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The continued occurrence of post-transfusion hepatitis
(PTH) even after the introduction of diagnostic assays for
hepatitis A and B viruses in the 1970s and the exclusion
of HBV carriers from the blood supply, led to the
recognition of the syndrome of parenterally-transmitted
non-A non-B hepatitis (NANBH). The search for the viral
agent(s) responsible for this form of NANBH became
something of a quest for the Holy Grail for clinical and
molecular virologists. After several false dawns, scien-
tists from the Chiron Corporation in California
announced the identification of a virus, now known as
hepatitis C4irus (HCV), which, on serological grounds,
was shown to be responsible for the vast majority of post-
transfusion NANBH (Choo et at. 1989; Kuo et at. 1989).
The strategy which finally produced this breakthrough
was based on the cloning of nucleic acids derived from
highly infectious chimpanzee plasma, and screening the
library of clones so produced with a human chronic
NANBH serum. This represents a major success story for
molecular biological techniques in characterizing novel
human pathogens.

In the short time that has elapsed since the first
description of HCV, knowledge of the molecular and
clinical virology of this virus has expanded exponen-
tially. This review is intended to summarize current
information on this clinically important virus.

The virus

HCV is a positive strand RNA virus, distantly related to
the pestiviruses and flaviviruses (Miller & Purcell 1990).
The genomic structure of HCV is illustrated in Figure 1. A
non-coding region at the 5' end (5'NCR) of approximately
332 nucleotides is followed by a continuous open reading
frame (ORF) encoding a polyprotein of around 3010
amino acids, and then a short 3'NCR. By analogy with the
genomic organization of the pestiviruses and flavivir-
uses, the 5' end of the ORF encodes the putative core (C)
and envelope (El and E2) (i.e. structural) proteins, whilst
the remainder of the ORF encodes the non-structural
proteins (NS1-5) (Choo et a/. 1991). The NS3 gene
encodes a protease enzyme, one function of which is
cleavage of the polyprotein into the individual protein

components of the virus, whilst the NS5 gene encodes
the viral RNA polymerase enzyme.
The entire nucleotide sequence is available for a

number of isolates of HCV, and partial sequences for
many more. Some of these sequences show consider-
able genomic heterogeneity (e.g. only 69% genome
homology), leading to the realization that HCV exists as a
number of distinct genotypes. The nomenclature for
these genotypes has been extremely confusing. How-
ever, a new classification system has recently been
proposed, which currently recognizes six distinct geno-
types, and a number of subtypes (Simmonds etal. 1993a)
(Table 1). The geographic distribution of these types is
uneven. Types 1-3 account for all infections in Scotland,
Finland, The Netherlands, Australia and Japan. Type 4 is
highly prevalent in Egypt and has also been described in
Zaire, suggesting a broad distribution in Africa. Type 5
has been reported in South Africa (Simmonds et at.
1993a).
The existence of multiple genotypes of HCV has a

number of implications, not the least being in vaccine
development. Different regions of the genome show
differing degrees of variability, e.g. the NS4 gene is less
well conserved than the core gene which in turn shows
more variability than the 5'NCR. A putative vaccine may
have to contain either highly conserved epitopes, or
multiple versions of the same epitope representing all
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Figure 1. Schematic representation of the hepatitis C virus
genome. C22c, C33c, C100-3, and 5-1-1 refer to the
recombinant antigens present in second generation assays
(see text). 5-1-1 was the first clone identified.
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Table 1. Proposed nomenclature for HCV genotypes

Proposed name HCV variant

la HCV-1
HCV-H

lb HCV-J
HCV-BK

lc EG-28

2a HC-J6

2b HC-J8

2c T0994

3a E-bl
Ta

3b Tb

4 EG-16, 29, 33

5 SA-1,7, 11

6 HK-1, 2, 3, 4

the type-specific variations, to be maximally effective.
There is also considerable interest in the relative
pathogenicity of the different genotypes and in their
relative sensitivity to antiviral agents. Preliminary data
suggest that patients infected with different genotypes
may respond differently to interferon therapy (Kanai et
a/. 1992).

