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Molecular epidemiologic studies reveal remarkable differences in the geographical distribution of hep-
atitis B virus (HBV) genotypes. The frequency of mutants among HBV genotypes also varies. The role of
HBV genotypes/mutants in the pathogenesis of HBV infection and natural history of HBV infection has
been extensively investigated. The distribution of HBV genotypes in acute hepatitis B patients reflects the
predominant genotypes in a given geographic area. In chronic hepatitis B patients, genotype C and D
have a higher frequency of basal core promoter A1762T/G1764A mutations than genotype A and B. HBV
genotypes C, D and F carry a higher lifetime risk of cirrhosis and HCC development than genotype A and
B. HBV pre-S/S gene mutations were associated with immune escape of hepatitis B immunoglobulin or
vaccine-induced immunity. Mutations in the pre-S, core promoter and X regions correlate with an
increased risk of cirrhosis and HCC. In summary, HBV genotypes and mutants are associated with the
disease progression and long-term outcome of HBV infection. They may serve as viral genetic markers for
risk stratification of chronic hepatitis B patients in clinical practice.

© 2017 Elsevier Ltd. All rights reserved.
Introduction

HBV infection is endemic in Asia and the Pacific islands, Africa,
Southern Europe and Latin America [1]. Most patients with chronic
HBV infection acquire the virus early in life [2]. On the basis of
immune interactions between virus and host, HBV infection has
diverse clinical manifestations, including acute hepatitis, chronic
hepatitis, liver cirrhosis, and hepatocellular carcinoma (HCC) [1].
HBV, a genome of 3,200 base pairs [3], is transcribed through
reverse transcription in the cell nucleus from a covalently closed
circular DNA (cccDNA) template, then fully double-stranded DNA
through DNA polymerase within the nucleocapsid. DNA-containing
nucleocapsids can be either recirculated into the nucleus to form
additional cccDNA or can be enveloped for secretion [4].

Because the absence of proofreading activity for the sponta-
neous error of viral reverse transcriptase, nucleotide mutations of
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HBV genome, the long-term evolution of HBV leads to the occur-
rence of various genotypes, subtypes, mutants, recombinants, and
even quasispecies [3,5e7].

HBV genotypes have distinct geographical distributions, and
ample evidence reveals that HBV genotype is associated with HBV
endemicity, transmission modes, as well as clinical outcomes
[6e10]. In addition, several naturally occurring HBV mutants,
including precore, core promoter mutations and pre-S/S deletion
mutations, bear clinical and epidemiological implications [10e12].
In this article, recent advances regarding the impact of HBV geno-
types and mutants on the natural history of acute and chronic HBV
infection will be reviewed and discussed.

Molecular epidemiology and global distribution of HBV
genotypes

According to the genetic divergence of the entire HBV genomic
sequences, at least 10 HBV genotypes (A to J) and several subtypes
have been identified [6e10]. The major genotypes vary in
geographical distributions. Genotype A is highly prevalent in Africa,
and chronic hepatitis B: The role of HBV genotypes andmutants, Best
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Europe, India and America. Genotypes B and C are the most com-
mon in AsiaePacific region. Genotype D is prevalent in Africa,
Europe, the Mediterranean region and India. Genotype E to L seem
to be more restricted geographically. Genotype E is restricted to
West and Central Africa and Saudi Arabia. Genotype F is found in
Central and South America. Genotype G has been reported in
France, Germany and the Americas. Genotype H is found in Central
America, Mexico. Genotype I is isolated in Vietnam and Laos. Ge-
notype J is identified in Japan. In addition, more than 30 subtypes
have been determined to date. The geographical distribution of
HBV genotypes and subtypes are shown in Table 1.

Because of the quasispecies nature of HBV [13], mixed genotypes
infection and intergenotypic recombination are not uncommon
and of great virological and clinical interest [14]. Previous large
cohort studies in Taiwan showed the prevalence of mixed HBV
genotype infections was 16.3% and 34.4% in HBsAg-positive and
intravenous drug users with occult HBV infection, respectively
[15,16]. Intergenotypic recombination of HBV strains has been
widely reported. Genotypes A and C have a higher recombination
tendency than other genotypes do [17]. HBV genotype B2 is a
recombination of HBV genotype B and C [18]. HBV genotype C/D
recombinant identified in Southwest China has a higher prevalence
in Tibetan patients than in other populations [19e21]. HBV geno-
type I is a novel intergenotypic recombination of genotypes A, C,
and G [22,23]. Intergenotypic recombination may be an important
strategy for HBV evolution. Further studies are required to clarify
the clinical significance of these HBV recombinants.

Three modes of HBV transmission, including perinatal, sexual
and blood transmission, have long been recognized [24]. The spe-
cific global distribution of HBV genotypes is associated with
different transmission modes [1]. For example, genotype B and C
are prevalent in highly endemic areas, such as Asian countries,
where perinatal or mother-to-infant transmission plays an impor-
tant role in spreading HBV. Whereas the remaining genotypes are
frequently found in areas where sexual and blood transmissions
between adults are the most common route of HBV infection. Thus,
distinct modes of HBV transmission may be associated with a
specific geographical distribution of the HBV genotypes. In Taiwan,
the prevalence of HBsAg carriage in children from families clus-
tering with HBV carriers was significantly higher than that in the
general population (77.8% vs. 15%). Possible intrafamilial modes of
transmission were determined by identifying the concordant HBV
genotype between carrier children and their parents [25]. The
Table 1
Geographic distribution of hepatitis B virus genotypes and subtypes.

Genotypes Subtypes Geographic location

A A1 Sub-Saharan Africa, India
A2 Northern Europe, India
A3 Western Africa
A4eA7 Gambia, Nigeria

B B1 Japan
B2eB5 East Asia, Taiwan, China, Indonesia, Vietnam,

Philippines
B6 Alaska, Northern Canada, Greenland

C C1-C3 Taiwan, China, Korea, Japan and Southeast Asia.
C4 Australia
C5 Philippines, Vietnam
C6-C11 Indonesia

D D1eD7 Africa, Europe, Mediterranean countries, India,
Indonesia, Australia

E West and central African, Saudi Arabia
F F1eF4 Central and South America
G France, Germany and the United States
H Central America
I Vietnam and Laos
J Japan
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modes of transmission may also influence the distribution of HBV
in a given country where universal hepatitis B vaccination has not
yet been launched. In a nation-wide survey before the imple-
mentation of universal hepatitis B vaccination, Matsuura et al.
found that the prevalence of HBV genotype A in chronic hepatitis B
patients in Japan increased from 1.7% in 2000 to 3.5 % in 2006 [26].
Therefore, HBV genotyping can serve as an epidemiologic marker to
determine the correlation of HBV genotype distribution with
modes of transmission, implying an important social behavioral
change.

