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Viral hepatitis*
F. DEINHARDT & I. D. GuST, on behalf of

the participants in an informal WHO meeting 1

Three forms of viral hepatitis can be recognized: hepatitis A, hepatitis B, and
hepatitis non-A, non-B. Hepatitis A is caused by a picornavirus, is transmitted by
thefaceal-oral route, does not become chronic, and no chronic virus carriers exist.
The virus can be grown in cell cultures, and killed as well as live attenuated virus
vaccines are under development. Hepatitis B is caused by an enveloped virus
containing a circular, double-stranded form of DNA. The disease is transmitted
parenterally through inoculation of blood or blood products containing virus or
through close personal contact with a virus-positive person. Hepatitis B becomes
chronic in a certain number of cases and can lead to cirrhosis andprimary liver cell
carcinoma. The blood and certain body secretions of individuals with a persistent or
chronic infection may remain infectious for many years. The hepatitis B virus
cannot be grown in cell cultures but the entire genome has been sequenced and
cloned in bacterial and eukaryotic cells. An inactivated virus vaccine has been
preparedfrom hepatitis B surface antigen present in the plasma of hepatitis B virus
carriers andfurther vaccines are under development. The agents of hepatitis non-A,
non-B have not been identified. It is possible to distinguish between apredominantly
parenterally transmitted and an orally transmittedform of hepatitis non-A, non-B.
The latter is reported to be caused by a picornavirus that does not, however, have
any antigenic relationship with hepatitis A virus.

The World Health Organization (WHO) has been actively involved in the field of viral
hepatitis for almost 30 years and has facilitated international collaboration by bringing
groups of experts together to share information, often before it has appeared elsewhere,
and publishing their deliberations as a series of technical reports and papers (1, 2, 3). This
article brings readers up to date on the rapid advances that have taken place in this
field.
At least three etiologically distinct forms of the disease are recognized, and these are

referred to as hepatitis A (HA), hepatitis B (HB), and hepatitis non-A, non-B (HNANB).
The nomenclature of the various virus components and antibodies is explained in Table 1.
The etiological agents of hepatitis A and B have been identified and characterized, and
specific diagnostic tests developed. As a result of the widespread use of these tests, there
has been an increase in knowledge about the epidemiology of the diseases and their
pathogenesis and immunology. The successful transmission of all three types of hepatitis
to non-human primates has proved useful for studying pathogenesis and evaluating
various control measures. Hepatitis B virus (HBV) has now been established as a major
causative factor in primary hepatocellular carcinoma, one of the commonest tumours of
man (for review see 4).

All three forms of hepatitis may exist in a community but not be recognized because of
the high incidence of asymptomatic and anicteric infections. When icteric cases occur,
particularly when there are serveral cases in a confined area, some public health action is
necessary.

* Requests for reprints of this article should be sent to Chief, Virus Diseases, World Health Organization, 1211 Geneva 27,
Switzerland. A French translation of this article will appear in a later issue of the Bulletin.

' In addition to F. Deinhardt and I. D. Gust, the following took part in the round-table discussion held on 26-28 May 1982
in Munich, Federal Republic of Germany: M. Balayan, S. K. Lam, J. Maynard, J. Melnick, K. Murray, F. T. Perkins, R.
Purcell, G. Schild, 0. Sobeslavsky, M. Yano, and A. J. Zuckerman. Details concerning the participants are given in Annex 1 on
page 691.
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Table 1. Components and corresponding antibodies of the hepatitis viruses

Virus component Definition
or antibody

HA Hepatitis A

HAV Hepatitis A virus

HAAg Hepatitis A virus antigen

Anti-HAV Antibody to hepatitis A virus without differentiation into immunoglobulin classes

Anti-HAV IgG Antibody to hepatitis A virus of the IgG class

Anti-HAV IgM Antibody to hepatitis A virus of the IgM class

Anti-HAV IgA Antibody to hepatitis A virus of the IgA class

HB Hepatitis B

HBV Hepatitis B virus

HBsAg Hepatitis B surface antigen

HBcAg Hepatitis B core antigen

HBeAg Hepatitis B e antigen

Anti-HBs Antibody to hepatitis B surface antigen

Anti-HBc Antibody to hepatitis B core antigen without differentiation into immunoglobulin classes

Anti-HBc IgG Antibody to hepatitis B core antigen of the IgG class

Anti-HBc IgM Antibody to hepatitis B core antigen of the IgM class

Anti-HBe Antibody to hepatitis B e antigen

HNANB Hepatitis non-A, non-B

Because of the increasing number of potential agents, the etiology of a given outbreak
must be determined first by specific diagnostic tests. Once this has been done, it is possible
to institute control measures and offer the patients appropriate advice.
The patterns of viral hepatitis and the resources available for investigation and inter-

vention vary from country to country. It is important to emphasize the need for more
information, based on sound clinical and laboratory data, on the epidemiology of
hepatitis throughout the world.
While analysis of a large number of cases has shown differences between the clinical

syndromes of viral hepatitis A, B, and non-A, non-B, these differences are not reliable for
the diagnosis of individual patients with icteric disease.

Hepatitis A is frequently heralded by non-specific symptoms such as fever, chills,
headache, fatigue, generalized weakness, and aches and pains. A few days later, anorexia,
nausea, vomiting, and right upper abdominal pain appear, followed closely by dark urine
and light stools and jaundice of the sclera and skin.
The prodromes of hepatitis B and hepatitis non-A, non-B may be prolonged and more

insidious, but the clinical features of the icteric phase are similar for viral hepatitis A, B,
and non-A, non-B. Biochemical test values indicating liver disease are also similar for all
three types, although the serum enzyme and bilirubin elevations tend to be more pro-
longed in hepatitis B and hepatitis non-A, non-B. The case-fatality ratio is low (approxi-
mately 1:500-1:1000). Exceptions are hepatitis B following blood transfusion, and in
some countries hepatitis occurring during pregnancy. The latter cases have been con-
sidered to be hepatitis A but the causative agents need to be investigated further (5, 6).
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Persistent or chronic active hepatitis may follow hepatitis B or non-A, non-B, but not
hepatitis A.

In view of the difficulty of differentiating between these diseases on clinical and bio-
chemical grounds, the advent of specific serological diagnostic tests for infection with
both hepatitis A and B viruses has assumed great importance.

HEPATITIS A

Biochemical and biophysical characterization of hepatitis A virus

Hepatitis A virus (HAV) possesses the features of a typical enterovirus and is a member
of the family Picornaviridae (for reviews see 7 and 8). Mature particles measure approxi-
mately 27 nm in diameter, have cubic symmetry, and are made up of 32 capsomeres.
These particles have a buoyant density of 1.33-1.34 g/cm3 and a sedimentation coefficient
of 156-160 S.
The coat of the virus is made up of 4 distinct polypeptides with relative molecular

masses of 30 000-33 000 (VP1), 24 000-27 000 (VP2), 21 000-23 000 (VP3), and
7 000-14 000 (VP4). The genome consists of a single piece of single-stranded RNA which
sediments at 32-35 S, has a buoyant density of 1.64 g/cm3, and a relative molecular mass
of 2.25 x 106 when measured under non-denaturating conditions. The genome contains a
40-80-nucleotide sequence of poly(A) and is capable of infecting cell cultures.
HAV is somewhat more heat-stable than other enteroviruses but it can be inactivated

completely by boiling for 5 min. Only partial inactivation occurs at 60 IC and even
exposure to 60 °C for 10 hours may not give complete virus inactivation. Inactivation
with low concentrations (1:4000) of formalin has been effective with partially purified
virus preparations, but higher concentrations have to be applied if formalin is used for
decontamination. Treatment of HAV-containing materials with chlorine (1 mg/litre for
30 min) has also been reported to inactivate HAV completely.

Transmission to animals

HAV has been successfully transmitted to marmosets, chimpanzees, and several other
species of non-human primate. The most useful animals at present are marmosets
(Saguinus labiatus, S. mystax, S. fuscicollis), which have been widely used for studies on
the etiology of hepatitis A and the pathogenesis of infection and for the adaptation of
strains for growth in cell cultures. As more strains are grown in cell cultures, there will be
less need to use animals, and these animals can be reserved for special purposes such as the
evaluation of vaccines.

Laboratory diagnosis of hepatitis A

The typical course of virus excretion and the development of specific antibody (anti-
HAV) is shown in Fig. 1. A specific laboratory diagnosis of hepatitis A can be obtained
by:

(a) demonstration of HAV particles or specific viral antigens (HAAg) in the faeces,
(b) demonstration of a rise in anti-HAV titre,
(c) detection of anti-HAV of the IgM class (anti-HAV IgM).
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ABNORMAL BIOCHEMICAL TESTS

li ant-HÎIgGI

HAY In
faeces
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WEEKS AFTER INFECTION

Fig. 1. Typical course of hepatitis A.

Detection ofHA V in faeces
HAV is excreted in the faeces for 1-2 weeks before the onset of disease and for up to 4

weeks thereafter. As a chronic carrier state is unknown, the detection of HAV particles or
HAAg in the faeces is evidence of current infection. Shedding is relatively brief and may
be over by the time the patient seeks medical attention. HAV can be detected in approxi-
mately 50% of patients with hepatitis A tested within 1 week of the onset of dark urine.
The chance of detecting the virus falls to 10-250o in the second week and less than 100o in
the third. It is rarely detected for more than 4 weeks. Thus while the detection of HAV or
HAAg is evidence of current infection, their absence does not preclude the diagnosis.

Demonstration of a rise in antibody titre

Anti-HAV appears early in the illness and titres rise rapidly. Establishing a diagnosis by
demonstrating a four-fold or greater rise in antibody titre is impossible unless the patient
is seen very early. Because the test depends upon collecting both acute and convalescent
sera, a diagnosis cannot be made for 7-10 days. As a result, this test is not recom-
mended.

