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OBSERVATIONAL STUDY

Hepatitis C Virus Subtype and Evolution Characteristic
Among Drug Users, Men Who Have Sex With Men, and
the General Population in Beijing, China

Yang Jiao, PhD, Xiaoxi Zhang, MS, Chen Wang, BS, Li Li, PhD, Jie Liu, PhD, Katharine J. Bar, PhD,
Huamian Wei, PhD, Yao Hu, BS, Ping Huang, BS, Zhaoli Zeng, BS, Shulin Jiang, PhD,
Jialiang Du, PhD, Yiming Shao, PhD, David Metzger, PhD, Shuming Li, MS, and Liying Ma, PhD

Abstract: The aim of this study was to characterize the current
molecular epidemiology of hepatitis C virus (HCV) infection and
evaluate the evolutionary patterns of HCV subtypes in Beijing, China,
among different subpopulations.

The whole blood samples and behavioral data were collected from a
total of 10,354 subjects, including drug users (DUs), men who have sex
with men (MSM), and the general population, in Beijing from 2010 to
2011. Samples were tested for HCV infection using both enzyme-linked
immunosorbent assay (ELISA) and real-time PCR. All viremic subjects
were then sequenced by nested PCR over core/El and NS5B regions.
Phylogenetic and phylogeographic analysis was performed by BEAST
software.

In total, 217 subjects (2.1%) were tested positive for HCV by
antibody or vVRNA-based testing. HCV prevalence rates for DUs,
MSM, and the general population were 26.2%, 0.54%, and 0.37%,
respectively. The 156 HCV RNA-positive samples were sequenced.
Nine HCV genotypes, including la, 1b, 2a, 3a, 3b, 6a, 6n, 6u and 6v,
were detected. The most prevalent subtypes were 3b (36.09%), 1b
(32.54%), and 3a (16.57%). Bayesian evolutionary analysis estimated
that the time of introduction of subtype 1b into Beijing was 2004 (95%
CI: 1997.7, 2007.7), with subtypes 3a and 3b being introduced later in
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2006. Evolutionary analyses further suggested that subtype 1b from
Beijing and Shanghai were closely related, whereas subtype 3a
sequences were more similar with sequences from Yunnan, Guangzhou,
Hong Kong, and Jiangsu. Subtype 3b sequences were closely related to
those from Yunnan, Guangdong, and Hong Kong.

Thus, the current HCV epidemic in Beijing is complex, heavily
affecting DUs, and involving multiple genotypes that likely spread from
different regions in China with its large migrant population.

(Medicine 95(6):e2688)

Abbreviations: DUs = drug users, ESSs = estimated effective
sampling sizes, HCV = Hepatitis C Virus, IDUs = injection drug
users, MCC = Maximum clade credibility, MCMC = Bayesian
Markovchain Monte Carlo, ML = Maximum Likelihood, MSM =
men who have sex with men, OD = the ratio of the optical density,
tMRCA = time to most recent common ancestor.

INTRODUCTION
H epatitis C virus (HCV) infection is a pressing global health

problem.! Global HCV prevalence is between 1% and 2%
in most countries that have been studied,” but the distribution of
HCV varies considerably between subpopulations. Historically,
HCV has been most frequently transmitted by percutaneous
exposure to infected blood or body fluids, including transfusion
of contaminated blood or blood products, nonsterile medical
injection, or injection drug use; high rates of HCV seropositive
reported in persons exposed to HCV through these routes.® In
China, the epidemiology of HCV infection is continually evol-
ving. A nationwide epidemiologic survey conducted in 1992
that screened a total of 68,000 subjects across all 30 provinces,
autonomous regions, and municipalities found HCV prevalence
of 3.2% that was largely attributed to transfusion of contami-
nated blood or blood products.*

Since 1993, strict control of blood products, increased use
of sterile equipment and mandatory screening for blood borne
pathogens have been implemented throughout China and HCV
transmission through contaminated blood products has
decreased significantly.” A national survey in 2006, screened
78,746 subjects across 31 provinces, suggested a significant
reduction in HCV prevalence, with just 0.46% of tested indi-
viduals being HCV seropositive in China.® HCV acquisition by
other routes, however, has increased. Recent studies of injection
drug users (IDUs) throughout China reveal available, but
generally high prevalence of HCV, with between 15.6% and
98.7% testing seropositive for HCV infection.” ® Thus, injec-
tion drug use has become the primary transmission route of
HCV in China.'™'" Globally, HCV infection in men who have
sex with men (MSM) is an emerging problem. Since 2000, acute
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HCV infections have increasingly been reported among MSM
in Europe, Australia, and the United States.!?"'° In China,
however, recent surveys have not documented significant
increases in HCV infection in urban MSM,2°~22 though active
surveillance continues.