HBV genotypes/mutants and pathogenesis of HBV infection

HBV genotypes and naturally occurring HBVmutants may play a
critical role in viral pathogenesis, including the change of host
immune recognition, the enhanced virulence with increased HBV
replication, the facilitation of cell attachment or penetration and
the association with hepatocarcinogenesis (Fig. 1) [10,12]. HBV
precore nucleotide 1896 stop codon mutation and basal core pro-
moter A1762T/G1764A mutations are responsible for HBV replica-
tion in the absence of HBeAg [27]. Persistent viremia leads to
prolongation of chronic hepatic inflammation [28,29]. In an in vitro
study, intracellular expression of HBV DNA was higher for geno-
types C than B and genotypes D than A [30]. Our previous in vivo
study revealed that the secretion of HBeAg in genotype B was lower
than in genotype C. Intracellular core protein expression was
increased when was introduced in the genotype C with basal core
promoter A1762T/G1764Amutations [31]. HBV basal core promoter
A1762T/G1764A mutations were also significantly associated with
cytoplasmic localization of intracellular HBcAg, which elicited host
immune response [32]. In our cohort study, genotype C patients
had a higher prevalence of basal core promoter A1762T/G1764A
mutations than genotype B patients [33]. Similarly, genotype D
patients had a higher prevalence of basal core promoter A1762T/
G1764A mutations than those with genotype A patients [34].
Therefore, basal core promoter mutations may contribute to HBV
genotypes-specific immunopathogenesis.
Fig. 1. Naturally occurring hepatitis B viral mutations in precore, core promoter, pre-S,
S and X regions have been reported to be associated with the pathogenesis of pro-
gressive liver disease. Adapted from Kao JH. Ref. [12].
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Clinical impact of HBV genotypes and mutants

HBV genotypes/mutants and hepatitis B vaccine failure

Although the prevalence of HBsAg in children in HBV endemic
regions decreases dramatically after the implementation of uni-
versal hepatitis B vaccination [35,36], breakthrough infections by
HBV mutants have been reported in children with complete
immunoprophylaxis [37e39]. A previous report from Gambia
showed that breakthrough HBV infection in vaccinated children
was mainly caused by the wild-type genotype E strain [37]. On the
contrary, in HBV genotype B/C prevalent region, S gene mutations
were prominent among vaccinated children with breakthrough
HBV infection [38]. In addition, HBV infectionwith mutations in the
S gene in vaccinated individuals is increased after adolescence [39].
The relationship between HBV genotypes/mutants and vaccine
escape remains largely unknown and better preventive strategies
are required in the future.

HBV genotypes and acute hepatitis B

On the contrary to chronic hepatitis B, there were only few re-
ports available regarding the relation of HBV genotypes and acute
hepatitis B. Our previous report showed that genotype B was pre-
dominant in Taiwanese patients with acute hepatitis B [40]. The
distribution of the HBV genotypes in acute hepatitis B patients is
similar to that in HBsAg-positive blood donors [41] and chronic
hepatitis B patients in Taiwan [42]. Through promiscuous sexual
contacts, HBV genotype A is prevalent in patients with acute hep-
atitis B in Japan [43], and the percentage increased gradually in
recent years [44]. Regarding clinical severity, a higher peak level of
HBV DNA and a lower peak of alanine aminotransferase levels were
characteristics in acute hepatitis B patients with genotype A
infection [45].

HBV genotype Dwas the dominant genotype in acute hepatitis B
in India, where sexual promiscuity emerged as the predominant
mode of HBV infection [46]. A retrospective study from Argentina
revealed that 65.2% and 4.2% of acute hepatitis B were caused by
genotype HBV F and D, respectively [47].

Mixed HBV genotype infections are not common in acute
infection. Our previous study reported that genotype B took over
genotype C as the predominant strain in the course of an acute
hepatitis B patient with genotypes B and C coinfection, and a
transient recombinationwithin the pre-S regionwas observed [48].
Recent study from China also found that the prevalence of inter-
genotypic recombinant of genotypes B/C and C/D was significantly
increased in acute hepatitis B patients. Interestingly, serum HBV
DNA levels were significantly lower in patients with intergenotypic
recombinants than those without intergenotypic recombinants
[49]. Collectively, the distribution of HBV genotypes in acute hep-
atitis B patients is associated with the mode of transmission and
may reflect the predominance of certain genotypes in a given
geographic area.

HBV genotypes and tendency of chronicity after acute HBV infection

The relationship of HBV genotypes and the tendency of chro-
nicity of HBV infection has been partially elucidated. In a nation-
wide multicenter study of 212 patients with acute hepatitis B in
Japan, the persistence of HBsAg positivity for more than 6 months
after acute hepatitis B was higher in patients with genotype A
infection (23.4%) than those with non-A genotype (8.6%) infection
(P ¼ 0.003). Multivariate logistic regression analysis revealed that
genotype A was independently associated with viral persistence
following acute hepatitis B [45]. In another study from India, HBV
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genotypes were compared between patients with acute and
chronic HBV infections. The percentage of genotype C was signifi-
cantly high in chronic hepatitis B patients as compared to acute
hepatitis B. However, there was no significant difference in the
frequency of genotype A in acute and chronic patients [46]. Taken
together, the persistence of HBV infection after acute infection may
be attributable to the variable strength of hosteviral interactions,
the modes of transmission as well as the varying distribution of
genotypes.

HBV genotypes/mutants and the milestones of chronic hepatitis B

The milestones in the natural history of chronic HBV infection
include HBeAg seroconversion and HBsAg seroclearcance. The
impact HBV genotype on these milestones and long-term adverse
outcomes of HBV infection has been explored.

HBeAg seroconversion and HBsAg seroclearance

In the natural history of chronic HBV infection, persistent HBeAg
seropositivity with hepatitis activity may accelerate the progres-
sion of chronic hepatitis leading to cirrhosis [50]. In addition,
among HBeAg seroconverters, persistent HBsAg positivity and
detectable HBV DNA is still associated with risk of HCC after HBeAg
seroconversion [51]. Therefore, seroconversion of HBeAg and
seroclearance of HBsAg are important events which reflect the host
immuno-control of HBV infection. In our cohort study on 272
Taiwanese patients with chronic HBV infection, genotype C patients
have prolong HBeAg-positive period despite multiple hepatitis
flares than do those with genotype B infection [52,53]. Genotype C
patients had significantly lower rates of spontaneous HBeAg sero-
conversion than genotype B patients. The estimated annual rates of
HBeAg seroconversion in genotype B and C infections were 15.5%
and 7.9%, respectively [54]. Accordingly, genotype C patients endure
delayed HBeAg seroconversion and thus have a longer duration of
high viral load than genotype B patients. With long-term immu-
nologic response, genotype C patients are correspondingly more
prone to develop advanced fibrosis, cirrhosis and HCC than geno-
type B patients. However, the intensity of host immune responses
during HBeAg positivity may lead to HBsAg clearance after HBeAg
seroconversion. Our recent study in 2121 HBeAg-negative patients
revealed that genotype C patients have higher lifetime chance of
HBsAg loss than genotype B patients, with hazard ratio of 1.8 (95%
confidence interval: 1.4e2.4) [55]. Genotype C infection seems to
be associated with both disease progression and remission.

