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Host genetics and the outcome of hepatitis B viral infection
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Abstract

Hepatitis B Virus (HBV) infection can result in numerous different clinical outcomes. A complex combination of environment, and viral

and host genetic factors play a critical role in determining both susceptibility to HBV persistence and the course of infection. Evidence is

presented that suggests that host genetic factors play an important role in determining the outcome of HBV infection. This data from various

groups demonstrates that multiple genes play a role in determining hepatitis B viral clearance or persistence. However, to identify all the

relevant variants that affect the outcome of infection, alternative strategies such as genome-wide association studies with large sample sizes

will be required to define the majority of the relevant polygenes.

D 2005 Elsevier B.V. All rights reserved.
Keywords: Hepatitis B; Genetic; Association
1. Introduction

Hepatitis B is a globally important disease. Approx-

imately one million deaths in the world each year are

attributable to the end stage sequelae of persistent HBV

infection. HBV infection results in persistence of the

hepatitis B surface antigen (HBsAg) in around 10% of

cases; the remaining 90% of infections are considered to be

acute infections, although some rare cases do result in a

fulminant infection in which the liver is rapidly over-

whelmed and ultimately fails. The mode of transmission of

the infection varies from a mainly vertical transmission in

the perinatal period in South East Asia, to horizontal

transmission via an unknown route in sub-Saharan Africa.

It is considered that in Africa by the age of seven, more than

half of the population will have been infected [1], whereas

around 15% of children fail to clear the virus.

Persistence of the hepatitis B virus can, in some cases,

lead to end stage complications of infection such as liver

cirrhosis, liver failure or primary liver cancer (hepatocellular

carcinoma or HCC). Around 17% of Chinese HBV
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persistent cases present with clinical manifestations of

disease such as liver damage from active replicating HBV

infection and elevated liver enzymes [2]. Factors known to

influence the outcome of infection are not as yet fully

understood, but may be classified into three categories,

virological factors, immunological factors and host genetic

factors. Virological factors such as viral load, viral genotype

and mutations in the viral genome itself are known to be

important. For example, the hepatitis B virus mutates

rapidly and uses this variability as an escape mechanism

from the host’s immune response.

Immunological factors, such as the adaptability of the

host’s immune response to the rapidly evolving T cell

epitopes, are clearly important in the role of the humoral and

cell-mediated immune responses in controlling the virus

[3,4]. By far the most research thus far has been done on

these two types of factors, but an area of increasing interest

is that of host genetic factors.

Evidence for a role for host genetics was originally

provided by a twin study of HBV disease concordance in

Chinese twins [5] in which the concordance of HBsAg

carriage was significantly higher in monozygotic twins

when compared to dizygotic twins and pairs of singleton

births. Additionally a report from Turkey described the

presentation of monozygous twin brothers with HBV
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associated HCC who were diagnosed simultaneously [6].

Early studies by Blumberg et al. also suggested a recessive

mode of inheritance for HBV viral persistence, but this is

perhaps an oversimplification given the more recent

advancements in the knowledge of the effect of maternal

viral infection and the transmissibility of the virus [7].

Further evidence of a genetic component to determining the

outcome of HBV infection is provided by the discovery of a

difference in the ratio of male: female persistent infections

[8]. Males are approximately 1.5 times more likely to

develop a chronic infection than females. One factor that

may explain this is the apparently slower rate of HBsAg

disappearance from the plasma in males [9].
2. Host genetics and HBV outcome

Several different, yet complementary approaches to the

identification of genetic variation important in the course of

infectious disease progression have been taken. A recent

method has been to use large numbers of families to look for

regions of linkage to a disease, which suggest the presence

of locus containing genes that may predispose to infection.

This approach has been successful in other infectious

diseases such as malaria, TB and leprosy, but as yet any

such similar scans for HBV viral persistence remain

unreported [10–15]. By far the most common approach

used for hepatitis B viral persistence has been to look for

association in candidate genes using case-control studies. In

general, large sample sets are needed to detect even

moderate genetic effects in order to eliminate the possibility

of false positive associations. Often, this has not been the

case, leading to examples of inconsistent findings in genetic

association studies, a problem not specific to the study of

infection [16]. However, publication bias may have resulted

in many negative findings going unreported. A major

problem of this candidate gene approach is in the problem

of selection of appropriate candidates but the record of

successful guessing in infectious diseases in general is

reasonably good, perhaps because genes related to infection

resistance have higher levels of variation than most.

The vast majority of published studies of HBV

persistence relate to the role of the major histocompati-

bility complex, or MHC, in determining the outcome of

infection. The most convincing evidence refers to

associations between HBV carriage and MHC class II

molecules. Antigen presenting cells present fragments of

pathogens such as viruses to CD4+ T helper cells in the

cleft of the MHC class II molecules, enabling the CD4+

cells to support the effector arm of the immune response

by secreting cytokines and proliferating. In a study of

Gambians it was found that the allele DRB1*1302 was

associated with clearance of the virus [17] and this

finding was subsequently replicated in a European

population [18] and a study of Caucasians from the US

[19]. A study in Qatar found that DR2 was associated
clearance and DR7 with persistence of the hepatitis B

virus [20]. Whilst this report might at first glance seem

inconsistent, the frequencies of alleles in these popula-

tions vary tremendously perhaps explaining the apparent

inconsistency.

