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The three types of human
viral hepatitis A. J. ZUCKERMAN1

Infections with hepatitis A and B viruses are common in all parts of the world
and constitute a major public health problem. The identification of specific antigenic
markers of these viruses has led to the development of sensitive laboratory tests.
These, in turn, have resulted in a better understanding of the epidemiology, patho-
genesis, immunology, and the nature of these common infections. In the case of
hepatitis type B, laboratory tests revealed a persistent carrier state of the surface
antigen in some 120-175 million people and established the significance of hepatitis B
virus in thepathogenesis ofserious chronic liver disease, including a strong association
with primary hepatocellular carcinoma in tropical and some subtropical regions.
In addition, the specific diagnosis ofhepatitis types A andB has revealed a previously
unrecognized form of hepatitis which is clearly unrelated to either type. This new
form of infection of the liver is now the most common type of hepatitis after the
transfusion ofblood and bloodproducts in some areas ofthe world and it also appears
to be an important cause ofsporadic hepatitis, particularly among adults.

Many viruses may infect the liver of animals and man and produce severe disease. The
existence of at least two distinct types of acute viral hepatitis in man, differing by their
incubation periods and primary modes of transmission, has been recognized for over
30 years. The predominant association of one form of acute hepatitis with an epidemic
setting (epidemic hepatitis) and essentially faecal-oral spread, and the more sporadic nature
of another type of hepatitis (serum hepatitis) and its predominant association with a
parenteral mode of transmission have also been long recognized. In man, therefore, these
two viruses and yellow fever virus are considered the most important causes of acute
inflammation and necrosis of the liver. Inflammation of the liver is also not infrequently
associated with other common viral infections, particularly cytomegalovirus and Epstein-
Barr virus, but these are generally excluded from the term viral hepatitis.
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The discovery of a circulating serum antigen, Australia antigen, and its homologous
antibody as specific markers of infection with one type of hepatitis resulted in rapid
progress in the understanding of the epidemiology, immunopathology, and the clinical
features of this infection. Several groups of experts have been convened by the World
Health Organization since the early 1970s, to discuss these developments and their
application to the control of hepatitis and WHO has also taken a leading role in
establishing collaboration, the exchange of information and material, and training as part
of a worldwide research effort. Rapid advances have been 'maintained and the two clinically
and pathologically similar forms of hepatitis can now be differentiated by specific
laboratory tests for antigens and antibodies associated with these infections. Indeed,
progress in the specific diagnosis of viral hepatitis has proceeded to such an extent that it
has revealed a new and unrelated type of hepatitis. This new form of hepatitis is now the
most common type of hepatitis after the transfusion of blood and blood products in some
areas and it appears to be an important cause of at least sporadic hepatitis in adults.
However, precise virological criteria for this new type of hepatitis are not yet available.

TERMINOLOGY

The terminology of viral hepatitis has been bedevilled by a multitude of synonyms, and
the discovery of Australia antigen and subsequently other antigens was followed bythe
introduction of a number of terms describing identical antigen-antibody systems and the
use of complex abbreviations. It became desirable to arrive at an easier, more acceptable
and uniform terminology to lessen the confusion that was developing in a rapidly
advancing field and the nomenclature was revised by a WHO Scientific Group on Viral
Hepatitis in 1973 a by a meeting of WHO experts in 1975.b It was proposed that the
common forms of viral hepatitis be referred to as hepatitis A and B, terms introduced by
F. 0. MacCallum in 1947. The name hepatitis A replaces, therefore, such synonyms as
infectious hepatitis, infective hepatitis, epidemic jaundice, catarrhal jaundice, and Botkin's
disease; and hepatitis B is the recommended term for serum hepatitis, homologous serum
jaundice, syringe jaundice, long-incubation hepatitis, and so on.

A WHO Expert Committee on Viral Hepatitis c recently suggested the following
modifications in terminology, taking into account findings from many laboratories.

Hepatitis A virus (see Fig. 1) and antibody
HAV Hepatitis A virus. A small virus in the range of 25-28 nm possessing cubic

symmetry.
Anti-HAV Antibody to hepatitis A virus.

Hepatitis B virus (see Fig. 2), antigens and antibodies
HBV Hepatitis B virus. A 42-nm double-shelled virus, initially referred to as the

Dane particle.

a WHO Technical Report Series, No. 512, 1973.
b WHO Technical Report Series, No. 570, 1975.
C WHO Technical Report Series, No. 602, 1977.
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HBsAg Hepatitis B surface antigen, originally known as Australia antigen. The
hepatitis B antigen found on the surface of the virus and on the accom-
panying unattached 22-nm spherical particles and the tubular forms.

HBcAg Hepatitis B core antigen. The hepatitis B antigen found within the core of
the virus.

HBeAg The e antigen which is closely associated with hepatitis B infection.
Anti-HBs Antibody to hepatitis B surface antigen.
Anti-HBc Antibody to hepatitis B core antigen.
Anti-HBe Antibody to the hepatitis B e antigen.

HEPATITIS A

Viral hepatitis type A occurs endemically in all parts of the world, with frequent reports
of minor and major outbreaks. The exact incidence is difficult to estimate because of the
high proportion of subclinical infections and infections without jaundice, differences in
surveillance and differing patterns of disease. The degree of under reporting is believed to
be very high. The incubation period of hepatitis A is between 3 and 5 weeks with a mean of
28 days.

Hepatitis A virus is spread by the faecal-oral route, most commonly by person-to-
person contact, and infection occurs readily in conditions of poor sanitation and over-
crowding. Common source outbreaks are most frequently initiated by faecal contamination
of water and food, but waterborne transmission is not a major factor in the maintenance of
this infection in the developed countries. On the other hand, many foodborne outbreaks
have been reported. This can be attributed to the shedding of large quantities of virus in the
faeces during the incubation period of the illness in infected food-handlers, and the sources
of the outbreak can often be traced to uncooked food or food that has been handled after
cooking. Ingestion of raw or partially cooked shellfish cultivated in water polluted with
sewage is associated with a high risk of acquiring hepatitis A. This infection is also not
infrequently contracted by travellers to areas of high endemicity. Outbreaks of hepatitis A
have also been described in handlers of newly-captured nonhuman primates, particularly
chimpanzees. Recent serological surveys indicate that hepatitis A is rarely, if ever,
transmitted by blood transfusion, and although serum containing hepatitis A virus has
been shown to be infective in transmission studies to volunteers, it seems that prolonged
viraemia does not occur.