The possible influence of other genotypes or mutants on HBeAg/
HBsAg seroconversion remains limited. One study of Spanish pa-
tients with chronic HBV infection did not reveal any differences in
the probability of HBeAg seroconversion between patients infected
with genotype A and D. However, the rate of HBsAg clearance was
higher in genotype A than in genotype D [56]. In West and Central
Africa, where genotype E is predominant, the annual rate of HBeAg
and HBsAg seroclearance were 7.4% and 1.0%, respectively [57]. Our
recent study in HBsAg-negative patients with detectable HBV DNA
reported that one viral mutation (preS1T68I), which decreased S
promoter activity, was identified to be associated with the sero-
clearance of HBsAg in patients with occult HBV infection [58].
Collectively, further study is warranted to clarify the certain ge-
notypes and mutants of HBV and host interactions in the patho-
genesis of HBV infection.

Risk of cirrhosis and HCC

The risk factors associated with the development of HCC include
chronic infectionwith either HBV or HCV, the presence of cirrhosis,
and chronic hepatitis B: The role of HBV genotypes andmutants, Best
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carcinogen exposure especially aflatoxin, cigarette smoking,
alcohol abuse, obesity, and male gender. Among these risk factors,
chronic hepatitis viral infections, particularly those with cirrhosis,
have the strongest association with the development of HCC in
Asian countries. Recently, several HBV viral factors, including viral
load, HBsAg level, HBV genotype, HBV genome mutations have
been reported to be associated with different risks of liver disease
progression (Fig. 2). HBV genotype-specific virological character-
istics are significantly associated with progression of cirrhosis and
HCC. In a prospective study with 4841 Taiwanese male HBV-
infected patients without HCC at enrollment, Yu et al. found that
HBV viral load was higher in genotype C than genotype B patients,
while genotype C-infected patients who also had very high viral
load had a 26-fold higher risk of HCC than those with genotype B
and low viral load [59]. In HCC patients, Wu et al. also reported that
liver inflammation activity was higher in HBV genotype C patients
than in genotype B patients, and more genotype C patients tended
to have a high viral load than genotype B patients [60]. Both
community-based and hospital-based prospective cohort study
demonstrated that HBV genotype C was associated with an
increased risk of HCC than genotype B [61,62]. Of interesting,
several reports showed HBV genotype B, especially subtype B2, is
associated with risk of early-onset HCC (less than 30 years old)
[42,53,63,64]. Another prospective study from Hong Kong showed
that subtypes C1/C2 have a higher risk of HCC compared to geno-
type B [65]. In addition, subtype C4, was associatedwithmore rapid
liver disease progression and risk of HCC [66]. Genotype B2
(recombination of genotype B and C) and C4 (recombination of
genotype C and J) have been shown to be recombinants with other
genotypes which may play an important role in pathogenesis
[66,67].

The relationship between other HBV genotypes and the risk of
HCC remains unclear. Earlier study demonstrated that HCC was
more frequent in patients with HBV genotype D infection than
those with genotype A infection [68]. Later studies from Alaska
revealed that HCC incidence was significantly higher for patients
with genotype F1 infection compared with genotype A2 and D
[69,70]. A retrospective study from Argentina revealed that geno-
type F tended to display more severe histological activity than ge-
notype A and D [47]. HBV genotype H was predominant in patients
with occult HBV infection in Mexico, a low endemic area of HBV
infection [71]. The low incidence of cirrhosis and HCC in Mexico
may be reasoned by the virulence of genotype H is different from
other HBV genotypes in high endemic areas [72].
Fig. 2. Risk of liver cirrhosis and hepatocellular carcinoma for ch
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Of the various naturally occurring HBV mutants, available evi-
dence supports a critical role of HBV X gene mutations in the
carcinogenesis of HBV-related HCC, irrespective of genotype or
geographical distribution [73e78]. Previous studies indicated that
30-end X gene deletion is frequently found and leads to a C-terminal
truncated HBx protein [79,80]. C-terminal truncated HBx protein
occurs in nearly 80% of HCC tissues, and may contribute to hep-
atocarcinogenesis via loss of proapoptotic ability of full gene and
activation of cell transformation and tumor promotion [76].

Basal core promoter A1762T/G1764A mutations are consistently
shown to be associated with an increased risk of liver disease
progression and HCC development in several cohort and case-
control studies [33,81e84]. A large-scale long-term follow-up
study of Taiwanese patients and a meta-analysis further
confirmed that basal core promoter A1762T/G1764A mutations is
an independent risk factor of HCC development [61,85]. The
increased proportion of basal core promoter mutant strain was
reported to correlate with cirrhosis in genotype B or C HBV carriers.
Quantitative analysis using pyrosequencing revealed that risk of
cirrhosis was higher in patients with basal core promoter A1762T/
G1764A mutations �45% compared to <45% (OR: 2.81; 95% CI: 1.40
to 5.67; P ¼ 0.004) [86].

Mutations in enhancer II (C1653T) and in the basal core pro-
moter (T1753V) have also been found to be associated with HCC
development [86e91]. The combined effect of multiple mutations
in the X/precore regions have also been associated with HCC. In
Korean with HBV genotype C2 infection, eight key mutations
comprise G1613A, C1653T, T1753V, A1762T, G1764A, A1846T,
G1896A and G1899A that are significantly associated with HCC
[92,93].

Through increasing active HBV replication in the absence of
HBeAg, mutations in basal core promoter and precore region may
associated with acute on chronic liver failure. Recent meta-analyses
revealed that alone or combination of T1753V, A1762T, G1764A,
C1766T, T1768A, A1846T, G1896A and G1899A mutations are
correlated with an increased risk of acute on chronic liver failure
[94].