Demonstration of anti-HA V IgM
Anti-HAV IgM appears early in the illness and persists for a limited time. With the

most sensitive assays, anti-HAV IgM can be detected for 12-18 months after the onset of
illness. However, it is desirable to adjust the sensitivity of the test system so that these
antibodies are only detectable for 3-4 months.

This assay is the test of choice for the diagnosis of hepatitis A and enables a diagnosis to
be made within 24 hours of the patient seeking attention of a physician. Anti-HAV IgG
appears more slowly, persists for many years, and indicates immunity to the disease.
A collaborative effort is required to produce reference preparations for anti-HAV and
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anti-HAV IgM with a view to these being designated as International Reference Prep-
arations. Standard panels of sera are also required with known titres of various immuno-
globulin classes of anti-HAV for use in proficiency testing.

Isolation of hepatitis A virus in cell culture

Recently, it has been demonstrated that hepatitis A virus may replicate in several cell
culture systems, including primary simian monolayer cell cultures and continuous cell lines
of human or simian origin.

Strains of marmoset-adapted HAV have been serially passaged in fetal monkey kidney
cell cultures as well as in marmoset liver explants. Strains of HAV obtained directly from
human faeces have been cultivated in primary cell cultures, semi-continuous strains and
continuous cell lines, including fetal rhesus monkey kidney (FRhMK), HeLa, monkey
embryo liver transformed cells (Mel), human lymphoblastoid cells, and human primary
hepatocellular carcinoma cells (PLC/PRF/5 and Hep 3B 2.17 cell lines). Attempts to
propagate HAV in HeLa cell cultures, however, have given inconsistent results in some
laboratories. It has been generally observed that HAV-infected cells do not demonstrate
cytopathic effects. Viral replication may be monitored by a variety of methods including
electron microscopy, immunofluorescence, and radio- and enzyme-immunoassays.
On primary isolation, specific viral antigens may not appear in the cytoplasm for 6-10

weeks and are entirely cell-associated. On subsequent passages, antigen appears more
rapidly and is also found in the supernatant fluid. Passages can be made with either cell
lysate or supernatant fluid. Thin-section electron microscopy has demonstrated viral
particles in vesicles in the cytoplasm of infected cells.

It is likely that many cultures of human or simian origin will support the growth ofHAV.
However, the optimal conditions for stable high level replication have not been
determined.

Successful adaptation ofHAV to cell culture is of importance for several reasons. Firstly,
it facilitates studies of the biological characteristics and mode of replication of the virus.
Secondly, it provides a potential source of reagent antigen and specific antisera. Thirdly, it
may provide the basis of the development of both killed and live virus vaccines. HAV
appears to become attenuated by passage in cell culture and strains attenuated in this way are
currently being evaluated in man. In addition, the use of cell cultures helps to conserve
experimental primates, which are in short supply, for use in evaluation of vaccines.

Cloning of hepatitis A virus

Several groups are attempting to clone the viral genome in E. coli. A number of clones
have been obtained and these are being used to determine the nucleotide sequence of HAV
RNA. It is expected that a complete genetic map will become available in the near future.
This approach should make it possible to identify and synthesize antigenically active areas
on the surface of the virions and to differentiate between wild and attenuated strains.

Epidemiology

Geographical distribution

The prevalence of hepatitis A infection throughout the world, recognized for many
decades on the basis of its epidemiological features, has been confirmed by serological
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studies. The exact prevalence of hepatitisA disease, however, is difficult to estimate because
of the lack of uniformity of surveillance systems and the high incidence of subclinical
infections in some settings.

Age distribution

Infections may occur at all ages among susceptible individuals. In young children, the
infections tend to be mild or asymptomatic; clinical severity increases with increasing age.
The patterns of disease vary considerably from population to population and depend upon
standards of hygiene and sanitation.

In developed countries, the pattern of reported cases is shifting from early childhood to
older ages, paralleling improvements in socioeconomic and hygienic conditions. With time,
as the risk of infection continues to decrease in the younger age group, a large population of
susceptibles should result, providing fertile soil for future epidemics. In some countries,
reported HAV infection rates have fallen to very low levels over the past 10-20 years.

Seasonalpattern

In temperate zones, epidemic waves have been observed with peaks in late autumn and
early winter. In many tropical countries, the peak of reported disease tends to occur during
the rainy season with low incidence in dry periods. A superimposed cyclic epidemic pattern
with peaks every 5-10 years has been observed in several countries with long records of
reporting.

Long-term trends

Evidence from several developed countries suggests that the incidence of hepatitis A is
declining and that a greater proportion of cases is occurring in adults. Whether the decline
represents a long-term secular trend or merely the low point of an extended epidemic cycle is
not known.

Patterns ofanti-HA Vprevalence

Evidence based on serological surveys indicates that HAV infection has a worldwide
distribution and that a higher prevalence of antibody is found among lower socioeconomic
groups. Cross-sectional studies from all countries show an increasing prevalence of anti-
body with increasing age, but considerable differences in the slope of the curve.

Studies of several relatively isolated (island) populations have revealed two patterns of
antibody prevalence - almost complete saturation (i.e., 80-100O7o anti-HAV prevalence
over a wide age-span) or a distinct age-break increasing sharply from near zero in the
younger age groups to almost 1000o among older groups. The first pattern suggests uni-
versal early childhood infection, frequent reintroduction of virus, or a recent epidemic with
efficient spread through all susceptibles. If the populations are small, endemicity would not
appear to be a satisfactory explanation since the second pattern speaks highly against the
existence of effective long-term infective carriers of HAV.

Recently, two different approaches, based on seroepidemiological studies, have provided
evidence of changing epidemiological patterns in developed countries. Cross-sectional
surveys of anti-HAV in Melbourne, using serum collections made 20 years apart (mid-1950s
and mid-l 970s) showed a marked drop in prevalence rates among the younger age groups, a
finding that is consistent with an observed fall in the proportion of hepatitis A among those
under 15 years of age. Studies of sera collected from a normal Japanese population in 1971
revealed almost no anti-HAV among those under age 20 years, but relatively high prevalence
rates for all older groups, indicating a major change in the epidemiological behaviour of
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HAV following the Second World War. Most of the recently diagnosed HAV infections in
Japan and northern Europe represent imported cases, i.e., infections contracted during
visits to endemic areas.

Cross-sectional anti-HAV serological surveys of populations from seven European
countries have demonstrated a gradient ofHAV infection patterns. HAV seems to be on the
verge of disappearing in the Scandinavian countries and Switzerland (1-5 infections/1000
per year) with intermediate levels in Germany, Holland, and France, and presumed
continuing endemicity in the Mediterranean region (75/1000 per year in Greece).

Prevention

Passive immunization

The long-standing use of pooled human immunoglobulin for prophylaxis or prevention
of HAV infection can now be considered on a more scientific basis. The newly developed
methods for determination of anti-HAV make it possible to quantify specific antibody in
pooled immunoglobulin and also to test potential donors for evidence of immunity (anti-
HAV), thus avoiding expense and waste ofthe preparation. The value ofimmunoglobulin in
controlling outbreaks of infection in given population groups with close contact has been
demonstrated repeatedly. The intramuscular administration of normal pooled human im-
munoglobulin (a 160o solution in a dose of 0.02-0.12 ml/kg of body weight) before ex-
posure to the virus or early during the incubation period may prevent or attenuate a clinical
illness while not necessarily preventing infection and excretion of the virus. Therefore,
large-scale routine use of immunoglobulin as a preventive measure for HAV among school-
age children, or other special populations, has not gained widespread acceptance. However,
studies aiming at determination of protective antibody levels in immunoglobulin
preparations should provide a sound basis for the use of this commonly practised method of
prevention and control of the infection.

Individuals entering highly endemic areas or institutions for a short or a long stay should
be considered as subjects for the larger dose of immunoglobulin with repeat doses every 4-6
months. The immune status of such individuals should be monitored to avoid unnecessary
inoculation of immunoglobulins.

Active immunization
As hepatitis A is a major public health problem in many parts of the world, there is a clear

need for a serious collaborative effort to develop effective vaccines. Such a project might
well be coordinated by WHO through its Collaborating Centres for Reference and
Research. HAV vaccines could be administered widely in populations in which the disease is
common and replace immunoglobulin for the protection of subjects travelling to endemic
areas.
The successful adaptation of HAV to growth in cell cultures and recent advances in

recombinant DNA technology suggest that it will soon be feasible to produce either killed or
live vaccines. Although detailed strategies for the use of such vaccines cannot be formulated
at present, it is likely that they will be similar to those used for the control of polio-
myelitis.
There is an urgent need to determine whether other antigenically different strains ofHAV

are circulating in man and to develop methods of reliably distinguishing between wild and
attenuated strains.
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HEPATITIS B

Molecular biology

The hepatitis B virus (HBV) has a diameter of 42 nm: removal of its surface antigen
(HBsAg) reveals a core particle of 27 nm in diameter, which comprises the viral core
antigen (HBcAg) and genome, an unusual form of circular DNA, of about 3200 base
pairs, in its fully double-stranded form. A third antigen, the e antigen (HBeAg), of which
there appear to be three types, and a DNA-dependent DNA polymerase are also
associated with the virus. The virus affects only man and a few other higher primates.
Although it cannot be propagated in cell culture, moderate quantities can be obtained
from the plasma of chronic carriers and from the livers of experimentally infected
chimpanzees.
Some understanding of the molecular biology of HBV followed the successful cloning

and propagation of HBV-DNA in Escherichia coli. This enabled the nucleotide sequence
of DNA to be determined, which in turn revealed the general organization of the viral
genome.
The infectivity of cloned HBV-DNA was recently proved by intrahepatic inoculation of

chimpanzees with cloned HBV-DNA. The inoculated animals developed a clinically and
serologically typical hepatitis B infection, and infectious HBV was demonstrated in the
blood during the acute phase of the disease by Will et al. (9).

