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Abstract
Hepatitis B virus (HBV) has a worldwide distribution and 
is endemic in many populations. Due to its unique life 
cycle which requires an error-prone reverse transcriptase 
for replication, it constantly evolves, resulting in 
tremendous genetic variation in the form of genotypes, 
sub-genotypes, and mutations. In recent years, there has 
been considerable research on the relationship between 
HBV genetic variation and HBV-related pathogenesis, 
which has profound implications in the natural history of 
HBV infection, viral detection, immune prevention, drug 
treatment and prognosis. In this review, we attempted to 
provide a brief account of the influence of HBV genotype 
on the pathogenesis of HBV infection and summarize 
our current knowledge on the effects of HBV mutations 
in different regions on HBV-associated pathogenesis, 
with an emphasis on mutations in the preS/S proteins in 
immune evasion, occult HBV infection and hepatocellular 
carcinoma (HCC), mutations in polymerase in relation 
to drug resistance, mutations in HBV core and e antigen 
in immune evasion, chronicalization of infection and 
hepatitis B-related acute-on-chronic liver failure, and 
finally mutations in HBV x proteins in HCC. 
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transcriptase for replication, it constantly evolves 
resulting in significant genetic variation in the form 
of genotype, sub-genotype, and mutations. A large 
number of publications on the relationship between 
HBV genetic variation and HBV-related pathogenesis 
have appeared in recent years. However, the progress 
in this field has not been reviewed. We have attempted 
to provide a brief account of the influence of HBV 
genotype and mutations in the different viral genome 
regions on HBV-associated pathogenesis. This review 
provides an overview for scientists working on HBV and 
related fields.
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variation of hepatitis B virus and its significance for pathogenesis. 
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INTRODUCTION
Hepatitis B virus (HBV) is the prototype member of 
a family of viruses called hepadnaviruses. It has a 
relaxed partially double-stranded circular DNA genome 
of approximately 3200 bases with four overlapping 
open reading frames (ORFs): pre-S/S (surface 
proteins), pre-C/C (pre-core/core), X (transcriptional 
co-activator) and P (DNA polymerase). The pre-S/S 
ORF is contained completely within the P ORF, but is 
translated in a different reading frame. ORFs C and X 
overlap the ORF P by 1/4 and 1/3 of their respective 
sequence lengths[1]. The preS/S ORF encodes three 
different, structurally related envelope proteins, 
which are synthesized from alternative initiation 
codons and termed Large (L), Middle (M) and Small 
(S) protein, respectively. The S protein [hepatitis 
B surface antigen (HBsAg)] consists of 226 amino 
acids (aa), and the M protein has an extra N-terminal 
extension of 55 aa, whereas the L protein has a further 
N-terminal extension of 108 or 119 aa depending on 
the genotype. The preC/C ORF codes for two distinct 
products derived from in-frame alternative initiation 
sites on the same transcript: the core protein forming 
the protein shell of the nucleocapsid [hepatitis B core 
antigen (HBcAg)] and the precore protein which is 
targeted into the cell’s secretary pathway, processed 
at both ends and eventually found in the serum of 
infected individuals [hepatitis B e antigen (HBeAg)]. 
The X ORF encodes the small regulatory X protein, 
which is essential for viral replication, and plays roles 
in modulating host and viral gene expression. The P 
ORF encodes protein P, the viral DNA polymerase[2].

HBV relies on protein P, which is also a specialized 
reverse transcriptase (RT), to replicate its genomic 
DNA via a RNA intermediate[3]. Protein P consists of 
four domains: a terminal protein that is covalently 
linked to the DNA primer during negative-strand 

DNA synthesis, a spacer domain that is tolerant to 
mutations, the RT domain, and the ribonuclease H 
(RNase H) domain. The RT and RNase H domains 
have sequences highly conserved among proteins with 
similar enzymatic functions such as the HIV RT[4,5]. 
Similar to the HIV RT, HBV RT lacks proofreading 
activity[6,7]. As a result, HBV exhibits an estimated 
mutation rate of 1.4 × 10-5-3.2 × 10-5 nucleotides per 
site per year, which is more than 10-fold higher than 
other DNA viruses[8-10]. The high error rate of HBV RT 
causes frequent nucleotide substitutions during viral 
replication, resulting in genetic diversity in the form 
of genotypes, sub-genotypes, quasispecies and a 
large number of mutations in different regions of the 
HBV genome. With a spontaneous error rate of 10-5 

substitution/base/cycle, viral mutants are generated 
every day in a mixture of viral quasispecies within 
the same patient. These mutants usually confer 
disadvantages to the replication, assembly, secretion 
or infectivity of the virus; however, in the context of 
pressure due to antiviral immune response or therapy, 
the mutants can be selected and become the dominant 
species.

The natural history of HBV infection can vary dra
matically depending on both host and viral factors. 
Most people do not experience any symptoms during 
the acute infection phase. However, some people have 
acute illness with symptoms that last several weeks. 
A small subset of people with acute hepatitis can 
develop acute liver failure which can lead to death. 
Acute HBV infection is characterized by the presence 
of HBsAg and immunoglobulin M antibody to the core 
antigen, HBcAg. During the initial phase of infection, 
patients are also seropositive for HBeAg. HBeAg is 
usually a marker of high levels of virus replication. The 
presence of HBeAg indicates that the blood and body 
fluids of the infected individual are highly contagious. 
In adults, about 5% of otherwise healthy persons 
who are infected with HBV as adults will develop 
chronic infection. Chronic infection is characterized 
by the persistence of HBsAg for at least 6 mo (with 
or without concurrent HBeAg). Persistence of HBsAg 
is the principal marker of risk for developing chronic 
liver disease and HCC. The 20%-30% of adults who 
are chronically infected will develop cirrhosis and/or 
hepatocellular carcinoma (HCC). Some people can 
develop occult HBV infection. Occult HBV infection is 
defined as the presence of HBV DNA in the liver tissue 
of HBsAg-negative individuals[11,12].

Abundant evidence has shown that the genetic 
diversity of HBV plays critical roles in modulating 
the pathogenesis in HBV infection (Figure 1). HBV 
genotypes, sub-genotypes and mutations in certain 
regions of the HBV genome have been found to 
influence the HBeAg seroconversion rates, HBcAg 
seroconversion, viremia levels, immune escape, 
emergence of mutants, pathogenesis of liver disease, 
response and resistance to antiviral therapy, and 
vaccination against the virus (Figure 2). 
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GENOTYPES AND SUB-GENOTYPES
HBV was formerly classified into nine serological 
subtypes according to the antigenic determinants[13]. 
In 1988, Okamoto et al[14] compared the full nucleotide 
sequence of 18 HBV strains and classified them into 
four groups, genotype A to D, by a divergence of 
more than 8% between genotypes. Since then, at 
least 10 genotypes (A to J) have been identified. By 
a divergence of 4%, HBV genotypes can be further 
classified into sub-genotypes. This approach has 
resulted in HBV genotype A (A1-A7), genotype B 
(B1-B9), genotype C (C1-16), genotype D (D1-D8), 
and genotype F (F1-F4)[15-17]. Similar to HBV serological 
subtypes, HBV genotypes and sub-genotypes also 
have distinct geographical distributions. HBV sub-
genotype B1 dominates in Japan, B2 dominates in 
China and Vietnam, B3 is confined to Indonesia, and 
B4 is confined to Vietnam[18]. B7, B8, and B9 have 
been found in an island in Southeast Asia[19]. HBV/
C1 (Cs) is found mainly in Southeast Asia, whereas 
C2 (Ce) is predominant in East Asia[20]. HBV/C3 was 
confined to Oceania, while C4 (Caus) was exclusively 
found in Australia and regarded as the most divergent 
sub-genotype within HBV/C[21]. Sub-genotypes C5 
and C7 were found in Philippines, while C6 and C8 to 

C16 were isolated from Indonesia[22-27]. This pattern 
of defined geographical distribution was less evident 
for D1-D4, where the sub-genotypes were widely 
spread in Europe, Africa, and Asia[18]. Moreover, as 
was pointed out in a recent review article, immigration 
has become an important confounding factor of global 
HBV distribution and has been substantially changing 
the geographic pattern of HBV sub-genotypes[28]. 
Notably, the intergenotype recombination has also 
been described previously, which plays an important 
role in the evolutionary history of HBV. Recombination 
is favored in particular geographical regions[29,30]. 
For instance, B/C recombinants are prevalent in 
Southeast Asia and East Asia[31]. Other intergenotype 
recombinants such as A/D, A/E, C/D and G/C 
recombinants have also been observed in different 
geographical regions[29-31]. Therefore, it is logical to 
predict that distinguishing exotic (sub)genotypes from 
native ones will become more and more important for 
improved prophylaxis, diagnosis and treatment. 

Not only are HBV genotypes and sub-genotypes 
related to geographical distribution, mounting evidence 
has shown that they are also associated with the 
pathogenesis and outcome of HBV infection. An early 
study from Europe found that genotype A infection 
was associated with a significantly higher rate of 
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Figure 1  Interventions, mutations and clinical outcomes in the natural history of hepatitis B virus infection. The natural history of hepatitis B virus (HBV) 
infection is typically classified into 4 phases: immune tolerant, immune clearance, inactive and recovery phase. Patients who receive HBV vaccine and/or hepatitis B 
immunoglobulin (HBIg) injection may develop chronic HBV infection with PreS and/or S gene mutations, this phenomenon is called occult HBV infection (OBI); during 
the immune clearance phase, long-term use of NAs can select for mutations in the reverse transcriptase (RT) and S regions; HBV reactivation may occur during the 
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patients may harbor mutations in the PreS, S, basal core promoter (BCP) or Pre-C regions. The causal relationship between these mutations and chemotherapy or  
immunosuppression is unclear; with increasing age, some patients can develop BCP, Pre-C or X region mutations or HBV DNA integration leading to hepatitis B e 
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also shown that HBeAg seroconversion occurred at 
a significantly younger age for those infected with 
genotype B than genotype C[36,41-43], and that increased 
risk of fibrosis was associated with genotype C[42,44]. In 
addition, infection with genotype C has been identified 
as an independent risk factor for the development 
of HCC[45]. Taken together, it can be concluded that 
individuals infected with HBV genotype C seroconvert 
from HBeAg later in life and have an increased risk of 
liver inflammation, liver fibrosis, and HCC. In an acute 
liver failure study in the United States, genotype D was 
found to be an independent risk factor for fulminant 
hepatitis[46]. Genotype G is the most uncommon of all 
HBV genotypes. This genotype is almost exclusively 
found in persons co-infected with another HBV 
genotype, most commonly genotype A, with the 
only exception being a single report of a transfusion-
associated case[47,48]. HBV genotypes F and H are the 
‘‘New World’’ genotypes found primarily in indigenous 
populations of North and South America. In a nested 
case-control study of a cohort of 1176 Alaskan Natives 
with chronic HBV infection followed up for 20 years, a 
significantly higher proportion of persons infected with 
either genotype F1 or genotype C2 developed HCC 
than those infected with genotype A2, B6, or D[35]. 
Genotype H is most closely related to genotype F and 

sustained biochemical remission, HBV DNA clearance, 
and HBsAg clearance in patients with chronic HBV 
infection than genotype D infection[32]. Similarly, a 
study from China has also shown that genotype A and 
B patients have a higher rate of HBsAg sero-clearance 
than genotype C and D patients[33]. A study from India 
has also suggested that genotype D was associated 
with more severe liver diseases and HCC in younger 
patients than genotype A[34]. Furthermore, a study 
from Alaska, where five of the ten HBV genotypes 
are present, showed that the rate of complications, 
including HCC, for those infected with genotype A 
appeared to be less than that found in individuals 
infected with genotype D, C, or F1[35]. A study by the 
same group also revealed that HBeAg seroconversion 
occurred about 3 decades later in women infected with 
genotype C than those infected with genotypes A2, 
B6, D, and F1[36]. Multiple cross-sectional studies have 
suggested that patients with genotype C experience 
HBeAg seroconversion at older ages and are more 
likely to be HBeAg positive at any given age than 
HBV genotype B[37-39]. HBV genotype C has also been 
associated with increased risk of liver inflammation, 
flares of hepatitis, liver fibrosis, and cirrhosis[37,38,40]. 
Prospective studies compared the outcome in those 
infected with genotypes B and C further and have 
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likely evolved from this genotype. 
The current definitive method for HBV genotyping 

is PCR amplification and sequencing of the entire 
genome followed by phylogenetic analysis[14,49-51]. 
Studies on HBV concerning different genotypes 
frequently face problems regarding representativeness 
of reference strains. Taking advantage of large number 
of sequences deposited in the GenBank database, 
we have developed a strategy to establish reference 
sequences for different genotypes. Briefly, sequences 
were clustered and genotyped using phylogenetic 
analyses first, and sequences belonging to the 
same genotype were then aligned with each other 
and the most common nucleotides in each position 
were chosen to form the reference sequence for this 
particular genotype[52]. Although HBV consensus 
sequences can be generated by sequence alignment, 
they may not exist in nature or can not usually be 
isolated from patient samples. To solve this problem, 
we have adopted a chemical synthesis strategy to 
generate the consensus HBV genome for certain 
genotypes. In our recent study, genotype B consensus 
sequence was established by comparing 42 full-length 
HBV genotype B sequences and the genome was 
generated by chemical synthesis. A plasmid carrying 
a 1.3 × full-length chemically synthesized HBV 
consensus genome was constructed. This consensus 
genome was fully replication competent when 
transfected into hepatoma cells. After this plasmid was 
hydrodynamically injected into BALB/c mice, HBsAg, 
anti-HBs, HBeAg, anti-HBe, anti-HBc and HBV genome 
replication were all detected. Thus, this approach 
represents a novel strategy to design and create HBV 
genomes for future studies[53].

PRE-S/S MUTATIONS
The preS/S ORF encodes proteins L, M and S. The 
Pre-S1 domain is unique for the L protein. The Pre-S2 
domain is the shared sequence with the M protein 
and the S domain is seen in all three proteins. The L 
and S proteins are essential for virion formation and 
the M protein can increase the efficiency of virion 
secretion[8,54,55]. The dominant epitopes of HBsAg, 
which are the targets of neutralizing B cell responses, 
are located in the “a” determinant (aa 124-147) 
within the HBsAg major hydrophilic region (MHR), 
which covers aa 99-169[56-62]. Mutations in the MHR, 
particularly the ‘‘a’’ determinant, are known to be 
associated with immune escape due to conformational 
changes in the epitope resulting in reduced binding 
affinity between the HBsAg and the antibody to HBsAg. 
Carman et al[56] first reported the G145R mutation 
in the ‘‘a’’ determinant of HBsAg in a child who 
became infected with HBV despite active and passive 
immunoprophylaxis. Subsequently, several other 
mutations within and outside the “a” determinant 
were reported to have reduced binding affinity to anti-
HBs[57,63,64]. To date, escape mutations in the HBsAg 

MHR have been comprehensively analyzed[65-67].
In 2003, we noted that a renal transplant recipient 

was persistently positive for HBV despite preexisting 
anti-hepatitis B surface antibodies (anti-HBs). We 
cloned the HBsAg gene that was found to be mutated 
from the patient and compared the antigenicity and 
immunogenicity of the mutant HBsAg with wild-type 
HBsAg (wtHBsAg) in mice using a genetic vaccination 
approach. Our results showed that both B cell and 
T cell immune responses were impaired by these 
mutations, suggesting that mutations within HBsAg 
may enable HBV to escape immunological control[68]. 
Subsequently, in an agenetic vaccination animal 
model, we demonstrated that serum samples from 
mice immunized with aa substitution G145R could 
recognize plasma-derived mtHBsAg, suggesting HBsAg 
with aa substitutions may be immunogenic, but with 
changed specificity[69]. We further investigated the 
impact of some naturally occurring HBsAg mutations 
around position 120 to 123 on the antigenicity and 
detection of HBsAg. Strikingly, aa substitution K122I 
abolished the reactivity of HBsAg in all immunoassays 
tested. mtHBsAg G145R was clearly detected with 
four different enzyme-linked immunosorbent assays 
that were based on monoclonal anti-HBs antibodies 
(MAbs) with high affinity. Positive immunofluorescence 
staining of mtHBsAg K122I was achieved only by 
polyclonal anti-HBs, while all tests using MAbs 
failed. mtHBsAg T123N showed a low reactivity in 
immunoassays and appeared to be secretion deficient. 
The aa substitution P120T reduced the binding of anti-
HBs, but did not completely prevent the detection of 
mtHBsAg by anti-HBs MAbs. Thus, our data showed 
that the presence of aa substitutions within the region 
of 120 to 123 is essential for HBsAg antigenicity 
and strongly associated with impaired detection in 
immunoassays[70]. In another study, we systematically 
investigated a variety of aa substitutions that have 
been identified around or within the “a” determinant 
of HBsAg, such as K122I and G145R, on HBsAg 
expression, secretion and antibody binding. The 
results showed that the hydrophobicity, the presence 
of the phenyl group, and the charges in the side 
chain of the aa residues at position 145 reduced 
HBsAg secretion and impaired reactivity with anti-HBs 
antibodies. Only the substitution K122I at position 
122 affected HBsAg secretion and recognition by anti-
HBs antibodies. Genetic immunization in mice further 
demonstrated that the priming of anti-HBs antibody 
response was strongly impaired by the substitutions 
K122I, G145R, and others, such as G145I, G145W, 
and G145E. Moreover, when mice that had been pre-
immunized with wtHBsAg or variant HBsAg (vtHBsAg) 
were challenged by hydrodynamic injection (HI) with 
a replication-competent HBV clone, HBsAg persisted 
in peripheral blood for at least 3 d after HI in mice 
pre-immunized with vtHBsAg, but was undetectable 
in mice pre-immunized with wtHBsAg, indicating that 
vtHBsAgs fail to induce proper immune responses for 
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efficient HBsAg clearance. Therefore, the biochemical 
properties of aa residues at positions 122 and 145 
of HBsAg have a major effect on antigenicity and 
immunogenicity. In addition, the presence of proper 
anti-HBs antibodies is essential for the neutralization 
and clearance of HBsAg during HBV infection[71].