Several studies have indicated that the pre-S gene deletion
mutations were significantly associated with the development of
cirrhosis and HCC [95e98]. In our case-control study, the presence
of pre-S deletion was an independent risk factor associated with
HCC development. The frequency of pre-S deletion was signifi-
cantly higher in genotype C patients than genotype B patients [96].
The mapping study of pre-S region suggested that all the deletion
ronic hepatitis B patients stratify by hepatitis B viral factors.
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regions encompassed T- and B-cell epitopes, including the poly-
merized human serum albumin-binding site and nucleocapsid-
binding site. These deletion mutations may lead to defective im-
munity against HBV and contribute directly to hepatocarcino-
genesis [84]. Recently, pre-S2 mutant large surface protein is
recognized as an oncoprotein. The accumulation of pre-S2 mutant
protein in hepatocyte induced endoplasmic reticulum stress and
cause oxidative DNA damage [99]. Subsequent investigation has
demonstrated that pre-S2 mutant large surface protein inhibits
hepatocyte DNA double-strand break repair and leads to genomic
instability. Thus, pre-S2 mutant large surface protein may be the
major viral oncoprotein in HBV-infected hepatocytes, leading to
HCC tumorigenesis [100,101].
Conclusions and perspectives

Accumulating lines of evidence have clarified the clinical im-
plications of HBV genotypes and mutants over the past decade. In
summary, tendency of chronicity is higher in genotype A patients.
Genotype C, D and F patients have a higher risk of cirrhosis and HCC
than other genotypes, leading to a poorer clinical outcome. Muta-
tions in core promoter and the pre-S regions are also associated
with an increased risk of HCC. The emergence of pre-S/S gene
mutations is a challenge to the success immunity of universal
hepatitis B vaccination. HBV genotypes and mutants could be
responsible to clinical outcomes, and have potential to be useful
viral biomarkers to predict disease progression. In the foreseeable
future, identification HBV genotypes and monitor mutants in
certain regions of HBV genome are recommended to implement
individualized management for patients with HBV infection.
Practice points

� Ten HBV genotypes (A to J) with geographical distribu-

tions have been identified.

� HBV genotypes C, D and F carry a higher lifetime risk of

cirrhosis and HCC than other genotypes.

� HBV pre-S/S gene mutations are associated with evasion

of vaccine-induced immunity.

� Mutations in the pre-S, core promoter and X regions

correlate with an increased risk of cirrhosis and HCC.

Research agenda

� The relationship between HBV genotypes/mutants and

vaccine escape remains largely unknown and better pre-

ventive strategies are required in the future.

� The certain genotypes of HBV and host interactions in the

pathogenesis of HBV infection need to further clarify.

� Intergenotypic recombination may play an important role

in HBV pathogenesis.
Grant/Funding support

This work was supported by grants from the National Taiwan
University Hospital, the Ministry of Health and Welfare, and the
Ministry of Science and Technology, Executive Yuan, Taiwan.
Please cite this article in press as: Lin C-L, Kao J-H, , Natural history of acute
Practice & Research Clinical Gastroenterology (2017), http://dx.doi.org/10
Conflict of interest

All authors have no conflict of interest.
References

*[1] Kao JH, Chen DS. Global control of hepatitis B virus infection. Lancet Infect
Dis 2002;2:395e403.

[2] Beasley RP. Rocks along the road to the control of HBV and HCC. Ann
Epidemiol 2009;19:231e4.

[3] Lau JY, Wright TL. Molecular virology and pathogenesis of hepatitis B.
Lancet 1993;342:1335e40.

[4] Urban S, Schulze A, Dandri M, Petersen J. The replication cycle of hepatitis
B virus. J Hepatol 2010;52:282e4.

[5] Hunt CM, McGill JM, Allen MI, Condreay LD. Clinical relevance of hepatitis
B viral mutations. Hepatology 2000;31:1037e44.

[6] Kao JH. Hepatitis B viral genotypes: clinical relevance and molecular
characteristics. J Gastroenterol Hepatol 2002;17:643e50.

[7] Kao JH. Hepatitis B virus genotypes and hepatocellular carcinoma in
Taiwan. Intervirology 2003;46:400e7.

[8] Lin CL, Kao JH. The clinical implications of hepatitis B virus genotype:
recent advances. J Gastroenterol Hepatol 2011;26(Suppl 1):123e30.

[9] Lin CL, Kao JH. Hepatitis B viral factors and treatment responses in chronic
hepatitis B. J Formos Med Assoc 2013;112:302e11.

*[10] Lin CL, Kao JH. HBV genotypes and variants. Cold Spring Harb Perspect
Med 2015;5:a021436.

[11] Chotiyaputta W, Lok AS. Hepatitis B virus variants. Nat Rev Gastroenterol
Hepatol 2009;6:453e62.

*[12] Kao JH, Chen PJ, Chen DS. Recent advances in the research of hepatitis B
virus-related hepatocellular carcinoma: epidemiologic and molecular
biological aspects. Adv Cancer Res 2010;108:21e72.

[13] Ngui SL, Teo CG. Hepatitis B virus genomic heterogeneity: variation be-
tween quasispecies may confound molecular epidemiological analyses of
transmission incidents. J Viral Hepat 1997;4:309e15.

[14] Locarnini S, Littlejohn M, Aziz MN, Yuen L. Possible origins and evolution
of the hepatitis B virus (HBV). Semin Cancer Biol 2013;23:561e75.

[15] Chen BF, Chen PJ, Jow GM, Liu CJ, Kao JH, Chen DS. High prevalence of
mixed genotype infections in hepatitis B virus infected intravenous drug
users. J Med Virol 2004;74:536e42.

[16] Lin CL, Liu CJ, Chen PJ, Lai MY, Chen DS, Kao JH. High prevalence of occult
hepatitis B virus infection in Taiwanese intravenous drug users. J Med
Virol 2007;79:1674e8.

[17] 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;87:2203e15.

[18] Sugauchi F, Orito E, Ichida T, Kato H, Sakugawa H, Kakumu S, et al. Hep-
atitis B virus of genotype B with or without recombination with genotype
C over the precore region plus the core gene. J Virol 2002;76:5985e92.

[19] Wang Z, Liu Z, Zeng G, Wen S, Qi Y, Ma S, et al. A new intertype recom-
binant between genotypes C and D of hepatitis B virus identified in China.
J Gen Virol 2005;86:985e90.

[20] Zhou B, Xiao L, Wang Z, Chang ET, Chen J, Hou J. Geographical and ethnic
distribution of the HBV C/D recombinant on the Qinghai-Tibet Plateau.
PLoS One 2011;6:e18708.

[21] Shen L, Yin W, Zheng H, Cui F, Zhang S, Wang F, et al. Molecular epide-
miological study of hepatitis B virus genotypes in Southwest, China. J Med
Virol 2014;86:1307e13.

[22] Tran TT, Trinh TN, Abe K. New complex recombinant genotype of hepatitis
B virus identified in Vietnam. J Virol 2008;82:5657e63.

[23] Phung TB, Alestig E, Nguyen TL, Hannoun C, Lindh M. Genotype X/C re-
combinant (putative genotype I) of hepatitis B virus is rare in Hanoi,
Vietnam-genotypes B4 and C1 predominate. J Med Virol 2010;82:
1327e33.

