in an 

electric blender. The powder was dispensed under sterile 

conditions in 200 mg doses into gelatin capsules which had been 

presterilised with ethylene oxide. Samples of the dried powder were 

tested for aerobic and anerobic bacteria and fungi by incubation in 

the appropriate media (blood agar plate, thioglycollate broth, 

Sabouraud’s glucose agar). Randomly selected capsules from four 

batches of capsules were tested similarly on a regular basis. There 

was no evidence of contamination in any of the plant substance used 

for treatment. One batch of powder showed five colonies of Bacillus 

subtilis, and this batch was not used. Lactose was used as a placebo. 

It was presented in gelatin capsules identical to those used for the 

plant powder in the same doses for the same time. Ninety capsules 

of plant or placebo were placed in a coded container. The doctors 

and nurses administering the substances were told to give a coded 

container from one or the other group alternately to carriers as they 

were admitted to the study. They were unaware who was receiving 

which treatment. The code was maintained at the Department of 

Microbiology which is 10-15 km from the hospitals where the 

capsules were given. The initial serological tests were carried out 

before the subjeas were randomised. All the serological tests were 

done at the Department of Microbiology. 

60 subjeas returned for the first follow-up v sit 15-20 days after 

the end of treatment. They were then asked to return each month. 

All 60 returned for the first 2 months. All but 1 treated and 4 placebo 

subjects returned for the third monthly visit and follow-up 

continued for some subjects for up to 9 months. At the first visit 

after treatment, each subject was examined clinically and a clinical 

questionnaire was completed with the help of the examining 

physician. The questionnaire was designed to determine whetlier 

any symptoms or signs occurred during treatment, including those 

that could be ascribed to side-effects or toxicity of the plant 

preparation. The information obtained included age, sex, and a 

history of jaundice, blood transfusions, surgery, and injections. A 

general medical history was also obtained. Symptoms which might 

be attributed to side-effects of the treatment included: fatigue, 

malaise, fever, chills, urticaria, anorexia, nausea, abdominal pain, 

diarrhoea, lymphadenitis, myalgia, arthralgia, headache, dizziness, 

disturbed sleep, paraesthesia, respiratory illness, and skin rash. 

On each subsequent visit, the subjects were asked if they had had 

any symptoms or findings which might be attributable to the 

treatment. Blood samples were collected by venepuncture before 

treatment and at each follow-up visit. 
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Laboratory Methods 

I’he serum was tested in Madras for HBsAg by enzyme-linked 

immunosorbent assay (ELISA; ‘Auszyme IF), hepatitis B e antigen 

(HBeAg) by ELISA (HBe El A), and IgM antibody against the core 
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antigen (anti-HBc IgM) by ‘Corzyme-M’ (Abbott Laboratories, 

North Chicago, Illinois, USA). 

To exclude the possibility of systematic error in the 

determinations of HBsAg, the major outcome variable in this study, 

the serum samples that remained after the initial testing were also 

tested for HBsAg in Philadelphia. The western blot technique of 

McMichael et al,’ which requires only 3 pi serum, was used because 

only small amounts of serum remained for the confirmatory test. 42 

samples were tested by this method. There was a very high 

correlation between the ELISA and western blot methods; all but 7 

results were concordant. Of these, 4 show’ed a “trace” or “1 + ” 

score in the western blot compared with zero in the ELISA. The 

results of the ELISA method were used in the final analysis, d'o 

determine whether there were any differences in clinical chemistry 

between the treated and placebo groups, a senes of studies were 

done on the blood in the pretreatment collection. Bilirubin,'’ serum 

alanine and aspartate aminotransferases,’ and alkaline phosphatase" 

were measured for the symptomatic carrier group and the 

glomerular nephritis group but not for the symptom-free carriers. 

Renal function and other studies were carried out for the glomerular 

nephritis group only. These included blood urea,’’ serum 

creatinine,'" serum cholesterol," serum total protein, albumin, and 

globulin,” 24 h urine protein,” and blood glucose. 

The results of the studies on the placebo and treated groups were 

compared by the Mann-WTiimey statistic. The only significant 

difference was a higher level of bilirubin in the plant-treated group. 

Erom this we infer that there were no significant clinical differences 

between the groups. 

Results 

The demographic and serological characteristics of the 
subjects lost to follow-up and those who where followed for 
at least 2 months after the end of treatment are showm in 
table I. There were no significant differences between the 
groups. There was a significant difference between the 
placebo and treatment groups in the numbers defaulting (15 
vs 3), but we are unable to explain why this occurred. 
According to the study design, the physicians and subjects 
w’ere unaware of who was receiving the treatment or 
placebo, and there is no reason to believe that this rule was 
disregarded. 

Overall, 22 (59%) of the 37 treated subjects compared 
with only 1 (4%) of the 23 placebo-treated patients had lost 
HBsAg at the first follow-up visit, a highly significant 
difference (p<0 C)001, Fisher’s exact test). 

All subjects in the treated group, except for 1 symptom- 
free carrier, were followed for at least 3 months. HBsAg did 
not return in any of those who had lost HBsAg at the first 
follow-up visit. Follow-up has continued for up to 9 months 
in some subjects (table 11 ), and there have been no cases of 
antigen reappearing. 

In the placebo group only 1 of those followed up (a 
s\Tnptom-free carrier) had lost the antigen by die first 
follow-up visit, and she remained negative at the 3rd month 
follow-up (her last visit). 

TABI.E II—NU.VIBER OF SUBJECT'S AND LENGTH OF FOLLOW-UP 

Follow-up 
(mo) 

No of subjects 

Treated Placebo 

1 37 23 
2 37 19 
3 36 19 
4 28 10 
5 19 4 
6 10 0 
7 6 0 
8 3 0 

1 0 

Overall, males and females appeared to respond equally, 
but in the symptomatic carrier group there was a suggestion 
of a poorer response by males. The numbers are too small to 
allow conclusions to be drawn on possible sex differences in 
response to treatment. 

13 of the 14 plant-treated carriers (93%) who were 
positive for HBsAg but negative for HBeAg and anti-HBc 
IgM cleared the carrier state. Of the 9 treated carriers who 
were positive for HBsAg and HBeAg but negative for 
anti-HBc IgM, only 4 of 9 (44%) were cleared. Of the 8 who 

were positive for all three markers, only 1 (13%) was cleared. 
4 of the 6 (67%) treated carriers positive for HBsAg and 
anti-HBc IgM but negative for HBeAg lost the carrier state. 
Overall, HBsAg-positive carriers with HBeAg were less 
likely to respond to treatment than those without HBeAg (5 
of 17 [29%] vs 17 of 20 [85%]; p<0 001). The single 
placebo-treated carrier who lost HBsAg had been positive 
for HBsAg only and was symptom-free. 

The toxicity questionnaire described above w'as used 
during the follow-up visits. None of the reated or placebo 
groups seen at the first or subsequent follow-up visits had 
symptoms or signs attributable to toxic side-effects of the 
plant. 

A rash developed in 1 treated subject, a boy aged 2-5 years, 
after 10 days of treatment. The treatment was discontinued. 
The child was found to be infected with roundworm, and his 
physician believed that the rash was a consequence of the 
infestation and not the Phyllaiithiis treatment. He was not 
included in the analysis. 

Discussion 

Our hypothesis has been supported by this preliminary 
study of human HBV carriers. Treated carriers were much 
more likely to lose the carrier state (as determined by the 
HBsAg ELISA) than those given placebo (59% vs 4%). 
Those that lost HBsAg remained clear for several months 
after the end of treatment. Follow-up on the carriers is 
continuing. Carriers with HBeAg were less likely to 
respond. The presence of anti-HBc IgM also appeared to 
reduce further the probability of clearance. Anti-HBc IgM 
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is thought to indicate recent infection, and presumably more 
active replication is taking place during this period. A 
smaller percentage of the carriers with evidence of viral 
replication (HBeAg) responded to treatment. This trial does 
not provide sufficient information on mode of action to 
explain this observation. It may be due to an inadequate dose 
and this can be tested in subsequent trials. Only 1 placebo 
subject cleared the virus. 

We should consider the limitations of this preliminary 
clinical study. For reasons that are unclear, a significantly 
greater number of placebo subjects were lost to follow-up. 
On the basis of the experience with followed placebo 
subjects we would expect to see 1 subject among the placebo 
group not followed lose HBsAg. Although the inconsistent 
follow-up represents a potential flaw in the study, it seems 
unlikely that it could account for the highly significant 
difference between the treated and placebo groups. 

The clinical and laboratory data collected in this 
preliminary study were limited by the facilities available in 
the outpatient services. However, the main outcome 
variables (HBsAg, anti-HBc IgM, HBeAg) were tested by 
sensitive and standard methods. It was not feasible to carry 
out extensive laboratory studies which might have detected 
side-effects of the medication. However, clinically, there 
were no obvious detrimental effects. This observation is 
supported by the lack of evidence of toxicity in the animal 
studies.’ ^ 

These results must be regarded as tentative because of the 
flaws in design and execution already discussed, and the 
inherent uncertainty of trials of plant preparations, for 

example, possible inconsistency of dosage. They will, 
however, allow for a more rigorous design of future studies 
in India and elsewhere of the whole plant, and serve as a 
benchmark for eventual clinical trials of isolated and 
characterised active agents. 
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FILARIASIS IN MOENGO (SURINAM) IN 1950 

by 
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From the Medical Department of the Surinam Bauxite Company and Columbia 
University School of Public Health, New York City) 

(Received for publication July 25tli, 1951) 

Introduction 
This paper is a report on the microfilaria survey conducted among the employees 
of the Surinam Bauxite Company and their families of Moengo, Surinam, 
during August and September, 1950. It reports on the distribution of micro- 
filaraemia with respect to age, sex, race and geographical location with a dis¬ 
cussion of the significance of these factors. 

Materials and methods 
Employees working night shifts were instructed to return when they were 
working days, in accordance with the observation that microfilariae appear in 
the night blood of day workers and in the day blood of those working nights. 
1,019 smears were examined; 952 of a total of 971 employees listed on the 
payroll were examined. Of the remainder, six were reported as discharged, 
making an attendance response of 98.6 per cent. In addition, 67 staff members 
and their families residing in Moengo were examined. 

The families of the employees, government officials and employees of the 
store, totaling 953 persons were also examined. The total population of Moengo, 
as of 31 December 1949, was 1964. The total number of people included in this 
survey, resident in Moengo, was 1,716, or 87 per cent of the population. 

The technique employed consisted of withdrawing 30 cu.mm, of finger blood 
between 10 and 11 p.m., making a thick drop smear, and staining with Giem.sa 

stain. The entire blood smear was examined with the low power objective; 
reports were prepared of positive and negative smears, but no microfilaria 
counts were made. 

Results 
Of the total of 1,966 smears examined, 272 or 13.7 per cent were found positive 
for the microfilaria of Wuchereria bancrofti. In the employee group, 145 of 
1,013 examined, or 14 per cent were positive; and in the family and resident 
group, 127 of 953, or 13.3 per cent were positive (see Table /). This slightly 
lower figure for the latter survey is probably due to the inclusion of younger 
age groups in which the rate of microfilaraemia is lower. 

TABLE I 

Incidence of Wuchereria bancrofti in Moengo {Surinam, 5.>1) 

Employees Residents 

(Survey 1) (Survey il) Total 

Number examined. 1,013 953 1,966 

„ positive. 145(14%) 127(13.3%) 272(13.7%) 

* With the technical aid of Mr. Yates. 
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FILARIASIS IN MOENGO (SURINAM) IN 1950 369 

The distribution by age of the microfilaria infection of the Moengo group 
is shown in the graph. The population is composed mainly of young men of 
working age, their wives and young children. 

TABLE II 

Distribution of LE. bancrofti by age groups in Moengo 

Age group Number of Number of Positives in 

examinations positives group 

0-5 . 97 3 3.1% 

6-15 . 417 39 9.4% 

16-25   408 68 16.7% 

26-35   400 81 20.2% 

36-45   263 45 17.1 % 

46-55   102 15 14.7% 

56 and more. 29 5 17.2%' 

Table II shows the incidence of microfilaraemia by age groups. There is 
a marked rise in the 6 to 15 age group and a continuous relatively uniform 
infection rate throughout adult life. 
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TABLE III 

fV. bancrofti infection rates among males and females of all ages, Moengo, Surinam, S.A. 

Sex Number examined Number positive 

Males. 1,236 165 = 13.4?-; 

Females. 730 107 — 14.7% 

Combining the survey results {Table III) the incidence for the males and 
females is found to be approximately the same, 13.4 and 14.7 per cent, res¬ 
pectively. 

The age distribution is approximately the same for males and females. 

TABLE IV 

Distribution of W. bancrofti by race in employees and residents of Moengo 

Employees Residents of Moengo 

(families of employees) 

Race Total number of Total number of 

number positives number positives 

Creole. 606 121= 20% 710 120=17% 

Indonesian. 310 14 = 4.5°„ 150 4 = 2.6% 

Hindu . 34 2 = 6% 58 ] 1,7% 

Chinese. 6 0 4 0 

White. 29 2 = 7% 2 0 

American Indian. 28 6 = 21 % 29 2 = 6.9% 

Total. 1,013 145 = 14% 953 127 = 13.3% 

The racial distribution of the groups covered in the survey is shown in 
Table IV. Creoles and Indonesians form the predominant groups while Hindus 
from India, Chinese, aboriginal Indians and whites are present in much smaller 
numbers. This survey indicates a much higher infection rate in the Creoles than 
in any of the other groups, the second highest rate being in the aboriginal 
Indians. 

TABLE V 

Comparison of the infection rate among Creoles and Indonesians, Moengo, Surinam 

Race Number examined Positive 

Creole. 1,278 237 = 18.5% 

Indonesian. 249 9 = 3.6% 

Table Vgives the data on the two major groups, Indonesian and Creole, living 
in Moengo under the similar environmental, social, and economic conditions 
which obtain in the company built and maintained concession. The age distri¬ 
bution of the two groups is approximately the same. The Creole infection rate 
was 18.5 per cent and that of the Indonesians 3.6 per cent. The percentage of 
microfilaraemia among the Creoles is 5.1 times as great as among the Indone¬ 
sians. This marked difference in the incidence of microfilaraemia between these 
two racial groups living under apparently similar environmental conditions 
has not to our knowledge been commented on previously in the literature. 
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The results obtained in the survey of employees provides a comparison of 
the group residing in Moengo with those of the surrounding locations (see 
Table VI). 

TABLE VI 

Infeciion rates of the population groups according to location of home. 

Compiled for the first survey only 

Residence area Number 

examined 

Positives Racial group 

Moeneo. . . . 639 115 = 18% Creole 

Julianadorp. . . 44 12 II Creole 

Moengo and Julianadorp . . . . . 683 127 = 18.5% Creole 

Overkant. . . 20 1 = 5% 

Staff Village. . . 63 3 = 4.7% White and Creole 

Wonoredjo (Indonesian) .... . . 235 14 = 5% Indonesian 

Farm. . . 12 0 Hindu 

Moengo includes all the company and government houses in Moengo proper, 
exclusive of Julianadorp, Staff Village, and Farm. These are frame houses with 
some screen protection, raised off the ground with adequate sanitary and 
washing facilities. Pipe-line water is from deep w'ells. Uncovered rainw'ater 
receptacles alongside some of these residences provide a source of mosquito 
breeding. Complete DDT spraying is conducted twice yearly. 

Julianadorp consists of two-storey, tw'o-family residences completed within 
the last year. 1 hey are of concrete block construction and the sanitary and other 
controls are the same as for Moengo. The residents of this section have but 
recently moved here from Moengo and for all purposes may be considered 
with this group. 

Wonoredjo, or Lynweg, is the Indonesian settlement directly adjoining 
Moengo to the East. The dwellings are mainly thatch and frame with inade¬ 
quate sanitary facilities and for the most part no running water. The inhabitants 
are mostly Indonesian with a few Creoles and Chinese. There are many mos¬ 
quito breeding areas in the settlement. DDT spraying is conducted here also. 

Overkant includes the dwellings on either side of the Cottica River above 
and below' Moengo. These are thatch buildings with inadequate sanitary 
facilities, little mosquito protection and no running water. Mosquito breeding 
areas abound. 

The Staff Village consists of well-built, well-screened homes of the local, 
European, and U.S.A. staff members, with excellent sanitation and mosquito 
protection and w'ater facilities. There are few mosquito breeding areas. 

The Farm consists of residences for the farm workers adjoining the cow 
barns and similar in construction and equipment to the Moengo dwellings. 
The inhabitants are mainly Hindus (originating from India). 

The highest rates occur in Moengo and Julianadorp (18 and 27 per cent) 
where the Creoles are the predominant group, whereas the other areas have the 
lower rate of approximately 5 per cent. The incidence rates in these different 
localities appear to parallel the incidence rates peculiar to the. predominant 
racial group in the residence area. Whether this represents a racial or environ¬ 
mental factor remains to be decided in further studies. 
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Summary and Conclusions 

(1) There is a 13.7 per cent microfilaraemia rate in the employees of the 
Surinam Bauxite Company and their famihes. 

(2) There is a higher microfilaraemia rate in the Creoles than in the Indo¬ 
nesians. 

(3) There appears to be no difference in microfilaria incidence in males 
and females. 

(4) The microfilaraemia incidence increases after the age of six. 
(5) The microfilaraemia rates of the different geographical areas appears 

to parallel the rates for the predominant groups residing in that area. 
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POSSIBLE POLYMORPHISM OF BOVINE a-LACTALBUMIN 

By B. S. BLUM BERG* and M. P. TOMBS 

Department of Biochemistry, Oxford 

Opportunity arose during recent trips to 
Iceland and Nigeria to collect samples of milk 

from the indigenous herds of cattle. These were 
examined to determine the type or types of P-lacto- 
globulin they contained. 

There are two P-lactoglobulins*, namely, (3^ and 
3-B. distinguishable by paper electrophoresis. Aschaf- 
fenburg and Drewry* have studied their incidence in 
British breeds, and by family studies have demon¬ 
strated their genetic determination. Their presence 
or absence is determined by two allelic autosomal 
genes, and all three phenotypes, (Jb and ^ab, 
have been identified. 

Samples of milk were prepared for paper electro¬ 
phoresis accordmg to the method of Aschaffenburg 
and Drewry*, and run on Whatman ZMM paper for 
17 hr. at 2 m.amp./cm. width of paper and a potential 
drop of about 1-5 V./cm. length of paper, in veronal 
buffer I = 0-05, pH 8’6 in a ‘Durrum’-type appar¬ 
atus*. Staining was with alcoholic bromphenol blue, 
and washmg with 2 per cent acetic acid and tap- 
water. 

The Nigeritm cattle were White Fulani or Lyre- 
homed Zebu^ from the stock farm of the Veterinary 
Research Station, Vom. They are big humped 
animals, with large dewlaps and frequently extremely 
large horns. They are similar in appearance to the 
Brahmin cattle of the Fast. They are thought to 
have been brought into Nigeria by the nomadic 
Fulani people. Twelve of the specimens were from 
White Fulani-Friesian crosses. 

Samples from Icelandic cattle were collected from 
various dairy herds on the island. The Icelandic 
breed is thought to have originated in Norway, and 
to have been isolated for a considerable period. 
The Icelandic cattle were selected so as to be free 
from close interrelationships. Some sister and 

Origin 

Fig. 1. Examples of electrophoresis strips: (1) Icelandic, a_, 
Pab', (2) Fulani, 8,/Is; (3) Fulani, 0,4, si (4) Fulani, o^, 

Pab-, (b) British, ab. Pa b " 

There was no significant difference between the 
incidences in the Zebu, Icelandic or British breeds. 
(For Zebu P > 0 2, for Icelandic P > 0-3, each 
compared to British incidences taken from Aschaffen¬ 
burg and Drewry® 

During electrophoresis of the Fulani samples a 
doubling of the a-lactalbumin band was noticed in 
some cases. Where the two bands were seen, one of 
them appeared to correspond in mobility with the 
a-lactalbumin previously foimd in British breeds, 
while the other moved more rapidly. Further search 
revealed a sample containing only the fast-moving 

Table 1. INCIDSNO OF ^-L.\CTOOLOBOLINS and a-LACTAlBITMINS IN NIQBRIAN (WHITB FULANI) AND ICELANDIC COW3 
The predicted Incidence is determined from the Hardy-Weinberg iaw. The incidence in combined British breeds is taken from Aschaffenburg 

and Drewrj’. P is determined by the x‘ test 

Nigeria (W. Fulani) Iceland British breeds 

Pheno- Observed Observed Predicted Predicted Observed Observed Predicted Predicted Observed Observed 
type No. incidence No. incidence No. Incidence No. incidence No. Incidence 

Pa 3 0 052 2-4 0-041 6 0-115 6-8 0-112 21 0-075 
Pa b 18 0-310 18-6 0 321 23 0-442 23-1 0-445 112 0 403 

\ Pb 37 0-638 37-0 0-638 23 0-442 23-0 0-442 145 0-5.2 

Total 68 52 278 

P ~0-7 P > 0 9 P >0-9 

1 0-0217 1-05 0 023 0 0 
12 0-260 11 9 0-259 0 0 

OB 33 0-717 33 0 0-717 52 1-000 

Total 46 52 

P > 0 -95 
! 

mothei^daughter pairs were present in the Nigerian 

cows. 
The distribution of the P-lactoglobulin phenotyj>es 

is shown in Table 1. They fit the predictions of the 
Hardy-Weinberg law quite well. In the Nigerian 
sample the Friesian-Fulani crosses are included. 
Their omission does not significantly alter the results. 

• Fellow of the Arthritis and Rheumatism Foundation. 

Table 2. INOIDHNCB of tub a-LACTALBUHIN AND fJ-LACTOGLOBUlIN 
Phenotype in Forty-six Pure Brb i,d White Fulani (Zebu) Cows 

Phenotype aj B aB Total 

Pa 0 0 2 2 
Pab 1 0 12 13 
Pb 0 12 19 31 

Total 1 12 33 46 
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a-lactalbumin. No fast a-lactalbumins were found in 
the Fulani-Friesian crosses. The incidence of each 
of the phenotypes in the pure Fulani animals only 
is shown in Table 1. 

The distribution of the three typos agrees closely 
with the predictions of the Hardy—Weinberg law. 
Although too few samples have been examined to 
provide family studies, by analogy with the case for 
the P-lactoglobulins, it is suggested that these 
a-lactalbumins are also genetically determined. The 
symbols a^, txB are given to the proteins, and the 
symbols assigned to the genes presumably 
determining their presence, is the faster moving 
component and the slower on paper electro¬ 
phoresis under the conditions stated above. 

All twelve paired a-lactalbvunins were foimd 
in animals which produced only PjB-lactoglobulin. 
This association is significant at less than the 5 per 
cent level. The one sample with only a^-lactalbumin 
was foimd in a -producer (Table 2). 

This might be genetic association through close 
Imkage with selection or due to some physiological 
effect in the mammary gland. The fast-moving 
a^-lactalbumin has not so far been found in any 
British breed, nor in the Icelandic. This protein maj' 

therefore provide a marker by which the affinities 
of the Zebu cattle, and indirectly the Fulani people 
associated with them, may be traced. The p-lacto- 
globulins do not appear to be suitable for dis¬ 
tinguishing the breeds so far examined. No selective 
value has yet been found for either the a-lactalbumins 
or the p-lactoglobulins. 

This investigation was supported in part by a 
research grant, H-3161, from the National Heart 
Institute, U.S. Public Health Service, and the 
Wenner-Gren Foundation for Anthropological Re¬ 
search. Milk samples were collected from the 
Nigerian cattle with the permission and help of Dr. 
J. Taylor, director of the Veterinary Research 
Station, Vom. One of us (M. P. T.) is indebted to 
the Agricultural Research Council for a travel grant, 
and to the Icelandic authorities and Mr. B. S. 
Benedikz for their assistance in Iceland. Investi¬ 
gations in Nigeria were carried out under the auspices 
of Prof. B. G. T. Elmes, Department of Pathology, 
University Codege, Ibadan. 
‘ -tschaffenburg, B.,and Drewry, J., Nature, 176, 218 (1965). Ogston, 

A. O., and Tombs, M. P., Biochem. J., 63, 399 (1957). 
“ .t-scliaffenburg, R., and Drewry, J., Nature, 180, 376 (1957). 
“ Flynn, F. V., and De Mayo, P., Lancet, ii, 235 (1951). 
* Oates, O. M., Farm and Forett, 11, 19 (1952). 
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HAPTOGLOBIN TYPES IN BRITISH, SPANISH BASQUE AND NIGERIAN 
AFRICAN POPULATIONS 

By Dr. A. C. ALLISON*, Dr. B. S. BLUMBERGf and Mrs. ap REES 

Department of Biochemistry, University of Oxford 

Smithies^** foimd that the patterns obtained by 
starch gel electrophoresis of sera from different 

human subjects fell into three groups. The determ¬ 
inant proteins combine with haemoglobin and appear 
to be identical with the haptoglobins previously 
studied by Jayle and his colleagues®It has 
therefore been suggested by Smithies and Walker® 
that the groups should be named haptoglobin types 
1-1, 1-2 and 2-2 (formerly typos I, IL4 and IIB, 

respectively). Preliminary genetical analysis® indi¬ 
cated that the groups correspond to the three geno¬ 
types produced by a single pair of allelomorphic 
genes. In fact, our impublished observations suggest 
that the genetical control of the haptoglobin typos is 
more complex. A detailed discussion of the evidence 
wiU shortly be submitted for publication. In the 
meantime results can be expressed in the nomen¬ 
clature of Smithies and Walker, with the addition of 
a fourth group of subjects in which no haptoglobin 
at all can be detected, for which the designation tyjxj 
0-0 is suggested. 

ap Rees*. The addition of enough haemoglobin 
nearly to saturate the haptoglobins, but not much 
more nor less, and benzidine staining of the gels after 
electrophoresis, greatly facilitates the identification 
of the haptoglobin types, which may not otherwise be 
easy. As will be mentioned below, the discrepancy 
between mu' results and those of Sutton et al. on 
West Africans may be attributable to differences in 
technique. 

The results of om tluee surveys, together with 
those of Smithies on Canadians and Sutton et al. on 
Americans and Africans from Liberia and the Ivory 
Coast, are summarized in Table 1. The frequencies 
of the various haptoglobin types in the British series 
are not significantly different from those in the snxall 
Canadian and American series, although the former 
includes six subjects of type 0-0, none of which was 
described by Smithies or by Sutton et al. The 
frequencies in the Basque series also are not sig¬ 
nificantly different from those in the British, Canadian 
and American series. Thus the imiqueness of the 

Table 1. Haptoglobin Types in Various Populations 

Population No. tested 
0—0 1 —1 1 —2 2 2 

Authors 
No. (Per cent) No. (Per cent) No. (Per cent) No. (Per cent) 

Canadian 49 0 0 10 21 1 2) 50-5 14 28-4 Smithies 
American 54 0 0 6 11 1 29 53-7 19 35-2 Sutton et al. 
British 218 6 2-7 22 101 121 55 -5 69 31-7 Allison et al. 
Basque 
Liberian and Ivory 

107 1 0-9 15 14 0 49 45-7 42 39-3 Allison et al. 

Coast (African) 142 0 0 69 48-7 00 42-3 13 9-1 Sutton et al. 
Nigerian (African) 99 32 32-3 53 53 -6 11 111 3 3 0 Allison et al. 

The frequency of the haptoglobin types in different 
populations is of anthropological and genetical 
interest. It may also provide a clue to the way in 
which this remarkable polymorphism is maintained. 
The only published population studies of which we 
are aware are those of Smithies® on Canadians and 
of Sutton et al.’’ on Americans and on West Africans 
from Liberia and the Ivory Coast. In this article 
the results of haptoglobin type analyses of 218 
British subjects, 107 Spanish Basques and 99 Nigerian 
Africans are presented. 

The British sera were taken from unselected 
laboratory staff and blood donors in the Oxford 
region. The Basque bloods were collected as described 
elsewhere*. The African sera were taken from 
Yoruba of Ilobi, Western Nigeria. 

Fresh oxyhfemoglobin was added to all sera to give 
a final concentration of the order of 100-120 mgm. 
per 100 ml. before electrophoresis in starch gels®. 
Each gel was then cut horizontally and one half 
stained with benzidine, as described by Allison and 

• External member of the aclentlflc staff of the Medical Eesearch 
Council. Present address : National Institute for Medical Besearch, 
London, N.W.7. 

t Fellow of the Arthritis and Kheumatlsm Foundation. 

Basques, shown in their low B and Fy^ and high 
i2/i-negative frequencies*-®*, is not reflected in their 
haptoglobin types. 

The haptoglobin frequencies of the Africans are, 
however, quite different. One-third of the Nigerian 
Africans lack haptoglobins altogether, and most of 
the remainder are of type 1-1. The discrepancy 
between these results and those of Sutton et al. may 
represent a difference between Africans from Nigeria 
on one hand and from Liberia and the Ivory Coast 
on the other ; but it is probably attributable to the 
inclusion by Sutton et al. of a number of subjects of 
group 0-0 in their group 1-1. The distinction 
between these two groups is difficult without specific 
staining of haemoglobin. 

The high frequency of Nigerians without hapto¬ 
globins raises a physiological point. It has been 
shown that the ‘renal threshold’ for haemoglobin is 
due to binding of the pigment by haptoglobins in the 
serum*.®®. In subjects without haptoglobins most 
haemoglobin liberated into the blood stream passes 
into the mine. Since hjemoglobinaemia must 
frequently occur after malarial attacks as well as 
after vigorous exercise®, it might be expected that 
some degree of haemoglobinuria and loss of iron 
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in the urine would be common among Africans. 
To our knowledge, this point has not been investi¬ 
gated. 

The fact that several haptoglobin types exist 
side by side in a number of different populations 
indicates that it is a true polymorphism. This may 
have been maintained, like those of the blood groups 
and abnormal haemoglobins, by a balance of selective 
forces related to susceptibility to disease**. The 
absence of haptoglobins might be disadvantageous, 
particularly in regions where there is a deficiency of 
iron in the diet. The fact that so many Nigerians 
lack haptoglobins is presumably due to a compen¬ 
satory advantage in persons heterozygous for the 
factor concerned. The low frequency of type 2-2 in 
the tropics suggests that it may confer protection 
against one or more conditions common in temperate, 
but not in tropical, climates. 

Dr. F. Alberdi kindly co-operated in the collection 
of the Basque blood specimens and Drs. Jean Grant 
and H. Preston in the collection of British bloods. 

The Nigerian specimens were collected by one of 
us (B. S. B.) as part of the work carried out on an 
expedition supported by the Wenner Gren Founda¬ 
tion, Inc., and grant No. H-3161 from the National 
Heart Institute, U.S. Public Health Service. 
help of Prof. B. G. T. Elmes, Ibadan, is gratefully 
aclmowledged. 

‘ Smithies, O.. Nature, 176, 307 (195.5). 
• Smithies, O., £iocft«jn. J., 01, 629 (1965). 
• Jayle, J. F., and Boussier, O., Exp. Ann. Biockim. Med., 17 167 

(1965). . 
‘ Morettl, J., Boussier, G., and Jayle, M. F., BuU. Soc. Chtm. Bxol., , 

693 (1957). 
‘ Smithies. O., and Walker, N. F., Nature, 178, 694 (1966). 
• Smithies, O., and Walker, N. F., Nature, 170,1265 (1965). 
’ Sutton, H. E., Neel, J. V., Binson, G.. and Zuelzer, W. W., Nature. 

173, 1287 (1956). 
•Alberdi, F., Allison, A. C., Blumberg, B. S., ttln B. W., and 

Mourant, A. E., J. Roy. Anthrop. Inst., 87, 217 (1J57) 
• Allison, A. C., and ap Rees, W., Brit. Med. J., 11, 1137 (1957). 

»• Chalmers, J. N. M., Ikin, E. W., and Mourant, A. B., Amer.J. Phye. 
Anthrop., N.S., 7, 629 (1949). 

” Laurell, C. G., and Nyman, M., Blood, 12, 493 (1957). 
>• Allison, A. C., Cold Spring Harb. Symp. Quant. Biol., 20,239(1966). 
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Distribution of Electrophoretically Different 
Haemoglobins among Some Cattle Breeds 

of Europe and Africa 

Two hiiinioglobins, A and B, can be distinguished 
in the blood of cattle by means of paper electro¬ 
phoresis^ It lias been shown that the presence or 
absence of the haemoglobins is determined by two 
allelic autosomal genes which are fully expressed in 
the heterozygote*. The three phenotypes, bovine .4 
(slow moving in electrophoresis), bovine B (fast 
moving component in electrophoresis), and bovine 
AB (both haemoglobins present), have been found. 
In a previous study*, it was shown that among 
British breeds, only Jerseys, Guernseys and South 
Devon.s possessed the B hiemoglobin. 

t'ig. 1 

One of the suggested ancestral lines of the Jersey 
lireed was outlined by Boston® on the basis of 
anditeological and other evidence, and led from the 
ancient Indus Valley civilization through Africa to 
Europe. Using the presence of bovine B haemoglobin 
in a breed of cattle as a marker of common ancestry 
with Jersey cattle, as many breeds as possible were 
examined which w'ere living on or near this geo¬ 
graphical line. 

Ford* has defined })olyniorphism as “. . . the 
occurrence together in the same habitat of two or 
more discontinuous forms of a. species in such propor¬ 
tions that the rarest of them cannot be maintained 
merely by recurrent mutation”. The existence in 
certain cattle breeds of these two forms of haemo¬ 
globin fits within this definition and suggests that 

T.able 1. The Uisthibution of Ujj.vioglobin Genotypes in the 
Polymorphic European anu African Cattle Breeds 

Location lirced 
Genotyp c 

A A AB BB 

Jersey .lersey 32 77 73 
N. France Brittany Sliortliorn 0 2 0 
N. France Flamande S 1 0 
Mid France Liinousine 13 (> n 
Mid France Gliarolais W 1 0 
Mid France Partlicnaisc Ul 2 1) 
S. France Salers and Autirac 1(1 ■> 0 
S. Fiance Garronaise 2 1 0 
S.E. France Tarentaise il 1 1) 
S.E. France Jtrown Swiss! 
Switzerland Brown Swiss/ 
W. Africa : Xijn'ria Zebu (Wliiti’ Fnlani)* 3(1 17 
E. .Africa : Sudan Zebu* 13 2‘.> in 

* Low tolerance to trypanosomiasis inrection. 

some selective factors and especially factors favouring 
the heterozygote ina\' be operating under natural 
<'onditions or under those of man-controlled breeding. 
No such selective factors have yet been confii'ined, 
althovigh in the present study a possible association 
with lack of tolerance to trypanosomiasis in some 
.\frican breeds has been noted. 

The hsemoglobins were detected by ti modification 
of the starch gel electrophoresis method of Smithies’’. 
A drop of blood, collected from the jugular vein or by 
(mr jmneture, w'as jilaced on a 2-in. chcle of Whatman 
filter paper. No. 1 or 3, and, when dry, forwarded by 
air to the laborator\- in England. On arrival, 5 mm. 
circles of the dried blood were punched out of the 
filter paper and inserted into the starting slit of the 
starch gel. Borate buffer pH 8 0, ionic strength 0T6, 
was used for the preparation ol' the gel and borate 
buffer pH 8-6 was used in the electrode bath solution. 
Headings were made 4 hr. later, and provided that a 
control sample of polymorphic hiemoglobin was 
included in all runs, excellent identification of 
liR'inoglobin was possible on dried samples up to one 
month old (Fig. 1). Identifications using this method 
were checked against determinations on whole blood 
using paper electrophoresis* and were found to be 
consistent. 

In Table 1, it will be seen that bovine B hyemoglobin 
is present in many Europi.-an herds, but its frequency 
is loAv compared with that found in Jersey’ Island 
Gattle. The high haunoglobin B frequency’ again 
appears in breeds of Zebu stock. 

The possible presence of selective factors may affect 
the use of the haemoglobins as simple genetic markers 
of breed inter-relationships. However, the presence 
of the B gene in breeds located geographically on a 
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Tabic -1. Xi MBERS OF Animals examined in Breeds exclusively 
Bovine Haemoglobin .1 

Location Breed No. 

Europe 
Denmark Danisli Red 21 
Holland Friesians 35* 
■V. France Normando 29 

•Africa 
Nigeria Alutunr’ 50 
Nigeria 

• 
N'Damat 50 

* I'fom the table published by Baiighain (ref. 1). 
t High tolerance to trypanosomiasis infection. 

line running southwards through France, and again 
in breeds in West and East Africa, is consistent with 
at least one of Boston’s suggested^ geneological lines 
of the Jersey breed. As it is probable that ha?mo- 
globins bovine A and B are similar to the two 
described by Cabannes and Serain^, there is yet further 
evidence of the B gene in Africa, although in this 
case it may have been imported into Algeria by 
Europeans through the medium of French breeds. 
On the other hand, and in view of the apparent mode 
of inheritance of the hiemoglobin genes, it is improb¬ 
able that the cattle breeds of north-east France, 
Holland and Denmark have in recent times received 
any genes from the cattle of Jersey, central and 
.southern France, or of cattle of Zebu stock (Table 2). 

Although little is known of the nature or tolerance 
of cattle breeds to trypanosomal infection, there is 
evidence that N’Dama and Muturu'’ have a greater 
tolerance to the disease than do the White Fulani 
(Zebu) cattleh This receives further support from 
the quantitative studies of Desowitz®, on the immune 
reactions of N’Dama and Zebu breeds to trypanosomal 
infections. 

