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The hepatitis C virus
M.IRSHAD, H. GUPTA

INTRODUcrION
Viral hepatitis is the major cause of acute and chronic liver
diseases throughout the world. The viruses responsible
for causing hepatitis include the hepatitis B virus (HBY) ,
hepatitis A virus (HAY), Epstein-Barr virus (EBY),
cytomegalovirus (CMY) and the non-A, non-B (NANB)
viruses. The NANB viruses, as the name suggests, repre-
sent a group of viruses that were diagnosed purely on the
basis of exclusion. Hepatitis caused by the NANB viruses
has been reported from all over the world and accounts
for nearly half the cases of viral hepatitis. Recently, the
NANB viruses have been partly characterized. The two
major groups of viruses identified are the hepatitis E virus
(HEY)! which is associated with water-borne hepatitis
and the hepatitis C virus (HCy)2 which is associated
with blood-borne hepatitis. It appears that HEY does not
lead to a chronic disease and, therefore, the major pool
of the estimated 100 million chronic carriers of NANB
viruses worldwide are assumed to be HCY carriers. HCY
infection has been found to be strongly associated with
post-transfusion or transplant events. We discuss here
the molecular biology of HCY, the present status of dia-
gnostic assays and the natural history of HCY infection.

MOLECULAR BIOLOGY
After more than a decade of intensive research, Choo
et al.2 partially characterized the HCY virus. Initially no
part of the HCY genome was known, so a cDNA library
(a collection of clones corresponding to the mRNA of
the virus) was constructed from plasma taken from
chimpanzees infected with the virus-viral titres being
relatively higher in experimentally infected chimpanzees
than in infected humans. This library was constructed in the
bacteriophage ).81 11 (a vector known for its efficient
expression of cDNA encoded polypeptides). Sera from
patients with chronic NANB hepatitis (NANBH) presumed
to contain high circulating antibody titres against the viral
antigens were used to screen the library. 3 Of the 1()6clones
screened, one was found to produce a protein that reacted
specifically with the sera from chronic NANBH patients
and was named clone 5-1-1. In order to prove its viral
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origin, the 155 base insert of clone 5-1-1 was used as a
probe for the original cDNA library. This led to the
extraction of an overlapping clone (clone 81), coding for a
larger portion of the antigen molecule. The viral origin of
this clone was indicated by its specific hybridization to
RNA derived from the liver of infected chimpanzees. It
did not hybridize to either normal chimpanzee RNA or to
human or chimpanzee DNA. An RNA species of about
5000 to 10000 nucleotides homologous to this clone was
found in chimpanzee liver. That the infectious agent is a
single stranded RNA virus is indicated by (i) the loss of
hybridization signal on treatment with ribonuclease and
(ii) the fact that only one ofthe strands of the cDNA clone
hybridizes with the virus.

The polypeptide encoded by the clone has been
expressed in bacteria. Serum from patients with chronic
NANBH reacted with the recombinant polypeptide while
serum from uninfected controls and chimpanzees suffer-
ing from HA Y and HBY infection did not show any such
reactivity. Also, chimpanzees infected with the NANBH
agent showed seroconversion after acute infection. This
polypeptide has also been expressed in yeast (the recom-
binant polypeptide is named Cl00-3) and has been shown
to consist of 363 aminoacids. After purification and
solubilization, it has been used for different immunoassay
procedures.

The blood-borne NANBH virus has now been named
the hepatitis C virus (HCY) and physico-chemical studies
have shown that it is less than 80 nm in diameter, sensitive
to organic solvents, contains an envelope of essential
lipids" and is related to the family of togaviruses or
flaviviruses (both arboviruses which are usually transmitted
by insects).