Diagnostic assays

There are essentially two approaches to the diagnosis of
HCV infection: the demonstration of specific antibody,
and the detection of the viral genome. Further advances
in HCV diagnosis have concentrated on methods
designed to identify the genotype(s) of HCV infecting a

particular patient.

Serology

First, second, and third generation ELISAs. The first HCV
clone to be identified contained viral cDNA derived from
the NS4 gene. The antigen encoded by this sequence

was known as 5-1-1. An overlapping clone, encoding a

larger antigen, clOO-3, derived from this, was expressed
in a yeast vector as a fusion protein attached to the N-
terminal end of human superoxide dismutase and was

used as antigen in the so-called first-generation serolo-
gical assays for detection of anti-HCV (Kuo et at. 1989).
Whilst these assays were a major advance in the
diagnosis of HCV infection, they were of poor sensitivity
and specificity, especially in low-risk populations, and

were soon replaced by second-generation assays.
These assays included recombinant or synthetic peptide
antigens derived from both structural and non-structural
genes (Figure 1), with much improved sensitivity. Efforts
to improve assay performance are resulting in the
emergence of third-generation assays. These have two
potential advantages: the addition of antigens derived
from the NS5 gene, and the use of multiple peptide
antigens in place of some of the recombinant proteins.

Confirmatory assays. In general, the confirmatory sero-
logical assays have used the same antigens present in
the ELISAs but presented in a different format. The most
widely used confirmatory assay, the second generation
recombinant immunoblot assay (RIBA), uses the c22,
c33c, clO0 and 5-1-1 recombinant antigens impregnated
as bands in a strip of nitrocellulose, together with a
superoxide dismutase band and weak and strong posi-
tive controls. The efficiency of the washing steps is
improved compared to microtitre plates and this is
believed to be the basis for the better specificity of this
assay. Sera are deemed to be anti-HCV positive if any
two (or more) antigen bands are produced, negative if no
bands are produced, and indeterminate if only a single
band appears. However, recent data suggest that those
sera whose RIBA positivity consists of 5-1-1 and clO0
antigen bands only, are very unlikely to be infected with
HCV (Irving et al, 1993a). A third-generation RIBA,
modified as for the third-generation ELISA, and also with
the 5-1-1 and clO0 antigens combined into a single band,
will shortly be commercially available. Alternative con-
firmatory assays similar in format to the RIBA contain a
variety of synthetic peptide antigenic bands ('line'
assays), or have antigens electrophoresed before
transfer to the nitrocellulose (Western blot assay).

Genome detection assays

The reverse transcriptase/polymerase chain reaction
(RT/PCR) is an exquisitely sensitive technique which
allows demonstration of the presence of viral RNA in
clinical material. Use of this assay has shown that the
vast majority of second-generation confirmed anti-HCV
positive individuals are chronically infected with HCV, as
HCV RNA is present in their sera. A plethora of RT/PCR
assays for the detection of HCV RNA have been pub-
lished (Garson et a/. 1990) and differ in a number of
important details (e.g. method of nucleic acid extraction,
which oligonucleotide primers are used, method of
visualization of the amplified product). A cautionary note
has been struck by a recent report of a quality control
exercise in HCV RT/PCR. Only a minority of laboratories
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correctly identified a panel of 22 positive and negative
sera (Zaaijer et al. 1993). Thus, until RT/PCR protocols
become more standardized and better controlled,
results from different laboratories will not necessarily be
comparable.
RT/PCR is a more sensitive assay for diagnosis of HCV

infection than the currently available serological ones.
This is evidenced by the identification of RT/PCR positive
individuals who are antibody negative (Sugitani et a/.
1992). Presumably, antibodies present in these indi-
viduals do not recognize the particular antigens present
in the serological assays. This is obviously a major
drawback in the attempt to prevent transfusion-transmit-
ted HCV infection by screening all blood donors for the
presence of anti-HCV.