[24] Hou J, Liu Z, Gu F. Epidemiology and prevention of hepatitis B virus
infection. Int J Med Sci 2005;2:50e7.

[25] Lin CL, Kao JH, Chen BF, Chen PJ, Lai MY, Chen DS. Application of hepatitis
B virus genotyping and phylogenetic analysis in intrafamilial transmission
of hepatitis B virus. Clin Infect Dis 2005;41:1576e81.

[26] Matsuura K, Tanaka Y, Hige S, Yamada G, Murawaki Y, Komatsu M, et al.
Distribution of hepatitis B virus genotypes among patients with chronic
infection in Japan shifting toward an increase of genotype A. J Clin
Microbiol 2009;47:1476e83.

[27] Lin CL, Kao JH. Clinical implications of hepatitis B virus variants. J Formos
Med Assoc 2010;109:321e5.

[28] Lin CL, Kao JH. Hepatitis B viral factors and clinical outcomes of chronic
hepatitis B. J Biomed Sci 2008;15:137e45.

[29] Mansourian PG, Ghany MG, Thomas E. Spontaneous mutations in the HBV
genome and their clinical implications. Curr Hepat Rep 2013;12:79e87.

[30] Sugiyama M, Tanaka Y, Kato T, Orito E, Ito K, Acharya SK, et al. Influence of
hepatitis B virus genotypes on the intra- and extracellular expression of
viral DNA and antigens. Hepatology 2006;44:915e24.

[31] Liu CJ, Cheng HR, Chen CL, Chen TC, Tseng TC, Wang ZL, et al. Effects of
hepatitis B virus precore and basal core promoter mutations on the
and chronic hepatitis B: The role of HBV genotypes andmutants, Best
.1016/j.bpg.2017.04.010

http://refhub.elsevier.com/S1521-6918(17)30033-1/sref1
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref1
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref1
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref2
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref2
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref2
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref3
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref3
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref3
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref4
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref4
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref4
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref5
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref5
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref5
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref6
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref6
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref6
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref7
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref7
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref7
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref8
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref8
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref8
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref9
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref9
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref9
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref10
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref10
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref11
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref11
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref11
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref12
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref12
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref12
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref12
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref13
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref13
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref13
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref13
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref14
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref14
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref14
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref15
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref15
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref15
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref15
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref16
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref16
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref16
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref16
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref17
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref17
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref17
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref17
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref18
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref18
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref18
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref18
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref19
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref19
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref19
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref19
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref20
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref20
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref20
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref21
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref21
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref21
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref21
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref22
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref22
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref22
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref23
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref23
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref23
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref23
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref23
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref24
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref24
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref24
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref25
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref25
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref25
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref25
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref26
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref26
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref26
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref26
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref26
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref27
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref27
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref27
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref28
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref28
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref28
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref29
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref29
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref29
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref30
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref30
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref30
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref30
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref31
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref31


C.-L. Lin, J.-H. Kao / Best Practice & Research Clinical Gastroenterology xxx (2017) 1e76
expression of viral antigens: genotype B vs C. J Viral Hepat 2011;18.
e482e90.

[32] Liu CJ, Jeng YM, Chen CL, Cheng HR, Chen PJ, Chen TC, et al. Hepatitis B
virus basal core promoter mutation and DNA load correlate with
expression of hepatitis B core antigen in patients with chronic hepatitis B.
J Infect Dis 2009;199:742e9.

*[33] Kao JH, Chen PJ, Lai MY, Chen DS. Basal core promoter mutations of
hepatitis B virus increase the risk of hepatocellular carcinoma in hepatitis
B carriers. Gastroenterology 2003;124:327e34.

[34] Sharma S, Sharma B, Singla B, Chawla YK, Chakraborti A, Saini N, et al.
Clinical significance of genotypes and precore/basal core promoter mu-
tations in HBV related chronic liver disease patients in North India. Dig Dis
Sci 2010;55:794e802.

[35] Ni YH, Chang MH, Wu JF, Hsu HY, Chen HL, Chen DS. Minimization of
hepatitis B infection by a 25-year universal vaccination program. J Hepatol
2012;57:730e5.

[36] Lin CL, Kao JH. Perspectives and control of hepatitis B virus infection in
Taiwan. J Formos Med Assoc 2015;114:901e9.

[37] Mendy M, D'Mello F, Kanellos T, Oliver S, Whittle H, Howard CR. Envelope
protein variability among HBV-Infected asymptomatic carriers and
immunized children with breakthrough infections. J Med Virol 2008;80:
1537e46.

[38] Chang MH. Breakthrough HBV infection in vaccinated children in Taiwan:
surveillance for HBV mutants. Antivir Ther 2010;15:463e9.

[39] Lai MW, Lin TY, Tsao KC, Huang CG, Hsiao MJ, Liang KH, et al. Increased
seroprevalence of HBV DNA with mutations in the S gene among in-
dividuals greater than 18 years old after complete vaccination. Gastro-
enterology 2012;143:400e7.

[40] Huang YW, Lin CL, Chen PJ, Lai MY, Kao JH, Chen DS. Hepatitis B viral
genotype in Taiwanese patients with acute hepatitis B. Hepatogas-
troenterology 2008;55:633e5.

[41] Kao JH, Chen PJ, Lai MY, Chen DS. Clinical and virological aspects of blood
donors infected with hepatitis B virus genotypes B and C. J Clin Microbiol
2002;40:22e5.

*[42] Kao JH, Chen PJ, Lai MY, Chen DS. Hepatitis B genotypes correlate with
clinical outcomes in patients with chronic hepatitis B. Gastroenterology
2000;118:554e9.

[43] Yotsuyanagi H, Okuse C, Yasuda K, Orito E, Nishiguchi S, Toyoda J, et al.
Japanese Acute Hepatitis B Group. Distinct geographic distributions of
hepatitis B virus genotypes in patients with acute infection in Japan. J Med
Virol 2005;77:39e46.

[44] Inoue J, Kondo Y, Umetsu T, Yamamoto T, Miura M, Mano Y, et al. Shifting
hepatitis B virus genotypes of acute hepatitis B patients in northeast
Japan. J Med Virol 2016;88:69e78.

[45] Ito K, Yotsuyanagi H, Yatsuhashi H, Karino Y, Takikawa Y, Saito T, et al.
Japanese AHB Study Group. Risk factors for long-term persistence of
serum hepatitis B surface antigen following acute hepatitis B virus
infection in Japanese adults. Hepatology 2014;59:89e97.