The present study shows a prima facie correlation 
lietween the absence of bovine B haemoglobin and 
relatively high tolerance to trypanosomiasis (see 
J’ables 1 and 2) and assumes some interest when 
related to the work of Allison on the presence of sickle 
cell haemoglobin and resistance to falciparum malaria 
in man®. In order to determine if this is more than 
coincidence, it will be necessary to study, first, other 
breeds in the same envu’onment; second, the relation¬ 
ship between the haemoglobin phenotypes and toler¬ 
ance to disease in members of the African breed ; and 
third, breeds presumably related to the Zebu in areas 
remote from trypanosomiasis exposure. It has 
recently been shown that Nigerian White Fulani 
(Zebu) cattle are polymorphic for the genetically 
determined milk proteins U-lactoglobulin A and B, 
as are some European breeds, and that they are the 

only breed so far studied to have two types ot 
a-lactalbumin, which may also be genetically determ¬ 
ined'". A parallel study of the distribution of these 
proteins may help in the problems outlined. 
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During the past decade it has become apparent that 
human beings differ in their serum-proteins as well as in 
their red blood-cells. Genetically controlled variations 
have been described in haptoglobins and transferrins 
(Smithies and Connell 1959), y-globulins (Grubb 1957, 
Ropartz 1960), and in the Gc system definable by Immuno¬ 
electrophoresis (Hirschfeld and Beckman I960). Though 
the chemical differences between the alternative proteins 
are not yet known, they are generally assumed to be small 
—analogous to the single aminoacid substitutions that dis¬ 
tinguish the different human haemoglobin half-molecules 
(Himt and Ingram 1959) and the small sugar substitutions 
that distinguish the blood-group substances (Morgan 
1959). Nevertheless, the possibility remains that these or 
other serum-proteins are sufficiently different in structure 
to induce serum-protein isoimmunisation when blood is 
transfused. 

Such a reaction is already known in rabbits. Oudin 
(1956), Dray and Young (1959), and others have -shown 
that rabbits can be immunised with serum from other 
rabbits of different y-globuhn type. In the original 
experiments the foreign plasma was introduced with 
adjuvants, but recent observations (S. Dray, personal 
communication) have shown that adjuvants are unneces¬ 
sary for immunisation. Three or four intravenous injec¬ 
tions of serum from rabbits of another y-globulin type led 
to the production in recipients of well-defined precipitating 
antibodies. 

The experiments described here were undertaken to 
find out whether any similar reaction can be shown in man. 
Sera were obtained from subjects who had received mul- 

2 

tiple transfusions and were tested for precipitating 
antibodies against a panel of sera chosen to represent all 
the available genetically controlled serum-protein types. 
A serum has been found which gives strong precipitation 
with some, but not all, sera; and this reaction defines a 
polymorphism involving the aj-globulins. Besides being 
of genetic interest, this finding raises the possibility that 
serum-protein isoimmunisation takes place in man and 
represents a clinical problem in persons receiving blood- 
transfusions. 

Materials and Methods 
Post-transfusion sera.—These were obtained from patients at 

the Clinical Center of the National Institutes of Health, 
Bethesda, who had received 5 or more transfusions. The 
indications for transfusion included open-heart surgery, 
haemolytic and aplastic anaemias, pelvic tumours, and leuk¬ 
aemias. Wherever possible, blood-samples were drawn between 
10 and 30 days after the last transfusion. Sera were stored at 
— 20°C and were tested within 5 days of collection. Many of 
the subjects had received 30 or more transfusions. 

Panel sera.—These were selected from the collection of the 
Section on Geographic Medicine and Genetics of the National 
Institute of Arthritis and Metabolic Diseases. The 24 sera 
included haptoglobin types 1-1, 2-1, 2-2, 2-lM, and O; 
transferrin types CC, CD, and BC; and y-globulin types Gm 
a-b, Gm a — , Gm b + , Gm b —, Gm x-b, and Gm x—. In 
addition, 3 sera from patients with definite rheumatoid arthritis 
having high litres of rheumatoid factor, and 1 serum from a 
patient with well-developed lupus erythematosus (l.e.) having 
positive l.e. histological preparations and high titres of anti¬ 
nuclear antibodies, were used. The sera had been, stored at 
— 20°C for periods varying from 2 days to 2 years. Storage 
did not alter the reaction to be described. The sera were from 
different population groups, including American whites 
(sixteen), American Negroes (three), Micronesians (three), an 
Alaskan Eskimo, and a Viet-Namese. 

, Gel-diffusion precipitation technique.—The Ouchterlony pro¬ 
cedure was carried out in 5 cm. petri dishes containing 8 ml. of 
0-9“o- ‘ Oxoid lonagar ’ (w/v) in 0 07 M sodium phosphate 
buffer, pH 7 0, with 0 001 M sodium ethylenediamine- 
tetra-acetate and 0 001 M sodium azide. With a die, six wells 
6 mm. in diameter were cut round a centre well of the same size. 
The circumferences of the centre well and peripheral wells 
were 4 mm. apart. After removal of the agar cores from the 
wells, the bases of the latter were sealed with small volumes of 
molten agar. The post-transfusion sera were placed in the 
centre wells and panel sera in the peripheral wells. The plates 
were stored at room temperature and observed at 18 hours (by 
which time clear-cut precipitation was usually visible), 48 hours, 
and 4 days. The precipitation is best seen by oblique illumina¬ 
tion from below against a dark background. 

I 
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Immunoelectrophoresis.—This was done by the micromethod 
of Grabar and Williams (1955) and Scheidegger (1955) using 
standard lantern-slide plates coated with agar made up in 
barbitone buffer 0-01 M. pH 8-4. Antibody (or antigen) was 
placed in the side well and examined after reacting for 18 hours, 
by which time well-defined precipitates were visible. The 
reaction was continued to 36 hours, after which the plates were 
washed in saline and stained. 

Starch-gel electrophoresis.—Starch gel (Connaught Labora¬ 
tories, Toronto) was made up in rrfi-(hydroxymethl)-amino- 
methane buffer (Poulik 1957) and poured into 6 80 150 mm. 
trays. Samples were inserted as a starch paste (Smithies 1955) 
into a slot 3 mm. wide. Electrophoresis was carried out for 
5 hours at 6V per cm. The position of the components was 
identified in a small strip of gel; the various components were 
eluted by the method of Gordon (1960) and were concentrated 
by ultrafiltration. 

Preparation of y-globulin components.—Separation of 7S and 
19S y-globulins was achieved by sucrose density-gradient 
centrifugation (Fudenberg and Kunkel 1957) using 40, 30, 20, 
and 10°,, solutions of sucrose. 

Bentonite-flocculation test.—The method of Bozicevich et al. 
(1958) was used. 

Latex-fixation test.—This was carried out as described by 
Singer and Plotz (1956), using the Hyland ‘ RA-test ’ kit 
(Hyland Laboratories, Los Angeles, California). 

Observations 

A precipitin was found in the serum of a patient who 
had received many transfusions. He had a long and varied 
history of illness. 

The patient is a 64-ycar-old white American retired executive 
of Hungarian birth. At the age of 16 he had albuminuria which 
lasted for 4 years. In 1934, while still living in Budapest, he had 
an episode of sudden onset of paraisthesia; and paralysis of the 
legs. This resolved spontaneously in 2 months. A second 
episode, involving complete paralysis up to the waist, weakness 
of the arms, and loss of sensation and reflexes in the legs, took 
place in the United States in 1958. Cerebrospinal fluid con¬ 
tained 73 mg. protein and 150 lymphocytes per ml. Poly¬ 
neuritis of unknown cause was diagnosed, and again remission 
was spontaneous. 

The patient also had symptoms of peptic ulceration dating 
from 1921, with gastrointestinal htemorrhage in 1938 and 1940. 
In 1941 a gastroenterostomy was performed, but symptoms 
and haemorrhage have recurred at intervals. The patient was 
again admitted to hospital in 1958, at which time he was reported 
to have low red-cell counts, low haemoglobin levels, and high 
white-cell and platelet counts. X-ray examination suggested 
an ulcer crater in the proximal duodenum. The bleeding 
continued for a month and then ceased, and with the help of 
blood-transfusions the haemoglobin was raised to 14 g. per 

Fig. 1—The precipitin reaction, seen in an agar-gel Ouchterlony 

plate, between the serum of the patient in the centre well and 

some, but not all, members of a panel of sera from normal 

persons. Unstained plate after 24 hours. 

Fig. 2—The precipitin reaction between the serum of the patient in 

the centre well against some, but not ail, members of a panel of 

sera. 

The two degrees of positive reaction are shown: nos. 1, 3, and 5 
are 2 + reactors and no. 2 is a weak 4- reactor. 

100 ml. Because of tlie high whitc'^cell count and the presence 
of numerous megakaryocytes in the bone-marrow and some in 
the peripheral blood, the possibility that the patient might have 
leukaemia was raised. No convincing evidence that this is so 
has been obtained. 

Without transfusion the patient’s haemoglobin continued to 
fall, and in February, 1958, he was admitted to the Clinical 
Center of the National Institutes of Health. During his time in 

hospital the patient had persistent anaemia without reticulocy- 
tosis. The leucocyte count varied from 10,000 to 15,000 and 
the platelet count was consistently above 500,000 per c. mm. 
The differential count showed predominantly neutrophils with 
a relative increase of immature forms. Bone X-rays showed no 
abnormalities. Refractory anaemia of unknown cause was 
diagnosed. The patient was given cells from 4 units of blood, 
which raised his haemoglobin to 11 g. per 100 ml., and was 
discharged. 

When the patient first received blood-transfusions in 1958 
they were well tolerated. Since that time he has received 47 
units of blood. The patient is of blood group AB, Rh +, and 
there has never been evidence of red-cell incompatibility with 
donor bloods. In the spring of 1960 the patient began to have 
transfusion reactions. Within about 1 hour of some, but not all, 
transfusions there was a fever, rising to 38-39°C (100-4- 
102-2""F) accompanied by headache and muscle pain, but no 
other symptoms. The fever and symptoms persisted for about 
5 hours, and then slowly subsided. The patient had been dis¬ 
charged from hospital before the precipitin in his blood was 
discovered, so that it has not yet been possible to ascertain 
whether only bloods containing the precipitating antigen give 
transfusion reactions. 
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Fig. 3—Agar-gel Immunoelectrophoresis to characterise antigen. 

The serum of a strongly positive reactor was concentrated three 

times by ultrafiltration and submitted to electrophoresis. The serum 
of the patient was placed in the rectangular antibody well. The 
position of the precipitin line (arrow) suggests that the antigen is an 
aj-globulin. Above, unstained precipitin lines; below, protein stain. 

Precipitation Reactions 

The serum of the patient gave well-defined precipita¬ 
tion reactions in agar with some, but not all, panel sera 
(fig. 1). The reaction was clearly visible at 18 hours and 
was intense after 2 days. The precipitation line was 
convex toward the centre (precipitin) well, indicating that 
the antigen is of relatively high molecular weight (Kom- 
gold et al. 1959). Two intensities of reaction were defin¬ 
able in most groups of sera studied (fig. 2). Some sera 
lacked detectable antigen, the precipitation lines extend¬ 
ing into the corresponding weUs without deviation 
(fig. 1). The precipitation lines were clear-cut and quite 
unlike the diffuse reaction which slowly develops between 
rheumatoid factor and y-globulin in some subjects 
(Franklin 1960a). Rheumatoid-factor reaction was 
excluded because neither the patient nor most of the 
positive subjects had rheumatoid factor, as determined 
by bentonite-flocculation and latex-fixation tests. Some 
panel subjects with rheumatoid factor gave reactions with 
the antiserum, but others did not. A second sample of 
serum from the patient, drawn 3 weeks after the first, at a 
time when the patient had not received any medication 
since discharge, gave identical reactions, as did a third 
sample drawn 1 month later, and a fourth 3 months later. 

Support for the interpretation that the precipitin in the 

Fig. 4—Agar-gel immunoelectrophoresis to characterise the 
antibody. 

The serum of the patient was placed in the circular wells and 
submitted to electrophoresis, and a strongly positive serum concen¬ 
trated three times was placed in the rectangular wells. A broad 
precipitin line (arrow) is seen in the position of the y-globulin. 

serum of this patient is an antibody came from experi¬ 
ments showing that the active protein is a 7S-y-globulin. 
We propose the designation Ag(a-i-) for sera containing 
the a-globulin antigen and Ag(a-) for sera that do not 
contain the antigen. The precipitin in the serum of the 
patient thus has the specificity anti-Ag(a-!-). 

Characterisation of Antigen 

A panel serum giving a strongly positive precipitation 
line in the gel-diffusion test was concentrated three times 
by ultrafiltration and used for immunoelectrophoresis. 
The antibody well was filled with serum from the patient. 
A well-defined precipitation line developed between the 
“2 region and the antibody (fig. 3). This result, along 
with that in the Ouchterlony plates, suggested that the 
antigen is a high-molecular-weight ag-component. The 
only a2-macroglobulin so far defined is the IQS-otj com¬ 
ponent described by Brown et al. (1954) and Wallenius 
et al. (1957), which appears to be equivalent to the 
slow-a2 component found on starch-gel electrophoresis 
(Poulik and Smithies 1958). Purified a2"rnacroglobulin 
(Behringwerke, Marburg) in a wide range of concentra¬ 
tions failed to give precipitation with the patient’s serum. 

Furthermore, when an Ag(a —) serum was submitted to 
starch-gel electrophoresis, the slow-a2 fraction recovered 
by the technique of Gordon (1960) failed to show pre¬ 
cipitation with the anti-Ag(a + ) serum. The further 
identification of the antigen present in the a-globulin is 
currently being undertaken. 

Characterisation of Antibody 

The patient’s serum was submitted to immunoelectro¬ 
phoresis, and a serum giving a strong reaction in the 
Ouchterlony tests was placed in the side well. Within 
18 hours a well-defined precipitation line appeared in the 
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'.'-globulin region (fig. 4). This result, together with the 
shape of the precipitation curve in the Ouchterlony plate, 
suggested that the antibody was a relatively low-molecular- 
weight y-globulin. This interpretation was confirmed by 
an experiment in which the 7S- and 19S-y-globulin 
components in the patient’s serum were separated by 
density-gradient centrifugation. Precipitation lines in 
Ouchterlony plates were obtained with low-molecular- 
weight fractions giving no reaction with immime-rabbit 
serum against 19S human y-globulin as described by 
Franklin (1960b). It can, therefore, be concluded that the 
antibody is a VS-'f-globulin. The serum of the patient’s 
daughter showed no reaction when tested against panel 
sera nor against her father’s serum. 

Stability of the Antigen 
The antigen is unaffected by heating at 57°C for 40 

minutes, by haemolysis with its own or foreign human 
haemoglobin, or by storage at room temperature for up 
to 7 days. The antigen was not lost by dialysis or ultra¬ 
filtration. Sera of either type (reacting or non-reacting) 
stored for as long as 4 years at — 20°C were consistently 
found to give the same reaction as fresh sera from the 
same subjects. The reaction in the fresh sera, however, 
was in some cases stronger and better defined than in the 
stored sera. Repeated freezing and thawing of the sera 
up to at least fifteen times did not affect the reaction. 
Blood-samples were withdrawn twice weekly for 4 weeks 
from two normal volunteers whose sera reacted strongly 
with that of the patient. The reaction remained un¬ 
changed during this period. Sera withdrawn approxi¬ 
mately twice yearly over a 2-year period from six subjects, 
two of whom reacted and four of whom did not, con¬ 
sistently gave the same reaction. Of 2 sera withdrawn in 
1955, 1 was a reactor and the other not •, the reactions in sera 
withdrawn from the same subjects in 1959 were unchanged. 

Variation in the position of the slow-aj-globulin after starch- 
gel electrophoresis has been noted. By means of vertical electro¬ 
phoresis, using borate buffer at pH 8-6 (Smithies 1959), a 
slow-moving, a fast-moving, and a double band can be dis¬ 
tinguished. It has been suggested that this variation may be due 
to storage (Smithies 1955); but this may not be the only 
explanation. Sera from different persons stored for the same 
length of time under identical conditions may show the varia¬ 
tion, and not all stored sera show it (Blumberg 1961). In any 
event, this does not appear to affect the reaction with the patient’s 
serum. Persons of each of the three slow-a2-types were both 
positive and negative reactors. 

8 

TABLE I—FREQUENCY OF POSITIVE REACTORS 

Population No. studied No. positive 

Parents of white U.S. families 56 32 (.57%) 
U.S. Negroes .. 21 10 (48"„) 
Micronesians (Rongelap, Marshall Islands) . . 51 50 (SS^o) 

It appears, therefore, that the antigen is relatively 
Stable and persistent in any one person. 

Distribution of the Antigen in Populations 
Because the supply of antibody serum is limited, 

extensive population surveys have not been possible. 
However, positive and negative sera were found in all 
the populations studied. On the basis of preliminary 
examinations, the frequency seems to vary in different 
populations. The frequencies of positive reactors in some 
populations are shown in table i. More extensive studies 
are planned when micromethods are developed. 

Inheritance of the Antigen 

126 sera from 29 American families (25 white, 4 
Negro) were studied. The results are shown in table ii. 
In addition, 38 sera from 8 Micronesian families were 
tested. Since the frequency of positive reactors was high 
in the Micronesians, all of these were Ag(a f-) x Ag(a -j-) 
matings, and nearly all the offspring were Ag(a -f). These 
are also shown in table li, but are not included in the 
statistical evaluation, since they are not decisive in testing 
the genetic hypothesis. In the families from the United 
States, among the offspring of positive x positive and 
positive X negative matings, positive and negative off¬ 
spring were found, whereas among the offspring of 
negative X negative matings only negative offspring 
appeared. This result suggests that the inheritance of the 
antigen follows mendelian segregation, with negative 
subjects homozygous for a recessive gene Ag, and positive 
subjects homozygous or heterozygous for the allehc gene 
Ag'^. It is suggested that the Ag'^ gene controls the 

TABLE II—INHERITANCE OF THE ANTIGEN 

Mating type 
No. of 
families 

Offspring 
Total 

Agfa +) Ag(a-) 

United States: 
.\g(a + )xAg(a + ) 11 21 5 26 
Ag(a + ) X Ag(a-) 10 9 13 22 
.Ag(a-)x Ag(a-) 8 0 20 20 

Micronesian: 
Ag(a X Agfa+ ) 8 21 1 22 
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TABLE ni—OBSERVED AND EXPECTED NUMBERS OF Ag(a —) CHILDREN 

FROM VARIOUS MATINGS 

Test Mating X* 

Comparison of observed and expected 
number of Ag(a —) children in families 
where there is at least one Ag(a — ) child 

Ag(ai-)x Ag(a-) 0 99 

Comparison of observed and expected 
number of Ag(a - ) children in families 
where there is at least one Ag(a —) child 

Ag(a + )x Ag(a-) 1 37 

Comparison of observed and expected 
number of families with at least one 
Ag(a - ) child, assuming an Ag-gene 
frequency of 0 66 

Ag(a + )x Ag(a-) 0 49 

Comparison of observed and expected 
number of families with at least one 
Ag(a -) child, assuming an Ag-gene 
frequency of 0 66 

Ag(a 4-) X Ag(a + ) 0 03 

Comparison of observed and expected 
number of recessives in Ag(a-)x 
Ag(a -) matings 

Ag(a-)x Ag(a-) 0 

rx’ = 2 88 with 5 degrees of freedom; 0 8>P>0-7. 

synthesis of the ^(a + ) antigen. If a product of the 
allelic gene is found, the gene could be termed Ag^ and 
the antigen Ag(b +). 

The family data were analysed by the methods sum¬ 
marised by Smith (1956). In this, four types of compari¬ 
son are made, in each of which a correction is included for 
family size. The comparisons of observed and expected 
figures involve; 

1. The number of recessive Ag( —) children resulting from 
Ag(-f-)x Ag(a —) matings, given the number of families in 
which there is at least one recessive child. 

2. The number of recessives resulting from Ag(a -I-) x Ag(a —) 
matings in which there is at least one recessive offspring, given 
the total number of families with at least one recessive offspring. 

3. In Ag(a +) x Ag(a —) matings, the total number of families 
with at least one recessive offspring, given the total number of 
Ag(a +) X Ag(a —) matings and the gene frequencies in the 
population from which the families were selected (q = frequency 
.4^ = 0-66). 

4. In Ag(a + ) X Ag(a + ) matings, the total number of 
families with at least one recessive offspring, given the total 
number of Ag(a +) x Ag(a +) matings and the gene frequency. 

The first two computations are independent of the 
gene frequencies in the population study. For the third 
and fourth computations, however, an estimate is needed 
of the gene frequency in the population from which the 
families were drawn. We were unable to obtain a large 
random sample from the population from which the 
families were selected, and the gene frequency was 

estimated from the frequency of the phenotypes in the 
parental members of the families (table i). Of 56 parents, 
57% were found to be Ag(a I ). 

The results of these computations are summarised in 
table III, which includes also the results of Ag(a —) x 
Ag(a —) matings. Although the numbers are small, this 
preliminary family analysis is consistent with the genetic 
hypothesis. On the basis of segregation in this group of 
families, no evidence of close linkage was found with the 
following blood-group systems and haptoglobins types: 
ABO, Rh, MN, Duffy, Kidd, and P. Analyses of 30 twin 
pairs to be reported elsewhere were also consistent with 
the genetic hypothesis. 

Independence of the Ag and Other Known Inherited Systems of 
Serum-proteins 

The reactions in the panel sera showed that the Ag 
reactions were independent of rheumatoid factor and of 
haptoglobin, transferrin, and yglofitilin types. The 
segregation of the Ag'^ and Ag genes in families was also 
independent of these systems. Since the Ag(a +) factor 
is an a-globulin it is also independent of another recently 
described inherited y-globulin system designated In^ by 
Ropartz (1960). In collaboration with Dr. J. Hirschfeld, 
of Stockholm, Ag tests were carried out on 113 sera of 
known Gc types, which are distinguishable by Immuno¬ 
electrophoresis (Hirschfeld and Beckman 1960). Positive 
and negative Ag reactions were found in subjects of Gc 
types 1-1, 2-1, and 2-2, the percentage of reaction being 
of the same order in all these groups. Hence the Ag 
system is independent of all other known inherited 
serum-protein differences. The Ag(a + ) antibody is also 
distinct from the factor in normal human serum giving a 
precipitate in agar with red-cell haemolysates (Peetom et 
al. 1960); the antigen in the latter case is not present 
in serum and does not react as an a-macroglobulin. The 
Ag factor is present in too many normal sera to be 
C-reactive protein which in any case migrates in the 
y-region in immunoelectrophoresis (Zach and Zimmer- 
mann 1959). 

Discussion 

The precipitin in the patient’s serum defines the 
presence of a factor in some sera from all human popula¬ 
tions so far tested. The antigen is an aj-macroglobulin 
and the precipitin a 7S-y-globulin. The presence of the 
antigen appears to be genetically determined, so that a new 
polymorphic system in human serum-proteins has been 
revealed. 
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Besides being of genetical and anthropological interest, 
the finding of a specific precipitin in the patient’s serum 

suggests that isoimmunisation by human serum-proteins 
may occur. Though there is no direct evidence that the 
precipitin was induced by the many transfusions which 
the patient received, this would seem to be the most 
probable explanation of the findings. In all, 61 sera of 
subjects who had received multiple transfusions have been 
tested, and 3 of these have given definite precipitation 
fines with some of the panel sera. The reaction which is 
the subject of this paper was the strongest, and the 
specificity of the others, which are different from the Ag 
system, will be reported later. Sera of forty persons who 
had not received transfusions failed to give precipitation 
fines with the panel sera. 

Though our patient initially tolerated transfusions well, 
during the past 2 years he has had pyrexical reactions after 
most, but not all, transfusions. Whether these reactions 
take place only when donor serum is Ag(a +), and represent 
an antigen/antibody reaction, is now being investigated. 
Other properties of the precipitin will be described 
elsewhere. The tmusual history of this case may be 
irrelevant, since the other subjects showing precipitins had 
typical thalassaemia. 

Summary 

A serum from an anaemic patient who had received 
approximately 50 transfusions was found to give strong 
precipitation with sera of some, but not all, normal 
subjects. 

It appears that an antigen/antibody reaction is involved. 
The antigen in some normal subjects is an aa-globufin, 
and the antibody in the patient is a TS-y-globulin. The 
antigen appears to be inherited according to simple 
mendefian rules and its frequency varies in different racial 
groups. 

It is possible, though not proven, that antigen/antibody 
reactions were responsible for severe post-transfusion 
reactions in the patient, and similar processes may be 
involved in other unexplained post-transfusion reactions. 

We are indebted to Dr. Fred Stohlman and Dr. Archie McKinney 
for supplying the serum from the patient; to Dr. Sheldon Dray and 
Dr. Kurt J. Bloch for valuable help and advice; to Dr. J. Hirschfeld, 
Stockholm, for collaboration with the Gc tests; to Dr. George A. 
Silver, Montefiore Hospital, New York, for allowing access to 
families under his care; to Dr. Arthur G. Steinberg for supplying 
blood from American Negro' families and carrying out the y-globulin 
typing; and to Dr. Lyman Crittenden for assistance with the linkage 
studies. Most of this investigation was undertaken while one of us 
(A.C.A.) was a visiting scientist at the National Institute of Arthritis 
and Metabolic Diseases. 
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ANTIGEN POLYMORPHISM OF A 
LOW-DENSITY BETA-LIPOPROTEIN. 

ALLOTYPY IN HUMAN SERUM 
By Dr. B. S. BLUMBERG, Dr. S. DRAY and 

Dr. J. C. ROBINSON 
National Institutes of Health, Beth .sda, Maryland 

IT is now known that there are several families of 
inherited serum protein variants which constitute 

polymorphic systems*. These include the hapto- 
glohins, transferrins, y-globulin (Gm.) groups, group- 
specific components and others (for review see ref. 2). 
In such systems variations in the protein structures 
are inherited in simple Mendelian fashion, and two 
or more forms of the phenotype are common in the 
population. Individuals receiving multiple trans¬ 
fusions of blood of compatible red cell type would 
probably receive some transfusions containing serum 
protein.s of a different phenotype from their own. 
Although there is no evidence that the known 
diffei-ences in the polymorphic serum protein systems 
are sufficient to lead to the development of antibodies, 
it was considered possible that some multiply trans¬ 
fused individuals would develop antibodies against 
phenotypes of the known polymorphic systems 
or against others not yet detected. Such a reaction 
has been examined in rabbits. Oudin®, Dray and 
Young"*, and Dubiski et al.^ hav'e shown that serum 
proteins from individual rabbits are antigenic in 
other rabbits. Isoprecipitins have been found to 
proteins with a, p and y mobility in agar gel*. As few 
as three or four intravenous injections of serum can 
lead to the production of precipitating antibodies 
(Dray, S., unpublished observations). This phen¬ 
omenon of individual differences in antigenic speci¬ 
ficity of proteins within a .species was called ‘allotypy’ 
by Oudin^. 

Allison and Blumberg®, using the Ouchterlony 
technique, studied the sera of patients who had 
received multiple transfusions, in an effort to detect 
the presence of antibodies. A precipitating antibody 
was found in the serum of a patient (Mr. C. de B.) 
with a refractory an?cmia of unknown a?tiology, who 
had received approximately fifty transfusions during 
the course of three years. The antibody was a IS 
y-globulin and it reacted with some but not all 
luunan sera to form a well-defined precipitin line. 

LIPiD STAIN ( Sudon Block) 

M 

Fig. 1. Ouchterlony experiment designed to show that the 
precipitin line formed between the serum of Mr. C. de B. (well 1) 
and an Ag(a +) individual (centre well) stains with the fat stain 
Sudan black. Top, photograph of Ouchterlony plate before 

staining. Bottom, same after staining 

The protein with which the antibody reacted travelled 
as an a-globulin protein (probably of high molecular 
weight) in agar-gel. Family and twin studies* 
demonstrated that the presence or absence of the 
reacting a-globulin is under genetic control. Indi¬ 
viduals with a single or double dose of the dominant 
gene designated (phenotype ^gr(a+); genotypes 
■^9 ‘*1-^9 > -^9 ^1-^9 ^) reacted; those who were homozy¬ 
gous for the alternate allele Ag did not react (pheno- 
type Ag(a-)\ genotype AgfAg). The polymorphism 
appears to be independent of the haptoglobins, 
transferrins, group-specific components, y-globulin 
types, and of the rheumatoid factor. It appeared, 
therefore, that the antibody present in the blood of 
patient C. de B. defined a previously unknown human 
serum polymorphism which was designated the 
isoprecipitin Ag(a) system. However, the Ag(a-f-) 
protein had not been further identified. 

In the present article evidence is presented that the 
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Ag(a+ ) protein is a low-density p-lipoprotein. (Lipo¬ 
proteins are classified as low or high density on the 
basis of their flotation or sedimentation in an ultra¬ 
centrifuge. The low-density lipoprotein migrates as a 
P globulin on paper and an a-globulin on agar-gel 
electrophoresis; it is usually referred to as the low- 
density p-lipoprotein’.) 

The gel-diffusion precipitation technique (Ouchter- 
lony procedure) was carried out in 5 cm. Petri dishes 
containing 8 ml. of 0-9 per cent Oxoid Tonagar’ (w/v) 
in 0-07 sodium phosphate buffer, p¥L 7 0. The method 
used is described elsewhere®. Immunoelectrophoresis 
was done by the micromethod of Grabar and Williams® 
and Scheidegger®, using standard lantern slide plates 
coated with agar made up in barbitone buffer, 0-01 M, 
pH 8-4. Staining was done by a method modified 
from that described by Uriel and Grabar^®. Sudan 
black B (National Aniline) was used for the lipo¬ 
protein and azocarmine (National Aniline) for the 
protein stain. Single-dimension starch-gel electro¬ 
phoresis was by the method of Smithies^^ using the 
^ris-(hydroxymethyl)-aminomethane discontinuous 
buffer system of Poulik®® and filter paper insertion. 
Two-dimensional starch-gel electrophoresis was by 
the metliod of Poulik and Smithies'®, in which the first 
dimension was on paper using an acetate-barbital 
buffer (3-74 gm. sodium acetate and 11-04 gm. 
sodium barbital in 1 litre of distilled water) and the 
second dimension w-as in gel using the tris buffer. 
Agar-gel electrophoresis was performed on standard 
lantern slides using the same conditions as for 
irnmunoelectrophoresis. The isolation of IS y-globulin 
was by the method of Levy and Sober". The low- 
and high-density lipoproteins were separated from 
each other by ultracentrifugation in a high-density 
salt medium using whole serum and the method of 
Havel et Two fractions were separated, one of 
a density lower than 1-063 (low-density lipoprotein) 
and the second greater than 1-063 (high-density). 

I’ig. 1 is a photograph of an Ouchterlony experiment 
before and after staining with sudan black. It was 
designed to show that the precipitin line formed 
between the serum of Mr. C. de B. (well 1) and an 
Ag(a-|-) individual (centre well) stains with sudan 
black. A positive control was obtained by reacting 
rabbit anti-P-lipoprotein (well 6) with the serum of 
Mr. C. de B. and the Ag(a-I-) individual; the two 
precipitin lines coalesce and both also coalesce with 
the precipitin line formed between the serum of 
Mr. C. de B. and the Ag(a-|-) individual (first and 
centre well). It appears that the rabbit anti-P-lipo- 
protein and the serum of Mr. C. de B. precipitate the 
same protein. The precipitin line between horse 
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^^otograph of Ouchterlony experiment designed to show 
that the C. de B. serum (centre well) reacts only with the low- 
density p-lipoprotein fraction of the serum of an Ag(a +) indivi¬ 

dual. Photograph of unstained plate 

Origin 

Whole Serum 

Low Density i 
Lipoprotein 

4- 

I-; cicunupiioresis expeniiieiit in 
which tlie low-deiisity /3-hpoprotein fraction is connnired with the 
wtiole serum from which it was isolated. The longer arrow shows 
tiie position of the origin, and the broken arrow, the position of 

the single liooprotein band. Amido black stain 

anti-human serum (well 3) and the Ag(a-h) serum 
(centre w-ell) served as another positive control. Two 
precipitin systems were used for negative controls: 
(1) betw-een horse anti-human serum (w-ell 3) and 
isolated a-macroglobulin (which contains no lipo¬ 
protein) (well 2); and (2) between horse anti-y- 
globulin (well 5) and the Ag(a-t-) serum (centre well). 
Neither of these lines stained with sudan black. 

lig. 2 is a photograph of an Ouchterlony plate 
designed to compare the reactions of low- and high- 
density lipoproteins prepared from the serum of 
Ag(a4-) and Ag(a-) individuals. Mr. C. de B.’s 
serum reacts only with the whole serum and the low- 
density p-lipoprotein of the Ag(a4-) serum but not 
with the high-density lipoprotein. As expected, 
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Mr. C. de B.’s serum does not react with the Ag(a-) 
whole serum or the fractions thereof. The sera of 8 
other Ag(a +) and 8 other Ag(a —) individuals were 
tested in the same way and the same results as men¬ 
tioned here were obtained. 

Fig. 3 is a photograph of the results of a starch-gel 
electrophoresis experiment which compares whole 
serum and the low-density ^-lipoprotein fraction from 
the serum of the same individual. The lipoprotein 
was approximately three times its concentration in 
whole serum. It migrates a single well-defined band 
(broken arrow). 

Fig. 4 is a photograph of an immunoelectrophoresis 
experiment designed to show the reaction between 
the concentrated IS yglobulin (isolated from the 
serum of Mr. C. de B.) with whole serum, and with 
high- and low-density lipoprotein. As seen in Fig. 2, 
the whole serum and the low-density lipoprotein from 
an Ag(a -f-) individual reacted to give precipitin lines, 
but the high-density lipoprotein did not. (As in the 
Ouchterlony plates, the precipitin lines stained 
intensely with Sudan black (not shown).) Horse 
anti-human serum also reacted with the whole serum 
and high- and low-density lipoproteins. By com¬ 
parison with the horse anti-human serum, it is seen 
that the low density (3-lipoprotein migrates in the 
agar gel with the electrophoretic mobility of an 
a-globulin as previously reported®. 

The experiments summarized here have shown 
that the low- but not the high-density idtracentrifugo 

CtKTEJt H0(-E3 - + AMTiBOD? 3Ur3 

Fig. 4. Immunoelectrophoresis experiment designed to show the 
reaction between the y-globulin isolated from the serum of Mr. C. 
de n. and the serum of an Ag(a + ) individual and the high-density 
and low-density fractions separated from the serum. The reactions 
between horse anti-human serum and the same antigens are shown 
for comparison. The approximate position of the major protein 

bands are shown. Photograph of unstained plate 
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fraction of the serum of an Ag(a -t ) individual 
precipitates in agar gel with the IS ^-globulin anti¬ 
body of Mr. C. de B. (Fig. 2). The precipitin line 
stains with the lipid stain, sudan black B; it coalesces 
with a precipitin line found in rabbit anti-human 
P-lipoprotein and human serum (Fig. 1). The antigen 
has the mobility of an a-globulin on agar gel (Fig. 4) 
and migrates as a single band between the origin and 
the slow a-two globidin on starch-gel electrophoresis 
(Fig. 3). These experiments identify the antigen as 
the low-density P-lipoprotein. 

The whole serum, low-density and high-density 
fractions of 45 Ag(a -j-) and 35 Ag(a — ) subjects were 
analy.sod for total cholesterol, total phospholipid and 
the total cholesterol/phospholipiil ratio. (We are 
indebted to Dr. U. S. Fredrickson for supplying those 
data.) There were no significant differences in these 
broad lipid clas.ses between the Ag(a-I-) and Agfa—) 
individuals. It would be of interest if chemical 
differences in the p-lipoproteins of Ag(a-I-) and 
Agfa — ) individuals could be found. 

In an experiment designed for other purposes, two 
chimpanzees were immunized with a single injection 
of whole human serum of an Agfa —) individual plus 
complete Freund’s adjuvant. Serum was obtained 
four weeks later. Both the animals developed 
precipitating antibody to human low-density p-lipo- 
pretein as evidenced by a single band in agar gel. 
The chimpanzee antibody reacted with 225 normal 
American human sera tested and did not distinguish 
between Ag(a-f-) and Agfa — ) indivuduals. When the 
chimpanzee sera were used instead of rabbit anti-p- 
lipoprotein serum, coalescence was seen between the 
three precipitin lines similar to that observed among 
the centre, first and sixth wells of Fig. 1. Further 
immunization experiments with lower primates are 
in progress. We hope to obtain antibody which will 
distinguish individual differences in human p-lipo- 
proteins. 

This article, in conjunction with the genetic data 
presented elsewhere*’^®, establishes that a genetic 
polymorphism exists in the human low-density 
p-lipoijrotein. The factors which maintain this 
polymorphism are unlmown, although they may be 
related to diseases in which the lipoproteins are 
involved, such as some kinds of arteriosclerosis, 
diabetes and coronary heart disease. It would be of 
interest to determine if antigenic polymorphisms of 
P-lipoproteins (allotypy) occur in species other than 
man; for example, in rabbits, where allotypy for the 
a- and P-globulin has already been reported. 
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POLYMORPHISMS OF THE SERUM 

PROTEINS AND THE DEVELOPMENT OF 

ISO-PRECIPITINS IN TRANSFUSED 

PATIENTS* 

Baruch S. Blumberg 

Chief, Geographic Medicine and Genetics Section 

National Institutes of Health, Bethesda, Maryland Rolymorphism, according to Ford/ is the occurrence in 

the same habitat of two or more inherited forms of a 

species in such proportions that the rarest of them can¬ 

not be maintained merely by recurrent mutation. This 

definition excludes the rare, genetically disadvantageous 

inherited diseases which are maintained by mutation and selected against 

by death or infertility. In polymorphic traits two or more of the geno¬ 

types determining variation of the trait are common in the population. 

