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Hepatitis C virus (HCV), an RNA virus, is now well
established to be heterogeneous in nature, showing
multiple genotypes and subtypes, with the basic
structure and genome organization being conserved.
Transmitted by parenteral and nosocomial routes,
infection with this virus is the leading cause of chronic
liver disease. There being no vaccine and the current
treatments successful only up to 11-30%, hepatitis C
is rarely diagnosed until its chronic stages, when it
can cause severe liver damage. In the present article
we review the currently available information with
regard to molecular biology, pathobiology and epi-
demiology of HCV infection. Also included in the
review are currently approved therapeutic interven-
tions, and strategies for the control of the viral
infection. In addition, we also review the work done
on this virus, particularly with reference to diagnosis
and genotyping of the virus in India. Finally, we
explore the possible approaches towards developing
an effective vaccine against HCV.

VIRAL hepatitis, caused by any of the six hepatotropic
viruses, viz. hepatitis A virus (HAV), hepatitis B virus
(HBV), hepatitis C virus (HCV), hepatitis D virus (HDV),
hepatitis E virus (HEV) and hepatitis G virus (HGV),
represents a major health problem worldwide. Among
these, HCV is now established to be the major causative
agent of post-transfusional Non-A, Non-B hepatitis (PT-
NANBH)'. With approximately 170 million people world-
wide estimated to be infected with HCV, a figure that is
four times the HIV infection status, HCV has the poten-
tial to be the next pandemic.

HCV, now documented to be heterogeneous in nature,
belongs to the genus Hepaciviruses and family Flavi-
viridae™”. Despite significant progress in the field of
biotechnology, reliable diagnostic procedures, an alter-
native animal model other than the chimpanzee, an efficient
cell culture that can support long-term replication of the
virus and effective therapeutic strategies are still lacking.
In spite of this, a significant amount of information with
regard to the molecular biology of the virus is available
using bacterial cloning and expression systems, which is
reviewed here. Also included in this review are the patho-
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biology, diagnosis, treatment and strategies for control of
the viral infection.

Molecular biology

The genome of HCV comprises a single-stranded positive-
sense RNA of approximately 9.6kb in length and
contains a single open reading frame (ORF) that encodes
for a non-functional polyprotein of approximately 3000
amino acids in length4. This non-functional polyprotein is
cleaved co- and post-translationally by cellular and viral
proteases to yield at least ten different functional protein
products. Structural proteins are the major components of
the mature virion, which are coded in the 5" quarter of the
ORF and arranged as C-E1-E2 and p7, while the non-
structural proteins are encoded in the 3’ three-quarters
of the ORF in the order NS2-NS3-NS4A/B-NS5SA/B
(Figure 1). These are involved in polyprotein processing
and replicative functions of the virus™® (Table 1). The
envelope glycoprotein E2 exhibits a great degree of
heterogeneity, both in the nucleic acid and protein
sequence”®. This region is termed the hyper-variable
region-1 (HVR-1) of HCV. In infected individuals, quasi-
species arise mainly by accumulating mutations in the
HVR-1 induced by strong immune pressure’. Despite this
genetic heterogeneity, the structure of the glycoprotein is
preserved indicating the importance of this region for
virus survival'®'". However, recently it was demonstrated
that deletion of the HVR-1, although did not restrict the
outcome of infection, nevertheless, affected virus
replication as observed by low levels of virus especially
in the early weeks of infection'?.
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Figure 1. Schematic of HCV genome organization showing the
location of HCV genes and proposed functions of gene products. 5" and
3" non-coding regions (NCR) are indicated. Numbering refers to
nucleotide positions of genes, based on the sequence of HCV genotype.
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The 5 UTR (untranslated region) of HCV-RNA is highly
conserved and forms a secondary structure that guides
the ribosomes for translation. This secondary structure is
termed the internal ribosome entry site (IRES). Although
the 57 UTR is highly conserved, it shows variations
which are type-specific and can be exploited for typing of
the virus.

HCYV being an RNA virus exhibits a remarkable degree
of heterogeneity throughout the length of its nucleic
acid". Traditionally, this heterogeneity has been classi-
fied as (i) quasi-species and (ii) genotypes'*. The term
quasi-species is applied to the heterogeneity in the nucleic
acid sequences of the virus isolated from a single patient,
while the term genotypes refers to the differences in the
sequences that are observed among isolates from diff-
erent patients. This heterogeneity arises as a consequence
of lack of proof-reading activity of RNA-dependent RNA
polymerase during replication of the virus. Over a period
of time, these mutations get accumulated at specific
regions, leading to what are known as the genotypes. To
date at least six genotypes and more than 120 subtypes of
the virus have been identified, and more are in the pro-
cess of being characterized. Hence the present classifica-
tion of HCV is incomplete, as information from a number
of isolates is still awaited.