Viral envelope N-glycosylation modification has 
been known to play important roles in the biogenesis, 
stability, antigenicity and infectivity in HIV, HCV and 
influenza virus[72,73]. Previously, a few studies indicated 
that a potential N-glycosylation site (Asn-X-Ser/Thr, 
where X is any aa except Pro) could be created by some 
mutations within the HBsAg MHR[62,74]. In a recent study, 
we systematically examined the effects of naturally 
occurring N-glycosylation-related aa substitutions 
K122I, T123N, A159G and K160N. T123N and K160N 
substitutions resulted in additional N-glycosylated forms 
of HBsAg, while the other mutations produced more 
heavily glycosylated HBsAg compared with the wild-type 
(wt). These results showed that vtHBsAg with K122I 
could not be recognized by HBsAg immunoassays, 
ELISA or immunofluorescence staining, vtHBsAg 
with T123N, A159G, K160N and A159G/K160N could 
be detected, but showed reduced antigenicity. DNA 
immunization in BALB/c mice revealed that wtHBsAg 
and vtHBsAg with T123N and K160N were able to 
induce antibodies to HBsAg (anti-HBs), whereas K122I 
and A159G greatly impaired the ability of HBsAg 
to trigger anti-HBs responses. The cellular immune 
response to the HBsAg aa 29-38 epitope was enhanced 
by the K160N substitution. Replication competent 
clones of HBV, T123N and A159G substitutions were 
shown to strongly reduce virion assembly. The aa 
substitution K160N appeared to compensate for the 
negative effect of A159G on virion production. Thus, 
our study revealed complex effects of aa substitutions 
on the biochemical properties of HBsAg, on antigenicity 
and immunogenicity, and on the replication of HBV[75]. 
Another recent study investigated the molecular and 
clinical characteristics of HBV immune escape mutants 
in a Chinese cohort of chronically infected patients. By 
investigating 216 patients with double positive HBsAg 
and anti-HBs and 182 HBV carriers without anti-HBs as 
a control group, the authors found that the frequency 
of N-glycosylation mutations in the patient group was 
much higher than that in the control group (47/216 
vs 1/182). Using a chemiluminescent microparticle 
enzyme immunoassay, they showed that HBsAg 
mutants reacted weakly with anti-HBs compared with 
wtHBsAg. Their native gel analysis of secreted virion 
in supernatants of transfected Huh7 cells further 
revealed that mutants had better virion envelopment 
and secretion capacity than wt HBV[76]. Together 
these studies strongly suggested that N-glycosylation 
mutations on HBsAg greatly contribute to immune 
escape.

Numerous studies including ours have demonstrated 
that immune escape mutations were the underlying 
mechanisms for HBsAg and anti-HBs double positive 

status[60,77,78]. These mutations are also responsible for a 
large portion of failure in immunoprophylaxis. In Taiwan, 
the prevalence of surface gene mutants was found to 
be approximately 20% in HBsAg carrier children[79]. A 
study from China reported that the prevalence of aa 
substitutions among immunoprophylaxis failed children 
was 20%[80]. Another study reported that the nucleotide 
diversity rate was 11.4% in those children in Jiangsu 
Province[81]. The mutation rate in children who failed 
to be protected by perinatal prophylaxis in Singapore, 
Japan, and the United States has been reported to be 
39.0%, 30.8% and 25.5%, respectively[64,82,83].

Variants within the MHR of HBsAg have also been 
associated with occult HBV infection (OBI). A study 
from China by Hou et al[84] found that in 46 cases of 
OBI, 32 aa substitutions were found between positions 
100-160 within the MHR. In addition to the G145R, 
11 positions inside and 5 positions outside the “a” 
determinant were involved. Combined mutations 
were also detected in some patients. Another two 
patients had insertion mutations immediately before 
the “a” determinant. Another study conducted in 
China in recent years identified another 8 escape 
mutations associated with OBI, in addition to the 
G145R, mainly located at positions 120, 126, 129, 
130, 133, 134, 137, 140, 143 and 144[66]. In a recent 
cohort study conducted in South Korea, mutations in 
the “a” determinant were also found to be related to 
OBI[85]. Another recent study from China compared 
the characteristics of 61 patients with OBI to 153 
HBsAg (+) carriers with low titers of serum HBsAg 
(HBsAg-L group) and 54 samples with high serum 
HBsAg (HBsAg-H group). MHR mutations were seen 
significantly more frequently in OBI cases (55.7%) 
compared to the HBsAg-L (34.0%) or the HBsAg-H 
groups (17.1%). 13 representative MHR mutations 
were observed in patients with OBI. Of which, 4 
mutations strongly decreased the analytical sensitivity 
of 7 commercial HBsAg immunoassays and 10 
mutations significantly impaired virion and/or S protein 
secretion in both Huh7 cells and mice[86]. 

Mutations in the pre-S region, especially deletions, 
have been associated with a lack of detectable HBsAg 
in the serum. Deletions in the pre-S region can result 
in reduced expression of HBV surface proteins and 
help viral persistence by eliminating HLA-restricted 
B-cell and T-cell epitopes. Pre-S1/pre-S2 mutations 
are also frequently detected in OBI[85,87,88]. In one 
study, a 183-bp deletion (nt 3019 to 3201) in the 
pre-S1 region was detected in occult HBV patients. The 
deletion covered the CCAAT element that is required 
for transcription factor binding. The association of 
deletions in the pre-S gene with a lack of secreted 
HBsAg was demonstrated using functional analysis by 
transfection into hepatocyte cell lines[89]. In a similar 
study, Xu et al[90] showed that a 129-bp in-frame 
deletion in the S promoter region was associated 
with reduced levels of M and S protein transcripts, 
resulting in a marked reduction in the expression of 
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the two proteins. The roles of S promoter mutations 
and deletions in HBsAg production and secretion in 
OBI have also been reported in other studies[87,91]. In a 
recent study, a male patient from China with a chronic 
hepatitis B infection for 30 years was diagnosed with 
HB-LF. We amplified the HBV sequences from this 
patient and found that 2 major variants coexisted 
in the ratio of 1 to 4: the first variant harbored the 
A1762T/G1764A 257 double mutation in the basal 
core promoter (BCP) region and the G1896A mutation 
in the preC region; the second variant contained 2 
deletions in the preS1 region (nt 2976-3102) and the 
preS2 promoter and preS2 ORF region (nt 3203-3215, 
nt 1-31), resulting in a stop codon mutation in the 
ORF of large HBsAg and the deletion of the start 
codon in the ORF of middle HBsAg, respectively. 
When we transfected replication competent plasmids 
harboring these variants into Huh7 cells, we observed 
phenotypes one would normally predict. However, 
when both constructs were co-transfected into Huh7 
cells, new phenotypes arose. For example, coexistence 
of both variants increased HBV replication and led 
to the predominant nuclear localization of HBcAg. 
Moreover, mice mounted significantly stronger 
antibody and cytotoxic T lymphocyte (CTL) responses 
to HBsAg when both variants were co-applied in 
the HI mouse model. Thus, the coexistence of preS 
deletion mutants with other variants may significantly 
modulate specific host immune responses and may 
enhance immune-mediated liver damage under some 
circumstances, which represents a novel mechanism 
for the immunopathogenesis of HBV infection[92]. 

Numerous studies have linked preS, especially 
preS2 deletions to the occurrence of HCC[93-98]. At least 
three mechanisms have been suggested to be involved 
in the pathogenesis of preS deletion-associated 
HCC: Firstly, the preS1 and preS2 regions contain 
several epitopes for T and B cells, and play essential 
roles in the interaction with host immune responses. 
Therefore, preS deletion mutations may result in an 
inefficient immune response[99,100]. Secondly, pre-S1 
and pre-S2 mutations may cause overproduction and 
accumulation of L protein in the endoplasmic reticulum 
(ER), resulting in significant ER stress that may 
induce DNA damage and genomic instability leading 
to hepatocarcinogenesis[101]. Thirdly, preS2 mutants 
have been shown to directly activate tumor promoting 
pathways such as the VEGF/AKT/mTOR pathway and 
the p27/retinoblastoma/Cdk2/cyclin A, D pathway, 
among others[102-106]. In fact, the pre-S mutants have 
been shown to be capable of inducing dysplasia in 
hepatocytes and the development of HCC in transgenic 
mice[107]. 

S region mutations have also been associated 
with acute exacerbation of liver diseases leading to 
fatal liver failure. In our study, a Chinese patient who 
suffered from acute liver failure after discontinuation of 
lamivudine treatment was described. The patient was 
treated with lamivudine for 4 mo and ceased treatment 

without consulting. After receiving lamivudine, the 
patient developed anti-HBs and became negative for 
hepatitis B surface antigens (HBsAg). However, the 
patient suffered from a severe exacerbation about 
two months after cessation of treatment and died 
due to acute liver failure. Sequencing of HBV isolates 
revealed mutations including G145R and stop codon 
mutations at the aa positions 74 and 199 in the HBsAg 
sequences in all clones. F134S and F134V substitutions 
within the a-determinant were also detected in some 
clones. Various aa substitutions were present outside 
the a-determinant. No wt clone was found among 
the six cloned sequences. Importantly, no lamivudine 
resistance-associated mutation was found in the RT 
region coding for the HBV polymerase protein. The 
data suggested that anti-HBs antibody which appeared 
during the lamivudine treatment might be the selective 
force for the emergence of HBV mutants, and HBV 
replication resumed after the cessation of lamivudine 
treatment in this patient might have triggered the 
process leading to liver failure[108].

In a recently published study, a correlation was 
revealed between some HBsAg-mutations and serum 
HBV-DNA levels in HBV chronically-infected drug-naive 
patients. In this study, 187 patients were stratified 
into the following ranges of serum HBV-DNA: 12-2000 
IU/ml, 2000-100000 IU/ml, and > 100000 IU/ml. 
The S gene of HBV was isolated and sequenced. 
Mutant and wt HBV genomes were expressed in Huh7 
cells and HBsAg production was determined in cell-
supernatants 3 d post-transfection. The results showed 
that HBsAg-mutations M197T, S204N, Y206C/H and 
F220L were significantly correlated with serum HBV-
DNA < 2000 IU/ml (posterior-probability > 90%, P 
< 0.05), and the presence of Y206C/H and/or F220L 
was also associated with lower median (IQR) HBsAg-
levels and lower median (IQR) transaminases [for 
HBsAg: 250 (115-840) IU/ml for Y206C/H and/or 
F220L vs 4300 (640-11838) IU/ml for wt, P = 0.023; 
for ALT: 28 (21-40) IU/ml vs 53 (34-90) IU/ml, P < 
0.001). These mutations were localized in the HBsAg 
C-terminus, known to be involved in virion and/or 
HBsAg secretion. Thus, specific HBsAg-mutations 
in the HBsAg C-terminus correlated with low-serum 
HBV-DNA and HBsAg-levels. These mutations may 
represent an important mechanism underlying low 
HBV replication and the inactive-carrier state[109].

P REGION MUTATIONS
The P ORF encodes the viral DNA polymerase protein 
P, which is a specialized RT. Except for interferon-α 
and pegylated interferon-α, all five drugs approved 
for HBV treatment are nucleos(t)ide analogues 
(NAs) that target the DNA polymerase activity of 
this protein. Treatment with these NAs is generally 
efficient and well tolerated. However, resistance to 
some of these agents is a major issue affecting long-
term therapy. Lamivudine resistance occurs frequently 
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and is observed in up to 80% of patients treated for 
5 years[110-112]. Among adefovir-treated patients, the 
cumulative incidence of resistance over 5 years has 
been reported to be 29% in HBeAg-negative patients 
and 42% in HBeAg-positive patients[113,114]. With 
25% of HBeAg-positive and 11% of HBeAg-negative 
patients experiencing virological breakthrough due 
to resistance after 2 years of treatment, telbivudine 
resistance is relatively slower to emerge[115]. Resistance 
to entecavir has been shown to remain low (1.2%) 
after 6 years of therapy in NA-naıve patients[116]. No 
tenofovir resistance has been observed after 4 years of 
treatment in the registration studies[117].

Antiviral drug resistance is associated with the 
selection of adaptive mutations which reduces the 
sensitivity of the mutants to the inhibitory effects of 
a drug. The barrier to resistance can be defined as 
the difficulty with which the resistance mutants are 
selected and the barrier to resistance increases as 
the number of specific mutations required for drug 
resistance increase[118]. The main aa change associated 
with lamivudine and telbivudine-resistance is rtM204V/
I, which is located in the YMDD motif of the RT. In the 
context of lamivudine resistance, the compensatory 
mutations rtL180M and rtV173L frequently occur 
in domain B and C of the viral polymerase[4]. 
The rtA181V/T, rtL80I/V and rtM204Q mutants 
identified recently showed that primary lamivudine-
resistance mutations can also occur outside the 
YMDD motif[119,120]. Lamivudine-resistance mutations 
have been reported to result in the selection of high 
replicative HBV variants leading to exacerbation of 
disease during chronic HBV infections. In an early 
study, full-length HBV genomes were analyzed from 
four chronic hepatitis B patients who developed 
resistance to lamivudine [-2’-deoxy-3’-thiacytidine, 
LMV] accompanied by acute exacerbation of disease. 
Paired full-length HBV isolates were cloned from the 
sera of patients prior to LMV treatment and after drug 
resistant breakthrough. Compared to the isolates 
before treatment, isolates from all four patients during 
exacerbation showed a marked increase in replicative 
competence in a cell transfection study. Viral genome 
amplification and sequencing showed that while all 
isolates shared mutations at the YMDD motif, the 
isolates from the one patient who recovered from the 
exacerbation showed a lower number of mutations, 
and in particular, lacked BCP mutations at 1762/1764. 
In contrast, BCP mutations were found in isolates 
from the other three patients. Thus, in patients with 
acute exacerbation, high replicative strains were 
selected from the total HBV quasispecies during 
treatment, and among these strains, those with core 
promoter mutations at 1762/1764 were most likely to 
be associated with severe clinical exacerbations[121]. 
Adefovir resistance is characterized by rtN236T and/
or rt181V/T selected in the D and B domain of the 
polymerase, respectively[122-124]. The rtI233V mutation 
was found to confer resistance to adefovir[124]. Entecavir 

is a NA with a high barrier of resistance as multiple 
mutations are required to confer a high level of 
resistance to this drug. Entecavir resistance tends 
to emerge in a stepwise manner with the rtI169T, 
rtT184S, rtS202I, and rtM250I/V changes occurring 
sequentially in the virus already carrying lamivudine 
resistance mutations[125,126]. 

