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Abstract

Introduction: Hepatitis B virus (HBV) genotypes, replication status, and mutations have been associated
with the risk of hepatocellular carcinoma (HCC). Our aim was to study the distribution and HCC-related
viral properties of HBV genotypes/subgenotypes in Mainland China.

Methods: A multistage cluster probability sampling method was applied to select 81,775 participants be-
tween 1 and 59 years at 160 national disease surveillance points. We examined hepatitis B surface antigen,
HBYV genotypes and subgenotypes, hepatitis B e antigen, viral load, and mutations in the PreS and core pro-
moter regions of HBV genome.

Results: HBV subgenotypes B2 (27.3%), C1 (10.7%), and C2 (58.0%) were predominant. Genotype D
(D1, 80.8%) was frequent in the Uygur. We identified a new subgenotype, C9, mainly in Tibetans. Composi-
tions of subgenotypes B2 and C1 and genotype mixture increased from the North to Central South, which
was consistently associated with the increasing prevalence of hepatitis B surface antigen. Hepatitis B e antigen
positivity and viral loads were higher in the young with genotype B and declined more rapidly with increas-
ing age than those with genotype C. In contrast to G1896A, PreS deletion, T31C, T1753V, and A1762T/
G1764A were more frequent in subgenotype C2 than in subgenotype B2. A1762T/G1764A, T1753V,
C1653T, and G1896A, except PreS deletion, consecutively increased with increasing age.

Conclusion: HBV subgenotypes B2, C1, and C2 are endemic in Mainland China. HBV genotype C exhibits
less replication activity in the young and harbors higher frequencies of the HCC-associated mutations than

genotype B.
Impact: These basic data could help evaluate the association of HBV variations with HCC. Cancer Epidemiol

Biomarkers Prev; 19(3); 777-86. ©2010 AACR.

Introduction

Hepatitis B virus (HBV) infection is a serious public
health problem. Chronic HBV infection affects >300 mil-
lion people worldwide. In Asia and most of Africa,
chronic HBV infection is common and usually acquired
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perinatally or in childhood (1). Chronic HBV infection
is by far the most important risk factor of hepatocellular
carcinoma (HCC; ref. 2). Standard HBV vaccination dra-
matically decreases HCC prevalence among the vacci-
nees ages 6 to 19 years (3).

Eight genotypes (genotypes A-H) have been identified
by a sequence divergence >8% in the entire HBV genome
(4). HBV isolated in Vietnam and Laos has been sug-
gested to form a ninth genotype I (5, 6). The designation
has been questioned due to complex recombination (7).
A HBV strain isolated from a Japanese patient has been
provisionally designated HBV genotype J (8). Genotypes
have further been separated into subgenotypes if the di-
vergence in nucleotide sequence is between 4% and 8%
(4). HBV genotypes have distinct geographic distribu-
tions and have been shown to differ with regard to clin-
ical outcome, prognosis, and response to antiviral
treatment (9-17). Infection with HBV genotype C has
been frequently associated with an increased risk of
HCC in the ages, whereas infection with genotype B
has been found to be associated with the development of
HCC and relapse of HCC in the young (9-14). Although
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HBV subgenotypes C1 and C2 are associated with an in-
creased risk of HCC, only HBV subgenotype C2 is inde-
pendently associated with HCC (9). Different HBV
genotype/subgenotypes display distinct mutation pat-
terns in the PreS (nucleotides 2848-154) region and
in the enhancer II (Enhll, nucleotides 1636-1744)/basic
core promoter (BCP, nucleotides 1751-1769)/precore
region in the HBV genome. The precore/core encodes
hepatitis B e surface antigen (HBeAg), which is used
clinically as an indicator of active viral replication.
HBeAg expression and high viral load are associated
with an increased risk of HCC (18, 19). Some mutations
in the PreS and the EnhII/BCP/Precore regions have
been associated with the development of HCC (20-29).
Our recent meta-analysis using published data up
to August 31, 2008 has shown that HBV PreS mutations,
C1653T, T1753V, and A1762T/G1764A, are associated
with an increased risk of HCC (30). A1762T/G1764A
is a valuable biomarker for identifying a subset of hepa-
titis B surface antigen (HBsAg) carriers who are at
extremely high risk of HCC in prospective studies
(22, 24, 27, 29).

