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Hepatitis C virus infection: an overview
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Hepatitis C virus is an RNA virus belonging to the Flaviviridae family. The diagnosis of hepatitis C virus infection
was based on the detection of serum antibody to hepatitis C virus (anti-HCV) using immunoassay or recombinant
immunoblot assay, or the direct detection of serum hepatitis C virus RNA using polymerase chain reaction. The
anti-HCV positive rate in the general population or healthy blood donors is 0.5% to 4% worldwide. Parenteral
transmission was the major route of hepatitis C virus infection. High-risk groups for hepatitis C virus infection
included recipients of blood transfusion of which the blood donors were not screened for anti-HCV, intravenous
drug abusers, hemophiliacs, and patients who have received hemodialysis. More than 80% of patients with
hepatitis C virus infection progressed into chronicity, 20% to 30% of patients with chronic hepatitis C progressed
to cirrhosis after 10 to 20 years of follow-up, and some developed hepatocellular carcinoma. Hepatitis C virus
was the most common cause of chronic hepatitis, cirrhosis, and hepatocellular carcinoma in Western countries
and in Japan, where hepatitis B virus is not endemic. Interferon therapy at a dosage of 3 MU and subcutaneous
injection 3 times per week for 6 months normalized serum transaminase in 50% of patients with chronic hepatitis
C at the end of treatment. However, the relapse rate was high and only 20% to 25% of patients sustained
response 1 year after discontinuing therapy. Prolonged interferon therapy up to 12 to 18 months has been suggested
to improve interferon efficacy by decreasing the relapse rate and thus increasing the sustained response rate.
New interferon preparation such as consensus interferon and long-acting pegylated-interferon has recently shown
better treatment response than the traditional interferon regimen. The combined regimen of interferon and ribavirin

was shown to have better efficacy than interferon alone in treating patients with chronic hepatitis C.

Key words: Chronic hepatitis, hepatitis C virus, interferon, ribavirin

Hepatitis C virus (HCV) was cloned in 1989 and ac-
counted for most posttransfusion or sporadic non-A,
non-B hepatitis [1-5]. Hepatitis C virus is an RNA virus
belonging to the Flaviviridae virus family. The HCV
genome consists of about 9400 nucleotides with one
large open-reading frame encoding for a polypeptide
(about 3010 amino acids) consisting of structural and
non-structural domains (Fig. 1) [6].

The current clinical diagnosis of HCV infection is
based on the detection of serum antibody to HCV (anti-
HCV) using enzyme-linked immunosorbent assay
(ELISA) or recombinant immunoblot assay. The first-
generation anti-HCV ELISA using non-structural
antigen (c100-3) has been reported to have low sen-
sitivity and to cause false positives especially in patients
with positive rheumatoid factor and hypergamma-
globulinemia. The recombinant immunoblot assay has

Corresponding author: Dr. Shinn-Jang Hwang, Department of
Family Medicine, Taipei Veterans General Hospital, 201,
Section 2, Shih-Pai Road, Taipei 11217, Taiwan, ROC.

been used as a confirmation test, but its clinical use is
limited because of high cost. Second- and third-
generation anti-HCV ELISA, with the addition of
structural antigen (c22-3) and antigens from non-
structural region (c33c and NS5), greatly improved the
sensitivity and specificity of the test, and had been
widely used [7,8].

In the early phase of HCV infection, detection of
serum anti-HCYV is less sensitive, and current active
infection cannot be differentiated from past resolved
infection. In addition, loss of antibody in persistently
infected patients has been documented in some im-
munocompromised hosts, such as patients receiving
hemodialysis and those with human immunodeficiency
virus infection. Methods that permit a direct detection
of virus can augment the diagnosis from the antibody
testing. Moreover, the detection of HCV viremia is a
gold standard in evaluating the virological response to
interferon (IFN) or other antiviral therapy. Amp-
lification of HCV RNA by reverse transcription
and polymerase chain reaction (RT-PCR) was shown

©2001 Chinese Society of Microbiology, Chinese Society of Immunology, and Infectious Diseases Society of the Republic of China 227