The molecular epidemiology of HCV is also evolving. HCV
is highly genetically diverse and is classified into 7 genotypes and
67 subtypes.?® Tracking the molecular epidemiology of HCV can
be useful to elucidate transmission networks locally and globally,
and it is clinically important to predict disease prognosis and
response to anti-HCV therapy. Subtype 1b is the most prevalent
worldwide,** whereas other genotypes are more confined to
regional epidemics. Generally, subtype la is most commonly
seen in the United States,?® subtype 2a and 2b are predominant in
North America, Europe, and Japan,* 2% subtype 3 (predomi-
nantlzy 3a) is the most prevalent genotype in India and Paki-
stan,*>>* genotype 4 is often found in the Middle East and
Afn’ca,24 subtype Sa accounts for at least 50% of the infections
in South Africa,®" and genotype 6 is frequently seen in southern
China and Southeast Asia.**~** Although 6 genotypes (genotypes
1-6), 18 subtypes (subtypesla, 1b, 1c, 2a, 2b, 2f, 3a, 3b, 4d, Sa,
6a, 6e, 6g, 6k, 6n, 6u, 6v, and 6w), and a number of unassigned
variants have been detected in China, over 95% of these isolates
belong to 5 major subtypes:1b, 2a, 3a, 3b, and 6a.*~*' Among
them, subtype 1b has been predominant nationwide, accounting
for approximately 75% of all HCV infections, followed by
subtype 2a.

Recent studies of HCV epidemiology in large urban areas
of China have reported complex and evolving HCV genotype
patterns, suggesting the highly mobile population and many
contributing epidemics. Previously, HCV genotype distri-
bution in China was relatively homogeneous, comprised
mainly of 2 genotypes, including 1b, 2a, and coinfection
(1b/2a). More recently, the relative frequency of subtypes lb
and 2a is slowly decreasing, and subtype 3a, 3b, and 6a
prevalence are rising. In recent years, subtypes 2b, 4a, Sa,
6b, and 6n have also appeared gradually.** Subtypes 1a, 3a, and
3b have been described among IDUs with HIV-1 coinfection in
Yunnan, Guangxi, and Xinjiang,19 and subtypes 6a, 6e, 6k, 6n,
and 6u are observed among IDUs from Jiangsu, Yunnan,
Guangxi, and Guangdong.>~?* Although early reports from
Zhang et al® support the theory that the HCV epidemic in China
originated with paid blood donors, the ongoing changes in
HCV genotype distribution patterns suggest that subsequent
human migration is driving the current HCV epidemic in
China.** These molecular epidemiologic trends coincide with
the recent tide of human migration toward the coastal regions in
China, where rapid economic growth is fueled by millions of
migrants and immigrants.*?

Beijing is the capital of China, the center of national
politics, culture, transport, tourism, and international exchange.
The city comprised of 16 districts, housing >20 million resi-
dents, and millions of migrant workers from different provinces
in China and all over the world. We hypothesized that this
dynamic immigration pattern and flux of people in and out of
Beijing may be reflected in an increasing complex HCV epi-
demic in China’s capital. The aim of the present study is to
characterize the scope of HCV infection among DUs, MSM,
and the general population in Beijing and to determine the HCV
genotype distribution and evolution of these groups over time
and geography. We screened over 10,000 individuals by HCV
antibody and viral load testing, collected behavioral data, and
performed sequencing, phylogenetic, and phylogeographic
analysis of all viremic subjects. Results provide a current
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snapshot of the molecular epidemiology of the HCV epidemic
in Beijing.

MATERIALS AND METHODS

Study Population

A total of 10,354 individuals were recruited from 2010 to
2011 in Beijing. Among them, 684 were DUs, 1296 were MSM,
and 8,374 were general population. The blood samples of drug
users (DUs) were collected from compulsory detoxification
center and methadone maintenance treatment clinics in Beijing.
MSM were randomly recruited at voluntary counseling and
testing sites (VCT) in Beijing Chaoyang District Center for
Disease Control and Prevention and self-identified as MSM.
General population was randomly recruited from hospital health
examination centers and reported neither DUs nor MSM. This
study was approved by the Institutional Research Ethics Com-
munity, China Chaoyang CDC (NO.1206), and all subjects
signed informed consent forms before blood collection. Epide-
miological data were collected by trained interviewers (includ-
ing age, marriage status, inhabit time in Beijing, nationality,
education, and risk behaviors). Blood plasma was separated and
stored at —70°C before genetic analysis.