Insertion of HBV-DNA fragments into the E. coli plasmid pBR322 led to the synthesis
of the viral core antigen, which was detected immunologically in transformed cells.
Production of HBcAg by the transformed E. coli strain was not high, but was sufficient to
show that even in a crude bacterial extract the antigen was immunogenic in rabbits;
subsequent genetic manipulation gave a large increase in the level of antigen synthesis.
Extracts from such cells can be used satisfactorily as a diagnostic reagent for detection of
HBcAg and anti-HBc in serum samples, and have also been used to show that HBcAg can

be converted into HBeAg. HBcAg produced by E. coli aggregates spontaneously to form
particles very similar to the 27-nm diameter HBV core particles isolated from the liver of
HBV carriers. Fermentation of E. coli carrying the appropriate plasmid now allows
HBcAg to be produced in virtually any desirable quantity as shown by Stahl et al. (10),
and its application in diagnosis is being developed commercially.

Production of HBsAg from E. coli transformed with recombinant plasmids carrying
appropriate fragments of HBV-DNA, or following various other manipulations that
should give higher levels of synthesis, has proved more difficult and less reliable than with
HBcAg, perhaps due in part to instability of the HBsAg subunit polypeptide in E. coli.
However, the subunit polypeptide and two of its derivates (essentially the N-terminal half
and the C-terminal half) were shown to be immunogenic in rabbits and chimpanzees.
Protection againt challenge with the virus has yet to be demonstrated, but if this is
achieved, fermentation of appropriate strains of E. coli will provide a ready means for
bulk preparation of the antigen for development as a vaccine.
Although parts of the amino acid sequence of HBsAg were known before the HBV-

DNA sequence was determined, the latter information gave the complete amino acid
sequence of the polypeptide of HBsAg. From this, estimates were made of exposed
domains that could determine antigenic specificity, and a number of corresponding
oligopeptides were synthesized. Several of these are immunogenic in laboratory animals,
and their potential for development as vaccines is under evaluation by several
investigators (11-14) (Table 2). Should they prove effective, it may be economically
advantageous to produce them by fermentation of cells carrying appropriate synthetic
genes, or smaller parts of the HBV genome.
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Table 2. HBsAg peptides that have proven immunogenicity or have demonstrated antigenicity similar to
the intact HBsAg

Peptide position with:

Investigators Immunogenicity Antigenicity

Dreesman et al. (ref. 13) 116-137a (22)b
122-137° (16)

Lerner et al. (ref. 11) 48-81a (34)

2-16c (15)

22-35c (14)

95-109c (15)

Vyas (ref. 19) 134-146 (13)

Hopp (ref. 12) 138-149 (12)

a Peptides had demonstrated immunogenicity without being coupled to a protein carrier.
b Numbers in parentheses indicate number of amino residues per respective synthetic peptide.
c Peptides were coupled to keyhole-limpet haemocyanin before immunogenicity could be demonstrated.

Recombinant plasmids can also be used to transform certain strains of yeast. Recently,
the HBsAg gene has been introduced in a functional form into yeast cells where the
antigen was then synthesized. Extracts of the transformed cells contained HBsAg in a
form that corresponds well with HBsAg isolated from human plasma; unlike the products
from bacteria, it reacts efficiently with human anti-HBs and has the same sedimentation
coefficient and buoyant density and a morphology similar to the 22-nm particles
characteristic of human HBsAg. The preparation is immunogenic and clearly has promise
for development as a vaccine against HBV.
The nucleotide sequence of the HBV genome shows the presence of two other open

translational regions, one of which may be the gene for the viral DNA polymerase, while
the other would give a polypeptide of 154 residues which has not yet been identified.

Little is known of the biology of HBV. The consequences of infection of a sensitive cell
have classical manifestations, but the mode of replication of the viral DNA, the
expression of its genes, and viral morphogenesis are not understood. It is believed that the
target cell is specifically the hepatocyte. The recent discovery of viruses with a similar
genetic organization in a number of other animals (the woodchuck, ground squirrel and
Pekin duck, see table 3) provides an opportunity for studies of some of these aspects in
systems that appear to be analogous to HBV, but which show different host specificities.
Studies of primary hepatocellular carcinoma (PHC) cell culture lines and the
transformation of various animal cell lines with HBV-DNA are also being used to
illuminate these problems.
The primary hepatocellular carcinoma PLC/PRF/5 cell line, commonly referred to as

the Alexander cell line, is well established and stable. It produces HBsAg but no other
recognizable HBV product, although it has been shown to contain a number of HBV
genomes integrated into its own genome. The HBsAg produced by this cell line appears to
be identical with that found in human plasma and may thus offer an alternative source of
material for vaccine preparation.
The thymidine kinase gene (tk) from herpes simplex virus provides a selectable marker

with which to study the transformation of animal cells deficient in this gene. Co-
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Table 3. Molecular biology of hepadnaviruses a

Particles HBV WHV GSHV DHV

Present in blood + + + +
Double-shelled virion + + + +
Virion diameter (nm) 40-45 40-45 47 40

Surface antigen, diameter (nm) 20-25 20-25 15-25 35-60
Elongated surface antigen, (tubular forms), length (nm) > 500 > 500 > 750 not seen
Core diameter (nm) 27 27 30 27

DNA

Circular + + + +

Double and single stranded + + + +
DNA polymerase + + + +
Nucleotides (number) 3182 3330 3200 3000
Homology with HBV 1%) 100 3-5

Antigens

Surface (cross-reacting) + + + +

Core (cross-reacting) + + +

e + (+1 (+)

Surface subtypes exist

a The hepadnaviruses group includes the following members:
HBV
WHV
GSHV
DHV

= human hepatitis B virus
= woodchuck hepatitis virus
= ground squirrel hepatitis virus
= duck hepatitis virus.

transformation of those cells with DNA containing the thymidine kinase gene and DNA
carrying another gene of interest usually results in both being taken up by the cell so that
after selection for tk+ cells expression of the second gene can be studied. Cloned prep-
arations of HBV-DNA have been introduced into mouse L-cells and into rat epithelial
cells in such co-transformation experiments, and several of the transformants produced
HBsAg in quantities similar to that in cultures of Alexander cells. As a possible source for
routine HBsAg production, any of these cell lines (including the Alexander cells) would be
expensive; the rat cell line has the nominal advantage of not being a tumour cell.
Genomes of the animal viruses SV40 and polyoma have also been manipulated to pro-

vide vectors offering an alternative route for the introduction of DNA fragments into
animal cells, and HBV-DNA carrying the HBsAg gene has been attached to such vectors.
The surface antigen was produced in monkey kidney cells infected with this recombinant.
As with PHC cell lines and the transformed cells already described, the HBsAg produced
by the monkey cells appeared to be identical with that from human plasma, but the
quantity produced was somewhat higher. A system currently being explored involves
amplification of the genes introduced into cells by co-transformation. In favourable
circumstances this can lead to very high levels of the desired gene product and is the most
promising of the animal cell systems under study. Application of the methods of mol-
ecular genetics has already aided our understanding of HBV considerably. Several options

670



VIRAL HEPATITIS

are now available for production of the viral antigens for both diagnostic purposes and
development of vaccines. As experimental studies continue, particularly with mammalian
cell systems and with the analogous viruses in other small animals, we can look forward to
a clearer understanding of the biology of HBV and the interaction of the virus with its
hosts.

Laboratory diagnosis of hepatitis B

Exposure to HBV results usually in an acute self-limiting infection, which may be sub-
clinical or symptomatic. A proportion of infections fail to resolve, and these individuals
become persistent virus carriers. Persistent carriage of HBV may be entirely
asymptomatic or associated with development of persistent or chronic active hepatitis.

Differentiation between acute infection and the carrier state is of clinical and epidemio-
logical importance and may depend on the determination of several parameters, including
evaluation of the immunopathology that can be observed in liver biopsy specimens (Fig.
2, 3 and 4). These determinations allow certain predictions and give an indication of the
degree of infectivity of the blood of such patients.
A high titre of HBsAg during the acute phase of hepatitis B, with persistence for more

than 6 weeks, often is followed by the development of a chronic hepatitis.
Hepatitis B e antigen (HBeAg) can be detected with sensitive radioimmunoassays or

enzyme immunoassays in almost all cases of acute hepatitis B infection. It normally
disappears early during convalescence, usually before HBsAg disappears, and it can also
be used to predict the course of the disease. Like HBsAg, high titres of HBeAg ( > 1:1000
in radioimmuno- or enzyme immunoassays) indicate the possible development of chronic
disease, a possibility that is greater if the HBeAg titre, even though not very high, persists
for more than 6-8 weeks after the acute phase. In addition, HBeAg in the serum indicates
persisting active viral replication, and most sera with a medium to high HBeAg titre also
contain measurable HBV polymerase activity and complete Dane particles demonstrable
by electron microscopy. Blood of such patients must be considered highly infectious.
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Fig. 2. Acute hepatitis B.
a Titres determined by enzyme immunoassay.

671



F. DEINHARDT & 1. D. GUST

d isease

HBsAg
ant i - H Bs

anti-H BcIgM b
anti-HBc b

HBeAg
a n t i - H Be

infectivity

nfecl

0-4000000 ......0 0 0 0 0 0 6..0. . . . . . . . .>

0000

Occasionally persisting longer
000 *---0 0 0 *

-increasing .decreasing persisting 1-5yrs occasionally longer
00 -~~~ ~~~~00 06 0 0 0 0 0 0

low degree of infectivity can persist

II //

t 11

occasionally anti-HBs/HBsAg complexes develop
* 0 0 0 0 0 0000 0. 0@0

4o o5 210310 4 10-5 decreasing to 1iT.10>3 occasionally ersisting
*2 3 9

4 510._ 1-O -* increasing to 10- 10. persisting at mediumrr to high titres >

I I I I Il// Il /
2 3 4 5 6 9 12

months 2

I I

4 6
y ears

I I 1
8 10 > 10

Fig. 3. Persistent hepatitis B.
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Disappearance of HBeAg and development of antibody to HBeAg (anti-HBe) are in
general good prognostic markers but do not guarantee complete clearance of HBV. Anti-
HBs appears only late, sometimes only several months to a year after the disappearance of
HBsAg, and indicates immunity.
The marker that promises to be very valuable is antibody to hepatitis B core antigen

(anti-HBc) and in particular anti-HBc of the IgM class. With very few exceptions, anti-
HBc is present in the early acute phase of the illness (sometimes it even appears before the
onset of illness). It remains measurable for many years and perhaps for life. In epidemio-
logical studies anti-HBc is the best marker for evaluating HBV prevalence in various
populations. Examination of sera for anti-HBc identified 2-4% more cases of previous
HBV infection than did determination of only anti-HBs.

