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Viral markers in the treatment of hepatitis B
and C

Abstract
Acute hepatitis B virus (HBV) infection is
typically distinguished from chronic
disease by a positive IgM anti-hepatitis B
core antigen (anti-HBc) test. Patients
with chronic hepatitis B remain hepatitis
B surface antigen (HBsAg) positive,
often with raised serum alanine
aminotransferase (ALT) activities, for
more than six months. The presence of
hepatitis B e antigen (HBeAg) and HBVDNA correlates with infectivity (although
patients infected with the pre-core
mutated virus may be HBeAg negative).
Immunity after HBV infection is
characterised by the presence of anti-HBs
and anti-HBc antibodies. Patients who
respond to interferon alfa treatment lose
HBV-DNA and HBeAg from serum and
their ALT values return to normal;
some also lose HBsAg and acquire
anti-HBs. Diagnosis of acute hepatitis C
virus (HCV) infection remains largely
dependent on history and exclusion, as
anti-HCV antibodies may appear late or
never at all, although HCV-RNA may be
detectable on polymerase chain reaction
(PCR) within days of infection. Second
generation ELISAs detect a range of antiHCV antibodies in chronic infections, and
confirmatory RIBAs have reduced the
incidence of false-positive results. Direct
tests for HCV antigens in serum are not
yet available, although PCR testing
for HCV-RNA can be used to confirm
viraemia. Patients who respond to
interferon alfa treatment show continuous normalisation of serum ALT
values, and some lose HCV-RNA. Relapse
occurs in about half of all those who
respond.
(Gut 1993; supplement: S26-S35)
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Chronic viral hepatitis B and C are important
global causes of morbidity because of liver
disease. Fortunately, diagnostic markers for
both these diseases are now available and
facilitate the selection of patients for treatment,
and monitoring of this. Newer tools should
improve our understanding of the mechanism
of viral persistence in patients with chronic
hepatitis and the pathogenesis of these
diseases.
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Hepatitis B
Hepatitis B is caused by the hepatitis B virus
(HBV), a 42 nm, enveloped DNA virus. The

virus possesses an outer envelope, expressing
hepatitis B surface antigen (HBsAg), and an
inner nucleocapsid, expressing hepatitis B core
antigen (HBcAg) and hepatitis B e antigen
(HBeAg). The genome of HBV is a small,
circular double-stranded DNA of about 3200
bases.' HBsAg consists of three envelope
proteins (pre-S 1, pre-S2, and S), which
originate from one gene. The two nucleocapsid
proteins, HBcAg and HBeAg, are the products
of a single gene region on the viral genome,2
which has two initiation codons. Initiation of
translation at the first site (nucleotide 1814)
produces a 312 amino acid polypeptide (P25).
With subsequent processing, the resultant
polypeptide is secreted as HBeAg (P15-18).
Translation from the second initiation codon
(nucleotide 1901) results in unprocessed core
polypeptides which are assembled into HBcAg
particles.
The pathogenesis of the disease is
incompletely understood. Immunological
mechanisms seem important, since most
evidence suggests that HBV is not usually
cytopathic, and that the expression of disease
involves a poorly understood interplay between
viral and host factors over time.
DIAGNOSIS OF HEPATITIS B: IMPLICATIONS FOR
TREATMENT

Serological markers for clinical diagnosis of
HBV infection have been well characterised,
and are now complemented by newer
molecular biological techniques. The most
widely used test for diagnosis of HBV is an
assay for HBsAg. Current immunoassays for
HBsAg detect 100-200 pg HBsAg per ml of
serum, corresponding to roughly 3 X 107
particles per ml. Most HBeAg positive carriers
have more than 105 genomes per ml serum.
Immunity after infection with HBV is
characterised by the presence of anti-HBs and
anti-HBc antibodies in serum. Immunity after
vaccination is characterised by the presence of
anti-HBs.
ASSAY OF HBV-DNA

The dot blot hybridisation test for serum HBVDNA correlates with infectivity and is an
important means of determining both the
presence of viral genomes and the response to
antiviral treatment. Amounts of HBV-DNA
are expressed in pg per ml or, alternatively,
genome equivalents per ml. One pg
corresponds to 2-86X 105 genome equivalents.
The usual range of sensitivity is 0 1-1 pg or 10'
genome equivalents per ml of serum. At least
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POLYMERASE CHAIN REACTION FOR HBV-DNA

Polymerase chain reaction (PCR) permits the
detection, cloning and sequencing of HBV
genomes from patients with low level hepatitis
B viraemia. It is at least 1 O times more
sensitive than dot blot hybridisation assays for
HBV. In practice, 3 X 10 6 pg cloned HBV can
be detected by ethidium bromide staining after
50 cyles of PCR.5 By using a nested primer
technique, the sensitivity and specificity of the
test is improved (1 molecule per 106 cells), and
the amplified product can be visualised in a
same day test. The sensitivity can also be
improved to detection of less than 1 fg (100 ag)
of original DNA if the amplified DNA is
hybridised to labelled probe and detected by
autoradiography. Contamination remains the
major difficulty of the procedure.
ACUTE HEPATITIS B: DIAGNOSIS

HBsAg is the first marker to appear in serum,
followed by HBV-DNA, HBeAg and DNA
polymerase, and anti-HBC.6 HBV-DNA
values usually reach 105 to 108 genome
equivalents per ml with the onset of symptoms,
after which they decrease. In contrast, in
patients who develop chronic hepatitis B,
HBV-DNA values remain high. Measurement
of HBV-DNA by PCR in acute hepatitis has
shown that in most patients HBV-DNA
persists as long as HBsAg is present. A positive
IgM anti-HBc test typically distinguishes acute
from chronic hepatitis B. By the time the
patient consults a physician, HBV-DNA and
HBeAg are often no longer detectable in
serum. The loss of HBeAg in the acute phase
is a sign that the patient will clear HBsAg. PreS proteins show a good correlation with the
detection of HBV-DNA. Anti-HBs is the last
marker to appear in serum.
HBsAg may be present only transiently in
serum. The only evidence of infection may
therefore be the presence of IgM anti-HBc or
subsequent development of IgG anti-HBc and
anti-HBs. Some cases of fulminant hepatitis B
may be caused by cryptic hepatitis B; usual
markers of HBV, including HBsAg are absent,
but HBV-DNA has been detected by PCR in
liver tissue.7
CHRONIC HEPATITIS B: DIAGNOSIS

Many HBV carriers are detected through
routine screening for HBsAg or the presence of
abnormal liver function tests. Older patients

present for the first time with
complications of cirrhosis, or even
hepatocellular carcinoma. Typically, serum
aminotransferase activities are raised in
patients with HBeAg/HBV-DNA positive
chronic hepatitis, but some patients may have
normal values. The aminotransferase activities
fluctuate with time. A spontaneous remission
in disease activity may occur in approximately
10-15% of HBeAg-positive carriers per year,
characterised by disappearance of HBV-DNA
from serum followed by loss of HBeAg. This
may occur after a sudden exacerbation in
serum aminotransferase values. Once HBeAg
is cleared, the disease remits temporarily, and
serum aminotransferase activities become
normal. In many patients, there is a benign
outcome. Progressive disease is believed to
occur with persistence of viral replication, viral
mutations, or transient exacerbations in viral
replication. In particular, some patients lose
HBeAg but continue to have active liver
disease and HBV-DNA detectable in serum by
direct hybridisation techniques and PCR. In
these patients, HBcAg is apparent on
histochemical staining of hepatocytes and they
have histological evidence of chronic active
hepatitis.8'-0 They tend to have severe disease
associated with intermittent serum HBV-DNA
positivity. These carriers are frequently IgM
anti-HBc positive. PCR amplification and
subsequent sequencing of genomic DNA in
patients with this form of chronic hepatitis B
has indicated that one or more nucleotide
substitutions in the pre-core region of the
genome account for the absence of HBeAg
expression. The commonest mutation is a
point mutation from guanine to adenine,
creating an in-frame stop codon - that is,
converting codon 28 for tryptophan (TGG) to
a termination or nonsense codon (TAG). This
mutation prevents the translation of HBeAg
(Fig 1). Several other mutations in the core and
pre-core gene regions may also be present.
Mutant HBeAg negative genomes may arise
during infection, either as a result of a
propensity to mutations in this region or
because of immune selection pressure. Most
evidence suggests that the nucleocapsid
antigens (HBcAg and HBeAg) expressed on
the cell membrane are the major target of the
immune response and cytolytic T cells." Liver
cells that do not express HBeAg might,
therefore, escape immune elimination.
Mixed HBeAg-positive and HBeAg negative
infections can occur in both HBeAg positive
and anti-HBe positive patients. Why some
patients and not others develop severe disease
has yet to be explained. The predominant viral
population in anti-HBe positive patients with
exacerbated disease consists of HBeAg
negative, pre-core defective HBV, but core
mutations may also be relevant. Pre-core
may