As mentioned above, subclinical and anicteric cases are common and these are a
possible source of spread. Although the disease has, in general, a low mortality, patients
may be incapacitated for many weeks. A high mortality has been reported in some areas in
South-West Asia, North Africa, and India, particularly in women who develop hepatitis
during the second or third trimester of pregnancy. There is no evidence so far that hepatitis
type A progresses to chronic liver disease.

Hepatitis A virus

Recent important advances in the study of hepatitis A infection include transmission to
certain species of marmosets and to susceptible chimpanzees. Of the marmoset species,

3



4 A. J. ZUCKERMAN

Saguinus mystax is the most susceptible and it has now also been shown that Jacchus
rufiventer or Saguinus labiatus is equally susceptible to human hepatitis A virus. The
other important advances have been the identification and characterization of hepatitis A
virus particles in faecal extracts and extracts of nonhuman primate liver tissue. A number
of serological tests for hepatitis A have been developed including immune electron
microscopy, complement fixation, immune adherence haemagglutination, and radio-
immunoassay.a

The observation in 1973 by immune electron microscopy of small 27-nm cubic virus-like
particles in extracts of faeces obtained during the early acute phase of illness of adult
volunteers infected orally or parenterally with the MS-1 strain of hepatitis A virus provided
the long awaited lead to the identification of this virus. These findings (Fig. 1) were rapidly
confirmed in several laboratories. Closer examination of these particles revealed that,
unlike the majority of small cubic viruses, the particles showed considerable variation in
size. Even within single immune aggregates, particle diameters ranged from 24 to 29 nm.
There was also a suggestion that the larger particles possessed an additional rim that was
lacking in those of smaller diameter. As with other viruses of this size, both ' full ' particles
that are not penetrated by stain and ' empty 'particles that are penetrated by stain have been
seen by electron microscopy. A viral envelope has not been found and subunit components
have not been identified.

Although the technique of immune electron microscopy for routine testing for antigen
and antibody is rather cumbersome and expensive in reagents it is a sensitive technique and
it has proved extremely useful for establishing the pattern of shedding of hepatitis A virus.
Virus particles have been detected in faecal extracts in patients at least five days before
elevation of the serum transaminases but, in general, not later than the day of peak
transaminase levels. The virus has been demonstrated during the incubation period of the
infection as early as 9 days after intravenous inoculation in susceptible chimpanzees, and
shedding of the particles continued until the 28th day, when the transaminases became
elevated. The detection of large numbers of virus particles during the prodromal period of
hepatitis A in the experimental model, and indeed in the course of natural infection in man,
account for the frequent failure to find virus in faeces collected from patients after the onset
of jaundice. The virus is only occasionally detected in faeces by immune electron
microscopy after the onset of jaundice. It is interesting to note that in experimentally
infected chimpanzees antibody to hepatitis A virus is found in the serum during the late
incubation period of the illness and before or at the onset of rising serum transaminase
levels. Antibody is also detected early in the course of natural infection in man.

Only one serotype of hepatitis A virus has been identified in patients infected
experimentally with the MS-1 strain of hepatitis A virus, in patients from several different
outbreaks of hepatitis in different geographical regions, in the sera of random cases of
hepatitis A, and in naturally and experimentally infected chimpanzees.

Because of the availability of serological tests for hepatitis A antibody, it has now
become possible to study the incidence and distribution of hepatitis A infections in different
populations and various ge6graphical areas. A recent survey by immune adherence
haemagglutination of sera from samples of healthy adults, mostly volunteer blood donors,
from seven countries has shown that the age-standardized prevalence of hepatitis A
antibody was 24% in Switzerland, 40% in the USA, 75 % in Senegal, 88% in Belgium, 88%

a WHO Technical Report Series, No. 602, 1977.



Fig. 1. Electron micrograph showing a large aggregate of hepatitis A virus particles. The
particles are heavily coated with a " halo" of antibody. Both 'full ' and ' empty' particles are
present. There is a variation in particle diameter from 24-28 nm. x300 000.

(From a series by Anthea Thornton & A. J. Zuckerman.)



Fig. 2. Whole serum showing the three morphological entities of hepatitis B. x252 000.
(a) Small pleomorphic spherical particles measuring 20-22 nm in diameter.
(b) Tubular forms of varying length.
(c) Complete hepatitis B virus particles measuring 42 nm in diameter, showing double-shelled

forms which are penetrated by stain and solid particles.
(Electron micrograph reproduced with permission from Zuckerman, A. J. Human viral hepatitis,
Amsterdam and New York, North Holland-American Elsevier, 1975.)
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in China (Province of Taiwan), 94% in Israel, and 97% in Yugoslavia. This survey
confirmed that infections with hepatitis A virus are widespread throughout the world. The
only current limiting factor to wide application of the available laboratory techniques is the
scarcity of purified hepatitis A antigen.

The biochemical nature of hepatitis A virus has not yet been studied extensively.
Staining with acridine orange indicates that the nucleic acid of the virus may be either
RNA or single-stranded DNA, but additional studies are clearly required.

Control of hepatitis A infection

The spread of hepatitis A infection is reduced by simple general hygienic measures and
the sanitary disposal of excreta. Routine admission to hospital is practised in some
sountries but recent data suggest that this practice is unnecessary and epidemiologically
ineffective. The intramuscular administration of normal human immunoglobulin (a 16%
solution in a dose of 0.02-0.12 ml/kg body weight) may prevent or attenuate a clinical
illness, while not always preventing the infection. Inapparent or subclinical hepatitis may
develop. The use of normal immunoglobulin is of value in the control of outbreaks of
infection in given circumstances, such as in institutions and nursery schools. The newly
developed techniques for titrating hepatitis A antibody make it possible to measure specific
antibody in preparations of normal human immunoglobulin. Batches of immunoglobulin
should therefore be titrated for hepatitis A antibody so that the correlation of antibody
levels with protection can be established.

Hepatitis A virus has not yet been successfully grown in tissue culture and until this
major step is achieved a vaccine is unlikely to become available.

HEPATITIS B

Much has been written during the last few years on all aspects of hepatitis B infection
and an enormous bibliography has accumulated on the complex epidemiological, virologi-
cal, and immunopathological aspects of hepatitis B.a. b In the past, hepatitis type B was
principally defined on the history of probable parenteral exposure to infection and a long
incubation period of several months. Evidence is now available for inapparent parenteral
transmission and, in addition, at least good circumstantial evidence of spread of hepatitis B
by nonparenteral routes. The incubation period may vary within wide limits from about
14 days up to 180 days.