Disappearance of anti-HBc associated with persistence of anti-HBs is rare but the
situation does occur, and in epidemiological studies both antibodies should be measured.
In most cases, anti-HBc of the IgM class is the first antibody to rise during, or sometimes
shortly before, the acute stage of an HBV infection; in general, it persists for several
months, up to one year. Disappearance of anti-HBc IgM may be the most reliable means
for recognizing clearance of HBV, whereas persistence seems to be generally associated
with persistent or chronic active disease and continuing viral replication. In general, high
titres of anti-HBc IgM are found during the acute and convalescent stage of hepatitis B;
the titres of anti-HBc IgM observed in persisting or chronic active hepatitis are much
lower, although the titre does not correlate with severity of disease.

Viral DNA polymerase in the serum indicates that viral replication is continuing, but
this enzyme is not included in most routine diagnostic evaluations because the test system
is variable and the results do not add substantially to the evaluation of the disease of
individual patients. However, serial determinations of DNA polymerase are the most
sensitive indicators of a therapeutic effect during therapy of chronic hepatitis with
interferon or other chemotherapeutics, alone or in combination.
The presence of Dane particles (HBV) or hepatitis B core antigen (HBcAg) in the serum

also indicates continuing viral replication and infectivity, but tests for either are not
routinely used and are less sensitive than determination of other I4BV markers for
potential or actual infectivity of blood or blood products.
Most recently, highly specific and sensitive techniques have been developed to identify

HBV-DNA in liver tissue and serum but these techniques, although important for
molecular and pathogenesis studies as well as for detection of HBV-DNA with a sensi-
tivity more than 100 times that of conventional methods, are not used for routine diag-
nosis of HBV infections.
A simplified synopsis of these determinations and their significance is given in Table 4,

and it shows that diagnosis of the status of an HBV infection cannot be made by
laboratory evaluation of HBV markers alone. The patient's history, and data obtained by
clinical examination, clinical chemistry, and, when possible, liver biopsy may also be
needed to arrive at an accurate diagnosis in some cases.
The four major subtypes of hepatitis surface antigen (HBsAg) (adw, ayw, adr, and ayr)

and several further categories of the subtype, termed adw2, adw4, aywl, ayw2, ayw3, and
ayw4, as well as the differentiation of hepatitis e antigen (HBeAg) into e,, e2, e3 are of
interest for epidemiological studies or for the further characterization of the HBeAg, but
are of no clinical significance. Additional determinants such as q, x, f, t, n, j, and g have
not been fully identified and it has not been determined if they are coded for by the viral
genome or whether they are to some extent reflections of the host's antigenic and genetic
constitution. Further subtypes or even new agents more distantly related to HBV, which
are not detected with current diagnostic methods, may be identified in future through the
use of monoclonal antibodies, as has been described recently in a study of Australian
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Table 4. Interpretation of the presence of combinations of serological markers of the hepatitis B virus

HBsAga HBeAg Anti-HBe Anti-HBc Anti-HBsb Interpretation Infectivity of blood

+ + - - - Incubation period or early acute high
period during hepatitis B

+ + - + - Acute hepatitis B high
or chronic carrierc

+ - + + - Late during hepatitis B low
or chronic state

- - + + + Convalescent from acute none
hepatitis B infection

- - - + + Recovered from past none
hepatitis B infection

- - - - + Immunized without infection, none
repeatedly exposed to HBsAg
without infection, or recovered from
past hepatitis B infection

- - - + - Recovered from past hepatitis B questionable
infection with undetectable anti-HBs,0
early convalescent or chronic
infection

a All positive for HBsAg are acutely or chronically infected with HBV.
b All positive for anti-HBs are immune to hepatitis B.
The titre of anti-HBc and/or the immunological class of the anti-HBc may differentiate between the convalescent phase,

persistent carrier, or chronic infection (see text).

Table 5. Desirable diagnostic programme

Acute hepatitis Persistent or chronic active hepatitis

HBsAg HBsAg

anti-HBc" anti-HBc (titre)b

anti-HAV (IgM) HBeAg
anti-HBe

" Where available, tests specific for anti-HBc IgM should be used.
" Where available, both anti-HBc IgM and anti-HBc IgG should be determined individually.

aborigines. A desirable programme for an optimal virological diagnosis of hepatitis cases
is given in Table 5, but it is recognized that at present only the more specialized
laboratories are able to perform all of these tests.

Epidemiology

Hepatitis B is a major public health problem and may cause either acute persistent or
chronic active infections.

Acute infections

Hepatitis B is a notifiable disease in many countries; however, attempts to define its
epidemiology on a global basis have been hampered by the inadequacy of most reporting
schemes. Not only are the basic data often poorly collected, but clinical diagnoses are
rarely supported by laboratory confirmation.

Reliable information on the incidence and long-term trend of hepatitis is only available
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from a few developed countries. In the United States of America some 50 000-60 000
cases of hepatitis are reported to the Centers for Disease Control each year, of which ap-
proximately half appear to be hepatitis B. Since many episodes go unreported or un-
recognized, it has been estimated that the total number of cases of hepatitis B may be as
high as 150 000 per annum. In the USA and several other developed countries, the
incidence of hepatitis B has increased steadily over the past decade but now appears to be
levelling off. This parallels the pattern of intravenous drug use in these countries.

Persistent and chronic active infections

The extent of chronic HBV infection has been fully recognized only in the past few
years, since the tests for HBsAg have become widely available. These infections are now
classified as "healthy" carriers with no detectable or only minimal disease, persistent
hepatitis with stable disease, and chronic active hepatitis with progressing disease. As a
result of studies in many countries, it has been estimated that there are at least 170 million
persistent carriers of HBV in the world. These people provide a major reservoir of
infection.

Carrier state

Enormous differences exist in the frequency of persistent infection with HBV; in most
Anglo-Saxon populations the carrier rate is less than one per thousand, while on the
Pacific island of Rapa, it is one in two. Several factors have been shown to influence the
risk of a person becoming a long-term HBV carrier, of which the most important is the
age at which he or she becomes infected. While the risk of an adult becoming a carrier
following acute infection is between 5% and 10%, in infants it may exceed 5007o.

Patients with lymphoproliferative disorders, and those on immunosuppressive therapy,
are also more likely to become carriers, as are subjects with Down's syndrome and
patients with leprosy. In chronic carriers, the titres of HBsAg usually decline with in-
creasing age and many people eventually eliminate the virus from their body and develop
protective antibody. In cross-sectional studies of the population, higher carrier rates are
observed among males than females, but this is probably due to a more rapid decline in
HBsAg titre in women, resulting in a shorter duration of the carrier state.

Patterns of infection

The prevalence of infection with HBV varies from country to country and depends
upon a complex mix of behavioural, environmental, and host factors. In general, it is
lowest in countries or areas with high standards of living (e.g., Australia, Canada, Central
Europe, Great Britain, Scandinavia, the United States of America) and highest in
countries or areas in which the socioeconomic level is lower and where there is over-
crowding (e.g., China, Indonesia, parts of Africa, the Philippines, parts of South
America).

Within individual countries major differences may exist in infection rates and carrier
rates among different ethnic groups; for example, in New Zealand the carrier rate in
Maoris (who are of Polynesian origin) is 9.5% compared with 0.1% among the Anglo-
Saxon population (who are largely of British origin). Even within an apparently homo-
genous population marked differences in carrier rate may occur. In the tiny Pacific island
of Nauru, 3500 Micronesians live in a series of villages along the coast; although approxi-
mately 80% of the people in each village show serological evidence of current or past in-
fection, the carrier rates vary from 5 to 2807o. The reason for these differences is not
understood.
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Age distribution

Two different patterns are recognized. In populations with a high prevalence of HBV,
infection is usually acquired early in life, and the highest infection and carrier rates are
seen among children and young adults. The carrier rate declines with increasing age, as
does the prevalence of specific antibody.

In populations in which HBV is relatively uncommon, the majority of infections and
the peak prevalences of HBsAg and of specific antibody are in the 15-29 year age group.
The highest rates of infection are found among groups who have an increased risk of
contact with blood or blood products. Prominent amongst these are health care workers
(particularly laboratory staff, dentists, and surgeons), haemodialysis patients, patients
and staff in institutions for the mentally retarded, intravenous drug users, and male
homosexuals who change partners frequently.

Seasonal variations

Hepatitis B has no seasonal pattern and the long-term trend is not clear. The cyclic
peaks that have been a feature of the epidemiology of hepatitis A, have not been observed
and epidemics due to the widespread use of contaminated blood or blood products are
becoming rare.