mutant HBV genomes have also been detected
in patients who seroconvert after interferon
treatment.
Currently, PCR is the most sensitive
technique for measurement of viraemia in
HBV infection. Use of this assay indicates that
loss of HBeAg is associated with a decrease
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1035 virions have to be present in a specimen
to be detected by dot blot assay. Liquid phase
hybridisation assays for HBV-DNA have also
been developed, in which extracted HBVDNA is mixed with '25I-labelled nucleic acid
probe and allowed to hybridise, then free and
hybridised probe is separated by column
chromatography. Chemoluminescent assays
are under investigation.
Southern blot assay is most useful in the
study of liver DNA samples, allowing detection
of integrated or free episomal HBV-DNA.4
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Interferon alfa treatment is indicated in
patients with chronic hepatitis B who are
HBsAg-positive, HBV-DNA negative and/or
HBeAg-positive, and who have increased
serum activities of alanine and aspartate
?? Treatment -*
Acute hepatitis B
aminotransferase (at least twice the upper limit
of normal). Patients who are positive for
HBsAg but negative for HBeAg and HBVChronic hepatitis B
DNA should not be treated. Liver biopsies are
advised in order to confirm the diagnosis and
Tolerance
to stage the disease. The immediate goal of
treatment is to eradicate viral replication and
HBeAg +ve
*
Poor response
HBV-DNA +ve
ameliorate the underlying disease. Responses
ALT± Normal
to interferon alfa are characterised by a loss of
HBV-DNA and HBeAg from serum, a fall in
serum aminotransferase activities to within the
Cytolysis
normal range, and subsequent improvement in
liver histology. In some individuals, HBsAg is
HBeAg +ve
Good response
also cleared, followed by the appearance of
anti-HBs. A typical pattern of response is
ALT raised
Response, relapse
shown in Fig 1. Serum HBV-DNA values
decrease when treatment is started but
usually
+
r
~
~
~
~
~
~
~
~ ~ ~~~~~remain detectable until four to 12 weeks of
treatment. Once HBV-DNA has become
Chronic
Chronic
Integrated
undetectable, HBeAg is cleared, usually within
hepatitis:
hepatitis:
a few weeks although it may occur months later
mutant type
wild type
Anti-HBe +ve
in some cases. The clearance of HBeAg and
HBV-DNA -ve
HBeAg +ve
Anti-HBe +ve
HBV-DNA during treatment is usually
ALT normal
HBV-DNA +ve
HBV-DNA +ve
accompanied by a transient increase in serum
ALT raised
ALT raised
aminotransferases. This pattern of response
suggests that interferon acts by augmenting the
Figure I Markers of hepatitis B virus (HBV) infection. The arrows indicate points at
immune
response to HBV, perhaps triggered
which treatment is considered and the likely response.
by the inhibition of viral replication. The loss
of HBeAg and HBV-DNA is usually followed
by a fall in serum aminotransferase values to
rather than complete disappearance of HBV- within the normal range, and improved liver
DNA. With loss of HBeAg, HBV-DNA histology. Approximately 20% of patients who
becomes undetectable by dot blot respond to treatment with clearance of HBeAg
hybridisation, but can be detected by PCR.'2 will also clear HBsAg within six months. LongThis finding apparently represents low level term follow-up studies have also shown that
continuation of DNA replication, but is many more patients who lose HBeAg with
frequently not associated with active liver interferon treatment will eventually lose
disease. The continued persistence of HBV HBsAg, although this may occur years after
infection without disease is unexplained, and loss of HBeAg.
may be caused by infection with defective
Several clinical features have been identified
that predict response to interferon alfa.'6 These
genomes or containment by the immune
system.
features include:
after
successful
Likewise,
antiviral
(a) High initial serum aminotransferase
treatment, HBV-DNA measured by dot blot activities;
hybridisation disappears, but in our experience
(b) Low initial HBV-DNA values in serum
and that of others, HBV-DNA remains (<100 pg/ml);
detectable by PCR for more than a year after
(c) A history of acute hepatitis (indicating
loss of HBeAg.131'4 HBV-DNA has been shown more active disease);
in liver tissue of patients in whom HBsAg
(d) Short duration of disease;
reappeared, and in peripheral blood
(e) Female sex; and
mononuclear cells in patients whose serum and
(f) Absence of other major medical
liver were PCR negative for HBV-DNA, thus conditions, such as renal insufficiency, human
identifying a potential mechanism of immunodeficiency virus (HIV) infection, or
reinfection from extrahepatic sites.'5
immunosuppressive treatment.
The optimal dose and duration of interferon
are still uncertain but an appropriate scheme
TREATMENT OF CHRONIC HEPATITIS B:
would be 5 million units (MU) daily or 10 MU
RELEVANCE OF DIAGNOSTIC MARKERS
three times per week for three to four months
Specific treatment has now become possible given subcutaneously. Blood chemistry, haemawith the finding that interferon alfa inhibits tology, and thyroid function tests should be
replication of HBV and that prolonged measured at regular intervals. After treatment,
treatment can lead to remission of the disease.
patients should be tested at progressively
In 25-45% of patients, interferon is clearly spaced intervals (one to six months) for serum
beneficial and may lead to clearance of biochemistry and HBV markers, to determine
whether the response is sustained.
HBsAg.

HBV infection:
Markers and treatment
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MARKERS OF HBV AND LIVER
TRANSPLANTATION

of the grafted liver and
development of chronic hepatitis is the major
shortcoming of liver transplant for cirrhosis
caused by HBV. Eighty five to 95% of patients
positive for HBV-DNA at the time of
transplant develop reinfection, despite
immunoprophylaxis with HBV immune
globulin.2' Twenty five to 40% of HBV-DNA
negative patients also become reinfected as do
10% of hepatitis delta virus (HDV) positive
patients. Strangely, some patients with delta
hepatitis remain asymptomatic (despite
detection of HDV antigen in the liver) until the
reappearance of HBsAg in serum.