Identification of these genotypes is done by at least six
methods, discussed later in the article, while the clinical
significance of the genotypes and quasi-species with
respect to treatment are also discussed. Geographic distri-
bution of various genotypes is given in Table 2, while
data on genotyping studies from India are summarized in
Table 3. From Table 3 it can be observed that numerous
subtypes of genotype 3 are found in India, a pattern
reflective of long-standing endemic infection. Contrary to
this, although one or more types are present in other parts
of the world, each is represented by few subtypes, sug-
gestive of recent transmissions.

Table 1. Function and size of the cleavage products
of HCV polyprotein

Cleavage Size

product (kDa) Function

Core 21 Structural, forms the viral nucleocapsid; Onco-
protein (?)

El 31 Structural, forms heterodimer with E2 gp; forms
envelope of the virus

E2 70 Structural, forms heterodimer with E1 gp; forms
envelope of the virus; mutations in this region
determine the response to IFN

P7 7 Unknown

NS2 23 Forms autoprotease with NS3

NS3 70 Serine protease, Oncoprotein {?)

NS4a 8 Protease cofactor

NS4b 27 Unknown

NS5a 56 IFN sensitivity-determining region

NS5b 63 RNA-dependent RNA polymerase

gp, Glycoprotein; IFN, Interferon. Other abbreviations carry their usual
significance.
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Pathobiology of the virus

Natural history, clinical profile and hepatic
manifestation

Natural history of hepatitis C and related data are limited,
as the onset of disease is indolent and protected in many
individuals (Figure 2). The natural history of this disease
appears to differ according to geography and alcohol use.
HCV-RNA is detected in the blood after 1-3 weeks by
polymerase chain reaction (PCR). Virtually all patients
develop liver cell injury as shown by raised alanine
amino transaminase (ALT) levels. A majority of patients
are asymptomatic and anicteric. Only 25-40% of the
patients develop malaise, weakness and anorexia, and some
become icteric’’. Antibodies to HCV almost invariably
become detectable during the course of illness. Anti-HCV
can be detected in 50-70% of the patients at the onset of
disease symptoms and in approximately 90% of the
patients three months after the onset of infection. HCV
is self-limited in only 15% of the patients. Recovery
is characterized by disappearance of HCV-RNA and

Table 2. HCV genotype distribution in different

parts of the world

Genotype

{and its variants)* Geographic region

North and South America; Europe

North and South America

Nepal, Bangladesh, Pakistan and South Asia
Egypt

Central and South America

China, Japan, and Southeast Asia

N LN

*Nomenclature of genotypes, as proposed by Simmonds ef al.®'.
For genotypes prevalent in India, see Table 3. In addition to the
genotypes mentioned above, a number of novel isolates have
been reported from various parts of the world, that are in the
process of being characterized and hence are not mentioned in
the table.
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Figure 2. Natural history of hepatitis C virus infection.
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normalization of ALT. About 85% of the HCV-infected
individuals fail to clear the virus by six months, and
develop chronic hepatitis with persistent and sometimes
intermittent viremia'®'’. A majority of patients have ele-
vated ALT levels that can fluctuate widely. However,
antibodies to HCV or circulatory HCV-RNA can be
demonstrated in virtually all patients. In chronic hepatitis
C, inflammatory cells infiltrate the portal tracts and
parenchyma cells. The margin of the parenchyma and
portal tracts may become inflamed, leading to liver cell
necrosis. When the disease progresses, the inflammation
and liver cell death may lead to fibrosis; such fibrosis can
progress to cirrhosis in 20% of the patients within two
decades of the onset of infection. Once cirrhosis is esta-
blished, complications can ensue that are secondary to
liver failure such as jaundice, ascites, variceal haemor-
rhage and encephalopathy.