Although much of the early work on polymorphism was performed 

on lower animals, it is now clear that humans constitute one of the 

most favorable species in which to study these systems. In addition, 

the polymorphisms provide convenient systems for the study of in¬ 

herited discontinuous biochemical variation in man. 

Polymorphisms are thought to arise as a result of selective differ¬ 

ences between genotypes. For example, the sickle cell homozygote 

develops a severe hemolytic anemia which, under natural conditions, 

is usually fatal. The heterozygote, however, is at a selective advantage 

compared to the normal homozygote, apparently because of greater 

resistance to falciparum malaria, and increased fertility. As a consequence 

of the selection in favor of the heterozygote, the sickle gene is main¬ 

tained in the population at high levels despite the elimination of genes 

due to the death of the homozygotes.^ Other examples of associations 

of polymorphisms with exogenous disease-producing agents are known. 

Individuals bearing the sex-linked glucose-6-phosphate dehydrogenase 

deficiency (G6PD) gene (and probably at leiiSt one other trait as well) 

* The Fifth Bernadine Becker Memorial Lecture of the New York Rheumatism Association, Inc., 
presented at a combined meeting of the New York Rheumatism Association and the Section on 
Medicine, held at The New York Academy of Medicine, November 18. 1963. 
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378 B. S. BLUMBERG 

Table I.—SOME POLYMORPHIC TRAITS IN HUMANS 

Red Blood Cell Types Serum Proteins 

ABO Haptoglobin 

MNS Transferrin 

P Gamma globulin 

Rhesus B eta-Lipop rotein 

Lutheran Group-specific substance 

Kell Serum cholinesterase 

Lewis Serum esterase 

DuflPy 

Kidd 

Diego 

Sutter 

X-linked 

Other Cell Types Miscellaneous 

Hemoglobins BAiB urinary excretion 

G6PD 

Red cell phosphatase Secretor of ABH 

Red cell phosphogluconate dehydrogenase blood group substance 

White blood cell antigens Taste of PTC 

Platelet antigens Ear cerumen character 

can develop a hemolytic anemia when they eat, or are otherwise ex¬ 

posed to the fava bean. A similar anemia may develop if they ingest 

any of a large number of drugs. Individuals without this trait will not 

develop the anemia given the same exposure. Similarly, individuals with 

the inherited atypical serum cholinesterase trait can develop prolonged 

apnea after the administration of Suxamethonium or other related drugs 

(see below). It is probable that disease susceptibility related to a single 

inherited trait is less common than susceptibility dependent on several 

inherited traits. The identification of such traits may serve a useful 

function in identifying individuals who require special protection 

against specific exogenous agents. 

As a consequence of disease and environmental forces, as well as 

other factors, a large number of polymorphisms may exist in a popu¬ 

lation. Some may be related to present selective forces, and others to 

forces which operated in the past, but which are no longer significant. 

Present gene frequencies may also result from gene mixture between 

populations.® 

Table I is a list of some of the biochemical polymorphisms known 

in man. In the present lecture I would like to discuss the polymor- 

Bull. N. Y. Acad. Med 
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I ORIGIN 

Beta- 
Lipoprotein 

(Lpa) 

binding ' 

pre-atbumin 
Haptoglobin Group specific 

(Hp) (GcJ 
Albumin 

^ ^ . Cholinesterase I . Cerruloplasmm 
Gamma Globulin / Transferrin ^ . 

/ (TU 
Phosphatase Glycoprotein 

(Gmj 

STARCH GEL ELECTROPHORESIS, DISCONTINUOUS METHOD, 
' POSITION OF INHERITED PROTEIN SYSTEMS. 

Figure 1. Photograph of starch gel electrophoresis of normal serum to illustrate the 
position of some of the inherited serum protein systems discussed in the text. (Adapted 

from reference 19.) 

phisms of the serum proteins and how they relate to the problem of 

blood transfu.sion. 

Serum Protein Polymorphis.ms (Figure i) 

The haptoglobins. The haptoglobins are a family of serum proteins 

MTich bind hemoglobin. The early studies of Jayle and his co-workers 

demonstrated that the haptoglobins are elevated in a wide variety of 

inflammatory diseases. In some illnesses associated with hemolysis, the 

hemoglobin released from the breakdown of the red blood cells com¬ 

bines with the haptoglobin to form a strong complex which appears to 

be removed mainly by the reticuloendothelial system. If the rate of 

breakdown of red blood cells is greater than the production of hapto¬ 

globin, the serum haptoglobin level will decrease, in some cases, to 

undetectable levels. If the hemolytic process is arrested, the haptoglobin 

Vol. 40, No. 5, May 1%4 
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will be regenerated, presumably in the liver, and the serum levels may 

return to normal. 

When starch gel is used as a supporting medium for electrophoresis, 

human sera can be separated according to haptoglobin type. Three 

major types, i-i, 2-2, and 2-1, can be distinguished. It has been shown 

that in most populations these are controlled by a pair of allelic auto¬ 

somal genes designated Hp^ and Hp^. Hp^ homozygotes are type i-i, 

Hp* homozygotes are type 2-2, and heterozygotes are type 2-1. Recent¬ 

ly, Nance and Smithies^ have shown that when purified serum hapto¬ 

globin is subjected to reductive cleavage by mercaptoethanol in the 

presence of 8 M urea, fast-moving and slow-moving haptoglobin vari¬ 

ants can be distinguished. By chemical and genetic studies they demon¬ 

strated that there are three genetically determined alpha polypeptide 

chain variants controlled by five allelic genes Hp^^, Hp^^, 

and There are other relatively rare genes (i.e., Hp^^) which 

control uncommon haptoglobin phenotypes. 

Allison, Blumberg, and apRees® reported that approximately 30 per 

cent of a West African population had insufficient haptoglobin to per¬ 

mit typing by the starch gel method. Since this original description 

ahaptoglobuhnemia and hypohaptoglobulinemia have been detected in 

other Africans, in U. S. Negroes, and in some European and Asiatic 

populations. There is good evidence that some forms of ahaptoglo- 

binemia or hypohaptoglobinemia are inherited,® but some cases are due 

to the hemolysis of red blood cells and subsequent loss of haptoglobin 

in a variety of hemolytic diseases. 

The transferrins. The transferrins (or siderophilins) are a group of 

serum proteins which bind iron. They can be identified by their mobility 

on starch gel electrophoresis and by the use of radioactive iron and 

autoradiography. The phenotypes are controlled by a series of appar¬ 

ently allelic genes, Tf^, Tf®®, Tf®\ etc. The most common phenotype 

in U. S. and European population is type C, which corresponds to 

the genotype The slow-moving D variants have been found 

in African, American Negro, Australian aboriginal, Chinese, and other 

p>opuIations. Fast-moving types are occasionally found in white, Asiatic, 

and other f>opulations. In recent years a large number of variants with 

only minute differences in electrophoretic mobility have been detected. 

To date no associations with particular illnesses have been found, and 

there does not appear to be a significant difference in the amount of 

Bull. N. Y. Acad. Med. 
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iron bound by each of the phenotypes. It has been stated that the trans¬ 

ferrins have an inhibitory effect on virus multiplication, but it is not 

clear if this effect has any biological importance. 

Gamma globulin groups.'^ Inherited differences in the gamma globulins 

were detected as a result of a chance observation made while using an 

immunological test for rheumatoid arthritis. The serum of many patients 

with rheumatoid arthritis has a gamma globulin of high molecular weight 

called “rheumatoid factor,” which agglutinates blood cells or other 

particles coated with specially prepared serum gamma globulin. Grubb® 

used a system in which Rh+ human red blood cells were coated with 

an incomplete anti-Rh antibody. Some sera of patients with rheumatoid 

arthritis would agglutinate these particles. Grubb found that a gamma 

globulin present in the serum of some, but not all, normal individuals 

could inhibit the agglutination reaction. The inhibiting material was 

inherited in simple Aiendelian fashion. Individuals homozygous or 

heterozygous for a dominant gene Gw® were inhibitors. Those homo¬ 

zygous for all alternate allele Gm did not have inhibiting material in 

their serum. Using different combinations of coated red blood cells and 

sera of rheumatoid arthritis patients, different genetically controlled 

gamma globulins have been detected. Several of them are controlled by 

a series of allelic genes at the same locus (Gw®, Gw**, Gw*, etc.), and 

others by genes at a second locus (Inv®, Inv**). There is as yet no in¬ 

formation on the nature of the physiological or pathological conditions 

associated with this trait, although it may be connected in some way 

with the immune process. 

Ge?ietic variations of human serum phosphatase. Using starch gel 

electrophoresis, Arfors et al.^ have shown that there are at least two 

types of human serum phosphatases. All human sera have one phospha¬ 

tase band which migrates with a mobility slightly slower than serum 

transferrin. Some individuals, in addition, have a slower moving phos¬ 

phatase band. On this basis, human sera were classified in two groups; 

Group I with a single phosphatase band and group.II with two bands. 

Twin studies were highly consistent with the hypothesis that these 

types are inherited, but the mode of inheritance is not known. TThe au¬ 

thors also found a strong association with the Lewis blood group system, 

and they suggested that one serum phosphatase zone may represent the 

Le** substance or a complex with the Le’’ substance. 

Polymorphism of ai-acid glycoprotein. Alphai-acid glycoprotein is 
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a serum protein with a high (40%) carbohydrate content. It corre¬ 

sponds with the slow pre-albumin band on starch gel electrophoresis 

(Fig. I). Schmidt and his associates^” developed a technique for isolating 

large quantities of this protein from human serum or plasma. The 

isolated material was concentrated and subjected to starch gel electro¬ 

phoresis. In comparing material isolated from different individuals, they 

found different patterns containing varying numbers of bands. Pre¬ 

liminary twin studies indicate that these patterns are inherited. 

Group-specific components. Hirschfeld” has described a variation in 

the serum a-globulin which is detected by immunoelectrophoresis and is 

inherited in simple Mendelian fashion. The a2-globulin involved is in the 

p>ostalbumin region on starch gel electrophoresis.^^ Differences in mo¬ 

bility of these bands were noted by Smithies in his early studies using 

vertical starch gel electrophoresis. No associations with disease have 

been detected using this system. 

Serum cholinesterase}^ There is a gene (whose frequency in the 

populations tested is approximately 0.02) which determines the presence 

of an atypical serum cholinesterase. Individuals who are homozygous 

for this gene have only the atypical enzyme and are unable to inactivate 

the muscle relaxant succinylcholine (Suxamethonium) and related 

drugs with the same rapidity as individuals who are homozygous for 

the normal gene. When succinylcholine was administred to individuals 

homozygous for the atypical gene, they developed a prolonged apnea. 

Heterozygotes have both typical and atypical enzymes. Since the homo¬ 

zygotes are easily identifiable by means of a simple spectrophotometric 

test requiring less than o. i ml. of serum, it is quite practical to pre-test 

individuals receiving muscle relaxants. This is particularly important in 

shock therapy where patients often receive a prolonged course of 

muscle relaxants during their treatment. Other drugs which probably 

are also differentially metabolized by the typical and atypical enzyme 

include procaine hydrochloride (Novocain), physostigmine (Eserine), 

and chlorpromazine. It is, of course, unlikely that the differences in drug 

susceptibility are responsible for the maintenance of the polymor¬ 

phism. However, a number of solanaceous plants contain an inhibitor 

of cholinesterase. Potato peels, for instance, contain an inhibitor which 

can distinguish between the three cholinesterase phenotypes. It should 

be emphasized that under normal conditions the atypical enzyme homo¬ 

zygotes are quite normal; they can only be distinguished from the other 

Bull. N. Y. Acad. Med. 

377 



SERUM PROTEINS AND ISO-PREaPITINS 383 

Table II.—REACTORS WITH ANTISERA IN DIFFERENT POPULATIONS 

C. de B. New York J. B. A. Di B. 8. L. 

R€- 
No, actor iVo. actor 

% Re- 
No. actor 

% Re- 
No. actor 

% Re- 
No. actor 

Whites (U.S.A.) 120 69 164 100 168 98 144 77 167 97 

Micronesians 

(Rongelap) 

Naskapi-Montagnais 

194 98 185 45 64 98 45 24 60 24 

Indians 

(Labrador) 

234 97 103 85 234 93 91 73 93 95 

phenotypes when the appropriate drugs are administered or if the 

cholinesterase types are determined biochemically. 

Isoantibodies in transfused patients. The existence of many poly¬ 

morphisms of serum proteins makes it highly likely that a transfused 

patient would receive serum proteins slightly different from his own. 

For example, an individual of haptoglobin type i-i, which occurs in 

about 15 per cent of the normal U. S. white population, has 85 of 100 

chances of receiving plasma containing haptoglobin -2, if the donor 

is also U. S. white. Similar possibilities of receiving a different pro¬ 

tein occur with many of the other systems. If this is so, then 

multiply transfused patients would often receive plasma containing 

“foreign” protein, albeit from the same species. In a study of trans¬ 

fused sera using the relatively insensitive technique of double diffusion 

in agar gel, a serum from a patient (C. de B.) was found to contain a 

precipitin which reacted ^^dth a protein present in the serum of some 

but not all normal individuals. The isoprecipitin did not react with any 

of the known polymorphic proteins, but was directed against a low 

density beta-lipoprotein. This technique revealed a “new” polymorphic 

system.^* The ability of a serum to show a precipitin reaction with the 

human anti-human antiserum was found to be inherited. Individuals 

homozygous or heterozygous for a gene Ag^ reacted with antiserum 

C. de B. and individuals homozygous for its alternate recessive allele did 

not react. Further studies were initiated using the sera of other trans¬ 

fused patients and more than 20 sera containing isoprecipitins were 

found. In a study of ii of these, at least 5 and probably 7 different 

specificities were identified.^ Preliminary family studies with two of 
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Table III. 

C. de B. Nem York /. B. 

Total 
% 

Reactors ? Total 
% 

Reactors ? Total 
% 

Reactors ? 

Coronary Artery 68 60.3 1 67 88.1 3 57 75.4 13 

Disease 

Control 66 59.1 1 66 77.3 2 66 76.8 11 

Diabetes 208 71.6 0 205 96.6 2 205 97.1 2 

Control 166 65.4 1 169 98.1 2 154 94.8 5 

Rheumatic Fever 165 83.6 0 37 100 0 35 100 0 

Control 162 82.2 0 34 100 0 34 100 0 

Reactions of three anti-lipoprotein antisera with sera from diseased patients and 
controls. The coronary artery disease and rheumatic fever patients and their controls 
were U. S. Whites and the diabetes patients and their controls were U. S. Negroes. The 
number of sera which could not be typed are shown in the column headed by a question 
mark. These studies are described in greater detail elsewhere." 

these suggest that the)^ are inherited, and it is likely that the other 

specificities are inherited as well. Most of the antigenic specificities so 

far studied are common in most populations (see Table II). It appears 

that most individuals have several inherited antigenic specificities on 

these lipoproteins. 

The isoprecipitins against serum lipoproteins are quite common in 

multiply transfused individuals. Approximately one third of thalassemia 

patients and 10 f>er cent of other patients who receive 35 or more trans¬ 

fusions will develop detectable isoprecipitins. The reasons for the higher 

frequency in thalassemia patients are not clear. 

Patients who develop an isoantibody usually require additional 

transfusions, and this could presumably lead to antigen-antibody inter¬ 

actions in vivo similar to those studied in animals.^® Approximately 15 

patients have been observed for varying lengths of time after the iso¬ 

precipitin was discovered. In all cases, the patients have needed frequent 

transfusions, very often with blood known to contain the proteins which 

in vitro form precipitin bands with the patient’s isoprecipitin. In none 

of these cases has it been possible to associate with the isoprecipitin an 

acute, severe transfusion reaction. It has not been possible as yet to 

evaluate the long-term effect of continued transfusions. 

The selective or disease factors, if any, associated with this poly¬ 

morphism are unknown. As a preliminary investigation of possible 
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disease associations, two entities known to be associated with abnor¬ 

malities of the lipoproteins were studied. In addition, the sera of 

patients with rheumatic fever, collected for other reasons, were also 

studied. The frequency of reaction of these patients and controls with 

three of the antisera are shown in Table There is a significantly 

higher number of reactors with the C. de B. antisera in the diabetic as 

compared to the control group. No such differences are detected for 

the other groups. This finding is interesting, but before any importance 

can be attached to it, this study will have to be repeated in other 

populations. If it proves to be reproducible, then the higher frequency 

of reactors might be due to some feature of the disease which converts 

apparent non-reactors into detectable reactors, or it may possibly be 

related to an inherited susceptibility factor. 

In addition to the isoprecipitins which react with lipoproteins, an 

isoprecipitin has been found which reacts with an as yet unidentified 

protein which does not appear to have a large amount (or in some 

cases, any) lipid. The isoprecipitins are found in multiply transfused 

hemophilia patients. The protein with which they react is very rare 

in populations of Western origin, but it is not uncommon in Alicro- 

nesians, Vietnamese, Formosans and Australian aborigines. The reacting 

antigen is also quite common in patients with leukemia, and the sig¬ 

nificance of this is currently under study. 

In addition to these precipitating antibodies, Allen and KunkeP® 

have found agglutinating antibodies against gamma globulin (anti-Gm 

antibodies) in the sera of many multiply transfused thalassemia patients. 

It is not unlikely that, using the appropriate techniques, antibodies 

against a very large number of serum proteins will be detected. These 

may be the cause of some of the transfusion reactions which cannot be 

ascribed to interaction with the formed elements of the blood. 

Summary 

The concept of polymorphism is discussed and known biochemical 

polymorphisms in man are listed. The serum protein polymorphisms 

and the formation of isoprecipitins in multiply transfused human patients 

are described. 
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Albumin Naskapi: A New 

Variant of Serum Albumin 

Abstract. An apparently new variant 

of human serum albumin, albumin 

Naskapi, has been found in high fre¬ 

quency in the Naskapi Indians of Que¬ 

bec and, in lower frequency, in other 

North American Indians. The family 

and population data of the albumin 

are consistent with its inheritance as 

a simple autosomal trait controlled by 

a gene designated A1 Naskapi. This gene 

is allelic with the gene Al'' which con¬ 

trols the common albumin. Both homo¬ 

zygotes and heterozygotes have been 

distinguished. This is the first report of 

a homozygote for an albumin variant. 

Rare electrophoretic variants of se¬ 

rum albumin have been reported several 

times since the original description of 

bisalbumin by Scheurlen (7). In nearly 

all of the reports, the rare variant has 

an electrophoretic, mobility less than that 

of the common form of albumin (1-4), 

but two investigators reported fast-mov¬ 

ing forms (5, 6). Family studies are con¬ 

sistent with simple autosomal inherit¬ 

ance. There have been no reports of 

individuals homozygous for the rare 

variants, and the bis forms are appar¬ 
ently heterozygotes. 

All of the albumin variants are rare 
in the populations tested (for example, 

one per 1015 in Norway) (2), and 

apparently disease is not associated with 

the trait. However, increase in concen¬ 

tration of cholesterol is associated with 

bisalbumin, but this elevation is not 

statistically significant (3, 5). 

We now report an inherited, fast- 

moving. electrophoretic variant of al¬ 
bumin which is different from at feast 

one of the other fast-moving variants 
(6). The trait is common in several 

North American Indian tribes, but has 
not been seen in other populations 

tested. Several homozygotes for the 
variant have also been identified. 

The original finding of the albumin 
variant, and the subsequent screening, 

was made with whole serum with Ash¬ 

ton’s discontinuous buffer system at 
pH 8.6 (7). The gels were prepared 

from hydrolyzed starch (Connaught) 

at a concentration 25 percent higher 

than that recommended by the manu¬ 

facturers. The electrophoresis was 

performed in a horizontal system with 

a constant voltage of 9 volt/cm. The 

discontinuous buffer sysfem (pH 8.6) 
described by Poulik (8) and Ashton’s 

acid buffer system (pH 5.6) (9) with 

a constant voltage of 16 volt/cm were 
also used. 

Cellulose acetate electrophoresis was 
performed with a microzone electro¬ 

phoresis system in barbital buffer at 

pH 8.6. Immunoelectrophoresis was 
done in 1 percent special agar-noble 

gel with a modified barbital buffer (ID) 

and horse antiserum to human albumin. 

Barbital buffer (pH 8.6; ionic strength, 

0.75) was used in the paper electro¬ 
phoresis experiments. 

The populations studied are .shown 

in Table 1. In several ca.ses, the blood 

specimens were used in other studies, 

and the populations are described in 

the indicated references. Blood was col¬ 

lected by venepuncture, and the serum 

or plasma was separated and stored 

at —20“C until tested. The dates of col¬ 

lection vary from 1958 for the Atha¬ 

bascans to 1962 for the Naskapi and 

Montagnais Indians. 

The fast-moving variant can be dis¬ 

tinguished by electrophoresis in starch 

gel with Ashton’s discontinuous buffer, 

Ashton’s acid buffer, or cellulose ace¬ 

tate. It can also be seen with Poulik’s 

buffer, but only when the serum is di¬ 

luted. Good separations were not ob¬ 
tained with barbiturate buffer with pa¬ 

per as a supporting medium. The three 

phenotypes can be easily distinguished 

(Fig. 1). In Immunoelectrophoresis 
the heterozygote has a slightly elon¬ 

gated albumin band, and the new fast 

homozygote has a greater mobility than 

the common slow homozygote. How¬ 

ever, antigenic differences between the 

two albumins are not seen. In Fig. 1, 
the new variant is compared to that 

described by Wieme (6); it is clearly 

different. The fast-moving variant de¬ 
scribed by Tarnoky and Lestas (5) 

was not available for comparison. 

The distribution of the trait in sev¬ 

eral populations and the expected fre¬ 
quencies as calculated by the Hardy- 

Weinberg formula are shown in Table 

1. Serums from 365 Haida Indians from 

Canada (72), 100 Quechua and 92 

Cashinahua Indians from Peru (13). 

443 Eskimos from Alaska (72), and 1 14 

Americans of European descent were 

tested. None of these had albumin 
Naskapi. The results correlate well with 

the expected distribution. The gene fre¬ 

quency of the new variant in the In¬ 

dian populations ranges from 0.13 in 
the Naskapi to 0 in the Haida and 

South American groups. None was seen 

Fig. 1. Albumin variants, (a) Starch-gel 
electrophoresis in Ashton buffer, (b) Cel¬ 
lulose acetate electrophoresis (negative). 
Only the albumin areas are shown. (1) 
A/A; (2) Naskapi/A; (3) Naskapi/Nas- 
kapi, (4) Bisalbumin variant described 
by Wieme (6). 
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in the Eskimos or Caucasian Ameri¬ 

cans tested. Many of the smaller popu¬ 

lations of Indians included related in¬ 

dividuals, a fact which may affect the 

calculation of the gene frequency. 

Therefore, the frequencies given in 

Table 1 are only approximate. Three 

pedigrees in which the trait is segre¬ 

gating are shown in Fig. 2. The first 

(Naskapi) shows the segregation of 

the trait in three generations; the al¬ 

bumin types of all parents are known. 

In the second (Montagnais), a mother 

with both types of albumin has three 

children, of which one has only the 

common albumin, one has only the new 

variant, and the third has both forms. 

The third (Naskapi) shows a large 

family where the variant apparently has 

segregated to five of seven children in 

the oldest generation. A man in the 

second generation has only the new 

type, while his three children from two 

marriages have both types. An analysis 

of eleven Naskapi and Montagnais 

families (including some not in the 
pedigrees of Fig. 1) is shown in Table 2. 

The albumin is different from the 

slow-moving variant and from the fast- 

moving albumin described by Wieme 

(6). It is proposed that this new variant 

be called albumin Naskapi, after the 
Indian population in which it was 

first discovered, and that the gene de¬ 

termining the trait be designated 

Al Naskapi (abbreviated The 

common albumin variant is designated 

albumin A (gene notation /!/•*) and 

the originally described slow-moving 

variant, albumin B (gene notation AN). 

As new variants are discovered, it 

would be convenient to give them geo¬ 

graphic, population, or other specific 

designations. 

The segregation of Al Naskapi in the 

families is consistent with simple auto¬ 

somal inheritance, with full expression 

of Al Naskapi and the alternate gene 

AN in the heterozygote. On the basis of 

the populations tested, albumin Naskapi 

appears to be restricted to Northern 
American Indians. The high frequency 

in the Naskapi could be associated with 

the inclusion of many famify members 

in the sample tested. However, the 

Montagnais and other groups included 

mainly nonrelated individuals. This gene 

may serve as a useful marker for 

Northern Indian grpups, as does the 

red blood cell Diego factor for other 

Indians. 

None of the albumin variants de¬ 

scribed previously occurred with such 

high frequency in the general popula¬ 

tion. The high frequency )f albumin 

Naskapi could be due to the opera¬ 

tion of selective forces in the environ¬ 

ment of these populations, or to genetic 

drift. 
The Naskapi and Montagnais have 

a high frequency of two transferrin 

variants which are rare in most other 

populations (14). The transferrins are 

not found in any of the other Northern 

Indian groups, with the exception of 

the Tlingit, where they are found in 

very low frequency. If the high fre¬ 

quencies of albumin Naskapi in the In¬ 

dians were due to simple gene mixture, 

and if selection were not operating on 

either of these protein polymorphic 

traits, then it would be expected that 

the transferrin variants would occur in 

the same Indian groups in which the 

albumin variant occurs. This was not 

found to be the case. 

There appears to be a broad north- 

south dine for the frequency of al¬ 

bumin Naskapi which cuts across 

known ethnic relations of the Indians. 

This is the reverse of the dine for the 

genes which determine the Diego factor 

and haptoglobin-1, both of which oc¬ 
cur with low frequency in North 

American tribes but in high frequency 

Table 1. Distribution of albumin types in different populations. 

Occurrence Naskapi/ 
Naskapi 
■(No.) 

A/Naskap i A/A 
Gene frequency 

of 
phenotypes 

(No.) (No.) Aisa AU 

Nas kapi. Canada (11) 

Observed 1 37 113 0.130 0.870 
Expected 2.6 34.1 114.3 

Montagnais, Canada (11) 

Observed 2 14 96 .080 .920 
Expected 0.6 16.5 94.8 

Sioux, United States 

Observed 0 2 158 .007 .993 
Expected 0 2.2 157.8 

Athabascan, Alaska and Canada (12) 

Observed 1 11 218 .028 .972 
Expected 0.2 12.4 217.4 

Tlingit, Alaska (12) 

Observed 0 1 99 .005 .995 
Expected 0 1 99 

Table 2. Segregation of albumin types in families. 

Occurrence 
of phenotype 

Albumin type of children 

A/A A/Naskapi 
(No.) (No.) 

Naskapi/ 
Naskapi 
(No.) 

Observed 

One family, A/A - Naskapi/Naskapi 

0 2 0 
Expected 0 2 0 

Observed 

Ten families. A/A - A/Naskapi 

17 15 0 
Expected 16 16 0 

_Oj-B_ e>yl3 

o-i h-m ^>-rCt d c!>-a i 1 

0^0 

[j] ^ t[) i i ^ 

i i 6 i lb i B 

@^(±1 i Oji i Oji 

0 o o i i 6 i i 

□ O ‘/A ■ • ’‘“•'"’■‘VNo.kopi 

13 0 Noskapi/j g © Dipd 

Fig. 2. Segregation of albumin Naskapi 
in two Naskapi families (genealogies 1 
and 3) and one Montagnais family (gene¬ 
alogy 2. 

in Central and South American tribes. 

In addition to the albumin Naskapi, 

we have found an albumin variant 

which occurs with high frequency in the 

Eskimo population of a small Indian- 

Eskimo village in Alaska. This variant 

may be different from albumin Nas¬ 

kapi, but additional specimens will be 

needed to complete the comparison. 

A slow-moving variant occurs with 
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relatively high frequency in Mexican 

Indians. Therefore, our findings indi¬ 

cate that albumin variants occur with 

greater frequency than previous evi¬ 

dence had indicated. 

Li ISA Melartin* 

Department of Medical Microbiology, 

University of Turku, 

Turku, Finland 

B. S. Blumberg 

Institute for Cancer Research, 

7701 Burholme Avenue, Fox Chase, 

Philadelphia, Pennsylvania 

References and Notes 

1. P. G. Scheurlen, Klin. Wochschr. 33, 198 
(1955); F. Wuhrman, Schweiz. Med. Wochschr. 
89, 150 (1959). 

2. G. Efremov and M. Braend, Science 146, 
1679 (1964). 

3. D. P. Earle, M. P. Hutt, K. Schmid, D. 
Gitlin, J. Clin. Invest. 38, 1412 (1959). 

4. V. M. Knedel, Blut 3, 129 (1957); H. J. 
Nennstiel and T. Becht, Kiin. fVochschr. 35, 
689 (1957); H. Bennhold, H. Ott, G. Scheur¬ 
len, Verhandl. Deul. Ges. Inn. Med. 64, 279 
(1958); G. Franglen, N. H. Martin, T. Har¬ 
graves, M. J. H. Smith, D. I. Williams, 
Lancet 1960-1, 307 (1960); F. Miescher, 
Schweiz. Med. Wochschr. 90, 1273 (1960); K. 
B. Cooke, T. E. Cleghorn, E. Lockey, Bio- 
chem. J. 81, 39 (1961); P. L. Adner and A. 

Redfors, Nord. Med. 65, 623 (1961); E. J. Sar- 
cione and C. W. Aungst, Blood 20, 156 (1962); 
J. L. Robbins, G. A. Hill, S. Marcus, J. H. 
Carlquist, J. Lab. Clin. Med. 62,_ 753 (1963); 
O. Drachmann, N. M. G. Harboe, P. J. 
Svendsen, T. S. Johnsen, Danish Med. Bull. 
12, 74 (1965); S. Ungari, and V. Lopez, Min¬ 
erva Pediat. 17, 288 (1965); G. Sandor, L. 
Martin, M. Porsin, A. Rousseau, R. Martin, 
Nature 208, 1222 (1965). 

5. A. L. Tarnoky and A. N. Lestas, din. Chim. 
Acta 9, 551 (1964). 

6. R. J. Wieme, ibid. 5, 443 (1960). 
7. G. C. Ashton and A. E. Braden, Australian J. 

Biol. Sci. 14, 284 (1961). 
8. M. D. Poulik, Nature 180. 144 (1957). 
9. G. C. Ashton, Genetics 50, 1421 (1964). 

10. J. Hirschfeld, Sci. Tools 7, 19 (1960). 
11. B. S. Blumberg, R. J. Martin, F. H. Allen, 

Jr., J. Weiner. E. M. Vitagliano, A. Cooke, 
Human Biol. 36, 263 (1964). 

12. P. A. Corcoran, F. H. Allen, Jr., A. C. Alli¬ 
son, B. S. Blumberg, Am. J. Phys. Anthropol. 
17, 187 (1959). 

13. K. Kensinger, Expedition 7, No. 4, 5 (1965). 
14. L. Melartin and B. S. Blumberg, in prepara¬ 

tion. 
15. We thank R. J. Martin, A. Cooke, J. Cooke, 

A. C. Allison, M. T. Newman, C. Leyshon, 
K, Kensinger, R. A. Donato, Early Sites 
Foundation, Arctic Aeromedical Laboratory, 
Arctic Research Laboratory, Alaskan Native 
Hospital, and the Wenner-Gren Foundation for 
serums. We thank R. J. Wieme for the bis- 
albumin sample. Supported in part by PHS 
grants CA-06551-03 and CA 08069-02. 

* Present address; The Institute for Cancer Re¬ 
search, 7701 Burholme Avenue, Fox Chase, 
Philadelphia, Pennsylvania. 

5 July 1966 ■ 

> 

384 



Reprinted from Albumin Structure, Function and Uses, Pergamon Press, Oxford and 

New York (1977) 113-141 

THE GENETICS OF HUMAN SERUM ALBUMINt 

Lawrence M. Schell and Baruch S. Blumberg 

The Institute for Cancer Research, The Fox Chase Cancer Center, 771J Burholme Avenue, Philadelphia 
and 

Department of Anthropology, University of Pennsylvania, Philadelphia, Pennsylvania 

CONTENTS 

I. Introduction 113 
A. Historical review 113 
B. Terminology 114 

II. Laboratory Studies 115 
A. The relative percentages of albumin variants in the serum 115 
B. The antigenic specificity of albumin variants 115 
C. Electrophoretic mobilities of albumin variants 115 

III. Family Studies 120 
A. Mode of inheritance 120 
B. Linkage to other loci 120 

IV. The Distribution of Albumin Variants 122 
A. Classification 122 
B. Rare variants 125 
C. Polymorphic variants 126 

1. Restricted polymorphic variants 126 
2. Dispersed polymorphic variants 130 

(a) Distribution 130 
(b) Anthropological interpretation 131 

V. Summary 136 
References 137 
Addendum 141 

I. INTRODUCTION 

A. Historical Review 

The study of the genetics of human serum albumin began with Scheurlen’s report 

in 1955 of a diabetic female whose serum on paper electrophoresis had a slow-moving 

albumin band in addition to the common one. Subsequently, Wuhrmann 

reported that the two albumin bands were present in the patient irrespective of her 

clinical status and that two albumins, one slow, the other of the usual mobility, were 

present in the sera of her father, brother and son This suggested that the double 

albumin was an inherited trait. The distribution of the variants in all the families 

that were tested was consistent with a codominant mode of inheritance, each allele 

controlling the synthesis of each albumin fraction. 

tThis work was supported by USPHS Grants CA-06551, RR-05539 and CA-06927 from the 
National Institutes of Health, and by an appropriation from the Commonwealth of Pennsylvania. 
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The genetic hypothesis gained support as additional cases of uncommon albumin 

bands were reported. Slow-moving variants were found in Europteans from several 

countries including Germany, the United States, France,Italy, 

the United Kingdom, “* “• Sweden,Norway and Denmark. These 

slow albumins all appeared to have the same electrophoretic mobility and 

were termed albumin B. The common more rapidly moving band was designated 

albumin A. Two fast-moving albumin bands were reported in families of European 

origin, albumin Gent from a Belgian family and albumin Reading from a Welsh/ 

English family.These variants were rare in the populations in which they were 

found (in the order of one in several thousand) and seem to be examples of mutations 

at the albumin locus which had not increased to high frequencies in any of the 

populations surveyed. 

In 1966 Melartin and Blumbergdiscovered a fast albumin variant among 

American Indians. It differed significantly from those previously reported not only in 

its mobility but because it occurred relatively commonly (several per hundred) in the 

populations in which it had been detected. It was found originally in the Naskapi and 

Montagnais Indians of Quebec Province, Canada, and was termed albumin Naskapi. 

Some Naskapi and Montagnais Indians lacked the common albumin A and had only 

the fast-moving albumin band in their sera. This was the first report of individuals 

apparently homozygous for an albumin other than the common one. In 1967 another 

case of a single fast-moving albumin band was reported in sera from an Indian family 

living in Alberta, Canada,and this was subsequently shown to have the same 

electrophoretic mobility as albumin Naskapi. In the same year a new slow-moving 

variant, albumin Mexico, was discovered among Indians of Mexico. This also 

was relatively common among the Indian populations in which it occurred. 

By 1967 the numerous family studies, electrophoretic comparisons and the reports 

of apparent homozygotes confirmed the earlier suggestions of genetic control of 

electrophoretic variation of albumin. Cases of transient double albumins have also 

been reported. '**'**' There is no evidence that these are under genetic control. 

When the first review of what had then become a sizable literature on albumin 

variation was published by Melartin in 1967 there were only a half-dozen albumin 

variants. The number has since increased about fourfold. The rapid increase is 

primarily due to the application of relatively simple screening techniques to sera 

from South America and Asia. New variants have been found among 

Japanese,Malaysians,Indonesians,Indo-Dravidians, New 

Guinea aborigines and South American Indians. 

The distribution of albumin variation appears to be worldwide. The only exception 

is sub-Saharan Africa, although this may be due to the paucity of observations. To 

date only two cases of alloalbuminemia in individuals of African ancestry have been 

reported.*^*"**' 

B. Terminology 

There are now over two dozen albumin variants. Originally, the term bis- 

albuminemia (from the Greek, meaning two albumins in the blood) was used to 

describe the presence of two types of albumin in the sera (i.e. the heterozygote). 

When homozygotes were discovered, the term bisalbuminemia became inaccurate 
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(there was only one albumin) and alloalbuminemia (from the Greek, meaning dif¬ 

ferent albumins in the blood) was suggested to cover both the heterozygote and the 

homozygote variant conditions,and this term has since gained some accep- 
tEnCC (*3.46.52-50) 

The condition, alloalbuminemia, is recognized by the presence of an albumin band 

which has an electrophoretic mobility different from normal albumin. When a new 

variant is identified, it is often conventionally named for the population in which it 

was first discovered. 
Melartin suggested that a nomenclature system analogous to that used for 

transferri-ns, hemoglobin and other human polymorphic systems be adopted for the 

albumins. The phenotype of the common albumin is designated Al A (gene symbol 

/!/•'), and the common genotype is /!/ V'/l/ T Variant phenotypes and genotypes are 

similarly identified but with the variant name or abbreviation in the appropriate 

script. For example, Al Na is the phenotype for an albumin Naskapi homozygote 

and Al''^/Al^^ for the genotype. 