In Mainland China, an endemic area with almost one
third of the HBsAg carriers found worldwide (1), HBV
genotypes and mutations have been investigated in a
limited number of the hospital-based patients and select-
ed geographic areas (21, 22, 24, 25, 27, 31, 32). However,
no community-based epidemiologic study with sufficient
participants has shown nationwide distribution of HBV
genotypes and the prevalence of the HCC-associated
viral mutations as well. In addition, the association be-
tween HBV genotype and viral replication status remains
controversial because of conflicting data in literature.
HBV genotype C is associated with increased viral load
in Taiwan, whereas this genotype is associated with de-
creased viral load in Shanghai (13, 33). This difference is
probably due to the age of the HBV-infected subjects as
HBV DNA tends to fluctuate with time (11). An epidemi-
ologic study with sufficient participants in a wide age
range is necessary to address this issue. In this study,
we conducted a large, community-based study to deter-
mine the distribution of HBV genotypes and its asso-
ciation with HCC-related viral properties in Mainland
China. This study provides basic epidemiologic data of
HBV genomic variations, which is useful for the eval-
uation of future HCC burden caused by chronic HBV
infection and the development of strategy for the control
of HCC.

Subjects and Methods

Study Population and Epidemiologic Survey

The study was carried out at 160 well-established Na-
tional Disease Surveillance Points (DSP; a DSP was a
study county) covering all 31 provincial administrative
regions containing 22 provinces (Hebei, Shanxi, Liaoning,
Jilin, Heilongjijang, Shaanxi, Gansu, Qinghai, Sichuan,

Guizhou, Yunnan, Jiangsu, Zhejiang, Anhui, Fujian,
Jiangxi, Shandong, Henan, Hubei, Hunan, Guangdong,
and Hainan), 5 autonomous regions (Inner Mongolia,
Guangxi, Ningxia, Xinjiang, and Tibet), and 4 municipal-
ities directly under the central government (Beijing, Tian-
jin, Shanghai, and Chongqing) in Mainland China, from
September to December in 2006. The representativeness
of DSP is available at the Web site of DSP (34). The study
subjects were randomly selected from community-based
population at each DSP, regardless of their health states.
To obtain enough study subjects for the evaluation of the
distribution of HBV genotype and subgenotype in Main-
land China, sample sizes at different age groups were
estimated according to the estimated prevalence rates
and allowable errors of HBsAg. The reason and proce-
dure of sample size estimation are detailed in Supple-
mentary Material. A multistage cluster probability
sampling method was applied to select the study popu-
lation. Briefly, two to four administrative townships were
randomly selected from each DSP. One administrative
village was randomly selected from each township. All
children at the age between 1 and 4 y in the sampled vil-
lages were included in this study. Systematic sampling
and family-based sampling methods were used to recruit
the participants at the age between 5 and 14 y and those
at the age between 15 and 59 y, respectively. A total of
81,775 participants, containing 16,376, 23,753, and
41,646 subjects at the ages between 1 and 4 y, between
5 and 14 y, and between 15 and 59 vy, respectively, were
involved in this study.

The participants were interviewed by trained re-
search assistants using a standard questionnaire re-
questing information including sociodemographic
characteristics. Fasting blood samples (2-4 mL) were
collected with vacuum blood collection tubes (BD Diag-
nostics) without anticoagulant. The serum and blood
clot were separated by centrifugation at 4°C at the Cen-
ter for Disease Control and Prevention of each DSP,
transported on dry ice and stored at —20°C in Chinese
Center for Disease Control and Prevention, and at -40°
C in the Department of Epidemiology, Second Military
Medical University.

Informed consent in writing was obtained from each
participant or guardian. Each resident who agreed to par-
ticipate in this survey completed a questionnaire and
provided blood sample. The study protocol conformed
to the ethical guidelines of the 1975 Declaration of Helsin-
ki and was approved by the Institutional Review Boards
of Second Military Medical University and Chinese Cen-
ter for Disease Control and Prevention.