Infection with hepatitis B virus is associated with the appearance in the serum of a
specific antigen, hepatitis B surface antigen and its homologous antibody. A second
antigen, present in the core of the virus, is intimately related to the infection. A third
antigen, named hepatitis B e antigen appears to be correlated with the number of virus
particles and the degree of infectivity of surface antigen-positive sera. The presence of this
antigen is considered, in general terms, to be associated with an unfavourable prognosis
and the development of chronic liver disease. There is some evidence that antibody to the
e antigen indicates relatively low infectivity.

a ZUCKERMAN, A. J. Human viral hepatitis, 2nd ed,, Amsterdam and New York, North Holland-American
Elsevier, 1975, 422 pp.

b Proceedings of a symposium on viral hepatitis, National Academy of Sciences, Washington. Am. J. med. Sci.,
270: 1-412 (1975).
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The surface antigen serves as a useful marker of infection with hepatitis B virus. The
availability of a bewildering array of serological methods for detecting antigens and
antibodies associated with this infection makes it necessary to consider which methods are
best suited for practice and research applications.a These techniques vary considerably in
their sensitivity, specificity, objectivity, the cost of capital equipment, the maintenance of
the equipment, and the cost of the reagents.bc The major uses of these laboratory
techniques are: (i) to establish the precise diagnosis; (ii) to identify blood donors and others
who are carriers; (iii) t6 define the epidemiology of the infection, and (iv) to evaluate
passive and, shortly, active immunization.

The importance of hepatitis B can be considered under a variety of headings, which
include its effects on every field of medical practice, the impact that it has on blood
transfusion services, and its association with progression to chronic liver disease including
chronic active hepatitis, cirrhosis, and in some areas of the world primary liver cancer. In
addition, infection with hepatitis B virus may be followed by the persistent carrier state.
Such a carrier state may be associated with liver damage. Survival of hepatitis B virus is
ensured by the reservoir of carriers in the world, estimated to number between 120 and 175
million. It appears that the prevalence of carriers, particularly among blood donors, in
North America and in northern Europe is 0.1 % or less, and in central and eastern Europe
up to 5%; the frequency is higher in southern Europe and the countries bordering the
Mediterranean, and in some parts of Africa and Asia as many as 20% of the population
may be carriers. The importance of the parenteral and inapparent parenteral routes of
transmission of hepatitis B virus is now well established. Although various body fluids such
as saliva, menstrual and vaginal discharges, seminal fluid, breast milk, and serous exudates
have been implicated in the spread of infection, infectivity appears to be especially related
to blood.

Epidemiology of hepatitis B
The availability of specific laboratory tests for hepatitis B has altered significantly the

epidemiological concepts of this infection. The demonstration that hepatitis B virus is
infective by mouth and the finding that the infection is endemic in closed institutions, the
prevalence of the infection in adults in urban communities, the carrier rate and age
distribution of hepatitis B surface antigen in different geographical regions, and the
relatively high incidence in poor socioeconomic conditions, have altered the epidemiologi-
cal dogma that hepatitis B is spread exclusively by blood and blood products through the
parenteral route. Considerable circumstantial evidence is available for the transmission of
hepatitis B by intimate personal contact and by the sexual route. In low prevalence areas,
the inoculation of blood and some blood products continues to be a major mode of spread
of the infection. Transmission may result from transfusion or accidental inoculation of
minute amounts of blood such as may occur during medical, surgical, and dental
procedures, intravenous and percutaneous drug abuse, mass immunization, tattooing,
acupuncture, laboratory accidents and accidental inoculation with objects such as razors
that have been contaminated with blood. Although the modes of transmission of hepati-
tis B in the tropics are similar to those in other parts of the world, additional factors may
be of importance, including traditional tattooing and scarification, ritual circumcision, and

a ZUCKERMAN, A. J. Human viral hepatitis, 2nd ed., Amsterdam and New York, North Holland-American
Elsevier, 1975, 422 pp.

b WHO Technical Report Series, No. 570, 1975.
c WHO Technical Report Series, No. 602, 1977.
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repeated biting by blood-sucking arthropod vectors. Preliminary results of investigations
indicate the role that biting insects may play in the spread of hepatitis B are conflicting.
Hepatitis B surface antigen has been detected in several species of mosquito that have
either been trapped in the wild or fed on infected blood, and in bedbugs, but no convincing
evidence has been obtained either of replication of the virus or of persistence of the antigen
after digestion of the blood meal. Although mechanical transmission of infection may occur,
particularly as a result of interrupted feeding in high prevalence areas, several epidemio-
logical studies failed to demonstrate an association between mosquito activity or density
and the prevalence of hepatitis B surface antigen and antibody in man.

Transmission of hepatitis B infection from carrier mothers to their babies can occur
during the perinatal period and appears to be an important factor determining the
prevalence of this virus in some regions. The risk of infection varies from country to country
and may reach 40-50%. In general, it is higher in babies born to carrier mothers in
countries with high carrier rates than in babies born to carrier mothers in countries with
low carrier rates. Factors that appear to be important in determining whether infection will
occur, are a history of transmission to previous children, a high titre of the surface antigen
and/or the presence of the e antigen in the mother's blood. The mechanism of perinatal
infection is uncertain. Although the virus can infect the fetus in utero, this appears to be a
rare event. It seems likely that infection occurs during or shortly after birth as a result of a
leak of maternal blood into the baby's circulation or the ingestion or inadvertent
inoculation of maternal blood.

Hepatitis B virus

The morphological complexity of hepatitis B virus, as seen under the electron microscope
(Fig. 2), is surpassed by the antigenic heterogeneity of the surface antigen reactivities.
Careful serological analysis has revealed that the particles bearing hepatitis B surface
antigen activity share a common group-specific antigen a and the particles generally carry
at least two mutually exclusive subdeterminants, d or y and w or r. The subtypes are the
phenotypic expressions of distinct genotypic variants of hepatitis B virus. Four principal
phenotypes have been recognized, adw, adr, ayw, and ayr, but other complex permutations
of these subdeterminants and new variants have been described, all apparently on the
surface of the same physical particles.a A remarkable geographical pattern of distribution
of hepatitis B subtypes has emerged with four global zones where there is an excess of one
subtype and regions where a mixture of subtypes is common. These subtypes provide
valuable epidemiological markers and offer a method for distinguishing one of several
sources of infection. The different subtypes do not appear to be associated with particular
clinical forms of liver disease.