II. LABORATORY STUDIES 

A. The Relative Percentages of Albumin Variants in the Serum 

In alloalbuminemic individuals the total albumin fraction of the serum, varian 

and normal components combined is within normal limits. 

The variant type usually comprises about half of the total albumin whether the 
variant is fast or slow. i3.5.io-i3.i5.n.j3.3o.35.3».5»-62» There appears to be one exception to 

this. A very low quantity of the variant fraction (albumin Maku) was reported by 

Weitkamp and Chagnon. 

B. The Antigenic Specificity of Albumin Variants 

The antigenic specificity of albumin variants has been tested by Ouchterlony 

techniques, immunoelectrophoresis against anti-whole human serum, and Immuno¬ 

electrophoresis against horse, goat, sheep and rabbit anti-human albumin serum. In 

general, these tests indicate that albumin variants are antigenically identical to normal 
albumin '3->®''3.i5.2o.!i.3o.s».ei-67> 

There are, however, two exceptions. Robbins et al. noted in a report of an un¬ 

named variant from Utah that during immunoelectrophoresis with undiluted serum 

one precipitin arc was formed, but when the variant serum was diluted (1:30) prior 

to immunoelectrophoresis, two overlapping precipitin arcs were formed. Margni 

et al. '**' has also noted (using absorption studies) slightly different antigenic properties 

between sera from two alloalbuminemic families. 

C. Electrophoretic Mobilities of Albumin Variants 

Variants of human serum albumin have been recognized by differences in their 
electrophoretic mobility. Such differences would be found only if the amino acids 
which distinguish the variants carry an electric charge. However, an albumin molecule 
with a variant amino acid composition may not be detected if the distinguishing amino 
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acids carry no charge. In this case the variant molecules will behave identically in an 
electric field and could not be distinguished. It is possible, therefore, that albumin 
variants not detectable through electrophoresis will be discovered as the techniques 
for mapping the amino acid sequence of albumin, or of detecting non-charge amino 
acid differences, are more widely applied. 

The first variants were discovered by paper electrophoresis and were characterized 
by electrophoretic mobilities markedly different from that of normal albumin. As 
new combinations of support medium, buffer and conductors were used in screening 
serum proteins new albumin variants were discovered. Many of these new variants 
have electrophoretic mobilities quite close to normal albumin and cannot be detected 
by paper or cellulose acetate electrophoretic systems used in routine screening but 
can be detected by the use of other support media (i.e. cellulose acetate or acrylamide 
gel; see, for example. Fig. 1). At present no single system is able to distinguish all the 
albumin variants from each other and from normal albumin. 

A list of albumin variants that have appeared in the literature is presented here 
(Table 1). Some of these variants, however, have not yet been distinguished from other 
known variants by electrophoresis. It is possible that there are more names than there 
are actually different variants. 

Recently Weitkamp et al. have compared samples of many of the 
variants using three starch gel systems. The first employs the sodium acetate- 
ethylenediaminetetraacetic acid system (pH 5.0) described by Kueppers and Bearn. 

Table 2. Relative mobility of twenty-five albumin variants in three starch gel 
ELECTROPHORETIC SYSTEMS (FROM WeITKAMP <''') 

Variant 
Buffer system 

pH 5.0 pH 6.0 pH 6.9 

1. RS-I 1 2 6 
2. Pollibauer 1 2 4 
3. Belem I 2 1 4 
4. B 3 3 1 
5. Roma 3 1 3 
6. Gainesville 3 3 4 
7. Paris (Gombak) 4 3 5 
8. Kashmir (Afghanistan) 5 2 1 
9. Otsu 6 4 2 

10. Santa Ana 7 4 3 
11. SO/BS 7 5 3 
12. Cartago 7 3 5 
13. Xavante 8 6 7 
14. Pushtoon 8 4 6 
15. Cayemite 9 5 6 
16. Mexico 9 4 5 
17. Uinba 9 6 7 
18. Yanomama-2 10 6 6 

Normal albumin 10 6 7 
19. Medan 11 6 8 
20. Maku 12 7 10 
21. Reading (New Guinea) 13 9 9 
22. Makiritare-3 b 8 9 
23. Naskapi 14 10 10 
24. Gent 15 11 10 
25. Kyoto 16 • 11 10 
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Fig. 1. Electrophoretic patterns of serum albumin; 
vertical electrophoresis using a 5% acrylamide gel at 
pH 8.4. 0 = origin; + = direction of anode; 
(1) A/VA/**- (2) A/VA/N-; (3) A/n»/A/n«; (4) Al^/Al\ 
(From Johnston et al. (53)). 
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The second employs a tris-lithium-succinatc-citrate gel buffer (pH 6.0) and a vessel 

buffer of the same composition but diluted 3:1. ***•“’ The third system '**’ has a tray 

buffer of 0.03 M tris (hydroxymethyl) amino-methane, 0.043 M ethylenediaminetetra- 

acetic acid, 0.27 M boric acid (pH 6.4) and a gel buffer of the same but diluted 

1:6.2 (pH 6.9). With these three systems twenty-five variants were distinguished. 

These results^are presented in Table 2 (adapted from Weitkamp '”'). 

Some variants (Table 2) which appear to have the same mobility in one electro¬ 

phoretic system may be distinguished from each other by another combination of 

buffers and media. The most acidic buffer (pH 5.0) is best for comparing the fast 

variants but is relatively ineffective for distinguishing the slower ones. Both of the 

more alkaline systems are necessary to distinguish all of the slow variants. Screening 

for albumin variants with only one or two of these systems does not assure the in¬ 

vestigator that all known variants will be detected. 

Since Weitkamp’s most recent comparison in 1973, there have been additional 

reports of albumin variants. Determining whether these variants are new or not 

requires the extensive comparisons just described. Since most investigators do not 

have a bank of variants for comparison, some of these “new” variants may be identical 

to those already discovered. These new variants include albumin Kuala Lumpur,'**' 

albumin Birmingham,albumin Boal,albumin Luarca and an unnamed 

variant discovered among Japanese emigres to Hawaii. 

The recognition of these and future discoveries as “new” variants rests entirely 

upon comparisons with those variants already known. At present there is no cen¬ 

tralized system for the extensive electrophoretic testing required to determine the 

status of “new” variants. Ultimately, the recognition of new species of albumin 

molecules will depend upon amino acid mapping, but until then the status of new 

variants will be somewhat ambiguous. 

III. FAMILY STUDIES 

A. Mode of Inheritance 

When albumin variants were discovered in the families of propositi the hypothesis 

was advanced that the albumin phenotype was under genetic control. '»•» * » Since 

then numerous p>edigrees have been published (examples are given in Fig. 2) all of 

which support the hypothesis that two autosomal codominant alleles, each having 

complete penetrance and segregating at one locus, control the albumin pheno¬ 
type. n < « « « « Segregation analysis (Table 3) also supports this 

hypothesis. 

B. Linkage to Other Loci 

Pedigree data from families’with alloalbuminemic members have also been analyzed 

to test the possibility of linkage between structural loci for albumin and other genetic 

systems. Table 4 presents a list of the genetic loci systems tested for linkage with the 

albumin locus. Several statistical techniques have been employed; the most common 

of these are those of Finney, Haldane and Smith, Morton and Smith. '**’ 
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Q O Common olbumm (Ag«notyp«) 

B B He»«^ojygofe (^i*/^*** genotype) 

Fig. 2. Pedigrees of Montagnais families with heterozygotes (A) and homozygotes (B). (F 
Melartin.^^'^O 

rom 

Table 3. Segregation of albumin types in families (from Melartin 

.\lbumin types 
of parents 

No. of 
families 

Albumin type of children 

No. of 
children 

A/A A/Na Na'Na 

obs. exp. obs. exp. obs. exp. 

A/A X Na/Na 2 0 0 11 11 0 0 11 
A/A X A/Na 14 24 26 28 26 0 0 52 

A/A A/Me Me/Me 

A/A X A/Me 1 0 2 4 2 0 0 4 

Weitkamp et al. and Kaarsalo et al. initially recognized linkage between 

the albumin and Gc loci. Since these first analyses more pedigrees have become 

available in the literature. From a study of twenty-one pedigrees, fifteen from the 

literature and six new ones, Weitkamp et al. concluded that the most likely 

value for the recombination fraction of albumin and the Gc genotypes is 0.023 (with 

95% probability limits of 0.008 and 0.047). Furthermore, recombination values com¬ 

puted for each pedigree were about the same although six different albumin variants 

werf* ‘•'•^rcgating in the pedigrees (probably albumins B, Santa Ana, Gainesville, 

Syracuse, Naskapi and a dimeric variant). This suggests that all variants are allelic at 

the same locus. Bowen et al. '**’ using the twenty-one pedigrees from Weitkamp 

et al.and three new ones, computed a map distance for the albumin and Gc loci of 

2.5 centimorgans with 95% probability limits of 0.9 to 5.0 centimorgans. 
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Table 4. Linkage between albumin and other loci 

Genetic system Linkage 
Statistical 
methods '*’ Reference 

Group specific 
component (Gc) 7 Arends et 

4- a Bowen et 

+ b, c, d, e Kaarsalo et 

-1- 7 Kueppers et 

+ a, c, d,e Sunderman et 

•f a, c, d Weitkamp et 
a Weitkamp et a/.'’*’ 

+ c Weitkamp et 

ABO — a Bowen et 
— b, c, d, e Kaarsalo et 
— a, b, c, d, e Sunderman et 

- a, c, d Weitkamp et a!}''*'' 

Rh — a Bowen et 
— b, c,d, e Kaarsalo et 
— a, c, d Weitkamp et 

MNS — a Bowen et 
— b, c, d,e Kaarsalo et o/.'*” 
— a, c, d Weitkamp et 

Duffy — b, c,d, e Kaarsalo et 
- a, c, d Weitkamp et 

Kidd a Bowen et 
_ b, c, d, e Kaarsalo et 

- a, c, d Weitkamp et 

P — a Bowen et 

- b, c, d, e Kaarsalo et 

Haptoglobin - b, c, d,e Kaarsalo et 

Transferrin - b, c, d,e Kaarsalo et 

Methemoglobinemia - d Scott and Wright'**’ 

Alpha chain 
haptoglobin 7 Kueppers et al.'*** 

a, Haldane and Smith; b, Finney;'*” c, Smith;'*®’ d, Morton;'**’ e, Mohr.'**’ 

There is a very low probability of linkage between the albumin locus and the other 

loci which have been tested. Scott and Wright "*’ reported that the probability of 

linkage between hereditary methemoglobinemia and albumin was less than 0.08. 

The probability of linkage between the albumin locus and the ABO, MNS, Duffy, 

K-idd, P, haptoglobin and transferrin loci is also small, Kueppers et al. '**’ 

have tentatively suggested that there may be linkage between the loci for albumin and 

the alpha chain of haptoglobin, but this hypothesis has not been tested by any other 

investigators. 

IV. THE DISTRIBUTION OF ALBUMIN VARIANTS 

A. Classification 

At present it is difficult to determine the exact number of albumin variants. There 

are approximately twenty-five variants which have been distinguished from each 
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Other using one or more electrophoretic systems (see Table 2),but this 

figure represents less than half the number of albumin variants that have been re¬ 

ported. Undoubtedly the discrepancy is due to the use of several names to apply to a 

smaller number of variants. Several practices are responsible for the introduction of 

synonyms into the literature on albumin variation. Occasionally, a new variant is not 

named by its discoverer and is later given several names by investigators working 

independently. At other times a variant which had been given a provisional but 

formally precedent name is renamed. In some instances a variant which was thought 

to be new is later recognized to be identical with a previously described variant. The 

result of these practices is a proliferation of variant names, many of which are not 

commonly used or recognized. 

A list of variants is presented in Table 1. This table includes variants w hich were not 

named by their discoverers, variants which have been renamed, variants which may 

be rediscoveries of previously identified variants and variants which appear in com¬ 

parative studies but which have not been described in the literature individually. In 

Table 1 the variant name is listed (when given by the discoverer), notes on similarities 

to other variants, the geographical provenance (when given by the discoverer), the 

reference for the first mention of the variant, and when there are synonyms for a 

variant, the formally precedent name is indicated. 

This extensive list serves several purposes. It serves as a reference for investigators 

interested in the original source of any albumin variant discovered. It may help to 

resolve the history of those variants which have been lost from the literature by 

multiple naming or by other means. Furthermore, it serves to document the history 

of the field, and is a testimony to the large amount of albumin variation and the 

difficulty of settling on a uniform system of reporting and naming albumin variants. 

The variants listed in Table 1 can be classified according to their frequency and 

distribution. Variants may be either rare or polymorphic depending on whether they 

occur at a frequency of 1 % or more. This distinction is based on E. B. Ford’s classic 

definition of genetic polymorphism, “the occurrence together in the same habitat of 

two or more discontinuous forms or ‘phases’, of a species in such proportions that 

the rarest of them cannot be maintained merely by recurrent mutation” (ref. 96, page 

11). Although Ford’s definition and his comments elsewhere indicate that genetic 

polymorphisms are maintained by natural selection alone rather than by genetic 

drift or recurrent mutation, we cannot be certain that natural selection alone 

is responsible for the polymorphic albumin variants. The role of genetic drift, 

particularly drift that is caused by cultural practices and historical accident, cannot 

be accurately estimated in the American Indian populations where the few albumin 

variants that reach high frequencies occur. In the classification presented here, the 

term polymorphic means simply that the variant alleles occur at a frequency above 

1 %, and by implication at too high a frequency to be maintained by recurrent 

mutation. 

The classes, rare and polymorphic, may be subdivided on the basis of distribution. 

There are three classes of rare variants: (1) unique variants which have been seen 

only in the family in which they were discovered ;i(2) restricted rare variants which 

occur in a small number of unrelated individuals of one ethnic group; (3) unrestricted 

rare variants which occur in a small number of unrelated individuals of different 

ethnic groups and presumably different genomes. The polymorphic variants may be 
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either restricted to one ethnic group and locality, or dispersed among several ethnic 

groups and localities. A classification of variants according to these criteria is 

presented in Table 5. 

B. Rare Variants 

As can be seen from Table 5 most variants are unique. The number of unique 

variants may be inflated somewhat since not all variants have been compared directly 

to all others and so some may be identical to already described and named variants. 

Of the restricted rare variants, albumins B, Gainesville and Gent have been found 

only in families of European origin. Albumins Kuala Lumpur and Medan are re¬ 

stricted to families of Far Eastern origin. Albumins Maku and Yanomama are found 

only in South American Indian families. Although these variants are not unique they 

are very rare. 

Albumin Kashmir is restricted to families of Indo-Dravidian descent, but it occurs 

more often than any of the other restricted rare variants. Data on albumin Kashmir 

and other variants which also occur among Indo-Dravidian populations are presented 

in Table 6. As can be seen from the table, several different variants appear to be 

involved but this impression is misleading. Albumin Kashmir, originally described by 

Table 6. Albumin variants from Indian populations 

Location and population Variant name 
Number 

tested 
Number 
variant Reference 

India 
New Delhi unnamed (Kashmir) 518 2 37 
Madras — 275 0 37 
Bombay — 485 0 37 
Bombay (Parsis) — 363 0 97 
Bombay (Iranis) — 33 0 97 
West Bengal (Koaras) — 202 0 98 
Kerala (Kadars) — 213 0 99 
South Indians — 50 0 51 

England 
Kashmiri family (Pakistan) Kashmir 2 35 
Birmingham emigre 

(from India) Birmingham hospital 1 39 
screening 

Afghanistan 
Gawargia (Pushtoon) Afghanistan 251 38 

(Kashmir)' *’ 10 
Pushtoon 7 

Malaysia 
Indians unnamed 36 0 37 

Indians — 532 33 

Gcmbak 1 33 

Sentul 2 33 

South Africa 
Natal 193 1 37 

*•’ Albumins “Kashmir” and “Afghanistan” are electrophoretically identical.'**’ Albumin “Kash 
mir” is the formally precedent name. 
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Tamoky and Dowding, albumin Afghanistan and the unnamed variant re¬ 

ported by McDermidare indistinguishable when compared directly. 

(McDermid’s original suggestion of similarity between the unnamed Indian variant 

and albumins Paris and Gainesville may have been based on arithmetic descriptions of 

migration rates and not on direct comparisons.) Albumin Pushtoon is electro- 

phoretically distinguishable from Kashmir and albumin Birmingham shows dif¬ 

ferent binding properties, but not different electrophoretic mobility from albumin 

Kashmir. There are then three variants involved, Pushtoon, Birmingham and 

Kashmir. Weitkamp et aJ. have suggested that albumin Kashmir may be a 

low-frequency polymorphism in Indo-Dravidian populations. This possibility is based 

on the presence of the variant in geographically diverse Indo-Dravidian populations 

from New Delhi (India), Natal (South Africa), Kashmir (Pakistan) and Gawargia 

(Afghanistan). The variant does not reach polymorphic frequencies, although calcula¬ 

tion of the gene frequency is an estimate since alloalbuminemic individuals from one 

village may be related or may not have been ascertained through a random sampling 

of the population. 

The unrestricted rare variants, albumins Paris and Reading, occur in both European 

and Asian populations. Albumin Paris was first discovered in a French family. 

Several years later a variant termed “Gombak” was discovered among Malays and 

Indians of Malaysia. In a direct comparison of the variants they displayed identical 

electrophoretic mobility,consequently the name “Paris” should be adopted to refer 

to this variant and the name “Gombak” dropped. 

Similarly albumin Reading was first found in a European family '*"* and 
other variants, “Maprik” and “New Guinea” '“-’ooi from New Guinea, and 

“Syracuse”'*"' and “Westcott”'*'• from families of European,origin, were sub¬ 

sequently found to be id entical. Albumin Reading is the formally precedent name. 

Weitkamp e? al. have suggested that the distribution of albumin Reading in New 

Guinea may not be accounted for solely by random genetic forces. The data from 

New Guinea on albumin Reading and albumin Uinba, a rare variant restricted to one 

village in New Guinea, are presented in Table 7. As can be seen from the table, 

albumin Reading just reaches the frequency of 1 % which denotes a polymorphism 

when widely separated villages are combined to form one population. 

C. Polymorphic Variants 

Polymorphic variants, both restricted and dispersed ones, occur only among 

Native American populations. Furthermore, the dispersed polymorphic variants, 

albumins Naskapi and Mexico, have been detected only among North and Central 

American Indian and mestizo populations while the restricted polymorphic variants, 

albumins Yanomama-2 and Makiritare, are found only among South American 

Indian populations. 

1. Restricted polymorphic variants 

Two variants, albumins Yanomama-2 (Yan-2) and Makiritare, reach polymorphic 

frequencies within the ethnic groups for which they were named. Data on albumin 

variants in South America are presented in Table 8. 
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Yanomama-2 is found at a frequency of 7.6% among sixty-four Yanomama villages 

from southern Venezuela and northern Brazil. The frequency tends to be highest 

in the northern area; the highest value for any village is 40%. Screening specifically 

for Yanomama-2, which requires a novel electrophoretic system,has been per¬ 

formed on 2562 sera from several tribes of North and South America. In only one 

case, and that from the nearby Makiritare tribe, was Yanomarna-2 detected. Hence, 

Yanomama-2 appears to be polymorphic within a single ethnically defined group. 

Albumin Makiritare (also called Warao) has been found among the Trio and 

Wajana tribes of Surinam, the Warao of Venezuela and the Makiritare. It 

reaches a frequency of 4% in some Makiritare villages'*** and may be even more 

frequent in some Wajana villages. '*” The average frequency for the variant in seven 

Makiritare villages is 1 %. '**’ Albumin Makiritare reaches polymorphic frequencies 

among several tribal groups, but its distribution appears to be limited to the north¬ 

eastern area of South America only. 

2. Dispersed polymorphic variants 

(a) Distribution. The only variants that have been found at polymorphic frequencies 

in samples from several widely separated geographic areas are albumins Naskapi and 

Mexico. These variants are found only among American Indian populations where 
they often reach frequencies above 1 %. <“.7e.»3.»4.io€i distribution of these variants 

reaches from Alaska to Guatemala. Albumin Naskapi is found predominantly among 

northern populations while albumin Mexico is found among Middle American 

populations. Both variants are found among some populations in the greater south¬ 

west. In this survey the populations are grouped by linguistic affiliation to facilitate 

description. In the subsequent sections linguistic groupings form only a part of the 

interpretation. 

Table 9 shows the distribution of albumin variants among Native Americans of 

North and Middle America. (Stated in this table are the linguistic affiliation, tribal 

name, location, total number in the sample, number of albumin Naskapi heterozygotes 

and, in parentheses, homozygotes, the number of albumin Mexico heterozygotes, and 

homozygotes in parentheses, and the gene frequencies of each variant. Gene fre¬ 

quencies are direct count estimations from the frequency of heterozygotes and 

homozygotes. Some authors have calculated gene frequencies with a correction factor 

for including related individuals in the populations; these data are noted in 

parentheses.) 

Albumin Naskapi is found at high frequencies among the Algonkian-speaking 

Naskapi and Montagnais Indians of Quebec,among Athabascan-speaking Slave 

and Beaver Indians of Alberta and among Athabascan Indians of Alaska. 

Lower frequencies, from 0.5% to 3.4%, are found among the Sioux,'**’ Assini- 

boine,Ojibwa, Cree, '*” Chippewa and Blackfootwho are found 

in the plains and forested regions of the United States and Canada. 

Very low frequencies of albumin Naskapi had been reported for a Tlingit Indian 

sample '**’ and for two Eskimo samples. '*•’ Some of the alloalbuminemic individuals 

within each Sjample were later found to be of mixed ancestry, or of a different ethnic 

group than had originally been supposed. (All the samples in question were collected 
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near Indian populations where the Naskapi gene is present.) Albumin Naskapi now 

appears to be absent from the Tlingit and Haida Indians of the Canadian Pacific 

coast'”’ and from numerous Eskimo samples from Alaska to Greenland. 

Albumin Naskapi is also absent from samples of Omaha Indians of the Macy 

reservation and from Floridian Indians. Albumin Mexico has not been found 

in any of the northern Native Americans who have been tested. 

The distribution of albumin Mexico is limited to more southern regions. Among 

Middle American Indian and Mestizo populations albumin Mexico is occasionally 
found at polymorphic frequencies, us 'm 'h.ih) present from Tamulipas, Mexico, 

on the Gulf Coast in the north to Guatemala City, Guatemala, in the south. 

The highest frequencies of albumin Mexico in Middle America have been reported 

for two Mestizo samples, both in Tlaxcala and Hidalgo, Mexico. 

Albumin Mexico also reaches polymorphic frequencies in the southwest United 

States. The highest frequencies have been found among the Yuman River-speaking 

Maricopa and Cocopah and among the Uto-Aztecan-speaking Pima and 
Zuni. Lower frequencies have been noted for Papago samples. i3<> “.u3i Several 

other samples from southwest tribes have been tested,but these samples are too 

small for an accurate estimate of gene frequency. 

Occasionally, both albumin Mexico and Naskapi are found in the same population. 

These occurrences are limited to several southwestern groups, the Navajo and 

Apache and the Mohave and Maricopa.Within each group, the proportion of 

the variants to each other and to common albumin (.4/^) is different (see Table 9). 

(b) Anthropological interpretation. These differences suggest that albumin variants 

may be a useful indicator of contacts and movements among Native American 

populations. There are features of the distribution of albumin variants which support 

anthropologists' theories regarding relationships among Native American peoples. 

Johnston et al. noted that the distribution of albumin Mexico in Guatemala 

paralleled the archaeological evidence of past cultural relationships there. Archaeo¬ 

logical evidence suggests that the cultures of the Guatemalan highlands were greatly 

influenced by a northern culture, perhaps one centered near the Valley of Mexico 

which surrounds the modern Mexico City. The distribution of albumin Mexico 

reflects this relationship, being present in the Guatemalan highlands but absent 

from the lowland Yucatan where influence from the Valley of Mexico was pre¬ 

sumably less intense. 
The distribution of albumin Mexico to the north of the Valley of Mexico may 

parallel cultural relationships there also. Archaeological research suggests that there 

may have been contact between the Valley of Mexico cultures and peoples in the 

southwest United States, in particular, the Hohokam culture and peoples from the 

area around Tamulipas, Mexico. Albumin Mexico has been found at polymorphic 

frequencies in a sample from Tamulipas, in Pima samples and in one Papago 

sample. The Pima and Papago are thought to be descendants of the Hohokam. 

The presence of albumin Mexico among them may reflect earlier contact with Valley 

of Mexico peoples, and if so, the far higher frequency of albumin Mexico among the 

Pima may further indicate much more contact with the Pima than with the Papago. 

The distribution of albumin Mexico appears to parallel the area of Valley of Mexico 

influence in the American southwest as well as in Guatemala although the direction 

of gene flow and cultural contact cannot be presumed from distributional data. 
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The distribution of albumin Naskapi also parallels some cultural relationships 

among Indian groups of the American southwest. The Navajo and Apache for whom 

polymorphic frequencies of albumin Naskapi have already been noted are closely 

related linguistically to Canadian and Alaskan Athabascan-speaking Indians. Archae¬ 

ological research suggests that the Navajo and Apache gradually moved into the 

southwest from 500 to 1000 years ago. Glottochronological analyses support 

these dates. <*»«•'*'> The presence of albumin Naskapi among them may therefore be 

due to their past relationship with northern peoples who maintain albumin Naskapi 

at polymorphic frequencies. The presence of albumin Naskapi among indigenous 

peoples of the southwest may be due to contact with the Apache and Navajo. Indeed, 

there is evidence for such contact within the last 300 years. 

The distribution of albumin Naskapi in the far north substantiates theories re¬ 

garding the relationship between Eskimos and Indians. Although both groups are 

considered Native Americans, a distinction between them has been-snade on biologic 

and cultural grounds (see, for example, references 117, 122 and 123). The absence of 

albumin Naskapi from most Eskimo samples and its presence among Indians lends 

support to this distinction. 

Although the distribution of albumin Naskapi may reflect movements and contacts 

among Native Americans, the presence of the gene at polymorphic frequencies in 

some areas may have been produced by other factors. The nature of these evolutionary 

forces is not known, nor is it likely to be detected solely from distributional studies. 

However, the distribution of the gene might indicate environments where albumin 

Naskapi has been maintained at polymorphic frequencies by natural selection. For 

example, research into the functional differences between albumins, particularly into 

the different drug-binding properties of albumin Naskapi and common albumin 

might consider their activity with regard to substances common to the ecologies 

of the Naskapi, Montagnais, Slave, Beaver and Alaskan Indians. If selective forces 

operate on the albumin locus, they may be more apparent among those groups where 

albumin Naskapi is more frequent. 

V. SUMMARY 

The human serum albumin phenotype is controlled by two autosomal codominant 

alleles which segregate at a single locus. The albumin and Group Specific component 

loci are closely linked. 

Variants of human serum albumin are indistinguishable from normal albumin by 

immunologic and ultracentrifugation techniques. The variants are distinguishable b\ 

their electrophoretic mobilities. There are approximately twenty-five electrophore- 

tically distinguishable variants. 

Most of these variants are unique although a few variants from different families 

have identical electrophoretic mobilities. Other variants, such as "Kashmir" and 

“New Guinea”, may be more common, but do not reach a frequency of 1 and so 

may not be polymorphic. Albumin polymorphisms are known from Native American 

populations only. In South America there are two variants, albumin Makiritare and 

Yanomama-2, which reach polymorphic frequencies in limited areas. In North 

America albumin Naskapi and Mexico reach polymorphic frequencies in several 
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widely separated geographic regions. The distribution of albumin Naskapi and 

Mexico may parallel relationships among Native American peoples and reflect their 

past movements and contacts. The evolutionary forces responsible for the high 

frequency of albumin variants in some areas are not known. 
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ADDENDUM 

A report by D. Bradley and C. Hornbeck {Biochem. Med. 8, 92-97, 1973) noted 

the presence of albumins Naskapi and Mexico among a White River Apache sample. 

M. H. Crawford, W. C. Leyshon, K. Brown, Frances Lees and L. Taylor {Am. J. 

Phys. Anthrop. 41, 251-268, 1974) noted the presence of albumin Mexico among 

samples from TIaxcala and San Pablo del Monte, Tlaxcala, Mexico. 
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Reprinted from The First Americans: Origins, Affinities and Adaptations. Gustav Fischer, 
New York, Stuttgart (1979) 107-123 

Chapter 5 

Blood Polymorphisms and the Origins 

of New World Populations 

Michelle Lampl and Baruch S, Blumberg 

Introduction 

An objective of this volume is to discuss methods that may be used to identify 

contemporary Asian populations that have affinities with contemporatv' native 

American populations by virtue of their descent from the same ancestral popula¬ 

tion. If such populations exist, their similarity to American populations can be 

demonstrated if they have retained genes present in the ancestral populations and 

in their related populations in the Americas. These would be particularly useful 

if they included genes of polymorphic loci found only in native .Americans and 

their Asian counterparts. In this chapter we will describe genes that may be useful 

in such comparisons. It is obvious that if gene frequencies have altered very 

differently in the two continents by virtue of drift, gene admixture, or differences 

in selection in the two environments, then a comparison using this technique 

would not be possible. Hence, this discussion is based on the assumption that it is 

possible to identify similarities between North American and Asian populations 

by comparisons using the appropriate genes. 

There are two systems (serum albumins and white blood cell HL-.A antigens) 

for which a relatively large amount of data is available and these are discussed in 

greatest detail. In addition, other systems that may be useful are mentioned. 

Albumin Variants 

The albumin polymorphisms may be one of the most useful markers for the 

identification of American Indian affinities. Two genes of relatively wide distri¬ 

bution, albumin Naskapi and albumin Me.xico, have been identified in North 
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and Ccniral American Indian popnlaiiotis. Two ocher genes of relatively re¬ 

stricted distribution, albumin Makiritare and albumin Yanomar:iu-2, have been 

■ found in South American populations. Although rare variaius (i.e., fewer than 

one per 100) have been found :n European, Asian, and Oceanic populations (i.e., 

albumin B, albumin Kashmir), in no case have they reached the 1 percent figure 

char.acteristic of genetic polym.orphisms. Hence, if a polymorphism for albumin 

is identified in an Asian population whose affinities with American Indians is 

suspected, and in particular if the polymorphic variant has the same electro¬ 

phoretic mobility and other characteristics as Naskapi, Mexico, Makiritare, or 

Yanomama,'thcn this would provide a strong argument in favor of the association 

of that population with American Indians (Schell and Blumberg 1977). 

Human serum albumin phenotypes are determined by autosomal codominant 

zdleles which segregate at a single locus. .Albumin variants are distinguished by 

their electrophoretic mobilities (often using several techniques for the separations) 

and appro.ximately 25 such variants have so far been identified (Table 5.1). Most 

of these variants occur rarely (one in several thousand) and presumably are 

maintained in the population primarily as a consequence of recurrent mutation. 

Table 5.1. Rclalive Mobilities of 25 Albumin Variants in Three 

Starch Gel Electrophoretic Systems" 

Buffer system 

Variant pH 5.0 pH 6.0 pH 6.9 

1. RS-I 
2. Pollibaucr 
3. Bciem I 
4. B 
5. Roma 
6. Gainesville 
7. Paris (Gombak) 
8. Kashmir (.Afghanistan) 
9. Otsu 

10. Santa Ana 
11. SO/BS 
12. Cartago 
13. Xavantc 
14. Pu‘ihtt>0!i 

15. Ca\emitc 
16. Mexico 
17. Uinba 
18. Yanomama-2 

Normal albumin 
19. Medan 
20. Maku 
21. Rending (N'-'.v Guinea) 
22. Makiritarc-3 
23. Naskapi 
24. Gent 
25. Kvoto 

1 2 6 
1 2 4 
2 1 4 
3 3 1 
3 1 3 
3 3 4 
4 3 5 
5 2 1 
6 4 2 
7 4 3 
7 5 3 
7 3 5 
8 6 7 
8 4 6 
9 5 6 
9 4 5 
9 6 7 

10 6 6 
10 6 7 
11 6 8 
12 7 10 
13 9 9 
13 8 9 
14 10 10 
15 11 10 
16 11 10 

* From Weitkamp (1973). 
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The present chapter considers the four variants that reach polyinorphic fre¬ 

quencies; Two of these have been obser\'ed in widely separated geo^Jraphic 

regions (Naskapi and Mexico), whereas the other two have been primarily con¬ 

fined to the populations in which they were first discovered (Makiritare and 

Yanomama-2). 

The first albumin variant to be found at polymorphic frequency was reported 

by Melartin and Blurnberg (1965). It has a mobility faster than the common 

albumin A. It was found originally in the relatively isolated Xaskapi and Mon- 

tagnais Indians of Qiiebec Province, Canada and was termed album.in Naskapi. 

This study also contained the first report of individuals homiozygous for an albu¬ 

min other than the common albumin In 1967, a slow moving variant (albumin 

Mexico) was found in polymorphic frequency among Indians of the American 

Southwest and Mexico (Melartin et al. 1967). These variants (Naskapi and 

Me.xico) have not been reported in populations other than American Indians, 

even though many tens of thousands of sera have been examined by the appro¬ 

priate electrophoretic methods. 

Albumin Naskapi is found predominantly among northern populations, 

whereas albumin Mexico is found among southeastern United States and middle 

American populations. Populations in the southwest United States have both 

Naskapi and Mexico (Table 5.2, Figure 5.1). Table 5.2 is adopted from Schell 

and Blurnberg (1977) and Figure 5.1 is taken from Schell et al. (1978). 

The highest frequency of the albumin Naskapi gene (13 percent) is found in 

the eastern regions of North America, among the Algonkian-speaking Naskapi 

of Schefferville, Quebec. High gene frequencies (8 percent) are also found among 

the Montagnais Indians from the same region. Naskapi living at Northwest River, 

however, have a lower frequency of (3 percent). Albumin Naskapi was not 

found in samples of Mohawk and Micmac Indians from the St. Lawrence River 

area, and this river may represent the southern limit of the distribution of this 

variant in the east (Schell et al. 1978). 

In the Ungava region of northern Quebec a few cases of albumin Ntiskapi 

have been found among Eskimos living close to Indian groups with a high fre¬ 

quency of the Naskapi variant. These appear to result from admixture, as no 

variant has been found among the more remote Eskimo populations from Alaska, 

Canada, and Greenland (McAlpine et al. 1974, Melartin 1967, Melartin and 

Blurnberg 1966, Persson et al. 1971). Albumin Naskapi is also apparently absent 

from the Haida and Tlingit Indians of the Canada Pacific coast (Melartin 1967, 

Melartin and Blurnberg 1966). 

Albumin Naskapi, however, is found at high gene frequencies among Atha¬ 

bascan Indians of Alaska (2.8-5.1 percent) (Melartin and Blurnberg 1966, Scott 

and Wright 1969) and Athabascan-speaking Slave and Beaver Indians of Canada 

(9.8 percent) (Bowen et al. 1971). Lower frequencies (less than 3.4 percent) are 

found among a number of other central and western Indian groups; Sioux 

(Melartin and Blurnberg 1966), .Assiniboine (Bowen «/c/. 1971), Ojib\va (Polesky 

and Rokala 1967, Szathmary el al. 1974, Tanis et al. 1974), Cree (Bowen et al. 

1971), Chippewa (Tanis et al. 1974, Weitkamp 1973, Weirkamp et al. 1968), and 
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Blond Polymorphisms 
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Figure 5.1. Distribution of albumins Naskapi and Mexico in native American popula¬ 

tions. ( From Schell et al. 1978.) 

Blackfoot (Polesky and Rokala 1967), although the variant is absent in others, 

i.e., Omaha (Schell et al. 1978). It also occurs in relatively high frequency in the 

.Athabascan-speaking Navajo and Apache (Schell eial. 1978). 

This wide geographic dispersion is consistent with some linguistic and 

cultural-historical data. From archaeologic evidence it is postulated that the 

movement of the Navajo and .Apache into the Southwest from the North took 

place about 500-1000 years ago (Aikens 1970). The Navajo and Apache, fur¬ 

thermore, are linguistically related to Canadian and .Alaskan Athabascan¬ 

speaking Indians, and glottochronologic anal)'ses support these dates (Hoijer 

1956, Hymes 1957). 
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In the southern regions of North America and in General America the slow 

albumin variant, albumin Mexico, has been found in a distribution extending 

from the southwest United States to Guatemala. Albumin Mexico has not (at 

this time) been found in any other native northern North American population. 

Polymorphic frequencies of albumin Mexico have been found among the Uto- 

Aztecan-speaking Pima (Johnston et al. 1969, Polesky et al. 1968! and Papago 

(Brown and Johnson 1970, Johnston et al. 1969, and Melartin 1967), the Zuni 

(Brosvn and Johnson 1970), and the Yuman River-speaking Maricopa and 

Gocopah (Weitkamp 1973). 

The highest frequencies of albumin Mexico in middle America are reported 

for two Mestizo samples (Lisker <?; «/. 1971, Melanin etal. 1967) and the variant 

b present at lower frequencies in populations from Tarnulipas, Mexico on the 

Gulf coast (Lbker et al. 1971) to Guatemala Gity, Guatemala (Johnston et al. 

1973). 

The distribution of albumin Mexico parallels archacologic data for past 

cultural contacts (Weaver 1972, and Wormington 1970). The evidence suggests 

that a culture centered near the Valley of Mexico (area of modern Mexico Gity) 

had contacts with the peoples of the Guatemalan highlands, to the north with 

the Hohokam culture in southwestern United States and with people from the 

area ofTamulipas, Mexico. The Pima and Papago are thought to be descendants 

of the Hohokam (Spencer and Jennings 1965). 