Hepatitis C virus infection

Core Envelope
RNA 5 '_ C E1l E2 NS2 | NS3 NS4 NS5 _'| 3
3010-3011 amino acids
Protein Structural I Non-structural
5-1-1
Peptides used D [ ]I | I l
in current €22-3 ¢33¢  ¢c100-3 NS5
immunoassays

Fig. 1. Hepatitis C virus genome and peptides used in antibody to HCV immunoassays.

to be an effective means for the direct detection of
HCV [9]. Qualitative measurement of HCV RNA
using RT-PCR assay requires steps of RT, sub-
sequent amplification of complementary DNA, and
visualization of the amplified products using gel
electrophoresis. These procedures are cumbersome and
the likelihood of contamination is high. Wide range of
interlaboratory variation in the results has been reported
[10]. Polymerase chain reaction with standardized
procedures and colorimetric detection of products
(Amplicor, Roche Corp., Branchbury, NJ, US) are
commercially available [11]. Quantitative measurement
of HCV RNA is an important clinical tool that allows
monitoring of the antiviral effect of IFN as well as
predicting the treatment response. Branched chain DNA
signal amplification assay (Quantiplex, Chiron Corp.,
Emeryvillo, CA, US) and Amplicor HCV monitor
system are now commonly used in clinical practice.
Quantiplex has been used widely in the quantitative
measurement of serum HCV RNA [12,13]; its detection
sensitivity, however, is 2 X 10° genome equivalent/mL
and is not as sensitive as RT-nested PCR (10-100 copies/
mL). Recently developed quantitative Amplicor HCV
monitor system has shown better sensitivity in HCV
RNA measurement (2000 copies/mL) compared with
branched DNA signal amplification assay [14].
Hepatitis C virus genome is characterized by
significant genetic heterogeneity. Quasispecies diversity
in individual HCV isolates and at least 6 major genotypes
were found in different geographic areas. Methods for
HCV genotyping include PCR with direct sequencing,
nested PCR with type-specific primers, restriction
fragment length polymorphism of PCR products, and
line-probe hybridization assay [15]. The major
genotypes of HCV differ in their worldwide distribution
[16]. The most common genotypes in the United States
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and Western Europe are 1a and 1b; genotypes 1b, 2a,
and 2b were common in Japan and Taiwan; genotype 3
has been found in Thailand, Northern Europe, and
Australia; genotype 4 is predominant in the Middle East;
genotype 5 is prevalent in South Africa; and genotype 6
has been reported only in Hong Kong. Genotype 1b has
been reported to be associated with high serum HCV
RNA titer, more advanced disease, and suboptimal
response to IFN therapy [17].

Epidemiology of Hepatitis C Virus
Infection

Seroepidemiological studies have revealed an anti-HCV
prevalence of 0.5% to 4% in blood donors worldwide
[1,2,18-20]. However, the geographical distribution of
HCYV infection varied within the same country between
towns, provinces, and ethnic groups. High anti-HCV
prevalence rate of more than 20% has been found in
specific regions of Taiwan, whereas the general HCV
carrier rate in Taiwan was only 1% to 2% [21].
Identification of specific risk factors such as the use of
non-disposable needle injection has been documented
in high endemic area of HCV. Hepatitis C virus is the
most common cause of chronic hepatitis, cirrhosis, and
hepatocellular carcinoma in Western countries and in
Japan, where hepatitis B virus is not endemic. Parenteral
transmission was the major route of HCV infection.
Sexual, intrafamiliar, and perinatal transmissions of
HCYV are possible but not common. High-risk groups

‘for HCV infection included recipients of blood trans-

fusion of which the blood donors were not screened
with anti-HCV, intravenous drug abusers, hemophiliacs,
and patients who received hemodialysis [19,20,22].
Other high-risk groups included patients with
thalasemia requiring multiple transfusion, and organ
transplantation recipients.