HCV genotyping assays

An awareness that HCV exists as a number of distinct
genotypes has led to the development of assays
designed to identify the specific genotype of HCV infect-
ing particular patients. These include RT/PCR assays
using type-specific oligonucleotide primers, RT/PCR
amplification of a fragment of the genome followed by
digestion of the product with pairs of restriction endonuc-
leases, and the use of type-specific peptide antigens in
an ELISA format. The first-mentioned technique utilizes a
nested format with first-round amplification using univer-
sal primers followed by second-round amplification
using a universal sense primer plus a set of anti-sense
type-specific primers designed to produce products of
differing lengths (Okamoto et a/. 1992). The second
technique uses universal primers to generate an ampli-
fied product, the internal sequence of which varies
between different types. Thus digestion with certain
endonucleases will yield different fragment patterns
which differ according to the nature of the genotypes
present (McOmish et at. 1993). The final technique was
developed by identifying type-specific antigenic regions
within the NS4 gene using overlapping octapeptides
covering the NS4 gene, thus enabling synthesis of type-
specific peptides for use in an ELISA (Simmonds et at.
1 993b). This therefore differs from the other two assays in
being a serological technique rather than a genome-
based one.

Epidemiology

Routes of transmission

Whilst transmission of NANBH via transfusion of blood or
blood products has long been recognized, this cannot
represent the natural means by which the virus main-

tains itself in the population. The natural route of
transmission remains unknown. HCV RNA has been
detected in the saliva of some anti-HCV positive indi-
viduals (Wang eta/. 1992), and Dusheiko and colleagues
(1990) described a case of HCV infection acquired from a
human bite. This route may thus be one method of hidden
parenteral and person-to-person spread of the virus.
A number of studies have reported elevated seroposit-

ivity rates in the sexual partners of HCV-infected indi-
viduals, but there is some disagreement as to the extent
of sexual spread. Rates up to 24% have been found in
partners who have no other risk factor for acquisition of
HCV infection. RT/PCR has been used in some of these
studies to confirm the serology (Akahane eta/. 1992; Kao
et a/. 1992). The risk of sexual transmission may be
dependent on the degree of liver disease in the index
case (Peano et a/. 1993). There is some dispute as to
whether homosexual intercourse is a risk factor for HCV
infection with some, but not all, investigators reporting
increased seroprevalence rates in homosexuals. Verti-
cal transmission, from mother to baby, although docu-
mented (Inoue et a/. 1991), is also the exception rather
than the rule. Recent studies of the offspring of carrier
mothers showed in total only 1/45 infants had definite
evidence of infection (Reinus et at. 1992; Wejstal et a/.
1992). However, vertical transmission has been reported
to be much more frequent in mothers who are also
infected with HIV, and the offspring of these mothers may
be RT/PCR positive without any evidence of a serological
response to infection (Thaler et a/, 1991).
The parenteral route remains the best characterized

and accounts for the high seroprevalence rates seen in
intravenous drug abusers (IVDA), haemophiliacs and
other recipients of blood and blood products, and
haemodialysis patients. The relative importance of
needlestick injury as a route of transmission has yet to be
defined. A recent case control study looking at risk
factors for acquisition of HCV amongst UK blood donors
revealed a statistically significant fivefold increased risk
of infection amongst health care workers (HCW) (K.R.
Neal personal communication), and others have demon-
strated increased HCV seroprevalence in different
groups of HCW, including dentists (Klein etat. 1991). The
presumed route of acquisition in these cases is via
needlestick exposure. The risk of transmission from an
individual needlestick incident from a known HCV-
infected patient is of the order of 5-10% (Mitsui et at.
1992).