Among several southwestern United States groups (i.e., Navajo, Apache, 

Mohave, and Maricopa), both albumins Mexico and Naskapi are found con¬ 

currently at varying frequencies (Johnston et al. 1969). 

It is interesting that albumin Mexico is found among the Navajo and, to a 

greater extent, among the .Apache, but albumin Naskapi is only rarely found 

among the Uto-.Aztecan tribes. This is consistent with ethnohistorical e\4de!ice 

that, as a result of warfare and kidnapping, Pima and Papago and others were 

assimilated into the Navajo and -Apache groups but the reverse happened less 

often. 

In South America the two geographically restricted variants (albumins 

Yanomama-2 and Makiritare) are found in polymorphic frequencies in the ethnic 

groups after which they are named and in some nearby groups. Yanomama-2 has 

been found at a frequency of 7.6 percent among 64 A'anomama villages in southern 

Venezuela and Northern Brazil. The highest frequency of Yanomama-2 (40 

percent) has been found in a northern village (Tanis el al. 1974). 

Albumin Makiritare (w'hich is identical with albumin Warao) has been found 

among the Makiritare, the Warao of Venezuela, and the Trio and \Vajana tribes 

of Surinam (.Arends et al. 1969, 1970, Geerdink et al. 1971). The variant reaches 

polymorphic frequencies among several tribal groups, but its distribution is 

confined to the northeastern area of South -America. .Although the average 

frequency for the albumin in the Makiritare is about I percent it reaches a fre¬ 

quency of 4 percent in several individual villages. 

Hence, polymorphic variants of albumin have been found only in .American 

Indians (but not Eskimos). The identification ofsimilar variants in .Asian popula¬ 

tions could contribute to our understanding of allinities with Native -Americans. 
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The HL-A System (Human Major Histocompatibility 
Complex ) 

The HL-A system is thought to be the major human histocompatibility system 

(apart tVom ABO) in humans and is present as an antigenic polymorphism on 

many human tissues. The HL-A antigens were first found as isoagglutinogens on 

platelets and white blood cells, and routine determinations utilize these cells. Sub¬ 

sequent research has revealed their medical importance in determining whether 

and to what extent the tissues of a potential transplant donor are compatible with 

the putative recipient. Histocompatibility antigens show a high degree of poly¬ 

morphism, and the great variation of antigen frequencies in different populations 

makes the HL-A system a potentially powerful genetic marker for population 

studies. Research into the histocompatibility system is complicated by the large 

number of antigenic specificities and the difficulties in standardizing reagents. 

Despite this, these systems may prove to be among the most important genetic 

systems for studying relations between human populations. We use it here as an 

example of how such data may be applied to the study of Asian populations that 

may be related to Americans. A revised system of nomenclature for the HL-A 

system has recently been introduced (Amos et al. 1976). To maintain consistency 

with the published population data the earlier nomenclature is used here. 

It is now generally assumed that the HL-A system consists of four autosomal 

linked loci, now termed A, B, C, and D, each with a complex series of allelic 

genes giving rise to distinct antigens. (The actual sequence on the chromosome 

is D, B, C. .1. ) Of these, the antigens defined by the .1. B, and L' loci arc sero¬ 

logically determined and the D locus antigens are responsible for the mixed lym¬ 

phocyte response {MLR locus). An HL-A haplotype generally refers to a section 

of a chromosome containing the A (or LA) locus and the B (second or fourth 

locus) (i.e., a pair of antigens). The reagents for the C locus were not generally 

available until recently. The use of haplotype designations, as we shall see later, 

can lead to very specific identifications ofpopulations. There are some population- 

related antigens at each of the loci. HL-.Al is characteristic of Caucasians, 

whereas HL-A3 and HL-A8 characterize non-Caucasian populations. HL-A9 

is high among Orientals, New Guineans, New Zealand Maoris, Eskimos, and 

American Indians. W10 is high among populations of Asians and North and South 

.Amcx'-ican Indians; and.\V15 is com.monly found in Asia and South .America 

(Bodmer and Bodmer 1974, Colombaniand Degas 1973, Dausset and Colombani 

1973). 

There is a striking amount of homogeneity with respect to the HL-A system 

in American Indians; only two or three alleles of each allele series account for 

most of the variation. Summarizing from numerous sources (Bodmer 1973, 

Eo\vcn etui. 1971, Cann dal. 1973a, b, Colombani and Degas 1973, Corley et al. 

1973, Daveau et al. 1975, Dos.setor et al. 1973, Kissmeyer-Nielson et al. 1973, 

Kostyu et al. 1975, Layrisse et al. 1973a, b, Perkins et al. 1973, Rubenstein et al. 

1967, Speese/a/. 1973,Tittorr/a/. 1973,Troupe/a/. 1973, VanderDoeseta/. 1973, 

Zaretskaya and Fedrunova 1973) it can be said that at the first locus HL-A2 is 

the most frequent gene, found at frequencies higher among American Indian 
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populations than any other populations yet studied. HL-A9, W28, and V\’31 arc 

the other common genes. WIO, \V16, and one of the antigens of the cross-reacting 

set of HL-.A5, W5, and W15, account for the majority of the second series 

variability. 

The HL-A antigens vary geographically among the New World populations. 

W3l of the first series and W15 of the second series are found at higher frequencies 

among South American populations, whereas W28, HL-A9, and \V5 are found 

at highest frequencies among North and Central American Indian populations. 

There appears to be a north-south dine for HL-A9; the highest frequency for 

any population has been observed in Eskimos. Conversely, HL-.A.2 ;s observed at 

high frequencies in central and southern populations tested but is found at much 

lower frequencies among Eskimos. 

Bodmer and Bodmer (1974) suggest that HL-Al, -3, -10, -11, W29, and 19.6 

are absent in American Indians and their presence in a population designated as 

Indian represents admixture. Studies on Mexican Indians, Chilean Mapuchi, 

and Maya support this (.\mos et al. 1970, Rubenstein et al. 1967). 

The data available on HL-A antigens in Mongoloid populations other than 

American Indians indicate that the alleles HL-A2, -9, -10, -11, and W31 of the 

Table 5.3. Population Disiribtiliun of HL A Haplolypes 
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first locus and HL-A5, -12, W5, WIO, \V15, and VV22 of the second locus charac¬ 

terize this group (Dausset and Colombani 1973, Albert et al. 1970, Neel et al. 

1972). 

At the International Workshop and Conference on Histocompatibility Test¬ 

ing held at Evian, France in 1972, papers were presented in which a large number 

of populations had been tested using the same or appropriately compared antisera. 

Frequenties of haplotypes for each of these populations were estimated and the 

most common haplotypes shown in tabular form (Bodmer and Bodmer 1974, 

Dausset and Colombani 1973). We have rearranged these data in Table 5.3 to 

show how the native American populations tested could be readily distinguished 

from most other populations, including the closely related Mongoloid and 

Oceanic groups. In this table high (>0.1) and intermediate (0.05-0.01) fre¬ 

quencies are indicated. From this, it can be seen that there are about 10 haplo¬ 

types that occur at these levels only in native .Americans or at most in one other 

population. Furthermore, there are many haplotypes that occur commonly in 

one or more other population(s) but not at all (or very rarely) in native Americans. 

From this, the discriminating power of the HL-A haplotypes is apparent; it would 

be a very useful tool for comparing eastern .Asian populations with native 

•Americans. 

The Gm System 

The Gm system resembles HL-.A in genetic comple.xity and immunologic 
importance. Gm factors contribute to the inherited variations of the heavy chains 

of IgG. The genetics of the Gm system is comple.x and similar to that of the Rh 

red blood cell antigens. The frequencies of some of the Gm factors vary strikingly 

among populations, and some of the Gm haplotypes (also called allotypes) are 

distinct to specific populations and characteristically either present or absent in 

certain populations. This makes the Gm system a most useful population marker. 

There is presently, however, a number of problems that make it difficult to use 

these factors to their full potential. .As more antisera were developed, more factors 

were determined. In earlier studies only one or two factors may have been identi¬ 

fied, and in subsequent studies four or five factors may hav'e been tested. This 

makes interpopulation compari.sons dirficiUt. Furthermore, Szathmary et al. 

(1974; have pointed out the difficulties of comparing data because of the use of 

different varieties of antisera (“Ragg" and "Snag”) which may have caused 

differences of classifications. 

Early in the investigations the population associations of single factors were 

described (Grubb 1970). Gm(l) is found at nearly 100 percent frequency in non- 

European populations: Gm(6) is rare except in Negroes and Gm(16) is rare 

e.xcept in Japanese (Van Loghem 1970). 

Haplotypc combinations have also been used to identify populations. Mongo¬ 

loid markers reported in the literature are Gm(l,17,21), Gm(l,2,17,21), Gm(l, 

13,17), Gm(l,11,16),Gm(l,a,5,13,14), Gm(l,3,5,1 l),Gm(l,l 1,13,15,16,17,1,5), 
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Gm(l,13), Gm(l,13,15,16,17), Gm(l,10,11,17,25), Gm(l,4,5,10,11,14,23,25;, 

and Gm( 1,4,22). Caucasoid markers include Cm( 1,17,21), Gm( 1,2,21 i, Gmi j.t, 

13,14), Grh(4,5,13,14), and Gm(4,5,8,10,11) (Daveau c/. 1975, Gibiecc 1909, 

Grubb 1970, Steinberg 1969, Steinberg et al. 1974, Szathmar\' et a!. 1974). 

There are certain Gm factors thought to be characteristic of American Indian 

populations. Factors 1; 1,2; 1,2,21; and 1,21 are the most frequently and ubiqui¬ 

tously found. The Mongoloid marker 1,11,16, however, has been identified 

among populations of Ojibwa, and Szaihmary efal. (1974) reports that Schanfield 

identified Gm(l,ll,16) in an Indian group in the Valley of Mexico and in the 

Papago of the American Southwest. 

The Gni system has promising potential for distinguishing native .American 

populations from others, if comparison and “control” populations are studied 

with the same reagents in the same laboratory. 

Red Blood Cell Antigens 

The red blood cell antigens are the most extensively and intensively tested of 

the human polymorphisms. Specific gene frequency distributions for American 

Indians have been known since the earliest investigations of the red blood cell 

antigens. These have been thoroughly reviewed recently by Mourant et al. (1976) 

and will be presented only briefly here. In the ABO system, O occurs in extremely 

high frequencies. In fact, it is assumed that a great majority of prehistoric Indians 

were of the O blood type and that the presence of A and B usually indicates 

genetic admixture with nonnative Americans. Native American populations are 

characterized by a high frequency of M of the MNSs system and, in particular, 

by the alleles MS and Ms. The frequency of the gene of the Rh system is 

higher than anywhere else in the world and the frequency of R°r is extremely low 

or absent. The Kell antigen was probably absent in precontact Indians and occurs 

in extremely low frequency or is absent in most contemporary American Indian 

populations. There is an extremely high frequency of of the Duffy system 

and the Diego gene {DF) occurs only in native American, Asian, and some 

Oceanic populations and, in general, absent from other populations. There is 

in general a dine of increasing frequency of the Di’^ gene from north to south in 

the Americas. The Lewis A and Lutheran A are thought to occur in American 

Indian populations only as results of genetic admixture. 

Serum Protein Polymorphisms 

A large number of serum protein polymorphisms is now known and in some 

cases alleles found only (or rarely), in Mongoloid populations and in native 

Americans have been identified (Mourant et al. 1976). The transferrin variant 

“D Chinese” is found in people of east Asia and also in many American Indian 

populations but rarely in Europeans or other populations. Transferrin Bq.i has 
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been reported only in people of Asiatic origin (including Finns, Lapps, and 

Hungarians) and in native Americans. 

The rare Gc variant, Gc Chippewa, has been found so far only in Chippewa 

and Ojibwa Indians (Szathmary et at. 1974). 

The serum lipoprotein systems (Ag, Lp) have been used only occasionally in 

native American population studies, and no generalization can be made about 

their distribution at present. However, the Ag system is determined by alleles 

segregating at four or more closely linked locuses and complex combinations of 

“haplotypes” are known. If populations can be tested with the same antisera 

using the same techniques, then it is likely that interesting and useful distinctions 

between populations can be made. 

Conclusions 

On the basis of the currently available data, there are several polymorphic 

systems and/or alleles that appear to be unique to native .A.merican populations. 

These include the polymorphisms at the albumin locus, several of the haplotypes 

of the HL-A system, probably some of the haplotypes of the Gm system, ahd 

certain fairly rare alleles (such as Gc Chippewa) of other systems. There is also a 

large number of new polymorphic traits the distributions of which are not known 

but which may in due course be shown to have characteristics that make them 

useful for distinguishing native Americans from other populations. 

Using these traits, and others with distinctive frequencies in native Americans, 

a study could be designed to identify contemporary Asian populations that might 

have ancient affinities with native Americans. 
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ABSTRACT Using an electrophoretic screening procedure, 
we have discovered that two species of human serum albumin 
Mexico occur that are indistinguishable by conventional elec¬ 
trophoretic methods. We suggest that these species be referred 
to as albumins Mexico-1 and Mexico-2. Isolation and determi¬ 
nation of the partial sequence of the cyanogen bromide frag¬ 
ment of albumin Mexico-2 that differs from the corresponding 
fragment of the common albumin A revealed this variant to 
arise from at least a glycine/aspartic acid substitution at posi¬ 
tion 550. This region of the albumin molecule is involved in the 
binding of the fatty acid, palmitate. 

At least two dozen electrophoretic variants of human serum 
albumin have been reported (1,2), but only two of them have 
been characterized with respect to their primary structures: 
albumin A (the common albumin) and albumin B, a rare variant 
found mainly in people of European origin (2, 3). 

We have previously reported the existence of an albumin 
variant (albumin Mexico) that possesses a lower electrophoretic 
mobility than albumin A at pH 8.6 (4). This variant is relatively 
common in Indians of Mexico and the .southwest United States 
and reaches polymorphic frequencies in the Pima Indians of 
Arizona and other Indians (5, 6). 

The standard methods for analyzing albumin variants are 
limited to the detection of surface charges. We have developed 
a more sensitive screening procedure that involves cleavage of 
the albumin with cyanogen bromide and analysis of the frag¬ 
ments by polyacrylamide gel electrophoresis in the presence 
of nonionic detergent (7). Using this method, we have found 
that two species of albumin Mexico exist that are indistin¬ 
guishable by conventional techniques. We suggest that these 
species be termed albumins Mexico-I and Mexico-2. We have 
isolated a cyanogen bromide fragment of albumin Mexico-2 
that differs from the corresponding albumin A fragment and 
identified the molecular difference by peptide mapping and 
sequence determination. 

MATERIALS AND METHODS 

Variant Screening. Albumin was cleaved at the methionine 
residues by treating 25 ;ul of serum with 50 mg of cyanogen 
bromide in nitrogen-saturated 70% formic acid overnight fol¬ 
lowed by lyophilization (repeated once from water). The 
fragments were reduced in 300 /al of 0.20 M triethanolamine 
acetate buffer (pH 8.6), containing 8 M urea, 25 mM methyl 
amine (cyanate trap), 60 mM dithiothreitol, and 10 mM EDTA 
for 4 hr at 37°C. The peptides were then alkylated to prevent 
mixed disulfide formation by adding iodoacetamide to a con¬ 
centration of 130 mM and reacting for 30 min in the dark at 

The publication costs of this article were defrayed in part by page 
charge payment. This article must therefore be hereby marked “ad¬ 
vertisement” in accordance with 18 U. S. C. §1734 solely to indicate 
this fact. 

room temperature. The reaction was stopped by addition of 

excess dithiothreitol. The samples were diluted L5 and pre¬ 

cipitated by addition of trichloroacetic acid to 20%. The frag¬ 
ments were collected by centrifugation, washed with ace¬ 

tone/0.2% HCl and acetone, and dried under reduced pressure. 
All solutions contained 1% thiodiglycol during precipitation. 
Each sample was then dissolved in 300 )ul of loading solution 

(8 M urea/1% thiodiglycol/20 mM dithiothreitol) and reduced 
for about 90 min at 37°C before the gels were loaded. 

The fragments (load equivalent to about 2 ;ul of serum) were 
resolved on 12% polyacrylamide gels containing 5 M urea, 6 
mM Triton X-100, and 5% acetic acid (7). The same gel con¬ 

ditions were also used for isolation of the variant cyanogen 
bromide fragments in a preparative gel electrophoresis appa¬ 

ratus. 
Eor comparison, conventional 8% polyacrylamide gels were 

run with native, uncleaved sera and the Tris/EDTA/borate 
buffer of Peacock et al. (8) or 50 mM Tris-HCl (pH 8.6). 

Peptide Analysis. The protocol has been described in detail 
(9). Briefly, purified cyanogen bromide fragments were di¬ 

gested with trypsin in 0.1 M ammonium bicarbonate (pH 8.1) 
at a 1:25 enzyme-to-substrate ratio. The incubation was made 
0.2 mM in tosylphenylalanylchloromethyl ketone (TPCK) to 

inhibit residual chymotryptic activity. The insoluble tryptic 
cores were recovered and digested with thermolysin. 

Peptides were resolved by microfingerprinting on Avicell 
coated plates as described (9) except that electrophoresis was 
for 90 min. Peptides were visualized with fluorescamine, eluted 
with and hydrolyzed in 6 M HCl, and subjected to amino acid 
analysis on a Durrum (Palo Alto, CA) D-500 amino acid ana¬ 
lyzer. 

Edman Degradation. The manual procedure was performed 
essentially as described by Edman (10) except that the coupling 
and cyclization times were doubled and 30% pyridine was used 
as the aqueous phase (in place of 0.1 M HCl) due to the insol¬ 

ubility of the peptide in the latter. The resulting amino acid 
thiazolinones were converted to free amino acids by hydrolysis 

in 6 M HCl containing 0.1% SnCl2 for 8 hr at 150°C (11). 
Materials. Sera. Only samples previously classified by cel¬ 

lulose acetate electrophoresis (Tris citrate buffer, pH 5.4) as 
being heterozygous or homozygous for the albumin Mexico 
allele were subjected to the new screening procedure. Eight 
samples were from the San Carlos Apaches of southeastern 
Arizona; seven of these were heterozygotes for albumin Mex- 
ico-1, as were two samples of unspecified origin. One of the 
Apache samples was an albumin Mexico-2 heterozygote. Seven 
samples were from the Pima Indians of the Gila River Com¬ 
munity in Arizona; five were found to be heterozygotes for 
albumin Mexico-2 and two were homozygotes. Two of the 
heterozygotes were the parents of one of the homozygotes. 
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Reagents. Electrophoresis-grade aerylamide was from 
Bio-Rad, Ultrapure urea was obtained from Bethesda Research 
(Rockville, MD). Cyanogen bromide, fluorescamine, thiodi- 
glycol, triflouroacetic acid, and iodoacetamide were purchased 
from Pierce. TPCK-treated trypsin was from Worthington and 
thermolysin was obtained from Sigma. Dithiothreitol was from 
Calbioehem. Phenylisothiocyanate was from Beckman, Pyri¬ 
dine and ethyl acetate used for sequence determination were 
from Burdick and Jackson (Muskegon, MI), 

RESULTS 

Fig. 1 compares the electrophoretic mobilities in an 8% poly¬ 
acrylamide gel of intact, undenatured sera containing albumin 
phenotypes A/Mexico-1, A/Mexico-2, Mexico-2/Mexico-2, 
A/B, and A/A. The heterozygotic albumins A/Mexico-1 and 
A/Mexico-2 po.ssess two bands of equal intensity, one migrating 
identically to the common albumin (A/A) and one migrating 
more slowly. The albumin Mexico-2 homozygote has a single 
band that comigrates with the slow component of both types 
of albumin Mexico heterozygote. Albumin A/B, shown for 
comparison, again has one band comigrating with albumin A/A 
and another band migrating even more slowly than the albu¬ 
mins Mexico. 

In order to differentiate between variants that migrate 
similarly in conventional electrophoretic systems but that may 
arise from amino acid substitutions in different regions of the 
albumin molecule, we devised a screening strategy. A small 
quantity of whole serum was treated with cyanogen bromide 
to cleave at each of the six methionine residues of albumin. The 
fragments were then reduced, alkylated, and resolved on 
polyacrylamide gels containing urea, acetic acid, and Triton 
X-100. In control experiments (not shown) we found that other 
serum proteins do not interfere with these analyses. Purified, 
defatted albumins (3, 12) produce the same pattern. Fig. 2 
shows the results obtained by treating the same samples shown 
in Fig. 1 in this manner. The albumin Mexico-2 heterozygote 
shows two bands of about equal intensity in the vicinity of 
fragment CNBr VII (residues 549-585), one comigrating with 
the normal fragment and one possessing a greater mobility 
(fragment CNBr VIIM2). The homozygote of albumin Mex¬ 
ico-2 exhibits only the faster migrating variant fragment. These 
results are indicative of a substitution site in fragment CNBr 
VII of the variant molecule. Heterozygotic albumin B, shown 
for comparison, possesses a band in the normal position of 
fragment CNBr VII and a very fast migrating band, CNBr 
VIIB, consistent with its postulated lysine/glutamic acid sub¬ 
stitution at position 570 (3). The cyanogen bromide fragments 
of albumin Mexico-1 migrate identically to those of albumin 
A under these conditions. Thus, the molecular difference be¬ 
tween albumins Mexico-1 and A, as indicated by the differences 
in electrophoretic mobilities of the native proteins (Fig. 1), could 

not be identified by this system. 

1 2 3 4 5 6 

+ 

Fig. 1. Electrophoretic mobilities of native variants. Track 1, 
A/Mexico-1; track 2, Mexico-2/Mexico-2; tracks 3 and 4, A/Mexico-2 
(parents of individual in track 2); track 5, A/B; track 6, A/A. Gel was 
8% polyacrylamide containing 50 mM Tris-HCl (pH 8.6). Stain was 
Coomassie brilliant blue R-250. 

1 2 3 4 5 

-VII 

m -VMM2 

-VIIB 

Fig. 2. Resolution of alkylated cyanogen bromide fragments of 
albumin variants. Gel 1, A/A; gel 2, A/Mexico-1; gel 3, Mexico-2/ 
Mexico-2; gel 4, A/Mexico-2 (parent of individual in gel 2); gel 5, A/B. 
Gels were 12% polyacrylamide containing 5 M urea, 6 mM Triton 
X-100, and 5% acetic acid. Stain was Amido black 10 B. Cyanogen 
bromide freigments were originally identified on the basis of molecular 
weight and amino acid composition and are numbered by Roman 
numerals in accordance with their order in the known sequence of 
albumin A. M2 and b refer to variant peptides found only in albumins 
Mexico-2 and B, respectively; m refers to modifications probably 
arising from oxidation of unreacted cysteine or lysine alkylation by 
iodoacetamide. Fragments CNBr II and IV have not been identi¬ 
fied. 

In order to localize the amino acid substitution site within 

fragment CNBr VII of albumin Mexico-2, it was necessary to 

isolate this fragment in a homogeneous state. This was accom¬ 

plished by preparative polyacrylamide gel electrophoresis in 

the presence of urea, acetic acid, and Triton X-100. Fig. 3A 

shows the elution profile of a preparative gel run obtained from 

400 /ul of cleaved and alkylated whole serum from an individual 

homozygous for albumin Mexico-2. hVagment CNBr VIIM2 

eluted first, followed by fragments CNBr VI, V, I, and III and 

uncleaved CNBr II and III. Fig, 3B shows an analytical gel run 

of the fragments purified by preparative electrophoresis. 
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Fig. 3. (A) Purification of CNBr fragments from albumin Mexico-2 by preparative polyacrylamide gel electrophoresis. Gel conditions were 
as for Fig. 2. Fractions were precipitated by addition of trichloroacetic acid to 20%, pooled as indicated by tne vertical lines, and collected by 
centrifugation followed by washes with acetone/0.2% HCl and acetone. (B) Analytical gels of purified CNBr fragments from albumins Mexico- 
2/Mexico-2 and A/Naskapi. Gel numbers refer to the fractions indicated in A and gel conditions were the same as for Fig. 2. Gel A is the purified 
fragment CNBr VII from an albumin A/Naskapi beterozygote. 

Fragment CNBr VIIM2 as well as fragments CNBr VI, V, and 
I appear homogeneous by this method. Also shown is the nor¬ 
mally migrating CNBr VII fragment (isolated from an albumin 
Naskapi heterozygote), which is also homogeneous. 

The purified fragments CNBr VII and VIIM2 were digested 
with trypsin. Peptides that precipitated out during tryptic di¬ 
gestion were recovered and digested with thermolysin. Reso¬ 
lution of the peptides was then accomplished by microfinger¬ 
printing. In Fig. 4 the tryptic peptide maps of fragments CNBr 
VII and VIIM2 are compared. The major difference is the ab¬ 
sence of peptide T1 in albumin Mexico-2. Upon elution and 
amino acid analysis of the peptides, it was found that peptide 
T1 from CNBr VII was homologous in composition with resi¬ 
dues 549-557 in albumin A, which has the sequence Asp-Asp- 
Phe-Ala-Ala-Phe-Val-Glu-l.ys (13). Peptide Tla from CNBr 
VIIM2 was also homologous in composition with residues 

549-557, but lacked one aspartic acid residue and contained 
one glycine residue (Table 1). The remainder of the tryptic 
peptides of albumin Mexico-2 were homologous in composition 
to that expected from the known sequence of albumin A (13). 
This was in some cases also confirmed by peptide mapping and 
analysis of the thermolysin peptides (data not shown). The spot 
migrating just below peptide T5 in CNBr VII appears to be a 
mixture of derivatives of peptides T1 and T5. Thus, albumin 
Mexico-2 appeared to arise from the substitution of a glycine 
for an aspartic acid residue at position 549 or 550. 

Due to the presence of two aspartic acid residues in tandem 
at the NH2 terminus of fragment CNBr VII, it was necessary 
to perform two cycles of the Edman degradation on this frag¬ 
ment to determine which aspartic acid residue was substituted. 
The first cycle released residues in the ratios: aspartic acid, 1.00; 
glycine, 0.16; and leucine, 0.14. Cycle two produced glycine. 

+ 

Fig. 4. Tryptic peptide maps of fragments CNBr VII and VIIM2. (A) CNBr VII; (B) CNBr VIIM2. Peptides are numbered in accordance 
with their order in the known sequence of albumin A. Peptide Tla contains the substitution unique to albumin Mexico-2. The doublet seen 
in spot 2 may result from cys^^eine oxidation. Abscissa, electrophoretic dimension, pH 4.7; ordinate, chromatographic dimension. 
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Table 1. Amino acid composition of peptides T1 and Tla from 

fragments CNBr VII and V1IM2, respectively 

Amino acid 
Residues per mole 

Albumin A* Peptide TU Peptide Tla^ 

Asp 2.0 1.9 1.0 
Thr 0.0 0.0 0.1 
Ser 0.0 0.0 0.2 

Glu 1.0 1.1 1.3 
Pro 0.0 0.0 0.0 

Gly 0.0 0.0 1.1 

Ala 2.0 2.0 2.2 

Val 1.0 1.0 1.0 
Met 0.0 0.0 0.0 

lie 0.0 0.0 0.0 

Leu 0.0 0.0 0.2 
Tyr 0.0 0.0 0.0 

Phe 2.0 2.0 1.8 
His 0.0 0.0 0.0 

Lys 1.0 1.0 1.0 
Arg 0.0 0.0 0.1 

* From J. R. Brown (13). 
^ Uncorrected for hydrolysis loss. 

1.0; aspartic acid, 0.22; and alanine, 0.18. It is thus aspartic acid 
550 that has been replaced by glycine in albumin Mexico-2. 

DISCUSSION 

The results reported here indicate that albumin Mexico-2 is a 
new variant, differing from albumin A by the substitution of 
glycine for aspartic acid at position 550. This loss of one negative 
charge is consistent with the lower anodic electrophoretic 
mobility of the native protein at pH 8.6. It is of interest that 
fragment CNBr VII is also the site of the only other known 
substitution, the glutamic acid lysine change occurring at 
position 570 in albumins Oliphant and Ann Arbor [which are 
electrophoretically indistinguishable from albumin B (3)]. Our 
finding of a more positively charged fragment CNBr VII in 
albumin B supports the notion that these three variants are the 
same protein (3,14). We have found electrophoretic differences 
in cyanogen bromide fragments I, V, and VI in other albumin 
variants (not shown). 

The literature on human serum albumin reports over 80 
“named variants,” but only about two dozen distinct electro¬ 
phoretic mobilities are detectable at three different pH values 
on starch gel electrophoresis (1). The use of Triton electro¬ 
phoresis of cyanogen bromide fragments may alleviate this 
confusion in two ways. First, it may distinguish between vari¬ 
ants that comigrate on conventional gels but have different 
primary structures by localizing substitution sites to particular 
regions of the molecule. Second, the acidic, denaturing, and 
reducing conditions under which the gels are run eliminate 
many artifacts expected in serum samples suffering from harsh 
treatment (aggregation, deamidation, oxidation, etc.). Artifacts 
of this nature may account for some of the published reports 
of albumin variants. 

A further advantage of the Triton method is its ability to 
resolve neutral substitutions as well as charged ones by virtue 
of differential Triton binding to regions of proteins possessing 
high helical probability (15). We have resolved several histone 
variants differing only in the substitution of one or two neutral 
amino acids by this method (16, 17). This allows the possible 
detection of a new class of albumin variants that could not be 
recognized on conventional systems. 

Some named variants (including albumin Mexico-1) exhibit 
the same pattern as the common albumin A in our system. It 

is possible that in some cases this is because the “variant” arises 
from some of the artifacts mentioned above. In other cases, this 
could be due to neutral/acidic residue substitutions which 
would not be detected at pH 3.0 unless the Triton-binding 
properties were altered. (For albumin Mexico-I, the latter is 
more likely.) It is conceivable that albumin Mexico-I also pos- 
se.sses the glycine/aspartic acid substitution found in Mexico-2 
but that it is obscured by a second substitution. 

Incomplete cleavage by cyanogen bromide is responsible for 
the appearance of a major band migrating above fragment 
CNBr III (Fig. 2). This band has a molecular weight of about 
23,000 on sodium dodecyl sulfate gels and probably arises from 
the known partial cleavage of the methionine-cysteine bond 
at position 123 [fragments CNBr 11 -I- III (18)]. 

Screening for variants of albumin (or other macromolecules) 
by the method described here could be of great aid to future 
anthropological studies. The origins and affinities of certain 
groups of American Indians have been studied through the 
distributions of albumins Naskapi and Mexico (2). These dis¬ 
tributions are consistent with linguistic and archaeological 
evidence of population movements and contacts (2). However, 
albumin studies can be misleading in cases where two variants 
comigrate in conventional electrophoresis systems (such as 
cellulose acetate or starch gel) but are not molecularly identical. 
The two Mexico variants illustrate this point. Albumin Mexico 
was first reported in 1967 (4) and since that time has been found 
in American Indian groups from the southwestern United States 
of Guatemala (2). Because all of these surveys have used con¬ 
ventional electrophoresis techniques, it is impossible to deter¬ 
mine what proportion of samples classified as Mexico is Mex¬ 
ico-1 or Mexico-2. Triton electrophoresis of cyanogen bromide 
fragments of eight serum samples from the San Carlos Apaches 
and two samples of unspecified origin that had been classified 
as heterozygous for albumin Mexico showed only one of them 
to have the fast migrating CNBr VII fragment characteristic 
of albumin Mexico-2. Thus far, the variant has been observed 
in seven Pima Indians—the homozygous female and her het¬ 
erozygous parents reported here and in an unrelated male 
homozygote and three unrelated heterozygotes. Additional 
surveys will be necessary to establish the distributions and gene 
frequencies of both albumins Mexico-1 and Mexico-2. Such 
studies may shed additional light on the population relationships 
of Indian groups in the Southwest and Mexico. 

Because albumin is the major carrier of many physiologically 
active substances and drugs in the blood, it is possible that some 
variants have different functional properties. This notion is 
supported by our finding that heterozygous albumins Mexico 
and Naskapi exhibit a small but significant decrease in binding 
affinity for the drug warfarin (19). The aspartic acid/glycine 
substitution at position 550 in albumin Mexico-2 occurs in a part 
of an «-helical region that is sensitive to small changes in the 
helix nucleation parameter. According to the predictive rules 
of Chou and Fasman (20), the substitution of helix-indifferent 
aspartic acid by the strong helix breaker, glycine, is sufficient 
to cause a gap in the helix of about four residues. Because this 
region of fragment CNBr VII is part of a fragment (loops 7-9) 
that appears to be involved in palmitate binding (21), a change 
in helical content may influence the binding capacity of this 
variant for fatty acids. This hypothesis can be tested. 

Single amino acid substitutions in hemoglobin variants pro¬ 
duce several disease states due to altered functional properties 
of the molecule (22), and it is possible that albumin variants play 
a role in the development of disease in American Indian pop¬ 
ulations where variants are common. Both albumin Mexico and 
diabetes occur with high frequencies in several American In¬ 
dian tribes of the Southwest (5, 6, 23). A study on the co-oc- 
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ciirrence of albumin variants and diabetes in individual persons 
may provide interesting results. 
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Alloalbuminemia in North India 

Harsurinder Kaur,' - Samuel G. Franklin.' Prabodh K. Shrivastava,^ 

AND Baruch S. Blumblrg' 

SUMMARY 

Electrophoretic screening of sera from 550 individuals from Punjab, 

North India, revealed four cases of alloalbuminemia. Two albumin var¬ 

iants migrated slower and two migrated faster than the common albumin 

A. These variants were further analyzed by electrophoresis of their cyan¬ 

ogen bromide fragments to localize their molecular differences. One of 

the slow variants appears similar to. it not identical with, albumin B, 

with an altered cyanogen bromide fragment CNBr VII. The other slow 

variant appears to be a new variant (proposed name albumin Punjab) 

differing from albumin A in an altered fragment CNBr VI (which also 

occurs in albumins Kashmir and Adana) and in an altered fragment 

CNBr 1. Among the fast variants, one has the same altered fragment 

CNBr V as albumin Naskapi, while the other appears to be a new variant 

(proposed name albumin Patiala) having an altered fragment CNBr VI. 

The presence of albumin Naskapi in Punjabis, North American Indians, 

and Eti Turks (previously reported) is consistent with the existence of a 

common ancestral population in which the mutation to Naskapi occurred 

before the migrations eastward and westward. 

INTRODUCTION 

Atal et al. [1] reported the first case of alloalbuminemia in India in a patient from 

Agra in Uttar Pradesh, North India. On cellulose acetate electrophoresis, one 
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band migrated in the position of the common albumin A and the other migrated 

more slowly. McDermid [2] described slow alloalbuminemia in two individuals 

from Delhi. This variant was provisionally identified as albumin Gainsville by 

McDermid but was later found to be indistinguishable by electrophoretic mobility 

from albumin Afghanistan [3]. Albumin Kashmir, a slow heterozygote, was found 

in London in a Muslim family originally from Kashmir by Tarnoky and Dowding 

[4]. It was found to be identical in terms of mobility with albumin Afghanistan 

described by Weitkamp and Buck [5]. Three more slow variants were found in 

India in the recent past [6-8]. 

The first case of homozygous alloalbuminemia of the fast type in Indian popula¬ 

tions was reported by Sehajpal et al. [9] from Punjab. We previously described a 

variant in a Tharu tribal from Uttar Pradesh where the albumin resolved into two 

fractions, one migrating with albumin A and the other faster than it. This was 

apparently a case of transient alloalbuminemia [10] because when examined a 

few months later the albumin in a fresh sample from this individual appeared 

normal. We detected yet another atypical albumin in an individual from Leh [11]. 

In this case, the albumin separated into two fractions located within the confines 

of the albumin A zone. Rao et al. [12] reported two more cases of alloalbuminemia 

from Hyderabad, one of which was found to be identical with albumin Kashmir, 

and another migrating faster than it was designated albumin Koya Dora after the 

name of the tribe in which it was discovered. Figure 1 shows the areas where 
albumin variants were found in different population groups. 

We report here on four albumin variants found among 550 individuals from the 

state of Punjab. By using a technique we developed to more clearly discriminate 

between variants with similar electrophoretic mobilities [13], we find that two of 

the variants are similar to or identical with albumins B and Naskapi and that the 

other two appear to be new variants. 

MATERIALS AND METHODS 

Population 

The material for the present study includes 100 Jat Sikhs and a heterogeneous group of 
450 other Punjabis (table 1). Punjab is a fiat alluvial plain with an altitude less than 300 m. 
The state is thickly populated with a density of about 269 persons per sq km. The Punjabis 
are physically well built, of medium to fair complexion, and in many respects resemble 
Europeans. They are considered to be distinct from other Indian population groups. Ethni¬ 
cally they appear to be a mixture of diverse populations, of which Nordic, Mediterranean, 
and Scythian are thought to be the major ones [14]. The Jat Sikhs are a dominant agricultur¬ 
al community of Punjab and are thought to be of Indo-Scythian origin. 

Methods 

About 5 ml of venous blood was drawn from each individual under sterile conditions. 
The samples were examined by the techniques of Poulik [15], Fine [16], and Jeppsson et al. 
[17], and by use of 8% polyacrylamide gels using 0.05 M Tris-HCl buffer, pH 8.6. 