Hepatitis C
Acute infection with hepatitis C virus (HCV)
may either be severe or asymptomatic and
unnoticed. The acute disease may resolve
completely, but has a disturbing propensity to
lead to chronic hepatitis C, explaining the
relatively high prevalence of the disease.
Chronic HCV infection may lead to mild
illness only, which may be asymptomatic for
decades and not progressive. A carrier state is
recognised in patients who are HCV-RNA
positive but have normal ALT values. In
others, the disease is inexorably progressive,
and persistent life long infection leads
progressively to chronic active hepatitis,
cirrhosis, portal hypertension, and even
hepatocellular carcinoma.
Sensitive and specific markers for
identification of HCV infection are now
available. However, the HCV markers used in
diagnosis still rely on recombinantly cloned
antigens, and in some circumstances the
diagnosis remains difficult.
MOLECULAR VIROLOGY OF HCV: IMPLICATIONS
FOR TREATMENT

HCV is an enveloped, positive-stranded RNA
virus of 30-80 nm in size.22-24 The complete
9400 bp nucleotide sequence of the HCV
genome has now been determined in a number
of isolates.25-27 The nucleocapsid and envelope
proteins are encoded at the 5' end of the
genome, while the non-structural elements are
located at the 3' end. The nucleotide sequences
from the considerable number of isolates
obtained to date indicate that HCV may be
divided into at least five classes (HCV I-V)
based upon nucleotide and deduced amino
acid homology.28-30 The nomenclature of these
genotypes remains confused. There are
hypervariable regions in the El and E2/NS 1
domains.3' 32 These regions in the envelope
glycoprotein(s) may be important antigenic
sites, and variability in these regions has
in
implications
diagnostic
screening,
immunoprophylaxis, and perhaps persistence
of infection. The 5' untranslated region is
usually highly conserved between isolates,
although heterogeneous regions are found.33 34
The cloning of the HCV genome has
facilitated the production of a panel of
recombinantly expressed antigens produced in
yeast and Escherichia coli. Sequence data have
also allowed the production of synthetic
peptides for use in similar immunoassays.35 36

Reinfection

ANTIBODIES TO HCV

HCV probably circulates in the serum at a
concentration of between 102_1 07 particles per
m137-39 and, so far, it has proved impossible to
detect viral antigens by conventional methods.
Therefore, the detection of antibodies to HCV
has become important as an indication of past
or present infection. The first immunodiagnostic ELISA detected antibodies to
clOO-3, a 363 amino acid fusion polypeptide
representing part of the NS4 region of the
HCV genome, and expressed in yeast with
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It has been suggested that the presence of
circulating pre-core mutants could predict
which patients would respond favourably or
otherwise to interferon alfa. To address this, we
analysed data from 15 patients with chronic
hepatitis B who were treated with interferon
(nine responders and six non-responders).
Serum samples were collected before and after
treatment. Circulating HBeAg negative
mutants were not found before treatment in
either responders or non-responders. These
results suggest that a predominance of HBeAg
negative virions cannot be considered the overriding factor in patients who respond to
treatment. 14
Non responders represent a difficult
problem in management. The use of a short
course of prednisolone before interferon
treatment has been advocated, but in
prospective studies this has not led to higher
response rates, except perhaps in those
patients who have relatively inactive disease.
Interferon may be used to treat anti-HBe
positive, HBV-DNA positive patients, but
many tend to relapse after stopping interferon.
Anti-HBe and HBV-DNA positive patients
with compensated cirrhosis but raised serum
transaminase activities may be amenable to
treatment with a lower dose (1 to 3 MU three
times weekly) for a year. These patients may
have lower serum concentrations of HBVDNA (50 pg/ml) and may lose HBV-DNA
with improvement in serum aminotransferases.'7- ' Many of these patients have
hypersplenism, however, and their thrombocytopenia and leukopenia require at least
weekly monitoring. They are at greater risk
of infections, and relapses also occur in these
patients. Responses may be better in younger
patients without cirrhosis compared with older
patients and those with cirrhosis.
Other groups of patients who present
difficult problems include Chinese patients,
patients with advanced cirrhosis, and patients
with other major illnesses who are
immunosuppressed. Chinese patients and
children with active disease and high ALT
values probably respond to interferon, or
pulsed corticosteroid treatment and interferon,
in a similar manner to other adults.20 Patients
with advanced cirrhosis may decompensate
with interferon and should not be treated.
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techniques is difficult, but HCV-RNA can be
detected by an amplification technique
(PCR).62 63 Using this method, HCV-RNA can
be detected in most anti-HCV positive patients
and also in a proportion of those who are
antibody-negative, particularly neonates born
to anti-HCV positive mothers.64 The selection
of PCR primers from the 5' region results in a
great improvement in the sensitivity of the
assay.65 66 Sensitivity is maximised by using
double or nested PCR, which can detect as
little as one molecule of cDNA, although
sample handling can affect sensitivity.
HCV-RNA occurs in the blood long before
other markers and often within days of
infection.65 67 68 Results of PCR tests should be
assessed in combination with all available
and
clinical,
biochemical,
pathology
information. The detection of negative
stranded intermediates in the serum or other
tissues may be of help in identifying active viral
replication.69 70 Testing for such intermediates
will also be of use in identifying sites of
replication and also perhaps evaluation of
response to antiviral treatment.69
Methods for quantification have been based,
until now, on dilution analysis. More accurate
methods of HCV-RNA quantification are
being developed for clinical use and for
measuring response to antiviral treatment.7' 72
The sequencing of PCR products enables
information on genome diversity between
isolates to be gathered. This will be important
if, as has been suggested, the clinical outcome
and response to treatment are determined by
the infecting subtype.73
DETECTION OF HCV IN THE TISSUES

There have been reports of visualisation of
appropriate size viral particles in tissue from
patients with NANB hepatitis.74 Using
immunohistochemical techniques with monotreatment.
and polyclonal antibodies to HCV proteins,
several groups have detected evidence of HCV
infection in liver tissue.75-7 The presence of
SUPPLEMENTARY TESTS FOR ANTIBODY TO HCV
virus specific antigen in the cytoplasm is a very
The most widely used method for supplemen- early finding in the course of infection with
tary testing is the recombinant immunoblot HCV.78 With the aid of in situ hybridisation,
assay (RIBA) (Chiron Corporation) in which the HCV genome has also been detected in
antibodies are sought to recombinant antigens infected liver.79 These results require
of HCV coated on nitrocellulose strips. The verification, however, and may not be specific.
second generation test (RIBA-4) includes HCV-RNA can be successfully amplified from
bands 5-1-1, clOO-3, c22-3, and c33c. fresh frozen sections or formalin fixed, paraffin
Samples are regarded as confirmed positive if embedded material.80
antibodies to two or more of the HCV proteins
are present and indeterminate if antibody to
only one antigen is found. The value of RIBA DIAGNOSIS OF ACUTE HCV INFECTION
in excluding false-positive results has been The mean incubation period of HCV is six to
extensively shown, as has a correlation between 12 weeks. With large inocula, however, such as
RIBA positivity and viraemia.6061
after administration of factor VIII, the
The utility of synthetic peptides as antigens incubation period is reduced.8' 82 The acute
in the immunodiagnosis of HIV infection has course of HCV infection is clinically mild, and
led to the production of similar peptides using the peak serum ALT increases are less than
those encountered in acute hepatitis A or B.
the deduced amino acid sequence of HCV.
Only 25% of cases are icteric. During the early
clinical phase, serum ALT activities may
DETECTION OF VIRAL GENOME
fluctuate, and may become normal or near
Direct detection of HCV-RNA by normal, making the determination of true
conventional nucleic acid hybridisation convalescence difficult.
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superoxide dismutase.40 The presence of
antibody to c100-3 proved a good marker for
infection with HCV in both blood transfusion
associated and sporadic non-A, non-B
(NANB) hepatitis.4""5 Seropositivity was also
shown to be associated with chronic infections
and correlated with infectivity in blood
donations.45A8
When screening low risk groups such as
blood donors, however, false-positive results
were common. False-positive results were also
common in patients with hypergammaglobulinaemia, and in stored tropical
samples.49 50 The assay also lacked sensitivity.
Second generation ELISAs which incorporate two extra HCV derived recombinant
proteins have increased the sensitivity of the
assay.5'-53 Antibodies to c22c are an earlier
finding and occur more frequently than those
to c1 00-3 during the course of HCV infection.
A protein derived from the NS3 and NS4
regions (c200), or a smaller fragment of it
(c33c) from NS3 alone, is also included in the
second generation assays. The c200 protein is
the product of a large cloned fragment,
combining both the c33c and c100-3 regions.
The detection of antibodies to the El and
E2/NS 1 glycoproteins has proven elusive,
probably because of the sequence heterogeneity found in these regions. Antibodies to
envelope proteins have been detected in
viraemic patients, and it is therefore uncertain
whether these antibodies are neutralising.5s57
IgM responses to HCV c100-3 antigen have
been investigated in acute and chronic disease.
Detectable levels have been found as early as
four weeks after inoculation but can last for up
to two years in individuals with chronic
infection.58 59 Anti-HCV IgM is usually present
in patients with raised ALT activities. The test
is of uncertain importance at present, but may
have some predictive value regarding progression to chronicity, and response to antiviral
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Anti-HCV can persist for years, and even
decades, in chronic hepatitis C but may decline
in titre or disappear with resolution. A small
percentage of patients seem to eradicate HCVRNA permanently after chronic infection but
this is usually seen in less than 5-10o/o.41 47
HCV-RNA usually persists in patients with
abnormal serum aminotransferase activities
and anti-HCV antibodies. Although most
patients with raised serum ALT are HCVRNA positive, the converse is not always true.
Isolates of HCV-RNA in individual patients
may show nucleotide substitutions with time,
suggesting that the HCV-RNA mutates at a
rate similar to that of other RNA viruses.89 The
emergence of a mutant population does not
always correlate with peaks in ALT.
It is not easy to project the prognosis for
patients seen at one point in time. Episodes of
hepatic necrosis may progress at variable rates
to cirrhosis and, conversely, the lesion may
revert in some patients to inactive hepatitis.
Cirrhosis may develop in patients with an
initially mild histological pattern; the
mechanism for this transition is not known but
may occur after repeated attacks of lobular
necrosis associated with piecemeal necrosis. A
relation between histological exacerbations and
episodic clinical course is not proved,
however.
The morphological features of cirrhosis
caused by HCV are not specific to the disease;
in the earlier stages, lymphoid aggregates may
be seen.