Mode of spread
Hepatitis B has traditionally been a hazard of blood transfusion, the use of shared

syringes, and exposure to infected blood. For these reasons high rates of infection occur in
certain occupational groups such as dentists, staff and patients in dialysis units, bio-
chemists, and haematologists. Transmission can occur in the family setting and tends to
be related to the degree of crowding in the household and the closeness of the relationship
between the individual and the case or carrier. It may occur as a result of accidental per-
cutaneous inoculation following the use of shared razors, toothbrushes, bathbrushes, or
towels, or by close contact. HBV has been detected in a variety of body secretions and
excretions, including saliva, semen, and vaginal fluid, so that infection may be trans-
mitted by kissing or by sexual intercourse. Hepatitis B does not appear to be transmitted
by the faecal-oral route and urine is probably not infectious unless contaminated with
blood. There is no convincing evidence that airborne infections occur.
The high prevalence of hepatitis B infection in many tropical countries led to the

suggestion that mosquitos and other blood-sucking insects might be important in trans-
mission of the disease; however, there is no convincing evidence to support this
suggestion.

Transmission from HBV carrier mothers to their babies appears to be the single most
important factor for the high prevalence of HBV infection in some areas and studies on
preventing the development of the carrier state as a result of such transmission should be
encouraged. The risk of infection depends upon the proportion of HBeAg-positive carrier
mothers, which may be as high as 40% in some countries. Although HBV can infect the
fetus in utero, this rarely happens and most infections appear to occur at birth, as a result
of a leak of maternal blood into the baby's circulation, or ingestion or accidental
inoculation of blood.

Prevention

Until recently, prevention of hepatitis B has been limited to reducing the incidence of
hepatitis B through hygienic measures, selection of blood donor populations, testing of
donor blood for HBsAg with rejection of positive donors, and administration of hepatitis
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B immunoglobulin (HBIG) to individuals who sustained percutaneous exposures to HBV-
containing blood or other body fluids. Vaccines for active immunization have been
developed recently and will play a major role in preventing hepatitis B in the future (for
review see 15).

Hygienic measures

One basic means of interrupting transmission of HBV is by preventing infectious
material from a hepatitis B patient or HBV carrier from entering the body of a susceptible
person. This can sometimes be accomplished by simple environmental precautions when
dealing with people known or presumed to be infectious, or their blood.
One of the best examples of environmental control of hepatitis B transmission is within

hospitals. Medical and dental personnel and some hospitalized patients have a higher than
average risk of acquiring hepatitis B infection. Some of these infections occur because of
accidental inoculations of infectious material (usually blood or plasma) via contaminated
needles. Others may occur when visible or invisible skin lesions are exposed to infectious
material or as a result of contact of such material with mucous membranes directly by
splashing or indirectly via the hand or an inanimate object.

All blood and blood-contaminated material should be handled carefully, and in-
struments, including needles and syringes, should be cleaned and disinfected or sterilized
before re-use.

Care with all techniques in medical and dental settings can decrease significantly the
transmission of HBV. Perhaps the best example has been in renal dialysis centres where
HBV transmission can be very high. It has been well documented that environmental
precautions alone can limit transmission in such centres. By the careful use of instruments
for individual patients and the testing and segregation of susceptible patients and in-
fectious patients, dialysis centres have been able to stop or at least reduce transmission
considerably.

Outside the hospital environment, medical and paramedical practices may transmit
HBV infections if the standard of hygiene is poor. Non-professionals who perform minor
surgery, such as nose or ear piercing or scarification, seldom take appropriate precautions
between patients.

Simple heating of the instruments over a flame would eliminate this unnecessary risk of
HBV infection. Similarly, although autoclaving at 120 °C for 30 min is preferable, boiling
of needles at 100 °C for a minimum of 5 min would reduce the risk of HBV infection.
There do not appear to be any grounds for limiting the employment of individuals in

medical or other professions after they have recovered from hepatitis B regardless of the
continued presence of HBsAg, or of persistent carriers whether or not they are also
positive for HBeAg, provided these people have adequate standards of personal hygiene.
In some countries, persons who are HBsAg positive are excluded from areas such as
dialysis, transplantation, or oncology units where large numbers of immunosuppressed
patients are gathered and considerable volumes of blood are used. Under these circum-
stances if infection with HBV occurs, the infection could well become endemic in the
unit.

In the rare case of a health care worker being shown to have been involved in the trans-
mission of hepatitis B, an investigation of the circumstances involved should be carried
out and appropriate measures to prevent further transmission undertaken.

Passive immunization

Trials with normal pooled human immunoglobulin (NIG) for the prevention of
hepatitis B have given inconsistent and generally negative results owing to the variable and
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generally low amounts of anti-HBs in these preparations. In contrast, special hepatitis B
immunoglobulin (HBIG) with high anti-HBs titres has been shown to be effective in pre-
and post-exposure prophylaxis. General use of hepatitis B immunoglobulin for long-term
prophylaxis cannot, however, be recommended because of its limited availability, its cost,
and the risk (although remote) of complications through long-term, repeated use. In
addition, in situations such as dialysis units, one can reduce the spread of hepatitis B
equally well or better by a strict adherence to proper hygienic practices and the application
of recognized epidemiological principles. In future, active vaccination (see below) will, in
addition to these measures, be the most important means of preventing hepatitis B virus
infections in such settings.
The main indication for the use of hepatitis B immunoglobulin is for postexposure

prophylaxis as, for example, after accidental inoculations with HBV positive materials or
for newborns of HBV carrier mothers. It must be stressed that the hepatitis B immuno-
globulin should be given as soon as possible after an accidental inoculation (ideally within
6 hours and preferably not later than 48 hours) as the efficacy of HBIG in preventing
disease and the development of a carrier state decreases rapidly with time.

Administration of hepatitis B immunoglobulin at birth and repeatedly during the first
year of life has been shown to prevent the development of the persistent carrier state in
infants born to HBV carrier mothers in up to 807o of the inoculated infants, although
infection still occurs in many instances (reduction of the rate of infections ranges between
20 and 40%). These results might be improved further in the future by the use of passive-
active immunization of newborns (see below). Although these strategies have been shown
to be useful in developed countries where the prevalence of hepatitis B is generally low,
the current high cost of commercial reagents for HBsAg testing, together with the current
short supply and high cost of hepatitis B immunoglobulin, have prevented their
worldwide use, particularly in many developing countries with a high prevalence of
hepatitis B. Efforts are now underway to introduce inexpensive techniques, such as
enzyme immunoassay, for detection of HBsAg on a global scale. In addition, the
production of specific antibodies (anti-HBs), by hybridoma or other animal or microbial
cells, may provide an alternative source of anti-HBs for large-scale passive
prophylaxis.

Active immunization

The most important method of achieving widespread prevention of hepatitis B is active
immunization. Purified subunit vaccines have been prepared from HBV components
found in the blood of chronic carriers of HBV. Such vaccines have been shown in several
countries to be safe, immunogenic, and effective in the prevention of disease. Strategies
for the use of vaccine must take into consideration different patterns of hepatitis B
prevalence. Such prevalence may be conveniently divided into three categories as shown in
Table 6. Therefore, vaccination strategies will vary from limited administration to
individuals known to be at high risk of acquiring hepatitis B to widespread administration
in infancy and early childhood as shown in Table 7.

Selected vaccination might be reserved for areas of low prevalence, while large-scale
administration could be considered for intermediate- and high-prevalence areas. In the
circumstances, there is little question that effective control of hepatitis B is not possible
unless entire populations can be immunized prior to exposure, that is during infancy and
early childhood. Immunogenicity studies on subunit vaccines indicate that infants and
young children develop specific anti-HBs and that immunization is effective even in the
presence of maternally-transferred passive antibody. Immunization alone or in com-
bination with inoculation of hepatitis B immunoglobulin may prevent the development of
a chronic infection in infants born to HBsAg-positive mothers. Several studies, including
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Table 6. Patterns of hepatitis B prevalence

Low Intermediate High

HBsAg, 0.2-0.5% HBsAg, 2-7% HBsAg, 8-20%'

Anti-HBs, 4-6% Anti-HBs, 20-55% Anti-HBs, 70-95%

Childhood infection Childhood infection Childhood infection
infrequent frequent, neonatal highly frequent, neonatal

infection frequent infection highly frequent

Australia, Central Europe, Eastern Europe, Japan, Medi- Some parts of China,
North America terranean, south-west Asia, USSR southern Asia, tropical Africa

° Prevalences up to 50% have been identified in some isolated Pacific islands.

Table 7. Recommendations for hepatitis B vaccine prophylaxis according to prevalence of HBV

Low prevalence Intermediate or high prevalence

Pre-exposure Post-exposure Pre-exposurea Post-exposure'

High risk groups (health Accidental percutaneous All infants Infants of HBsAg-positive
care personnel, dialysis exposure, infants of mothers
patients, institutionalized HBsAg positive mothers,
patients, drug addicts, sexual contacts of acute
male homosexuals, cases, and carriers
military recruits)

a Depending on availability of vaccine.

one conducted under the auspices of WHO, are currently being carried out in such
infants. If these are successful, immunization of these infants, with or without concurrent
use of hepatitis B immunoglobulin, may form the basis for intervention in areas of inter-
mediate and high HBV prevalence.

In high-risk groups, strategies for efficient vaccine use at lowest cost must be
considered. Identification and immunization of individuals (such as medical and para-
medical personnel) prior to entrance into high-risk situations seems to be the most
efficient strategy.

Decisions regarding screening prior to immunization will differ from country to
country, depending upon the expected immune status of given population groups and the
cost and availability of both the reagents and the vaccine. There are several problems
associated with the production and distribution of subunit hepatitis B vaccines in
sufficient quantities for mass immunization in high-prevalence areas. Although there are
large numbers of persistent HBsAg carriers in the world, it is currently not possible to
collect and process sufficient quantities of plasma to conduct mass immunization
campaigns. Secondly, the production and standardization of vaccines is so expensive
that the countries which need them most may not be able to afford them. Thirdly, avail-
ability may be limited by the current requirements for safety testing. In the absence of in
vitro cultivation techniques for HBV, final evaluation for infectivity is possible only in
susceptible hosts, of which the chimpanzee is the only suitable non-human animal. Lastly,
the limited availability of donor plasma and the conditions of manufacture of current
hepatitis B vaccines must be considered. Sources of donor plasma sufficient to produce
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large quantities of vaccine for widespread use are disproportionately located in countries
which have the least capability for efficient vaccine production for their own use. The
large-scale shipping of such plasma from developing countries with intermediate to high
hepatitis B prevalence to technologically developed countries for processing and produc-
tion of vaccine may create sociopolitical problems, while the hazards associated with local
vaccine manufacture under conditions of inadequate technology and poor quality control
is of equally important concern.