Possible transmission of HCV infection from transplant
donor to recipient has been a recent cause for concern
and has led to the routine screening of donors for
evidence of HCV infection. Immunosuppressed organ
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transplant recipients may fail to seroconvert to HCV,
leading to an underestimate of the risk of donor-to-
recipient transmission if only anti-HCV, and not HCV
RNA, is sought in the recipient as evidence of infection
(Pereira et at. 1992).

Seroprevalence studies

Anti-HCV ELISA screening of blood donors in the UK has
yielded a positivity rate of around 0 5-1%. However, the
poor specificity of even the second-generation ELISAs in
low risk populations is demonstrated by the observation
that only a small minority of ELISA positive donors are
confirmed as RIBA positive, giving a true seropreva-
lence rate of the order of 0-1% (Follett et al. 1991). This
figure is remarkably similar to that reported from a
number of other countries that have introduced blood
donor screening unlike the situation with HBV where
there are wide variations in the prevalence of HBsAg
carriage throughout the world. The only country so far
reporting a significantly higher rate is Egypt, where the
prevalence rate is 10-20%. This extraordinary rate is not
due to cross-reactivity, e.g. with other flaviviruses, as it
has been confirmed by RT/PCR studies (Saeed et a/.
1991).
The expected high seroprevalence rates in well char-

acterized high risk groups for NANBH referred to above
(i.e. IVDA, haemophiliacs) have been confirmed with the
advent of HCV-specific diagnostic assays. Seropreva-
lence rates on haemodialysis units vary enormously,
with reports of between 0 and 30% antibody positivity
(Daporto et a/. 1992). Seroprevalence studies in homo-
sexuals and in the offspring of carrier mothers have been
referred to above.

Pathogenesis of disease

The pathogenetic mechanisms whereby HCV infection
leads to disease are poorly understood. Virus can infect
and replicate within hepatocytes. However, whether liver
cell death is due to virus-induced cytolysis or to an
immunopathogenic destruction, for example by cytotoxic
T cells, has not been resolved. The role of cofactors in
inducing liver damage is also unclear. An epidemi-
ological study has suggested that the effects of alcohol
and HCV in inducing cirrhosis are additive rather than
synergistic (Corrao et a/, 1992). A number of patients
coinfected with both HBV and HCV have been identified.
The consequences of this coinfection ip terms of risk of
liver damage have not been characterized. The associ-
ation of HCV infection with the development of hepatocel-
lular carcinoma (HCC) is most likely due to the ability of

HCV to induce hepatic cirrhosis and the higher risk of
HCC developing in cirrhotic liver rather than any tumori-
genic property of the virus itself (Simonetti et a/, 1992).
The virus possesses no known reverse transcriptase
activity and there is no evidence for a DNA form of the
genome which might integrate into the host genome.
HCV RNA has also been detected in peripheral blood

mononuclear cells (PBMC) of some anti-HCV positive
individuals. The presence of both positive and negative-
stranded RNA, together with expression of core-derived
antigens in these cells, indicates that PBMC are an
additional source of viral replication (Bouffard et a/.
1992). The pathogenic significance of this extra-hepatic
site of viral infection is unclear, although one instance
where this may be of importance is in patients under-
going liver transplantation because of end-stage HCV-
induced liver disease. Reinfection of the grafted liver has
been reported (Bealli et at. 1993), and this presumably
arises from virus in circulating white cells.
The possible role of autoimmune reactions triggered

by HCVinfection in inducing a variety of clinical manifes-
tations of infection is of considerable interest (see
below).

Clinical consequences of HCV infection (Table 2)

A number of manifestations of infection with HCV are
eminently predictable, based on knowledge of the clini-
cal features of NANBH. However, application of diagnos-
tic assays for HCV infection beyond the obvious patient
groups has led to a number of unexpected disease
associations. Whilst not all of these reports have with-
stood more detailed investigation, some have, and there
is no doubt that the disease spectrum induced by HCV
infection is much broader than was originally imagined.

