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Genetic susceptibility in chronic viral hepatitis
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Abstract

Infection with hepatitis B virus (HBV) or hepatitis C virus (HCV) may result in a number of different clinical
outcomes. There is strong evidence in HBV infection that host genetic factors play a major role in determining the
outcome of infection. A number of approaches may be used to determine the specific genetic factors involved but the
principal method which has been used to date is the disease association study. Disease association studies have a
number of drawbacks but trials with well-constructed designs and large numbers of cases have recently produced
compelling and reproducible results. In particular alleles in the MHC class II loci and interleukin 10 promoter have
been demonstrated to influence the outcome of these infections. © 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

The outcome of hepatitis B and hepatitis C
virus (HBV and HCYV) infections is highly vari-
able, ranging from asymptomatic disease culmi-
nating in the spontaneous elimination of infection
to persistent infection that can lead to cirrhosis,
liver failure or hepatocellular carcinoma. The fac-
tors which determine the outcome in an individual
patient are poorly understood but may be
classified into three categories: environmental, vi-
ral and host factors. Fundamental to the host’s
response to infection is their genetic makeup. The
focus of this article is to review the evidence that
identifies host genes, which influence the outcome
of HBV and HCYV infection. In many respects,
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HBV and HCV infection are ideal examples for
the study of host genetic factors because it is easy
to define a clearly dichotomous outcome: persis-
tent infection versus spontaneous elimination of
virus.

2. Do genetic factors influence the outcome of
infection?

Before undertaking a study of specific host
factors, which may influence the outcome of HBV
or HCV infection, it is crucial to study the evi-
dence suggesting that genetic factors influence
disease outcome. Initial studies by London and
Blumberg found that persistent HBV segregated
within families in a manner suggestive of an auto-
somal recessive trait (Blumberg et al., 1969). Since
that time, knowledge of the outcome of vertical
transmission has complicated this sort of analysis.
More robust evidence in support of genetic fac-
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tors arises from twin studies conducted in Tai-
wan (Lin et al., 1989). In these studies, it was
demonstrated that the degree of concordance for
hepatitis B surface antigen (HBsAg) status was
significantly higher in monozygotic twins than in
dizygotic twins. In HCV infection, the evidence
for genetic factors is more circumstantial. No
twin studies have been published nor can we
expect these studies to be conducted as the rate
of intrafamilial transmission of the virus is very
low. Genetic factors are implicated in the out-
come of HCV by analogy to other infectious
diseases, to the establishment of clear-cut disease
associations with polymorphic host genes and to
variations in the outcome of other flavivirus in-
fections observed in inbred strains of mice (Uro-
sevic et al., 1995).

3. Strategies for identifying disease susceptibility
genes

Having accepted the assumption that the out-
comes of both HBV and HCV are influenced by
environment and/or viral and host genetic vari-
ables with no clear pattern of inheritance, the
geneticist will view these conditions as complex
traits. A number of strategies have been devel-
oped to identify host genetic factors in complex
traits (reviewed by Lander and Schork, 1994).
These include genome-based scans of affected
sibling pairs, genome-based scans of rodent mod-
els of infection, and disease association studies.

Affected sibling pair studies have become pop-
ular over the last decade due to advances in
genotyping technology and capacity. Based on
Mendelian inheritance, a genetic marker would
be transmitted from a parent to neither sibling
25% of the time, one of the two siblings 50% of
the time, and both siblings 25% of the time.
However, if the marker is in linkage disequi-
librium to a disease susceptibility gene, and the
two siblings both have that disease, then the
Mendelian pattern of inheritance will be skewed.
Therefore, in a large group of sibling pairs with
the disease, a much higher proportion of siblings
will share the marker. These studies have been
used to investigate the genetic factors in hyper-

tension, asthma, diabetes and inflammatory
bowel disease (Malerba et al., 1999; Wu et al.,
1996; Satsangi et al., 1996). The proposed benefit
of these studies is that novel genes and poten-
tially novel biological pathways may be iden-
tified. This represents a significant advantage
compared to disease association studies. How-
ever, the negative side of these studies is that, few
novel genes have been identified and where multi-
ple genome scans have been conducted, dis-
crepant results have been observed. This may
reflect an inherent problem with the technique
which is its lack of statistical power (Lander and
Schork, 1994). We are currently conducting a
genome scan in families from Europe and West
Africa where there are at least two siblings carry-
ing HBsAg. No other groups have reported re-
sults using this technique in HBV infection to
date.