Examination of HBV Serologic Markers and Serum
Viral Load

All participants were examined for HBsAg. Those sero-
positive for HBsAg were examined for HBeAg. HBV se-
rologic markers were examined by using ELISA
(Xinchuang) according to the manufacturer's instruc-
tions. A total of 1,538 subjects (men, 837; women, 701)
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with genotype determined were randomly selected for tion of 500 copies/mL. All measurements of serologic
the examination of HBV viral load. Serum HBV DNA HBV markers including viral load were standardized
was measured in the LightCycler480 (Roche) using quan- by using corresponding Abbott reagents (Abbott labora-
titative HBV PCR fluorescence diagnostic kits (Fosun tories). The results were sent to the participants within 2
Diagnostics). The kit has a certified lower limit of detec- to 3 wk after examination.
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Figure 1. Geographic distribution of HBV genotypes and its association with HBsAg prevalence in six major regions of Mainland China. The North: Beijing,

Tianjin, Hebei, Shanxi, and Inner Mongolia; the Northeast: Liaoning, Jilin, and Heilongjijang; the Northwest: Shaanxi, Gansu,

Xinjiang; the Southwest: Chongqing, Sichuan, Guizhou, Yunnan, and Tibet; the East: Shanghai, Jiangsu, Zhejiang, Anhui, Fujian, Jiangxi, and Shandong;

Central South: Henan, Hubei, Hunan, Guangdong, Guangxi, and Hainan.
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Table 1. The proportion of HBV genotypes B, C, and D and their subgenotypes in major topographical or
geographic areas of Mainland China
Area Genotype Subgenotype
B* c* D Tota! B1f B2 B3 B4 Ci* C2* C3 C4 C5 C9 D1 D2 Total
Area north 67 502 8 594 0 56 0 0 16 402 1 0 3 7 2 0 487
to Yellow (11.3) (84.5) (1.3) (100.0) (11.5) (8.3) (82.5) (0.2) 0.6) (1.4) (0.4 (100.0)
River
Area 157 421 10 603 0 111 2 1 23 286 1 0 0 2 4 2 432
between (26.0) (69.8) (1.7) (100.0) (25.7) (0.5) (0.2) (5.3) (66.2) (0.2) (0.5 (0.9 (0.5 (100.0)
Yangtse
River and
Yellow
River
Area south 495 833 9 1427 2 390 3 1 149 411 2 2 12 1 1 2 976
to Yangtse (34.7) (58.4) (0.6) (100.0) (0.2) (40.0) (0.3) (0.1) (15.3) (42.1) (0.2) (0.2) (1.2) (0.1) (0.1) (0.2) (100.0)
River
Uygur basin 6 10 17 35 0 5 0 0 0 8 0 0 0 0 14 1 28
(17.1) (28.6) (48.6) (100.0) (17.9) (28.6) (50.0) (3.6) (100.0)
Qinghai-Tibet 8 204 2 224 0 6 0 0 29 109 O 0 0 21 0 0 165
plateau 3.6) (91.1) (0.9 (100.0) (3.6) (17.6) (66.1) (12.7) (100.0)
Yunnan- 34 89 0 130 0 33 1 0 19 61 0 0 0 0 0 0 114
Guizhou (26.2) (68.5) (100.0) (28.9) (0.9) (16.7) (53.5) (100.0)
plateau
Total 767 2059 46 3013 2 601 6 2 236 1277 4 2 15 31 21 5 2202
(25.5) (68.3) (1.5) (100.0) (0.1) (27.3) (0.3) (0.1) (10.7) (58.0) (0.2) (0.1) (0.9) (1.4) (1.0) (0.2) (100.0)
NOTE: Data in the table were shown as n (%).
*Pireng < 0.001 from the Northern Yellow River area to the Southern Yangtse River area.
TThe number includes HBY genotype mixture, genotypes A and E.