Enzyme Immunoassay

All 10,354 plasma samples were screened for anti-HCV
antibodies using ELISA kit (Wantai, China). The results of the
assay were expressed quantitatively as the ratio of the optical
density (OD) of the test sample to the calculated cutoff absor-
bance as recommended by the manufacturer. Serum samples with
OD values over the cutoff value were considered to be positive,
whereas those with OD values less than cutoff value were
considered negative. Positive samples were confirmed with an
additional ELISA assay kit (Kehua, China). Only samples testing
positive by both assays were counted as positive.

RNA Extraction and Real-time PCR

Viral RNA was extracted from 200 pL of ethylene dia-
mmine tetraacetice acid anticoagulated plasma using MagNA
Pure 96 DNA and Viral NA Small Volume Kit (Roche Applied
Science, Manheim, Germany) according to the manufacturer’s
instructions. All 10,354 serum samples were screened for HCV
RNA load using Real-time PCR kit (Qiagen, Germany) by
Roche 480.

HCV Amplification and Sequencing

The HCV RNA underwent reverse transcription by
SuperScript III Reverse Transcriptase kit (Invitrogen, USA).
Regions of the HCV Core/E1 (475 bp) and NS5B (381 bp) genes
were amplified by nested-PCR, using a genotyping method as
previously described.** The amplification was performed with
predenaturation at 94°C for 15 min, 30 cycles of denaturation at
94°C for 30, annealing at 56°C for 30's, extension at 72°C for
1.5 min, followed by an additional extension at 72°C for 10 min
in a 25-pL volume. The nested PCR was performed in a 50-pL
volume and the cycling condition includes predenaturation at
94°C for 3min, 35 cycles of denaturation at 94°C for 30s,
annealing at 56°C for 30, extension at 72°C 1.5 min, followed
with an additional extension at 72°C for 10min. The PCR
products were visualized by 1% agarose gel electrophoresis
and sequenced by ABI 3730xl Automated DNA Analyzer
(Applied Biosystems, Foster City, CA). Each step was carried
out with negative controls.
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Phylogenetic Analysis

The HCV genotype was determined after alignment
of 82 sequences with reference sequences (Appendix 1) from
GenBank (http://www.ncbi. nlm.nih.gov/genbank). Sequences
were aligned using CLUSTAL_X and edited by BioEdit. Maxi-
mum Likelihood (ML) trees were constructed to subtype each
sequence by Mega 6. The Core/E1 and NS5B sequences from
the same patient were merged. Bayesian Markovchain Monte
Carlo (MCMC) analyses were performed with the selected
nucleotide substitution model using a Bayesian uncorrelated
log-normal relaxed molecular clock method as implemented in
BEAST 1.8.0. MCMC analysis was run for 30 million steps,
with sampling every 1000 steps. Convergence of parameters
was assessed using TRACER v1.4.* To assess the sampling
convergence of the MCMC procedures, the estimated effective
sampling sizes (ESSs) were evaluated. In this study, when all of
the ESSs were >200, sufficient sampling was considered to
have been achieved. Maximum clade credibility (MCC) trees
were constructed from the posterior tree distribution using Tree
Annotator and displayed by FigTree 1.4.

Phylogeographic Analysis of Subtype 3b, 1b, and
3a

The main subtypes of Beijing in this study were subtype
3b, 1b, and 3a. To investigate the possible geographic origins of
HCYV in Beijing, HCV 3b, 1b, and 3a NS5B region nucleotide
sequences with known sampling years and locations in China
were collected from Genbank. Each sequence was assigned a
character state reflecting its sampling location. The maximum
clade credibility tree was constructed using a MCMC method
implemented in the BEAST software.

Statistical Analysis

All statistical analyses were done using SPSS software
(version 16.0, SPSS Inc, Chicago, IL). Data were presented as
mean £ SD. Numerical data were analyzed using student ¢ test.
The distribution of genotypes among DUs and non-DUs was
analyzed by bidirectional Mann-Whitney test. P value <0.05
was considered statistically significant.