Clearance of infection

Using second-generation assays, a small minority (e.g.
10%) of anti-HCV positive blood donors are persistently
RT/PCR negative, even when those with only a 5-1-1/c100
pattern of RIBA reactivity are excluded. These donors
may be infected with a type of virus whose sequence is
not recognized by the RT/PCR primers or they may have
a low-level viraemia below the limit of sensitivity of the
assay. A third explanation, which is gaining credence, is
that these individuals may have overcome their HCV
infection and eliminated the virus. The introduction of a
more sensitive third-generation RIBA is resulting in
identification of increasing numbers of these individuals,
as sera that were previously classified as second-
generation RIBA indeterminate are being reclassified as
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Table 2. Consequences of infection with HCV

Expected on basis of knowledge of NANBH

Clearance of infection
Unknown percentage of all infections

Asymptomatic carriage
Usually associated with biopsy changes of chronic hepatitis

Chronic hepatitis and cirrhosis
Co-factors increasing risk of progressive disease unknown

Hepatocellular carcinoma
Co-factors unknown. May be consequence of virus-induced

cirrhosis

Unexpected

Auto-immune chronic active hepatitis
Especially type 2 (anti-LKM-1 positive). Geographical variation in

aetiological importance
Mixed essential (type 11) cryoglobulinaemia
Membranoproliferative glomerulonephritis
Porphyria cutanea tarda

Unconfirmed

Sjogren's syndrome
Idiopathic pulmonary fibrosis
Polyarteritis nodosa

RIBA positive, with multiple reactive bands, on the
improved RIBA. Many of these sera are RT/PCR nega-

tive. The percentage of RIBA positive sera that are RT/
PCR positive will therefore decline with the widespread
adoption of the more sensitive RIBA and at present it is
not possible to state accurately what percentage of HCV-
infected blood donors may have cleared the infection.
The existence of these individuals is of considerable
importance, as an understanding of the mechanisms
underlying their ability to clear the virus would be of
great interest.

Asymptomatic carriage

Recognition of this possibility came with the develop-
ment of RT/PCR assays and the subsequent demonstra-
tion that the considerable majority of anti-HCV positive
individuals, whether suffering from symptomatic liver
disease or not, had HCV RNA in their sera. The long-term
clinical consequences of this carriage are unclear. Liver

biopsies on asymptomatic RT/PCR positive blood donors
almost without exception reveal underlying liver

damage, the severity covering the whole gamut between

mild chronic persistent hepatitis through to cirrhosis

(Alberti et at. 1992). Liver function tests (e.g. alanine

aminotransferase levels) correlate poorly with biopsy
appearance and many donors have normal ALT values

despite evident liver disease. Similar observations have

been reported in patients with sporadic, community-

acquired HCV infection followed over a period of 10 years
(Alter et at. 1992). Despite the disturbing biopsy appear-
ances, there is uncertainty as to the frequency of
progression to clinically symptomatic and life-threaten-
ing liver disease. A study documenting long-term mor-
tality after transfusion-associated NANBH, in which 18-
year follow-up data were available on over 500 cases and
controls, showed no increase in mortality from all causes
in the NANBH group and only a small increase in the
number of deaths related to liver disease (Seeff et at.
1992).

Chronic hepatitis and cirrhosis

There is no doubt that chronic HCV infection can result in
symptomatic liver disease leading ultimately to liver
failure. Surveys of patients who presented with chronic
NANBH hepatitis and cirrhosis, whether associated with
transfusion or not, and of patients labelled as cryptoge-
nic cirrhosis, have shown high seropositivity rates for
HCV, strongly implicating HCV as the cause of these
diseases (Bruix etal. 1989; Diodati eta/. 1991). The risk to
an individual patient infected with HCV of developing
these complications, and the role of possible cofactors in
enhancing this risk, are unknown.