Determination of HBV Genotypes and
Subgenotypes

HBV DNA was extracted from 200 nL. HBsAg-positive
sample using High Pure Viral Nucleic Acid kits (Roche
Diagnostics) according to the manufacturer's instruction.
Blood clots were also used as the sources of HBV DNA if
insufficient serum was obtained as described in Supple-
mentary Material. HBV genotypes and subgenotypes
were determined by using a multiplex PCR assay (12,
35). HBV genotypes of samples with low levels of HBV
DNA were identified by nested multiplex PCR as de-
scribed in Supplementary Material. The primers used in
this study are listed in Supplementary Table S1.

Sequencing, Mutation, Recombination, and
Phylogenetic Analyses of HBV

Parts of the PreS and S gene region (PreS-S) of 24 novel
HBYV subgenotype isolates and the whole genomes of an-
other 6 novel HBV subgenotype isolates were sequenced
and deposited in Genbank. For viral mutation analysis,
we sequenced the PreS region (from nt.2768 to nt.231)
from 522 samples, and the EnhlIl/BCP/Precore region
(from nt.1626 to nt.2004) from 750 samples of 1,000 sub-
jects who were randomly selected from those infected

with unique HBV subgenotype. These sequences were
deposited in Genbank. Viral mutations were assessed
by using the MEGA 4.0 software (36). Methods for
PCR, DNA sequencing, and recombination analysis are
detailed in Supplementary Material.

Statistical Analysis

%2 test was used to determine the differences in cate-
gorical variables, such as HBeAg positivities and the per-
centages of HBV genotypes. Continuous variables, such
as serum viral loads with skewed distribution, were ad-
justed to normal distribution by transformation into log-
arithmic function and then tested by Student's ¢ test or
ANOVA. We also examined linear trends in the propor-
tion of HBV genotypes or subgenotypes in different
areas. All statistical tests were two sided and were per-
formed by using the Statistical Program for Social
Sciences (SPSS15.0 for Windows, SPSS). A P value of
<0.05 was considered as statistically significant.

Results

Of 81,775 participants, 4,150 were HBsAg positive.
A total of 1,371 of the 4,150 were HBeAg positive. The
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prevalence rates (95% confidence intervals) of HBsAg ex-
pression at the age groups between 1 and 4 years, be-
tween 5 and 14 years, and between 15 and 59 years
were 0.96% (0.75-1.17%), 2.42% (2.04-2.80%), and 8.57%
(7.93-9.22%), respectively. Of the 4,150 HBsAg-positive
samples, 379 had an inadequate preservation status.
A total of 3,013 (79.90%) of the 3,771 HBsAg-positive
samples were genotyped by using multiplex PCR
either directly (n = 1,694) or as a second step of nested
PCR (n = 1,319). No difference in the proportion of gen-
otypes B and C was determined between the two meth-
ods (P = 0.13).

Geographic Distribution of HBV Genotypes and
Subgenotypes

We found 767 subjects infected with HBV genotype B,
2,059 with genotype C, 46 with genotype D, 4 with geno-
type E, 1 with genotype A, and 136 with two or more

genotypes (genotype mixture). HBV genotypes C
(68.3%) and B (25.5%) were predominant. The distribu-
tion of HBV genotypes showed obvious geographic char-
acteristics (Fig. 1). Genotype D was endemic in the
Northwest. The proportion of genotype B consecutively
increased, whereas genotype C decreased, from North
to Yellow River to South to Yangtse River (Table 1). The
proportions of genotype B in North versus South to
Yangtse River were 18.3% versus 30.65%, in contrast to
genotype C (75.9% versus 62.9%, P < 0.001). The propor-
tions of genotype B and genotype mixture consecutively
increased across the North, the Northeast, the Northwest,
the Southwest, the East, and Central South, and were
consistently associated with increasing prevalence of
HBsAg, in contrast to genotype C (Pyena < 0.001; Supple-
mentary Table S2; Fig. 1).