RESULTS

Patient Characteristics

Among 10,354 participants, 684 were DUs, 1296 were
MSM, and 8374 were general population. The demographics of
the study population are shown in Table 1. The mean age was
30.3 years, and 63.9% of subjects were younger than 30 years.
The ratio of male and female was approximately 1:1. Subjects
were overwhelmingly (>90%) of Han ethnicity. 23.8% of
subjects were never married, 42.9% were married, and 15%
were divorced or widowed. More than 60% of the participants
belonged to migrant population, having lived in Beijing for <5
years. The education level of those surveyed varied, with the
majority having graduated from high school.

HCV Prevalence, Clearance and Acute Infection
for DUs, MSM, and the General Population

Of the 10,354 participants, 181 (1.75%) were seropositive
for HCV antibody by ELISA, including 144 (21.05%) DUs, 6
(0.46%) MSM, and 31 (0.37%) with neither risk factor, here-
tofore referred to as the general population. Screening for

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

ongoing HCV viremia by Real-time PCR revealed 157 total
positive samples (1.52%), including 143 (20.90%) DUs, 3
(0.23%) MSM, and 11 (0.13%) from the general population.
Thirty-six (16.6%) of these HCV-infected individuals were
seronegative and likely acutely infected. Sixty (27.65%)
infected patients had serologies consistent with spontaneous
viral clearance, with testing positive for HCV antibody and
negative for HCV RNA. A total of 217 subjects were positive
by either test, giving an overall HCV prevalence of 2.10%
(217/10,354). The number of HCV infections in DUs, MSM,
and the general population was 179 (26.17%), 7 (0.54%), and 31
(0.37%) (Table 2).

For samples testing positive for HCV RNA, quantitative
viral load testing was performed. For the 156 positive samples,
the median HCV viral load was 3.02E7 (SD=3.11E7). The
mean of viral load in DUs, MSM, and the general population
were 3.12E7 (SD=4.55E7), 2.57E7 (SD=06.45E6), and
1.71E7 (SD =2.34E7), respectively, which were statistically
not different. The mean HCV viral load by genotype ranged
from 1.11E6 for genotype 6v to 5.25E7 for 2a, and did not
differ statistically.

HCV Subtype Distribution

HCV genotyping was successfully performed on 156
samples (99.36%, 156/157) by amplification of subgenomic
regions of Core/E1 and NS5B. A total of 9 HCV subtypes (1a,
1b, 2a, 3a, 3b, 6a, 6n, 6u, and 6v) were identified in the 156
positive samples, with genotypes 3b (36.09%), 1b (32.54%), 3a
(16.57%), and 6a (8.88%) comprising >90% of circulating
strains (Table 3). The frequencies of HCV subtypes in DU,
MSM, and the general population were differed. HCV subtypes
la, 1b, 2a, 3a, 3b, 6a, and 6n were detected in DUs, whereas only
subtypes 1b, 3b, and 6a were identified in MSM, and subtypes
1b, 2a, 3a, and 6v were confirmed in general population. When
compared, there was a trend toward statistical difference
(P =0.003, by bidirectional Mann-Whitney) between subtype
frequency in DUs compared with non-DUs (including MSM
and the general population). Comparing the sequences from the
3 groups, sequences from DUs and MSM were phylogenetically
interspersed within those from the general population (Figure 1
and Figure 2).

Figures 1 and 2 showed ML tree reconstructed by 156
sequences of Core/El region and 156 sequences of NS5B
region. The sequences from each subtype were closely related,
with generally high bootstrap value (>98%, except for NS5B
1b-79%). For subtype 1b, the phylogenies based on separate
sequencing regions were highly similar. In both the Core/E1 and
NS5B phylogenies, subtype 1b sequences generally formed a
single major subgroup comprised of largely DU sequences; in
the Core/El tree, all the sequences in this subgroup were from
DUs, and in the NS5B tree, all but 2 sequences in the subgroup
were from DUs. Sequences from subtype 3a group were divided
into 3 major subgroups in both trees. The sequences were in the
similar positions in both trees, with the 2 sequences from
the non-DUs on the same branch. Sequences from subtype
6a fell into different phylogenetic groups in the Core/E1 and
NSS5B trees.