Sera with variant albumins were further analyzed by first cleaving the samples with 
cyanogen bromide followed by alkylation of the resulting polypeptides with iodoacetamide 
and electrophoresis in 12% polyacrylamide gels containing 5% acetic acid, 5 M urea, and 
6 mM Triton X-100, pH 3.0 [13]. In some cases, samples were also run in 15% polyacryl¬ 
amide sodium dddecyl sulphate gels using a method modified from that of Laemmli [18]. 
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Fig. I.—Map of India and neighboring countries showing locations (•) where albumin variants 

were found. 

RESULTS 

Four different types of alloalbuminemia were found in this study. Two migrate 

slower than albumin A and were tentatively designated albumins Sirhind and 

Punjab; the other two migrated more rapidly and were designated albumins Khan- 

na and Patiala. Albumin Patiala appeared to be a homozygote by electrophoretic 

criteria. However, in the absence of family data, the possibility that the Patiala 

allele is heterozygous with an allele producing little or no albumin product cannot 

be ruled out. For the purposes of discussion and the calculation of gene frequency, 

we consider it to be homozygotic. All the other variants in this study were hetero¬ 

zygous with albumin A. These variants were compared with standard variants of 

which B, Kashmir, Adana, Makiritare, Mexico, and Santa Ana were slow and 

Naskapi, Mersin, Paris, and Gent were fast. 

Figure 2 shows that albumin Sirhind migrates like albumin B in 8% polyacryl¬ 

amide gels. The other slow variant, designated albumin Punjab, has essentially 
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TABLE 1 

Distribution of Albumin Variants in Punjab, North India 

No. Variant No. vari- Gene Ire- 

Tribe tested type ants quency 

Jat Sikhs . ... 100 Punjab 1 .005 

B 2 .010 

Patiala 1* .010 
Khatris . 76 B 1 .007 
Balmikis. ... 109 B 1 .005 
Banias, blacksmiths, carpenters, etc. ... 265 Naskapi 1 .002 

* Homozygote (by electrophoresis). 

the same electrophoretic mobility as albumins Kashmir and Adana in this gel 

system. Albumin A/Khanna migrates like A/Naskapi, whereas albumin Patiala/ 

Patiala migrates faster than Naskapi/Naskapi. 

Variants that have the same mobilities in conventional gels may actually arise 

from substitutions in different regions of the molecule. By localizing the substitu¬ 

tion to a particular cyanogen bromide fragment, a higher level of discrimination 

between albumin variants can be achieved. This technique also minimizes the 

effects of deamidation, oxidation, and aggregation. 

Figure 3 compares the CNBr fragments of the variants from figure 2. Albumin 

Sirhind, which comigrates with albumin B in 8% gels, shows the same variant 

CNBr fragment VIIB as does albumin B. Albumin Kashmir appears to have a 

similar CNBr fragment VI as albumin Adana (residues 447-548). Albumin Pun¬ 

jab, which has the same electrophoretic mobility as albumins Kashmir and Adana 

in conventional polyacrylamide gels,'also has a similar fast-moving fragment VI 

(fragment VIAd) and, in addition, has an altered CNBr fragment IP (residues 

1-87). 

Albumin A/Khanna shows the same altered fragment CNBr V as A/Naskapi 

(VN, residues 330-446). Albumin Patiala shows an apparent deletion of fragment 

VI on Triton gels. However, when this sample was subjected to SDS polyacryl¬ 

amide gel electrophoresis (both cleaved and uncleaved), it behaved as did albumin 

A. This indicates that fragment VI is not deleted and that a substitution in frag¬ 

ment VI has probably shifted the mobility to that of another fragment. 

DISCUSSION 

Two new variants have been found in this study, which we have designated 

albumins Punjab and Patiala. Albumins Kashmir and Adana (which we described 

in a population from Turkey: the Eti [19]) appear to be identical with each other 

within the limits of resolution of the methods used in this study. The name albu¬ 

min Kashmir is formally precedent. Albumin Sirhind appears to be the same as 

albumin B and albumin Khanna the same as Naskapi. This is the first report of 

what appears to be albumin B in India. Previously, this variant has been reported 

only in Europeans [20]. Albumin Khanna appears identical with albumin Naskapi, 
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1 23456 789 10 11 

Fig. 2.—Electrophoretic mobilities of native albumin variants. Tracks I and II, A/A; track 2, 
A/Naskapi; track 3, A/Khanna; track 4, A/B: track 5, A/Sirhind; track 6. A/Punjab; track 7, A/Ada¬ 
na; track 8. A/Kashmir; track 9. Naskapi/Naskapi; track 10. Patiala/Patiala. Na. Naskapi; Pa. Patiala. 
Electrophoresis was in polyacrylamide gels containing 50 mM Tris-EICI, pH 8.6. Stain was Coomas- 
sie Brilliant Blue R-25(). 

which, heretoi'ore. has been found only in North American Indians and the Eti 

Turks [19, 20]. 

Albumin Punjab, apparently a new slow variant that comigrated with albumins 

Kashmir and Adana in 8*% polyacrylamide gels, showed altered CNBr fragments 

IP (residues 1-87), which include the binding sites of CiP7 Ni”"^, and Ca"^^, and 

VI Ad (residues 447-548), which includes the binding sites of tryptophan and pal- 

mitate. We earlier observed a similar shift in fragment CNBr I (data not shown) in 

a slow Pima variant and found that it had arisen because of deletion of the 

N-terminal aspartic acid. 

The slow variant, albumin Kashmir, has been reported to occur in people 

originating from three different areas (Kashmir, New Delhi, and Hyderabad) of 

India [2, 4, 12]. Albumin Adana was identified in 1980 [19] in the Eti Turks of 

southeastern Turkey. In our present study, both albumins Adana and Kashmir 

show a similarly altererd fragment CNBr VI (residues 447-548) when analyzed by 

the new screening procedure. The possible presence of this rare gene among cer¬ 

tain Indians and Turks is consistent with a common origin for these populations 

and with the occurrence of the mutation to albumin Kashmir prior to their separa¬ 

tion. 

Albumin Patiala appears to be a new variant that differs in fragment CNBr VI, 

the principal binding site of palmitate [21], This is the same fragment in which the 

variations for albumins Kashmir and Punjab occurs, but the amino acid substitu¬ 

tion appears to be different from any other population. This is the fastest migrat¬ 

ing variant reported so far. 

The apparent presence of albumin B in North India indicates that this gene is 

not restricted to European populations as it previously appeared to be. According 
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to historical and other information, the Punjabis descended from early Aryan 

settlers who migrated from Europe, entered India on the northwestern border, and 

established themselves in Punjab [14]. They avoided union with aboriginal popu¬ 

lations. In contemporary Punjab, there is a subpopulation that has certain physi¬ 

cal characteristics similar to those of Europeans. The albumin B variant may have 

been introduced by this group. Alternatively, it may have been introduced by the 

British who first entered India in 1599. India, after 1857, was under British rule 

until 1947. Population admixture is known to have occurred during this period. 

Since most of the variants have been reported from North India, which was 

invaded by Afghans, Moghuls, Turks, and Arabs in early historic times, it appears 

reasonable to postulate that some of the albumin variant genes entered India from 

central Asia. This may explain the presence of what appears to be albumin Naskapi 

in this population. This hypothesis is further supported by the finding that al¬ 

bumins Kashmir and Adana appear to be identical, that is, that the populations 

share a variant not found elsewhere. The Naskapi variant was detected first in an 

American Indian tribe, the Naskapi Indians of Quebec, in high frequency [22]. It is 

123456789 10 
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Fig. 3.—Resolution of'alkylated cyanogen bromide fragments of albumin variants. Gel 1, A/A; ge! 2, 

A/Naskapi; gel 3. Naskapi/Naskapi; gel 4, A/Khanna; ge! 5. A/B; gel 6. A/Sirhind; gel 7, A/Punjab; 

gel 8, A/Adana; gel 9, A/Kashmir; gel 10, Patiala/Patiala. Electrophoresis was on 30-cm-long, 12% 

polyacrylamide gels containing 5 M urea, 6 mM Triton X-100. and 5% acetic acid. Stain was Amido 

Black 10 B, Fragments are numbered in accordance with their order in the known sequence of albumin 

A. P, N, Ad, and B refer to variant peptides found only in albumins Punjab, Naskapi (Khanna). Adana 

(Kashmir, Punjab), and B (Sirhind), respectively, m refers to modifications probably arising from 

oxidation of unreacted cysteine or lysine alkylation by iodoacetamide. Fragment IV has not been 

identified. Unlabeled minor bands near the bottom of gels 5 and 6 nGse during storage and may be due to 

proteolysis. 
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also found in lower frequency in other North American Indians, including the 

Athabascan-speaking people of western North America [20] who probably mi¬ 

grated to the New World many centuries ago from locations in Asia. In 1980 we 

reported the presence of albumin Naskapi in Eti Turks [19], The contemporary 

distribution of albumin Naskapi in Asia and in North America could be explained 

by its origin in central Asian people who later migrated into India, Turkey, and 

the Americas. 
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Reprinted from Biochem. J. (1956) 63, 715-717 

The Selective Solvation of the Hyaluronic Acid Complex 
of Ox Synovial Fluid 

By B. S. BLUMBERG* and A. G. OGSTON 
Department of Biochemistry, University of Oxford 

{Received 6 Febrtiary 1956) 

This work was undertaken to test the suggestion 
made by Johnston (1955) that a large part of the 
volume occupied in solution by the coiled-chain 
particles of the hyaluronic acid complex (Ogston & 
Stanier, 1951, 1952) might be ‘impenetrable’ by 
serum albumin. Such an impenetrability could 
equally be regarded as a positive selective solvation 
of the hyaluronic acid complex by components of 
the solution (water and buffer salts) other than 
albumin (Ogston, 1954). This hypothesis was tested 
by studying the effect of concentration of albumin 
on the sedimentation of the hyaluronic acid com¬ 
plex in the ultracentrifuge; this is the method used 
by Lauffer and his colleagues (see Lauffer, Price & 
Petre, 1949) to estimate the ‘solvation’ of virus 
particles. 

* Fellow of the Arthritis and Rheumatism Foundation. 

The rate of sedimentation of the hyaluronic acid 
complex becomes zero when the reciprocal of its 
effective specific volume (i.e. its effective density in 
solution) is equal to the density of the solution. Its 
effective density can be regarded as being deter¬ 
mined by the relative proportions in the sedimenting 
particles of (i) unsolvated hyaluronic acid complex, 
(ii) solvent free of albumin, (iii) solvent containing 
albumin, of the same composition as that of the 
bulk solution. 

EXPERIMENTAL 

Hyaluronic acid complex. This was prepared by the 
method of Ogston & Stanier (1950). The complex was 
washed 16 times with buffer on a sintered-glass filter of 
average pore diameter 1 y,. The resulting solution showed 
only a single, very sharp boundary in the ultracentrifuge, 
and no sign of any free protein. 
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Serum albumin. Ox serum (50 ml.) was diluted with 50 ml. 
of water and mi.xed with 100 ml. of a saturated solution 
of ammonium sulphate. The precipitated globulins were 
removed by centrifuging. The supernatant solution was 
mixed with 150 ml. of saturated solution of ammonium 
sulphate/100 ml. of supernatant. The precipitated albumin 
was filtered off, dialysed thoroughly against water and 
freeze-dried. 

Separate .stock solutions of hyaluronic acid complex and 
of albumin were made and dialy.sed against buffer [OT m- 

NaCl, 0 04GM-Na2HP04, O-OlfM-KHjPOj (pH 7-3)]. These 
two solutions and buffer were mixed to give a final concen¬ 
tration of hyaluronic acid com])lex of 2-8 mg./ml. and 
varying final concentrations of albumin. A solution con¬ 
taining sucrose was made by dissolving a weighed amount of 
.sucrose in a measured volume of the dialysed solution of 
hyaluronic acid complex. 

Sedimentation. Sedimentations were observed in a 
Svedberg oil-turbine ultracentrifuge by the method of 
Cecil & Ogston (1948) with the modified bar-schlieren 
optical system of Baldwin (1953). The temperature was 
about 27° and the speed of rotation 900 rev./sec. 

RESULTS 

Sedimentation of hyaluronic acid complex in 

albumin solutions. Except at very low concentra¬ 

tion the rate of downward sedimentation of the 

hyaluronic acid complex is less than that of albumin 

(Johnston, 1955). It is therefore not possible to 

observe the downward sedimentation of the 

complex in the region of constant concentration of 

albumin. However, an upward-moving boundary 

of the complex, originating at the bottom of the cell, 

should be observed if the concentration of albumin 

is high enough. 

With the lower concentrations of albumin (6 and 

9 %, w/v) an ascending boundary of hyaluronic 

acid complex located itself within the region of 

raised concentration of albumin at the bottom of 

the cell, at a level at which the densit y of the solution 

is equal to the reciprocal of the effective partial 

specific volume of the complex (Fig. U4). This 

boundary moved up the cell only as albumin 

accumulated at the bottom of the cell (Fig. 2). 

When the concentration of albumin was raised to 

12% (w/v) the peak moved upwards more rapidly, 

through the uniform concentration of albumin 

(Fig. IC, Fig. 2). The step in the albumin base-line 

seen in Fig. 1C at the position of the ascending 

boundary of complex is due to the effect of the 

hyaluronic acid on the rate of sedimentation of the 

albumin (Johnston, 1955), which causes the concen¬ 

tration of albumin to be greater below the boundary 

of the complex than above it (Johnston & Ogston, 

1946). 

Sedimentation of hyaluronic acid complex in 

sucrose solution. Fig. ID shows that no ascending 

boundary of the complex was observed in 15 % 

sucrose (w/v). A descending boundary occurred, 

within the descending gradient due to the sucrose; 

1956 

integration of the gradient of the refractive index 

due to the sucrose, between the base-line (15%, 

w/v) and the position of the descending boundary of 

the complex, by using the specific refractive incre¬ 

ment of sucrose, showed that the concentration of 

sucrose at this point was 14 % (w/v). 

Fig. 1. Schlieren diagrams .showing the sedimentation of 
hyaluronic acid complex in the presence of serum 
albumin. Sedimentation occurs from right to left. 
(-4) Complex (2-8 mg./ml.) in albumin (6 g./lOO ml.); 
40 min. after reading full speed; schlieren angle 10°. 
A boundary of the complex (c), in the accumulation of 
albumin at the bottom of the cell, a})pear8 at the extreme 
left; at the right (from left to right) are the descending 
boundaries of albumin (a) and of the comple.x (o'), and the 
meniscus (r«). (B) Control, albumin (6 g./lOO ml.) with 
no complex; 95 min. after reading hdl speed; schlieren 
angle 15°. No boundary is seen at the extreme left in the 
accumulation of albumin at the bottom of the cell 
(compare A). (C) Complex (2-8 mg./ml.) in albumin 
(12 g./lOO ml.); 110 min. after reading full speed; 
schlieren angle 10°. A boundary of complex (c) is seen at 
the extreme left ascending through uniform concentra¬ 
tion of albumin (compare A, and see te.xt). (D) Complex 
(2-8 mg./ml.) in sucrose (15 g./lOO ml.); 30 min. after 
reading full speed; schlieren angle 12°. No ascending 
boundary of complex is visible; at the right the descending 
boundary of complex (c') is seen in the gradient due to 
sedimentation of the sucrose (see text). 
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Fig. 2. Movement of the ascending boundary of hyaluronic 
acid complex from the bottom of the cell, as measured on 
the photographic record (magnification factor 1-868). The 
concentration of complex was 2-8 mg./ml., in albumin at 
the following concentrations: 6 (O), 9 (•) and 12 (C))% 
(w/v). 

DISCUSSION 

The results show that the hyaluronic acid complex 

sediments downwards in concentrations of albumiin 

less than 9%, but upwards in 12% albumin, and 

indicate that it would sediment at zero rate in about 

10% albumin. Extrapolation of Johnston’s (1955) 

indirect observations on the sedimentation of the 

complex in lower concentrations of albumin 

supports this conclusion. The density of the solution 

containing 10% albumin is T033; that of buffer 

solution without albumin is 1-008; the partial 

specific volume of the complex is 0-69 (Ogston & 

Stanier, 1951). The resultant value for the positive 

selective solvation by solvent, less albumin, is 

12 ml./g. of hyaluronic acid complex. 

This quantity is equivalent to the ‘impenetrable 

volume’ defined by Johnston (1955), but its 

value is very much less than the 1000 ml./g. which 

Johnston’s hypothesis demands. This must be 

taken as disproving Johnston’s hypothesis, and 

some other explanation is needed of the effect of 

hyaluronic acid complex on the sedimentation of 

albumin, on which the hypothesis was based. 

Even so, the value of 12 ml./g. may appear large 

at first sight. It is, however, of the order to be 

expected from simple steric considerations (Schach- 

man & Lauffer, 1949) based on the coiled-chain 

nature of hyaluronic acid (Ogston & Stanier, 1951, 

1952; Blumberg & Oster, 1954; Laurent & Gergely, 

1956). Since the complex sediments downwards in 

a solution of sucrose of concentration 14 % (w/v), 

whose density is 1-052, its selective solvation in this 

solution must be less than 6-5 ml./g. Schachman & 

Lauffer (1949) found a similar difference with 

tobacco mosaic virus in solutions of albumin and of 

sucrose. 

The physiological consequence of this finding is 

that molecules of the size of serrnn albumin should 

be able readily to penetrate solutions or gels con¬ 

taining hyaluronic acid, such as are found in inter¬ 

cellular spaces. 

SUMMARY 

1. The sedimentation of hyaluronic acid complex 

(of ox synovial fluid) has been observed in solutions 

containing various concentrations of serum albumin. 

The hyaluronic acid sediments downwards in con¬ 

centrations of albumin of 9 g./100 ml. and below, 

but upwards in a concentration of 12 g./lOO ml. 

2. Hyaluronic acid complex will therefore sedi¬ 

ment at zero rate in a uniform concentration of 

albumin of about 10 g./lOO ml. This indicates a 

selective solvation of the complex by solvent free 

of albumin, or a volume impenetrable by albumin, 

of about 12 ml./g. of hyaluronic acid. 

3. This quantity is far lower than that suggested 

by Johnston (1955). 

4. The selective solvation is considerably less in 

sucrose. 
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Addendum 

A NOTE ON THE VEGETATION 

OF THE NORTHERN ISLETS OF RONGELAP ATOLL, MARSHALL ISLANDS, MARCH 1959 

B.S. Blumberg’*' and R.A. Conard 

Fosberg'’^ reported changes in the vegetation of 

the northern islets of Rongelap Atoll (observed in 

1956) which he inferred might have been associ¬ 

ated with the radioactive fallout that occurred on 

this atoll in 1954. During the medical survey of 

the Rongelap people^ carried out in March 1959, 

an opportunity arose to visit some of these islets 

*National Institutes of Health, Bethesda, Maryland. 

and to re-examine the vegetation. A helicopter 

was available for transportation, which permitted 

general and detailed air examination as well as 

two short ground surveys. The northern islets were 

estimated to have received a radiation dose of 

;::i3000 r. The islets of Naen and Gegen were ex¬ 

amined in greatest detail. The most striking fea¬ 

ture observed from the air was the generally gray 

color of much of the vegetation, in contrast to its 
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Figure A-2. Affected Guetiarda speciosa with normal appearing Scaevola sericea. 

normal green color. Ground surveys revealed that 

Scaevola sericea was common and normal in ap¬ 

pearance. Many of the Guettarda speciosa appeared 

to be in poor condition (Figure A-2). In some, all 

or nearly all the leaves were gone from the termi¬ 

nal 1 to 12 in. of the branches, and other leaves 

were yellowed and shriveled. In other Guettarda, 

nearly all the leaves were gone, and the bushes 

appeared completely dead. More than 50% of the 

Guettarda were affected in whole or part. In one 

area of Naen several hundred yards inland from 

the ocean beach, there was a field of ;::r30 Guet¬ 

tarda, all of which were dead. Some young Pisonia 

grandis were seen which appeared to be in good 

condition. Mature Pisonia were seen which were 

partially defoliated, but these did not appear to be 

greatly different from those seen on Rongelap Islet 

on the southeast corner of Rongelap Atoll. None 

of the mistletoe-like clurnps described by Fosberg 

were observed. Several Ochrosia oppositifolia were 

seen with nearly complete defoliation, which ap¬ 

peared dead. A small grove of coconut trees near 

the center of Naen Islet contained 4 to 5 dead 

trees within a radius of ::::;300 yards, which were 

decapitated at heights 5 to 12 ft above the ground 

with no evidence of axe or machete marks. Two 2- 

headed coconut trees were seen, one with fronds 

that were mostly brown and appeared dead grow¬ 

ing from the trunk ;::;2 ft below the true crown of 

the tree. Several trees had dry and shriveled 

fronds, and had deformed bulges 4 to 8 ft be¬ 

low the crown with apparently normal growth 

above the bulges. 

Photographs of the affected vegetation were 

examined by Dr. Fosberg, and he stated that the 

changes were similar to those he had previously 

reported. 

It is not possible to evaluate the cause of the 

changes from the present observations. More ex¬ 

tensive and detailed botanical and ecological sur¬ 

veys will be necessary, both on the islands that 

received radiation and on those that did not, to 

determine whether the changes seen bear any 

relation to fallout. In particular, it should be noted 

that these observations were made during the dry 

season. • 

We are indebted to Professor Frank Richardson 

of the University of Washington for identi^ing the 

plants, and to Commander W. Lyons, USN, for 

his assistance in taking the photographs. 
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Coalescence of Caudal Vertebrae in the Giant 

Dinosaur Diplodocus 

By Baruch S. Blumberg and Leon Sokoloff 

The coalescence, seen frequently in the 
caudal vertebrae of the giant dinosaur 
Diplodocus loiigus, has been re-examined. 
A comparison with vertebral fusion in 
contemporary species suggests that the 
changes in the dinosaur were of trau¬ 
matic rather than rheumatoid type. 

Esseva re-examinate le frequentemente 
vidite coalescentia de vertebras caudal 
del dinosauro gigante Diplodocus longus. 
Le comparation con fusion vertebral in 
species contemporanee suggere que le 
alterationes in le dinosauro esseva de 
henere traumatic plus tosto que rheu- 
matoide. 

DEGENEBATIVE joint disease occurs widely in macrosomic species of 

mammals regardless of their position in the taxonomic scale.^ Its recog¬ 

nition in paleontologic specimens dates back to Virchow’s observations of 

spinal osteophytosis in the cave bears of Bonn in 1895 “ The skeleton, unlike 

the soft tissue of these ancient animals, fossilized and the pathologic changes 

were preserved. An instance of coalescence of caudal vertebrae in the dinosaur 

Diplodocus was described by Osborn'’’ and interpreted by Moodie‘‘ as ‘‘spondyli¬ 

tis deformans”. This observation has found its way into authoritative textbooks 

on rheumatic diseases’”’ as evidence that atrophic (rheumatoid) arthritis oc¬ 

curred in fossil reptiles. The present paper describes the occurrence of verte¬ 

bral coalescence in six specimens of Diplodocus. These findings suggest that 

such union of vertebral bodies may have been more frequent than is popularly 

supposed. The observations are of interest in the comparative pathology of 

degenerative spinal disease because of the magnitude of the weight-bearing 

problem in these giant species. 

Material 

Although several dozen specimens of Diplodoci have been excavated, they have for the 

most part been incomplete or fragmented. This was due either to natural causes during 

the long period of their earthly interment or damage at the time of excavation. In only ten 

instances were sufficient caudal vertebrae available for analysis. Seven of these 10 specimens 

have been inspected by us (USNM 10865, CM 84, CM 94, AMNH 223, AMNH 493, 

AMNIT 608, AMNH 655, table 1). Information concerning the others has been obtained 

from published accounts or by personal correspondence with curators of museums. 

Description of normal caudal vertebrae: Diplodocus longus had at least 73 caudal verte¬ 

brae’ (fig. 1). It was distinguished from the other giant sauropods by its long whip-like 

tail. Only the proximal and middle portions (up to approximately caudal body 20) were 

of considerable size. The distal vertebrae were small. The cervical vertebrae of Diplodocus 

were opisthocoelous (i.e., had a well developed ball and socket configuration, the ball 

facing cephalad), unlike modern reptiles that generally have a procoelous spine (the ball 

facing caudad). In contemporary reptiles, the joints between the vertebral bodies (centra) 

From the National Institute of Arthritis and Metabolic Diseases, National Institutes of 

Health, Public Health Service, U. S. Department of Health, Education and Welfare, 

Bethesda, Md. 
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are of diathrodial type and have no intervetebral disc. Nevertheless, in view of the poor 

development of the ball and socket configuration in the Diplodocus, we may speculate that 

an intervertebral, notochordal disc may have existed. The reconstruction of Holland'^ 

and Gilmore^ suggests that the vertebrae rested on the ground somewhere between Nos. 

20 and 27, and beyond. 

Description of lesions: In eight of the specimens (all but AMNH 493 and CM 84), a 

major portion of the middle segments of the caudal vertebrae was preserved. Three of these 

had coalescence of vertebral centra in the region of vertebrae 15 to 21. The coalescence 

was characterized by total annular ankylosis. The lesion was not smooth and symmetrical, 

but irregular and knobby. In specimen AMNH 655, a post-fossilization fracture of the 

site of ankylosis permitted the insertion of a probe into the intervertebral space revealing 

that the bony union occurred only in the region of the “annulus fibrosus”; i.e., the union 

was peripheral only. Incorporated into the ankylotic intervertebral mass were the chevron 

bones (ventral hemal arches) of the respective intercentra. In two additional specimens 

(AMNH 223, AMNH 516), fusion of the chevron bone occurred in the absence of the 

coalescence of the vertebral centra. The zygapophyseal joints were ankylosed in two of 

the specimens in the areas of vertebral coalescence. In these two, the dorsal interspinous 

ligaments also were involved (fig. 2). 

The most common vertebra affected was caudal No. 20. In one animal (CM 94), only 

one interspace was fused; in a second (AMNH 655), three were affected; and in the 

third (USNM 10865), four segments were involved. In the latter two, the involvement was 

not continuous—an intervertebral space was skipped. 

In CM 84, in which only the 12 proximal caudal segments were present, coalescence 

occurred in segments 2-3, but this appeared to be somewhat different from the other speci¬ 

mens in that the ankylosis affected only the centra. However, only the proximal 12 verte¬ 

brae were preserved, and observations were not possible in the region of vertebra 20. The 

musculotendinous ossification seen in Tyrannosaurus and duck-billed dinosaurs (Trachodon) 

and other species^TO ^^s not seen in Diplodocus, with the exception of the dorsal inter¬ 

spinous ligaments already referred to. Degenerative arthritis of the peripheral joints was 

not seen in the specimens where these joints were preserved (AMNH 223, USNM 10865, 

CM 84, CM 94*). 

Discussion 

Vertebral Coalescence in Contemporary Species 

The gross character of the coalescence in Diplodocus differs somewhat from 

the principal patterns observed in contemporary species. For purposes of com¬ 

parison with the fossil lesion, the contemporary sorts are described and 

grouped into four types. 

1. Normal structural coalescence: In the distal thoracic vertebrae of many 

species of birds, there occurs a fusion of the margins of the centra (vertebral 

bodies) and the zygapophyseal joints, associated with ossification of inter¬ 

spinous ligaments (fig. 3). The resulting rigidity is regarded as of functional 

advantage in flying.^^ Ossification of tendons, resembling that of the spinal 

ligaments, also occurs in some avian species; e.g., turkeys and cranes, 

2. Congenital anomalies: A variety of sporadic and hereditary fixed deformi¬ 

ties of the tail is encountered in some strains of mice.^^ In some instances, the 

principal defect lies in a disproportion between the length of the tendons and 

the caudal vertebrae; ankylosis and deformity of the latter result from the 

abnormal positioning of the bodies with respect to each other. In other in- 

®CM 84 and CM 94 have been mounted as one specimen. 
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Fig. 1.—Reconstruction of a skeleton of Diploclocus longus. (Photograph courtesy 
of the U. S. National Museum, Washington, D. C.) 

stances, the bony changes represent inccinplete segmentation rather than ac- 

(|uired ankylosis. Hereditary coalescence of cervical vertebrae can also oc¬ 

cur in mice.^^ Sporadic incomplete segmentation has been reported in the 

dorsal vertebrae of salamanders and other amphibians.’- In man, with the 

exception of rare anomalies such as Klippei-F"eil svndrome, congenital varia¬ 

tions in vertebral coalescence are generally confined to the lumbo-sacral region 

(congenital “block” vertebrae).’” 

3. Inflammatory spondylitis: Vertebral ankylosis may result from infectious 

processes and, in man, from Marie-Striimpell disease as well. In the latter, 

vertebral fusion occurs both by ankylotic repair of the apophyseal joints and 

ossification of the annulus fibrosus of the intervertebral discs. Characteristical¬ 

ly, continuous segments of the vertebral columns and the sacroiliac joints 

are affected. Involvement of the spinal ligaments is seen occasionally. 

4. Degenerative osteophytosis of the spine: With the exception of ‘Tcissing 

osteophytes” and the senile kyphotic spine/” ankylosis is not a feature of de¬ 

generative spinal disease in man. However, it occurs with some frequency in 

several quadruped mammalian species. The condition known as ankylosing 

spondylitis in the dog probably falls into this classification, and similar changes 

are seen in horses and lower primates.^” little is known of the state of the 

apophyseal joints in these conditions. The published illustrations indicate 

that it differs from Marie-Striimpell disease in the absence of predominant 

diathrodial inflammation, in the localized rather than extensive involvement 

of the vertebral column, and sparing of the sacroiliac joints. The ankylosis in 
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Fig. 2.—Coalescence of caudal intervertebral spaces Nos. 17-19 in Diplodocus, 
U. S. National Museum, No. 10865. The spaces between the vertebral bodies 
(centra) are occupied by bone. The bifid structures on tlie ventral aspect of the 
inteiwertebral spaces are the chevron bones. The latter also are ankylosed to the 
intei-vertebral bony mass. The zygapophyseal joints are fused in these vertebrae. 
The interspinous ligaments attached to the dorsal process of vertebrae Nos. 18 and 
19, are partially ossified. (Photograph courte.sy of U. S. National Museum.) 

the quadrupeds apparently results from blending of osteophytes with ossifica¬ 

tion of paraspinal ligaments at the margins of the vertebral bodies. 

Vertebral Coalescence in Diplodocus 

Any consideration of the nature of the vertebral union in fossil material is 

necessarily speculative. 

1. Normal structure: The possibility that the coalescence was a natural struc¬ 

tural feature in the Diplodoci should be considered. Since the fusion v’as found 

in only 6 of the 10 specimens, it was not a universal and therefore characteristic 

feature of this species. If the animals with the coalescence represented a sub¬ 

species, one might expect that they would be localized to a limited region of 

their range. That this is not so can be seen from table 1. Despite these ob¬ 

servations, it is conceivable that this variation represented a genetic poly¬ 

morphism; that is, the occurrence of two or more inherited forms of a species 

in a geographic area. Presumably there might have been a difference in the 

survival values of each of the forms. The distribution of the several vertebral 

types in this species population might thus have resulted from the ecologic 

balance of these values. Another possibility is that one form was of value in 
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Fig. 3.—Coalescence of four thoracic vertebrae of an 8 year old Cuban flamingo: 
left, dorsal view; right, lateral. Bony fusion of the vertebral bodies (centra), zygapo- 
physeal joints and dorsal epinous ligaments is seen. (The bird was donated by Dr. 
j. F. Wright, National Zoological Park, Washington, D. C.) 

one environmental circumstance, but a change in the environment re.sulted in 

selection in favor of the second type. Diplodocus, for example, is thought to 

have been semi-aquatic. With the drying-up of swimming places, more 

time would have been spent on land. The additional strength imparted to the 

tail by the coalescence might conceivably have been of value to the animal in 

resting a portion of its huge bulk on the ground. The latter view was proposed 

originally by Hatcher.’*’ Subsequently this thesis was regarded as untenable 

by Gilmore® because the revised reconstruction of the animal placed the rest¬ 

ing place of the tail in a more distal position. 

It should also be noted that spotty ossific transformation of cartilaginous 

structures could have occurred in different individuals of this species as it 

does in contemporary animals. Thus, ossification of epiphyses takes place in 

rodents to varying degrees at different rates throughout life, subject both to 

genetic and sex influences.’^ The sex of dinosaurs has not been ascertained 

from the skeletal remains with perhaps isolated exceptions cited in the French 
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Fig. 4.—Coalesced cervical vertebrae from Mus musculus (DBA/2[N X STR/ 
IN)Fo. There is a partial bonv union of the vertebral bodies without other defornhW. 
The apophyseal joints are normal. 

iderature.'^ For this reason it is not possible to say whether the caudal varia¬ 

tions in the Diplodoci were due to sex differences. 

it has already been noted that musculotendinous ossification, similar to that 

of birds, has been found regularly in certain bulky dinosaurs, notably Tracho- 

don.^-^^ Nevertheless, coalescence of vertebral bodies in Diplodocus was not 

associated with this finding, and the analogy to the avian vertebral fusion 

falls down here. Against the possibility that this is a natural rather than a 

pathologic process are the patchy distribution of the changes, with skipping 

of isolated segments, the exophytic appearance, and the fact that occasional 

ankylosis of ribs to vertebrae was present in at least one specimen (USNM 

10865). 

Coalescence of cervical and caudal vertebrae has also been recorded in 

other sauropods.^ 

2. Congenital anomalies: Most of the congenital, anomalous coalescence of 

vertebrae in other species occurs in the lumbo-sacral region. In only one of 

the specimens (CM 84) was the coalescence near the sacral vertebrae. Be¬ 

cause of the distance from the sacrum and the other reasons listed above, it 

appears unlikely that the changes observed in the other animals could be 

classed as congenital anomalies. In passing, it is interesting to note that the 

illustration of the sacrum of the Diplodocus AMNH 516^ shows only partial 

coalescence of primary sacral segments 2 and 3, suggesting that the sacral 
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Fig. 5.—Osteoarthritis in phalanges of Cuban iguana (Cyclura m. macleiji). 
Glistening highlights resulting from eburnation are present on the articular surfaces. 
The latter also are perforated in several places. Marginal osteophytes are pre.sent. 
(Specimen donated by Dr. Charles E. Shaw, San Diego Zoological Garden.) 

region was subjected to individual variation in this species, as it is in mice and 

men. 

3. Inflammatory spondylitis: The lesion differs from that of Marie-Striimpell 

disease in that the distribution is patchy, the sacroiliac joints are spared, and 

in its exophytic character. Moodie classified these dinosaur lesions as “spon¬ 

dylitis deformans,” a term sometimes employed for Marie-Striimpell disease, 

although others have used it for degenerative spinal disease. Pemberton,'^ 

however, classified them as atrophic (rheumatoid) spondylitis. Although some 

of the chevron bones were deformed, the characteristic destructive lesions of 

infectious arthritis were not seen in these specimens. 

4. Osteoarthritis: The most likely possibility is that the coalescence in Diplo- 

docLis is a traumatic osteoarthritis. It is sharply localized and an exophytic 

rather than destructive lesion. It is not unlikely that the mechanical trauma of 

dragging the tail across the ground, or predation by other animals could have 

caused the changes. Although ankylosis is not characteristic of degenerative 

spinal changes in man, it is seen with some frequency in quadrupeds. 

Although degenerative arthritis was seen in early Eocene mammals,^ it is 

remarkable that degenerative disease of the peripheral joints was not seen in 

these huge reptiles, despite the obvious problem of weight bearing. This is 

of interest in relation to the role of weight bearing in osteoarthritis in general. 

Since dinosaur bones had no epiphyses, it in conceivable that the joints were 
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covered by a specially modified, thick cartilage. Peripheral osteoarthritic ero¬ 

sion may have oecurred in the cartilage but did not extend into the bone and 

therefore were not preserved. In eontemporary reptiles, no or minimal epi¬ 

physeal development is seen. It also is eonceivable that reptiles generally are not 

susceptible to osteoarthritis. Degenerative joint disease has not been studied 

systematically in contemporary reptiles. We have, however, observed osteo¬ 

arthritis affecting many diarthrodial joints in a two year old male Cuban 

iguana {Cyclura m. macleayi, fig. 5). 

Summary and Conclusions 

The coalescence, seen frequently in the caudal vertebrae of the giant dino¬ 

saur Diplodocus longus, has been re-examined. A comparison with vertebral 

fusion in contemporary speeies suggests that the changes in the dinosaur were 

of traumatic rather than rheumatoid type. 
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ABSTRACT 

Blumberg, Baruch S.: Bioethical questions related to hepatitis B antigen. 

Am J Clin Pathol 65:848-853, 1976. The bioethical problems that are raised 

from the studies of hepatitis carriers can be viewed as a conflict between pub¬ 

lic health interests and individual liberty. When the risk to the public is clear, 

and the restrictions on personal activities are small, there is little problem in 

arriving at appropriate regulations. For example, the transfusion of blood 

containing hepautis B antigen is a disadvantage to the patient recipient and 

it has been stopped. The denial of the right to donate blood is not a great in¬ 

fringement of personal activity and the individuals concerned and society 

have agreed to accept this moderate restriction. T he problems raised by 

person-to-person transmission are more difficult. The extent of the hazard to 

the public is not clear, since it is not (now) possible to distinguish carriers who 

transmit disease from those who do not. On the other hand, if all carriers are 

treated as infectious, the hazards imposed on the carrier may be enormous, 

i.e., lossofjob and ability to continue in the same profession, restriction of social 

and family contacts, etc. What is clear is that for a very large number of carriers, 

the risk of transmitting hepatitis by person-to-person contact must be very 

small. Until we know more about this problem and have developed methods 

for distinguishing carriers who are likely to transmit hepatitis and those who 

are not, we should not cast all carriers into the same stigmatized “class.” (Key 

words: Bioethics; Hepatitis B carriers.) 