[46] Sarkar N, Pal A, Das D, Saha D, Biswas A, Bandopadhayay B, et al. Viro-
logical characteristics of acute hepatitis B in Eastern India: critical dif-
ferences with chronic infection. PLoS One 2015;10:e0141741.

[47] Pezzano SC, Torres C, Fainboim HA, Bouzas MB, Schroder T, Giuliano SF,
et al. Hepatitis B virus in Buenos Aires, Argentina: genotypes, virological
characteristics and clinical outcomes. Clin Microbiol Infect 2011;17:223e31.

[48] Chen BF, Liu CJ, Jow GM, Chen PJ, Kao JH, Chen DS. Evolution of hepatitis B
virus in an acute hepatitis B patient coinfected with genotypes B and C.
J GenVirol 2006;87:39e49.

[49] Liao H, Li X, Liu Y, Xu Z, Huang P, Nian X, et al. Intergenotype recombinant
analysis of full-length hepatitis B virus genomes from 516 Chinese pa-
tients with different illness categories. J Med Virol 2017;89:139e45.

[50] Chu CM, Liaw YF. Chronic hepatitis B virus infection acquired in child-
hood: special emphasis on prognostic and therapeutic implication of
delayed HBeAg seroconversion. J Viral Hepat 2007;14:147e52.

[51] Liu J, Yang HI, Lee MH, Lu SN, Jen CL, Batrla-Utermann R, et al., for the
R.E.V.E.A.L.-HBV Study Group. Spontaneous seroclearance of hepatitis B
seromarkers and subsequent risk of hepatocellular carcinoma. Gut
2014;63:1648e57.

[52] 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;40:1207e9.

[53] Ni YH, Chang MH, Wang KJ, Hsu HY, Chen HL, Kao JH, et al. Clinical
relevance of hepatitis B virus genotype in children with chronic infection
and hepatocellular carcinoma. Gastroenterology 2004;127:1733e8.

[54] Kao JH, Chen PJ, Lai MY, Chen DS. Hepatitis B virus genotypes and spon-
taneous hepatitis B e antigen seroconversion in Taiwanese hepatitis B
carriers. J Med Virol 2004;72:363e9.

[55] Tseng TC, Liu CJ, Chen CL, Yang WT, Yang HC, Su TH, et al. Higher lifetime
chance of spontaneous surface antigen loss in hepatitis B carriers with
genotype C infection. Aliment Pharmacol Ther 2015;41:949e60.

[56] Sanchez-Tapias JM, Costa J, Mas A, Bruguera M, Rod�es J. Influence of
hepatitis B virus genotype on the long-term outcome of chronic hepatitis
B in western patients. Gastroenterology 2002;123:1848e56.

[57] Shimakawa Y, Lemoine M, Njai HF, Bottomley C, Ndow G, Goldin RD, et al.
Natural history of chronic HBV infection in West Africa: a longitudinal
population-based study from the Gambia. Gut 2016;65:2007e16.
Please cite this article in press as: Lin C-L, Kao J-H, , Natural history of acute
Practice & Research Clinical Gastroenterology (2017), http://dx.doi.org/10
[58] Cheng HR, Kao JH, Wu HL, Chen TC, Tseng TC, Liu CH, et al. Clinical and
virological features of occult hepatitis B in patients with HBsAg sero-
clearance post-treatment or spontaneously. Liver Int 2014;34:e71e9.

[59] Yu MW, Yeh SH, Chen PJ, Liaw YF, Lin CL, Liu CJ, et al. Hepatitis B virus
genotype and DNA level and hepatocellular carcinoma: a prospective
study in men. J Natl Cancer Inst 2005;97:265e72.

[60] Wu JC, Huang YH, Chau GY, Su CW, Lai CR, Lee PC, et al. Risk factors for
early and late recurrence in hepatitis B-related hepatocellular carcinoma.
J Hepatol 2009;51:890e7.

*[61] Yang HI, Yeh SH, Chen PJ, Iloeje UH, Jen CL, Su J, et al., REVEAL-HBV Study
Group. Associations between hepatitis B virus genotype and mutants and
the risk of hepatocellular carcinoma. J Natl Cancer Inst 2008;100:
1134e43.

[62] Tseng TC, Liu CJ, Yang HC, Su TH, Wang CC, Chen CL, et al. High levels of
hepatitis B surface antigen increase risk of hepatocellular carcinoma in
patients with low HBV load. Gastroenterology 2012;142:1140e9.

[63] Yin J, Zhang H, Li C, Gao C, He Y, Zhai Y, et al. Role of hepatitis B virus
genotype mixture, subgenotypes C2 and B2 on hepatocellular carcinoma:
compared with chronic hepatitis B and asymptomatic carrier state in the
same area. Carcinogenesis 2008;29:1685e91.

[64] Yan H, Yang Y, Zhang L, Tang G, Wang Y, Xue G, et al. Characterization of
the genotype and integration patterns of hepatitis B virus in early- and
late-onset hepatocellular carcinoma. Hepatology 2015;61:1821e31.

[65] Chan HL, Tse CH, Mo F, Koh J, Wong VW, Wong GL, et al. High viral load
and hepatitis B virus subgenotype Ce are associated with increased risk of
hepatocellular carcinoma. J Clin Oncol 2008;26:177e82.

[66] Littlejohn M, Davies J, Yuen L, Edwards R, Sozzi T, Jackson K, et al. Mo-
lecular virology of hepatitis B virus, sub-genotype C4 in northern
Australian Indigenous populations. J Med Virol 2014;86:695e706.

[67] Tran H, Yu ML, Dai CY, Lin IL, Yeh ML, Chuang WL, et al. Novel quasi-
subgenotype D2 of hepatitis B virus identified in Taiwanese aborigines.
Virus Genes 2014;49:30e7.

[68] 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;17:165e70.

[69] Livingston SE, Simonetti J, McMahon B, Bulkow LR, Hurlburt KJ,
Homan CE, et al. Hepatitis B virus genotypes in Alaska native people with
hepatocellular carcinoma: preponderance of genotype F. J Infect Dis
2007;195:5e11.

[70] Gounder PP, Bulkow LR, Snowball M, Negus S, Spradling PR, McMahon BJ.
Hepatocellular carcinoma risk in Alaska native children and young adults
with hepatitis B virus: retrospective cohort analysis. J Pediatr 2016;178:
206e13.

[71] Panduro A, Maldonado-Gonzalez M, Fierro NA, Roman S. Distribution of
HBV genotypes F and H in Mexico and Central America. Antivir Ther
2013;18:475e84.