Hepatocellular carcinoma, HCC

Several lines of evidence implicate HCV infection as a
predisposing factor in the development of HCC. There
are case reports documenting the progression of dis-
ease in individual patients from post-transfusion hepati-
tis through to HCC over a number of years (e.g.
Tremolada etal. 1990). Surveys of patients with HCC and
appropriate controls have demonstrated high seropositi-
vity rates for HCV in the patient groups, although the
relative risk differs between geographically distinct
studies (Bruix et a/. 1989; Simonetti et a/. 1992). Patients
with HCC have been shown to be RT/PCR positive for
HCV RNA (Garson et a/. 1992), and the viral genome has
been demonstrated in the malignant tissue. Little is
known of the pathogenesis of the malignant change.
Once again, the risk to individual patients, and the role of
cofactors, remain to be determined.

Autoimmune chronic active hepatitis. Al-CAH

A possible link between HCV infection and Al-CAH was

first suggested by serological data, derived using first-
generation assays, purporting to show that most Al-CAH
patients were anti-HCV positive. These data were con-

tentious, given the poor specificity of the anti-HCV



66 W.L. Irving

ELISAs, and the demonstration that anti-HCV positivity
was related to the hyper-gammaglobulinaemia present
in these patients (McFarlane eta/. 1990). The proponents
of the original data nevertheless have demonstrated
conclusively, with second-generation assays and RT/
PCR confirmation, that, in Italy at least, many patients
with type 2 Al-CAH (characterized by the presence of
anti-liver-kidney-microsome-1 antibodies) are indeed
infected with HCV (Garson et a/. 1991). There appears to
be a genuine geographical difference, as yet unex-
plained, in this phenomenon, as not even type 2 Al-CAH
patients in the UK are anti-HCV positive (Lenzi et al.
1991).

Further interest in HCV and autoimmunity arises from
the discovery of antibodies to an autoantigen, known as
GOR, in a high proportion of sera from anti-HCV positive
individuals. Whilst attempting to clone HCV from infec-
tious human plasma, Mishiro and colleagues (1990)
identified a clone (GOR 47-1) which encoded an antigen
to which most NANBH patients had antibodies. However,
the nucleotide sequence of this clone was distinct from
that of HCV, and in fact GOR is encoded by a host gene
(Mishiro et al. 1990). The presence of anti-GOR is a
remarkably good surrogate marker for HCV infection,
and some anti-GOR positive, anti-HCV negative (first-
generation assay) sera were shown to be RT/PCR
positive. In view of the known occurrence of anti-HCV
negative, RT/PCR positive (and therefore presumably
infectious) blood donors, it was suggested that the blood
supply should be screened for anti-GOR, in addition to
anti-HCV. Subsequent studies comparing anti-GOR with
second-generation anti-HCV assays have shown that
this is unlikely to be of much benefit in the UK (Irving etal.
1993b). The nature, function and distribution of the GOR
antigen are not known. Moderate sequence homology
between part of the core gene of HCV and GOR suggest
cross-reactivity as the underlying mechanism of induc-
tion of this autoantigen (Hosein et al. 1992). The associ-
ation of HCV infection and manifestations of autoimmune
disease is of more than academic importance. Viruses
are often implicated as triggers for the development of
autoimmunity and HCV may be the best example of
possible virus-induced human autoimmunity currently
available for further study. In addition, it is clinically
important to distinguish classical Al-CAH from that
variant associated with HCV infection since optimal
treatment of the former is with steroids whilst the latter
may respond better to interferon therapy.

Mixed essential (type II) cryoglobulinaemia (MEC)

An aetiological role for hepatotropic viruses in this

condition has been suspected because of the high
prevalence of coexisting hepatocellular abnormalities in
patients with MEC. Several laboratories have reported
an increased seroprevalence of anti-HCV in these
patients (Pascual et a/. 1990). The evidence implicating
HCV in the pathogenesis of MEC has been strengthened
by the demonstration that HCV virions and HCV antigen-
antibody complexes are concentrated in the patients'
cryoprecipitates (Agnello et al. 1992).

Membranoproliferative glomerulonephritis

There have been reports of patients with membranopro-
liferative glomerulonephritis in the context of HCV-
associated mixed cryoglobulinaemia, in whom HCV RNA
has been demonstrated in kidney biopsy samples sug-
gesting a direct role for HCV in this disease (Doutrele-
pont et a/. 1993).