No tenofovir resistance has been described after 
3 and 4 years of therapy, but rt181T/V and rtN236T, 
the main adefovir-associated resistance mutations, do 
reduce its sensitivity clinically and virologically[117,122,127]. 
Tenofovir (TDF) has been a first-line antiretroviral 
drug for human immunodeficiency virus (HIV) since 
2001 and it is well known that this drug induces 
resistance mutations leading to treatment failure. 
Taking advantages of the high homology between 
the HIV and HBV RTs and the determination of the 
crystal structure of HIV-1 RT complexed with TDF, we 
built the homology model for HBV-RT[5,128]. Based on 
the modeled HBV-RT structure, we designed some 
mutants and tested their effects on TDF susceptibility 
in vitro in Huh7 cells and in vivo in a mouse model. 
Our results showed that HBV mutants with rtP177G 
and rtF249A reduced susceptibility to tenofovir in vitro 
with a resistance index of 2.53 and 12.16, respectively, 
and the testing result based on the HI mouse model 
revealed the antiviral effect of TDF against wt and 
mutated HBV genomes, and confirmed the reduced 
susceptibility of mutant HBV to TDF[129]. In a recent 
population-based cross-sectional study from China, 
serum samples from 179 patients who developed 
virological breakthrough while receiving treatment 
with NAs were obtained and analyzed for NA-
resistant mutations in the RT region[130]. NA-resistant 
mutations were detected in 89.4% (160/179) of these 
patients. The prevalence of HBV mutations at rtM204 
was 93.0% (106/114) in patients on lamivudine/
telbivudine-based therapy, with rtM204I being more 
frequently associated with rtL80I/V mutations [rtM204I 
+ rtL80I/V (50.0%, 32/64) vs rtM204V + rtL80I/V 
(27.3%, 9/33), P = 0.032]; rtN236 mutations were 
found in 76.1% (35/46) of patients receiving adefovir/
dipivoxil-based therapies, with rtM204V mutations 
being more frequently associated with the rtL180M 
mutations [rtM204V + rtL180M (100%, 33/33) vs 
rtM204I + rtL180M (60.9%, 39/64), P < 0.001]. In 
addition, rtA181 mutations were observed in 19.3% 
(22/114) of patients receiving lamivudine/telbivudine-
based therapy and 23.9% (11/46) of patients receiving 
adefovir/dipivoxil-based therapy. 

The RT and HBsAg ORFs overlap at RT aa 8-236, 
and the HBsAg ORF shifts downstream by 1 nucleotide. 
Not surprisingly, some resistance mutations also affect 
the overlapping HBsAg. For instance, the rtA181T 
mutant selected by adefovir, lamivudine or telbivudine 
typically results in a stop codon in the envelope gene 
(sW172stop), causing a dominant negative secretion 
defect in HBsAg leading to an altered viral rebound 
profile[131]. Studies have also shown that common 
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antiviral drug selected mutations may confer changes 
in the antigenicity of the overlapping HBsAg. A 
pioneering study by Torresi et al[132] reported that 
resistance mutations rtV173L + rtL180M + rtM204V 
that resulted in mutations sE164D + sI195M in HBsAg 
reduced antigen-antibody binding. A few years later, 
Sloan et al[133] confirmed their observations and 
further revealed that these mutations caused immune 
evasion through disruption of the “α” determinant on 
HBsAg. In recent years, similar observations have 
been made in studies from Brazil and China[134,135]. 
On the other hand, the overlapping changes in 
surface genes may potentially affect the impact of 
HBV polymerase mutation on replication and drug 
resistance. For example, the sW172 stop mutation 
could result in decreased viral replication and increased 
drug resistance[136,137]. Additionally, wt HBV and drug-
resistant HBV such as the sW172 stop mutation could 
complement each other to maintain viral replication 
and rescue virion production under NAs treatment, 
thus facilitating HBV survival and persistence under 
NAs pressure (our unpublished data).

C REGION
The HBV core gene is divided into the precore (PC) 
region and the basic core region (BCP) by two in-frame 
initiating ATG codons. This results in the transcription 
of either the pregenomic RNA that is essential for 
HBV replication and translates into the nucleocapsid 
protein HBcAg or the PC RNA that translates into HBV 
e antigen (HBeAg) protein. Studies have linked defect 
core protein expression to PC and/or BCP mutations. 
The most prevalent PC mutation is a guanine-
to-adenine transition at nucleotide position 1896 
(G1896A), which creates a TAG stop codon at codon 
28 of the PC protein and abolishes HBeAg expression 
at the translational level[138]. The most common BCP 
mutation is the double A1762T and G1764A nucleotide 
exchange, which results in a decrease in HBeAg 
expression of up to 70%, but enhanced viral genome 
replication[138-140]. 

The core protein HBcAg of HBV is a potent immune 
stimulator, stimulating a strong neutralizing immune 
response[141,142]. Cytotoxic T cells (CTLs) play a key role 
in the control of HBV infection and viral clearance. The 
HBV-specific CD8+ T lymphocytes (CTL)-mediated 
immune response is multi-specific, polyclonal, and 
vigorous during acute hepatitis B (AHB), which plays 
a vital role in viral control and viral clearance, as well 
as disease pathogenesis[143-145]. In contrast, the HBV-
specific CTL response is minimal or undetectable 
in chronic hepatitis B (CHB) with viral persistence 
and immune tolerance, indicating the key role of 
HBV-specific T-cell response in the determination of 
disease progression and outcome[146,147]. Analysis of 
CTLs specific for viral epitopes within core, envelope, 
polymerase, and X proteins showed that the highly 
conserved HBV core protein (HBc) elicits the strongest 

CTL responses compared with other viral proteins, 
suggesting that the HBc-specific T cell response may 
play a leading role in viral control and clearance[148-152]. 
However, mutations in HBcAg may lead to the 
production of immune escape variants, resulting in the 
persistence of HBV[2,153]. In a recent study, the HBV 
core gene was amplified and sequenced from 148 
patients with chronic HBV infection, and the human 
leukocyte antigen (HLA) class Ⅰ genotype (A and B 
loci) of the patients was determined. Using a statistical 
approach with a novel analysis package SeqFeatR, 
residues under selection pressure in the presence of 
particular HLA class I alleles were identified. With this 
approach, nine residues in HBV core under selection 
pressure in the presence of 10 different HLA class I 
alleles were identified. Immunological experiments 
confirmed that seven of these residues were located 
inside epitopes targeted by patients with chronic 
HBV infection carrying the relevant HLA class I allele. 
Consistent with viral escape, the selected substitutions 
reproducibly impaired recognition by HBV-specific CD8 
T cells[154].

HBeAg is not required for HBV replication in 
vitro, but is secreted into the blood. Acting as both 
an immunogen and a tolerogen, it has profound 
effects on the natural history and pathogenesis of 
HBV infection[155]. In general, HBV replicates more 
actively in carriers with HBeAg than those with anti-
HBe, and carriers with HBeAg have a higher activity 
to transmit HBV than those with anti-HBe[156]. In 
chronic hepatitis B infection, a key event in the natural 
history of progression is HBeAg seroconversion to 
HBeAb with a marked reduction of HBV replication 
followed by gradual histological improvement[157]. 
However, a proportion of patients who undergo HBeAg 
seroconversion demonstrate a recurrence of high HBV 
DNA levels and intermittent or persistent ALT level 
elevations. These individuals harbor a mutant form of 
HBV that does not produce HBeAg, due to a mutation 
in the precore or core promoter region. In Asia, the 
Middle East, Mediterranean basin and southern Europe, 
about 15% to 20% of these carriers have elevated 
alanine aminotransferase and viral DNA[158]. HBeAg-
negative chronic hepatitis B (precore mutant) emerges 
as the predominant species during the course of typical 
HBV infection with wt virus and is selected during the 
immune clearance phase (HBeAg seroconversion)[159]. 
Sustained spontaneous remission is rare (6% to 
15%) in these individuals, and spontaneous HBsAg 
clearance is only about 0.5% per year[160]. Therefore, 
long-term prognosis is poorer among HBeAg-negative 
individuals than their HBeAg-positive counterparts. In 
fact, HBeAg-negative chronic hepatitis B is currently 
the main type worldwide as well as the most difficult 
to treat in terms of achieving sustained virological 
response.

In China, hepatitis B-related ACLF (HB-ACLF) 
patients account for more than 80% of ACLF cases 
as a result of the high incidence of chronic HBV 
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infection, with a high mortality rate of 60%-80% in 
the absence of liver transplantation, causing 22600 
deaths annually[161,162]. Characterized by increased 
viral load and a fierce immune response, HB-ACLF is 
very often associated with mutations in the BCP and 
PC regions, because the BCP mutations may enhance 
HBV replication and the PC mutation abrogates transla
tion of HBeAg, which is considered a tolerogen and 
immune repressor buffering the immune attack on the 
infected hepatocyte[163-168]. In fact, a higher prevalence 
of the BCP double mutation A1762T/G1764A and the 
G1896A PC mutation have been reported in ALF than 
in acute hepatitis B patients[169-173]. In addition, single 
mutations including the T1753V (C/A/G), C1766T, 
T1768A, G1862T and G1899A in the BCP/PC region 
have been reported to be associated with increased 
HBV replication capacity and/or reduced HBeAg 
expression in vitro, and in some cases associated with 
ALF in the clinic[46,163,173-176]. A recent study reported 
that T1846 and A/G1913 mutations are associated 
with ACLF in patients infected with HBV genotypes B 
and C[177].

X REGION
Chronic HBV infection is the dominant global cause 
of HCC, accounting for 55% of cases worldwide and 
80% or more in the eastern Pacific region and sub-
Saharan Africa[178]. Accumulating evidence has shown 
that HBxAg, the viral product of the X ORF, plays 
critical roles in the pathogenesis of HCC[179]. HBxAg 
promotes carcinogenesis by interacting with cellular 
proteins resulting in dysregulation of multiple signaling 
pathways involved in cell cycle progression, cell growth 
and apoptosis. To date HBxAg has been found to 
interfere with cellular signaling pathways including 
Src, pRb/E2F, p53, NF-kB, PI3K, Jak1/STAT, ERK and 
PI3K/AKT and Wnt/β-catenin[180-187]. During the last 
decade or so, several studies have indicated that the 
C-end truncated X protein often occurs in patients with 
HCC[188-194]. Further investigations revealed that the 
truncated HBxAg lost the proapoptotic activity of the 
full length form and thus acquired stronger cellular 
transformation activity in vitro and tumor promoting 
activity in vivo[189]. A recent study reported that, 
relative to WTHBxAg, naturally occurring truncated 
mutant HBxΔ127 strongly enhanced cell proliferation 
and migration in HCC[195]. In addition to truncated 
HBxAg mutants, insertions in the HBx gene may play 
a pivotal role in hepatocarcinogenesis. A Korean cohort 
study showed that the prevalence of insertions was 
significantly higher in patients with severe liver disease, 
HCC, or cirrhosis of the liver compared to patients who 
were carriers or had chronic hepatitis. Four novel types 
of insertions including PKLL, GM, FFN, and tt, were 
observed in six patients, which were accompanied 
by double mutations in the BCP region[196]. Moreover, 
site mutations have also been associated with HCC. 

Studies from Korea have reported that HCC risk 
increased in the presence of ≥ 6 mutations of eight 
key mutations in Korean chronic HBV genotype C2 
carriers. The eight key mutations comprise G1613A, 
C1653T, T1753V, A1762T, G1764A, A1846T, G1896A 
and G1899A that are located throughout the core 
promoter and the proximal portion of the precore gene 
(X/preC region)[197,198]. A recent study assessed the 
postoperative prognostic value of HBV mutations in 
HBxAg in HBV associated HCC patients and found that 
eight mutational sites, including 1383, 1461, 1485, 
1544, 1613, 1653, 1719, and 1753, could serve as 
independent predictors of HCC survival[199]. 

Mutations in reactivation of HBV infection upon 
chemotherapy and immunosuppression
Reactivation of HBV infection is a well-documented 
complication among cancer patients undergoing 
cytotoxic chemotherapy. In recent years, it has 
become clear that HBV mutations associated with 
severe liver diseases are frequently found in patients 
on chemotherapy. The most common mutations 
associated with chemotherapy-related HBV reactivation 
include the G to A mutation at nt 1896 in the preC/C 
region, the nt 1762 (A to T) and nt 1764 (G to A) 
mutations in the preC promoter region[200-204]. A study 
of ours suggested that immune escape mutations may 
also be involved in chemotherapy-associated HBV 
reactivation[205]. 

HBV reactivation can also occur during immuno
suppression. A few years ago, we reported a case 
in which a non-Hodgkin lymphoma patient who had 
displayed positive anti-HBs and anti-HBc before 
immunosuppressive therapy developed HBV reacti
vation after receiving a rituximab-based regimen. Our 
sequencing data revealed genotype D with two known 
escape mutations P120S and S145P and three other 
mutations Y134K, I150T and T189I, which had not 
been found in the usual escape setting[206]. In a recent 
study, the genetic features of HBsAg were investigated 
by population-based and ultradeep sequencing (UDS) 
of HBV DNA from 93 patients: 29 developed HBV 
reactivation and 64 consecutive patients with chronic 
HBV infection (as controls)[207]. Of the HBV-reactivated 
patients, 51.7% were treated with rituximab, 34.5% 
with different chemotherapeutics, and 13.8% with 
corticosteroids only for inflammatory diseases. In total, 
75.9% of HBV-reactivated patients (vs 3.1% of control 
patients; P < 0.001) carried HBsAg mutations localized 
in immune-active HBsAg regions. Of the 13 HBsAg 
mutations found in these patients, 8 of 13 (M103I-
L109I-T118K-P120A-Y134H-S143L-D144E-S171F) 
reside in the MHR where neutralizing antibodies target. 
The remaining five (C48G-V96A-L175S-G185E-V190A) 
are localized in class Ⅰ/Ⅱ-restricted T-cell epitopes, 
suggesting a role in HBV escape from T-cell-mediated 
responses. Using UDS, these mutations occurred in 
HBV-reactivated patients with a median intra-patient 
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prevalence of 73.3% (range, 27.6%-100%) vs 4.6% 
(range, 2.5%-11.3%; P < 0.001) in control patients, 
supporting their fixation in the viral population as a 
predominant species. Moreover, additional N-linked 
glycosylation sites within the MHR were found in 24.1% 
of HBV-reactivated patients (vs 0% of chronic patients; 
P < 0.001). Thus, data from this study suggest that 
HBV reactivation occurs upon immunosuppression, 
correlating with HBsAg mutations endowed with 
enhanced capability to evade immune response. 
Another study cloned and sequenced the full length 
HBV genome from an HBsAg-negative patient who 
developed HBV reactivation following chemotherapy 
with rituximab[208]. The results showed that the number 
of aa substitutions in HBV from this patient was much 
higher than that reported for occult HBV infection 
or vaccine escape. It is worth noting that this study 
detected not only known “a” determinant mutations 
such as Q129H, F134Y, D144E and the preC G1896A 
mutation, but also a large number of mutations in 
other regions including preS, P, X and C, suggesting 
the possibility that mutations in other regions may also 
play some roles in immunosuppression-associated HBV 
reactivation.

Co-infection with HBV and human immunodeficiency 
virus (HIV) is not uncommon. It is estimated by the 
Joint United Nations Program on HIV/AIDS that 10% 
of 33 million HIV-infected patients has concurrent 
chronic HBV infection[209]. A higher proportion of 
chronic HBs antigenemia has been found in HIV-
infected patients because HIV destroys CD4 cells 
which compromises host immunity against HBV[210]. 
Clinical observational studies have demonstrated 
that HIV/HBV-co-infected patients may have faster 
progression of hepatic fibrosis and a higher risk of 
cirrhosis, end-stage liver disease, and HCC than HBV-
mono-infected patients[211,212]. The recurrence of HBV 
replication due to withdrawal of lamivudine therapy and 
administration of glucocorticosteroids in HIV/HBV-co-
infected patients has been described previously[213-216]. 
Further observations including ours revealed that even 
slight suppression of host immunity by HIV infection at 
a level that did not require drug therapy could cause 
HBV reactivation[217,218]. It is worth noting that immune 
escape mutations were detected in most of these 
studies. 

SUMARRY AND PERSPECTIVES 
Most HBV genotypes and sub-genotypes have distinct 
geographical distributions. Abundant evidence 
has shown that genotypes and sub-genotypes are 
associated with the pathogenesis and outcome of 
HBV infection. Generally, HBV genotype C has been 
associated with an increased risk of liver inflammation, 
flares of hepatitis, liver fibrosis and HCC. Compared to 
other genotypes, patients with genotypes D, C, and F1 
are more likely to develop complications such as liver 
cirrhosis and HCC. In addition, HBeAg seroconversion 

occurred much later in patients infected with genotype 
C compared to other genotypes. As shown in Figures 1 
and 2, mutations in the preS/S region are associated 
with vaccine failure, immune escape, occult HBV 
infection and the occurrence of HCC. Mutations 
in the P region may cause drug resistance to NA 
antivirals. Mutations in the preC/C region are related 
to HBeAg negativity, immune escape, and persistent 
hepatitis. Mutations in the X region play critical roles in 
promoting HCC.