Molecular Evolutionary of HCV in Beijing

To investigate the evolutionary history of HCV in Beijing,
we performed time-scaled phylogenetic analyses and phylogeo-
graphic analyses using BEAST software. Three time-scaled
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TABLE 1. The Characteristic of Study Subjects

DUs MSM General Population Total
Total 684 1296 8374 10,354
Sex
Male 537 (78.5%) 1296 (100.0%) 3365 (40.2%) 5198 (50.2%)
Female 147 (21.5%) 0 (0.0%) 5009 (59.8%) 5156 (49.8%)
Age
<20 32 (4.7%) 144 (11.1%) 732 (8.7%) 908 (8.8%)
21~30 181 (26.5%) 758 (58.5%) 4766 (56.9%) 5705 (55.1%)
31~40 216 (31.6%) 267 (20.6%) 1684 (20.1%) 2167 (20.9%)
41~50 185 (27.0%) 100 (7.7%) 865 (10.3%) 1150 (11.1%)
>51 70 (10.2%) 27 (2.1%) 327 (3.9%) 424 (4.1%)
Mean 36.2 29.2 30.0 30.3
Marriage status
Single 18 (2.6%) 471 (36.3%) 1978 (23.6%) 2467 (23.8%)
Cohabitation 176 (25.7%) 120 (9.3%) 1050 (12.5%) 1346 (13.0%)
Married 43 (6.3%) 566 (43.7%) 3831 (45.7%) 4440 (42.9%)
Divorced/widowed 221 (32.3%) 136 (10.5%) 1193 (14.2%) 1550 (15.0%)
Unknown 226 (33.0%) 3 (0.2%) 322 (4.9%) 551 (5.3%)
Inhabit time in Beijing
<1 year 170 (24.9%) 40 (3.1%) 577 (6.9%) 787 (7.6%)
1~3 years 142 (20.8%) 410 (31.6%) 3868 (46.2%) 4420 (42.7%)
3~5years 135 (19.7%) 341 (26.3%) 559 (6.7%) 1035 (10.0%)
>5 years 183 (26.8%) 439 (33.9%) 3030 (36.2%) 3652 (35.3%)
Unknown 54 (7.9%) 66 (5.1%) 340 (4.1%) 460 (4.4%)
Nationality
Han 283 (41.4%) 1230 (95.0%) 8194 (97.9%) 9707 (93.8%)
National minority 162 (23.7%) 62 (4.8%) 135 (1.6%) 359 (3.5%)
Unknown 239 (34.9%) 4 (0.3%) 45 (0.5%) 288 (2.9%)
Education

Primary school and below
Middle school

High school

College level and above
Unknown

98 (14.3%)
197 (28.5%)
234 (34.2%)

53 (7.7%)
102 (14.9%)

256 (19.8%)
131 (10.1%)
601 (46.4%)
196 (15.1%)
112 (8.6%)

248 (3.0%)
1754 (20.9%)
6097 (72.8%)

227 (2.7%)

48 (0.6%)

602 (5.8%)
2082 (20.1%)
6932 (67.0%)

476 (4.6%)

262 (2.5%)

DUs =drug users, MSM =men who have sex with men.

trees (Figure 3) and 3 phylogeographic trees (Figure 4)
represented the most prevalent subtypes (1b, 3a, and 3b).
Bayesian analyses inferred a time to most recent common
ancestor (tMRCA) for subtype 1b of the year 2004.1 (1997.7,
2007.7), with an inferred evolutionary rate of 9.46e-3 (3.58e-3,
1.68¢-2) substitution per site per year by time-scaled phyloge-
netic analyses. There was an obvious cluster (1b-1) in subtype
Ib time-scaled tree (Figure 3A), with significant posterior
probabilities of 1. All sequences in cluster 1b-I were from
DUs. The phylogeographic tree reconstructed for subtype 1b
suggested that most of sequences of Beijing and 3 sequences of
Shanghai were related in one cluster (Figure 4A). The Beijing
sequences in this cluster were from DUs, which supported the
results of time-scaled analyses and ML analyses. Therefore, we
used the sequences of this clade to calculate the tMRCA median
and evolutionary rate of subtype 1b. The tMRCA median of the
tree was 2005.7 (2005.2, 2008.3), and the evolutionary rate was
1.3e-2 (5.1e-3, 2.7e-3) substitution per site per year. The results
of subtype 1b phylogeographic tree, time-scaled tree, and ML
tree suggest that the HCV strains circulating among DUs and
non-DUs may have different evolutionary origins. The diver-
gence time of subtype 1b in Beijing was about 2005. HCV
subtype 1b sequences circulating in Beijing among DUs and

4 | www.md-journal.com

Shanghai are closely related and genetically interspersed,
suggesting a common origin or frequent intermixing. The
direction of migration between these cities or from a third
location is unknown.