DIAGNOSIS OF CHRONIC HEPATITIS C

AUTOIMMUNE HEPATITIS AND HEPATITIS C

Most cases of chronic hepatitis C will not have
been preceded by an episode of clinically
apparent, icteric hepatitis. Fifty to 75% of
patients with type C transfusion associated or
sporadic hepatitis continue to have abnormal
serum aminotransferase levels after 12 months,
and chronic hepatitis histologically.85 Serum
aminotransferase activities decline from the
peak values encountered in the acute phase of
the disease, but typically remain two to
eightfold higher than normal. Serum ALT
concentrations may fluctuate over time, and
may even be normal intermittently.
Many patients have a sustained increase in
serum aminotransferases. Cirrhosis develops in
approximately 20% of chronic hepatitis C
patients within 10 years, although the cirrhosis
may remain indolent and progress only slowly
for a long period.84 86-88 The disease is not
necessarily benign, however, and rapidly
progressive cirrhosis can occur. Older age at
infection, concomitant alcohol abuse, and
concurrent HBV or HIV infection or other
illness may be important aggravating cofactors.
Older patients may present with complications
of cirrhosis, or even hepatocellular carcinoma.
With progressive disease, the laboratory values
become progressively more abnormal. Serum
AST values greater than those of ALT, low
serum albumin concentrations, and prolonged
prothrombin time are all suggestive of
cirrhosis. Low levels of autoantibodies may
also become detectable.

There are conflicting reports regarding the
occurrence of HCV antibodies in patients with
autoimmune liver disease. Clearly, the ELISA
for anti-HCV is prone to false-positive results
in patients with high concentrations of
immunoglobulins in serum.50 These falsereactive anti-HCV antibodies in patients with
anti-smooth muscle antibody (anti-SMA) may
actually disappear with immunosuppressive
as
treatment,
immunoglobulin levels
decrease.90 However, Italian patients with
autoimmune chronic active hepatitis seem to
have a high frequency of genuine exposure to
HCV, whereas seropositivity in English
patients usually represents a false-positive
result. It is therefore not certain whether antiHCV in patients with chronic active hepatitis
represents persistent anti-HCV from earlier
disease, whether the autoimmune disease is
induced by HCV,`' or whether autoantibodies
in autoimmune hepatitis patients cross react
with HCV related antigens.92 In Japan, 80% of
patients with chronic NANB hepatitis have
circulating antibodies to a pentadecapeptide
(Gor), an epitope of normal hepatocytes; this
phenomenon may represent an autoimmune
response peculiar to type C hepatitis.93
Up to 50%/o of patients with type II
autoimmune hepatitis (anti-liver kidney
microsomal (LKM) antibody positive) are
anti-HCV positive, and anti-HCV and antiLKM in association may also represent another
example of molecular mimicry. Anti-HCV
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The average time from transfusion to
seroconversion is of the order of seven to eight
weeks with the second generation tests; antic33 or anti-c22 antibodies often appear a week
or two earlier than anti-clOO-3. Seroconversion occurs much less frequently, and in lower
titre, in acute self limiting infections compared
with those that progress to become chronic.4' 83
Serological testing now indicates that
seroconversion to anti-HCV occurs in
85-100% of patients with chronic blood
transfusion associated NANB hepatitis.46 A
proportion of patients with transfusion
associated and sporadically acquired NANB
hepatitis remain anti-HCV seronegative,
however. It will be important to define whether
this represents HCV infection with poor
serological response, or whether it is the result
of other, as yet unclassified, NANB agents.
The acute disease may resolve completely
with clearance of HCV-RNA from serum. A
suitable immunodiagnostic test for resolved
infection and immunity is not available, but
antibodies to the envelope region are being
sought.
In some patients, a very early appearance of
anti-HCV may be the result of passively
acquired antibody from the donor blood.
Serum HCV-RNA has been detected within
one to three weeks of blood transfusion in
patients with HCV; it usually lasts less than
four months in patients with acute self limited
HCV infection, but may persist for decades in
patients with chronic disease.68 84
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TREATMENT OF ACUTE HEPATITIS C

The management of acute sporadic or
transfusion related hepatitis C is along
conventional lines, and is largely non-specific
and supportive. The diagnosis remains one of
exclusion in most patients, although if the
patient is seen early enough, HCV-RNA in
serum may be detectable at the time that serum
aminotransferases are high. Anti-HCV may be
detectable, particularly in severe, icteric cases,
and in most of those patients destined to go on
to chronic disease. Many patients will not be
jaundiced. Approximately 50% of patients will
still have raised serum aminotransferase
activities six months after diagnosis.
Therapeutic trials of interferon alfa have been
undertaken. In general, these have been
relatively small trials, and interferon has
usually been administered for 12 weeks. A high
proportion of patients (75%) have normal
ALT at the end of treatment. This remission
is not sustained when treatment is stopped,
however, and the results do not differ
significantly from untreated patients. Most
have not reduced the rate of chronic disease,
but might indicate an amelioration of the
severity of the chronic hepatitis lesion. A
Japanese trial of interferon beta, given
intravenously for one to three months, did
significantly reduce the risk of chronic
hepatitis.95 Until these findings can be
reproduced,
however,
the
routine
administration of interferon for acute hepatitis
C cannot be advised. Perhaps a longer course
of treatment (six months to one year) may be
beneficial.
TREATMENT OF CHRONIC HEPATITIS C