Investigations of HBV genetic variability and 
pathogenic implications of specific mutations have 
resulted in significant advances over the past decade. A 
significant increase in the body of knowledge regarding 
HBV genetic variability has greatly improved the way 
HBV infection is managed and treated. However, there 
are questions that remain unanswered and obstacles 
that need to be overcome. For example, much of 
our current understanding regarding HBV genetic 
variability was inferred from molecular epidemiological 
analyses. Due to constant viral evolution as a result 
of interactions among the host, virus and drug 
therapy, the results of these types of analyses can 
be confounded by many known or unknown factors. 
We believe that more physical experiments using 
reference strains that are really representative of their 
respective genotypes and sub-genotypes can help 
overcome this problem and provide more detailed and 
reliable information. In addition, as both viral and host 
factors affect HBV pathogenesis, reliable biomarkers 
and convenient methods need to be established to 
monitor both the viral and host factors to, ideally, 
achieve personalized management and treatment. 
As an example, in a recent pioneering study, Gong et 
al[219] compared the performance of next-generation 
sequencing and clone-based sequencing (CBS) in 
analyzing HBV RT quasispecies heterogeneity. In 
that study, HBV genomic DNA was extracted from 
serum samples obtained from 31 antiviral treatment-
naive patients with chronic hepatitis B. The RT region 
quasispecies were analyzed in parallel using CBS and 
ultradeep pyrosequencing (UDPS). Their data showed 
that the number of qualified strains obtained by UDPS 
was much larger than that obtained by CBS (P < 
0.001), and the complexity value derived from UDPS 
data was higher than that derived from CBS data (P < 
0.001). A study on the prevalence of variations within 
the RT region showed that CBS detected an average of 
9.7 ± 1.1 aa substitutions/sample and UDPS detected 
an average of 16.2 ± 1.4 aa substitutions/sample. This 
study clearly demonstrated that viral heterogeneity 
determination by the UDPS technique is more 
sensitive and efficient in detecting low-abundance 
variations than that by the CBS method, and thus 
has shed some light on the future clinical application 
of next generation sequencing in HBV quasispecies 
evaluation[219]. Additionally, it is important to continue 
research on the identification of novel therapeutic 
targets in the life cycle of HBV or in the host immune 
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system to stimulate the development of new antiviral 
agents and immunotherapies. These can be antiviral 
agents targeting HBV entry, cccDNA, capsid formation, 
viral morphogenesis and virion secretion, as well as 
therapeutic vaccines. 

REFERENCES
1	 Miller RH, Kaneko S, Chung CT, Girones R, Purcell RH. Compact 

organization of the hepatitis B virus genome. Hepatology 1989; 9: 
322-327 [PMID: 2643549]

2	 Seeger C, Mason WS. Hepatitis B virus biology. Microbiol Mol Biol 
Rev 2000; 64: 51-68 [PMID: 10704474]

3	 Summers J, Mason WS. Replication of the genome of a hepatitis 
B--like virus by reverse transcription of an RNA intermediate. Cell 
1982; 29: 403-415 [PMID: 6180831]

4	 Das K, Xiong X, Yang H, Westland CE, Gibbs CS, Sarafianos SG, 
Arnold E. Molecular modeling and biochemical characterization 
reveal the mechanism of hepatitis B virus polymerase resistance 
to lamivudine (3TC) and emtricitabine (FTC). J Virol 2001; 75: 
4771-4779 [PMID: 11312349 DOI: 10.1128/jvi.75.10.4771-4779.2
001]

5	 Bartholomeusz A, Tehan BG, Chalmers DK. Comparisons of 
the HBV and HIV polymerase, and antiviral resistance mutations. 
Antivir Ther 2004; 9: 149-160 [PMID: 15134177]

6	 Cane PA, Mutimer D, Ratcliffe D, Cook P, Beards G, Elias E, 
Pillay D. Analysis of hepatitis B virus quasispecies changes 
during emergence and reversion of lamivudine resistance in liver 
transplantation. Antivir Ther 1999; 4: 7-14 [PMID: 10682123]

7	 Günther S, Fischer L, Pult I, Sterneck M, Will H. Naturally 
occurring variants of hepatitis B virus. Adv Virus Res 1999; 52: 
25-137 [PMID: 10384235]

8	 Chotiyaputta W, Lok AS. Hepatitis B virus variants. Nat Rev 
Gastroenterol Hepatol 2009; 6: 453-462 [PMID: 19581904 DOI: 
10.1038/nrgastro.2009.107]

9	 Girones R, Miller RH. Mutation rate of the hepadnavirus genome. 
Virology 1989; 170: 595-597 [PMID: 2728351]

10	 Nowak MA, Bonhoeffer S, Hill AM, Boehme R, Thomas HC, 
McDade H. Viral dynamics in hepatitis B virus infection. Proc Natl 
Acad Sci USA 1996; 93: 4398-4402 [PMID: 8633078]

11	 Raimondo G, Allain JP, Brunetto MR, Buendia MA, Chen DS, 
Colombo M, Craxì A, Donato F, Ferrari C, Gaeta GB, Gerlich WH, 
Levrero M, Locarnini S, Michalak T, Mondelli MU, Pawlotsky 
JM, Pollicino T, Prati D, Puoti M, Samuel D, Shouval D, Smedile 
A, Squadrito G, Trépo C, Villa E, Will H, Zanetti AR, Zoulim F. 
Statements from the Taormina expert meeting on occult hepatitis 
B virus infection. J Hepatol 2008; 49: 652-657 [PMID: 18715666 
DOI: 10.1016/j.jhep.2008.07.014]

12	 Torbenson M, Thomas DL. Occult hepatitis B. Lancet Infect Dis 
2002; 2: 479-486 [PMID: 12150847]

13	 Couroucé-Pauty AM, Plançon A, Soulier JP. Distribution of 
HBsAg subtypes in the world. Vox Sang 1983; 44: 197-211 [PMID: 
6845678]

14	 Okamoto H, Tsuda F, Sakugawa H, Sastrosoewignjo RI, Imai M, 
Miyakawa Y, Mayumi M. Typing hepatitis B virus by homology in 
nucleotide sequence: comparison of surface antigen subtypes. J Gen 
Virol 1988; 69 (Pt 10): 2575-2583 [PMID: 3171552]

15	 Fang ZL, Zhuang H, Wang XY, Ge XM, Harrison TJ. Hepatitis 
B virus genotypes, phylogeny and occult infection in a region 
with a high incidence of hepatocellular carcinoma in China. World 
J Gastroenterol 2004; 10: 3264-3268 [PMID: 15484297 DOI: 
10.3748/wjg.v10.i22.3264]

16	 Cao GW. Clinical relevance and public health significance of 
hepatitis B virus genomic variations. World J Gastroenterol 2009; 
15: 5761-5769 [PMID: 19998495 DOI: 10.3748/wjg.15.5761]

17	 Kurbanov F, Tanaka Y, Mizokami M. Geographical and genetic 
diversity of the human hepatitis B virus. Hepatol Res 2010; 40: 
14-30 [PMID: 20156297 DOI: 10.1111/j.1872-034X.2009.00601.x]

18	 Norder H, Couroucé AM, Coursaget P, Echevarria JM, Lee SD, 

Mushahwar IK, Robertson BH, Locarnini S, Magnius LO. Genetic 
diversity of hepatitis B virus strains derived worldwide: genotypes, 
subgenotypes, and HBsAg subtypes. Intervirology 2004; 47: 
289-309 [PMID: 15564741 DOI: 10.1159/000080872]

19	 Thedja MD, Muljono DH, Nurainy N, Sukowati CH, Verhoef J, 
Marzuki S. Ethnogeographical structure of hepatitis B virus genotype 
distribution in Indonesia and discovery of a new subgenotype, B9. 
Arch Virol 2011; 156: 855-868 [PMID: 21318309 DOI: 10.1007/
s00705-011-0926-y]

20	 Huy TT, Ushijima H, Quang VX, Win KM, Luengrojanakul P, 
Kikuchi K, Sata T, Abe K. Genotype C of hepatitis B virus can be 
classified into at least two subgroups. J Gen Virol 2004; 85: 283-292 
[PMID: 14769886]

21	 Davies J, Littlejohn M, Locarnini SA, Whiting S, Hajkowicz 
K, Cowie BC, Bowden DS, Tong SY, Davis JS. Molecular 
epidemiology of hepatitis B in the Indigenous people of northern 
Australia. J Gastroenterol Hepatol 2013; 28: 1234-1241 [PMID: 
23432545 DOI: 10.1111/jgh.12177]

22	 Lusida MI, Nugrahaputra VE, Soetjipto R, Nagano-Fujii M, 
Sasayama M, Utsumi T, Hotta H. Novel subgenotypes of hepatitis B 
virus genotypes C and D in Papua, Indonesia. J Clin Microbiol 2008; 
46: 2160-2166 [PMID: 18463220 DOI: 10.1128/jcm.01681-07]

23	 Mulyanto SN, Surayah K, Tjahyono AA, Jirintai S, Takahashi M, 
Okamoto H. Identification and characterization of novel hepatitis 
B virus subgenotype C10 in Nusa Tenggara, Indonesia. Arch Virol 
2010; 155: 705-715 [PMID: 20306210 DOI: 10.1007/s00705-010-
0628-x]

24	 Mulyanto SN, Wahyono A, Jirintai S, Takahashi M, Okamoto 
H. Analysis of the full-length genomes of novel hepatitis B virus 
subgenotypes C11 and C12 in Papua, Indonesia. J Med Virol 2011; 
83: 54-64 [PMID: 21108339 DOI: 10.1002/jmv.21931]

25	 Sakamoto T, Tanaka Y, Orito E, Co J, Clavio J, Sugauchi F, Ito K, 
Ozasa A, Quino A, Ueda R, Sollano J, Mizokami M. Novel subtypes 
(subgenotypes) of hepatitis B virus genotypes B and C among 
chronic liver disease patients in the Philippines. J Gen Virol 2006; 
87: 1873-1882 [PMID: 16760389 DOI: 10.1099/vir.0.81714-0]

26	 Utsumi T, Nugrahaputra VE, Amin M, Hayashi Y, Hotta H, Lusida 
MI. Another novel subgenotype of hepatitis B virus genotype C from 
papuans of Highland origin. J Med Virol 2011; 83: 225-234 [PMID: 
21181916 DOI: 10.1002/jmv.21963]

27	 Mulyanto P, Depamede SN, Wahyono A, Jirintai S, Nagashima S, 
Takahashi M, Nishizawa T, Okamoto H. Identification of four novel 
subgenotypes (C13-C16) and two inter-genotypic recombinants 
(C12/G and C13/B3) of hepatitis B virus in Papua province, 
Indonesia. Virus Res 2012; 163: 129-140 [PMID: 21925554 DOI: 
10.1016/j.virusres.2011.09.002]

28	 Pourkarim MR, Amini-Bavil-Olyaee S, Kurbanov F, Van Ranst 
M, Tacke F. Molecular identification of hepatitis B virus genotypes/
subgenotypes: revised classification hurdles and updated resolutions. 
World J Gastroenterol 2014; 20: 7152-7168 [PMID: 24966586 DOI: 
10.3748/wjg.v20.i23.7152]

29	 Yang J, Xing K, Deng R, Wang J, Wang X. Identification of 
Hepatitis B virus putative intergenotype recombinants by using 
fragment typing. J Gen Virol 2006; 87: 2203-2215 [PMID: 
16847116]

30	 Sugauchi F, Orito E, Ichida T, Kato H, Sakugawa H, Kakumu S, 
Ishida T, Chutaputti A, Lai CL, Ueda R, Miyakawa Y, Mizokami M. 
Hepatitis B virus of genotype B with or without recombination with 
genotype C over the precore region plus the core gene. J Virol 2002; 
76: 5985-5992 [PMID: 12021331]

31	 Shi W, Carr MJ, Dunford L, Zhu C, Hall WW, Higgins DG. 
Identification of novel inter-genotypic recombinants of human 
hepatitis B viruses by large-scale phylogenetic analysis. Virology 2012; 
427: 51-59 [PMID: 22374235 DOI: 10.1016/j.virol.2012.01.030]

32	 Sánchez-Tapias JM, Costa J, Mas A, Bruguera M, Rodés J. 
Influence of hepatitis B virus genotype on the long-term outcome of 
chronic hepatitis B in western patients. Gastroenterology 2002; 123: 
1848-1856 [PMID: 12454842 DOI: 10.1053/gast.2002.37041]

33	 Yuen MF, Wong DK, Sablon E, Tse E, Ng IO, Yuan HJ, Siu CW, 
Sander TJ, Bourne EJ, Hall JG, Condreay LD, Lai CL. HBsAg 
seroclearance in chronic hepatitis B in the Chinese: virological, 

Zhang ZH et al . Genetic variation of HBV



138 January 7, 2016|Volume 22|Issue 1|WJG|www.wjgnet.com

histological, and clinical aspects. Hepatology 2004; 39: 1694-1701 
[PMID: 15185311 DOI: 10.1002/hep.20240]

34	 Thakur V, Guptan RC, Kazim SN, Malhotra V, Sarin SK. Profile, 
spectrum and significance of HBV genotypes in chronic liver disease 
patients in the Indian subcontinent. J Gastroenterol Hepatol 2002; 
17: 165-170 [PMID: 11966946]

35	 Livingston SE, Simonetti JP, McMahon BJ, Bulkow LR, Hurlburt 
KJ, Homan CE, Snowball MM, Cagle HH, Williams JL, Chulanov 
VP. Hepatitis B virus genotypes in Alaska Native people with 
hepatocellular carcinoma: preponderance of genotype F. J Infect Dis 
2007; 195: 5-11 [PMID: 17152003 DOI: 10.1086/509894]

36	 Livingston SE, Simonetti JP, Bulkow LR, Homan CE, Snowball 
MM, Cagle HH, Negus SE, McMahon BJ. Clearance of hepatitis B e 
antigen in patients with chronic hepatitis B and genotypes A, B, C, D, 
and F. Gastroenterology 2007; 133: 1452-1457 [PMID: 17920063 
DOI: 10.1053/j.gastro.2007.08.010]

37	 Chen CH, Eng HL, Lee CM, Kuo FY, Lu SN, Huang CM, Tung 
HD, Chen CL, Changchien CS. Correlations between hepatitis 
B virus genotype and cirrhotic or non-cirrhotic hepatoma. 
Hepatogastroenterology 2004; 51: 552-555 [PMID: 15086200]

38	 Kao JH, Chen PJ, Lai MY, Chen DS. Genotypes and clinical 
phenotypes of hepatitis B virus in patients with chronic hepatitis 
B virus infection. J Clin Microbiol 2002; 40: 1207-1209 [PMID: 
11923332]

39	 Kao JH, Chen PJ, Lai MY, Chen DS. Hepatitis B virus genotypes 
and spontaneous hepatitis B e antigen seroconversion in Taiwanese 
hepatitis B carriers. J Med Virol 2004; 72: 363-369 [PMID: 
14748059 DOI: 10.1002/jmv.10534]

40	 Chan HL, Hui AY, Wong ML, Tse AM, Hung LC, Wong VW, Sung 
JJ. Genotype C hepatitis B virus infection is associated with an 
increased risk of hepatocellular carcinoma. Gut 2004; 53: 1494-1498 
[PMID: 15361502 DOI: 10.1136/gut.2003.033324]

41	 Chu CM, Liaw YF. Genotype C hepatitis B virus infection is 
associated with a higher risk of reactivation of hepatitis B and 
progression to cirrhosis than genotype B: a longitudinal study of 
hepatitis B e antigen-positive patients with normal aminotransferase 
levels at baseline. J Hepatol 2005; 43: 411-417 [PMID: 16006001 
DOI: 10.1016/j.jhep.2005.03.018]

42	 Watanabe K, Takahashi T, Takahashi S, Okoshi S, Ichida T, Aoyagi 
Y. Comparative study of genotype B and C hepatitis B virus-induced 
chronic hepatitis in relation to the basic core promoter and precore 
mutations. J Gastroenterol Hepatol 2005; 20: 441-449 [PMID: 
15740490 DOI: 10.1111/j.1440-1746.2004.03572.x]

43	 Yuen MF, Sablon E, Yuan HJ, Wong DK, Hui CK, Wong BC, 
Chan AO, Lai CL. Significance of hepatitis B genotype in 
acute exacerbation, HBeAg seroconversion, cirrhosis-related 
complications, and hepatocellular carcinoma. Hepatology 2003; 37: 
562-567 [PMID: 12601354 DOI: 10.1053/jhep.2003.50098]

44	 Sumi H, Yokosuka O, Seki N, Arai M, Imazeki F, Kurihara T, 
Kanda T, Fukai K, Kato M, Saisho H. Influence of hepatitis B 
virus genotypes on the progression of chronic type B liver disease. 
Hepatology 2003; 37: 19-26 [PMID: 12500184 DOI: 10.1053/
jhep.2003.50036]

45	 Chan HL, Tse CH, Mo F, Koh J, Wong VW, Wong GL, Lam Chan 
S, Yeo W, Sung JJ, Mok TS. High viral load and hepatitis B virus 
subgenotype ce are associated with increased risk of hepatocellular 
carcinoma. J Clin Oncol 2008; 26: 177-182 [PMID: 18182659 DOI: 
10.1200/jco.2007.13.2043]

46	 Wai CT, Fontana RJ, Polson J, Hussain M, Shakil AO, Han SH, 
Davern TJ, Lee WM, Lok AS. Clinical outcome and virological 
characteristics of hepatitis B-related acute liver failure in the United 
States. J Viral Hepat 2005; 12: 192-198 [PMID: 15720535 DOI: 
10.1111/j.1365-2893.2005.00581.x]

47	 Kato H, Orito E, Gish RG, Bzowej N, Newsom M, Sugauchi F, 
Suzuki S, Ueda R, Miyakawa Y, Mizokami M. Hepatitis B e antigen 
in sera from individuals infected with hepatitis B virus of genotype 
G. Hepatology 2002; 35: 922-929 [PMID: 11915040 DOI: 10.1053/
jhep.2002.32096]

48	 Chudy M, Schmidt M, Czudai V, Scheiblauer H, Nick S, Mosebach 
M, Hourfar MK, Seifried E, Roth WK, Grünelt E, Nübling CM. 