There are many ways that a body of data 

relating to a disease may be viewed, and 

the image of the disease that emerges will 

be a function of the view selected. The 

large amount of information relating to 

hepatitis B antigen and antibody could be 

approached from one or more of several 
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directions, for example, immunology, bio¬ 

chemistry, virology, entomology, epide¬ 

miology, etc. I would like in this essay to 

discuss bioethical problems that have arisen 

during the course of our discovery of the 

Australia antigen and its association with 

hepatitis, and the many ramifications that 

have developed since that time. This will, 

I hope, have the effect of showing how 

bioethical considerations cannot be sepa¬ 

rated from “science,” that answers can¬ 

not be provided on a “purely” scientific 

ground, and how our technical knowledge 

is inseparably intertwined with bioethical 

concerns. 
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The test for Australia antigen (that is, 

hepatitis B surface antigen, HBgAg) was 

described in 1964, and after we showed its 

association with hepatitis in 1967, it was 

rapidly applied to the screening of blood 

donors.^ '* Okochi and Murakami in Japan, 

and Gocke and his colleagues, soon found 

that the “carriers” identified by this test 

could transmit hepatitis by blood trans¬ 

fusion more readily than individuals who 

did not have detectable antigen in their 

blood.®’*® This led to the nearly universal 

practice of testing donor blood prior to 

its transfusion, and this has resulted in a 

decreased frequency of posttransfusion 

hepatitis due to hepatitis B.*^ 

It has always been clear that hepatitis B 

may be transmitted by means other than 

transfu.sion. Hence, consideration had to 

be given to the transmission of hepatitis 

from the carriers to others with whom they 

came in contact, i.e., family, co-workers, 

friends, etc. This has resulted in what may 

be an unprecedented situation in medicine 

and in society. The “carrier” is not appar¬ 

ently ill (although there may be detrimen¬ 

tal, chronic effects on the liver) and is not 

aware that he is different from others until 

this occult character is determined by a 

blood screening test. He is thought to be 

able to contaminate others with whom he 

comes in contact, particularly those with 

whom he is most intimate. Patients with 

leprosy, active tuberculosis and other in¬ 

fectious diseases are ill and require treat¬ 

ment. They usually are aware of their 

disease. The hepatitis carrier is not ob¬ 

viously ill and learns of his state only 

after screening. People can be occult 

carriers of typhoid organisms, staphylococ¬ 

cus, and other agents, but a very small pro¬ 

portion of the population is tested to iden¬ 

tify carriers of these infectious agents, 

whereas, because of blood donor screen¬ 

ing, millions of people are tested each year 

to see whether they are hepatitis carriers. 

Asymptomatic carriers of syphilis, gonor¬ 

rhea, and other venereally transmitted 

organisms are in*a somewhat similar situa¬ 

tion, but they transmit the disease primarily 

through sexual contact, and they can be 

treated, whereas hepatitis may be trans¬ 

mitted by a variety of other mechanisms, 

and the carrier, once identified, cannot 

at present be treated. 

At the outset it should be said that we do 

not have detailed or quantitative informa¬ 

tion on which carriers can transmit hepa¬ 

titis, or the extent of the hazard they 

present. Carriers probably differ in infec¬ 

tiousness, but the characteristics that de¬ 

termine this are not well known. For exam¬ 

ple, Heathcote and colleagues^ have 

suggested that “carriers” who also have 

evidence of active hepatitis are more likely 

to transmit hepatitis than are carriers who 

have no evidence of disease. Theoretically , 

it would be expected that carriers widi a 

relatively high concentration of the large 

(Dane) particles (which are thought to be 

the infectious virus particles of hepatitis 

B) would be more likely to transmit hepa¬ 

titis than those without detectable Dane 

particles, but, to my knowledge, this has 

not been demonstrated consistently. It has 

also been stated that carriers who also have 

the “e” antigen are more likely to be 

infectious, and this hypothesis is now being 

tested. It is clear that the appropriate 

epidemiologic studies have not been done, 

and much of the evidence for transmission 

of disease from asymptomatic carriers rests 

on anecdotal information. There are sev¬ 

eral published reports and some unpub¬ 

lished stories of dentists, physicians, nurses 

and other health personnel who have trans¬ 

mitted hepatitis to patients with whom they 

came in contact. In at least one study of 

health personnel carriers it was concluded 

that transmission of hepatitis B did not 

occur.' 

There have been several studies from 

wbicb it can be concluded that clinical 

hepatitis, antibody to HBjAg, and the 

carrier state cluster in families. However, 

the information on transmission gained 
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from the study of families cannot be 

directly extrapolated to other social groups 

since the spread is controlled not only by 

simple transmission but probably by ge¬ 

netic factors as well. (The ability to become 

a carrier, develop the disease, or develop 

antibodies may be affected by genetic 

control.^ 

Hence, we can tentatively conclude that 

under appropriate circumstances, some 

carriers can transmit disease. However, 

the risk is not enormous and is conceivably 

amenable to control measures. Independ¬ 

ent of the actual data that are available, 

or in spite of lack of substantial evidence, 

carriers are in many cases regarded as 

hazardous sources of disease. The myth 

is at present stronger than the facts and 

will probably remain so until more knowl¬ 

edge is available. There are no docu¬ 
mented studies of the social and personal 

consequences of being identihed as a car¬ 

rier. My colleague, Dr. Jana Hesser, is con¬ 

ducting an intensive study to obtain infor¬ 

mation on the unusual and sometimes 

unfortunate consequences of identihcation 
as a carrier. 

Some carriers have been forced to leave 

their work as nurses, physicians, hospital 

and laboratory workers when they were 

identihed as carriers. I was once asked in 

a country with a high frequency of carriers 

whether regulations should be passed to 

prevent the admission of carriers to medi¬ 

cal school and to officer training school. 

(I advised against this.) It has been recom¬ 

mended that nurses be screened for HBs- 

Ag at the time of their entry into the 

profession and that those who are found to 

be carriers should be advised to “discon¬ 

tinue nursing as a career.”*' This would 

be a difficult decision for an eager entrant 

into a profession for which he or she has 

worked hard for many years. It has been 

suggested that health personnel should be 

routinely screened. Should this be com¬ 

pulsory or voluntary? Should a person be 

forced to take a test that might cause him 

to lose not only his immediate job but also 

the chances for other jobs in his profession? 

On the other hand, whatare the risks that 

a health worker frequently exposed to pa¬ 

tients with hepatitis or HBgAg will become 

ill or become a carrier, and how are these 

risks communicated and prepared for? We 

have studied the patients and staff of a 

renal dialysis unit, located in Philadelphia, 

which has a high rate of hepatitis infection 

among the patients. Over the course of 

about four years there were 184 staff 

employees of this unit. Of these, seven 

developed hepatitis, but only one became a 

carrier. Hence, less than 1% of those ever 

exposed became a carrier. Additional data 

regarding this unit are given below. 

Collateral studies, published some years 

ago, give an indication of the maximum 

carrier rate to be expected in individuals 

who have had extensive exposure to hepa¬ 

titis B infection.*^ These include drug 

addicts, prisoners (many of whom were also 

drug addicts), and padents who had re¬ 

ceived blood transfusions with donor blood 

from commercial sources which had not 

been screened for HBgAg. In each case 

about 4% of the people exposed became 

carriers. There is some evidence that the 

propensity to become a carrier after being 

exposed to infection may be under genedc 

control,^ and if this is the case, the 

gene frequency in the population would 

determine the upper frequency of carriers 

to be expected. In our society the devel¬ 

opment of the carrier state, even among 

people with extensive exposure, is unlikely 

to exceed about 4%, and usually would 

be much less. (This estimate does not hold 

for special grou ps of patients with defective 

or impaired immune systems.) 

Some addidonal problems that do not 

have obvious solutions at present have 

arisen. The frequency of hepadds B is ex¬ 

tremely high in Vietnam, Thailand and 

elsewhere in Southeast Asia, where large 

numbers of servicemen from the United 

States were stadoned. Hepadds is one of 
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the most common causes of morbidity in 

these populations, and there are data to 

show that there is an increased number of 

carriers in the United States as a result 

of the experience in Vietnam.^ If it is 

a detriment to be classihed as a carrier, 

is the military responsible for compensa¬ 

tion of the carrier even though he is not 

obviously sick? The psychological impact 

of being classed as a carrier, possibly asso¬ 

ciated with loss of occupation, ostracism by 

fellow workers, and change in social habits, 

may be sufhciendy detrimental to consti¬ 

tute a disability, and this will depend on the 

social attitudes that develop in the com¬ 

munity as information about carriers be¬ 

comes widespread. Carriers have been re¬ 

ferred to as “lepers” in the medical press® 

(the author of the article condemns this 

practice); newspaper articles about carriers 

appear occasionally in the public press. An 

attitude towards carriers is developing but, 

again, little is known about public attitudes 

towards hepadds. It is not generally a 

calamitous disease, such as cancer, nor is 

it as benign as the common cold. How 

much do people fear it, if at all? How do 

they view social, professional or sexual 

contacts with carriers or people with the 

disease? 

Another potentially serious problem has 

come up in connection with adoption of 

children. HBsAg carriers are more com¬ 

mon among Vietnamese (about 6%) than 

among native Americans and north Euro¬ 

peans (about 0.1-0.5%). In a European 

country Vietnamese orphans who were 

being considered for adoption were, 

among other things, tested for HEjAg. 

Some were found to be carriers. Should 

this be a deterrent to their adoption? 

Should this single test determine the course 

of a young life without any adjudication 

and without any re^l knowledge of the 

potendal danger the child might impose? 

A series of particularly difficult problems 

in relation to hepatitis has arisen in renal 

dialysis (artificial kidney) units. Eifty per 

cent or even more of individuals treated in 

certain units may chronically harbor hepa¬ 

titis B virus and have HBgAg in their 

peripheral blood. This is frequently accom¬ 

panied by a chronic, anicteric hepatitis. 

Epidemics and sporadic cases of acute 

hepatitis, usually icteric and sometimes 

severe, have affected the staffs of these 

units, and deaths have occurred. There has 

been considerable effort to keep hepatitis 

out of dialysis units, and in some places 

one of the criteria for rejection for treat¬ 

ment has been the presence of HBjAg in 

the patient’s blood. If no other renal 

dialysis unit is available in the community, 

this is tantamount to allowing the patient 

to die. Dr. London and others in our 

laboratory have recently completed a de¬ 

tailed four-year survey of a renal dialysis 
unit which admits “positive” cases and have 

obtained quantitative data on the risk to 

patients and staff on a unit with a high 

risk of contamination. 

These studies will be reported shortly, 

but can be broadly summarized to say that 

staff are at a relatively high risk of devel¬ 

oping hepatitis (10% per year of exposure), 

but a very small number will become car¬ 

riers (1 of 184). The dialysis patients have a 

high risk of becoming chronic carriers. 

Such patients do not develop acute icteric 

hepatitis, but they do have mild elevations 

of their liver enzymes. In some cases these 

abnormalities persist for long periods. It is 

not clear how deleterious this is to the pa¬ 

tients although it does not appear to affect 

their mortality adversely. Eurther, it is 

likely that epidemiologic control, changes 

in equipment, procedures and environ¬ 

ment can probably considerably decrease 

the incidences of hepatitis in both patients 

and staff. A hepatitis vaccine that we pro¬ 

posed some years ago is now being tested 

and, if it proves efficacious, may help 

to decrease or eliminate the incidence 

of hepatitis. These factors {i.e., the meas¬ 

urable and limited risk to staff, the rela¬ 

tively mild disease in the patients, the 

probable effectiveness of control and 

prevention) should be weighed against 
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the decision to exclude a person from 

a required treatment because he carries 

HBsAg. A similar problem may also arise 

if patients who are known to he carriers 

are denied needed surgery. 

A characteristic of many large-scale pub¬ 

lic health control programs is adverse re¬ 

sults that could not have been anticipated 

prior to the institution of the program. 

For example, the control of malaria has in 

many areas resulted in a markedly de¬ 

creased infant mortality with a large in¬ 

crease in population. When this has not 

been accompanied by a concomitant in¬ 

crease in food production, the nourish¬ 

ment and wellbeing of the population 

have actually decreased. The construction 

of the high dam at Aswan on the Nile has 

led to the widespread dissemination of 

schistosomiasis, altered the hsh life of the 

eastern Mediterranean, affected the fer¬ 

tility of the land downstream, and un¬ 

doubtedly had other effects that will be 

apparent in coming years. 

With the availability of the serologic and 

environmental tests for hepatids B, it is 

now possible to begin the design of con¬ 

trol measures for this disease. If the 

vaccine i^ found to be effective, then 

it may also be of value in preventing the 

development of the carrier state. We 

are now attempting to investigate the eco- 

logic biology of the hepadds B agent to 

learn whether some of the consequences of 

control can be known before the program 

begins. An example, which may or may not 

ultimately prove to be important, has been 

studied. In Greece and in the Solomon 

Islands, Hesser and colleagues^ have found 

that HBsAg in parents appears to have 

an effect on the sex ratio of the offspring. 

In the Greek study if either parent is a 

carrier, then there is a distribution of the 

sex ratio in a direction to increase the 

frequency of males. In the studies in the 

Solomon Islands, if the mother is a carrier, 

there is a larger number of female off¬ 

spring. If these sex ratio disturbances are 

a general feature of the carrier state, then 

elimination of the agent from the environ¬ 

ment could change the existing male/fe¬ 

male rados and could have an effect on the 

sociology of populadons. 

Summary and Conclusions 

Several generalizations can be made 

from these experiences with hepatids car¬ 

riers. 1 he problems that are raised are 

a result of a conflict between public health 

interests and individual liberty. When the 

risk to the public is clear, and the re¬ 

strictions on personal activides are not 

great, there is little problem in arriving 

at appropriate regulations. For example, 

the transfusion of blood containing hepa¬ 

tids B antigen is a disadvantage to the pa¬ 

tient recipient, and it has been stopped. 

Removal of “positive” units does not greatly 

decrease the amount of donor blood. On 

the other hand, the denial of the right to 

donate blood is not a great infringement 

of personal activity, and the individuals 

concerned and society have agreed to ac¬ 

cept this moderate restriction. The prob¬ 

lems raised by person-to-person trans¬ 

mission are more difficult. The extent of 

the hazard to the public is not clear, since 

it is not (now) possible to distinguish car¬ 

riers who transmit disease from those who 

do not. On the other hand, if all carriers 

are treated as infectious, the hazards im¬ 

posed on the carrier may be enormous, 

i.e., loss of job and ability to continue in 

the same profession, restriction of social 

and family contacts, etc. Hence, there is a 

very wide discrepancy between the poten¬ 

tial but unknown benehts to society of re¬ 

stricting carriers and the real hazards to 

the individual carrier. 

What is clear is that for a very large num¬ 

ber of carriers, the risk of transmitting 

hepadds by person-to-person contact must 

be very small. Until we know more about 

this problem and have developed methods 

for distinguishing carriers who are likely 

to transmit hepatitis from those who are 

not, we should not cast all carriers into 
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the same stigmatized “class.” It is also likely 

that technics for preventing transmission 

can be developed. Cases can be considered 

on an individual basis in deciding on their 

disposition, and encouragement given to 

sponsoring research that will solve the 

problems of detection and prevention of 

transmission. 

On a broader level, the ethical issue of 

how much biological knowledge about indi¬ 

viduals should impinge on daily lives is 

raised. Is it appropriate to regulate the 

risks inherent in people living together and 

interacting with each other? An issue has 

been raised with respect to hepatitis be¬ 

cause the test can be easily done and be¬ 

cause millions of people are tested as part 

of the blood donor program. As a conse¬ 

quence of these identihcations, this partic¬ 

ular group of carriers has been identihed. 

There are other forms of carriers, some of 

them potentially more hazardous {i.e., car¬ 

riers of staphylococcus, typhoid) who are 

not routinely tested and therefore not 

placed at a disadvantage. 

It is hoped that many of these problems 

can be resolved by continued research into 

the nature of the hepatitis carrier state, 

and that carriers who have already been 

identihed will not be jeopardized during 

this period when necessary information is 

not available. 

Acknowledgment. Dr. J. E. Hesser offered helpful 
discussion of her study of hepatitis carriers. 
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teins, hepatitis B virus, and mortality in the Soiomon Isiands. Am J Epidemiol 
1983;118:550-61. 

The hypothesis that serum ievels of ferritin and transferrin are associated 
with subsequent mortaiity was tested in a population of Solomon Islanders 
who had been followed over an 8-12-ye8r period beginning in 1966. A case- 
control analysis of 105 matched pairs showed that 1966-1970 levels of ferritin 
were higher and leveis of transferrin were lower in Solomon Islanders who had 
died by 1978 than in matched controis who were alive in 1978. These findings 
support the hypothesis and, in addition, are consistent with the view that in¬ 
creased iron stores are associated with increased mortality. Among females, 
the association of ferritin with mortality was more pronounced in chronic car¬ 
riers of hepatitis B virus than in noncarriers. 

ferritin; hepatitis B; iron; mortaiity; transferrin 

Severe iron restriction can result in iron 

deficiency anemia, which in turn is asso¬ 

ciated with impairment of immune re¬ 

sponse and increased susceptibility to in¬ 

fection (1). Fortification of certain foods 

with iron was mandated in the United 

States after World War II, presumably in 

the belief that anemia could be reduced 

or avoided on a community level. In a 

series of papers and editorials, Crosby (2) 

warned of the potential dangers of iron 

overload as a result of this program of for¬ 

tification. In particular, he pointed out the 

dangers of hemochromatosis, as well as 

other forms of toxicity. 
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Iron excess may also increase suscep¬ 

tibility to infection (3, 4). An important 

response of mammals to infection is the 

decrease of iron absorption in the gut and 

elevation of temperature. Both of these 

maneuvers can deny the host’s iron to an 

invading microbe and thus reduce the 

probability of infection. This phenomenon 

has been termed “nutritional immunity” 

by Weinberg (3, 4). Excess body iron stores 

would short-circuit this defense mecha¬ 

nism. 

The Institute for Cancer Research has 

been studying the relationship of serum 

iron and iron-binding proteins to infec¬ 

tion with hepatitis B virus. In 1974, Sut- 

nick et al. (5) found that serum iron levels 

were higher among patients with Down’s 

syndrome who were chronic carriers of 

hepatitis B than among those who were 

not. A similar observation was made in 

patients with end-stage renal disease who 

were receiving dialysis (6), and in appar¬ 

ently normal people from a rural com- 

550 

468 



IRON, HEPATITIS B VIRUS AND MORTALITY 551 

munity in Senegal (Blumberg et al., 

manuscript). Blumberg et al. (6) found 

that the elevation in serum iron could not 

be entirely explained by liver damage as 

reflected by serum glutamic-pyruvic 

transaminase (SGPT) levels. They postu¬ 

lated that chronic carriers of hepatitis B 

virus might be at increased risk of infec¬ 

tion and death as a result of increased 

amounts of available iron. 

If elevated iron stores are associated 

with increased susceptibility to bacterial 

infection, then increased iron stores should 

correlate with shortened survival. Since 

serum ferritin levels normally increase 

with increasing iron stores, and serum 

transferrin levels normally decrease, it 

follows that ferritin should have a direct 

association with death and transferrin 

should have a negative association. 

In this study, we examined the rela¬ 

tionship of serum ferritin and transferrin 

levels to risk of death in a population of 

Solomon Islanders who had been followed 

over an 8- to 12-year period. The associ¬ 

ation was in the predicted direction. From 

this it can be inferred that increased iron 

stores shorten survival, and this can be 

tested in other populations. 

Materials and methods 

We tested two hypotheses: 1) the 1966— 

1970 serum ferritin levels of people who 

died by 1978 (referred to as Group D) were 

higher than those of a comparable group 

of people who survived to 1978 (referred 

to as Group A); and 2) the serum trans¬ 

ferrin levels in Group D were lower than 

those in Group A. 

The study population consisted of six 

subpopulations of Solomon Islanders first 

examined during the period 1966—1970 as 

part of the Harvard-Solomon Islands 

project (7, 8) originally organized and ex¬ 

ecuted by the late Albert Damon. The 

overall objective of the project was to de¬ 

fine a longitudinal sample of the Solomon 

Islands population and to investigate the 

effects of Westernization. A wide range of 

medical and cultural characteristics, in 

particular the effect of dietary changes on 

risk of cardiovascular disease, were de¬ 

termined. At the start of the study, a 

serum sample was drawn, demographic 

characteristics were recorded, a medical 

examination was performed, and anthro¬ 

pometric measurements were taken on 

each of approximately 2500 individuals. 

The subjects have been followed over the 

intervening years. Many have died, and 

determination of death as of 1978 has been 

made by anthropologists who have re¬ 

turned to the communities. In one of the 

subpopulations under study (the Baegu), 

death status is known as of 1980. 

The original sero from the Solomon Is¬ 

lands have been stored since the late 1960s 

in the blood collections of the Institute for 

Cancer Research, Philadelphia, at -20 C. 

The sera were not stored in iron-free con¬ 

tainers, and so serum iron determinations 

were not done. However, iron stores in 

otherwise normal individuals are directly 

related to serum ferritin (9-12) and in¬ 

versely related to serum transferrin 

(3,13). 

For reasons of economy, we did not un¬ 

dertake a prospective study of the Sol¬ 

omon Island population which would have 

required the testing of all 2500 sera for 

iron-binding proteins. A retrospective, 

matched pairs design was deemed more 

economical, yet it provided sufficient 

power to test the hypotheses in question. 

A total of 156 deaths had occurred by 

1978 among the Solomon Islanders cov¬ 

ered in the Harvard-Solomon Islands 

Project. We matched each death (Group 

D) with a live control (Group A) for age, 

sex, subpopulation grouping, and hepa¬ 

titis B serology. Age and sex are corre¬ 

lated with mortality, and with serum 

ferritin (14, 15). There were six subpop¬ 

ulations (Nasioi, Kwaio, Lau, Baegu, 

Nagovisi, and Aita) among the total study 

population. Mortality experience, diet, and 

disease load were different among them. 

(These subpopulations are defined pri- 
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marily on linguistic grounds. All those 

villages, or hamlets, that share a common 

language make up one group, e.g., the 

Nasioi of Bougainville Island. There is a 

rough geographic clustering of the Nasioi, 

but they are distinguished primarily by 

their language (7).) Serum iron levels are 

known to be higher in carriers of hepatitis 

B virus (5), and mortality is also corre¬ 

lated with hepatitis B status (16). Hence, 

the subjects were matched on the serum 

response to infection with hepatitis B. The 

serum hepatitis B status was classified in 

one of the following three categories: 1) 

negative (no evidence of infection), 2) an¬ 

tibody to hepatitis B surface antigen (anti- 

HBs) positive, and 3) hepatitis B surface 

antigen (HBsAg) positive. 
Sera were available for transferrin 

testing in both members of 105 pairs, and 

for ferritin testing in 94 pairs. There was 

insufficient serum available from one or 

both members of the remaining pairs. 

Some of the sera were depleted after 

transferrin testing and therefore could not 

be tested for ferritin. 

All 105 pairs were successfully matched 

on sex. There were 84 pairs successfully 

matched on population group and 21 that 

were not. There were 101 pairs matched 

on hepatitis B status and four pairs that 

were not. In 86 pairs age was matched to 

within five years, in six pairs to within 

10 but more than five years, and in 13 

pairs the difference in age was greater 

than 10 years. 
The cause of death in 51 pairs was un¬ 

known. In the remaining 54, the cause 

was not given in sufficient detail or was 

not considered medically accurate: seven 

individuals were reported to have died of 

“old age,” 13 of tuberculosis, 11 of ma¬ 

laria, and so on. These diagnoses were ob¬ 

tained from relatives, friends, or local 

paramedical personnel; none was ob¬ 

tained from hospital records or autopsy. 

Since the cause of death is not accurate, 

it was not used in the analysis. 

There is a marked daily variation in 

iron levels (17), and a smaller variation 

in serum ferritin levels (18). In this study, 

we assumed that the time of day the blood 

was drawn was not correlated with serum 

levels of iron-binding proteins or with 

probability of death over the next eight to 

12 years. 

Serum transferrin was determined 

using M-Partigen Radial Immune Assay 

(Behring Diagnostics, La Jolla, CA). Di¬ 

luted sera are applied to wells cut in a gel 

containing antibody to transferrin. End¬ 

point diffusions are reached within 48 

hours and the concentration of trans¬ 

ferrin is directly proportional to the di¬ 

ameter of the precipitin ring (19, 20). 

Serum ferritin was measured in the 

laboratory of Dr. Hie-Won L. Hann (In¬ 

stitute for Cancer Research) using ra¬ 

dioimmunoassay (Rianen assay kit. New 

England Nuclear, North Billerica, MA). 

Serum HBsAg was determined by im¬ 

munodiffusion (21) and by radioimmu¬ 

noassay (22). Antibody to HBsAg subtype 

AD and to subtype AY was determined by 

hemagglutination (23). 

The other measurements examined in 

this paper were taken by the staff of the 

Harvard-Solomon Islands study under the 

direction of Dr. Damon (7). 

Results 

Single variable analysis 

We tested the hypothesis that the mean 

difference in transferrin level among 105 

matched pairs of Solomon Islanders 

(Group D minus Group A level) was less 

than 0 when a paired t test was used. A 

Wilcoxon test was also performed to de¬ 

termine if transferrin levels in Group D 

were less than those in Group A. We ap¬ 

plied similar tests to the hypothesis that 

serum ferritin was higher in Group D than 

in Group A. 
For both transferrin and ferritin, the 

differences between Group D and Group 

A were in the direction predicted (table 

1), and in both instances the results were 
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Table 1 

Comparison of 1966—1970 serum ferritin and transferrin levels of Solomon Islanders dead by 1978 

(Group D) and alive in 1978 (Group A) 

Ferritin Transferrin 

No. of pairs 94 105 

Group D 

Mean 62.6 ng/ml 242.4 mg/dl 

Range 2.2-290 ng/ml 109-394 mg/dl 

SEM* 5.4 5.5 

Group A 

Mean 51.6 ng/ml 269.4 mg/dl 

Range 1.9-408 ng/ml 120-460 mg/dl 

SEM* 5.5 5.6 

Mean difference 11.0 -27.0 

t statistic 1.5 3.2 

One-tailed p value 0.07 0.001 

Wilcoxon rank test 1728.5 1563.0 

One-tailed p value 0.03 0.001 

* SEM, standard error of the mean. 

significant (p < 0.05) by a parametric test, 

a nonparametric test, or both. 

The mean serum levels of both ferritin 

and transferrin were within normal limits 

for both Group D and Group A; ferritin 

within the range 10—200 ng/ml and trans¬ 

ferrin within the range 200-400 mg/dl are 

considered normal (24). In Group A, the 

mean serum transferrin level was 269 

with a range of 120—460 mg/dl. In Group 

D, the mean was 242 and the range was 

109—394. Mean serum ferritin in Group A 

was 52 ng/ml with a range of 2—408. In 

Group D, the mean serum ferritin was 63 

and the range was 2—290. 

The mean transferrin differences and 

the mean ferritin differences by sex, age 

group, and hepatitis B status are shown 

in table 2. The mean differences between 

Group D and Group A in serum trans¬ 

ferrin were - 15 for HBsAg carriers and 

-30 for noncarriers (negative and anti- 

HBs); mean ferritin differences were 25 

for carriers and 5 for noncarriers. 

Although the transferrin differences are 

uniformly negative (table 2) and most fer¬ 

ritin differences are positive, the ferritin 

differences vary much more widely than 

the transferrin differences. In particular. 

the difference in ferritin among males is 

19, yet among females it is only 1 ng/ml. 

It is possible that the reduced trans¬ 

ferrin in Group D resulted from inade¬ 

quate nutrition. Measures of nutritional 

status taken at the time of the original 

examinations (1966-1970) included tri¬ 

ceps skinfold thickness, serum albumin, 

height, weight, and height/weight ratio. 

In addition, the following measures taken 

at the time of the initial examination were 

also considered: 1) current illness, 2) ma¬ 

laria, 3) gamma globulin levels (which 

might reflect infection), 4) Hackett spleen 

size (25), 5) hemoglobin levels, and 6) 

haptoglobin variant. 

There was no significant difference be¬ 

tween Group D and Group A in triceps 

skinfold thickness (in either sex) or in 

height/weight ratio (table 3), or in re¬ 

ported current illness. Hepatitis B car¬ 

riers were similar to noncarriers in Groups 

D and A in height, weight, and height/ 

weight ratio (table 4), regardless of age or 

sex. 

Group D had a small but significantly 

higher mean amount of gamma globulin 

than Group A. 

There were 39 in Group D and 42 in 
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Table 3 

Differences between matched pairs of Solomon Islanders dead by 1978 (Group D) and alive in 1978 

(Group A) in selected individual characteristics measured in 1966—1970 

Characteristic 
Mean (range) 

Group D Group A 
Mean difference 

(D - A) 
No. 

of pairs 

p value, 
two-tailed 

t test 

Triceps skinfold 

thickness (mm) 6.8 (3-23) 7.1(3-18) -0.26 104 0.33 

Males 5.5 5.7 -0.19 56 0.49 

Females 8.4 8.8 -0.35 48 0.49 

Height/weight ratio 

(cm/kg) 3.37 (2-8) 3.31(2-8.5) 0.06 104 0.28 
Albumin (g/liter) 39.5 (28-49) 41.1(29-54) -1.59 67 0.02 

Males 39.1 41.5 -2.3 40 0.03 

Females 40.1 40.6 -0.5 27 0.50 

Gamma globulin (mg/ml) 50.4(36-78) 47.5(31-87) 2.9 67 0.03 

Males 49.0 46.8 2.3 40 0.25 

Females 52.1 48.4 3.7 27 0.015 
Hemoglobin (g/dl) 12.4 (7-18) 13.1 (8-19) -0.64 105 0.015 

Males 12.7 13.6 -0.9 58 0.02 

Females 12.1 12.4 -0.3 47 0.36 

Group A who scored 0 on the Hackett scale 

(not palpable). Twenty-eight in Group D 

and 23 in Group A scored 3 or greater. A 

Wilcoxon test did not reject the hypoth¬ 

esis of no difference. 

Hemoglobin binds 60 per cent of the 

total body iron, and haptoglobin is the 

major serum hemoglobin binding protein. 

Hp 0 indicates that there is little or no 

haptoglobin. We found that Group A had 

a significantly higher mean hemoglobin 

level than Group D (table 3). In Group D, 

20 per cent (21/105) had hemoglobin below 

11 g/dl, while in Group A only 14 per cent 

(15/105) were this low. The mean ferritin 

in Group D with low hemoglobin was 78, 

and the mean transferrin was 239. The 

mean ferritin and transferrin in Group A 

with low hemoglobin were 49 and 273, re¬ 

spectively. Thus, low hemoglobin was not 

reflected in lowered ferritin, and to the 

extent that ferritin reflects body iron 

stores, low hemoglobin in these people was 

not due to lack of available iron. Hapto¬ 

globin variants among Groups D and A 

are shown in table 5. There were 32 in 

Group D and 23 in Group A with the Hp 

0 variant (none detectable), and this dif¬ 

ference is not significant. 

Finally, in table 6 the study sample is 

divided into four groups on the basis of 

reported year of death. There was follow¬ 

up on one of the subpopulations (the 

Baegu) to 1980. For many, year of death 

was unknown. For the remaining 80, it is 

only approximate. As seen in table 6, dif¬ 

ferences between Groups D and A in 

transferrin and ferritin are similar in each 

period. Thus, deaths occurring soon after 

sera were drawn were similar to deaths 

occurring long after sera were drawn in 

regard to the association of transferrin and 

ferritin with mortality. 

From this analysis, we conclude that 

serum iron-binding proteins are associ¬ 

ated with mortality, and the association 

cannot be explained by differences be¬ 

tween Groups D and A in nutritional 

status or in existing illness at the time 

the sera were drawn. The difference be¬ 

tween Groups D and A in ferritin level is 

greatest in carriers of hepatitis B. 

Logistic model fitting 

To study the joint effects of ferritin and 

transferrin on mortality, and to study in¬ 

teractions among these proteins and other 

variables, the conditional logistic regres- 
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Table 5 

Haptoglobin subtype distribution among matched 

pairs of Solomon Islanders dead by 1978 (Group D) 

and alive in 1978 (Group A) 

Haptoglobin subtype 

Hp 0 Hp 1-1 Hp 2-1 Hp 2-2 

Group D 32 28 26 18 

Group A 23 34 35 12 

Table 6 

Mean differences in serum transferrin and ferritin 

levels measured in 1966-1970 among matched 

pairs of Solomon Islanders dead by 1978 (Group D) 

and alive in 1978 (Group A) by year of death 

Mean difference 

Year of death (Group D - Group A) 
pairs - 

Transferrin Ferritin 

1967-1970 21 - 6.8 13.5 

1971-1973 27 -37,6 16.4 

1974-1977 21 -25.4 10.0 

1978-1980 11 -46.9 1.5 

sion model for matched pairs was applied 

to these data (26). We used the BMDPLR 

program (Biomedical Computer Pro¬ 

grams, P-series, 1981, Health Sciences 

Computing Facility, University of Cali¬ 

fornia at Los Angeles) for logistic regres¬ 

sion, which is oriented to the analysis of 

a prospective study design. By omitting 

the constant term, using the differences 

between Group D and Group A protein 

values, and assigning the outcome a suc¬ 

cess for all the matched pairs, this pro¬ 

gram can be used to estimate the coeffi¬ 

cients (and odds ratios) associated with the 

explanatory variables of a conditional 

model (26). 

There were 90 pairs with both ferritin 

and transferrin tested. As noted previ¬ 

ously, matching was not entirely suc¬ 

cessful for all pairs. A subset of 76 pairs 

with complete matching was analyzed and 

the results were in accord with the results 

based on the full set of 90 pairs. These 90 

pairs form the basis of the analyses that 

follow. 
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As Blumberg et al. (6) have noted, car¬ 

riers of hepatitis B surface antigen main¬ 

tain high levels of serum iron relative to 

noncarriers. Since ferritin and trans¬ 

ferrin are related to serum iron levels, we 

included in the first model interaction 

terms of hepatitis B with each of these 

two proteins. In the second model, hemo¬ 

globin level was also included, as were Hp 

0 phenotype and sex interaction terms 

with both ferritin and transferrin. 

When four terms are fit (transferrin, 

ferritin, hepatitis B-ferritin interaction, 

and hepatitis B-transferrin interaction), 

only two make significant contributions 

to the likelihood; transferrin and the hep¬ 

atitis B-ferritin interaction (table 7). The 

other two did not contribute to the fit to 

the data. The interaction term was gen¬ 

erated by recoding hepatitis B status for 

each pair as 0 if noncarrier and 1 if car¬ 

rier, then multiplying the ferritin (or 

transferrin) level of each member of the 

pair by the status. 

A second model was applied which in¬ 

cluded hemoglobin level, haptoglobin var¬ 

iant (0 if Hp 0, and 1 if Hp 1-1, 1-2, or 2- 

2), sex-ferritin and sex-transferrin inter¬ 

action, as well as the four variables used 

in the first model. In this model, trans¬ 

ferrin and hepatitis B-ferritin interaction 

were retained in the best fitting model, 

and in addition, hemoglobin level was in¬ 

cluded. The estimated parameter values 

show that death is associated with low 

transferrin and low hemoglobin, and that 

among HBsAg carriers death is associ¬ 

ated with high ferritin levels. , 

Estimated odds ratios are shown in table 

8. The odds ratio approximates the risk of 

death in those exposed to the risk factors 

relative to those not exposed (relative 

risk). In this analysis exposure is contin¬ 

uous, not binary. The odds ratios shown 

compare the risk of death between an av¬ 

erage member of Group D versus an av¬ 

erage member of Group A; that is, be¬ 

tween a person whose levels of serum pro- 

Table 7 

Results of logistic regression analysis* applied to matched, retrospective study of the association of 

transferrin and ferritin levels with mortality in the Solomon Islands 

Parameter 
estimate 

Standard 
error 

Improvement 
chi-square 

Transferrin -0.0064 

Model 1 

0.003 

Ferritin 

Hepatitis B-transferrin 

interaction 

Hepatitis B-ferritin 

interaction 0.025 0.013 

0.135 on 1 df (p = 0.713) 

0.00 on 1 df (p = 0.99) 

Transferrin -0.007 

Model II 

0.0026 

Ferritin 

Hepatitis B-transferrin 

interaction 

Hepatitis B-ferritin 

interaction 0.022 0.012 

1.3 on 1 df (p = 0.25) 

0.0 on 1 df (p = 0.96) 

Hemoglobin -0.018 0.009 

Haptoglobin 

Sex-ferritin 

interaction 

Sex-transferrin 

interaction 

0.60 on 1 df (p = 0.44) 

1.3 on 1 df (p = 0.26) 

0.025 on 1 df (p = 0.87) 

* BMDPLR, Biomedical Computer Programs, P-series, 1981, Health Sciences Computing Facility, Uni¬ 

versity of California at Los Angeles. 
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teins are the same as the averages in 

Group D and a person whose levels are 

the same as the averages in Group A. If 

more extreme values are chosen, the odds 

ratio becomes larger. For example, the re¬ 

sults of this analysis suggest that the odds 

ratio (and approximately, the relative 

risk) is 3.0 for a hepatitis B carrier with 

a transferrin level of 225, ferritin level of 

100, and hemoglobin of 11 compared with 

levels of 300, 75, and 13, respectively. 