[72] Roman S, Panduro A, Aguilar-Gutierrez Y, Maldonado M, Vazquez-
Vandyck M, Martinez-Lopez E, et al. A low steady HBsAg seroprevalence is
associated with a low incidence of HBV-related liver cirrhosis and hepa-
tocellular carcinoma in Mexico: a systematic review. Hepatol Int 2009;3:
343e55.

[73] Yeh CT, Shen CH, Tai DI, Chu CM, Liaw YF. Identification and character-
ization of a prevalent hepatitis B virus X protein mutant in Taiwanese
patients with hepatocellular carcinoma. Oncogene 2000;19:5213e20.

[74] Chen GG, Li MY, Ho RL, Chak EC, Lau WY, Lai PB. Identification of hepatitis
B X gene mutation in Hong Kong patients with hepatocellular carcinoma.
J Clin Virol 2005;34:7e12.

[75] Guo X, Jin Y, Qian G, Tu H. Sequential accumulation of the mutations in
core promoter of hepatitis B virus is associated with the development
of hepatocellular carcinoma in Qidong, China. J Hepatol 2008;49:
718e25.

[76] Ma NF, Lau SH, Hu L, Xie D, Wu J, Yang J, et al. COOH terminal truncated
HBV X protein plays key role in hepatocarcinogenesis. Clin Cancer Res
2008;14:5061e8.

[77] Lee SA, Mun HS, Kim H, Lee HK, Kim BJ, Hwang ES, et al. Naturally
occurring hepatitis B virus X deletions and insertions among Korean
chronic patients. J Med Virol 2011;83:65e70.

[78] Kim H, Lee SA, Kim BJ. X region mutations of hepatitis B virus related to
clinical severity. World J Gastroenterol 2016;22:5467e78.

[79] Iavarone M, Trabut JB, Delpuech O, Carnot F, Colombo M, Kremsdorf D,
et al. Characterisation of hepatitis B virus X protein mutants in tumour
and non-tumour liver cells using laser capture microdissection. J Hepatol
2003;39:253e61.

[80] Wang Y, Lau SH, Sham JST, Wu MC, Wang T, Guan XY. Characterization of
HBV integrants in 14 hepatocellular carcinomas: association of truncated
X gene and hepatocellular carcinogenesis. Oncogene 2004;23:142e8.

[81] Lin CL, Liao LY, Wang CS, Chen PJ, Lai MY, Chen DS, et al. Basal core-
promoter mutant of hepatitis B virus and progression of liver disease in
hepatitis B e antigen-negative chronic hepatitis B. Liver Int 2005;25:
564e70.

[82] Liu CJ, Chen BF, Chen PJ, Lai MY, HuangWL, Kao JH, et al. Role of hepatitis B
viral load and basal core promoter mutation in hepatocellular carcinoma
in hepatitis B carriers. J Infect Dis 2006;193:1258e65.

[83] Liu CJ, Chen BF, Chen PJ, Lai MY, HuangWL, Kao JH, et al. Role of hepatitis B
virus precore/core promoter mutations and serum viral load on
and chronic hepatitis B: The role of HBV genotypes andmutants, Best
.1016/j.bpg.2017.04.010

http://refhub.elsevier.com/S1521-6918(17)30033-1/sref31
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref31
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref31
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref32
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref32
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref32
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref32
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref32
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref33
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref33
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref33
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref33
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref34
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref34
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref34
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref34
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref34
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref35
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref35
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref35
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref35
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref36
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref36
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref36
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref37
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref37
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref37
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref37
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref37
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref38
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref38
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref38
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref39
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref39
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref39
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref39
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref39
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref40
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref40
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref40
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref40
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref41
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref41
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref41
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref41
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref42
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref42
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref42
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref42
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref43
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref43
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref43
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref43
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref43
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref44
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref44
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref44
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref44
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref45
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref45
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref45
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref45
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref45
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref46
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref46
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref46
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref47
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref47
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref47
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref47
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref48
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref48
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref48
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref48
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref49
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref49
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref49
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref49
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref50
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref50
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref50
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref50
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref51
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref51
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref51
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref51
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref51
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref52
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref52
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref52
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref52
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref53
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref53
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref53
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref53
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref54
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref54
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref54
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref54
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref55
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref55
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref55
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref55
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref56
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref56
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref56
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref56
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref56
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref57
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref57
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref57
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref57
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref58
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref58
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref58
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref58
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref59
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref59
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref59
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref59
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref60
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref60
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref60
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref60
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref61
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref61
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref61
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref61
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref61
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref62
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref62
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref62
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref62
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref63
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref63
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref63
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref63
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref63
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref64
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref64
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref64
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref64
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref65
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref65
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref65
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref65
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref66
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref66
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref66
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref66
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref67
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref67
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref67
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref67
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref68
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref68
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref68
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref68
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref69
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref69
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref69
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref69
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref69
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref70
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref70
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref70
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref70
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref70
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref71
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref71
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref71
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref71
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref72
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref72
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref72
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref72
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref72
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref72
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref73
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref73
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref73
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref73
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref74
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref74
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref74
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref74
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref75
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref75
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref75
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref75
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref75
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref76
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref76
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref76
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref76
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref77
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref77
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref77
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref77
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref78
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref78
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref78
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref79
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref79
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref79
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref79
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref79
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref80
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref80
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref80
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref80
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref81
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref81
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref81
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref81
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref81
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref82
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref82
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref82
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref82
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref83
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref83


C.-L. Lin, J.-H. Kao / Best Practice & Research Clinical Gastroenterology xxx (2017) 1e7 7
noncirrhotic hepatocellular carcinoma: a case-control study. J Infect Dis
2006;194:594e9.

[84] Chen BF, Liu CJ, Jow GM, Chen PJ, Kao JH, Chen DS. High prevalence and
mapping of pre-S deletion in hepatitis B virus carriers with progressive
liver diseases. Gastroenterology 2006;130:1153e68.

*[85] Liu S, Zhang H, Gu C, Yin J, He Y, Xie J, et al. Associations between hepatitis
B virus mutations and the risk of hepatocellular carcinoma: a meta-
analysis. J Natl Cancer Inst 2009;101:1066e82.