Hepatitis B virus genotype G monoinfection and its transmission by 
blood components. Hepatology 2006; 44: 99-107 [PMID: 16799987 
DOI: 10.1002/hep.21220]

49	 Norder H, Couroucé AM, Magnius LO. Complete genomes, 
phylogenetic relatedness, and structural proteins of six strains of 
the hepatitis B virus, four of which represent two new genotypes. 
Virology 1994; 198: 489-503 [PMID: 8291231 DOI: 10.1006/
viro.1994.1060]

50	 Bartholomeusz A, Schaefer S. Hepatitis B virus genotypes: 
comparison of genotyping methods. Rev Med Virol 2004; 14: 3-16 
[PMID: 14716688 DOI: 10.1002/rmv.400]

51	 Schaefer S. Hepatitis B virus taxonomy and hepatitis B virus 
genotypes. World J Gastroenterol 2007; 13: 14-21 [PMID: 17206751 
DOI: 10.3748/wjg.v13.i1.14]

52	 Zhang ZH, Zhang L, Lu MJ, Yang DL, Li X. Establishment of 
reference sequences of hepatitis B virus genotype B and C in China. 
Zhonghua Gan Zang Bing Za Zhi 2009; 17: 891-895 [PMID: 
20038328]

53	 Zhang Z, Xia J, Sun B, Dai Y, Li X, Schlaak JF, Lu M. In vitro and 
in vivo replication of a chemically synthesized consensus genome 
of hepatitis B virus genotype B. J Virol Methods 2015; 213: 57-64 
[PMID: 25433217 DOI: 10.1016/j.jviromet.2014.11.007]

54	 Yuan Q, Ou SH, Chen CR, Ge SX, Pei B, Chen QR, Yan Q, Lin YC, 
Ni HY, Huang CH, Yeo AE, Shih JW, Zhang J, Xia NS. Molecular 
characteristics of occult hepatitis B virus from blood donors in 
southeast China. J Clin Microbiol 2010; 48: 357-362 [PMID: 
19940057 DOI: 10.1128/jcm.01781-09]

55	 Hsu CW, Yeh CT. Emergence of hepatitis B virus S gene mutants 
in patients experiencing hepatitis B surface antigen seroconversion 
after peginterferon therapy. Hepatology 2011; 54: 101-108 [PMID: 
21503942 DOI: 10.1002/hep.24363]

56	 Carman WF, Zanetti AR, Karayiannis P, Waters J, Manzillo G, 
Tanzi E, Zuckerman AJ, Thomas HC. Vaccine-induced escape 
mutant of hepatitis B virus. Lancet 1990; 336: 325-329 [PMID: 
1697396]

57	 Carman WF, Korula J, Wallace L, MacPhee R, Mimms L, Decker R. 
Fulminant reactivation of hepatitis B due to envelope protein mutant 
that escaped detection by monoclonal HBsAg ELISA. Lancet 1995; 
345: 1406-1407 [PMID: 7539089]

58	 Theamboonlers A, Chongsrisawat V, Jantaradsamee P, Poovorawan 
Y. Variants within the “a” determinant of HBs gene in children 
and adolescents with and without hepatitis B vaccination as part of 
Thailand’s Expanded Program on Immunization (EPI). Tohoku J Exp 
Med 2001; 193: 197-205 [PMID: 11315767]

59	 Colson P, Borentain P, Motte A, Henry M, Moal V, Botta-Fridlund 
D, Tamalet C, Gérolami R. Clinical and virological significance of 
the co-existence of HBsAg and anti-HBs antibodies in hepatitis B 
chronic carriers. Virology 2007; 367: 30-40 [PMID: 17573090 DOI: 
10.1016/j.virol.2007.05.012]

60	 Lada O, Benhamou Y, Poynard T, Thibault V. Coexistence of 
hepatitis B surface antigen (HBs Ag) and anti-HBs antibodies in 
chronic hepatitis B virus carriers: influence of “a” determinant 
variants. J Virol 2006; 80: 2968-2975 [PMID: 16501106 DOI: 
10.1128/jvi.80.6.2968-2975.2006]

61	 Kazim SN, Sarin SK, Sharma BC, Khan LA, Hasnain SE. 
Characterization of naturally occurring and Lamivudine-induced 
surface gene mutants of hepatitis B virus in patients with chronic 
hepatitis B in India. Intervirology 2006; 49: 152-160 [PMID: 
16428891 DOI: 10.1159/000089376]

62	 Koyanagi T, Nakamuta M, Sakai H, Sugimoto R, Enjoji M, Koto K, 
Iwamoto H, Kumazawa T, Mukaide M, Nawata H. Analysis of HBs 
antigen negative variant of hepatitis B virus: unique substitutions, 
Glu129 to Asp and Gly145 to Ala in the surface antigen gene. Med 
Sci Monit 2000; 6: 1165-1169 [PMID: 11208474]

63	 Chiou HL, Lee TS, Kuo J, Mau YC, Ho MS. Altered antigenicity of 
‘a’ determinant variants of hepatitis B virus. J Gen Virol 1997; 78 (Pt 
10): 2639-2645 [PMID: 9349486]

64	 Oon CJ, Lim GK, Ye Z, Goh KT, Tan KL, Yo SL, Hopes E, 
Harrison TJ, Zuckerman AJ. Molecular epidemiology of hepatitis 
B virus vaccine variants in Singapore. Vaccine 1995; 13: 699-702 

Zhang ZH et al . Genetic variation of HBV



139 January 7, 2016|Volume 22|Issue 1|WJG|www.wjgnet.com

[PMID: 7483783]
65	 Kaymakoglu S, Baran B, Onel D, Badur S, Atamer T, Akyuz F. 

Acute hepatitis B due to immune-escape mutations in a naturally 
immune patient. Acta Gastroenterol Belg 2014; 77: 262-265 [PMID: 
25090827]

66	 Ma Q, Wang Y. Comprehensive analysis of the prevalence of 
hepatitis B virus escape mutations in the major hydrophilic region of 
surface antigen. J Med Virol 2012; 84: 198-206 [PMID: 22170538 
DOI: 10.1002/jmv.23183]

67	 Luongo M, Critelli R, Grottola A, Gitto S, Bernabucci V, Bevini 
M, Vecchi C, Montagnani G, Villa E. Acute hepatitis B caused by a 
vaccine-escape HBV strain in vaccinated subject: sequence analysis 
and therapeutic strategy. J Clin Virol 2015; 62: 89-91 [PMID: 
25542480 DOI: 10.1016/j.jcv.2014.11.029]

68	 Lu M, Lorentz T. De novo infection in a renal transplant recipient 
caused by novel mutants of hepatitis B virus despite the presence of 
protective anti-hepatitis B surface antibody. J Infect Dis 2003; 187: 
1323-1326 [PMID: 12696014 DOI: 10.1086/373902]

69	 Zheng X, Weinberger KM, Gehrke R, Isogawa M, Hilken G, 
Kemper T, Xu Y, Yang D, Jilg W, Roggendorf M, Lu M. Mutant 
hepatitis B virus surface antigens (HBsAg) are immunogenic but 
may have a changed specificity. Virology 2004; 329: 454-464 [PMID: 
15518823 DOI: 10.1016/j.virol.2004.08.033]

70	 Tian Y, Xu Y, Zhang Z, Meng Z, Qin L, Lu M, Yang D. The amino 
Acid residues at positions 120 to 123 are crucial for the antigenicity 
of hepatitis B surface antigen. J Clin Microbiol 2007; 45: 2971-2978 
[PMID: 17609325 DOI: 10.1128/jcm.00508-07]

71	 Wu C, Deng W, Deng L, Cao L, Qin B, Li S, Wang Y, Pei R, Yang 
D, Lu M, Chen X. Amino acid substitutions at positions 122 and 
145 of hepatitis B virus surface antigen (HBsAg) determine the 
antigenicity and immunogenicity of HBsAg and influence in vivo 
HBsAg clearance. J Virol 2012; 86: 4658-4669 [PMID: 22301154 
DOI: 10.1128/jvi.06353-11]

72	 Ito K, Qin Y, Guarnieri M, Garcia T, Kwei K, Mizokami M, Zhang 
J, Li J, Wands JR, Tong S. Impairment of hepatitis B virus virion 
secretion by single-amino-acid substitutions in the small envelope 
protein and rescue by a novel glycosylation site. J Virol 2010; 84: 
12850-12861 [PMID: 20881037 DOI: 10.1128/jvi.01499-10]

73	 Vigerust DJ, Shepherd VL. Virus glycosylation: role in virulence 
and immune interactions. Trends Microbiol 2007; 15: 211-218 
[PMID: 17398101 DOI: 10.1016/j.tim.2007.03.003]

74	 Chen Y, Qian F, Yuan Q, Li X, Wu W, Guo X, Li L. Mutations in 
hepatitis B virus DNA from patients with coexisting HBsAg and 
anti-HBs. J Clin Virol 2011; 52: 198-203 [PMID: 21840251 DOI: 
10.1016/j.jcv.2011.07.011]

75	 Wu C, Zhang X, Tian Y, Song J, Yang D, Roggendorf M, Lu M, 
Chen X. Biological significance of amino acid substitutions in 
hepatitis B surface antigen (HBsAg) for glycosylation, secretion, 
antigenicity and immunogenicity of HBsAg and hepatitis B virus 
replication. J Gen Virol 2010; 91: 483-492 [PMID: 19812261 DOI: 
10.1099/vir.0.012740-0]

76	 Yu DM, Li XH, Mom V, Lu ZH, Liao XW, Han Y, Pichoud 
C, Gong QM, Zhang DH, Zhang Y, Deny P, Zoulim F, Zhang 
XX. N-glycosylation mutations within hepatitis B virus surface 
major hydrophilic region contribute mostly to immune escape. 
J Hepatol 2014; 60: 515-522 [PMID: 24239777 DOI: 10.1016/
j.jhep.2013.11.004]

77	 Zhang ZH, Li L, Zhao XP, Glebe D, Bremer CM, Zhang ZM, Tian 
YJ, Wang BJ, Yang Y, Gerlich W, Roggendorf M, Li X, Lu M, Yang 
DL. Elimination of hepatitis B virus surface antigen and appearance 
of neutralizing antibodies in chronically infected patients without 
viral clearance. J Viral Hepat 2011; 18: 424-433 [PMID: 20819150 
DOI: 10.1111/j.1365-2893.2010.01322.x]

78	 Zhang JM, Xu Y, Wang XY, Yin YK, Wu XH, Weng XH, Lu 
M. Coexistence of hepatitis B surface antigen (HBsAg) and 
heterologous subtype-specific antibodies to HBsAg among patients 
with chronic hepatitis B virus infection. Clin Infect Dis 2007; 44: 
1161-1169 [PMID: 17407033 DOI: 10.1086/513200]

79	 Hsu HY, Chang MH, Ni YH, Lin HH, Wang SM, Chen DS. Surface 
gene mutants of hepatitis B virus in infants who develop acute or 

chronic infections despite immunoprophylaxis. Hepatology 1997; 
26: 786-791 [PMID: 9303514 DOI: 10.1002/hep.510260336]

80	 Hu Q, Huang JG, Lei YC, Huang HP, Yang Y, Yang DL. Detection 
of mutants of the “a” determinant region of hepatitis B surface 
antigen S gene among Wuhan childhood patients. Zhonghua Gan 
Zang Bing Za Zhi 2005; 13: 594-596 [PMID: 16092983]

81	 Wang CM, Han GR, Wang GJ. The relationship between hepatitis 
B virus S gene variation,genetype and immunoprophylaxis failure to 
intrauterine infection of hepatitis B virus. Zhonghua Chuanranbing 
Zazhi 2009; 27: 114-117 [DOI: 10.3760/cma.j.issn.1000-6680.2009.
02.015]

82	 Ngui SL, O’Connell S, Eglin RP, Heptonstall J, Teo CG. Low 
detection rate and maternal provenance of hepatitis B virus S gene 
mutants in cases of failed postnatal immunoprophylaxis in England 
and Wales. J Infect Dis 1997; 176: 1360-1365 [PMID: 9359739]

83	 Nainan OV, Khristova ML, Byun K, Xia G, Taylor PE, Stevens 
CE, Margolis HS. Genetic variation of hepatitis B surface antigen 
coding region among infants with chronic hepatitis B virus infection. 
J Med Virol 2002; 68: 319-327 [PMID: 12226817 DOI: 10.1002/
jmv.10206]

84	 Hou J, Wang Z, Cheng J, Lin Y, Lau GK, Sun J, Zhou F, Waters 
J, Karayiannis P, Luo K. Prevalence of naturally occurring surface 
gene variants of hepatitis B virus in nonimmunized surface antigen-
negative Chinese carriers. Hepatology 2001; 34: 1027-1034 [PMID: 
11679975 DOI: 10.1053/jhep.2001.28708]

85	 Chang SL, Liu YC, Chen SY, Huang TH, Liu PT, Liu FC. 
Identification of two evolutionarily conserved 5’ cis-elements 
involved in regulating spatiotemporal expression of Nolz-1 
during mouse embryogenesis. PLoS One 2013; 8: e54485 [PMID: 
23349903 DOI: 10.1371/journal.pone.0054485]

86	 Huang CH, Yuan Q, Chen PJ, Zhang YL, Chen CR, Zheng QB, 
Yeh SH, Yu H, Xue Y, Chen YX, Liu PG, Ge SX, Zhang J, Xia NS. 
Influence of mutations in hepatitis B virus surface protein on viral 
antigenicity and phenotype in occult HBV strains from blood donors. 
J Hepatol 2012; 57: 720-729 [PMID: 22634131 DOI: 10.1016/
j.jhep.2012.05.009]

87	 Chaudhuri V, Tayal R, Nayak B, Acharya SK, Panda SK. Occult 
hepatitis B virus infection in chronic liver disease: full-length 
genome and analysis of mutant surface promoter. Gastroenterology 
2004; 127: 1356-1371 [PMID: 15521005]

88	 Vivekanandan P, Kannangai R, Ray SC, Thomas DL, Torbenson M. 
Comprehensive genetic and epigenetic analysis of occult hepatitis 
B from liver tissue samples. Clin Infect Dis 2008; 46: 1227-1236 
[PMID: 18444860 DOI: 10.1086/529437]