Among noncarriers, the odds ratio would 

be 1.75. 

We examined the mean ferritin differ¬ 

ences between Group D and Group A by 

both sex and hepatitis B status. As can be 

seen in table 9, the ferritin differences 

were all positive and the transferrin dif¬ 

ferences were all negative in each hepa- 

Table 8 

Estimated odds ratios for carriers and noncarriers 

of hepatitis B, Solomon Islands study 

Hepatitis B status 

Carrier Noncarrier 

Odds ratio 1.55 1.22 

Upper 95% 

confidence limit 2.34 1.42 
Lower 95% 

confidence limit 1.04 1.05 

* Calculated from parameter estimates shown in 

table 7. Odds ratios compare a Solomon Islander with 

transferrin of 242, ferritin of 63, and hemoglobin of 

12.4 (Group D (those dead by 1978) averages) against 

a Solomon Islander with values of 269, 52, and 13.1, 

respectively (Group A (those alive in 1978) aver¬ 

ages). 

titis B status group among males. Among 

females, carriers and noncarriers of hep¬ 

atitis B differed in the relationship of iron¬ 

binding proteins to mortality. 

The results of fitting these logistic 

models accord with the interpretations 

drawn from the single-variable analysis: 

increased ferritin and decreased trans¬ 

ferrin levels are associated with increased 

mortality, a finding consistent with the 

hypothesis that increased iron stores are 

associated with increased mortality. In 

addition, decreased hemoglobin level is 

associated with increased mortality. 

Discussion 

These data support the hypothesis that 

serum transferrin was decreased and 

serum ferritin was increased in 1966- 

1970 among Solomon Islanders who had 

died by 1978 compared with those who 

were still alive. Among females, the as¬ 

sociation of ferritin with mortality is 

greater in carriers of HBsAg than in non¬ 

carriers. To the extent that these proteins 

reflect available iron stores, our obser¬ 

vations are consistent with our original 

hypothesis that iron stores were greater 

among those who were dead by 1978 than 

among a comparable group of age-, sex-, 

hepatitis B-, and village-matched alive 

controls. 
There was about a 10 per cent differ¬ 

ence between Group D and Group A in 

transferrin, and about a 20 per cent dif- 

Table 9 

Mean differences in 1966—1970 serum ferritin and transferrin levels among matched pairs of Solomon 

Islanders dead by 1978 (Group D) and alive in 1978 (Group A) by sex and hepatitis B status 

Hepatitis B status 

Negative Anti-HBs HBsAg carrier 

Mean difference (no.) Mean difference (no.) Mean difference (no.) 

Ferritin 

Male 24 (25) 11 (13) 18 (14) 

Female -13 (24) -18 (5) 33 (13) 

Transferrin 

Male -29 (25) -24 (15) -29 (16) 

Female -25 (30) -97 (6) 3 (13) 
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ference in ferritin. The manufacturers re¬ 

port a coefficient of variation of 3-8.5 per 

cent for the transferrin kit, and the 

manual reports a coefficient of variation 

of between 0.1-7.9 per cent for the ferritin 

procedure depending on the level in the 

serum. Our mean differences exceed these 

values; in addition, there is no reason to 

suspect that systematic measurement er¬ 

rors generated our observations. 

Ferritin and transferrin levels are in¬ 

fluenced by many factors and may not re¬ 

flect iron stores alone (14, 27-30). How¬ 

ever, in normal individuals ferritin can be 

an accurate indicator of available iron 

stores (9, 31, 32). 

In a study of 40 children with kwashi¬ 

orkor, McFarlane et al. (33) discuss the 

hazards of iron therapy in these patients. 

They found that the children who died had 

lower serum transferrin levels than the 

children who lived and inferred that 

higher available iron and consequent 

overwhelming infection contributed to the 

deaths. There was, however, no difference 

in serum albumin between the two groups. 

None of the Solomon Islanders we exam¬ 

ined had serum albumin levels as low as 

the mean in the group of kwashiorkor vic¬ 

tims described by McFarlane et al., and 

this is consistent with the notion that the 

albumin difference seen between Group D 

and Group A in our study probably does 

not reflect a nutritional difference ac¬ 

counting for differential survival. This is 

supported by the failure to find differ¬ 

ences in height, weight, and skinfold 

measurements. 

Neumann et al. (34) examined three 

groups of Ghanaian children with severe 

malnutrition, moderate undernutrition, 

and apparently adequate nutrition (con¬ 

trol group). They found depressed al¬ 

bumin and transferrin and increased im¬ 

munoglobulins in the severely malnour¬ 

ished children compared with the controls. 

Sixty per cent of severely malnourished 

subjects had hemoglobin below 11 g/dl. 

Eighteen per cent of the moderately un¬ 

dernourished children and 12.5 per cent 

of the controls had hemoglobin below this 

level. We found 19 per cent of Group D 

and 14 per cent of Group A with hemo¬ 

globin this low. The mean serum albumin 

levels of those in Group D who were under 

20 years of age at the start of the study 

(11 children) was 39 g/liter, which was in 

the range of the control and moderately 

undernourished groups in the Neumann 

study. This supports the view that mal- 

nourishment was probably not an impor¬ 

tant factor in the Solomon Islands study 

group, and does not account for the dif¬ 

ferences in transferrin and ferritin levels 

which we found between Groups D and A. 

Murray et al. (35) examined 137 iron- 

deficient Somali nomads, and alternately 

allocated nomads to receive 900 mg fer¬ 

rous sulfate or placebo for 30 days. They 

observed that the iron-treated nomads had 

36 infectious episodes while the placebo- 

treated had only six. The two groups were 

comparable in age, sex, and weight, and 

no participants were deemed to be under¬ 

nourished or recovering from malnutri¬ 

tion. Iron deficiency was defined on the 

basis of hemoglobin, transferrin satura¬ 

tion, serum iron concentration, and a blood 

smear showing microcytic hypochro- 

masia. They concluded that increased in¬ 

fection rates and reactivation of existing 

infection (tuberculosis, malaria, etc.) oc¬ 

curred after iron-deficient nomads reached 

what is considered normal iron levels. 

In another study, Murray et al. (36) 

found that of two groups of Turkana 

tribesmen in Kenya, one eating milk and 

the other eating fish and milk, the fish 

eaters suffered more frequent infection. 

They stated that the only apparent differ¬ 

ence between the groups was the lower 

serum iron of the milk drinkers. Among 

230 milk drinkers, the mean serum iron 

was 38.2 |xg/dl, while among 231 fish 

eaters, the mean iron was 59.7 p-g/dl—^both 

within normal bounds. 

Conclusion 

Decreased survival was found to be as¬ 

sociated with elevated ferritin and de- 
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creased transferrin levels. This finding is 

consistent with the hypothesis that ele¬ 

vated iron stores increase the risk of death. 

This elevation could be due to.a variety 

of factors operating in the Solomon Is¬ 

lands environment. Individuals with in¬ 

creased iron stores may be more prone to 

chronic and acute infection, and this may 

be reflected in elevated gamma globulin. 

The lowered hemoglobin could also be a 

consequence of chronic infection. 

Among females, there is an interaction 

of the mortality-ferritin association with 

host response to hepatitis B infection; the 

relationship of ferritin to mortality is con¬ 

fined to the carrier group. 

These results, if confirmed, would pre¬ 

dict that a small annual relative risk as¬ 

sociated with excess iron would lead to a 

significant number of deaths over a long 

time span. In our judgment, this study by 

itself should not be considered as suffi¬ 

cient evidence to change current nutri¬ 

tional practices. We hope that it will stim¬ 

ulate additional studies to retest the hy¬ 

pothesis. 
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Reprinted from Lancet (1984) 1, 347 

IRON AND IRON BINDING PROTEINS IN 
PERSISTENT GENERALISED LYMPHADENOPATHY 

AND AIDS 

Sir,—Dr de Sousa (Sept 17, p 681) suggested investigating serum 
iron and ferritm levels and transferrin saturation in patients with 
acquired immunodeficiency syndrome (AIDS) to evaluate the 
possibility that iron overload is causally related to their immuno¬ 
deficiency. We had already started such a study because of obser¬ 
vations' that increased serum ferritin levels before infection with 
hepatitis B virus were associated with the development of chronic 
hepatitis B infections, whereas low ferritin levels were associated 
with transient infections and development of antibody to hepatitis B 
surface antigen. Persistent generalised lymphadenopathy (PGL) is 
believed to be a prodrome of AIDS, and we thought that homosexual 
men with PGL in whom AIDS develops might have higher ferritin 
levels than PGL patients who do not proceed to AIDS. 

We studied sera from 103 homosexual men (44 with AIDS, 55 
with PGL, and 4 without PGL or AIDS). Ferritin was measured by 
radioimmunoassay (‘RIANEN’ kits; New England Nuclear), and 
serum iron was assayed by colorimetry. Serum ferritin levels were 
significantly higher (p<0 • 0001) in AIDS patients than in those with 
PGL (table). The ferritin values of the 4 homosexual men without 
AIDS or PGL were similar to those of the men with PGL. Serum 
iron concentrations were significantly decreased (p<0'0001) in 
AIDS patients compared with PGL piatients. The iron levels in the 
PGL patients were lower than those in the 4 men without PGL or 
AIDS and lower than the iron concentrations usually found in 
normal adult males in the United States.^ Transferrin concen¬ 
trations were not different in the AIDS and PGL populations, but 
the levels in the AIDS patients were lower than expected, given 
their relatively low iron concentrations. 

SERUM IRON AND IRON BINDINQ PROTEINS IN PATIENTS WITH AIDS 

OR PGL: MEAN±SEM 

Homosexual men with: 

AIDS 
(n=-44) 

PGL 
(n-55) 

Neither 

(n-4) 

Serum iron (/ig/dl) 82-0±5-l I160±6-2 140'8±6-0 

Long serum ferritin* 2-63±0-070 l-9I±0-047 2-06±0-153 

(ng/ml) 
Serum transferrin 
(mg/dl) 293-7±14-5 340-3±17-3 240-3±13-6 

*Log transformation of serum ferritin was used to normalise the skewed 

distribution. 
Ferritin values ranged from 19-2 to 1070 ng/ml. 

2 

Thus serum ferritin levels seem to be raised and serum iron levels 
depressed in patients with AIDS. We had sera from 6 PGL patients 
in whom AIDS subsequently developed; the ferritin and iron 
concentrations in these sera were similar to the levels in sera from 
patients with clinically diagnosed AIDS. Rising levels of serum 
feiritin and falling concentrations of serum iron in PGL patients 
may herald progression to AIDS. This hypothesis will be tested in a 
controlled prospective study. 

What is the possible explanation for the changes in iron and 
ferritin levels in the AIDS patients? Bacteria, parasites, and virus 
infected cells require iron for growth. Prokaryotes have sidero- 
phores which bind iron efficiently and compete with host binding 
proteins for iron.^ Serum ferritin probably originates largely from 
cells of the reticuloendothelial system, particularly fixed and circu¬ 
lating monocytes and macrophages.Patients with AIDS are 
probably carrying a heavy load of infectious agents which draw on 
body iron stores for their metabolism, and PGL patients who are 
progressing to AIDS may be in the process of acquiring large popu¬ 
lations of microbial agents. The phagocytic cells of AIDS patients 
are actively ingesting .these microbial agents, incorporating their 
iron and synthesising and releasing ferritin. If this is the correct 
explanation, it is likely that the phagocytic activity of these cells is 
also associated with the release of toxic oxygen radicals and 
lysosomal enzymes.^ These substances may damage lymphoid cells 
and thereby worsen the immunodeficiency of PGL and AIDS 
patients. Ferritin itself has immunosuppressive effects and the 
increased ferritin concentration may also contribute to immuno¬ 
deficiency.* 
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Reprinted from Ann. Intern. Med. (1985) 102, 390-394 

The Daedalus Effect: Changes in Ethical Questions Relating to Hepatitis B 

Virus 

BARUCH S. BLUMBERG, M.D.; and RENEE C. FOX, Ph.D.; Philadelphia, Pennsylvania 

The Daedalus myth is a metaphor for aspects of the 
scientific process. When a problem is solved it often 
raises others, and when these in turn are solved they 
generate additional questions. Although perfect solutions 
may not be possible, major improvements can be made in 
many cases. Research on the hepatitis B virus is an 
example. The ability to detect carriers of hepatitis B virus 
contributed to the control of post-transfusion hepatitis but 
raised social and ethical problems inherent to the 
identification of carriers in the community. Partial 
solutions to this problem resulted from the ability to 
distinguish infectious from noninfectious carriers by the 
use of the hepatitis B e antigen (HBeAg) test and the 
development of an effective vaccine against hepatitis B 
virus. These solutions will undoubtedly lead to other 
problems and their solutions, which will in turn lead to 
other ethical and medical questions. 

The Daedalus myth can be viewed as a metaphor for 

the problem-solving and problem-creating aspects of sci¬ 

entific life (1). Daedalus, a legendary figure of the classi¬ 

cal world, was a craftsman, inventor, architect, and art¬ 

ist. He was also a generator and solver of problems. 

Every time a question was answered it raised several 

more, and these in turn led to other questions; his search 

was endless. Daedalus repeatedly learned that even the 

most ingenious solutions were neither flawless nor defini¬ 

tive. His actions had both positive and negative conse¬ 

quences for the persons affected. Some of these conse¬ 

quences were anticipated and others were not. 

Daedalus must have been aware of the imperfect na¬ 

ture of his solutions, but he was captivated by the prob¬ 

lems presented to him, encouraged by the progress that 

he made, and challenged by the new questions his solu¬ 

tions raised. He was also realistic and prudent and recog¬ 

nized limits beyond which he must not venture. Daedalus 

attempted to convey his perspectives on problem-solving 

to his son Icarus. But in keeping with the limitations and 

imperfections of which he was so keenly aware, he did 

not succeed in saving his son. 

The medical scientist will recognize a familiar pattern 

in the career of Daedalus. When a hypothesis is tested it 

generates others, and when tested these yield still more. 

Scientific research has an infinite quality; the more we 

know, the more we know about what we do not know, 

and this unknown must in turn be understood. Each time 

a medical treatment, diagnostic technique, or public 

health measure is introduced, no matter how effective it 

may be, it nearly always raises other problems. All drugs 
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have undesirable side effects; diagnostic procedures are 

rarely, if ever, entirely specific or infinitely sensitive; and 

public health measures often have medical, social, and 

even political consequences that are difficult to foresee. 

The metaphor, however, is not pessimistic. It may be a 

paradox, but knowledge of what we do not know contrib¬ 

utes to understanding and enlarges the imaginative possi¬ 

bilities of an investigation. There may be an infinite 

amount that can be known about a medical problem but 

it is amazing how little need be known in order to pro¬ 

vide effective, although not perfect treatments. Penicillin, 

for example, provided remarkable treatment long before 

there was any understanding of its mode of action. The 

avitaminoses were treated and prevented decades before 

there was any knowledge of vitamins, or even before they 

were named. 

The solution of problems generates other problems; 

however, they are often of less consequence than the 

problems that were resolved. Drugs may have serious 

side effects, but the problems they solve, such as the cure 

of infectious disease by penicillin, are far more beneficial 

than the side effects that they cause. Anyone who remem¬ 

bers the era before antibiotic agents can testify to the 

immense improvement in patient care that resulted from 

the introduction of penicillin and the drugs that followed. 

Although perfection in medical care may not be possible, 

major improvement is, and the history of medicine in the 

past 50 years contains many examples of such advances. 

The Daedalus metaphor is not only relevant to 

biomedical problem solving; it is also applicable to ethical 

questions associated with medicine. Medical research can 

raise ethical problems, but may also contribute to their 

resolution. 

Daedalus 

Daedalus, the legendary builder, designer, and inven¬ 

tor, murdered his nephew Perdix for reasons that are 

ambiguous. Daedalus fled Athens, went to Crete, and 

was employed at the court of King Minos. Known for his 

ability to make clever images of animals, Daedalus was 

employed by Pasaphae, the Queen of Crete and wife of 

Minos, when she became hopelessly enamoured of a great 

white bull presented to her and her husband as a gift by 

the god Poseidon (the mythic father of Minos). Daeda¬ 

lus designed and built a life-size, hollow cow. The queen 

positioned herself in the model, which was placed in a 

seductive situation in a field, and eventually she was im¬ 

pregnated by the white bull. Her problem, the need for 
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the bull, was solved, but it created another: the offspring 

of this unfortunate union was the half-beast, half-human 

Minotaur. This awful animal terrorized the citizens; the 

noise it created was like thunder, when it stamped its feet 

the earth shook, and it was a nuisance and danger in 

other ways as well. 

Daedalus designed and built the labyrinth in which the 

Minotaur could be kept away from others. But the Mino¬ 

taur required the sacrifice of young men and women. 

Each year, youths were sent from Athens to be offered up 

to his insatiable appetite. When Theseus, the son of the 

king of Athens, was sent with the sacrificial youths, 

Daedalus told him and Ariadne (the daughter of Minos 

and Pasaphae, thus half-sister of the Minotaur) of a se¬ 

cret door by which they could enter the labyrinth to slay 

the Minotaur. He also gave Ariadne a magic spool of 

thread that would unwind and show them how to escape 

the labyrinth after they had slain the beast. Theseus and 

Ariadne slew the Minotaur and fled Crete, with many 

adventures along the way. Ariadne was eventually aban¬ 

doned by Theseus on the island of Naxos. 

Hence, another problem was solved but others devel¬ 

oped. Minos imprisoned Daedalus and his son Icarus in 

the labyrinth for their part in the death of the Minotaur 

and the escape of the killers; the mazemaker was trapped 

in his own maze—an ironic metaphor within a metaphor. 

But the imprisonment had its solution. Daedalus invent¬ 

ed wings and fashioned them from feathers and wax. He 

and his son escaped their jailers but, in the ensuing flight, 

against paternal advice, Icarus flew too high. The heat of 

the sun melted the wax, the wings came away, and Icarus 

fell to his death in the sea that now bears his name. Daed¬ 

alus flew on to the Greek colony of Cumae, south of 

Naples (or, in some versions of the myth, to Sicily), and 

additional adventures and travels followed. 

The sun and its heat, the wings and their wax, the sea 

into which Icarus plummeted, his attitudes and his death, 

all became part of the continuing cycle of questions and 

answers, problems and solutions that are inherent to cre¬ 

ative and responsible science and to human questing. 

Bioethics and Medical Research 

Bioethical problems cannot be fully understood with¬ 

out a thorough grasp of the scientific and technical phe¬ 

nomena that surround them. It is necessary to under¬ 

stand the scientific content of a problem in order to 

formulate the ethical problem. However, it is not the sci¬ 

entific factors alone that cause the ethical dilemma. There 

is always an interplay of belief, value, and social factors 

in ethical problems and their designation as such. Scien¬ 

tists and physicians need to understand this process in 

order to more knowledgeably and responsibly serve their 

patients and the general public. Advances in biological 

and medical knowledge do not only lead to ethical prob¬ 

lems; they can also alleviate and even solve these prob¬ 

lems. Continuing research often mitigates a previously 

difficult issue or changes it into one for which a solution 

can more readily be found. 

Science is at once a problem-solving and problem-cre¬ 

ating process. Each time a question is answered (a hy¬ 

pothesis effectively tested), it raises additional questions 

that in turn are answered and produce another genera¬ 

tion of questions. The process may be infinite. 

Another pattern in contemporary medical science 

ought to be considered in arriving at decisions as to when 

and how a scientific finding should be applied. Research 

is often adopted in clinical practice before it is actually 

completed. When the possibilities of a scientific advance 

are perceived, they are frequently applied to clinical prac¬ 

tice as if their value had already been tested. Or, to put it 

in a more formal statement, a distinction is not made 

between the hypothesis when it is first stated (“Based on 

laboratory observation the hypothesis is made that drug 

Alpha is beneficial for cardiac arrhythmias”), and the 

hypothesis after it has been adequately tested and sup¬ 

ported (“We have already tested Alpha in a series of 

controlled trials and find it to be better than the previous¬ 

ly available therapy”). In the early phase of research 

there often appears to be greater awareness and more 

frequent and enthusiastic reporting on the problem-solv¬ 

ing (“beneficial”) consequences of the discovery than on 

its problem-creating (“side effects”) consequences. It is a 

common experience to read the glowing first accounts of 

a newly introduced procedure or therapy proclaiming its 

great effectiveness and nearly trouble-free character. 

Only later one learns that the procedure is not as effective 

as first thought and carries with it significant toxic or 

undesirable consequences. 

These patterns are cultural as well as cognitive. The 

ritualized optimism that is involved and the questing 

hope that a “perfect” medical drug, procedure, or device 

can be found that has only good consequences and no 

bad ones are part of Western values and beliefs, especially 

in their American form (2). It is the first-hand experi¬ 

ence of many, however, that a problem-free “magic bul¬ 

let” form of scientific knowledge does not exist; perhaps 

it never will. Although commitment to the principle of 

constant improvement through new problems and their 

solutions is essential to science, it is unrealistic and in 

some respects unethical for scientific progress to be tied 

to a utopian and hubris-ridden notion of perfection. The 

practice of medicine cannot become perfect, but it can be 

made much better. 

Bioethical Problems Related to the Detection of Hepatitis 

Carriers 

The test for what was then known as the Australia 

antigen was reported in 1964 (3). By 1966, there was 

substantial evidence that Australia antigen was on the 

surface of hepatitis B virus. In 1967 (4), screening of 

blood donors for occult carriers of hepatitis virus was 

routine in Philadelphia, and by 1970 it was widely ap¬ 

plied in the United States and other countries (4, 5). 

In 1968, reports were heard from persons, usually 

health care personnel, who had been identified as carriers 

either as a result of a blood donor or hospital staff testing 

program. For example, a hospital nurse identified as a 

carrier was told that she would be fired because of the 

possibility that she might infect people by personal con¬ 

tact. An applicant for a hospital position was deemed 
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ineligible for employment because he was a carrier. A 

homosexual man was informed that he was a carrier, but 

given no specific instructions on how he should conduct 

himself socially. 

Along with the many incidents of this sort, policy 

questions about hepatitis B virus carriers were raised by 

various institutions. Military medical authorities in a for¬ 

eign country where hepatitis B virus carriers were com¬ 

mon asked if they should screen applicants for admission 

to medical school and disqualify those found to be carri¬ 

ers. The same question was raised with respect to admis¬ 

sion to officers’ training school and graduation from 

nursing school: should these applicants and graduates be 

screened for the carrier state to determine if they should 

be allowed to enter, or undertake the practice of their 

chosen professions? (We recommended that screening 

should not be done.) Still another difficult policy problem 

arose in relation to the adoption of Southeast Asian refu¬ 

gee children. In the mid-1970s, many children from In¬ 

dochina (primarily orphans, but in some cases children 

who still had parents) were placed for adoption. Because 

hepatitis B virus carriers were known to be prevalent in 

Vietnam, the advisability of screening these children for 

the virus became an issue. Should the results of this 

screening test determine who would be accepted for 

adoption and who would not? (United States health offi¬ 

cials decided that carrier testing should not be done.) 

These carrier-related questions surfaced in increasing 

numbers as the use of the hepatitis B virus test became 

more widespread. 

What appeared to be emerging was the possibility that 

a new class of stigmatized persons and groups—hepatitis 

B virus carriers—was being created by the introduction 

of a single laboratory test (6). These were persons who 

did not have any recognizable external characteristics. 

Their carrier state was “occult,” only discernible by use 

of a blood test that had been introduced. Many carriers 

already had been, and even more would be, identified as a 

result of the donor and other blood-testing programs that 

had been launched. (Tens of millions of donor blood 

samples are collected each year, and in due course most 

of these would be tested.) 

It was known that some carriers could transmit hepati¬ 

tis readily by blood transfusion. From this knowledge, 

but without quantitative data on actual transmission, it 

was inferred that carriers could also convey hepati^^is 

through social interaction. This assumption began to take 

hold despite the fact that it was apparent that most carri¬ 

ers were not very infectious. It had been estimated that 

there were about 700 000 carriers throughout the United 

States. If they were very infectious—for example, to the 

degree that people infected with smallpox are—there 

would have been far more hepatitis in this country and 

elsewhere than there is known to be. Furthermore, sever¬ 

al preliminary studies of health care workers known to be 

carriers showed that they had not transmitted hepatitis B 

virus to their patients. The scientific evidence strongly 

suggested that, although some carriers might be infec¬ 

tious, many were much less so if at all, and that the 

danger to public health was probably not immediate or 

enormous. Nevertheless, persons who had been identified 

as hepatitis B virus carriers were being medically and 

socially marked in potentially disadvantageous ways. 

They were having employment and career difficulties as 

well as interpersonal and family embarrassment and 

stress as a result of their disclosed carrier status. 

Consideration of these problems made it clear that an 

evaluation of a general screening program should be done 

before any such program was organized. (This program 

refers to the screening of persons other than blood do¬ 

nors. Blood donor screening had been evaluated, found to 

be justified, and accepted.) What was called for was a 

judicious, well-informed set of decisions about screening 

that would potentiate its public health benefits, and pro¬ 

tect individual hepatitis carriers from undue economic, 

psychic, and social harm. It became apparent that there 

were not sufficient data on which to make sound deci¬ 

sions that would appropriately balance collective needs 

and individual rights. It was not at all clear what the 

rules for a screening program ought to be. Should screen¬ 

ing be compulsory? Should the activities of carriers be 

restricted and, if so, in what way? Flow could infectious 

carriers be distinguished from those who were not infec¬ 

tious? What instructions should be given to identified car¬ 

riers? What kind of protection could and should be of¬ 

fered to those with whom carriers came in contact? The 

history of previous medical applications strongly suggest¬ 

ed that these issues should be addressed before the 

screening procedure acquired the routine familiarity and 

authority of an established practice; once a procedure has 

been instituted, it becomes increasingly hard to question 

or freshly evaluate it. 

There were also broader issues that had been raised 

and required consideration. Most of the infectious diseas¬ 

es that people contract are transmitted either directly or 

indirectly from other people, in many cases from carriers. 

However, screening for these agents is difficult and not 

done routinely on large segments of the general popula¬ 

tion. For example. Staphylococcus aureus carried on skin 

surfaces may be spread from person to person and has 

caused large and calamitous epidemics in hospital nurser¬ 

ies. Nevertheless, routine screening is not done for this 

bacteria except after infection has been found. Salmonella 

species may be spread by food handlers and cause serious 

epidemics of diarrheal disease, but routine screening is 

not done because of its expense and difficulty. Should 

hepatitis carriers be targeted for screening simply because 

the test is easy to do and widely available? Beyond this, 

how much should biological knowledge be allowed to in¬ 

fluence and control our social relationships? To what ex¬ 

tent should medical and public health practices be al¬ 

lowed to affect our social behavior—particularly in the 

face of the kind of inadequate information about hepatitis 

B virus carriers and the infectious risk they constitute 

that existed at this point? 

For various reasons, hepatitis screening for blood do¬ 

nors was accepted quickly, whereas screening for many 

other infectious agents has not been accepted. There was 

an unambiguous, long-standing need to screen blood do¬ 

nors for hepatitis. Post-transfusion hepatitis was a real 
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and significant problem that had been recognized for 

years and any solution was bound to be accepted quickly. 

The tests for hepatitis B virus (particularly the radioim¬ 

munoassay that was introduced relatively early in the 

program) were sensitive and specific. There was a large 

commercial interest in these tests. Test reagents for hepa¬ 

titis B virus to the value of tens of millions of dollars are 

sold yearly, aided by extensive advertising and skilled 

promotion. Further, several law suits had been brought 

against hospitals, blood banks, and physicians by defend¬ 

ants who developed post-transfusion hepatitis and 

claimed that the institution and health care workers were 

liable because they had not used the screening test for 

hepatitis B virus. In addition, blood has a powerful sym¬ 

bolic meaning in our culture. It is associated with life and 

vigor, lineage and kinship, and sacrifice and the sacred in 

ways that are likely to confer special positive significance 

on technical procedures that guarantee its “purity.” 

The question of a general screening program (the test¬ 

ing of persons who were not blood donors) had to be 

viewed very differently. We, and others in the field, took 

the position that there had not yet been enough research 

on hepatitis B virus carriers to justify general screening 

programs, except for those that were part of a research 

protocol (7). Adequate research had been done to sup¬ 

port the screening of blood donors, and here the balance 

was clearly in favor of the public health. But the research 

was not yet sufficient to know how to use the results of a 

general screening program. Continued research to resolve 

the social and ethical as well as scientific and medical 

aspects of these problems was recommended. Concrete 

projects for research, several of which were already -in 

progress, were also advocated (7). 

Advances in Research and Their impact on Ethical Questions 

Since our original publication on these issues, there 

have been scientific and technical advances that have 

changed the ethical issues in hepatitis B virus carrier 

screening, and altered our views in the process. In 1972, 

Magnius and Espmark (8) reported their finding of the 

hepatitis B e antigen (HBeAg). This antigen appears to 

be a part of the core of hepatitis B virus, and its presence 

in a carrier indicates that significant amounts of whole 

infectious virus are present in the blood (9, 10). Several 

studies have shown that carriers of hepatitis B surface 

antigen (HBsAg) who also have HBeAg are much more 

likely to be infectious than carriers without HBeAg, as 

seen in transmissions from a carrier mother to her off¬ 

spring, and in horizontal transmission from one person to 

another. Furthermore, HBsAg carriers who also have an¬ 

tibody to hepatitis B e antigen (anti-HBe) in their blood 

are much less likely to transmit the agent than those with 

HBeAg or those without any sign of HBe antigen or anti¬ 

body. By separating the carrier group into those who are 

potentially infectious and those unlikely to transmit hep¬ 

atitis, the problems of screening were narrowed and fo¬ 

cused. 

In 1969, Millman and Blumberg introduced a unique 

method for the production of a vaccine to prevent infec¬ 

tion with hepatitis B virus (11). The vaccine has been 

tested (12), accepted by government agencies, and is how 

widely used by individuals and for public health projects 

in this country and abroad. If the use of the vaccine con¬ 

tinues to be as safe and effective as these original trials 

indicate, it will be possible to protect persons with whom 

carriers come in contact. In time, in some regions of the 

world where hepatitis prevalence is high, all or nearly all 

of the population will either have natural protection 

against hepatitis B virus (they will have developed the 

antibody to hepatitis B surface antigen [anti-HBs] after 

natural infection with the virus), or they will have been 

vaccinated. When this happens, the public health impact 

of the carriers will be greatly minimized in these areas. 

As a consequence, the chief ethical problem of the carrier 

will have been eliminated. 

In areas with low intensity of hepatitis B virus infec¬ 

tion, the vaccine will probably only be used in high-risk 

populations, including health care personnel, travelers, 

military personnel, blood handlers, homosexual men 

(who have a high risk of infection with hepatitis B vi¬ 

rus), drug abusers, family members of carriers, and cer¬ 

tain other groups. In some of these high-exposure popu¬ 

lations, the frequency of naturally occurring anti-HBs 

may be common (15% to 50%). Because the cost of 

vaccine is high, it would be prudent in some areas to 

screen these populations for the presence of anti-HBs 

(and possibly HBsAg), because they would not profit 

from vaccination. Under these changed circumstances, 

the screening of general populations would be warranted. 

The initial concerns about general population surveys 

would be set aside, because measures of known value 

could be taken as a consequence of the survey. 

There are other situations in which screening surveys 

may be warranted. Current policy encourages the “main- 

streaming” of mentally retarded children by placing them 

in small, home-like settings in the general community, 

and in regular schools with other children. There is a 

relatively high frequency of carriers among children and 

young adults with Down’s syndrome, who make up a 

sizeable portion of deinstitutionalized, mentally retarded 

people. Research should continue to determine the risk 

that these children may impose on their classmates, and 

on the feasibility of vaccine protection. Similarly, adopt¬ 

ed children from communities with high frequencies of 

carriers (for example. Southeast Asians) may also be 

screened after adoption has occurred. Vaccine could then 

be recommended to family members if the adopted child 

is found to be a carrier and have HBeAg. In selected 

cases, connubial partners may request screening tests in 

order to decide if an uninfected partner should be vacci¬ 

nated. 

Nevertheless, these screening procedures will continue 

to raise ethical problems. Although there is now a more 

obvious public health value that would derive from 

screening in certain populations, the identification of hep¬ 

atitis carriers still involves some degree of individual and 

group stigmatization and is a potential disadvantage. 

A recent example illustrates the difficult problems that 

may develop. A limited screening program of East Asian 

immigrants living in the United States was part of a vac- 
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cination project. A young student about to attend a pri¬ 

vate, residential school, was found to be a carrier. This 

raised the question of whether the school should be in¬ 

formed, and, if so, in what way? Should the student’s 

roommate be vaccinated? Should other students be vacci¬ 

nated? Who should pay for these vaccinations? Would 

knowledge of the fact that this student was a carrier ad¬ 

versely affect the way he was viewed by other students? 

What repercussions might this have for attitudes toward 

the student’s ethnic group? This last possibility was of 

special concern to the immigrants community who had 

come to the United States from an area of Asia where 

hepatitis B virus is endemic. Not only was the communi¬ 

ty worried about the prejudice and discrimination that 

the student might experience, but also about the “im¬ 

pure” image of their ethnic group that might emerge if a 

significant number of carriers were identified in their 

community. Would Americans come to regard their 

whole group as “marked” by hepatitis, and, consequent¬ 

ly, as a public threat? What implications would this have 

for the respect and status they would be accorded in 

American society, and for their educational, occupation¬ 

al, and economic opportunities for advancement and suc¬ 

cess? In this particular case, such questions (some of 

which were explicitly stated, others of which were im¬ 

plied) became so acutely problematic that government 

health authorities were consulted. In the end, the issues 

surrounding the case were only partly resolved. 

Other advances that would further alter the ethics of 

screening are likely to occur. Research is now being di¬ 

rected toward an understanding of how to either elimi¬ 

nate hepatitis B virus from carriers, or to effect virus 

replication so that the amount of virus produced and ex¬ 

creted is so low that the carrier is no longer an infectious 

hazard (13). If such measures become possible, they 

would probably also decrease the likelihood of the carrier 

developing chronic liver disease or primary cancer of the 

liver. Under these conditions, identified carriers could be 

offered a quasi-therapeutic procedure. (It is not exactly 

therapy because carriers often do not perceive any ill¬ 

ness.) This would provide a powerful new medical and 

moral rationale for general hepatitis B virus carrier 

screening that might further offset the negative personal, 

social, and cultural side effects associated with it. 

Summary 

We have used the term “Daedalus effect” to identify 

and describe the never-perfect nature of medical research 

and practice: the way in which each solution to a prob¬ 

lem generates new problems. We have shown that this 

effect can relate to bioethical as well as biomedical prob¬ 

lems. 

It may be important for scientists and practitioners to 

recognize this phenomenon. It can help them to distin¬ 

guish between the imperfections that are a consequence 

of the “Daedalus effect,” and those that emanate from 

inadequate scientific thought or poor experimental de¬ 

sign. Comprehension of this effect may help to mitigate 

both the hubris that results from the expectation that 

perfect solutions are possible, and the discouragement 

that comes from not achieving all desired ends. 

Although it may not be possible to achieve perfection, 

it is within the capacity of research to make things much 

better than they currently are. For the contemporary 

medical investigator and practitioner this is a goal, as it 

was for Daedalus. 
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TED SLAVIN’S BLOOD AND THE DEVELOPMENT OF 
HBV VACCINE 

To the Editor: Ted Slavin died on the 15th of November, 1984, 
from the ravages of hemophilia, kidney disease, and congestive 
heart failure. His death was a blow to all of us in the Division of 
Clinical Research of the Fox Chase Cancer Center. 

Mr. Slavin contracted hepatitis B in the mid-1950s, and probably 
as a consequence of subsequent repeated exposure to hepatitis B 
virus in numerous transfusions (blood donors were not screened for 
the virus at that time), he had very high titers of antibodies against 
hepatitis B. In 1970 the Hemophilia Society began to test patients 
for hepatitis B viral markers, and the high titers of antibodies in his 
blood were revealed. Slavin realized the value of his blood both to 
commercial organizations that at the time were using human serum 
in manufacturing diagnostic kits for hepatitis B virus, and to labora¬ 
tories attempting to advance knowledge about blood-borne human 
viruses. Ironically, Slavin’s blood, which previously had been an 
enormous burden to him, then became an asset. He began to market 

his blood, on occasion for up to $10.00 a milliliter, and later orga¬ 
nized a company, Essential Biologicals (a particularly appropriate 
name), to collect blood from persons with rare or unique blood 
factors. Through his energy and wit, he converted a disastrous 
health condition into a successful business. 

In addition to its commercial use, Slavin provided his serum, 
at no cost, for research purposes. From the National Institutes 
of Health he obtained a printout of workers in the hepatitis 
field and selected our laboratory as a recipient of his blood. 
We used it in research on the radioimmunoassay test, tissue 
fluorescence techniques, the development of the vaccine against 
hepatitis B virus, and the prevention of primary cancer of the 

liver. 
We will long remember Ted Slavin as a gallant man who loved 

life and who contributed greatly to our research efforts. 

Baruch S. Blumberg, Irving Millman, 

W. Thomas London, and other members of 

THE Division of Clinical Research 

Philadelphia, PA 19111 Fox Chase Cancer Center 
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