IMMUNODIAGNOSIS
Non-A, non-B hepatitis is a frequent problem and is
associated with different serious liver ailments such as
chronic hepatitis, cirrhosis and hepatocellular carcinoma
(HCe). Also, the only method of diagnosing it was by
exclusion. The development of a specific diagnostic test
to detect the causative agent was, therefore, of consider-
able importance. After HCV was partially characterized-
and its genome was cloned, some investigators used
recombinant DNA technology to develop an immunoassay
for HCV antibodies. The recombinant polypeptide
(Cl00-3) was expressed in yeast, purified and used to
capture specific antibodies to HCY in the blood. The first
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attempt in this direction was made by Kuo et al.s who
developed a radioimmunoassay (RIA) where Cl00-3 was
used to coat the wells of a microtitre plate and the HCV
antibodies captured by Cl00-3 were detected with a
radioactive second antibody. Using a panel of well-
characterized sera samples, this technique was found to
be highly sensitive and specific for assaying the antibody
to blood-borne NANBH.

Based on the same principle, ELISA assays were
also developed and commercialized by different firms
such as the Chiron Corporation (USA), Abbott
Laboratories (USA) and Ortho Diagnostic Systems (UK),
and are supplied as kits. All these assays use a peroxidase-
conjugated monoclonal anti-human IgG to detect IgG
anti-HCV antibodies binding to the recombinant HCV
peptide (Cl00-3) in the solid phase. The specificity of
Ortho-HCV ELISA was studied by Gray et al.6 by screen-
ing sera from patients with autoimmune chronic active
hepatitis (AI-CAH). The optical density values obtained
by this ELISA had a strong correlation with total serum
globulin levels and IgG concentrations suggesting that
Ortho·ELISA may be detecting IgG non-specifically
adhering to the ELISA plates thus showing false-positive
results. However, such relations could not be demonstrated
in other studies with the Chiron Corporation RIA where
radiolabelled anti-IgG was used instead of the HRP-anti-
IgG in the Ortho Diagnostic System kit. This implied that
AI-CAH sera may have some other cross-reacting anti-
body or a component (e.g. an anti-idiotype) that adhered
to the solid phase and bound IgG. It was predicted that
there might be some immune complexes that had a high
affinity for the solid phase. Therefore, it is not yet con-
firmed whether these are false-positive results or that
HCV antibodies play some role in the pathogenesis of
AI-CAH.7 In another study, anti-HCv antibodies
present in patients with chronic liver disease were
suspected to be low avidity antibodies persisting for some
months after an acute infection. This was confirmed by a
urea wash (described by Wreghitt et al.8) which removes
the low avidity antibodies. In addition to RIA and
ELISA, another antibody based test, i.e. recombinant
immunoblot assay (RIBA) , was developed by the Chiron
Corporation as an improvement over the existing ELISA
and RIA assays. This RIBA9 test uses recombinant
antigen C-100 expressed in yeast (as does the ELISA)
along with a sub-sequence of C-100 (5-1-1) expressed in'
Escherichia coli. Both the antigens are coated on nitro-
cellulose strips instead of microtitre plates. The result is
read by comparing the colour of an antigetl band with
positivecontrols. After screening a panel of sera from blood
donors and patients in a prospective post-transfusion
study, it was concluded that RIBA is more specific than
ELISA and may differentiate infective from non-infective
blood donors at an early stage. Reaction to both antigens,
especially5-1-1, is associated with infectivity.

Recently, a more specific test based on HCV -RNA has
been developed by Weiner et al.10 In order to detect HCV
sequences, cONA was synthesized using RNA extracted
from liver biopsy or plasma samples and amplified by the
polymerase chain reaction (PCR). The cDNA synthesis
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and PCR used the same pair of synthetic 16-mer oligo-
nucleotide primers derived from the two non-contiguous
regions ofthe HCV genome. The amplified products were
hybridized to a 32P-Iabelled nick translated HCV cDNA
insert which lies between but does not include the cONAl
PCR primers. This technique showed a strong correlation
between the presence of circulating anti-HCV antibody
by ELISA and the HCV sequence in the liver of patients
with chronic NANBH. Serological studies have shown
that HCV-RNA detection is as sensitive as anti-HCV
detection. However, this method has certain limitations
especially when there is (i) a low titre of circulating HCV,
(ii) a low sensitivity of hybridization, and (iii) the HCV-
RNA nucleotide sequence is heterogenous (leading to
low sensitivity or non-detection). Kaneko et al." have
tried to overcome the problem of heterogeneity. To
detect efficient and specific primers on the HCV cDNA
clone, 282 base pair sequences ofHCV were isolated from
7 liver biopsies of Japanese patients with chronic NANBH
and the sequence was compared with the Chiron clone.
The nucleotide sequence showed 7fr77% homology with
Chiron HCV. The conserved regions were synthesized
and used for hybridization. The sera of HCV patients,
after amplification with PCR and on hybridization with
the conserved region, has shown improved results in
comparison to previous tests.