In patients with chronic hepatitis C, only 20% to
50% had past history of blood transfusion, whereas the
others (sporadic cases) had no apparent risk factors.
Tattooing, acupuncture, occupational needle stick
injuries, dental procedure, operation, and use of non-
disposable needle injection were possible risk factors
of HCV transmission. Injection of non-disposable
needles has been reported as an important route of
transmission of acute community-acquired (sporadic)
HCYV infection in Taiwan [23]. Risk factor analysis of
patients with chronic hepatitis C in Taiwan using a
multivariate logistic regression analysis also revealed
that blood transfusion, frequent injection with non-
disposable needles, and low education level were the
significant risk factors of contracting HCV infection
[24]. Use of disposable needles and promotion of public
education to avoid unnecessary operation, blood
transfusion, or immunoglobulin injection are necessary
to reduce sporadic HCV infection. Prospective studies
showed that the incidence of posttransfusion hepatitis
of which the blood donors were not screened for anti-
HCV was around 12% [5,25], with HCV infection
accounting for more than 90% of the cases. With anti-
HCYV screening in blood donors, the incidence of post-
transfusion hepatitis C reduced dramatically [26,27].

Natural Course of Hepatitis C Virus
Infection

The most remarkable and alarming aspects of HCV
infection are its high rate of persistence and its ability
to induce chronic liver disease. More than 80% of
patients with acute HCV infection progresses into
chronic hepatitis [28,29]. Persistence appears to have
resulted from the ability of the virus to replicate with a
high rate of mutation, resulting in a series of immuno-
logically distinct variants or quasispecies that allow the
virus to escape immunological control [30-32]. Acute
HCYV genotype 1b infection has been shown to have
more chance to develop chronicity than other HCV
genotypes, possibly because of the existence of more
quasispecies in HCV genotype 1b [29]. After 10 to 20
years of follow-up, 20% to 30% of patients with chronic
hepatitis C progress into cirrhosis [33].

The incidence of chronic hepatitis C progressing
to irreversible cirrhosis has been reported to be as low
as 20% at 10 years and as high as 8% per year [34].
Chronic infection of HCV is associated with the
development of hepatocellular carcinoma. According
to retrospective studies, the mean intervals between
HCYV infection and the detection of sequelae was 10 to
14 years for chronic hepatitis, 21 to 25 years for
cirrhosis, and 28 to 29 years for hepatocellular
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carcinoma [35,36]. Hepatitis C virus infection at age
older than 40 years, daily alcohol consumption of 50 g
or more, and male gender were reported to be associated
with an increased rate of fibrosis progression in patients
with chronic hepatitis C [37].

Clinical and Pathological Characteristics
Clinical symptoms in patients with acute hepatitis C
tended to be milder than those seen in patients infected
with other hepatitis virus [38]. Most cases were
asymptomatic, and only 25% of patients with post-
transfusion hepatitis C developed jaundice [5,39]. The
risk for fulminant or subacute liver failure is low. The
incubation period of the virus ranged from 15 to 150
days (usually 6-8 weeks). Infection may not be
detectable by the first-generation ELISA in detecting
anti-HCV for up to 6 months, but can be detected by
the second- or third-generation ELISA as early as 6 to
8 weeks after exposure. Detection of serum HCV RNA
by RT-PCR can diagnose acute HCV infection as early
as 1 to 2 weeks after exposure. Unlike antibodies to
hepatitis A and B viruses, anti-HCV are not protective
and, in most cases, are a marker for disease.

The clinical presentation of chronic hepatitis C may
vary depending on the host immune system and the
source and duration of infection. During long-term
follow-up, patients with chronic hepatitis C may have
a fluctuation of serum transaminase, which may even
be normal on occasion. Most of these patients are
asymptomatic or have mild fatigue. Most previous
reports showed no correlation between serum levels of
aminotransferase and traditional histological diagnosis
of chronic lobular hepatitis, chronic persistent hepatitis,
chronic active hepatitis, and cirrhosis [40-41].
Pathological evaluation using histological activity
index, which contains inflammation grade of portal,
periportal and lobular component, and fibrotic stage,
has recently been widely used in patients with chronic
hepatitis C [42-44}. Serum level of transaminase may
reflect the severity of intralobular and periportal
necroinflammation in liver histology, but the correlation
was not strong enough for prediction [45]. In addition,
the severity of hepatic fibrosis or cirrhosis is difficult
to identify by clinical laboratory parameters [46]. Liver
biopsy remains the gold standard in evaluating the
degree of hepatic necroinflammation and fibrosis.
Hepatic steatosis, bile duct damage, and portal lymphoid
aggregation or follicles were histological characteristics
often seen in patients with chronic HCV infection [47-
50]. Portal lymphoid aggregation or follicles and bile
duct damage were frequently associated with more
severe periportal and portal necroinflammation, and