89	 Fang Y, Teng X, Xu WZ, Li D, Zhao HW, Fu LJ, Zhang FM, Gu 
HX. Molecular characterization and functional analysis of occult 
hepatitis B virus infection in Chinese patients infected with genotype 
C. J Med Virol 2009; 81: 826-835 [PMID: 19319940 DOI: 10.1002/
jmv.21463]

90	 Xu Z, Yen TS. Intracellular retention of surface protein by a hepatitis 
B virus mutant that releases virion particles. J Virol 1996; 70: 
133-140 [PMID: 8523517]

91	 Sengupta S, Rehman S, Durgapal H, Acharya SK, Panda SK. 
Role of surface promoter mutations in hepatitis B surface antigen 
production and secretion in occult hepatitis B virus infection. J 
Med Virol 2007; 79: 220-228 [PMID: 17245717 DOI: 10.1002/
jmv.20790]

92	 Cao L, Wu C, Shi H, Gong Z, Zhang E, Wang H, Zhao K, Liu S, Li 
S, Gao X, Wang Y, Pei R, Lu M, Chen X. Coexistence of hepatitis B 
virus quasispecies enhances viral replication and the ability to induce 
host antibody and cellular immune responses. J Virol 2014; 88: 
8656-8666 [PMID: 24850745 DOI: 10.1128/jvi.01123-14]

93	 Takahashi K, Akahane Y, Hino K, Ohta Y, Mishiro S. Hepatitis 
B virus genomic sequence in the circulation of hepatocellular 
carcinoma patients: comparative analysis of 40 full-length isolates. 
Arch Virol 1998; 143: 2313-2326 [PMID: 9930189]

94	 Liu S, Zhang H, Gu C, Yin J, He Y, Xie J, Cao G. Associations 
between hepatitis B virus mutations and the risk of hepatocellular 
carcinoma: a meta-analysis. J Natl Cancer Inst 2009; 101: 
1066-1082 [PMID: 19574418 DOI: 10.1093/jnci/djp180]

Zhang ZH et al . Genetic variation of HBV



140 January 7, 2016|Volume 22|Issue 1|WJG|www.wjgnet.com

95	 Fang ZL, Sabin CA, Dong BQ, Wei SC, Chen QY, Fang KX, Yang 
JY, Huang J, Wang XY, Harrison TJ. Hepatitis B virus pre-S deletion 
mutations are a risk factor for hepatocellular carcinoma: a matched 
nested case-control study. J Gen Virol 2008; 89: 2882-2890 [PMID: 
18931087 DOI: 10.1099/vir.0.2008/002824-0]

96	 Liu S, Xie J, Yin J, Zhang H, Zhang Q, Pu R, Li C, Ni W, Wang H, 
Cao G. A matched case-control study of hepatitis B virus mutations 
in the preS and core promoter regions associated independently 
with hepatocellular carcinoma. J Med Virol 2011; 83: 45-53 [PMID: 
21108338 DOI: 10.1002/jmv.21829]

97	 Yeung P, Wong DK, Lai CL, Fung J, Seto WK, Yuen MF. 
Association of hepatitis B virus pre-S deletions with the development 
of hepatocellular carcinoma in chronic hepatitis B. J Infect Dis 2011; 
203: 646-654 [PMID: 21227916 DOI: 10.1093/infdis/jiq096]

98	 Cao G. Exploring risk factors of hepatitis B virus-associated 
hepatocellular carcinoma: prospective verse retrospective studies. J 
Gastroenterol 2011; 46: 125-127 [PMID: 20820819 DOI: 10.1007/
s00535-010-0314-5]

99	 Tai PC, Banik D, Lin GI, Pai S, Pai K, Lin MH, Yuoh G, Che 
S, Hsu SH, Chen TC, Kuo TT, Lee CS, Yang CS, Shih C. Novel 
and frequent mutations of hepatitis B virus coincide with a major 
histocompatibility complex class I-restricted T-cell epitope of the 
surface antigen. J Virol 1997; 71: 4852-4856 [PMID: 9151885]

100	 Tai  PC ,  Suk  FM,  Ger l ich  WH,  Neura th  AR,  Shih  C. 
Hypermodification and immune escape of an internally deleted 
middle-envelope (M) protein of frequent and predominant hepatitis 
B virus variants. Virology 2002; 292: 44-58 [PMID: 11878907 DOI: 
10.1006/viro.2001.1239]

101	 Hsieh YH, Su IJ, Wang HC, Chang WW, Lei HY, Lai MD, Chang 
WT, Huang W. Pre-S mutant surface antigens in chronic hepatitis 
B virus infection induce oxidative stress and DNA damage. 
Carcinogenesis 2004; 25: 2023-2032 [PMID: 15180947 DOI: 
10.1093/carcin/bgh207]

102	 Wang HC, Chang WT, Chang WW, Wu HC, Huang W, Lei HY, Lai 
MD, Fausto N, Su IJ. Hepatitis B virus pre-S2 mutant upregulates 
cyclin A expression and induces nodular proliferation of hepatocytes. 
Hepatology 2005; 41: 761-770 [PMID: 15726643 DOI: 10.1002/
hep.20615]

103	 Hsieh YH, Hsu JL, Su IJ, Huang W. Genomic instability caused by 
hepatitis B virus: into the hepatoma inferno. Front Biosci (Landmark 
Ed) 2011; 16: 2586-2597 [PMID: 21622197]

104	 Wang LH, Huang W, Lai MD, Su IJ. Aberrant cyclin A expression 
and centrosome overduplication induced by hepatitis B virus pre-S2 
mutants and its implication in hepatocarcinogenesis. Carcinogenesis 
2012; 33: 466-472 [PMID: 22159224 DOI: 10.1093/carcin/bgr296]

105	 Yang JC, Teng CF, Wu HC, Tsai HW, Chuang HC, Tsai TF, Hsu 
YH, Huang W, Wu LW, Su IJ. Enhanced expression of vascular 
endothelial growth factor-A in ground glass hepatocytes and its 
implication in hepatitis B virus hepatocarcinogenesis. Hepatology 
2009; 49: 1962-1971 [PMID: 19475690 DOI: 10.1002/hep.22889]

106	 Wu HC, Tsai HW, Teng CF, Hsieh WC, Lin YJ, Wang LH, Yuan Q, 
Su IJ. Ground-glass hepatocytes co-expressing hepatitis B virus X 
protein and surface antigens exhibit enhanced oncogenic effects and 
tumorigenesis. Hum Pathol 2014; 45: 1294-1301 [PMID: 24767856 
DOI: 10.1016/j.humpath.2013.10.039]

107	 Wang HC, Huang W, Lai MD, Su IJ. Hepatitis B virus pre-S 
mutants, endoplasmic reticulum stress and hepatocarcinogenesis. 
Cancer Sci 2006; 97: 683-688 [PMID: 16863502 DOI: 10.1111/
j.1349-7006.2006.00235.x]

108	 Zhang JM, Wang XY, Huang YX, Yin YK, Guan S, Xu Y, 
Roggendorf M, Lu M. Fatal liver failure with the emergence of 
hepatitis B surface antigen variants with multiple stop mutations 
after discontinuation of lamivudine therapy. J Med Virol 2006; 78: 
324-328 [PMID: 16419112 DOI: 10.1002/jmv.20543]

109	 Mirabelli C, Surdo M, Van Hemert F, Lian Z, Salpini R, Cento V, 
Cortese MF, Aragri M, Pollicita M, Alteri C, Bertoli A, Berkhout 
B, Micheli V, Gubertini G, Santoro MM, Romano S, Visca M, 
Bernassola M, Longo R, De Sanctis GM, Trimoulet P, Fleury H, 
Marino N, Mazzotta F, Cappiello G, Spanò A, Sarrecchia C, Zhang 
JM, Andreoni M, Angelico M, Verheyen J, Perno CF, Svicher V. 

Specific mutations in the C-terminus domain of HBV surface antigen 
significantly correlate with low level of serum HBV-DNA in patients 
with chronic HBV infection. J Infect 2015; 70: 288-298 [PMID: 
25452041 DOI: 10.1016/j.jinf.2014.10.015]

110	 Lai CL, Dienstag J, Schiff E, Leung NW, Atkins M, Hunt C, Brown 
N, Woessner M, Boehme R, Condreay L. Prevalence and clinical 
correlates of YMDD variants during lamivudine therapy for patients 
with chronic hepatitis B. Clin Infect Dis 2003; 36: 687-696 [PMID: 
12627352 DOI: 10.1086/368083]

111	 Lok AS, Lai CL, Leung N, Yao GB, Cui ZY, Schiff ER, Dienstag 
JL, Heathcote EJ, Little NR, Griffiths DA, Gardner SD, Castiglia 
M. Long-term safety of lamivudine treatment in patients with 
chronic hepatitis B. Gastroenterology 2003; 125: 1714-1722 [PMID: 
14724824]

112	 Yuen MF, Fong DY, Wong DK, Yuen JC, Fung J, Lai CL. Hepatitis 
B virus DNA levels at week 4 of lamivudine treatment predict the 
5-year ideal response. Hepatology 2007; 46: 1695-1703 [PMID: 
18027877 DOI: 10.1002/hep.21939]

113	 Hadziyannis SJ, Tassopoulos NC, Heathcote EJ, Chang TT, Kitis G, 
Rizzetto M, Marcellin P, Lim SG, Goodman Z, Ma J, Brosgart CL, 
Borroto-Esoda K, Arterburn S, Chuck SL. Long-term therapy with 
adefovir dipivoxil for HBeAg-negative chronic hepatitis B for up to 
5 years. Gastroenterology 2006; 131: 1743-1751 [PMID: 17087951 
DOI: 10.1053/j.gastro.2006.09.020]

114	 Marcellin P, Chang TT, Lim SG, Sievert W, Tong M, Arterburn S, 
Borroto-Esoda K, Frederick D, Rousseau F. Long-term efficacy and 
safety of adefovir dipivoxil for the treatment of hepatitis B e antigen-
positive chronic hepatitis B. Hepatology 2008; 48: 750-758 [PMID: 
18752330 DOI: 10.1002/hep.22414]

115	 Liaw YF, Gane E, Leung N, Zeuzem S, Wang Y, Lai CL, Heathcote 
EJ, Manns M, Bzowej N, Niu J, Han SH, Hwang SG, Cakaloglu 
Y, Tong MJ, Papatheodoridis G, Chen Y, Brown NA, Albanis E, 
Galil K, Naoumov NV. 2-Year GLOBE trial results: telbivudine 
Is superior to lamivudine in patients with chronic hepatitis B. 
Gastroenterology 2009; 136: 486-495 [PMID: 19027013 DOI: 
10.1053/j.gastro.2008.10.026]

116	 Chang TT, Lai CL, Kew Yoon S, Lee SS, Coelho HS, Carrilho FJ, 
Poordad F, Halota W, Horsmans Y, Tsai N, Zhang H, Tenney DJ, 
Tamez R, Iloeje U. Entecavir treatment for up to 5 years in patients 
with hepatitis B e antigen-positive chronic hepatitis B. Hepatology 
2010; 51: 422-430 [PMID: 20049753 DOI: 10.1002/hep.23327]

117	 Marcellin P, Heathcote EJ, Buti M, Gane E, de Man RA, Krastev 
Z, Germanidis G, Lee SS, Flisiak R, Kaita K, Manns M, Kotzev 
I, Tchernev K, Buggisch P, Weilert F, Kurdas OO, Shiffman ML, 
Trinh H, Washington MK, Sorbel J, Anderson J, Snow-Lampart 
A, Mondou E, Quinn J, Rousseau F. Tenofovir disoproxil fumarate 
versus adefovir dipivoxil for chronic hepatitis B. N Engl J Med 2008; 
359: 2442-2455 [PMID: 19052126 DOI: 10.1056/NEJMoa0802878]

118	 Lok AS, Zoulim F, Locarnini S, Bartholomeusz A, Ghany MG, 
Pawlotsky JM, Liaw YF, Mizokami M, Kuiken C. Antiviral drug-
resistant HBV: standardization of nomenclature and assays and 
recommendations for management. Hepatology 2007; 46: 254-265 
[PMID: 17596850 DOI: 10.1002/hep.21698]

119	 Yatsuji H, Noguchi C, Hiraga N, Mori N, Tsuge M, Imamura 
M, Takahashi S, Iwao E, Fujimoto Y, Ochi H, Abe H, Maekawa 
T, Tateno C, Yoshizato K, Suzuki F, Kumada H, Chayama K. 
Emergence of a novel lamivudine-resistant hepatitis B virus variant 
with a substitution outside the YMDD motif. Antimicrob Agents 
Chemother 2006; 50: 3867-3874 [PMID: 16982790 DOI: 10.1128/
aac.00239-06]

120	 Liu Y, Xu Z, Wang Y, Li X, Liu L, Chen L, Xin S, Xu D. rtM204Q 
may serve as a novel lamivudine-resistance-associated mutation 
of hepatitis B virus. PLoS One 2014; 9: e89015 [PMID: 24586482 
DOI: 10.1371/journal.pone.0089015]

121	 Zhang JM, Yao X, Wang YX, Liu F, Ma ZM, Weng XH, Wen YM. 
High replicative full-length lamivudine-resistant hepatitis B virus 
isolated during acute exacerbations. J Med Virol 2005; 77: 203-208 
[PMID: 16121368 DOI: 10.1002/jmv.20453]

122	 Angus P, Vaughan R, Xiong S, Yang H, Delaney W, Gibbs C, 
Brosgart C, Colledge D, Edwards R, Ayres A, Bartholomeusz A, 

Zhang ZH et al . Genetic variation of HBV



141 January 7, 2016|Volume 22|Issue 1|WJG|www.wjgnet.com

Locarnini S. Resistance to adefovir dipivoxil therapy associated 
with the selection of a novel mutation in the HBV polymerase. 
Gastroenterology 2003; 125: 292-297 [PMID: 12891527]

123	 Osiowy C, Gordon D, Borlang J, Giles E, Villeneuve JP. Hepatitis B 
virus genotype G epidemiology and co-infection with genotype A in 
Canada. J Gen Virol 2008; 89: 3009-3015 [PMID: 19008387 DOI: 
10.1099/vir.0.2008/005124-0]

124	 Schildgen O, Sirma H, Funk A, Olotu C, Wend UC, Hartmann H, 
Helm M, Rockstroh JK, Willems WR, Will H, Gerlich WH. Variant 
of hepatitis B virus with primary resistance to adefovir. N Engl 
J Med 2006; 354: 1807-1812 [PMID: 16641397 DOI: 10.1056/
NEJMoa051214]

125	 Tenney DJ, Rose RE, Baldick CJ, Levine SM, Pokornowski KA, 
Walsh AW, Fang J, Yu CF, Zhang S, Mazzucco CE, Eggers B, 
Hsu M, Plym MJ, Poundstone P, Yang J, Colonno RJ. Two-year 
assessment of entecavir resistance in Lamivudine-refractory hepatitis 
B virus patients reveals different clinical outcomes depending on the 
resistance substitutions present. Antimicrob Agents Chemother 2007; 
51: 902-911 [PMID: 17178796 DOI: 10.1128/aac.00833-06]

126	 Villet S, Ollivet A, Pichoud C, Barraud L, Villeneuve JP, Trépo 
C, Zoulim F. Stepwise process for the development of entecavir 
resistance in a chronic hepatitis B virus infected patient. J 
Hepatol 2007; 46: 531-538 [PMID: 17239478 DOI: 10.1016/
j.jhep.2006.11.016]

127	 van Bömmel F, de Man RA, Wedemeyer H, Deterding K, Petersen 
J, Buggisch P, Erhardt A, Hüppe D, Stein K, Trojan J, Sarrazin C, 
Böcher WO, Spengler U, Wasmuth HE, Reinders JG, Möller B, 
Rhode P, Feucht HH, Wiedenmann B, Berg T. Long-term efficacy of 
tenofovir monotherapy for hepatitis B virus-monoinfected patients 
after failure of nucleoside/nucleotide analogues. Hepatology 2010; 
51: 73-80 [PMID: 19998272 DOI: 10.1002/hep.23246]

128	 Tuske S, Sarafianos SG, Clark AD, Ding J, Naeger LK, White KL, 
Miller MD, Gibbs CS, Boyer PL, Clark P, Wang G, Gaffney BL, 
Jones RA, Jerina DM, Hughes SH, Arnold E. Structures of HIV-1 
RT-DNA complexes before and after incorporation of the anti-AIDS 
drug tenofovir. Nat Struct Mol Biol 2004; 11: 469-474 [PMID: 
15107837 DOI: 10.1038/nsmb760]