Eight distinct categories of hepatitis B surface antigen and two categories of mixed
subtypes have been recognized more recently, consisting of various combinations of the
subdeterminants d, y, w, and r, and other variants originally described as being related to
the group determinant a. The latter, however, are better designated as variants of w since
they always behave as alleles of r. The two mixed subtype categories are rare and may
possibly result from phenotypic or genotypic mixing of determinants during simultaneous
infection with viruses associated with more than one subtype of the surface antigen. Other
surface antigenic reactivities, such as q, x, f, t, j, n, and g, have also been described, but the

a WHO Technical Report Series, No. 602, 1977.
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necessary serological comparisons between these antigenic reactivities have not yet been
made.

The weight of the currently available evidence suggests that hepatitis B surface antigen
represents excess virus-coat material. Much attention was devoted in the past to the
possibilities that the surface antigen represented aggregates of protein subunits, over-
production of unstable virus-like particles, or a modified host cell component whose
synthesis was specified or specifically derepressed by hepatitis B virus. There is now
considerable evidence that the 42-nm particle represents the virus. Several studies have
shown that the core of the virus possesses a subunit structure organized according to the
principles of icosahedral symmetry. Additional evidence is provided by the finding of a core
antigen-associated DNA-dependent DNA polymerase in close association with a DNA
template. An exogenous template was not required for the DNA polymerase activity.
Circular double-stranded DNA with a molecular weight of approximately 1.6 x 106 has been
isolated from circulating 42-nm particles and also from the viral cores extracted from the
nuclei of infected hepatocytes. It has recently been confirmed that the 13-14S DNA
structure isolated from the virus particles in serum is circular. This S value corresponds to a
molecular weight of 1.8-2.3 x 106. The DNA structure was characterized by gel electro-
phoresis and restriction enzyme cleavage and considered to be a double-stranded circular
DNA, approximately 3600 nucleotides in length containing a single-stranded gap of
600-2100 nucleotides. The endogenous DNA polymerase reaction appears to repair the gap.
Gapped circular DNA occurs naturally in eukaryotes through an asynchrony in the
replication of the different strands of circular DNA, as in mitochondrial DNA replication.
The relevance of the gapped circular DNA of hepatitis B virus to its mode of replication is
not clear.

The immune response in hepatitis B

The immune response after infection with hepatitis B virus is manifested by at least
three antigenic systems, hepatitis B surface antigen, the core antigen, and the e antigen,
resulting from replication of the virus in the hepatocytes. The view that hepatitis B virus
exerts its damaging effect on hepatocytes by direct cytopathic changes is inconsistent with
the persistence of large quantities of surface and core antigen in liver cells of many
apparently healthy persons who are persistent carriers of the surface antigen in their blood.
On the other hand, there is evidence to suggest that the pathogenesis of liver damage in the
course of hepatitis B infection is related to the immune response by the host.

The surface antigen appears in the sera of most patients during the incubation period ol
the acute infection, as early as 4-6 weeks after infection and 2-8 weeks before biochemicaf
evidence of liver damage or the onset of jaundice. The antigen persists during the acute
illness and is usually cleared from the circulation during convalescence. Free core antigen
has not been detected in serum or plasma. Next to appear in the circulation is the
associated DNA polymerase activity, immediately before or at the time of raised serum
transaminase. The polymerase activity persists for days or weeks in acute cases and for
months or years in a proportion of persistent surface antigen carriers. Antibody to the core
is found in the serum 2-10 weeks after the appearance of the surface antigen and it is
frequently detectable during the acute infection and for some time after recovery although
with declining titres. In general, the highest titres of core antibody are found in persistent
surface antigen carriers. Core antibody appears to be correlated with the amount and
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duration of replication of the virus. Finally, antibody to the surface component appears. A
late primary type of surface antibody response occurs in clinical cases of hepatitis B shortly
after the disappearance of the surface antigen from the serum.

Surface antigen-antibody complexes may be found in the sera of some patients during
the incubation period and during the acute phase of illness. Immune complexes have been
found by electron microscopy in the sera of all patients with fulminant hepatitis. Surface
antibody was not detected in patients with non-fulminant hepatitis and complexes were
found very rarely. It appears that the enhanced production of surface antibody in
fulminant hepatitis, by leading to free surface antibody in the portal blood, may cause an
Arthus reaction in the sinusoids of the liver with resulting ischaemic necrosis of hepato-
cytes. There is also evidence that suggests the importance of immune complexes in the
pathogenesis of syndromes characterized by severe damage of blood vessels in periarteritis
nodosa, in the renal glomeruli in some forms of chronic glomerulonephritis in children and
in infantile papular acrodermatitis. Surface antigen, surface antibody, core antibody, and
surface antigen-antibody immune complexes have also been identified in a variable
proportion of patients with virtually all the recognized chronic sequelae of acute hepatitis.
Deposits of such immune complexes have also been demonstrated in the cytoplasm and
plasma membrane of hepatocytes and on or in the nuclei. It is not clear, however, why
circulating immune complexes are not found in a greater proportion of patients and why
only a small proportion of patients with circulating complexes develop vasculitis or
polyarteritis. It may be that complexes are critical pathogenic factors only if they are of a
particular size and of a certain antigen-antibody ratio.

The cytopathic effect of viruses and the immune response of the host combine to
produce the clinical syndrome of a particular infection, and variations in both these factors
may account for the different clinical responses. Cellular immune responses are known to
be of particular importance in determining the clinical manifestations and course of viral
infections in man and in animals. The occurrence of cell-mediated immunity to hepatitis B
antigens has been demonstrated in most patients during the acute phase of hepatitis B and
in a significant proportion of patients with surface antigen-positive chronic active hepatitis,
but not in asymptomatic persistent hepatitis B carriers. These observations suggest that
cell-mediated immunity may be important in terminating the infection and, under certain
circumstances, in promoting liver damage and in the genesis of autoimmunity. A normal
T cell function wotuld therefore be a prerequisite for the self-limited course of hepatitis,
whereas a defective function or its absence would favour the development of chronic liver
damage and the carrier state, respectively. There is also evidence that progressive liver
damage may be due to sensitization and an autoimmune reaction directed against an
hepatocyte membrane lipoprotein that is initiated in many cases by infection with
hepatitis B virus.