HBV subgenotype B2 (98.4%) was the major subgeno-
type of HBV genotype B. HBV subgenotype C2 (80.1%)

100- OB EC 0OD EMixture

90
80}
701
60r
501
40}
30f
20t
10}

Percentage (%)

st
Female

Gender

1007 —4=B =0=C =4=D =H=Mixture

: W

:—:::!-:f_:-ﬂ':
10- 15- 20- 25- 30- 35- 40- 45- 50- 55-59
Age group (years)

1- 5

B OB HBC 0OD MMixture
100
90 2]
8o
SR ] ] :
S 60 [ 3 4 3
g sof f
Baor N R
g 30 I : =
20 H| i 3 & :
0 | -] b e - L.
Han Tibetan Uygur Zhuang Hui Other
Ethnic
D
100} Be2 Hct1 Micz Hothers
90F
80}
s 70t
g 60
S 501
§ 401 *
& 30t
201
10} e ) 7
0_=ﬁl Fret] Jﬁ::
Han Minorities
Ethnic

Figure 2. Demographic distribution of HBV genotypes in Mainland China. A, the proportion of HBV genotypes in men and women; B, the proportion of HBV
genotypes in the major ethnicities; C, the proportion of HBV genotypes at each age group. D, the proportion of HBV subgenotypes in the Han and the
minorities in combination. *, P < 0.001 between the Han and the minorities in combination.
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and HBV subgenotype C1 (14.8%) were the major sub-
genotypes of genotype C. The proportions of subgeno-
types C1 and B2 consecutively increased from the North
to Yellow River to the South to Yangtse River and con-
secutively increased from the North to Central South, in
contrast to subgenotype C2 (Supplementary Table S3;
Table 1). We identified a new subgenotype of genotype
C, mostly found in Qinghai-Tibet plateau (Table 1). The
whole genomes from six samples, PreS-S fragments
from another 24 samples, and the EnhIl/BCP/Precore
fragment from one more sample were sequenced. The
divergence in the whole genome was from 4.1% to
6.7% between the novel subgenotype and each of sub-
genotypes C1 to C5, and over 8% between the subgeno-
type and each of the other genotypes (Supplementary

Table S4). The phylogenetic analysis with the whole se-
quences of HBV showed that it represented a new clade
of genotype C (Supplementary Fig. S1). The SimPlot
analysis indicated that it did not show gross recombina-
tion but was made up of smaller fragments sharing
>50% homology with HBV subgenotypes D2, D4, C1,
C2, C4, and C6 (in correct numerical order C8; Supple-
mentary Fig. 2; ref. 37). HBV C7 and C6 were recently
designated in Indonesia (38, 39). This subgenotype was
then designated as HBV subgenotype C9. We found 2
subjects infected with subgenotype B1, 6 with B3, 2 with
B4, 4 with C3, 2 with C4, and 15 with C5, mostly from
Southern China. We also found 21 subjects infected with
subgenotype D1 and 5 with D2, mostly from the North-
west (Supplementary Table S5).
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Demographic Distribution of HBV Genotypes and
Subgenotypes

The distribution of HBV genotypes was not signifi-
cantly different between men and women (Fig. 2A).
More genotype D (54.6%) and less genotype C
(22.7%) were found in the Uygur than in other ethni-
cities (P < 0.001; Fig. 2B). Genotype mixture was rare
in the minorities. Genotype B was more prevalent in
the young than in those at the age of 25 years or old-
er, in contrast to genotype C (P < 0.001; Fig. 2C). In
contrast to subgenotypes B2 and C1, HBV subgeno-
type C2 was more prevalent in the Mandarin-speaking
population than in the Cantonese- or other Southern
dialect-speaking population (P < 0.001). Of the 31
subjects with subgenotype C9, 21 (67.74%) were Tibet-
an. In contrast to subgenotype B2, the proportions of
subgenotypes C4 (P = 0.030), C5 (P < 0.001), C9 (P <
0.001), and D1 (P < 0.001) were significantly higher in
the minorities in combination than in the Han. Figure
2D shows the difference in the proportion of HBV
subgenotypes between the Han and the minorities.
Subgenotype D1 was mainly found in the Uygur
(Supplementary Table S6). PreS-S fragment of subge-
notype D1 from the Uygur showed a high similarity
to strains from Turkey by phylogenetic analysis (Sup-
plementary Fig. S3).