In the light of the above, it is fortunate that the search for alternative methods for
hepatitis B vaccine production continues most actively. These efforts have emphasized the
importance of purification of certain lower relative molecular mass polypeptides of
HBsAg, recombinant DNA techniques, and in vitro synthesis of HBV antigens. Produc-
tion of synthetic HBV antigens by the latter techniques for use in vaccines is a promising
approach for eventual introduction of mass immunization in high prevalence areas of the
world.

Finally, introduction of immunization strategies based upon identification of HBV
carriers, such as immunization of infants born to HBsAg-positive mothers, must be
accompanied by accelerated programmes to produce and distribute widely suitable low-
cost reagents for HBsAg detection.

Hepatitis B vaccines

Hepatitis B 22-nm particle vaccines

The failure to grow hepatitis B virus in tissue culture has prevented the development of
conventional vaccines. Attention has therefore been directed to the use of other prep-
arations for active immunization, including the use of inactivated hepatitis B surface
antigen purified from the plasma of asymptomatic human carriers. Since hepatitis B
surface antigen leads to the production of protective surface antibody, as shown by
serological surveys and experimental transmission studies, purified 22-nm spherical
surface antigen particles have been developed as vaccines. Although it is generally
accepted that the preparations of the 22-nm subunit particles, when pure, are free from
nucleic acid and therefore non-infectious, the fact that the starting material is human
plasma obtained from persons infected with hepatitis B virus means that extreme caution
must be exercised to ensure their freedom from all harmful contaminating material,
including host components.

Progress in the safety and efficacy testing of plasma-derived subunit vaccines has been
rapid. The safety, immunogenicity, and high protective efficacy of two such preparations
has been demonstrated by placebo-controlled, randomized, double-blind trials in several
susceptible populations, among staff and patients from haemodialysis units, and in health
care personnel.
One report concerned an attempt to prevent the development of the carrier state of

hepatitis B surface antigen in children living in a high prevalence area. Three doses of a
subunit vaccine were given subcutaneously at monthly intervals to 335 children aged less
than 2 years. A comparison group of 267 children in 18 villages received diphtheria/teta-
nus/poliomyelitis vaccine. After 12 months, 4 children (1.71o) in the immunized group
were carriers of the surface antigen compared with 14 (7.2%) in the control group, an
efficacy of 85%. The surface antibody response in the children who were actively im-
munized was not significantly influenced by age or sex, and maternal antibody acquired
passively did not appear to interfere with active immunization. This study is of particular
significance in that it demonstrates the feasibility of preventing infection early in life,
which often leads to the persistent carrier state. It has been previously suggested that an
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important factor in the association between hepatitis B infection and primary hepato-
cellular carcinoma may lie in an early age of infection.

Various other studies with this type of vaccine are in progress, and from the results
obtained to date it is established that the acquisition of anti-HBs is synonymous with
protection against infection with hepatitis B virus. However, the 22-nm hepatitis B surface
antigen particle vaccine has several disadvantages:

- pooled plasma with a high titre of hepatitis B surface antigen (often e antigen-
positive) is required in large quantities from persistent asymptomatic carriers, and each
carrier donor cannot be characterized on an individual basis;
- supplies of suitable plasma may be difficult to secure in the long term;
- live virus containment facilities are required for production of the vaccine;
- the manufacturing process is lengthy, extending over a period of 65 weeks, during

which possible extraneous/adventitious agents and other contaminants must be removed;
- the vaccine is very expensive;
- strict safety testing of the vaccine is required, at least for the present, including tests

for residual infectivity of hepatitis B virus in susceptible chimpanzees as recommended by
the WHO Expert Committee on Biological Standardization in 1981 (3).

Polypeptide vaccines

(a) Separated polypeptides. To overcome some of these problems, "second generation"
hepatitis B polypeptide vaccines containing hepatitis B specific antigenic determinants
associated with a non-glycosylated polypeptide with a relative molecular mass of 25 000
and a glycosylated polypeptide with a relative molecular mass of 30 000 have been
prepared and tested for safety, immunogenicity, and protective efficacy in susceptible
chimpanzees. The advantages of such a polypeptide vaccine, derived from any source,
include precise biochemical characterization, absolute exclusion of genetic material of
viral origin, and exclusion of host- or donor-derived substances. Disadvantages of
polypeptide vaccines include low yield if strong ionic detergents are used.

(b) Aggregated polypeptides. The purification of viral coat subunits in large quantities
presents considerable problems, particularly with viruses possessing a lipoprotein
envelope of which the immunogenic components are integral membrane proteins, highly
hydrophobic, insoluble in aqueous media, and requiring drastic treatment with deter-
gents. The extraction of the antigenic polypeptides by a non-ionic detergent resolved one
of the problems. However, polypeptides in monomeric form in high concentrations of
detergent are poorly antigenic. Consequently, a method of detergent removal that allows
membrane polypeptides to reassociate into water soluble protein micelles was developed.
Protein micelles are aggregates of polypeptides arranged so that the hydrophobic regions
are sequestered in the interior of the aggregates with the hydrophilic residue on the
surface, so that the micelles are water soluble. Comparison in mice of the immunogenicity
of the micelles with that of the 22-nm particle vaccine showed that, at all the dose levels
tested, the micelles elicited a greater protective surface antibody response than the intact
particles. Tests of safety and efficacy in non-human primates have been satisfactorily
completed.

Alternative sources of HBsAg

(a) Vaccines prepared from antigen "producer" cell lines. Antigen sources other than
from human carriers of hepatitis B virus are becoming available. These include
heteroploid HBsAg secreting cells derived from primary hepatocellular carcinoma. The
HBsAg obtained in this way is non-infectious and of relatively simple biochemical
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composition; furthermore, the cell lines can be characterized, techniques are available to
ensure freedom from contaminating nucleic acid, and potent inactivating agents are
available. It should be noted that the cell lines are transformed and show hetero-
transplantability, therefore developments in this area must be viewed with caution.

(b) Vaccines prepared by recombinant DNA technology. Particularly attractive sources
of antigenic material would be prokaryotic cells expressing hepatitis B surface antigen
proteins as a result of cloning of hepatitis B viral DNA; production of HBsAg by this
method has been reported by several groups. Expression of hepatitis B proteins has also
been achieved in various eukaryotic cells including human simian and rodent cells.
Sources such as transformed hetero-transplantable HBsAg-producing cell lines have not
yet been licensed by any national control authority for vaccine production. Expression of
hepatitis B surface antigen in yeast cells has also been reported. These developments are
potentially important for large-scale in vitro production of vaccines produced by recombi-
nant DNA technology.

(c) Synthetic hepatitis B peptide vaccines. The development of synthetic vaccines is an
exciting prospect offering many advantages towards attaining the ultimate goal of having
chemically synthesized multivalent vaccines to replace many of the current bacterial and
viral vaccines. The present vaccines often contain many irrelevant microbial antigenic
determinants, proteins, and other materials that contaminate the essential immunogen
and which may lead to untoward side-effects. As a result of work in progress since 1966,
the feasibility of such an approach had been demonstrated in studies with tobacco mosaic
virus. Examples of immunization with synthetic peptides have been published recently
including diphtheria toxin and Streptococcus pyogenes M protein. Possible approaches to
the development of chemically synthesized hepatitis B vaccines were described a few years
ago by several groups and current progress suggests that such synthetic peptide vaccines
may be within reach.

The identification, in cloned fragments of hepatitis B virus DNA, of an 892 base-pair
region with the adw determinants made possible the determination of the full sequence of
the 226 amino acids comprising the 25 000 relative molecular mass polypeptide of
hepatitis B surface antigen. The corresponding sequence for the ayw subtype suggested a
variation of 16 amino acids. With the help of computer programs, the internal and
external residues of the proteins, with their known structure and hydrophilic regions, were
predicted and corresponding peptides were chemically synthesized. Such synthetic pep-
tides, with the amino acid sequences of hepatitis B surface antigen, are being tested in
several laboratories for immunogenicity (see Table 2).
Such single peptides of precisely known composition and structure are proving useful in

determining the localization of antigenic epitopes within the HBsAg protein. In addition,
two synthetic cyclic peptides, which contain the amino acid sequence analogous to
position 117 through 137 of the major HBsAg protein, were found to inhibit the reaction
of human anti-HBsAg idiotype with its anti-idiotype antiserum. These findings (Kennedy
et al., unpublished data, 1981) support the view that a conformational antigenic
determinant is present in these synthetic peptides similar to that found on the HBsAg as it
occurs in man.

It is possible that synthetic peptides may be employed, in the future, as vaccines,
although mixtures of more than one of the peptides may be required. Of the many
questions that remain to be answered, the critical issues are whether antibodies induced by
synthetic immunogens will be protective and whether any protective immunity pro-
duced will persist. Studies in susceptible chimpanzees with such "synthetic vaccines" have
begun.
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Proposed requirements for the safety and potency testing of hepatitis B vaccines

Detailed consideration of requirements for the control of hepatitis B vaccines has so far
been given only to vaccines containing HBsAg derived from human plasma. In order to
help control authorities to ensure that imported vaccines satisfy requirements for safety
and efficacy, WHO has formulated certain requirements (3). In some countries, manu-
facturers and national control authorities have collaborated in the preparation of guide-
lines for the production of safe and effective vaccines. A summary of the laboratory tests
appropriate to control the safety and potency of hepatitis B vaccines prepared from
human plasma is given below.