Significant lymphocyte cytotoxicity has also been demonstrated in most patients with
acute viral hepatitis. Cytotoxicity was found in B cell- but not T cell-enriched fractions of
lymphocytes, with a reaction mediated by cells bearing Fc-receptors (K cells). Lymphocyte-
mediated cytotoxicity is consistently found in patients with untreated chronic active
hepatitis and it can be blocked by purified liver specific membrane lipoprotein, suggesting
that the hepatocyte damage is due to an immunological reaction directed specifically at this
antigen. It appears that a similar autoimmune response occurs in the majority of patients
during the early stages of acute viral hepatitis. If this autoimmune reaction is due to the
activation of B lymphocytes by T cells reacting with viral determinants on the hepatocyte
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membrane, then there are two possible ways in which the reaction could continue and so
lead to chronic active hepatitis. There might be an inability to suppress the autoreactive
B cells even though the virus has been cleared, and it has been shown that the
histocompatibility antigens HLA-B8 and B 12 in patients with surface antigen-negative
chronic active hepatitis seem to be closely linked to genes promoting such an immune
hyperresponsiveness. Secondly, if the viral stimulus remains, continued T cell destruction of
infected hepatocytes will constantly stimulate the autoreactive B lymphocytes.

The carrier state of hepatitis B

On the basis of longitudinal studies of patients with hepatitis B, the persistent carrier
state has been defined as the presence of the hepatitis B surface antigen in the circulation
for more than three months. The established carrier state may be associated with liver
damage.

Several risk factors have been identified in relation to development of the carrier state.
It is commoner in males, more likely to follow infections acquired in childhood than those
acquired in adult life, and more likely to occur in patients with natural or acquired immune
deficiencies. In countries in which hepatitis B virus infection is common, the highest
prevalence of the surface antigen is found in children aged 4-8 years with steadily declining
rates amongst older age groups. Hepatitis B e antigen has been reported to be commoner in
young than in adult carriers, while the prevalence of e antibody appears to increase with
age.

It is again emphasized that there are an estimated 120-175 million persistent carriers of
hepatitis B in the world and that there is an urgent need to define the mechanisms that
lead to the high carrier rate in endemic areas.

Hepatitis B and hepatocellular carcinoma

Numerous studies in many parts of the world, particularly in Africa, Asia, the Pacific
and Mediterranean areas, show a highly significant excess of hepatitis B surface antigen,
surface antibody, and core antibody in patients with primary liver cancer. These results
may be interpreted in several ways. Hepatitis B is ubiquitous in areas where macronodular
cirrhosis and primary liver cancer is common, and it is possible that patients with
hepatocellular carcinoma are unduly susceptible to infection with hepatitis B and to the
development of the persistent carrier state. In other words, is the infectious agent the driver
or the passenger?

It has also been suggested that an important factor in the possible etiological
association between hepatitis B infection and liver cell carcinoma may lie in an early age of
exposure to infection. In areas of the world where the prevalence of macronodular cirrhosis
and primary liver cancer is high, infection with hepatitis B virus and the carrier state occur
most frequently in infants and children, and, as many as 20% or more of the apparently
healthy population may be carriers. It seems likely, therefore, that persistent hepatitis B
virus infection occurs before the onset of chronic liver damage.

Another possibility is that persistent infection with hepatitis B virus leads to cirrhosis
and that carcinoma then arises from regenerative nodules by mechanisms in which the virus
is not involved. Such a mechanism may account for cases of liver cancer that occur in
patients with alcoholic cirrhosis. However, this sequence does not explain liver cancer
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associated with persistent hepatitis B infection in about 25 % of patients in the absence of
fibrosis.

The endogenous DNA polymerase of hepatitis B virus uses the DNA as a template and
therefore this reaction can be used as a specific probe by making radioactive virus particle
DNA. The effect of DNA extracted from the liver tissue of patients with persistent
hepatitis B virus infection was recently studied by hybridization using the DNA product of
the polymerase reaction. The amount of newly synthesized DNA was determined by the
amount of nucleotide incorporated into an acid-insoluble form. DNA reassociation kinetics
were used to determine the complexity of the new DNA. The results suggested that a
unique region (or regions), corresponding approximately to 25-50% of the circular
hepatitis B virus DNA template, was copied once during the reaction. DNA and RNA
extracted from the livers of patients with persistent hepatitis B virus infection and chronic
active hepatitis, and, of particular interest, also from patients with hepatocellular carci-
noma, accelerated significantly the rate of reassociation of radioactive DNA from the
42-nm virus particles. No enhancement was found when DNA extracted from uninfected
healthy livers was used. The virus-particle DNA base sequences were found to be alkali-
stable. The presence of these sequences in alkali-stable, rapidly sedimenting DNA mole-
cules suggests that some of the sequences are probably attached to host chromosomal
DNA. This is consistent with the hepatitis B viral DNA being integrated into host DNA
molecules as is the case with other DNA viruses. Other experiments indicated that the viral
DNA base sequences can be detected in RNA extracted from liver infected with hepatitis B
virus but not in RNA from uninfected liver. These findings are consistent with transcrip-
tion of viral DNA in infected liver cells.a

Although considerable progress is being made, the actual mechanisms involved in the
pathogenesis of hepatocellular carcinoma remain unknown. It is possible that liver cancer
is the cumulative result of several cofactors or hepatocarcinogens including genetic,
immunological, nutritional, and hormonal factors, mycotoxins, chemical carcinogens, and
other environmental influences, and that hepatitis B virus acts either as a carcinogen or as
cocarcinogen in persistently infected hepatocytes.

Hepatitis B: passive and active immunization

Passive immunization

The availability of laboratory tests for hepatitis B surface antibody has permitted the
selection of plasma for the preparation of hepatitis B immunoglobulin and to conduct
clinical trials to determine the value of passive immunization against hepatitis B. The
interpretation of results obtained in the course of several such studies is difficult, however,
because the preparations included different titres of hepatitis B surface antibody, the design
and protocol of the trials was not uniform in terms of the criteria for use, dose, and time of
administration of immunoglobulin, and at least in some of the trials adequate controls or
true placebo preparations were not included. The subject is discussed in the report of a
WHO Expert Committee on Viral Hepatitis.b In general terms, it seems that hepatitis B
immunoglobulin may have some effectiveness in conferring temporary passive immunity,
but there is clearly a need for further clinical trials with hepatitis B immunoglobulin

a LUTWICK, L. I. & ROBINSON, W. S. J. virol., 21: 96-104 (1977).
b WHO Technical Report Series, No. 602, 1977.
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standardized against a provisional reference preparation. From the currently available data
it would appear desirable to establish the potency requirement with a hepatitis B surface
antibody titre equal to or greater than 1: 100 000 by radioimmunoassay or by passive
haemagglutination.