[86] Tseng TC, Liu CJ, Yang HC, Chen CL, Yang WT, Tsai CS, et al. Higher pro-
portion of viral basal core promoter mutant increases the risk of liver
cirrhosis in hepatitis B carriers. Gut 2015;64:292e302.

[87] Ito K, Tanaka Y, Orito E, Sugiyama M, Fujiwara K, Sugauchi F, et al. T1653
mutation in the box alpha increases the risk of hepatocellular carcinoma
in patients with chronic hepatitis B virus genotype C infection. Clin Infect
Dis 2006;42:1e7.

[88] Yuen MF, Tanaka Y, Shinkai N, Poon RT, But DY, Fong DY, et al. Risk for
hepatocellular carcinoma with respect to hepatitis B virus genotypes B/C,
specific mutations of enhancer II/core promoter/precore regions and HBV
DNA levels. Gut 2008;57:98e102.

[89] Chen CH, Changchien CS, Lee CM, Hung CH, Hu TH, Wang JH, et al.
Combined mutations in pres/surface and core promoter/precore regions
of hepatitis B virus increase the risk of hepatocellular carcinoma: a
caseecontrol study. J Infect Dis 2008;198:1634e42.

[90] Tanaka Y, Mukaide M, Orito E, Yuen MF, Ito K, Kurbanov F, et al. Specific
mutations in enhancer II/core promoter of hepatitis B virus subgenotypes
C1/C2 increase the risk of hepatocellular carcinoma. J Hepatol 2006;45:
646e53.

[91] Chou YC, Yu MW, Wu CF, Yang SY, Lin CL, Liu CJ, et al. Temporal rela-
tionship between hepatitis B virus enhancer II/basal core promoter
sequence variation and risk of hepatocellular carcinoma. Gut 2008;57:
91e7.

[92] Kim JK, Chang HY, Lee JM, Baatarkhuu O, Yoon YJ, Park JY, et al. Specific
mutations in the enhancer II/ core promoter/precore regions of hepatitis B
Please cite this article in press as: Lin C-L, Kao J-H, , Natural history of acute
Practice & Research Clinical Gastroenterology (2017), http://dx.doi.org/10
virus subgenotype C2 in Korean patients with hepatocellular carcinoma.
J Med Virol 2009;81:1002e8.

[93] Jang JW, Chun JY, ParkYM, ShinSK, YooW,KimSO, et al.Mutational complex
genotype of the hepatitis B virus X /precore regions as a novel predictive
marker for hepatocellular carcinoma. Cancer Sci 2012;103:296e304.

[94] Hu F, Bi S, Yan H, Shi Y, Sheng J. Associations between hepatitis B virus
basal core promoter/pre-core region mutations and the risk of acute-on-
chronic liver failure: a meta-analysis. Virol J 2015;12:87.

[95] Nian X, Xu Z, Liu Y, Chen J, Li X, Xu D. Association between hepatitis B
virus basal core promoter/precore region mutations and the risk of hep-
atitis B-related acute-on-chronic liver failure in the Chinese population:
an updated meta-analysis. Hepatol Int 2016;10:606e15.

[96] Lin CL, Liu CH, Chen W, Huang WL, Chen PJ, Lai MY, et al. Association of
pre-S deletion mutant of hepatitis B virus with risk of hepatocellular
carcinoma. J Gastroenterol Hepatol 2007;22:1098e103.

[97] Fang ZL, Sabin CA, Dong BQ, Wei SC, Chen QY, Fang KX, et al. Hepatitis B
virus pre-S deletion mutations are a risk factor for hepatocellular carci-
noma: a matched nested case-control study. J Gen Virol 2008;89:
2882e90.

[98] Liu S, Xie J, Yin J, Zhang H, Zhang Q, Pu R, et al. A matched case-control
study of hepatitis B virus mutations in the preS and core promoter re-
gions associated independently with hepatocellular carcinoma. J Med
Virol 2011;83:45e53.

[99] Hsieh YH, Su IJ, Wang HC, Chang WW, Lei HY, Lai MD, et al. Pre-S mutant
surface antigens in chronic hepatitis B virus infection induce oxidative
stress and DNA damage. Carcinogenesis 2004;25:2023e32.

[100] Hsieh YH, Chang YY, Su IJ, Yen CJ, Liu YR, Liu RJ, et al. Hepatitis B virus pre-
S2 mutant large surface protein inhibits DNA double-strand break repair
and leads to genome instability in hepatocarcinogenesis. J Pathol
2015;236:337e47.

*[101] Su IJ, Wang LH, Hsieh WC, Wu HC, Teng CF, Tsai HW, et al. The emerging
role of hepatitis B virus pre-S2 deletion mutant proteins in HBV tumori-
genesis. J Biomed Sci 2014;21:98.
and chronic hepatitis B: The role of HBV genotypes andmutants, Best
.1016/j.bpg.2017.04.010

http://refhub.elsevier.com/S1521-6918(17)30033-1/sref83
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref83
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref83
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref84
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref84
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref84
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref84
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref85
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref85
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref85
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref85
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref86
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref86
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref86
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref86
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref87
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref87
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref87
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref87
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref87
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref88
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref88
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref88
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref88
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref88
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref89
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref89
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref89
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref89
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref89
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref89
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref90
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref90
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref90
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref90
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref90
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref91
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref91
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref91
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref91
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref91
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref92
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref92
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref92
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref92
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref92
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref93
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref93
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref93
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref93
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref93
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref94
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref94
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref94
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref95
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref95
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref95
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref95
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref95
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref96
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref96
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref96
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref96
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref97
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref97
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref97
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref97
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref97
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref98
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref98
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref98
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref98
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref98
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref99
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref99
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref99
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref99
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref100
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref100
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref100
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref100
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref100
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref101
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref101
http://refhub.elsevier.com/S1521-6918(17)30033-1/sref101

	Natural history of acute and chronic hepatitis B: The role of HBV genotypes and mutants
	Introduction
	Molecular epidemiology and global distribution of HBV genotypes
	HBV genotypes/mutants and pathogenesis of HBV infection
	Clinical impact of HBV genotypes and mutants
	HBV genotypes/mutants and hepatitis B vaccine failure
	HBV genotypes and acute hepatitis B
	HBV genotypes and tendency of chronicity after acute HBV infection
	HBV genotypes/mutants and the milestones of chronic hepatitis B
	HBeAg seroconversion and HBsAg seroclearance

	Risk of cirrhosis and HCC
	Conclusions and perspectives
	Grant/Funding support
	Conflict of interest
	References