PREV ALENCE OF HCV ANTIBODY
Various studies have been conducted using these imrnuno-
assays to determine the prevalence of HCV in different
population groups. The overall prevalence of anti-HCV
in these different groups is shown in Table I. Anti-HCV
positivity was found in less than 1% of blood donors.
Except for homosexuals and blood donors all other
groups had anti-HCV in a higher proportion. It was
detected in 13 out of 62 (21%) patients who had under-
gone liver transplantation. zs All these studies cpllectively
indicate that HCV infection is a common disease accounting
for more than 90% of the cases of post-transfusion
hepatitis. The current estimated incidence of acute
infection among blood recipients is 5% to 10%. Nearly
50% of patients with acute HCV infection develop
chronic hepatitis and 20% of these patients develop
cirrhosis.

SURROGATE MARKER
The availability of the immunoassay system for anti-HCV
raised the question whether this test either alone or in
association with other surrogate markers for NANBH,
such as alanine arninotransaminase (ALT) and anti-HBc
IgG, might be used to screen blood donors to diminish the
risk of post -transfusion hepatitis C infection. Though data
are not available showing a strong relationship between
anti-HCV positivity in blood donors and the incidence of
post-transfusion hepatitis in recipients, it has been
suggested that a positive anti-HCV test in association with
raised ALT levels and IgG anti-HBc in donor blood may
indicate the blood sample to be a possible source of HCV
infection, even though there is no association among
these three surrogate markers.P The efficacy of anti-
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TABLE I. Prevalence of anti-Hey antibody

Group n (Of.) positivity Country

Acute viral hepatitis
a. Sporadic 13 15.0 Japan!

2(}..4() USAI2
b. Post-transfusion 20 20.0 Germany"

Chronic active hepatitis
a. Sporadic 86 75.0 Germany'!

59 58.0 USA5
65 72.0 Germany 13

b. Post-transfusion 24 75.0 Germany"
23 78.0 Japan!
32 84.0 ltaly5
9 67.0 Holland'!

56 79.0 Germany'?
60.0 USAI2

c. Autoimmune 34 44.1 Spainl6
46 78.2 Italy 17
31 65.0 UK7

63.0 USAI2

Cirrhosis
a. Alcoholic 53 9.0 France 18
b. Post-hepatitis 10 40.0 France 18
c. Crytogenic 159 66.7 Japan'?

7 71.0 Francel8

Hepatocellular carcinoma
a. Alcoholic 23 52.0 ltaly20

42 19.0 France"
b. Post-hepatitis 380 29.0 South Africa21

11 28.0 ltaly20
42 19.0 France 18

1105 76.2 Japan'?
c. Cryptogenic 26 81.0 ltaly20

14 57.0 France"

Blood donors
a. NormalALT <1.0 Italy22

3123 0.4 Germany22
133 0.6 Australia-'
412 0.5 ~

5150 0.7 Holland"
6.0 USAI2
0.5-1.0 UK2.

b. Raised ALT 187 <1.0 Germany-l
15.0 USA22

82 10.0 Australia23
36 44.0 USA5

Haemophiliac. .• 211 78.0 Germany'!

Drug addicts 8 12.0 Spainl6
50 48.0 Germany"

89.0 USAI2

Homosexuals 26 7.6 Spainl6

Haemodialysis patients 146 5.5 Germany'?