Guidelines for passive immunization against hepatitis B have been proposed by a WHO
Expert Committee as follows: a

1. The principal indication for hepatitis B immunoglobulin is post-exposure prophy-
laxis for a single acute exposure to hepatitis B virus, such as when blood known or strongly
suspected to contain hepatitis B surface antigen is accidentally inoculated (' needle stick'
accident), ingested orally (as in a pipetting accident), or splashed on the mucous mem-
branes.

2. In endemic settings such as haemodialysis units where transmission of hepatitis B
virus is known to occur and where preventive hygienic measures cannot be implemented,
prophylaxis with immunoglobulin containing hepatitis B surface antibody may be
considered for susceptible staff on a continuing basis until hepatitis B transmission can be
eradicated. At present there is some controversy whether low titre or high titre immuno-
globulin is preferable and what the dosage and frequency of administration should be
under these circumstances.

3. Individuals with a significant titre of hepatitis B surface antibody are generally resistant
to hepatitis B virus infection and usually do not require passive immunization against it.

4. Passive immunization with hepatitis B immunoglobulin does not appear to be
indicated after blood transfusion, provided that surface antigen-positive blood has been
excluded by sensitive methods, because under such circumstances most cases of post-
transfusion hepatitis are not due to infection with hepatitis B virus.

Active immunization
A vaccine against hepatitis B is needed for groups who are at an increased risk of

acquiring this infection. These groups include individuals requiring repeated transfusions of
blood or blood products, prolonged inpatient treatment, patients who require frequent
tissue penetration or need repeated access to the circulation, patients with natural or
acquired immune deficiency, and patients with malignant diseases. Viral hepatitis is an
occupational hazard among health care personnel and the staff of institutions for the
mentally retarded. High rates of infection with hepatitis B occur in drug addicts,
homosexuals, and prostitutes. Persons working in high endemic areas also suffer an
increased risk of infection. Women in areas of the world, where the carrier state in that
group is excessive, comprise another segment of the population requiring immunization in
view of the increased risk of transmission of the infection to their offspring. Consideration
will also have to be given to persons living in certain tropical and subtropical areas where
present socioeconomic conditions are poor and the prevalence of hepatitis B infection is high.

The repeated failure to grow and passage hepatitis B virus serially in tissue culture has
hampered progress toward the development of a conventional vaccine. Attention has
therefore been directed towards the use of other preparations for active immunization. The
foundations for such hepatitis B immunogens were laid by the demonstration of the relative
efficacy of diluted serum containing hepatitis B virus heated to 980C for 1 minute in

a WHO Technical Report Series, No. 602, 1977.
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preventing or modifying the infection in susceptible persons. In other studies, serum
containing hepatitis B surface antigen obtained from a healthy carrier was heated at 60°C
for 10 hours, but the virus was not completely inactivated as shown by the acquisition of
antigen and elevated serum transaminase levels in a proportion of the recipients. In any
case, the use of heated whole serum is a crude way of inducing immunity and it is unlikely
to be accepted for general use.

Since the separated viral coat material, in this instance hepatitis B surface antigen, leads
to the production of protective surface antibody as shown in serological surveys and
experimental studies, the possibility of using purified 22-nm spherical hepatitis B surface
antigen particles seems feasible. Such experimental vaccines have been prepared from the
plasma of apparently healthy carriers of this antigen. Human hepatitis B infection has been
successfully transmitted to chimpanzees, and although the infection is mild the biochemi-
cal, histological, and serological responses in these primates is very similar to that in man.
The relative susceptibility of man compared with chimpanzees for developing hepatitis B
infection is not known, and it cannot be measured for obvious reasons. Sensitive tests for
surface antigen, surface antibody, core antibody, DNA polymerase, and techniques for
hepatitis B e-antigen and e-antibody are available and thus provide a means of monitoring
vaccines. A number of susceptible chimpanzees have so far been protected by 22-nm
particle immunogens that had been treated with formalin and preliminary small-scale safety
tests in volunteers of such an experimental subunit vaccine are now in progress.

In addition, in one study, immunoadsorbent columns containing, respectively, hepati-
tis B surface antibody of human origin and antibodies of animal origin to human serum
have been used for the partial purification of the surface antigen from the plasma of
carriers for use as an experimental subunit hepatitis B vaccine. After inoculation of this
material in chimpanzees, it was administered to the patients and staff of a haemodialysis
unit. The study did not include a control group, but a marked difference in the incidence of
hepatitis B infection was observed subsequently between the immunized group and a group
of patients and staff who had not received the vaccine.

Although it is generally accepted that the viral subunit preparations, when pure are free
of nucleic acid and therefore noninfectious, the fact that the starting material for their
preparations is human plasma obtained from persons who are persistent carriers of the
surface antigen, which is a marker of hepatitis B virus, means that extreme caution must be
exercised to ensure their freedom from all harmful contaminating material.a Some concern
has been expressed concerning the possible induction of harmful immunological reactions
to host components, including pre-existing structures of liver cells, which may be present
either as an integral component of the surface antigen or be intimately associated with the
antigen as a contaminant, but reactions of this type have not been observed so far with the
highly purified experimental vaccines. More recently, the WHO Expert Committee on Viral
Hepatitis proposed certain minimum criteria and guidelines for the preparation of such
hepatitis B vaccines.b

Attempts are also being made to prepare vaccines from the constituent polypeptides of
the 22-nm spherical particles of the hepatitis B surface antigen. Vaccines prepared from
such polypeptides should have an added margin of safety since they would be even less
likely than the 22-nm particle subunit vaccines to contain infectious virus or contaminating
host proteins that might lead, in some individuals, to untoward reactions of an autoim-

a WHO Technical Report Series, No. 570, 1975.
b WHO Technical Report Series, No. 602, 1977.
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mune nature. The potential use of antigenic polypeptides derived from hepatitis B surface
antigen is under investigation in several laboratories. A number of these polypeptides are
immunogenic and stimulate antibody formation in experimental animals to the group
specific antigenic determinant and subdeterminants of the surface antigen. Certain of the
separated polypeptides also induced a cell-mediated immune response in experimental
animals. In addition, a low molecular weight polypeptide component elicited a cell-
mediated response to normal human serum, suggesting that at least one integral component
of the surface antigen may contain or be intimately associated with an antigenic determi-
nant related to a human serum protein.

The major problems with polypeptide vaccines at present are difficulties in obtaining
large quantities of the peptides in pure form, the relatively poor immunogenicity of the
polypeptides as compared with the 22-nm particles, and also the contamination of some of
the peptides with human serum components. However, if these technical problems can be
overcome, or if the antigenic component of one or more of the polypeptides can be
synthesized in vitro and coupled to a suitable carrier protein, polypeptide preparations may
become useful hepatitis B vaccines.