Extra-hepatic manifestations

Many extra-hepatic manifestations, such as lichen planus,
oral cancer, porphyria cutanea tarda, membrano-glome-
rulonephritis, etc. have been documented to be associated
with the viral infection. In addition, autoimmune diseases,
viz. autoimmune thyroiditis and mixed cryoglobulinemia
are also found to be associated with HCV infection'® >,
Although HCV is primarily a hepatotropic virus, its asso-
ciation with extra-hepatic manifestations and auto-
immune diseases is still not clear. A probable explanation
might lie in the observation that CDS81 is now docu-
mented to be a receptor for entry of this virus into the
cells”. It may be noted at this stage that CDS81 is a
molecule that is expressed by many of the cells, resulting
in chance, non-specific binding of the virus to different
cells. Once inside the cells, availability of the necessary
components aids in effective replication of HCV, which
probably results in the manifestations observed.

Table 3.

While autoantibody response in patients infected with
HCV has been documented, this aspect of HCV patho-
biology is still the grey area and requires more studies in
this direction. Despite this, it is tempting to speculate that
the virus might be mimicking host cellular proteins, resul-
ting in the development of autoantibody response, thereby
manifesting in autoimmune disorders mentioned above.

Whatever might be the reason for the extra-hepatic
manifestations, further work would be essential to deli-
neate whether the virus exerts its influence directly or
indirectly in these disorders.

Epidemiology, mode of transmission and
prevalence

HCYV is transmitted primarily through the parenteral route
and sources of infection include injection, drug abuse,
needle-stick accidents and transfusion of blood and blood
products, with transmission by sexual routes being
debatable. Several studies suggest that HCV transmission
by sexual contact is 10-20% in the US. However, Alter”
suggests that this might be a predominant route as 80%
of the population is heterosexual, which makes sense, as
a large number of people are chronically infected.
Dentists practising oral surgery, practitioners of folk
medicine and those involved in hairdressing, ear-
piercing and tattooing are also at higher risk for HCV.
We have evaluated the risk factors associated with HCV
infection among 161 patients who had reported at our
centre. Among the risk factors evaluated, renal transplant
and/or haemodialysis, and surgery six months prior to
infection were predominant, with blood transfusion and
multiple sexual contacts being additional factors.

HCV is the major cause of post-transfusion NANB
hepatitis. However, patients with chronic renal failure
(CRF), haemophilia and thalassaemia are at risk of
developing transfusion-related NANB virus because of

Region-wise distribution of HCV genotypes in India

No. of samples

Place analysed Method Genotype reported/found* Reference
Delhi 11 Direct sequencing 1b, 3a, 3b, 3g 62
Mumbai 5 PCR-based typing 3,4and5 63
Mumbai 61 Direct sequencing la, 1b, 2a, 2b, 2¢, 3a, 3b, 64
3¢, 3d, 3f, 3¢
Hyderabad 45 Type-specific PCR amplification of NS5 gene la, 1b, 3b Ongoing study
of HCV-RNA
Chennai 32 Direct sequencing 1b, 3b and novel isolates 65
Thiruvanan- 11 PCR-RFLP and direct sequencing of 5" UTR 3b Poduri and Das 2001 (unpublished
thapuram data; pers. commun.)

*Nomenclature of genotypes, as proposed by Simmonds ef al.?'.

Although limited, the above table clearly shows that in addition to novel types, almost all the reported genotypes of HCV are present in India. Thus
monitoring of HCV genotypes in India on a regular basis becomes imperative. Furthermore, data from other parts of the country are awaited.

Note that numerous variants of type 3 are found in India, representative of endemic infection over a long period.

In addition to the data presented in the table, full-length sequence from a single isolate of HCV from an infected Indian patient has been deposited

in the Genebank which bears the accession number AY051292.
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repeated blood transfusions and multiple medical inter-
ventions. HCV infection is detected in more than 90% of
the patients with post-transfusion NANB hepatitis, 60—
80% of haemophilic patients receiving replacement therapy
and 60-70% chronic liver disease patients with history of
blood transfusions®*,

HCYV infection in voluntary blood donors ranges between
1.85% (New Delhi)® and 2.5% (Hyderabad, unpublished
data). The prevalence of HCV around the world ranges
from 0.2 to 2%. Infectivity rates vary widely between 0.3
and 24.5%. There is a relatively low prevalence of HCV
antibodies in blood donors from the US and northern
Europe, including the UK, France and Germany*®?’
Higher prevalence rates have been found in South-
east Asian countries, such as Thailand, Malaysia and
India’®**. Even higher prevalence rates between 1.4 and
2.1% have been observed in northern African and
Arabian countries, such as Libya, Yemen, Saudi Arabia
and Ethiopia™°. The highest prevalence has been
reported in Ukraine and in the Central African countries
of Gabon and Cameroon, as well as in Egypt'°. In
Egypt the prevalence of HCV is highest in various
regions ranging from 6 to 28% because the use of
parenteral antihistosomal therapy™.