Other sources of HBsAg should be investigated; so far the following have been con-
sidered for the preparation of "second generation" hepatitis B vaccines:

1. products obtained by recombinant DNA technology, i.e., HBsAg prepared by gene
expression in prokaryotic or eukaryotic cells;

2. synthetic peptides, either alone or linked to a carrier molecule;
3. antigen derived from primary hepatocellular carcinoma or other transformed cell

lines.

It is premature to define the criteria for the standardization and control of products
prepared from these sources of antigen. Careful consideration will have to be given to the
testing requirements for these products based on the nature of the product and its method
of manufacture. For instance, it is clear that, if developed, vaccines that incorporate
HBsAg from transformed cell lines would present considerable problems in terms of ac-
ceptability. Control tests would need to provide evidence that the final products are
completely free from cellular DNA.
The tests recommended at various stages in the preparation of hepatitis B vaccine from

human plasma are specified in the WHO requirements and include:

1. bacterial sterility tests (at various stages of production);
2. tests in cell cultures (plasma pools);
3. tests in mice (plasma pools);
4. tests in embryonated eggs - allantoic and yolk sac route (plasma pools)
5. test for human immunoglobulins (purified inactivated bulk);
6. assay for blood group substances and corresponding antibodies (purified inacti-

vated bulk);
7. test for HBsAg antigen protein (purified inactivated bulk);
8. tests for agents used in purification and inactivation (purified inactivated bulk);
9. pyrogen testing in rabbits (final bulk);

10. tests in chimpanzees for infectious hepatitis B virus (final bulk) (as hepatitis B virus
cannot be propagated in tissue culture, the only method available for the detection of
residual infectious virus is by inoculation of the final bulk preparation into chimpan-
zees-in some countries each batch is tested in 4 chimpanzees, but other countries plan to
test only a designated number of early production batches);

11. general safety test in mice and guinea-pigs (final product);
12. mouse potency test (final product);
13. identity test for hepatitis B antigen in final vaccine;
14. quantitative radioimmunoassay for HBsAg in final vaccine.

These proposed tests will need to be reviewed as more experience is gained with the use
of vaccines in the field. Further consideration is required for the establishment of suitable
reference reagents for the control of hepatitis B vaccines.
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Treatment

It must be emphasized that hepatitis B immunoglobulin is of no value if given days after
infection or in the treatment of acute, persistent, or chronic active hepatitis. Even very
large doses of hepatitis B immunoglobulin are ineffective in the treatment of fulminant
hepatitis, and it is also not possible to terminate the HBV carrier state, although no com-
plications resulting from the formation of antigen-antibody complexes were observed.
Treatment with interferon alone or in combination with chemotherapy has had some
limited success, but needs further strictly controlled evaluation.

Hepatitis B virus and primary hepatocellular carcinoma

From studies of the natural history of primary hepatocellular carcinoma (PHC), it is
clear that persistent or past infection with HBV is a common history (for review see 4, 16).
Since few patients with PHC report having had acute hepatitis, the original HBV infection
must usually have been mild.

In the American continent and Europe, with a rather low prevalence of hepatitis B
infection in the population (0.1-1.0% of blood donors are positive for HBsAg), PHC is
uncommon (1-3 cases per 100 000 population), and only approximately 250% of patients
with PHC are HBsAg-positive. One exception is the Mediterranean region; for example,
in Greece, where the prevalence of HBsAg carriers is 5%7o, PHC is more frequent (preva-
lence 20/100 000) and up to 60% of the patients with PHC are HBsAg-positive. In
tropical Africa and the Far East, HBV is clearly associated with cirrhosis and PHC; the
prevalence of circulating HBsAg in the general population is much higher (10-2507o), and
PHC is a very common neoplasm with a prevalence of up to 150/100 000. Moreover,
PHC is commonly associated with circulating HBsAg (50-80%o). Patients with PHC are
usually young adults who seldom have any history of alcoholism. Epidemiological and
virological studies provide the following evidence that HBV is a major causative factor in
the etiology of PHC:

1. There is a geographical correlation between areas where hepatitis B infection is
highly endemic and where PHC prevalence is also high.

2. The risk of developing PHC has been shown to be relatively constant in endemic and
non-endemic areas among male persistent carriers of HBsAg. The annual death rate from
PHC varies from 250 to 500 per 100 000 in these populations. Given a gross estimate of
about 200 million HBsAg persistent carriers in the world, the annual incidence of PHC
has been calculated to be about 350 000 cases, making HBV-related PHC one of the more
prevalent cancers in the world.

3. The frequency of finding HBsAg in PHC patients is much higher than in matched
controls living in the same area. In some areas of low prevalence of infection the ratio may
be as high as 100:1.

4. Acute HBV infection precedes, and persistent or chronic active hepatitis B usually
accompanies the development of PHC.

5. Chronic infection with HBV may lead to cirrhosis. Prospective studies have shown
that HBsAg-positive patients with cirrhosis develop primary liver cancer with high
frequency, in contrast to HBsAg-negative patients with cirrhosis.

6. In other prospective studies of male HBsAg carriers and matched controls over a
4-5-year period, the risk of developing PHC was over 1000 times higher among the
HBsAg carriers.

7. HBV-DNA has been shown to become integrated into the genomes of hepatocytes,
hepatocellular carcinoma cells, and in some PHC cell lines established in cell culture. In
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addition, RNA molecules containing HBV-specific sequences have been detected in these
cells. Integrated HBV-DNA has also been reported in non-transformed liver cells.

8. Viruses similar in composition and morphology to HBV have been detected in lower
animals, the woodchuck (Marmota monax), the ground squirrel (Spermophilus
beecheyi), and Pekin ducks (Anas domesticus), both in China and in commercial flocks in
the USA that had their origin in ducks transported from China many years ago. The duck
hepatitis virus is transmitted "vertically", and infected ducklings may have persistent
viraemia. As with HBV, persistent infection revealed by circulating surface antigen is
common also in woodchucks, and primary hepatocellular carcinoma often occurs in
woodchucks and Pekin ducks. As in human PHC, the carcinoma is usually associated
with chronic hepatitis and sometimes with cirrhosis. The surface and core antigens of
these agents have some features in common with HBV (see Table 3).

9. All epidemiological requirements have been met to show a causative association
between HBV infection and PHC.

Together this provides compelling evidence that HBV is a major etiological factor in
primary hepatocellular carcinoma. The final evidence will come from well controlled
trials involving the administration of hepatitis B vaccine, as this vaccine holds the promise
of preventing not only infection with the virus but also the cancer that is a result of the
infection.

DELTA ANTIGEN-ASSOCIATED HEPATITIS

Delta antigen-associated hepatitis is caused by an agent that is the most unusual of the
recognized hepatitis agents (for review see 17). Delta antigen was initially detected as a
nuclear fluorescence in hepatocytes of patients with persistent or chronic active hepatitis
B. Indeed, the delta antigen is inextricably linked with HBV infection: it appears to be a
defective, virus-like, transmissible agent that requires HBV synthesis for its replication.
At present only one serotype of the agent is recognized.
The delta agent is unique among virus-like agents: it consists of a particle 35-37 nm in

diameter that resembles a large HBsAg particle and, indeed, shares the HBsAg coat of
HBV (Fig. 5). It contains an internal component lacking in morphological identity but
consisting of delta antigen and a very small (approximately 500 000 relative molecular
mass) RNA molecule. This RNA, presumably the genome of the agent, does not hybridize
with HBV-DNA. Disruption of the delta particle with detergent releases soluble delta
antigen and the RNA.

Sensitive assays have been developed for the detection of delta agent infection. These
include radioimmunoassay (RIA) and enzyme immunoassay (ELISA), and immuno-
fluorescence, for detection of delta antigen and anti-delta. Delta antigen is detected in the
nuclei of infected hepatocytes during the late incubation period and early acute phase of
infection. The antigen is detected in the serum during the same period but only after
pelleting of the particles by ultracentrifugation and disruption with detergent; in this
respect, tests for delta antigen resemble those for HBcAg. The development of anti-delta
also resembles the development of anti-HBc. However, anti-delta is usually of low titre
and transient in acute self-limiting delta-associated hepatitis but often present at high titre
in chronic delta infection. A surface antigen-antibody system unique to the delta agent
has not been detected but is suspected, since reinfection with the delta agent has not been
observed.
On the basis of limited serological surveys, the delta agent appears to have a worldwide

distribution but to be epidemiologically important in Italy, especially southern Italy,
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Fig. 5. Viral components of the delta agent.

where it is highly endemic. It is transmitted by contaminated blood and blood products,
and serological evidence of infection is found most often in frequently transfused
haemophiliacs and others who are repeatedly exposed to blood, such as users of illicit
parenteral drugs. It is probable that non-percutaneous modes of transmission also exist.
There may also be a higher risk of infection among those with numerous sexual partners,
expecially male homosexuals. At least one instance of perinatal transmission of the delta
agent (together with HBV) from mother to infant has been reported.

Recent seroepidemiological studies have revealed an etiological association between
infection with delta agent and an epidemic of severe hepatitis B with an associated high
mortality among an indigenous population in western Venezuela. The epidemic, which
spanned two years, involved over 150 cases and over 30 deaths. Death resulted from either
fulminant hepatitis or a rapidly progressive form of subacute or chronic active hepatitis.
It is uncertain whether the delta agent was introduced recently into this epidemiological
setting or only recently recognized. Additional studies must be performed to determine
the extent and importance of delta-associated hepatitis in South America and
elsewhere.
The delta agent has been associated with both acute and chronic hepatitis, always in the

presence of HBV infection. Delta-associated hepatitis is generally more severe than
hepatitis B in the absence of the delta agent. Thus, severe, rapidly progressive chronic
active hepatitis is often associated with combined infection with HBV and the delta agent,
and a sudden exacerbation of severe hepatitis in an HBV carrier is suggestive of delta-
associated hepatitis superimposed on chronic HBV infection. In addition, approximately
5-100%o of cases of HBV-associated fulminant hepatitis may have serological evidence of
coincident infection with the delta agent. When infection with the delta agent occurs,
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synthesis of HBV components is usually suppressed: serum HBsAg and HBeAg levels,
and DNA polymerase activity may fall to low or undetectable levels and intrahepatic
markers of HBV synthesis, especially HBcAg, may become undetectable.