229



Hepatitis C virus infection

were frequently seen in patients with genotype 1b
infection [51,52]. Hepatic steatosis was associated with
obesity and was correlated with hepatic fibrosis [53].
Chronic HCV infection may be associated with
various immunological disorders of the host. These
disorders included (1) serum autoantibodies formation,
frequently and mainly presented as antinuclear antibody
and anti-smooth muscle antibody; (2) immune-complex
mediated diseases, mainly presented as mixed
cryoglobulinemia, glomerulonephritis, and vasculitis;
and (3) other immunological disorders, such as
lymphocytic sialadenitis, thyroiditis, lichen planus, and
porphyria cutanea tarda [54-58]. All these findings
suggested that HCV may have an important role in the
pathogenesis of the immunological disorders of the host.
Among Chinese patients with chronic hepatitis C, 48%
and 44% of patients were associated with positive serum
autoantibodies and cryoglobulinemia, respectively.
Hepatitis C virus genotype and serum HCV RNA titer
were not associated with the presence of these immune
disorders [59,60]. Host genetic factors, such as human
leukocyte antigen expression, may have a role in the
manifestation of these immune disorders [61-63].

Treatment of Patients with Acute and
Chronic Hepatitis C
Recombinant IFN a-2b has been used in the treatment
of Chinese patients with acute posttransfusion hepatitis
C. One year after a 3-month IFN treatment (3 MU, thrice
a week), 44% of patients cleared the serum HCV RNA,
compared with 13% in untreated patients [64]. Reports
from Western countries showed similar results and
indicated that IFN treatment in acute hepatitis C may
prevent the disease from progressing to chronicity [65].
Patients with chronic HCV infection often progress
to cirrhosis insidiously and are associated with the
development of hepatocellular carcinoma. Up to date,
the development of HCV vaccine was hampered by the
high mutation rate of HCV genome, especially in the
envelope region [66]. The treatment need of patients
with chronic hepatitis C is thus urgent. Interferon was
the first drug approved by most countries for the
treatment of patients with chronic hepatitis C. The short-
term goals of IFN therapy are (1) normalization of serum

Table 1. Side-effects of interferon injection

alanine transaminase (ALT) and improvement of liver
necroinflammatory processes; and (2) suppression of
HCYV replication and sustained clearance of serum HCV
RNA detected by PCR assay.

A 6-month course of alpha IFN treatment (3 MU, 3
times per week) has been shown to normalize serum
ALT levels at the end of the treatment in approximately
50% of patients, but only 15% to 20% of treated patients
maintained normal ALT levels during post-treatment
follow-up [67,68]. The initial rate of biochemical
response was not significantly improved by initiating
treatment at higher doses of 5 or 6 MU, nor by dose
escalation of up to10 MU in patients who failed to
respond to 3 MU doses. The relapse rate can be
significantly reduced by prolonging the duration of
treatment from 6 to 12 or 18 months, resulting in
sustained remission rates of 30% to 40% [69]. The
United States National Institute of Health Consensus
in 1997 stated that the optimal therapeutic regimen for
hepatitis C was IFN-o given subcutaneously in a dose
of 3 MU 3 times weekly for 12 months, with assessment
of aminotransferase levels and HCV RNA at 3 months
to allow early discontinuation in patients with no
response [70]. However, a long-term IFN treatment
increases the side-effects and cost of treatment, and
decreases compliance of patients.

The common side-effects of IFN treatment were
fever, rigor, myalgia, and headache (flu-like symptoms).
These symptoms can be alleviated by premedication
with acetaminophen, and usually become tolerable by
patients after several weeks of injection. Other side-
effects included anorexia, hair loss, body weight loss,
and mental instability (Table 1). During IFN therapy,
20% to 30% of patients have experienced leukopenia
and thrombocytopenia, thus requiring regular
monitoring of complete blood count. However, they
returned to the pretreatment value after discontinuance
of the IFN treatment [71].