Asymptomatic patients detected through blood
screening will require a supplemental test to
verify their HCV status, as the rate of falsepositive anti-HCV tests in low risk donors is
high. Ideally, HCV-RNA should be measured
in all patients to confirm viraemia, but the test
is not generally available for routine diagnosis.
If the test is reproducibly positive, then serum
aminotransferases, bilirubin, alkaline phosphatase, and prothrombin time should be
measured. In patients whose lifestyle or
geographic origin suggest that they are at risk
for other forms of viral hepatitis, HBV, HDV,
and HIV infection must also be considered.
Because autoimmune hepatitis is treated

differently, it is particularly advisable to
exclude this diagnosis by measuring the titres
of anti-SMA and anti-LKM antibodies, even in
those with a positive anti-HCV test, and to
measure HCV-RNA in anti-HCV-positive
patients in whom interferon is contemplated.
Prospective studies have suggested that
10-20% of patients with chronic NANB
hepatitis develop cirrhosis within 10 years.
Therefore, individuals with chronic hepatitis C
with raised ALT and chronic active hepatitis
histologically should be considered for antiviral
treatment. Trials are in progress to ascertain
whether viraemic patients with normal ALT
values respond to treatment. Preliminary
treatment trials of interferon alfa for chronic
hepatitis C indicated that a proportion of
patients may respond to treatment with this
agent. Larger, placebo-controlled studies have
indicated that approximately 50% of patients
will have normal serum aminotransferase
activities after treatment courses of interferon
alfa of approximately 3 MU three times weekly
for six months.96 97
Serum
HCV-RNA
become
may
undetectable after four to eight weeks of
interferon alfa treatment in patients who
respond, but an undetectable HCV-RNA at
the end of treatment does not preclude
relapse.
After stopping interferon at the end of six
months' treatment, one half of the responsive
patients will promptly relapse. Serum
aminotransferase activities usually increase in
patients who are HCV-RNA positive at the end
of treatment.98 Our studies at the Royal Free
Hospital indicate that 20% of patients have a
prolonged response to treatment and do not
develop raised serum aminotransferase
activities.99 These patients also remain negative
for HCV-RNA. Other regimens are being
evaluated.'00 Starting treatment with a
somewhat higher dose of 15 to 20 MU per
week and prolonging therapy for a year may
result in lower relapse rates. Relapses still
occur, however, and patients have more side
effects at higher doses. A second generation of
trials is in progress to ascertain the effect of
dose and duration.
The cost of six months of treatment is at
least ,C1500. Treatment should not be
continued beyond three months in patients
who do not have reduced serum ALT
activities. Responsive patients usually show
histological improvement, and may have a
decrease in collagen III propeptide
concentrations.'0' Unfortunately, responsiveness to interferon alfa remains somewhat
unpredictable; patients with cirrhosis respond
less well. Most patients will tolerate the
treatment quite well. IgM anti-clO0 or c22
declines in patients with a response to
interferon alfa, and antibodies to E2/NS 1 may
also decrease.
When can treatment be considered
successful? It is reasonable to infer that patients
with normal serum ALT for more than a year
after stopping interferon treatment, negative
HCV-RNA for more than a year, histologically
improved disease activity, and a normal serum
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positive patients with anti-LKM autoimmune
chronic active hepatitis are usually male, older,
and have lower titres of anti-LKM than
patients without anti-HCV. The target antigen
of antibodies to LKM is a portion of the
cytochrome P450 II D6 molecule; anti-LKM
is not directed to a c100-3 epitope but some
sequence homology between HCV and
cytochrome P450 may exist.94 This association
has some therapeutic implications, as the
autoimmune disease is responsive to
corticosteroids, and may be aggravated by
interferon alfa. It is preferable to confirm HCV
viraemia in these patients by PCR.
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markers and treatment
? Treatment

+ 4-

RNA

Acute hepatitisC
\ *4
- Anti-HCV

Resolved
HCV-RNA -ve
IgM anti-HCV -ve
ALT normal
20-30%

HCV carrier
HCV-RNA +ve
IgM anti-HCV -ve
ALT normal
20-30%

Chronic hepatitis C
HCV-RNA +ve
IgM anti-HCV +ve
ALT increased
40-60%
Treatment

-*
Cirrhosis

L

20%

Hepatocellular carcinoma

STUDIES OF RIBAVIRIN IN HCV INFECTION

In an unpublished study, Tong treated 22
patients with chronic hepatitis NANB with
Figure 2 Markers of hepatitis C virus (HCV) infection and points at which treatment is
ribavirin 1200 mg daily for four weeks. Serum
considered.
ALT and AST activities declined from a
median of 145 to 78 and 86 to 52 IU/1,
procollagen III peptide have had a remission. respectively. After four to eight weeks' follow
Later relapse cannot be excluded, however. In up, median values of both ALT and AST had
some patients disease may actually worsen on increased to those before treatment. An opentreatment with interferon, and they may label study in Sweden, in which ribavirin was
develop increased serum aminotransferase prescribed to 10 patients with chronic hepatitis
values. A positive anti-HCV antibody test in C (1000-1200 mg/day) for 12 weeks, has been
patients with autoimmune disease remains a completed. Median serum AST values
pitfall in diagnosis, which has implications for declined, but rose to values before treatment
require after the end of therapy. 104 A small study from
patients
treatment. 102
These
confirmation by RIBA or PCR for HCV-RNA, the National Institutes of Health using
as they may require corticosteroid rather than escalating doses of ribavirin (600-1200 mg)
interferon alfa treatment.'03 It is possible that showed a somewhat slower fall in serum
these patients have an underlying autoimmune aminotransferases, perhaps reflecting the lower
status associated with hepatitis C and starting dose of ribavirin.106 There was a
exacerbated by interferon treatment. For these significant decrease in geometric mean titres of
patients, and for those who do not respond to HCV-RNA. At the Royal Free Hospital, we
treatment, ribavirin may be an alternative.'04 have treated 15 patients with chronic hepatitis
The most important predictive factors of C with ribavirin. Seven patients (46%) had a
response to interferon are absence of cirrhosis, 50% or greater decline in serum
younger age, HCV-RNA value, and possibly aminotransferase activity. Responsive patients
may have negative serum HCV-RNA, but
viral genotype.
those with a lesser decline in ALT tend to
remain positive. Ribavirin may have a role in
RIBAVIRIN
patients with cirrhosis and leukopenia, or those
Ribavirin is a synthetic nucleotide, a guanosine with autoimmune disease and hepatitis C.
analogue, which possesses a broad spectrum of Further controlled trials to assess response and
activity against both DNA and RNA viruses in relapse rates are warranted, and a multicentre,
vitro and in vivo.'05 Its efficacy has been shown placebo controlled trial of ribavirin for hepatitis
in several viral diseases. The drug exerts its C is now in progress. Studies of ribavirin and
action after intracellular phosphorylation to interferon alfa used together are also
mono-, di-, and triphosphate nucleotides. The indicated.
precise mode of action probably includes
perturbation of intracellular nucleoside
triphosphate pools, interference with the
1 Tiollais P, Pourcel C, Dejean A. The hepatitis B virus.
formation of the 5' cap structure of viral mRNA
Nature 1985; 317: 489-95.
2 Stahl S, MacKay P, Magazin M, Bruce SA, Murray K.
of both
inhibition
by
competitive
Hepatitis B virus core antigen: Synthesis in Escherichia
guanyltransferase capping enzymes and
coli and application in diagnosis. Proc Natl Acad Sci USA
1982; 79: 1 606-10.
methyltransferase capping enzymes, direct
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inhibition of the viral mRNA polymerase
complex, and possibly enhancement of
macrophage inhibition of viral replication.
The pharmacokinetics of ribavirin have been
studied. The bioavailability of oral
formulations has been calculated at 19-65%
(compared with intravenous administration).
The distribution half life is one to three hours,
but the terminal half-life is prolonged (27-52
hours), perhaps because of sequestration
within red cells and other tissues. Ribavirin is
concentrated 10-50 fold serum levels in red
blood cells, and crosses the blood-brain
barrier. Peak plasma concentrations range
from 5-13 jM after single oral doses of
600-2400 mg. The excretion of the drug is
predominantly renal.
The major side effects of the drug that have
been reported include anaemia, a metallic
taste, dry mouth, flatulence, dyspepsia, nausea,
headaches, irritability, emotional lability,
fatigue, insomnia, skin rashes, and myalgia.
Mild reversible anaemia is common. Modest
increases in uric acid have been reported.