HCV screening for prevention of post-transfusion
NANBH was found to be 63%, which is similar to that of
raised ALT levels. IS Kuo et al.S demonstrated that in
voluntary blood donors with normal ALT levels and
negative anti-HBc IgG the prevalence of HCV was 0.5%
as against 44% in those with elevated ALT and a positive
anti-HBc IgG test. Thus, till the HCV-antigen based test
becomes freely available the anti-HCV test may be used
to exclude blood for transfusion.
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COURSE OF DISEASE
The implications of positive anti-HCV tests for acute and
chronic hepatitis are not clear. There is a long gap between
exposure to the virus, onset of the illness and detection of
anti-HCV. The antibody can only be detected six months
after blood transfusion and four months after the onset of
hepatitis. In sporadic acute NANDH, about 50% of those
affected are anti-HCV positive within 6 weeks of the onset
of illness and another 40% become positive six months
later. Wreghitt et al.8 demonstrated low avidity anti-HCV
after 4 months of transfusion and high avidity antibodies
only after 16 months. In an 18-month prospective study of
acute NANDH by Zhang et al. ,1/) anti-HCV was positive
in lout of 12 patients at the onset of disease, in 7 after
8 months and in all 12at 13months. Based on these different
studies the incubation period of HCV has been estimated
to be between 25 and 35 days.26

INFECTIVITY STATUS
The anti-HCV test does not distinguish the post-infection
situation from carriage and provides no information on
infectivity.P thus making interpretation of positive results
difficult. The study by Weiner et al.lo in chronic NANDH
patients and chimpanzees showed no simple relation
between AL T activity, time and magnitude of the initial
viraemia and the development of chronic hepatitis. There
was no statistical association between the severity of
disease and anti-HCV positivity" and the anti-HCV is
demonstrable independently of the progression of chronic
NANBH and probably persists even after remission.
Tremolada et al.28 suggested a possible link between post-
transfusion NANBH due to HCV and HCC, but Ducreux
et al. indicated that in France HCC is not related to HCV.IS
In another study, recipients of anti-HCV positive blood
products were found to be 20 times more susceptible to
post-transfusion NANBH than those receiving anti-HCV
negative blood. IS

ASSOCIATION WITH HBV
There is no close association between viral hepatitis due
to HBV and HCV infection. In a study involving patients
with HCC there was no difference in the frequency of
HBV markers between patients positive or negative for
anti-HCV.21 European data also suggest that HCV rather
than HDV is the more important cause of HCe. 29 In con-
trast, studies on African patients demonstrated HBV and
not HCV to be the major cause of HCC.21

MODE OF TRANSMISSION
High-risk groups for HCV infection include recipients of
blood and blood products, intravenous drug users, health
care workers who come in contact with blood frequently,
homosexuals, prostitutes, contacts of intravenous drug
abusers, patients on haemodialysis and haemophiliacs.
These known high-risk groups, however, account for only
45% to 50% of the reported cases. The major modes of
HCV transmission are the parenteral route and personal
and sexual contact. Though the role of personal contact is
not well defined, some studies have shown that the HCV
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may be transmitted through intimate non-sexual family
contact or by sharing eating utensils and shaving razors.
Similarly, contact with multiple heterosexual partners is a
major risk factor. Ideo et al.30 showed that intrafamilial
infection occurred with HCV. Seven out of 88 family
members of anti-HCV positive patients had anti-HCV
antibodies in their blood. The anti-HCV positive family
members included fathers, sons, mothers and husbands,
thus highlighting the horizontal transmission of HCV in a
family. However, the neonatal transmission of HCV has
not yet been clearly documented in either animal or clinical
studies.

TREATMENT
Few trials have studied the treatment modalities for
patients with chronic hepatitis C. Corticosteroids and
acyclovir have been found ineffective.P-? Alpha inter-
feron is a logical therapeutic choice because it is effective
in checking replication of the other hepatitis viruses.
However, whether anti-HCV assay would help in select-
ing patients for interferon therapy is still questionable.
Several small uncontrolled trials with alpha and beta
interferon in patients with HCV have been fairly
encouraging.Ps" Large randomized placebo controlled
trials of alpha interferon therapy in patients with chronic
hepatitis C have also been recently reported.P-" Recom-
binant alpha interferon treatment was associated with a
prompt reduction of transaminase levels to normal in
nearly 50% patients and there was a clear dose-response
relationship. Although there has been major progress in
the study of HCV infection, the effects of interferon
therapy on viral replication, the infectivity of the virus and
the long term natural history of chronic hepatitis remain
to be more clearly defined.
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