HBeAg Status and Serum Viral Loads of the Subjects
Infected with Different HBV Genotypes and
Subgenotypes

Overall, the genotype B HBV-infected subjects were
significantly more often HBeAg positive than the geno-
type C HBV—-infected subjects (P < 0.001), regardless of
the ethnicity and gender. The HBeAg-negative subjects
were significantly older than the HBeAg-positive sub-
jects (P < 0.001). The subjects with genotype B were sig-
nificantly more often HBeAg positive than those with
genotype C at the age between 10 and 35 years; howev-
er, no significant difference in HBeAg positivity between
the subjects with genotype B and those with genotype C
was found in those older than 35 years (Fig. 3A). The
subjects with HBV subgenotype B2 were significantly
more often HBeAg positive than the subjects with sub-
genotype C1 or those with subgenotype C2 at the age
between 1 and 45 years, whereas no difference in
HBeAg positivity between the subjects with HBV subge-
notype B2 and the subjects with subgenotype C1 or C2
was found in those older than 45 years (Fig. 3B). Serum
viral load was significantly higher in the subjects with
genotype B than in those with genotype C at the
age younger than 45 years, whereas this difference in
viral load was not found in those older than 45 years
(Fig. 3C). Serum HBV DNA was significantly higher in

Table 2. Frequencies of the HCC and other liver disease—associated HBV mutations in the randomly
selected subjects infected with unique HBV subgenotype

Genotype PreS Enhll BCP and Precore
n Deletion® T31CT T53C* n C1653T n T1753VS A1762T/ C1766T G1896 AT G1899 A**
G1764A!

B 151 11 (7.3) 4(7) 9(®.0 143 2(1.4) 214 0 15 (7.0) 0 17 (8.0) 10 (4.7)
B2 145 10(69) 4(28 8(.5 135 2(1.5 206 0 14 (6.8) 0 13 (6.3) 9 (4.4)

C 353 47 (13.3) 76 (215 4(1.1) 435 15(3.5) 514 28(55) 76(14.8) 11(2.1) 16 (3.1) 4 (0.8)
C1 47  5(106) 1(2.1) 0 66 1(15) 72 6(83) 17236 1(1.4) 2 (2.8) 1(1.4)
c2 268 38 (14.2) 75(28.0) 4(1.5) 328 13(4.00 395 18(4.6) 51(129) 9(2.3) 13(3.3) 3(0.8)
C5 9 2(222) 0 0 13 0 13 1(7.7) 2 (15.4) 0 1(7.7) 0
C7 24  2(8.3) 0 0 23 1(44) 29 3(103) 5(17.2) 1(3.4) 0 0

D 18 13 (72.2) 0 0 22 0 22 0 1 (4.6) 0 2 (9.1) 0
D1 14 11 (78.6) 0 0 18 0 18 0 1 (5.6) 0 2 (11.1) 0

Total 522 71(13.6) 80(15.3) 13 (2.5 600 17(2.8) 750 28(3.7) 92(12.3) 11(1.5 35(4.7) 14 (1.9)

NOTE: Data in the table were shown as n (%). We identified six participants infected with HBV B3, two with HBV B4, three with HBV
C3, two with HBV C4, and four with HBV D2. Data of HBV mutation from these participants were not listed in the table because of
small size.

*PreS deletion, Bvs C P =0.05; B2 vs C2 P =0.03; P <0.001 forBvs D, Cvs D, D1 vs B2, D1 vs C1, D1 vs C2, and D1 vs C7; D1 vs
C5 P = 0.008.

TT31C, P < 0.010 for B vs C, B2 vs C2, C2 vs C1, and C2 vs C7; C2 vs D1 P = 0.020.

#T53C, B vs C P = 0.005; B2 vs C2 P = 0.02.

$T1753V, P < 0.001 for B vs C, B2 vs C1, B2 vs C2, B2 vs C7, and B2 vs C5.

IA1762T/G1764A, P < 0.01 for B vs C and B2 vs C1; P < 0.05 for B2 vs C2 and C1 vs C2.