Schmilovitz-Weiss, Levy, Thompson, Dusheiko

S34

30 Inchauspe G, Zebedee S, Lee D-H, Sugitani M, NasoffM,
Prince AM. Genomic structure of the human prototype
strain H of hepatitis C virus: comparison with American
and Japanese isolates. Proc Natl Acad Sci USA 1991; 88:
10292-6.
31 Takeuchi K, Kubo Y, Boonmar S, et al. The putative
nucleocapsid and envelope protein genes of hepatitis C
virus determined by comparison of the nucleotide
sequences of two isolates derived from an experimentally
infected chimpanzee and healthy human carriers. 7 Gen
Virol 1990; 71: 3027-33.
32 Kremsdorf D, Porchon C, Kim JP, Reyes GR, Brechot C.
Partial nucleotide sequence analysis of a French hepatitis
C virus: Implications for HCV genetic variability in the
E2/NS1 protein.JGen Virol 1991; 72: 2557-61.
33 Okamoto H, Okada S, Sugiyama Y, et al. The 5'-terminal
sequence of the hepatitis C virus genome. Jpn JI Exp Med
1990;60: 167-77.
34 Han JH, Shyamala V, Richman KH, et al. Characterization
of the terminal regions of hepatitis C viral RNA:
identification of conserved sequences in the 5'
untranslated region and poly(A) tails at the 3' end. Proc
Nad Acad Sci USA 1991; 88: 1711-5.
35 Hosein B, Fang CT, Popovsky MA, Ye J, Zhang M, Wang
CY. Improved serodiagnosis of hepatitis C virus infection
with synthetic peptide antigen from capsid protein. Proc
Natl Acad Sci USA 1991; 88: 3647-51.
36 Brown D, Powell L, Morris A. et al. Improved diagnosis
of chronic hepatitis C infection by detection of antibody
to multiple epitopes: confirmation by antibody to
synthetic oligopeptides. J Med Virol 1992 (in press).
37 Ulrich PP, Romeo JM, Lane PK, Kelly I, Daniel LJ, Vyas
GN. Detection, semiquantitation, and genetic variation in
hepatitis C virus sequences amplified from the plasma of
blood donors with elevated alanine aminotransferase. J7
Clin Invest 1990; 86: 1609-14.
38 Bradley DW, Maynard JE. Etiology and natural history of
post-transfusion and enterically-transmitted non-A, nonB hepatitis. Semin Liver Dis 1986; 6: 56-66.
39 Simmonds P, Zhang LQ, Watson HG, et al. Hepatitis C
quantification and sequencing in blood products,
haemophiliacs, and drug users. Lancet 1990; 336:
1469-72.
40 Kuo G, Choo QL, Alter HJ, et al. An assay for circulating
antibodies to a major etiologic virus of human non-A,
non-B hepatitis. Science 1989; 244: 362-4.
41 Alter HJ, Purcell RH, Shih JW, et al. Detection of antibody
to hepatitis C virus in prospectively followed transfusion
recipients with acute and chronic non-A, non-B hepatitis.
NEnglJ7Med 1989; 321: 1494-500.
42 Esteban JI, Esteban R, Viladomiu L, et al. Hepatitis C virus
antibodies among risk groups in Spain. Lancet 1989; ii:
294-7.
43 Alter MJ, Hadler SC, Judson FN, et al. Risk factors for
acute non-A, non-B hepatitis in the United States and
association with hepatitis C virus infection. JAMA 1990;
264: 2231-5.
44 Hopf U, Moller B, Kuther D, et al. Long-term follow-up
of posttransfusion and sporadic chronic hepatitis non-A,
non-B and frequency of circulating antibodies to hepatitis
C virus (HCV). JHepatol 1990; 10: 69-76.
45 Miyamura T, Saito I, Katayama T, et al. Detection of
antibody against antigen expressed by molecularly cloned
hepatitis C virus cDNA: application to diagnosis and
blood screening for posttransfusion hepatitis. Proc Natl
Acad Sci USA 1990; 87: 983-7.
46 Esteban JI, Gonzalez A, Hemandez JM, et al. Evaluation
of antibodies to hepatitis C virus in a study of transfusionassociated hepatitis. NEnglJMed 1990; 323: 1107-12.
47 Tanaka E, Kiyosawa K, Sodeyama T, et al. Significance of
antibody to hepatitis C virus in Japanese patients with
viral hepatitis: relationship between anti-HCV antibody
and the prognosis of non-A, non-B post-transfusion
hepatitis. _J Med Virol 1991; 33: 117-22.
48 Van der Poel CL, Reesink HW, Schaasberg W, et al.
Infectivity of blood seropositive for hepatitis C virus
antibodies. Lancet 1990; 335: 558-60.
49 Ellis LA, Brown D, Conradie JD, et al. Prevalence of
hepatitis C in South Africa: Detection of anti-HCV in
recent and stored serum. _J Med Virol 1990; 32: 249-51.
50 McFarlane IG, Smith HM, Johnson PJ, Bray GP, Vergani
D, Williams R. Hepatitis C virus antibodies in chronic
active hepatitis: pathogenetic factor or false-positive
result? Lancet 1990; 335: 754-7.
51 Aach RD, Stevens CE, Hollinger BF, et al. Hepatitis C
virus infection in post-transfusion hepatitis. An analysis
with first and second-generation assays. N Engl J7 Med
1991; 325: 1325-9.
52 McHutchison JG, Person JL, Govindarajan S, et al.
Improved detection of hepatitis C virus antibodies in
high-risk populations. Hepatology 1992; 15: 19-25.
53 Katayama T, Mazda T, Kikuchi S, et al. Improved
serodiagnosis of non-A, non-B hepatitis by an assay
detecting antibody to hepatitis C virus core antigen.
HepatologSy 1992; 15: 391-4.
54 Schlesinger JJ, Brandriss MW, Cropp CB, Monath TP.
Protection against yellow fever in monkeys by
immunization with yellow fever virus nonstructural
protein NS 1.Jf Virol 1986; 60: 1153-5.
55 Donis RO, Corapi W, Dubovi EJ. Neutralizing
monoclonal antibodies to bovine viral diarrhoea virus
bind to the 56K to 58K glycoprotein. Jf Gen Virol 1988;
69: 77-86.
56 Weiland E, Stark R, Haas B, Rumenapf T, Meyers G,
Thiel HJ. Pestivirus glycoprotein which induces

Gut: first published as 10.1136/gut.34.2_Suppl.S26 on 1 January 1993. Downloaded from http://gut.bmj.com/ on January 9, 2023 by guest. Protected by copyright.