An extension of the use of polypeptide immunogens is the isolation and structural
identification of a small surface antigen peptide. This peptide could conceivably be
synthesized, function as a hapten, and, when coupled to a suitable carrier might serve as a
vaccine. In order to elucidate the structure of the surface antigen, it is essential, of course,
to identify its protein and other components, and much effort has been devoted to this
work in many laboratories. Two major bands of polypeptides, with molecular weights of
22000 and 28 000 respectively, and other bands with molecular weights of 16 000 and
40 000-90 000 have recently been identified. The purified bands from the 22 000 and 28 000
molecular weight bands had essentially identical amino acid composition to each other and
to the intact surface antigen. The amino-terminal and carboxy-terminal sequences of the
amino acids in these two major polypeptides, which accounted for 75% of the total protein,
showed that hepatitis B surface antigen with determinants adw consists of a single major
polypeptide chain or two homologous polypeptide chains that differ only in limited areas of
their structure. The difference in the molecular weights of these two components is due to
the carbohydrate moiety of the glycoprotein of the second band. Injection of the 22 000
molecular weight polypeptide emulsified in Freund's complete adjuvant elicited an anti-
body response in guinea-pigs. Antibodies were produced to the group-specific determinant
and to one of the major subdeterminants of the surface antigen. The 28 000 molecular
weight polypeptide, however, did not induce an antibody response and it is suggested that
the discrepancy with the immunogenicity of the glycosylated peptides reported in other
studies could have been due to contamination of the two major polypeptides. Further
developments with subunit and polypeptide vaccines against hepatitis B may be expected.

An aspect that is yet to be clarified is whether hepatitis B vaccines should contain
multiple subtypes of hepatitis B surface antigen to afford maximum protection or whether
vaccine prepared from a single subtype will uniformly protect against all subtypes of
hepatitis B virus. Most epidemiological data obtained from cross-challenge experiments in
chimpanzees suggest that infection with one subtype of hepatitis B virus affords at least
partial protection against other subtypes, but evidence for occasional reinfection among

patients indicates that cross-protection may not be complete. However, several reports of
the occurrence of concurrent hepatitis B surface antigen and heterotypic surface antibody
have implications for the monovalent 22-nm subunit hepatitis B vaccines at present under
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trial. Although there are various possible explanations for these paradoxical combinations
of surface antigen and antibody, the existence of this phenomenon indicates the need to
establish the extent of cross-protection by experimental hepatitis B vaccines against one or
more subtype and to determine whether a multivalent vaccine will be necessary, since more
than one subtype of hepatitis B virus is endemic in most areas.

THE THIRD HUMAN HEPATITIS VIRUS

With the availability of sensitive serological techniques for antigens and antibodies
associated with infection with type A and type B hepatitis, it became possible to examine
more closely sera from hepatitis patients. Although the impact of screening blood for
hepatitis B surface antigen on post-transfusion hepatitis is difficult to measure, it appears in
some areas to have caused a reduction of only about 30 %. Many cases of post-transfusion
hepatitis remain unrecognized because of their mild or subclinical nature. It was observed
in 1974 in the USA that an agent other than hepatitis B was the cause of more than 70% of
cases in a prospective serological study of post-transfusion hepatitis. The incubation period
was relatively long and the clinical and epidemiological features of the infection were not
consistent with hepatitis A. Other surveys in the USA subsequently showed that hepatitis A
was not implicated in post-transfusion hepatitis and that cytomegalovirus and EB virus,
which are known to induce liver damage, were also not involved. Furthermore, when blood
from volunteer donors was pre-tested by highly sensitive techniques for hepatitis B surface
antigen, approximately 90% of the remaining cases of post-transfusion hepatitis were
serologically unrelated to hepatitis A or hepatitis B. Thus, epidemiological evidence, an
average incubation period which is intermediate between type A and type B hepatitis and
the serological evidence that hepatitis A and B, cytomegalovirus, and EB virus were not
implicated clearly suggest the existence of an additional hepatitis virus or viruses that are
transmissible by blood. The infection does not spread readily from person to person since
secondary cases appear to be uncommon and its association with blood transfusion implies
a closer resemblance to hepatitis B and, more important, an infectious carrier state.

Additional circumstantial evidence that an agent other than hepatitis B may be
transmitted by blood was provided by a report of an outbreak of short-incubation non-B
hepatitis and hepatitis B in southern England associated with the use of three out of four
batches of a commercial Factor VIII concentrate. An outbreak of non-B acute hepatitis in
a haemodialysis unit in London has occurred and there is evidence that the infection was not
caused by hepatitis A. Some of the patients subsequently developed chronic liver disease.
And in studies of hepatitis in an endemic zone in Costa Rica, evidence was obtained of
viral hepatitis other than type A or type B that was not associated with blood transfusion.
Further evidence that a hepatitis virus or viruses other than type A or type B are implicated
in at least sporadic hepatitis in adults is provided by the almost total immunity to
hepatitis A, as judged by hepatitis A antibody in adult populations in countries such as
Belgium, China (Province of Taiwan), Israel, Senegal, and Yugoslavia, since only 30-50%
of such cases have been shown to be due to hepatitis B virus.

There are also reports of multiple attacks of acute hepatitis in drug addicts. One
possible explanation for multiple attacks would be clinical recurrences of chronic infection.
This appears unlikely because each episode was a distinct departure from good health and
was accompanied by typical prodromes of acute viral hepatitis; the liver biopsies in later
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episodes had the features of acute hepatitis, without evidence of chronicity; there was no
significant change in serological indices of hepatitis A or B during 'non-A/non-B '

episodes, and the serologically identifiable episodes did not necessarily precede the
unidentified bouts.

In a recent small study of post-transfusion hepatitis in patients undergoing cardiac
surgery, 10 cases of chronic liver disease were identified among 44 patients with acute non-
A/non-B post-transfusion hepatitis. It was apparent that hepatitis caused by viruses other
than type A or B after transfusion of blood often progress to chronic active hepatitis. It was
also observed that the administration of human immunoglobulin (containing a high titre of
surface antibody or commercially available immunoglobulin) before operation to these
patients, who received large amounts of blood, reduced the incidence of post-transfusion
hepatitis and the incidence of chronic liver disease associated with non-A/non-B hepatitis.a
These important observations should, of course, be confirmed and extended.