1G1896A, B vs C P = 0.004.

“G1899 A, B vs C P = 0.001; B2 vs C2 P = 0.003.
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selected subjects with increasing age

Table 3. Frequencies of the HCC and other liver disease—associated HBV mutations in the randomly

Age (y) PreS Enhli BCP and precore

Deletion T31C T53C* C1653TT  T1753VF  A1762T/G1764A* C1766TS G1896AF  G1899A
<15 16.1(31/193) 8.8 (17/194) 0.5 (1/194) 1.3 (3/235) 1.5 (4/265) 6.0 (16/265) 0.8 (2/265) 1.1 (3/265) 0 (0/265)
15-29  13.3 (17/128) 19.4 (28/129) 0.8 (1/129) 2.2 (3/139) 1.9 3/162)  11.7 (19/162) 0.6 (1/162) 3.1 (5/162) 2.5 (4/162)
30-44 10.7 (15/140) 15.7 (22/140) 5.0 (7/140) 2.6 (4/152) 5.2 (11/210) 12.9 (27/210) 1.9 (4/210) 8.1 (17/210) 1.0 (2/210)
45-59 14.5(10/69) 18.8 (13/69) 5.8 (4/69) 9.1 (7/77) 8.5 (10/118) 25.4 (30/118) 3.4 (4/118) 10.2 (12/118) 6.8 (8/118)

NOTE: Data were shown as % (n).
*Pyeng = 0.002.
TPirena = 0.003.
*Pyeng < 0.001.
SPyeng = 0.041.

the HBeAg-positive subjects than in the HBeAg-negative
subjects. Furthermore, serum HBV DNA was signifi-
cantly higher in the HBeAg-negative subjects with geno-
type B or the HBeAg-negative subjects with genotype
mixture than in those with genotype C (Fig. 3D).

Liver Disease-Associated Mutation Patterns of
Each HBV Genotype and Subgenotype from
HBV-Infected Subjects

After sequencing the PreS region from 522 samples and
the EnhlII/BCP/Precore region from 750 samples, we rat-
ed the HCC-associated HBV mutations including PreS
deletion, T31C, T53C, C1653T, T1753V, A1762T/
G1764A, and G1899 A (20-31); fulminant hepatitis B-as-
sociated mutation G1896A (40); and liver cirrhosis—asso-
ciated mutations C1766T (20). The mutation rates of HBV
genotypes and subgenotypes are summarized in Table 2.
T1753V, A1762T/G1764A, and T31C were more frequent
in genotype C than in genotype B, in contrast to T53C,
G1896A, and G1899 A. The frequencies of T31C, and
A1762T/G1764A were significantly different between
HBYV subgenotype C1 and subgenotype C2. PreS dele-
tion, T31C, T1753V, and A1762T/G1764A were more fre-
quent in HBV subgenotype C2 than in subgenotype B2.
Surprisingly, 27.8% of genotype D isolates did not harbor
a 33-bp deletion in the PreS1 region, a hallmark of all
known genotype D (4).

We evaluated the combination of HBV mutations in-
cluding PreS deletion, C1653T, T1753V, A1762T/G1764,
and G1896A. No significant differences in the frequencies
of the combined mutations were found between geno-
type B and genotype C (data not shown). We then strat-
ified the subjects with HBV mutation information into
age groups. The frequencies of A1762T/G1764A,
T1753V, C1653T, T53C, C1766T, and G1896A increased
consecutively with increasing age, whereas the frequen-
cies of PreS deletion, T31C, and G1899A did not increase
significantly with increasing age (Table 3). The frequency
of PreS deletion, rather than other mutations, was signif-

icantly higher in male than female (P = 0.010). The fre-
quencies of C1653T, T1753V, A1762T/G1764A, and
G1896A increased consecutively with increasing age in
the genotype C HBV-infected group (Supplementary
Table S7).