3 Ou J, Laub 0, Rutter W. Hepatitis B virus gene function:
the precore region targets the core antigen to cellular
membranes and causes the secretion of the e antigen. Proc
NatlAcad Sci USA 1986; 83: 1578-82.
4 Shafritz DA, Shouval D, Sherman HI, Hadziyannis SJ,
Kew MC. Integration of hepatitis B virus DNA into the
genome of liver cells in chronic liver disease and
hepatocellular carcinoma. Studies in percutaneous liver
biopsies and post-mortem tissue specimens. N EnglJ Med
1981; 305: 1067-73.
5 Yokosuka 0, Omata M, Hosoda K, Tada M, Ehata T,
Ohto M. Detection and direct sequencing of hepatitis B
virus genome by DNA amplification method.
Gastroenterology 1991; 100: 175-81.
6 Krogsgaard K, Kryger P, Aldershvile J, Andersson P,
Brechot C. Copenhagen Hepatitis Acute Programme.
Hepatitis B virus DNA in serum from patients with acute
hepatitis B. Hepatology 1985; 5: 10-13.
7 Wright TL, Mamish D, Combs C, et al. Hepatitis B virus
and apparent fulminant non-A, non-B hepatitis. Lancet
1992; 339: 952-5.
8 Hadziyannis SJ, Lieberman HM, Karvountzis GG,
Shafritz DA. Analysis of liver disease, nuclear HBcAg,
viral replication, and hepatitis B virus DNA in liver and
serum of HBeAg versus anti-HBe positive carriers of
hepatitis B virus. Hepatology 1983; 3: 656-62.
9 Carman WF, Hadziyannis S, McGarvey MJ, et al.
Mutation preventing formation of hepatitis B e antigen in
patients with chronic hepatitis B infection. Lancet 1989;
ii: 588-90.
10 Brunetto MR, Stemler M, Bonino F, et al. A new hepatitis
B virus strain in patients with severe anti-HBe positive
chronic hepatitis B. J Hepatol 1990; 10: 258-61.
11 Schlicht H-J, Von Brunn A, Theilmann L. Antibodies in
anti-HBe-positive patient sera bind to an HBe protein
expressed on the cell surface of human hepatoma cells:
Implications for virus clearance. Hepatology 1991; 13:
57-61.
12 Kaneko S, Kobayashi K, Miller RH. Detection of hepatitis
B virus DNA using the polymerase chain reaction
technique. J7 Clin Lab Anal 1990; 4: 479-82.
13 Gerken G, Paterlini, P, Manns M, et al. Assay of hepatitis
B virus DNA by polymerase chain reaction and its
relationship to pre-S- and S-encoded viral surface
antigens. Hepatology 1991; 13: 158-66.
14 Xu J, Brown D, Harrison T, Lin Y, Dusheiko G. Absence
of hepatitis B virus precore mutants in patients with
chronic hepatitis B responding to interferon-a. Hepatology
1992; 15: 1002-6.
15 Feray C, Zignego AL, Samuel D, et al. Persistent hepatitis
B virus infection of mononuclear blood cells without
concomitant liver infection. The liver transplantation
model. Transplantation 1990; 49: 1155-8.
16 Brook MG, Karayiannis P, Thomas HC. Which patients
with chronic hepatitis B virus infection will respond to
alpha-interferon therapy? A statistical analysis of
predictive factors. Hepatology 1989; 10: 761-3.
17 Fattovich G, Farci P, Rugge M, et al. A randomized
controlled trial of lymphoblastoid interferon-ot in patients
with chronic hepatitis B lacking HBeAg. Hepatology 1992;
15: 584-9.
18 Pastore G, Santantonio T, Milella M, et al. Anti-HBepositive chronic hepatitis B with HBV-DNA in the serum
response to a 6-month course of lymphoblastoid
interferon. _J Hepatol 1992; 14: 221-5.
19 Brunetto MR, Oliveri F, Rocca G, et al. Natural course and
response to interferon of chronic hepatitis B accompanied
by antibody to hepatitis B e antigen. Hepatology 1989; 10:
198-202.
20 Lok ASF, Wu P-C, Lai C-L, et al. A controlled trial of
interferon with or without prednisone priming for chronic
hepatitis B. Gastroenterology 1992; 102: 2091-7.
21 Samuel D, Bismuth A, Mathieu D, et al. Passive
immunoprophylaxis after liver transplantation in HBsAgpositive patients. Lancet 1991; 337: 813-15.
22 Bradley DW, Maynard JE, Popper H, et al. Posttransfusion
non-A, non-B hepatitis: physicochemical properties of
two distinct agents. J Infect Dis 1983; 148: 254-65.
23 Feinstone SM, Mihalik KB, Kamimura T, Alter JH,
London WT, Purcell RH. Inactivation of hepatitis B virus
and non-A, non-B hepatitis by chloroform. Infect Immun
1983; 41: 816-21.
24 Yuasa T, Ishikawa G, Manabe S, Sekiguchi S, Takeuchi
K, Miyamura T. The particle size of hepatitis C virus
estimated by filtration through microporous regenerated
cellulose fibre. _J Gen Virol 199 1; 72: 2021-4.
25 Kato N, Hijikata M, Ootsuyama Y, et al. Molecular cloning
of the human hepatitis C virus genome from Japanese
patients with non-A, non-B hepatitis. Proc Natl Acad Sci
USA 1990; 87: 9524-8.
26 Choo QL, Richman KH, Han JH, et al. Genetic
organization and diversity of the hepatitis C virus. Proc
Natl Acad Sci USA 1991; 88: 2451-5.
27 Okamoto H, Okada S, Sugiyama Y, et al. Nucleotide
sequence of the genomic RNA of hepatitis C virus isolated
from a human carrier: comparison with reported isolates
for conserved and divergent regions. JT Gen Viral 1991; 72:
2697-704.
28 Enomoto N, Takada A, Nakao T, Date T. There are two
major types of hepatitis C virus in Japan. Biochem Biophys
Res Commun 1990; 170: 1021-5.
29 Houghton M, Weiner A, Han J, Kuo G, Choo Q-L.
Molecular biology of the hepatitis C viruses: implications
for diagnosis, development and control of viral disease.
Hepatology 1991; 14: 381-8.

Viral markers in hepatitis B and C

82 Lim SG, Lee CA, Charman H, Tilsed G, Griffiths PD,
Kernoff PBA. Hepatitis C antibody assay in a longitudinal
study of haemophiliacs. Br J Haematol 199 1; 78:
398-402.
83 Nishioka K, Watanabe J, Furuta S, et al. Antibody to the
hepatitis C virus in acute hepatitis and chronic liver
diseases in Japan. Liver 1991; 11: 65-70.
84 Patel A, Sherlock S, Dusheiko G, Scheuer PJ, Ellis LA,
Ashrafzadeh P. Clinical course and histological
correlations in post-transfusion hepatitis C: the Royal
Free Hospital experience. Eur J Gastro Hepatol 1991; 3:
491-5.
85 Lee S-D, Hwang S-J, Lu R-H, Lai K-H, Tsai Y-T, Lo K-J.
Antibodies to hepatitis C virus in prospectively followed
patients with posttransfusion hepatitis. J Infect Dis 1991;
163: 1354-7.
86 Berman M, Alter HJ, Ishak KG, Purcell RH, Jones EA.
The chronic sequelae of non-A, non-B hepatitis. Ann
Intern Med 1979; 91: 1-6.
87 Koretz RL, Stone 0, Gitnick GL. The long term course
of non-A,
non-B
post-transfusion
hepatitis.
Gastroenterology 1980; 79: 893-8.
88 Mattsson L, Weiland 0, Glaumann H. Chronic non-A,
non-B hepatitis developed after transfusions, illicit selfinjections or sporadically. Outcome during long-term
follow up - a comparison. Liver 1989; 9: 120-7.
89 Ogata, N, Alter HJ, Miller RH, Purcell RH. Nucleotide
sequence and mutation rate of the H strain of hepatitis
C virus. Proc NatlAcadSci USA 1991; 88: 3392-6.
90 Schvarcz R, Weiland 0, von-Sydow M. False-positive
reactivity for antibodies against hepatitis C virus in
patients with autoimmune chronic active hepatitis?
(Letter) ScandJ Infect Dis 1990; 22: 377-8.
91 Lenzi M, Johnson PJ, McFarlane IG, et al. Antibodies to
hepatitis C virus in autoimmune liver disease: evidence for
geographical heterogeneity. Lancet 1991; 338: 277-80.
92 Onji M, Kikuchi T, Michitaka K, Saito I, Miyamura T,
Ohta Y. Detection of hepatitis C virus antibody in patients
with autoimmune hepatitis and other chronic liver
diseases. GastroenterolJ7pn 1991; 26: 182-6.
93 Mishiro S, Hoshi Y, Takeda K, et al. Non-A, non-B
hepatitis specific antibodies directed at host-derived
epitope: Implication for an autoimmune process. Lancet
1990; 336: 1400-03.
94 Manns MP, Griffin KJ, Sullivan KF, Johnson EF. LKM1 autoantibodies recognize a short linear sequence in
P450IID6, a cytochrome P-450 monooxygenase. J7 Clin
Invest 1991; 88: 1370-8.
95 Omata M, Yokosuka 0, Takano S, et al. Resolution of
acute hepatitis C after therapy with natural beta
interferon. Lancet 1991; 338: 914-5.
96 Davis GL, Balart LA, Schiff ER, et al. Treatment of
chronic hepatitis C with recombinant interferon alfa. A
multicenter randomized, controlled trial. Hepatitis
Interventional Therapy Group. N Engl 3 Med 1989; 321:
1501-16.
97 Di Bisceglie AM, Martin P, Kassianides C, et al.
Recombinant interferon alfa therapy for chronic hepatitis
C. A randomized, double-blind, placebo-controlled trial.
NEnglJMed 1989; 321: 1506-10.
98 Chayama K, Saitoh S, Arase Y, et al. Effect of interferon
administration on serum hepatitis C virus RNA in
patients with chronic hepatitis C. Hepatology 1991; 13:
1040-3.
99 Varagona G, Brown D, Kibbler H, et al. Response, relapse
and retreatment rates and viraemia in chronic hepatitis C
treated with a2b interferon. A phase III study. Eur J
Gastro Hepatol 1992; 4: 707-12.
100 Kakumu S, Arao M, Yoshioka K, et al. Recombinant
human alpha-interferon therapy for chronic non-A, nonB hepatitis: Second report. Am J Gastroenterol 1990; 85:
655-9.
101 Schvarcz R, Glaumann H, Weiland 0, Norkrans G,
Wejstal R, Fryden A. Histological outcome in interferon
alpha-2b treated patients with chronic posttransfusion
non-A, non-B hepatitis. Liver 199 1; 11: 30-8.
102 Davis GL. Hepatitis C virus antibody in patients with
chronic autoimmune hepatitis: pitfalls in diagnosis and
implications for treatment (editorial; comment). Mayo
Clin Proc 1991; 66: 647-50.
103 Czaja AJ, Taswell HF, Rakela J, Schimek CM. Frequency
and significance of antibody to hepatitis C virus in severe
corticosteroid-treated autoimmune chronic active
hepatitis. Mayo Clin Proc 1991; 66: 572-82.
104 Reichard 0, Andersson J, Schvarcz R, Weiland 0.
Ribavirin treatment for chronic hepatitis C. Lancet 1991;
337: 1058-61.
105 Fernandez H, Banks G, Smith R. Ribavirin: a clinical
overview. Eur_JEpidemiol 1986; 2: 1-14.
106 Di Bisceglie AM, Shindo M, Fong TL, et al. A pilot study
of ribavirin therapy for chronic hepatitis C. Hepatology
1992; 16: 649-54.