Class I MHC molecules also form enticing candidate

genes for the analysis of HBV persistence. Hepatocytes

infected with HBV present viral antigens via class I

molecules to CD8+ cytotoxic T cells (CTL). In acute or

self-limiting infections, HBV-specific CTLs can be easily

detected in peripheral blood [21,22]. However, in estab-

lished persistent infections CTL are not detectable in the

liver despite the presence of CD8+ lymphocytes there,

suggesting that polymorphism of class I loci have the

power to influence the ability of the host to clear HBV.

Still, studies demonstrating convincing class I association

with HBV persistence are rare. In a study of US

Caucasians, Thio et al. found two alleles from the MHC

were associated with HBV outcome [19]. Allele A*0301

was associated with viral clearance whilst B*08 was

associated persistent infection.

Non-MHC genes have also proved interesting and

successful candidates for association studies of hepatitis B

viral persistence. The vitamin D receptor (VDR) is

expressed on the surface of white blood cells and activation

of this receptor is thought to influence the immune response.

A number of single nucleotide polymorphisms (SNPs) in the

gene that encodes this receptor are thought to influence

transcription efficiency of the gene. An allele at one such

SNP in the VDR gene which is thought to increase the

efficiency of transcription was reported to be associated

with the clearance of HBV in Gambians [23].

Studies of the promoter of the tumour necrosis factor

alpha gene (TNFa) have revealed the presence of a number

of polymorphisms that influence the amount of gene

transcribed. In a study of Europeans it was found that a

SNP at position �238 (with respect to the transcription

initiation site) was associated with HBV infection outcome,

although the allele associated with clearance in this study

was correlated with higher TNFa secretion [24].

Cytotoxic T-lymphocyte antigen 4 (CTLA4) is an

inhibitory receptor expressed by T lymphocytes that acts

as a negative regulator of T cell responses [25]. Thio et al.

investigated the role of this gene with respect to its influence

on the vigor of the T cell response to hepatitis B infection.

They used a novel approach in which common poly-

morphisms at a locus are genotyped in order to recreate the

haplotype distribution in the population [26]. The haplotype

distribution across this gene does differ between those with

persistent HBV and those who have cleared, although not

significantly. However, when analysing the haplotypes

individually two of the haplotypes were associated with

clearance of HBV and the most common haplotype was

associated with persistent HBV infection, suggesting that

variation in this gene does indeed influence the ability to

clear HBV.
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3. Concluding remarks

There are other aspects of HBV infection, beyond the

scope of this review, that are also interesting from a

geneticists’ point of view. Studies of the genetic determi-

nants of HBV vaccine response or development of

hepatocellular carcinoma are underway and results from

these may provide interesting insights into not only the

particular aspect under consideration, but of the mechanisms

of HBV infection in general. Indeed studies have already

demonstrated overlap between the factors that predispose to

persistent HBV infection and non-response to HBV

vaccination [19].

An important factor to consider in the analysis of HBV

persistence is that results, particularly those involving

populations recruited in the developing world, may be

confounded by the presence of other infectious diseases.

One striking example is demonstrated by Thursz et al., who

reported a significant association between HBV persistence

and severe malaria infection in The Gambia [27].

Strategies for studying the outcome of HBV infection

could, with the advent of new technology and the release

of both the draft human genome sequence [28] and the

data from the HapMap project [29], undergo vast changes.

Whole genome wide screens of SNPs for associations are

now firmly within the realms of possibility allowing the

discovery of many new genes that influence outcome of

HBV infection. Such data should provide far greater

insights into HBV disease pathogenesis than has been

possible with the few dozen candidate genes that have

been evaluated to date. It is also feasible, given the

advancements in technology and the drop in genotyping

costs, to now study many more SNPs than were tradition-

ally analysed which will considerably increase the number

of genes that can be investigated. Additionally, the use of

microarray technology could enable the identification of

novel candidate genes on the basis of differential

expression e.g. in HBV persistent cases versus those

who have cleared the infection [30]. Finally, clues as to

what genes affect response to infection in humans are

being found in the analysis of outcome of infection in

model organisms such as mice or drosophila [31–33]. A

final clue to the identification of genes important in HBV

disease outcome could be suggested by the analysis of

which host genes the virus chooses to insert itself into. A

recent report detected the insertion of the HBV genome in

a patient with acute infection had integrated into a TNF

induced protein, which given the central role of TNFa in

HBV infection provides an intriguing suggestion that this

may be worth further investigation [34].

Evidence is amassing that the outcome of HBV infection

is, at least in part, under the control of many polygenes.

However, it is clear that host genetics alone cannot account

for the large amount of individual and ethnic differences in

response to HBV infection. For example, it has been shown

that the age of acquisition of infection is a major factor as
this differs greatly between sub-Saharan Africa and eco-

nomically developed countries [35]. It is therefore likely

that answers to the riddle of the dichotomous outcome of

HBV will be provided by a complex analysis of many host

genetic factors, along with those provided by the virus and

the environment. Answers to this puzzle will aid in the

future development of therapeutic and preventative strat-

egies for HBV infection and disease progression.
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