Diagnosis

As with any disease, an accurate diagnosis of HCV infec-
tion is essential before patients are counselled and treat-
ment is initiated. Since the identification and molecular
characterization of HCV in 1989 by Choo and colleagues’,
a variety of diagnostic tests based on the detection of
either the anti-HCV antibodies or HCV-RNA in patient
sera have been developed.

Presently, a third-generation ELISA that incorporates
antigens from the core, NS3, NS4 and the NS5 proteins
of HCV, representing about 60% of the total amino acid
profile of HCV polyprotein, is available in the market™.
Although this ELISA is significantly sensitive, a major
drawback of this assay is that it fails to differentiate
between active and post-infection cases. In addition to
this, it is now well documented that the commercially
available third-generation ELISA cannot be used to
detect the viral infection in Indian patients owing to
genotype variations* ™. It may be noted at this stage that
the commercial third-generation ELISA is based on
genotype 1 and that the genotype-specific antibody
response in this virus is now documented®. To overcome
this problem, sensitive diagnostic peptide-based enzyme
immunoassays that are cost-effective and designed to
detect HCV infection in Indian patients have been
developed****. Presently, an indigenous peptide-based
HCV EIA kit is available (Xcyton™™, Bangalore, India).
Significance of detection of HCV-RNA in patient sera by
RT-PCR lies in the observation that a positive result in
RT-PCR is indicative of active viral replication. A
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significant contribution in this direction is the sensitive
RT-PCR method developed by Das et al.*' taking into
account the sequence variations of the prevalent strains
of the virus in India. Despite this, ELISA-based testing is
regularly adopted for its relative ease of implementation,
automation and cost-effectiveness.

In addition to these two assays, a recombinant immu-
noblot assay (RIBA) is available and is also designed to
detect antibodies in the patient sera. Antigens from all the
reported proteins of the virus are included in this assay.
This test is essentially designed to confirm the results
obtained in the third-generation ELISA.

Once a patient is found to be positive for HCV-RNA
by RT-PCR, genotyping of the virus comes into play.
Genotyping of the virus is essential as some types of the
virus, particularly type 1b, have been clearly demons-
trated to be resistant to the currently available therapeutic
interventions. Genotyping of the virus is currently done
by at least six methods, apart from direct sequencing of
the viral nucleic acid. These include: (1) RFLP typing of
the 5° UTR; (2) Type-specific PCR amplification of the
core gene; (3) Type-specific PCR amplification of the
NS5 gene; (4) Serotyping using type-specific peptides
from the NS4 region of HCV polyprotein; (5) InnoLiPA
(Line Probe Assay) using type-specific probes, and (6)
Direct sequencing of the NS5B gene.

Details of the prevalent genotypes reported from India
along with the method adopted are given in Table 3.
Although limited, Table 3 clearly shows that in addition
to novel types, almost all the reported genotypes of HCV
are present in India. Thus monitoring of HCV genotypes
in India on a regular basis becomes imperative. Further-
more, data from other parts of the country are awaited.
Note from Table 3 that numerous variants of type 3 are
found in India, indicative of a long-standing endemic
infection with this genotype in the country. In addition to
the data presented in Table 3, full-length sequence from a
single isolate of HCV from an infected Indian patient has
been deposited in the GenBank with accession number
AY051292, which shows significant homology with
genotype 1 of HCV.

Treatment and strategy for control

Although a decade has elapsed since its discovery, no
satisfactory therapy for management of HCV infection is
available. However, patients infected with this virus are
now being treated with either interferon-2a0 (IFN-20)
alone or in combination with Ribavirin47, and these are
the only approved drugs of choice. However, only 11—
30% of the patients respond to this treatment™®.

The standard dosage regimen with the above-men-
tioned combination of drugs includes 0.5-3.0 mg IFN-
2a/kg body weight thrice a week plus 800 mg Ribavirin
daily, for at least 45-52 weeks.

CURRENT SCIENCE, VOL. 83, NO. 3, 10 AUGUST 2002
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Modified forms of IFN, such as Pegylated IFN, etc. are
available and have been shown to achieve a more sus-
tained virologic response in chronic hepatitis C patients,
particularly in those infected with genotype 1 (ref. 49).
Addition of polyethylene glycol (PEG) to IFN produces a
product that has significantly longer half-life and favou-
rable pharmacokinetics. This pegylation of IFN reduces
the dosage to once a week instead of thrice a week as
with normal IFN. Similar modifications of IFN are being
tested both in India and the rest of the world.