There is thus clear evidence that there is an additional form of viral hepatitis that is
clinically indistinguishable from hepatitis A or B but antigenically unrelated to either type.
There are, at present, no serological or virological criteria for the identification of this
(these) new type(s) of human hepatitis virus. The identification and characterization of this
new agent is a matter of urgency.

In summary, the identification of specific antigenic markers of the hepatitis A and B
viruses has permitted the development of specific and sensitive laboratory tests. These, in
turn, have led to a better understanding of the epidemiology, pathogenesis, immunology,
and the nature of these infections; and in the case of hepatitis B established the significance
of this virus in the pathogenesis of chronic liver disease, including at least a strong
association with primary hepatocellular carcinoma in some areas of the world. In addition,
specific diagnosis of hepatitis A and hepatitis B has revealed a new and unrelated form of
human hepatitis. This rapid progress resulted from the accidental discovery of a circulating
antigen in the serum of an Australian Aborigine.
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RtSUMt

Les trois types d'hepatite virale chez 1'homme

L'hepatite virale des deux types A et B est frequemment diagnostiquee dans toutes les
parties du monde et constitue donc un probleme de sante publique majeur. Le virus de
l'hepatite A est propage par la voie enterobuccale, le mode de diffusion le plus commun
etant le contact entre individus; la contamination par transfusion sanguine est tres rare,

a KNODELL, R. G. ET AL. Gastroenterology, 72: 902-909 (1977).
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sinon inexistante, pour ce type d'infection. On a reussi recemment a identifier et a caracte-
riser des particules de virus de l'hepatite A dans des echantillons de selles et des extraits de
cellules hepatiques de primates non-humains. Un certain nombre d'epreuves serologiques
pour le diagnostic de l'hepatite A ont ete mises au point. Des particules virales ont ete isolees
dans les dejections de malades 5 jours au moins avant l'elevation du taux des transaminases
seriques, mais generalement pas au-del' du jour oiu ce taux atteint son niveau maximum.
Les epreuves serologiques pour la detection d'anticorps contre le virus de l'hepatite A ont
confirme que l'infection correspondante etait largement repandue dans le monde.

Le virus de l'hepatite B est dissemine principalement par la voie parenterale, bien qu'il
puisse etre propage par d'autres voies. II est donc particulierement a redouter dans les
services de transfusion sanguine, et il se trouve en outre associe aux cas donnant naissance
a des atteintes chroniques du foie telles que l'hepatite chronique active, la cirrhose et meme,
dans certaines parties du monde, le cancer primaire du foie. Le nombre des porteurs du
virus de l'hepatite B dans le monde est evalue a plus de 120 millions, et jusqu'a 20% de la
population de certaines regions d'Afrique ou d'Asie serait infectee. Etant donne qu'on a pu
mettre en evidence des cas de transmission de l'hepatite B par la bouche, ainsi que l'end&
micite de l'infection dans certaines communautes ayant peu de contact avec l'exterieur et sa
prevalence relativement elevee chez les adultes vivant en milieu urbain ou dans des condi-
tions socio-economiques defavorables, il est permis de penser que l'hepatite B n'est pas
uniquement propagee par le sang ou ses derives inocules par voie parenterale.

On a recemment identifie 8 sous-types distincts et 2 sous-types mixtes - composes de
divers determinants en combinaison variable - de I'antigene de surface de 1'hepatite B.
Des travaux epidemiologiques ont montre que ces differents sous-types presentaient une
distribution geographique particuliere. La reponse immunitaire a l'infection par le virus de
l'hepatite B est en relation avec au moins trois systemes antigeniques: l'antigene de surface,
I'antigene central et l'antigene e. Les travaux effectues ont montre que differentes categories
d'antigenes et d'immuncomplexes apparaissaient dans le serum au cours des divers stades
de l'infection et que le syndrome clinique cause par la combinaison de l'action cytopathique
du virus et de la reponse immunitaire pouvait lui aussi varier considerablement. Le fonc-
tionnement normal des cellules T dans la reponse immunitaire a mediation cellulaire condi-
tionne sans doute l'auto-limitation de l'evolution de l'infection, alors que I'absence ou le
dereglement de cette reponse peut entrainer des lesions hepatiques chroniques. Chez les
malades evoluant vers une hepatite chronique active, on a aussi decele des signes de sensi-
bilisation avec production d'auto-anticorps. Bien que les mecanismes en cause dans la
pathogenese de l'epithelioma hepatocellulaire n'aient pas encore ete elucides, il est permis
de penser que, si le cancer du foie est duf a l'action combinee de plusieurs facteurs cancero-
genes, le virus de l'hepatite B constitue au moins l'un de ces facteurs.

L'immunisation passive a l'aide d'immunoglobuline anti-hepatite B semble induire une
immunite temporaire, mais il convient d'effectuer de nouveaux essais cliniques au moyen
d'immunoglobulines de l'hepatite B standardisees au moyen d'une preparation de reference
provisoire. Des indications concernant l'immunisation passive figurent dans un rapport
recent du Comite OMS d'experts de l'Hepatite virale.a II est evident qu'un vaccin de type
classique serait extremement utile pour proteger les groupes 'a haut risque, mais les tenta-
tives de mise au point d'un tel vaccin ont ete entravees par l'echec repete des efforts portant
sur l'isolement et le passage en serie in vitro du virus en cause. Des particules spheriques

a OMS, S6rie de Rapports techniques, No 602, 1977.
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purifiees de 22 nm de diametre de I'antigene de surface du virus de l'hepatite B ont ete
utilis6es a titre experimental pour vacciner des chimpanzes, mais l'application 'a 'homme
dans des conditions de securit6 satisfaisantes exige encore de nombreux travaux. On tente
egalement de preparer des vaccins a partir de constituants polypeptidiques des formes
spheriques de l'antigene de surface de l'hepatite B. Quoi qu'il en soit, on ne sait pas encore
si un vaccin contre l'hepatite B, prepare a partir d'un seul sous-type de l'antigene de surface
du virus, peut conferer uniformement une protection contre tous les sous-types de cet
antigene ou s'il doit contenir plusieurs sous-types dudit antigene.

Des observations faites aux Etats-Unis d'Amerique en 1974 ont montre qu'un agent
autre que le virus de l'hepatite B etait responsable de plus de 70% des cas d'hepatite post-
transfusionnelle; les travaux epidemiologiques et autres effectu6s ont mis en evidence
1'existence d'un ou de plusieurs autres virus d'hepatite transmissibles par le sang. L'identi-
fication et la caract6risation de ce nouvel agent constituent une urgente necessite.