In most patients, there was a parallel response in
serum ALT and HCV RNA levels during IFN treatment.
However, it has now been shown that serum HCV RNA
remains detectable in some patients who have complete
biochemical response (normal ALT levels at the end of
treatment). These patients were more likely to relapse

Early side-effects (1-2 weeks after initiation)

Late side-effects (>2 weeks after initiation)

Fever/rigor
Myalgia
Fatigue
Headache
Anorexia

Weight loss

Hair loss

Leukopenia and thrombocytopenia

Mental instability (agitation, depression, emotional liability)
Increased autoimmunity (thyroid function abnormality)
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after cessation of treatment, but post-treatment relapse
may occur even in patients who become negative for
serum HCV RNA at the end of treatment. This is
probably related to the persistence of HCV RNA in liver.

Several predictive factors have been identified for
a favorable response to IFN therapy (Table 2). Among
the host factors, young age (<40 years) and the absence
of cirrhosis were found to predict IFN response. Viral
factors are currently considered the most important in
predicting IFN response. Patients with low pretreatment
serum HCV RNA level and HCV infection other than
genotype 1b were associated with better [FN treatment
results. Other factors reported to be associated with poor
response were increased hepatic iron and the association
with immunosuppressive status [72].

Consensus IFN is a newly developed recombinant
type 1 IFN that has greater in vitro biological activity
than other IFN-a. Clinical trials from the United States
and Taiwan have shown that consensus IFN 9 ug,
subcutaneous injection, 3 times per week for 6 to 12
months is a safe and effective treatment for patients
with chronic hepatitis C [73,74]. Covalent attachment
of a polyethylene glycol moiety to IFN-a results in a
new compound (peginterferon-o) that has sustained
absorption, a slower rate of clearance, and a longer half-
life than unmodified IFN-o. A regimen of peginterferon
o-2a 180 pg given once weekly was found to be more
effective than a regimen of IFN-o.-2a given 3 times
weekly in treating patients with chronic hepatitis C [75,
76]

Interferon has been widely used for the treatment
of chronic hepatitis C in the past 10 years. Recent data
of long-term follow-up study proved that successful
antiviral response prevents chronic hepatitis C patients
from progressing to cirrhosis and hepatocellular
carcinoma, and possibly improves survival rate [77,78].

Efficacy of other drugs in the treatment of chronic
hepatitis C, such as ribavirin and ursodeoxycholic acid,
was not satisfactory [79,80]. However, the combined

Table 2. Factors of favorable response to interferon treatment
in patients with chronic hepatitis C

Young age

Short duration of disease

Low body weight

Absence of cirrhosis

Low serum HCV RNA titer

HCV genotype other than genotype 1b

Negative for human immunodeficiency virus
Mutation in the NS5 region of viral genome (ISDR)

Abbreviations: HCV = hepatitis C virus; ISDR = interferon
sensitivity determining region
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use of IFN and ribavirin has been shown to have better
efficacy than using IFN alone in treating patients with
chronic hepatitis C [81-83]. Sustained clearance of
serum HCV RNA can be obtained in 40% to 60% of
patients receiving a combination of IFN and ribavirin.
Side-effects of ribavirin were dose-related hemolysis
and anemia, indirect type hyperbilirubinemia, hyper-
uricemia, skin rash, pruritus, and gastrointestinal upset.
The current recommendations for the treatment of
chronic hepatitis patients with elevated serum ALT are
a 24- to 48-week regimen of IFN-o and ribavirin.
Interferon alfa, 3 MU 3 times weekly, and ribavirin 1000
mg/d for patients who weighed less than 75 kg, or
ribavirin 1200 mg/d for those who weighed 75 kg or
more should be initiated for 24 weeks. Therapy should
be discontinued at 24 weeks for patients with genotype
2 or 3. In patients with genotype 1, therapy should be
stopped if serum HCV RNA test results are positive,
and should be continued for a full 48-week treatment if
HCYV RNA test results are negative at 24 weeks [84].
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