129	 Qin B, Budeus B, Cao L, Wu C, Wang Y, Zhang X, Rayner S, 
Hoffmann D, Lu M, Chen X. The amino acid substitutions rtP177G 
and rtF249A in the reverse transcriptase domain of hepatitis B virus 
polymerase reduce the susceptibility to tenofovir. Antiviral Res 2013; 
97: 93-100 [PMID: 23261845 DOI: 10.1016/j.antiviral.2012.12.007]

130	 Lei J, Wang Y, Wang LL, Zhang SJ, Chen W, Bai ZG, Xu LY. 
Profile of hepatitis B virus resistance mutations against nucleoside/
nucleotide analogue treatment in Chinese patients with chronic 
hepatitis B. Virol J 2013; 10: 313 [PMID: 24160943 DOI: 10.1186/1
743-422x-10-313]

131	 Warner N, Locarnini S. The antiviral drug selected hepatitis B virus 
rtA181T/sW172* mutant has a dominant negative secretion defect 
and alters the typical profile of viral rebound. Hepatology 2008; 48: 
88-98 [PMID: 18537180 DOI: 10.1002/hep.22295]

132	 Torresi J, Earnest-Silveira L, Deliyannis G, Edgtton K, Zhuang H, 
Locarnini SA, Fyfe J, Sozzi T, Jackson DC. Reduced antigenicity 
of the hepatitis B virus HBsAg protein arising as a consequence 
of sequence changes in the overlapping polymerase gene that are 
selected by lamivudine therapy. Virology 2002; 293: 305-313 [PMID: 
11886250 DOI: 10.1006/viro.2001.1246]

133	 Sloan RD, Ijaz S, Moore PL, Harrison TJ, Teo CG, Tedder RS. 
Antiviral resistance mutations potentiate hepatitis B virus immune 
evasion through disruption of its surface antigen a determinant. 
Antivir Ther 2008; 13: 439-447 [PMID: 18572757]

134	 Chen J, Yan L, Zhu FC, Liu JX, Li RC, Wang FZ, Li J, Zhuang H. 
Amino acid polymorphism in the reverse transcriptase region of 
hepatitis B virus and the relationship with nucleos(t)ide analogues 
treatment for preventing mother-to-infant transmission. J Med Virol 
2014; 86: 1288-1295 [PMID: 24777553 DOI: 10.1002/jmv.23948]

135	 Mantovani N, Cicero M, Santana LC, Silveira C, do Carmo EP, 
Abrão PR, Diaz RS, Caseiro MM, Komninakis SV. Detection of 
lamivudine-resistant variants and mutations related to reduced 
antigenicity of HBsAg in individuals from the cities of Santos and 

São Paulo, Brazil. Virol J 2013; 10: 320 [PMID: 24165277 DOI: 
10.1186/1743-422x-10-320]

136	 Ahn SH, Park YK, Park ES, Kim JH, Kim DH, Lim KH, Jang MS, 
Choe WH, Ko SY, Sung IK, Kwon SY, Kim KH. The impact of the 
hepatitis B virus polymerase rtA181T mutation on replication and 
drug resistance is potentially affected by overlapping changes in 
surface gene. J Virol 2014; 88: 6805-6818 [PMID: 24696492 DOI: 
10.1128/JVI.00635-14]

137	 Herbers U, Amini-Bavil-Olyaee S, Mueller A, Luedde T, Trautwein 
C, Tacke F. Hepatitis B e antigen-suppressing mutations enhance the 
replication efficiency of adefovir-resistant hepatitis B virus strains. J 
Viral Hepat 2013; 20: 141-148 [PMID: 23301549]

138	 Locarnini S, McMillan J, Bartholomeusz A. The hepatitis B virus 
and common mutants. Semin Liver Dis 2003; 23: 5-20 [PMID: 
12616447 DOI: 10.1055/s-2003-37587]

139	 Buckwold VE, Xu Z, Chen M, Yen TS, Ou JH. Effects of a naturally 
occurring mutation in the hepatitis B virus basal core promoter on 
precore gene expression and viral replication. J Virol 1996; 70: 
5845-5851 [PMID: 8709203]

140	 Hunt CM, McGill JM, Allen MI, Condreay LD. Clinical relevance 
of hepatitis B viral mutations. Hepatology 2000; 31: 1037-1044 
[PMID: 10796877 DOI: 10.1053/he.2000.6709]

141	 Murakami S. Hepatitis B virus X protein: a multifunctional viral 
regulator. J Gastroenterol 2001; 36: 651-660 [PMID: 11686474]

142	 Roseman AM, Borschukova O, Berriman JA, Wynne SA, Pumpens 
P, Crowther RA. Structures of hepatitis B virus cores presenting a 
model epitope and their complexes with antibodies. J Mol Biol 2012; 
423: 63-78 [PMID: 22750730 DOI: 10.1016/j.jmb.2012.06.032]

143	 Westover KM, Hughes AL. Evolution of cytotoxic T-lymphocyte 
epitopes in hepatitis B virus. Infect Genet Evol 2007; 7: 254-262 
[PMID: 17140859 DOI: 10.1016/j.meegid.2006.10.004]

144	 Tan AT, Loggi E, Boni C, Chia A, Gehring AJ, Sastry KS, Goh 
V, Fisicaro P, Andreone P, Brander C, Lim SG, Ferrari C, Bihl F, 
Bertoletti A. Host ethnicity and virus genotype shape the hepatitis 
B virus-specific T-cell repertoire. J Virol 2008; 82: 10986-10997 
[PMID: 18799575 DOI: 10.1128/jvi.01124-08]

145	 Shimizu Y. T cell immunopathogenesis and immunotherapeutic 
strategies for chronic hepatitis B virus infection. World J 
Gastroenterol 2012; 18: 2443-2451 [PMID: 22654441 DOI: 
10.3748/wjg.v18.i20.2443]

146	 Bertoletti A, Gehring AJ. The immune response during hepatitis B 
virus infection. J Gen Virol 2006; 87: 1439-1449 [PMID: 16690908 
DOI: 10.1099/vir.0.81920-0]

147	 Zhang Y, Ren Y, Wu Y, Zhao B, Qiu L, Li X, Xu D, Liu J, Gao GF, 
Meng S. The L60V variation in hepatitis B virus core protein elicits 
new epitope-specific cytotoxic T lymphocytes and enhances viral 
replication. J Virol 2013; 87: 8075-8084 [PMID: 23678186 DOI: 
10.1128/jvi.00577-13]

148	 Sendi H, Mehrab-Mohseni M, Shahraz S, Norder H, Alavian SM, 
Noorinayer B, Zali MR, Pumpens P, Bonkovsky HL, Magnius 
LO. CTL escape mutations of core protein are more frequent in 
strains of HBeAg negative patients with low levels of HBV DNA. 
J Clin Virol 2009; 46: 259-264 [PMID: 19748824 DOI: 10.1016/
j.jcv.2009.08.002]

149	 Liu Q, Zheng Y, Yu Y, Tan Q, Huang X. Identification of HLA-
A*0201-restricted CD8+ T-cell epitope C64-72 from hepatitis B virus 
core protein. Int Immunopharmacol 2012; 13: 141-147 [PMID: 
22480777 DOI: 10.1016/j.intimp.2012.03.018]

150	 Liu HG, Fan ZP, Chen WW, Yang HY, Liu QF, Zhang H, Tien P, 
Wang FS. A mutant HBs antigen (HBsAg)183-191 epitope elicits 
specific cytotoxic T lymphocytes in acute hepatitis B patients. Clin 
Exp Immunol 2008; 151: 441-447 [PMID: 18234055 DOI: 10.1111/
j.1365-2249.2007.03570.x]

151	 Rehermann B, Fowler P, Sidney J, Person J, Redeker A, Brown M, 
Moss B, Sette A, Chisari FV. The cytotoxic T lymphocyte response 
to multiple hepatitis B virus polymerase epitopes during and after 
acute viral hepatitis. J Exp Med 1995; 181: 1047-1058 [PMID: 
7532675]

152	 Hwang YK, Kim NK, Park JM, Lee Ky, Han WK, Kim HI, Cheong 
HS. HLA-A2 1 restricted peptides from the HBx antigen induce 

Zhang ZH et al . Genetic variation of HBV



142 January 7, 2016|Volume 22|Issue 1|WJG|www.wjgnet.com

specific CTL responses in vitro and in vivo. Vaccine 2002; 20: 
3770-3777 [PMID: 12399208]

153	 Bozkaya H, Ayola B, Lok AS. High rate of mutations in the hepatitis 
B core gene during the immune clearance phase of chronic hepatitis 
B virus infection. Hepatology 1996; 24: 32-37 [PMID: 8707278 
DOI: 10.1002/hep.510240107]

154	 Kefalakes H, Budeus B, Walker A, Jochum C, Hilgard G, Heinold 
A, Heinemann FM, Gerken G, Hoffmann D, Timm J. Adaptation of 
the hepatitis B virus core protein to CD8(+) T-cell selection pressure. 
Hepatology 2015; 62: 47-56 [PMID: 25720337 DOI: 10.1002/
hep.27771]

155	 Tong SP, Diot C, Gripon P, Li J, Vitvitski L, Trépo C, Guguen-
Guillouzo C. In vitro replication competence of a cloned hepatitis 
B virus variant with a nonsense mutation in the distal pre-C region. 
Virology 1991; 181: 733-737 [PMID: 2014646]

156	 Okada K, Kamiyama I, Inomata M, Imai M, Miyakawa Y. e antigen 
and anti-e in the serum of asymptomatic carrier mothers as indicators 
of positive and negative transmission of hepatitis B virus to their 
infants. N Engl J Med 1976; 294: 746-749 [PMID: 943694 DOI: 
10.1056/nejm197604012941402]

157	 Lok AS, Lai CL, Wu PC, Leung EK, Lam TS. Spontaneous hepatitis 
B e antigen to antibody seroconversion and reversion in Chinese 
patients with chronic hepatitis B virus infection. Gastroenterology 
1987; 92: 1839-1843 [PMID: 3569757]

158	 Funk ML, Rosenberg DM, Lok AS. World-wide epidemiology of 
HBeAg-negative chronic hepatitis B and associated precore and core 
promoter variants. J Viral Hepat 2002; 9: 52-61 [PMID: 11851903]

159	 Keeffe EB, Dieterich DT, Han SH, Jacobson IM, Martin P, Schiff 
ER, Tobias H, Wright TL. A treatment algorithm for the management 
of chronic hepatitis B virus infection in the United States. Clin 
Gastroenterol Hepatol 2004; 2: 87-106 [PMID: 15017613]

160	 Papatheodoridis GV, Manesis E, Hadziyannis SJ. The long-term 
outcome of interferon-alpha treated and untreated patients with 
HBeAg-negative chronic hepatitis B. J Hepatol 2001; 34: 306-313 
[PMID: 11281561]

161	 Liu Q, Liu Z, Wang T, Wang Q, Shi X, Dao W. Characteristics of 
acute and sub-acute liver failure in China: nomination, classification 
and interval. J Gastroenterol Hepatol 2007; 22: 2101-2106 [PMID: 
18031366 DOI: 10.1111/j.1440-1746.2006.04362.x]

162	 Zou Z, Li B, Xu D, Zhang Z, Zhao JM, Zhou G, Sun Y, Huang 
L, Fu J, Yang Y, Jin L, Zhang W, Zhao J, Sun Y, Xin S, Wang FS. 
Imbalanced intrahepatic cytokine expression of interferon-gamma, 
tumor necrosis factor-alpha, and interleukin-10 in patients with 
acute-on-chronic liver failure associated with hepatitis B virus 
infection. J Clin Gastroenterol 2009; 43: 182-190 [PMID: 18633332 
DOI: 10.1097/MCG.0b013e3181624464]

163	 Baumert TF, Rogers SA, Hasegawa K, Liang TJ. Two core promotor 
mutations identified in a hepatitis B virus strain associated with 
fulminant hepatitis result in enhanced viral replication. J Clin Invest 
1996; 98: 2268-2276 [PMID: 8941643 DOI: 10.1172/jci119037]

164	 Tong S, Kim KH, Chante C, Wands J, Li J. Hepatitis B Virus e 
Antigen Variants. Int J Med Sci 2005; 2: 2-7 [PMID: 15968333]

165	 Kay A, Zoulim F. Hepatitis B virus genetic variability and evolution. 
Virus Res 2007; 127: 164-176 [PMID: 17383765 DOI: 10.1016/
j.virusres.2007.02.021]

166	 Visvanathan K, Skinner NA, Thompson AJ, Riordan SM, Sozzi V, 
Edwards R, Rodgers S, Kurtovic J, Chang J, Lewin S, Desmond P, 
Locarnini S. Regulation of Toll-like receptor-2 expression in chronic 
hepatitis B by the precore protein. Hepatology 2007; 45: 102-110 
[PMID: 17187404 DOI: 10.1002/hep.21482]

167	 Wu S, Kanda T, Imazeki F, Arai M, Yonemitsu Y, Nakamoto S, 
Fujiwara K, Fukai K, Nomura F, Yokosuka O. Hepatitis B virus e 
antigen downregulates cytokine production in human hepatoma cell 
lines. Viral Immunol 2010; 23: 467-476 [PMID: 20883161 DOI: 
10.1089/vim.2010.0042]

168	 Wilson R, Warner N, Ryan K, Selleck L, Colledge D, Rodgers S, 
Li K, Revill P, Locarnini S. The hepatitis B e antigen suppresses 
IL-1β-mediated NF-κB activation in hepatocytes. J Viral 
Hepat 2011; 18: e499-e507 [PMID: 21914069 DOI: 10.1111/
j.1365-2893.2011.01484.x]

169	 Kosaka Y, Takase K, Kojima M, Shimizu M, Inoue K, Yoshiba M, 
Tanaka S, Akahane Y, Okamoto H, Tsuda F. Fulminant hepatitis B: 
induction by hepatitis B virus mutants defective in the precore region 
and incapable of encoding e antigen. Gastroenterology 1991; 100: 
1087-1094 [PMID: 2001807]

170	 Inoue K, Yoshiba M, Sekiyama K, Okamoto H, Mayumi M. Clinical 
and molecular virological differences between fulminant hepatic 
failures following acute and chronic infection with hepatitis B virus. 
J Med Virol 1998; 55: 35-41 [PMID: 9580884]

171	 Friedt M, Gerner P, Lausch E, Trübel H, Zabel B, Wirth S. 
Mutations in the basic core promotor and the precore region of 
hepatitis B virus and their selection in children with fulminant 
and chronic hepatitis B. Hepatology 1999; 29: 1252-1258 [PMID: 
10094972 DOI: 10.1002/hep.510290418]

172	 Ozasa A, Tanaka Y, Orito E, Sugiyama M, Kang JH, Hige S, 
Kuramitsu T, Suzuki K, Tanaka E, Okada S, Tokita H, Asahina 
Y, Inoue K, Kakumu S, Okanoue T, Murawaki Y, Hino K, Onji 
M, Yatsuhashi H, Sakugawa H, Miyakawa Y, Ueda R, Mizokami 
M. Influence of genotypes and precore mutations on fulminant or 
chronic outcome of acute hepatitis B virus infection. Hepatology 
2006; 44: 326-334 [PMID: 16871568 DOI: 10.1002/hep.21249]

173	 Liang TJ, Hasegawa K, Rimon N, Wands JR, Ben-Porath E. A 
hepatitis B virus mutant associated with an epidemic of fulminant 
hepatitis. N Engl J Med 1991; 324: 1705-1709 [PMID: 2034247 
DOI: 10.1056/nejm199106133242405]

174	 Parekh S, Zoulim F, Ahn SH, Tsai A, Li J, Kawai S, Khan N, Trépo C, 
Wands J, Tong S. Genome replication, virion secretion, and e antigen 
expression of naturally occurring hepatitis B virus core promoter 
mutants. J Virol 2003; 77: 6601-6612 [PMID: 12767980]

175	 Hou J, Lin Y, Waters J, Wang Z, Min J, Liao H, Jiang J, Chen J, Luo 
K, Karayiannis P. Detection and significance of a G1862T variant of 
hepatitis B virus in Chinese patients with fulminant hepatitis. J Gen 
Virol 2002; 83: 2291-2298 [PMID: 12185284]