Porphyria cutanea tarda

As with MEC, the frequent occurrence of liver disease in
patients with porphyria cutanea tarda has led to studies
of the role of HCV in this disease. In one such study, over
75% of patients with sporadic porphyria cutanea tarda
were anti-HCV positive by second generation ELISA and
RIBA testing, compared to 0/5 patients with the familial
form of the disease. All 18 patients tested by RT/PCR
were positive, suggesting that HCV infection may be a
trigger for this disease (Herrero et al. 1993).

Miscellaneous diseases

Many patients with HCV-associated chronic liver disease
were noted to have clinical and labial salivary gland
biopsy evidence of Sjogren's syndrome (Haddad et al,
1992). However, studies of patients presenting with
Sjogren's syndrome in the absence of chronic liver
disease have shown no evidence that HCV is a cause of
this disease (Aceti et al. 1992). One report based on first-
generation serology suggested that HCV infection may
result in cryptogenic fibrosing alveolitis (Ueda et al.
1992). Whilst an intriguing suggestion, implying that the
same virus could induce hepatic fibrosis in some indi-
viduals but pulmonary fibrosis in others, this observation
has not been substantiated using second-generation
assays and RT/PCR (Irving et a/. 1993). A possible role
for HCV infection in causing polyarteritis nodosa has
been suggested on the basis of a seroprevalence rate of
anti-HCV of 12% in PAN patients, using second-genera-
tion assays (Cacoub et a/. 1992).
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Antiviral therapy

Interferon alpha has been shown to be effective in
treating chronic NANBH, and this promise has been
borne out in a number of studies of laboratory proven
chronic hepatitis C (e.g. Davis et a/. 1989). However,
response rates (as judged by normalization of ALT
values, and/or liver histology) are of the order of only 40-
50%, and up to half of the responders relapse when the
IFN is stopped. Quantitative RT/PCR studies demon-
strate a correlation between clinical response and loss of
HCV RNA from serum (Brillanti etal. 1991). The return of
RT/PCR positivity may be the first indication of relapse
following cessation of IFN therapy (Kleter et a/. 1993). A
trial of oral ribavirin showed a decrease in ALT levels
whilst patients were on treatment, but not to below the
upper limit of normal. ALT levels rose when ribavirin
therapy ceased (Reichard et a/. 1991). Liver transplant-
ation has been successfully used for acute fulminant as
well as chronic hepatitis C, but infection can recur in the
graft (Belli et al. 1993). There is thus considerable need
for new and more efficacious forms of therapy for chronic
HCV infection.
Given the limitations of the current therapeutic

armoury, the management of asymptomatic HCV car-
riers presents a dilemma; should these individuals be
given IFN, even though they may have normal liver
function tests? IFN is expensive, not without side-effects,
and of limited benefit. There is evidence to suggest that
response to IFN may be better the earlier in the disease
process it is given (Omata etal. 1991), which would argue
in favour of treatment at an asymptomatic stage. The
answer to this question will become apparent only when
the risks of progression to clinically debilitating disease
are known.

Future prospects

Despite the explosion in our knowledge of the biology of
HCV, there are still a large number of important unan-
swered questions. What is the natural route of transmis-
sion of the virus? What is the natural history of infection in
asymptomatic carriers (1 in 1000 blood donors in the
UK)? What are the pathogenetic mechanisms underlying
HCV-induced disease, in particular those autoimmune
manifestations alluded to above? What are the virus or
host factors that contribute to the wide variation in
disease expression between individuals? Are there any
more unexpected disease associations to be uncovered?
What alternative forms of therapy will be developed? If
our understanding of HCV proceeds at the same rate as it
has since the first description of the virus, then the

answers to these questions will be forthcoming in the
next few years. However, no doubt by then, many more
questions will have been raised.
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