In order to determine the worldwide distribution and impact of delta infection
specialized seroepidemiological studies should be performed, particularly in HBsAg-
positive individuals. National hepatitis reference laboratories should make an important
contribution to such studies.

Susceptible hosts of the delta agent include man and, under experimental conditions,
the chimpanzee. The latter has been extremely useful for the characterization of this
agent. Both simultaneous infection of chimpanzees with HBV and the delta agent and
superinfection of HBV carrier chimpanzees with the agent have been achieved. The
hepatitis resulting from such dual infections in the chimpanzee, particularly a secondary
infection of HBV carriers with the delta agent, appears to be more severe than type B
hepatitis alone.
The histopathology of delta-associated hepatitis appears to be similar to that of

hepatitis non-A, non-B, at least in the chimpanzee where it has been most extensively
studied. Cytolysis of hepatocytes in the absence of severe inflammatory changes appears
to be characteristic, and electron microscopic changes that are similar if not identical to
those seen in hepatitis non-A, non-B have been detected in liver biopsies from experimen-
tally infected chimpanzees.

Similarities between the delta agent and non-A, non-B agents suggest that they may
have a common origin. If this is so, then some non-A, non-B agents might be expected to
have other characteristics in common with the delta agent.

HEPATITIS NON-A, NON-B

General characteristics

The term "hepatitis non-A, non-B" (HNANB) is widely used for hepatitis caused by
agents that are not serologically related to HAV or HBV. There is not yet any universally
accepted serological technique with which to identify HNANB agents, and diagnosis
remains one by exclusion. There is evidence from epidemiological studies and experimen-
tal infections in chimpanzees for more than one HNANB agent, but it is not known
whether these represent two serotypes or two distinct agents (for review see 18).
The distribution of HNANB agents appears to be worldwide. Studies of the relative im-

portance of HA, HB, and HNANB viruses in the etiology of clinical hepatitis, carried out
for the most part in developed countries, suggest that HNANB may account for up to
20% of cases. An exception is Japan, where approximately 50% of clinical cases of
hepatitis cannot be diagnosed as hepatitis A or B. The agents are transmitted via contami-
nated blood and blood products, especially anti-haemophilic factor. In those areas of the
world where post-transfusion hepatitis B has been controlled by rejection of HBsAg-
positive donors, HNANB is now responsible for up to 90% of transfusion-associated
hepatitis. It is thought that HNANB may also be transmitted by non-percutaneous means,
including intimate contact between individuals. Transmission from infected mothers to
their offspring was reported in one epidemic of HNANB among women who received Rh
anti-D immunoglobulin that was contaminated with HNANB agents.

Hepatitis non-A, non-B is generally somewhat less severe than hepatitis B. However, it
has been estimated that at least 50% of patients with non-A, non-B post-transfusion
hepatitis develop a chronic form of the disease, characterized by fluctuating liver enzyme
levels and recurrent hepatitis. A high proportion of such individuals have histological
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evidence of chronic active hepatitis. The chronic active form of the disease differs from
that seen in hepatitis B in the absence of bridging necrosis, the absence of autoimmune
phenomena, and the fact that only 1007 progress to cirrhosis. The long-term prognosis of
chronically infected patients is not known, but biochemical evidence of hepatitis appears
to diminish with time, suggesting that the disease may become less severe after one or
more years.

At present, insufficient information exists to classify the HNANB agents. Some investi-
gators have found 22-27-nm virus-like particles associated with cases of HNANB, while
others have provided evidence for an HBV-like structure for at least one HNANB agent.
However, confirmation of these observations has not been forthcoming, and the nature of
the non-A, non-B agents remains an enigma. Several serological tests claimed to be
specific for HNANB agents or antibodies to them have been reported. These include
immunodiffusion, counterelectrophoresis, immunofluorescence, radioimmunoassay, and
enzyme-immunoassay. However, attempts to confirm the specificity of such tests in other
laboratories or by subjecting them to coded panels of clinical specimens have generally
been unsuccessful, and published serological tests for hepatitis non-A, non-B cannot be
recommended at present. The spurious results obtained with these tests seem to stem from
the tendency of patients and experimentally infected chimpanzees with hepatitis, in
general, and with HNANB in particular, to develop unusual serological responses,
including the development of rheumatoid factor, various anti-host antibodies, and
immune complexes of unidentified antigens, possibly of host origin. For this reason
candidate tests for HNANB must be evaluated very carefully for specificity. The
development of a serological test specific for hepatitis non-A, non-B viruses is among the
highest of priorities in hepatitis research.

Hepatitis non-A, non-B agents have been successfully transmitted to chimpanzees and
certain species of marmosets (Saguinus mystax and S: labiatus), but the response in the
marmosets has been less predictable than that in chimpanzees. Infection is associated with
typical acute hepatitis and, at least in chimpanzees, progression to chronic disease in some
of the infected animals. The infectivity titres of several human plasmas containing
HNANB agents have been determined by inoculation of serial dilutions into chimpanzees:
titres were generally low, 102_103 infectious doses per ml, in plasmas from cases of
chronic hepatitis non-A, non-B, but one plasma from an acutely infected patient had an
infectivity titre of at least 106 infectious doses per ml.

Certain characteristic changes have been seen in the hepatocytes of patients and experi-
mentally infected animals. Cytolytic lesions with minimal infiltration of inflammatory
cells have been seen by light microscopy. By electron microscopy, nuclear degeneration,
associated with intranuclear clusters of particles of diffuse morphology, is sometimes
detected in liver tissue from patients and experimentally infected chimpanzees and
marmosets. An alteration of the endoplasmic reticulum consisting of modification of the
unit membranes has been detected, particularly in liver tissues from experimentally
infected chimpanzees. Although often mutually exclusive, these two types of electron
microscopic change have occasionally been found in the same experimentally infected
animal. Similar lesions have been seen in other unrelated conditions, especially in certain
non-hepatic cells propagated in tissue culture. The nature of these structural changes seen
in hepatocytes by electron microscopy must therefore be analysed further before their role
in the pathogenesis of HNANB can be understood.

Epidemic hepatitis non-A, non-B

Epidemic hepatitis that resembles hepatitis A but lacks serological evidence of HAV
or HBV etiology has been reported from parts of Asia and the Middle East, where the
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disease has been studied most extensively (5, 6). In addition, hepatitis with the
characteristics of epidemic hepatitis non-A, non-B has been observed in Europeans who
had recently returned from areas where this disease is known to occur. An infectious
etiology is presumed but not proven. Epidemic hepatitis non-A, non-B is an acute, self-
limiting disease occurring predominantly among young adults. It is more severe in
pregnant women, in whom it is associated with a high mortality, especially in the last
trimester of pregnancy. In addition, significant fetal wastage has been reported among
surviving mothers.
Epidemic hepatitis non-A, non-B is thought to be spread by ingestion of contaminated

substances, especially water, and faecal-oral spread is assumed but not proven.
Outbreaks of epidemic hepatitis non-A, non-B usually follow annual flooding of rivers
and other water sources. Such epidemics occur in the same communities only at intervals
of several years, suggesting that immunity follows infection. The incubation period of
epidemic hepatitis non-A, non-B appears to be similar to or slightly longer than that of
HAV: an average of 30-40 days. Secondary cases appear to be uncommon. Complete
recovery follows epidemic hepatitis non-A, non-B. The epidemic nature of this hepatitis
and its presumed faecal-oral transmission separate it from the previously recognized
HNANB agents, which have epidemiological characteristics similar to those of HBV.

Serological tests of patients with epidemic hepatitis non-A, non-B indicate that most
have had a prior infection with HAV, which is not surprising since epidemic hepatitis non-
A, non-B occurs in regions where most individuals are infected with HAV in the first few
years of life. There is no serological evidence for reinfection of patients with HAV and the
prevalence of markers of HAV infection is not significantly higher in patients with
epidemic hepatitis non-A, non-B than in the general population. Attempts to develop
serological tests specific for epidemic hepatitis non-A, non-B have not been successful to
date. Similarly, attempts to transmit an agent from such cases to primates have not
yielded reproducibly positive results. However, mild transient hepatitis has been observed
in a small proportion of inoculated chimpanzees and marmosets. The significance of these
findings is at present unclear.
Epidemic hepatitis non-A, non-B may be caused by an agent distinct from HAV or

alternatively, by a distinct but previously unrecognized serotype of HAV that is less
readily transmitted than recognized strains of HAV. Evidence for the latter has recently
been obtained in studies of hepatitis in the eastern USSR. Epidemic hepatitis non-A, non-
B was suspected in patients who had had two bouts of hepatitis non-B, one of which was
documented as hepatitis A. A pool of acute phase stool specimens from such patients was
filtered and administered orally to a volunteer who had had hepatitis A in the past and
whose serum contained high levels of anti-HAV IgG (M. Balayan, personal communi-
cation, 1982). Typical clinical symptoms of hepatitis, accompanied by elevated enzyme
levels (ALT, AST) appeared 36 days after oral administration of the inoculum. There was
no serological evidence of current infection with HAV or HBV. Virus-like particles,
27 nm in diameter, with a buoyant density in cesium chloride of 1.35 g/cm3 were detected
in acute phase stools. These particles were aggregated by the patients' convalescent serum
and convalescent sera from other patients with non-B hepatitis but not by convalescent
sera from patients with serologically confirmed hepatitis A. Attempts to transmit the
agent to primates (Macaca cynomolgus) are in progress and preliminary results are
encouraging. Additional information about the biochemical composition of this agent
must be obtained before it can be definitely classified.
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