176	 Sainokami S, Abe K, Sato A, Endo R, Takikawa Y, Suzuki K, 
Okamoto H. Initial load of hepatitis B virus (HBV), its changing 
profile, and precore/core promoter mutations correlate with the 
severity and outcome of acute HBV infection. J Gastroenterol 2007; 
42: 241-249 [PMID: 17380283 DOI: 10.1007/s00535-006-1997-5]

177	 Yan T, Li K, Li F, Su H, Mu J, Tong S, Patel M, Xia J, Wands JR, 
Wang H. T1846 and A/G1913 are associated with acute on chronic 
liver failure in patients infected with hepatitis B virus genotypes 
B and C. J Med Virol 2011; 83: 996-1004 [PMID: 21503912 DOI: 
10.1002/jmv.22067]

178	 Kew MC. Epidemiology of chronic hepatitis B virus infection, 
hepatocellular carcinoma, and hepatitis B virus-induced 
hepatocellular carcinoma. Pathol Biol (Paris) 2010; 58: 273-277 
[PMID: 20378277 DOI: 10.1016/j.patbio.2010.01.005]

179	 Kew MC. Hepatitis B virus x protein in the pathogenesis of hepatitis 
B virus-induced hepatocellular carcinoma. J Gastroenterol Hepatol 
2011; 26 Suppl 1: 144-152 [PMID: 21199526 DOI: 10.1111/
j.1440-1746.2010.06546.x]

180	 Cha MY, Kim CM, Park YM, Ryu WS. Hepatitis B virus X protein 
is essential for the activation of Wnt/beta-catenin signaling in 
hepatoma cells. Hepatology 2004; 39: 1683-1693 [PMID: 15185310 
DOI: 10.1002/hep.20245]

181	 Bouchard M, Giannakopoulos S, Wang EH, Tanese N, Schneider 
RJ. Hepatitis B virus HBx protein activation of cyclin A-cyclin-
dependent kinase 2 complexes and G1 transit via a Src kinase 
pathway. J Virol 2001; 75: 4247-4257 [PMID: 11287574 DOI: 
10.1128/jvi.75.9.4247-4257.2001]

182	 Choi BH, Choi M, Jeon HY, Rho HM. Hepatitis B viral X protein 
overcomes inhibition of E2F1 activity by pRb on the human Rb gene 
promoter. DNA Cell Biol 2001; 20: 75-80 [PMID: 11244564 DOI: 
10.1089/104454901750070274]

183	 Elmore LW, Hancock AR, Chang SF, Wang XW, Chang S, Callahan 
CP, Geller DA, Will H, Harris CC. Hepatitis B virus X protein and 
p53 tumor suppressor interactions in the modulation of apoptosis. 
Proc Natl Acad Sci USA 1997; 94: 14707-14712 [PMID: 9405677]

184	 Pan J, Duan LX, Sun BS, Feitelson MA. Hepatitis B virus X protein 
protects against anti-Fas-mediated apoptosis in human liver cells 

Zhang ZH et al . Genetic variation of HBV



143 January 7, 2016|Volume 22|Issue 1|WJG|www.wjgnet.com

by inducing NF-kappa B. J Gen Virol 2001; 82: 171-182 [PMID: 
11125170]

185	 Shih WL, Kuo ML, Chuang SE, Cheng AL, Doong SL. Hepatitis 
B virus X protein inhibits transforming growth factor-beta -induced 
apoptosis through the activation of phosphatidylinositol 3-kinase 
pathway. J Biol Chem 2000; 275: 25858-25864 [PMID: 10835427 
DOI: 10.1074/jbc.M003578200]

186	 Lee YH, Yun Y. HBx protein of hepatitis B virus activates Jak1-
STAT signaling. J Biol Chem 1998; 273: 25510-25515 [PMID: 
9738022]

187	 Chung TW, Lee YC, Kim CH. Hepatitis B viral HBx induces matrix 
metalloproteinase-9 gene expression through activation of ERK and 
PI-3K/AKT pathways: involvement of invasive potential. FASEB J 
2004; 18: 1123-1125 [PMID: 15132991 DOI: 10.1096/fj.03-1429fje]

188	 Wang Y, Lau SH, Sham JS, Wu MC, Wang T, Guan XY. 
Characterization of HBV integrants in 14 hepatocellular carcinomas: 
association of truncated X gene and hepatocellular carcinogenesis. 
Oncogene 2004; 23: 142-148 [PMID: 14712219 DOI: 10.1038/
sj.onc.1206889]

189	 Ma NF, Lau SH, Hu L, Xie D, Wu J, Yang J, Wang Y, Wu MC, 
Fung J, Bai X, Tzang CH, Fu L, Yang M, Su YA, Guan XY. 
COOH-terminal truncated HBV X protein plays key role in 
hepatocarcinogenesis. Clin Cancer Res 2008; 14: 5061-5068 [PMID: 
18698024 DOI: 10.1158/1078-0432.ccr-07-5082]

190	 Feitelson MA, Reis HM, Liu J, Lian Z, Pan J. Hepatitis B virus X 
antigen (HBxAg) and cell cycle control in chronic infection and 
hepatocarcinogenesis. Front Biosci 2005; 10: 1558-1572 [PMID: 
15769646]

191	 Tu H, Bonura C, Giannini C, Mouly H, Soussan P, Kew M, 
Paterlini-Bréchot P, Bréchot C, Kremsdorf D. Biological impact of 
natural COOH-terminal deletions of hepatitis B virus X protein in 
hepatocellular carcinoma tissues. Cancer Res 2001; 61: 7803-7810 
[PMID: 11691796]

192	 Liu XH, Lin J, Zhang SH, Zhang SM, Feitelson MA, Gao HJ, Zhu 
MH. COOH-terminal deletion of HBx gene is a frequent event in 
HBV-associated hepatocellular carcinoma. World J Gastroenterol 
2008; 14: 1346-1352 [PMID: 18322946 DOI: 10.3748/wjg.14.1346]

193	 Tang H, Oishi N, Kaneko S, Murakami S. Molecular functions and 
biological roles of hepatitis B virus x protein. Cancer Sci 2006; 97: 
977-983 [PMID: 16984372 DOI: 10.1111/j.1349-7006.2006.00299.x]

194	 Iavarone M, Trabut JB, Delpuech O, Carnot F, Colombo M, 
Kremsdorf D, Bréchot C, Thiers V. Characterisation of hepatitis B 
virus X protein mutants in tumour and non-tumour liver cells using 
laser capture microdissection. J Hepatol 2003; 39: 253-261 [PMID: 
12873823]

195	 Liu F, You X, Chi X, Wang T, Ye L, Niu J, Zhang X. Hepatitis B 
virus X protein mutant HBxΔ127 promotes proliferation of hepatoma 
cells through up-regulating miR-215 targeting PTPRT. Biochem 
Biophys Res Commun 2014; 444: 128-134 [PMID: 24434140 DOI: 
10.1016/j.bbrc.2014.01.004]

196	 Lee SA, Mun HS, Kim H, Lee HK, Kim BJ, Hwang ES, Kook 
YH, Kim BJ. Naturally occurring hepatitis B virus X deletions and 
insertions among Korean chronic patients. J Med Virol 2011; 83: 
65-70 [PMID: 21108340 DOI: 10.1002/jmv.21938]

197	 Jang JW, Chun JY, Park YM, Shin SK, Yoo W, Kim SO, Hong SP. 
Mutational complex genotype of the hepatitis B virus X /precore 
regions as a novel predictive marker for hepatocellular carcinoma. 
Cancer Sci 2012; 103: 296-304 [PMID: 22136288 DOI: 10.1111/
j.1349-7006.2011.02170.x]

198	 Park YM, Jang JW, Yoo SH, Kim SH, Oh IM, Park SJ, Jang 
YS, Lee SJ. Combinations of eight key mutations in the X/preC 
region and genomic activity of hepatitis B virus are associated with 
hepatocellular carcinoma. J Viral Hepat 2014; 21: 171-177 [PMID: 
24344773 DOI: 10.1111/jvh.12134]

199	 Xie Y, Liu S, Zhao Y, Guo Z, Xu J. X protein mutations in hepatitis 
B virus DNA predict postoperative survival in hepatocellular 
carcinoma. Tumour Biol 2014; 35: 10325-10331 [PMID: 25034530 
DOI: 10.1007/s13277-014-2331-0]

200	 Yeo W, Zhong S, Chan PK, Ho WM, Wong HT, Chan AS, Johnson 
PJ. Sequence variations of precore/core and precore promoter 

regions of hepatitis B virus in patients with or without viral 
reactivation during cytotoxic chemotherapy. J Viral Hepat 2000; 7: 
448-458 [PMID: 11115057]

201	 Steinberg JL, Yeo W, Zhong S, Chan JY, Tam JS, Chan PK, 
Leung NW, Johnson PJ. Hepatitis B virus reactivation in patients 
undergoing cytotoxic chemotherapy for solid tumours: precore/
core mutations may play an important role. J Med Virol 2000; 60: 
249-255 [PMID: 10630955]

202	 Dai MS, Lu JJ, Chen YC, Perng CL, Chao TY. Reactivation of 
precore mutant hepatitis B virus in chemotherapy-treated patients. 
Cancer 2001; 92: 2927-2932 [PMID: 11753968]

203	 Alexopoulou A, Theodorou M, Dourakis SP, Karayiannis P, Sagkana 
E, Papanikolopoulos K, Archimandritis AJ. Hepatitis B virus 
reactivation in patients receiving chemotherapy for malignancies: 
role of precore stop-codon and basic core promoter mutations. J 
Viral Hepat 2006; 13: 591-596 [PMID: 16907845 DOI: 10.1111/
j.1365-2893.2006.00728.x]

204	 Sugauchi F, Tanaka Y, Kusumoto S, Matsuura K, Sugiyama 
M, Kurbanov F, Ueda R, Mizokami M. Virological and clinical 
characteristics on reactivation of occult hepatitis B in patients with 
hematological malignancy. J Med Virol 2011; 83: 412-418 [PMID: 
21264861 DOI: 10.1002/jmv.21995]

205	 Wu C, Shi H, Wang Y, Lu M, Xu Y, Chen X. A case of hepatitis B 
reactivation due to the hepatitis B virus escape mutant in a patient 
undergoing chemotherapy. Virol Sin 2012; 27: 369-372 [PMID: 
23180290 DOI: 10.1007/s12250-012-3284-3]

206	 Wu C, Shi H, Lu M, Xu Y, Chen X. A case of hepatitis B 
reactivation in an anti-HBs positive, anti-HBc positive non-Hodgkin’
s lymphoma patient. Virol Sin 2013; 28: 49-52 [PMID: 23385354 
DOI: 10.1007/s12250-013-3285-x]

207	 Salpini R, Colagrossi L, Bellocchi MC, Surdo M, Becker C, Alteri 
C, Aragri M, Ricciardi A, Armenia D, Pollicita M, Di Santo F, 
Carioti L, Louzoun Y, Mastroianni CM, Lichtner M, Paoloni M, 
Esposito M, D’Amore C, Marrone A, Marignani M, Sarrecchia 
C, Sarmati L, Andreoni M, Angelico M, Verheyen J, Perno CF, 
Svicher V. Hepatitis B surface antigen genetic elements critical 
for immune escape correlate with hepatitis B virus reactivation 
upon immunosuppression. Hepatology 2015; 61: 823-833 [PMID: 
25418031 DOI: 10.1002/hep.27604]

208	 Miyagawa M, Minami M, Fujii K, Sendo R, Mori K, Shimizu D, 
Nakajima T, Yasui K, Itoh Y, Taniwaki M, Okanoue T, Yoshikawa 
T. Molecular characterization of a variant virus that caused de novo 
hepatitis B without elevation of hepatitis B surface antigen after 
chemotherapy with rituximab. J Med Virol 2008; 80: 2069-2078 
[PMID: 19040281 DOI: 10.1002/jmv.21311]

209	 Kourtis AP, Bulterys M, Hu DJ, Jamieson DJ. HIV-HBV 
coinfection--a global challenge. N Engl J Med 2012; 366: 1749-1752 
[PMID: 22571198 DOI: 10.1056/NEJMp1201796]

210	 Hadler SC, Judson FN, O’Malley PM, Altman NL, Penley K, 
Buchbinder S, Schable CA, Coleman PJ, Ostrow DN, Francis DP. 
Outcome of hepatitis B virus infection in homosexual men and its 
relation to prior human immunodeficiency virus infection. J Infect 
Dis 1991; 163: 454-459 [PMID: 1825315]

211	 Thio CL, Seaberg EC, Skolasky R, Phair J, Visscher B, Muñoz 
A, Thomas DL. HIV-1, hepatitis B virus, and risk of liver-related 
mortality in the Multicenter Cohort Study (MACS). Lancet 2002; 
360: 1921-1926 [PMID: 12493258]

212	 Colin JF, Cazals-Hatem D, Loriot MA, Martinot-Peignoux M, 
Pham BN, Auperin A, Degott C, Benhamou JP, Erlinger S, Valla D, 
Marcellin P. Influence of human immunodeficiency virus infection 
on chronic hepatitis B in homosexual men. Hepatology 1999; 29: 
1306-1310 [PMID: 10094979 DOI: 10.1002/hep.510290447]

213	 Altfeld M, Rockstroh JK, Addo M, Kupfer B, Pult I, Will H, 
Spengler U. Reactivation of hepatitis B in a long-term anti-HBs-
positive patient with AIDS following lamivudine withdrawal. J 
Hepatol 1998; 29: 306-309 [PMID: 9722213]

214	 Neau D, Schvoerer E, Robert D, Dubois F, Dutronc H, Fleury HJ, 
Ragnaud JM. Hepatitis B exacerbation with a precore mutant virus 
following withdrawal of lamivudine in a human immunodeficiency 
virus-infected patient. J Infect 2000; 41: 192-194 [PMID: 11023772 

Zhang ZH et al . Genetic variation of HBV



144 January 7, 2016|Volume 22|Issue 1|WJG|www.wjgnet.com

DOI: 10.1053/jinf.2000.0724]
215	 Costantini A, Marinelli K, Biagioni G, Monachetti A, Ferreri ML, 

Butini L, Montroni M, Manzin A, Bagnarelli P. Molecular analysis 
of hepatitis B virus (HBV) in an HIV co-infected patient with 
reactivation of occult HBV infection following discontinuation of 
lamivudine-including antiretroviral therapy. BMC Infect Dis 2011; 
11: 310 [PMID: 22054111 DOI: 10.1186/1471-2334-11-310]

216	 Martel N, Cotte L, Trabaud MA, Trepo C, Zoulim F, Gomes 
SA, Kay A. Probable corticosteroid-induced reactivation of latent 
hepatitis B virus infection in an HIV-positive patient involving 
immune escape. J Infect Dis 2012; 205: 1757-1761 [PMID: 
22459735 DOI: 10.1093/infdis/jis268]

217	 Henke-Gendo C, Amini-Bavil-Olyaee S, Challapalli D, Trautwein 
C, Deppe H, Schulz TF, Heim A, Tacke F. Symptomatic hepatitis B 

virus (HBV) reactivation despite reduced viral fitness is associated 
with HBV test and immune escape mutations in an HIV-coinfected 
patient. J Infect Dis 2008; 198: 1620-1624 [PMID: 18847320 DOI: 
10.1086/592987]

218	 Pei R, Grund S, Verheyen J, Esser S, Chen X, Lu M. Spontaneous 
reactivation of hepatitis B virus replication in an HIV coinfected 
patient with isolated anti-Hepatitis B core antibodies. Virol J 2014; 
11: 9 [PMID: 24444423 DOI: 10.1186/1743-422x-11-9]

219	 Gong L, Han Y, Chen L, Liu F, Hao P, Sheng J, Li XH, Yu DM, 
Gong QM, Tian F, Guo XK, Zhang XX. Comparison of next-
generation sequencing and clone-based sequencing in analysis of 
hepatitis B virus reverse transcriptase quasispecies heterogeneity. 
J Clin Microbiol 2013; 51: 4087-4094 [PMID: 24088859 DOI: 
10.1128/jcm.01723-13]

P- Reviewer: A, Rodriguez-Frias F    S- Editor: Ma YJ    
L- Editor: Webster JR    E- Editor: Wang CH  

Zhang ZH et al . Genetic variation of HBV



                                      © 2016 Baishideng Publishing Group Inc. All rights reserved.

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA

Telephone: +1-925-223-8242
Fax: +1-925-223-8243

E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx

http://www.wjgnet.com

I S S N  1 0  0 7  -   9  3 2  7

9   7 7 1 0  07   9 3 2 0 45

0   1