Gut: first published as 10.1136/gut.34.2_Suppl.S26 on 1 January 1993. Downloaded from http://gut.bmj.com/ on January 9, 2023 by guest. Protected by copyright.

neutralizing antibodies forms part of a disulfide-linked
heterodimerJ Virol 1990; 64: 3563-9.
57 van-Zijl M, Wensvoort G, de Kluyver E, et al. Live
attenuated pseudorabies virus expressing envelope
glycoprotein El of hog cholera virus protects swine
against both pseudorabies and hog cholera. J Virol 1991;
65: 2761-5.
58 Quiroga JA, Campillo ML, Catillo I, Bartolome J, Porres
JC, Carreflio V. IgM antibody to hepatitis C virus in acute
and chronic hepatitis C. Hepatology 1991; 14: 38-43.
59 Brillanti S, Masci C, Ricci P, Miglioli M, Barbara L.
Significance of IgM antibody to hepatitis C virus in
patients with chronic hepatitis C. Hepatology 1992; 15:
998-1001.
60 Ebeling F, Naukkarinen R, Leikola J. Recombinant
immunoblot assay for hepatitis C virus antibody as
predictor of infectivity (letter). Lancet 1990; 335: 982-3.
61 Stillwagon GB, Order SE, Guse G, et al. Prognostic factors
in unresectable hepatocellular cancer: Radiation Therapy
Oncology Group Study 83-01. Int. J7 Radiat Oncol Biol
Phys 1991; 20: 65-71.
62 Weiner AJ, Kuo G, Bradley DW, et al. Detection of
hepatitis C viral sequences in non-A, non-B hepatitis.
Lancet 1990; 335: 13.
63 Kato N, Yokosuka 0, Omata M, Hosoda K, Ohto M.
Detection of hepatitis C virus ribonucleic acid in the
serum by amplification with polymerase chain reaction. Jf
Clin Invest 1990; 86: 1764-7.
64 Thaler MM, Park C-K, Landers DV, et al. Vertical
transmission of hepatitis C virus. Lancet 1991; 338:
17-18.
65 Garson JA, Ring C, Tuke P, Tedder RS. Enhanced
detection by PCR ofhepatitis C virus RNA (letter). Lancet
1990; 336: 878-9.
66 Okamoto H, Okada S, Sugiyama Y, et al. Detection of
hepatitis C virus RNA by a two-stage polymerase chain
reaction with two pairs of primers deduced from the
5'-noncoding region. Jpn _J Exp Med 1990; 60: 215-22.
67 Shimizu YK, Weiner AJ, Rosenblatt J, et al. Early events
in hepatitis C virus infection of chimpanzees. Proc Natl
Acad Sci USA 1990; 87: 6441-4.
68 Farci P, Alter JH, Wong D, et al. A long-term study of
hepatitis C virus replication in non-A, non-B hepatitis. N
EnglJMed 1991; 325: 98-104.
69 Fong T-L, Shindo M, Feinstone SM, Hoofnagle JH, Di
Bisceglie AM. Detection of replicative intermediates of
hepatitis C viral RNA in liver and serum of patients with
chronic hepatitis C. _f Clin Invest 199 1; 88: 1058-60.
70 Takehara T, Hayashi N, Mita E, et al. Detection of the
minus strand of hepatitis C virus RNA by reverse
transcription and polymerase chain reaction: Implications
for hepatitis C virus replication in infected tissue.
Hepatology 1992; 15: 387-90.
71 Kato N, Hijikata M, Nakagawa M, et al. Molecular
structure of the Japanese hepatitis C viral genome. FEBS
lett 1991; 280: 325-8.
72 Chung RT, Dienstag JL, Kaplan LM. Precise quantitation
of hepatitis C RNA using a competitive polymerase chain
reaction: correlation of clinical course with levels of
circulating RNA. Hepatology 1991; 14: 65A.
73 Takada N, Takase S, Enomoto N, Takada A, Date T.
Clinical backgrounds of the patients having different types
of hepatitis C virus genomes. 7 Hepatol 1992; 14: 35-40.
74 Abe K, Kurata T, Shikata T. Non-A, non-B hepatitis:
Visualization of virus-like particles from chimpanzee and
human sera. Arch Virol 1989; 104: 351-5.
75 Infantolino D, Bonino F, Zanetti AR, Lesniewski RR,
Barbazza RC, Chiaramonte M. Localization of hepatitis
C virus (HCV) antigen by immunochemistry on fixedembedded liver tissue. Ital J Gastroenterol 1990; 22:
198-9.
76 Hiramatsu N, Hayashi N, Haruna Y, et al. Detection of
hepatitis C virus (HCV) infected hepatocytes in chronic
liver disease. Hepatology 199 1; 14: 66A.
77 Yap SH, Willems M, Van Den Ord J, et al. Detection of
HCV antigen by immunohistochemical staining: A
histological marker of HCV infection. Hepatology 1991;
14: 67A.
78 Shimizu TK, Weiner AJ, Rosenblatt J, et al. Early events
in hepatitis C virus infection in chimpanzees. In:
Hollinger FB, Lemon SM, Margolis HS, eds. Viral
hepatitis and liver disease. Baltimore: Williams and Wilkins,
1991; 393-6.
79 Haruna Y, Hayashi N, Hiramatsu N, Kashahara A,
Fusamoto H, Kamada T. Detection of hepatitis C virus
RNA in liver tissue by in situ hybridisation techniques.
Hepatology 1991; 14: 125A.
80 Goeser T, Muller H, Padron G, et al. Hepatitis C virus
replication. NEngltJMed 1992; 326: 65.
81 Bamber M, Murray A, Arborgh BAM, et al. Short
incubation non-A, non-B hepatitis transmitted by factor
VIII concentrates in patients with congenital coagulation
disorders. Gut 1981; 22: 854-9.

S35