The poor response towards IFN either alone or in
combination with Ribavirin raises questions as to what
could be the probable reasons for the failure. It was
found that the E2 and NS54 gene products as well as
mutations in the corresponding regions of the HCV-RNA
might be the determining factors for response to IFN.
More mutations at the £2 gene are associated with a poor
response to IFN. Conversely, more mutations at the NS5
gene are associated with a better response to IFN""*, It
is believed that the products of these two genes interact
with IFN-inducible PKR protein kinase and repress its
activity, thereby subverting the downstream process of
IFN action’*.

Until effective vaccine and therapeutic strategies
are developed, it would be prudent to prevent the spread
of this viral infection. As this virus is transmitted pri-
marily by parenteral and nosocomial routes, stringent
screening of blood and related products decreases the risk
of PT-NANBH. Adopting universal precautions in
hospital and health care settings prevents the nosocomial
spread of the virus. Implementing the above-mentioned
procedures significantly decreased nosocomial infections
in developed countries. However, as stated earlier, the
mode of acquisition in approximately 50% of the cases is
still not known. Probably these can be attributed to cul-
tural practices that involve body-piercing as in tattooing,
ear-piercing, etc. If this were found to be true, then
educating and creating awareness among the masses
about the consequences of such practices may partly
control the spread.

Future perspectives

Infection with HCV is unique and represents an enigma
to the clinician for the simple reason that majority of the
patients remain asymptomatic, with fluctuating liver
enzyme levels. Thus, rather than developing novel thera-
peutic strategies, development of a vaccine that can
prevent the viral infection should be of paramount
importance. A major impediment in this direction is the
variation in the genome of HCV observed either as
quasi-species or as genotypes. While the discovery of
CD81 as a possible receptor for HCV is noteworthy,
identification of the actual receptor for entry of the virus
into hepatocytes, which is responsible for the hepato-
tropism of HCV, would partly help in overcoming the
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above-mentioned obstacle. However, many of the viruses
have multiple binding sites both on the target cells as
well on the viral envelope. If this were also found to be
true in the case of HCV, and coupled with the obser-
vation that HCV has a high mutation rate, development
of an effective vaccine represents a challenge to human
kind. It may be noted at this stage that binding of the
virus to the cellular receptor requires glycosylation of the
viral proteins and involves a carbohydrate moiety during
this process. Thus targeting potential N-linked glyco-
sylation sites on the viral structural proteins, particularly
the envelope proteins, makes for an effective strategy
against the virus™. In addition to this, many members of
the Flaviviridae family, to which HCV also belongs, may
enter the cell by binding to low-density lipoprotein
(LDL) receptors. Recently, Agnello et al.’® have demon-
strated a direct correlation between the level of cell
surface-expressed LDL receptor and the number of HCV-
RNA positive cells. Furthermore, HCV particles are
observed to be associated with beta-lipoproteins”’. Taken
together, these results also suggest LDL-receptors as
possible sites of entry of the virus into the cells.
However, it remains to be seen whether interaction of
HCV with LDL-receptor or CDS81 leads to a productive
infection.

Recently, a cell culture model for HCV replication has
been reported”™’. This should provide vital insights into
understanding HCV-RNA replication and the role of
various encoded proteins, apart from serving as an
antiviral drug-screening system. A major breakthrough
was achieved in August 2001 by David er al.*" with the
development of a mouse model that helps in studying
HCYV in vivo and also in the development of therapeutics
and possibly a vaccine. Researchers should exploit these
two models in exploring the potential of anti-HCV
activity of preparations used in the Indian systems of
medicine, particularly with specific reference to phyllan-
thus extracts which have shown promise with regard to
HBYV. Furthermore, the above-mentioned models should
also help in reassessing the viral factors that are
responsible for poor response to the currently available
therapeutic intreventions.

Conclusions

Compared to the progress made in Western countries,
research in the Indian subcontinent is going on at a slow
pace. In spite of the fact that HCV continues to be a
major threat to the Indian population, mandatory blood
screening is not rigorously implemented. Till recently,
complete cloning and sequencing of even a single Indian
isolate of HCV has not been done. Guntaka ef al.*® have
recently completed the sequencing of one isolate of
HCV from an infected Indian patient. Complete coding
sequence can be retrieved from GenBank using Accn No.
AY051292. This information should make it possible to
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speed up research on Indian species and prevailing quasi-
species of HCV.
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