In some infectious diseases, there are well-char-
acterised animal models in which the outcome of
infection is determined by the genetic strain of
the animal. Where this is the case, crosses be-
tween strains with divergent outcomes can be
used to identify genetic factors using genome
scanning techniques. Unfortunately, no suitable
rodent model exists for HBV infection; therefore,
this technique is not applicable. HCV is a mem-
ber of the flavivirus family and, although there is
no animal model for HCV infection, there are
good animal models for other flavivirus infec-
tions. Using West Nile virus a group in Adelaide
have identified a locus on mouse chromosome 5
which confers resistance to infection (Urosevic et
al., 1995). Mice possessing the resistance allele
are capable of rapidly controlling viral replica-
tion. In this regard, there is evidence to suggest
that the replication complex of viral and host
proteins with the negative strand viral RNA is
less stable in resistant than in susceptible mice
(Shi et al., 1996). Once the gene responsible for
flavivirus resistance is identified, it will be import
to identify the human homologue and determine
its role in HCV infection. This strategy has previ-
ously been used successfully to establish the role
of NRAMPI in determining susceptibility to tu-
berculosis (Bellamy et al., 1998).



M. Thursz / Antiviral Research 52 (2001) 113-116 115

4. Disease association studies

At this juncture, the influence of specific genes
on the outcome of HBV and HCV infections has
only been established using disease association
studies. This is a simple technique which com-
pares the allele frequency of a polymorphic gene
between a group of subjects with the condition
(cases) and a suitably selected control group. The
most appropriate case and control groups are the
phenotypically extreme outcomes of infection.
Therefore, subjects who spontaneously eliminate
HBV or HCV infection are compared to those
who develop a persistent infection.

The selection of candidate genes in disease asso-
ciation studies has to be carefully considered. The
analysis of allele frequency data uses a simple 2
test. If P value of 0.05 is accepted as confirmation
of statistical significance, then one in 20 studies
can be expected to give a positive result purely by
chance. Careful selection of candidate genes and
building a suitable hypothesis before undertaking
the disease association study minimises the chance
of producing erroneous results. Furthermore, re-
producing a positive result in second population
provides the required confirmation for an
association.

In HBYV, infection a number of studies have
examined the role of MHC class II polymor-
phisms with the outcome of infection. In The
Gambia, we found that the allele HLA-
DRBI1*1302 was associated with spontaneous
elimination of infection and this was subsequently
replicated in a European population (Thursz et
al., 1995; Hohler et al., 1997a). In HCV, infection
a number of studies have compared patients who
cleared this infection with those who have persis-
tent infection. This has identified one of the most
robust disease associations in this field: the alleles
DRB1*1101 and DQB1*0301 are consistently as-
sociated with spontaneous elimination of HCV
(Minton et al., 1998; Alric et al., 1997; Thursz et
al., 1999). In contrast, a number of studies have
compared allele frequencies between subjects with
persistent HCV infection and healthy population
controls (Hohler et al., 1997b). These studies have
produced inconsistent results suggesting that there
is a flaw in the study design.

There are a number of polymorphisms in the
promoter region of the tumour necrosis factor
alpha (TNFa) gene that appear to influence the
transcriptional efficiency of this gene. It has been
established that TNFa is an important cytokine in
the immune pathogenesis of both HBV and HCV
infection particularly with regard to the noncy-
tolytic control of viral replication. Initial studies
in The Gambian population suggested that a
point nucleotide substitution at position — 308
(with respect to the transcription initiation site)
was accompanied by an adverse outcome of HBV
infection in which an allele associated with raised
TNFa secretion correlated with persistent infec-
tion (Thursz et al., 1996; Tibbs et al., 1996). In a
European population a second polymorphism at
position — 238 in the promoter region was associ-
ated with outcome although in this study, higher
TNFa secretion correlated with clearance of infec-
tion (Hohler et al., 1998a). This second polymor-
phism and the allele associated with higher levels
of TNFa secretion also have been associated with
spontaneous elimination of HCV infection
(Hohler et al., 1998b).

The interleukin 10 (IL10) gene, like the TNFa
gene has a number of polymorphisms in the pro-
moter region which influence the level of cytokine
secretion. We found that an allele associated with
high levels of IL10 secretion was associated with
spontaneous elimination of HBV infection though
it apparently had no effect on the outcome of
HCV infection (Zhang, unpublished research).
The association of high IL10 secretion with viral
elimination appears to be counter-intuitive, but
the association has been replicated in a second
population. These data suggest that the role of
IL10 in viral immunology is more complex than
was initially believed and will need further
elucidation.

The vitamin D receptor is expressed on mono-
cytes and lymphocytes and stimulation of this
receptor is thought to influence the immune re-
sponse. There are a number of polymorphisms in
the vitamin D receptor some of which appear to
influence transcription efficiency of this gene. An
allele of the vitamin D receptor that increases
transcriptional efficiency has been associated with
control of viral replication in HBV infection (Bel-
lamy et al., 1999).
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5. Summary

The process of dissecting the genetic contribution
to the outcome of HBV and HCV infection has just
begun and it appears that a number of genes may
be involved in each infection. Identification of
MHC class II associations is now being used to
direct the identification of immunodominant epi-
topes using reverse immunogenetic approaches.
The association an IL10 allele producing high levels
of IL10 to the control of viral replication in
hepatitis B has challenged our view of the role of
this cytokine and is guiding further studies on the
immune pathogenesis. One aim of this type of
research is to provide prognostic markers for the
outcome of these infections, but we are still a long
way from accomplishing this objective.
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