Discussion

In this study, we recruited a large study population
within the 160 DSPs, which were demographically and
geographically representative for Mainland China. We
used sensitive techniques for genotyping. The ratio of
HBV genotypes identified by the nested multiplex-PCR
was similar to that identified by routine multiplex PCR.
Thus, the distribution of HBV genotypes from this study
is also representative for HBV carriers with low viremia
and does not have bias even if levels of viremia would be
different among genotypes or age groups.

Genotypes C and B are the major HBV genotypes en-
demic in Mainland China. However, their distribution is
geographically and demographically different. In con-
trast to HBV subgenotype C2, HBV subgenotypes B2,
C1, and genotype mixture increase from the North to
Central South. These results indicate that HBV subgeno-
type C2 has probably evolved in North China, whereas
subgenotypes B2 and C1 have probably evolved in South
China. Subgenotypes B3, C3, C4, and C5 found in South
China might have been introduced from South Asia
where these strains are endemic (41). Genotype D inher-
ently harbors a 33-bp deletion in the PreS1 region. We
found that 27.8% of HBV genotype D isolated in North-
west China did not harbor this deletion (Table 2), which
might represent an ancestral form of genotype D that has
been preserved for unknown reasons. Subgenotype D1 is
endemic in the Mediterranean region including Turkey
(42). Subgenotype D1 isolated from the Uygur was phy-
logenetically linked to the strains in Turkey. Thus, we
speculate that subgenotype D1 has probably evolved in
Central Asia where the Uygur lived and has spread to
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Turkey, Iran, and entire Northern Eurasia. We identified a
new subgenotype C9 that differed from recombinant gen-
omes made up of parts of genotypes C and D described
in Tibet (43). Presumably, C9 has evolved in Tibet because
67.74% of the C9 HBV-infected subjects were Tibetan.

HBeAg seropositivity and serum viral load were high
in the young with the genotype B (mainly B2), indicat-
ing that genotype B replicates more actively in the
young. High replication rates of genotype B in young
adults lead to an increased risk of horizontal transmis-
sion of HBV by sexual activity because high concentra-
tion of HBV DNA in serum is associated with high
concentrations in semen and other body fluids of HBV
carriers (44). Genotype B has recently been shown by us
to be more apt to cause acute hepatitis B (33). In con-
trast to genotype C, the proportion of genotype B was
significantly higher in those younger than 25 years than
in the older age group (Fig. 2C). HBeAg seropositivity
and serum viral load decreased more rapidly in the ge-
notype B HBV-infected subjects than in the genotype C
HBV-infected subjects with increasing age (Fig. 3A-C).
Genotype B is associated with earlier HBeAg serocon-
version than genotype C (45, 46). Early HBeAg serocon-
version typically confers a favorable outcome (47).
These evidence indicate that genotype B is more apt
to be earlier cleared than genotype C, although further
evidence are needed to address this issue.

This study showed that different HBV genotype/sub-
genotypes had different patterns of HCC-associated HBV
mutations in the PreS and Enhll/BCP/Precore regions.
PreS deletion, T31C, T1753V, and A1762T/G1764A were
more frequent in subgenotype C2 than in subgenotype
B2 (Table 2). However, the frequencies of the combined
mutations were not significantly different between geno-
type C and genotype B. PreS deletion, T53C, T31C,
C1653T, T1753V, and A1762T/G1764A have been associ-
ated with an increased risk of HCC. We have shown that
the frequencies of PreS deletion, C1653T, T1753V, and
A1762T/G1764A accumulate during the progression of
chronic HBV infection from the asymptomatic carrier
state to liver cirrhosis or HCC (30). Although genotype
B is associated with HCC or HCC recurrence in young,
mostly noncirrhotic, patients (10-12), infection with
HBV genotype C is associated with the increased risks
of cirrhosis and HCC at older age compared with infec-
tion with HBV genotype B (13, 14). This difference in the
relevance of HBV genotypes B and C with the develop-
ment of liver cirrhosis and/or HCC might be due to the
distinct mutation patterns between genotypes. This study
also revealed that G1896A was more frequent in geno-
type B than in genotype C (Table 2). G1896A has been
linked to a decreased risk of HCC with increasing age
in a prospective study (29). The frequencies of A1762T/
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