Figure 3B depicts time-scaled trees reconstructed on the
basis of subtype 3a sequences. The tMRCA of the tree was
2006.5 (1983.4, 2010) and the evolutionary rate was 1.26e-2
(1.04e-3, 2.71e-2) substitution per site per year. The sequences
were clustered into 2 groups, groups 3a-I and 3a-II, showing
significant posterior probabilities of 0.83 and 0.95, respectively.
Figure 4B depicts a phylogeographic tree of the NS5B
sequences of subtype 3a, which appears to have a diverse range
of geographic origins. Three clusters of sequences are apparent,
indicated as groups 3a-1, 3a-2, and 3a-3, with posterior prob-
abilities of 0.6, 1, and 1, respectively. Each of the 3 groups
clustered with sequences from distinct regions. Although the
posterior probability of group 3a-1 was less significant, Beijing
sequences cluster with primarily Yunnan in this group. Group
3a-2 was clustered with sequences from Jiangsu, and group 3a-3
was clustered with sequences from Guangdong and Hong Kong.
Thus, the phylogeographic tree suggests separate migration
events introducing genetically distinct subtype 3a HCV from
these 3 regions. The tMRCA estimates from each of these

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
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groups further suggest different times of introduction, with the
Yunnan group tMRCA of 1996, Jiangsu of 2002.5, and Guang-
dong/Hong Kong group of 2001.5. Compared with the time-
scaled tree of 3a, we indicated a trend of subtype 3a migration
from Yunnan, Guangdong, and Hong Kong to Beijing. Group
3a-2 provided a close phylogenetic relationship from Beijing
isolates and Jiangsu. They may an evolutionary common
ancestry.

Figure 3C depicts time-scaled trees reconstructed on the
basis of subtype 3b sequences. The tMRCA of the tree was
2006.2 (2001.4, 2009.2) and the evolutionary rate was 0.25
(0.13, 0.39) substitution per site per year. The phylogeographic
tree reconstructed for subtype 3b was shown in Figure 4C, with
a single large group with a significant posterior probability of
0.98 compared with sequences from Yunnan, Guangdong, and
Hong Kong. The vast majority of the Beijing sequences were in
the large branch without significant posterior probabilities that
were not phylogenetically distinct from sequences from other
regions. This phenomenon was similar with the ML trees, and
which indicated that subtype 3b of Beijing had specific geo-
graphical features and was different from other reference
sequences from other provinces. On the basis of this tree and
time-scaled tree of 3b, the migration trend appeared to have
been from the south (Yunnan, Guangdong, and Hong Kong)
to Beijing.

DISCUSSION

The global HCV epidemic is constantly evolving. In the
present study, we characterized the molecular epidemiology of
the current HCV epidemic in Beijing, China, and found evi-
dence of an ongoing, genetically complex HCV epidemic in
Beijing DUs, with limited evidence of generalization into
MSMs and the general population.

Our findings revealed significant HCV prevalence in DUs,
with 26% of those DUs testing positive by antibody or viral
RNA for HCV infection. Testing also indicated a high inci-
dence, with 16.59% acute HCV in DUs. The HCV prevalence
modestly differed from the previous reports on DUs from
national survey of registered DUs in the 15 cities of China-
Gates HIV/AIDS Program in 2007, which saw higher preva-
lence of HCV in Beijing (32.2%, 201/624) (x*: P=0.016).*° In
the study performed by Liu et al*’ from 2005, the proportion of
HCV antibody positive among DUs in Beijing was 34.36%
(167/486) (x*: P =0.0025). According to the previous reports,
HCV infection among DUs was associated with HIV status,
history of incarceration, duration of injection drug use, numbers
of drugs used, needle/syringe and other equipment sharing in
lifetime and past 6 months, reusing needle/syringe duration of
injection drug use, frequency of injection, and condom use with
regular partners.® These studies suggest that injection drug use
and sharing of needle/syringe were some of the most important
factors among DUs acquiring HCV. In our study, high HCV
prevalence among DUs suggested that injection is major route
of HCV transmission. We found a lower HCV prevalence in
DUs in Beijing compared with 2005 and 2007 estimates.*®*”
Thus, modestly lower estimate of HCV prevalence may be a
result of a true decrease in HCV prevalence in DUs or because
of sampling of cohorts with different behavioral risks, or the
different sensitivities in screening tests (older ELISAs vs new
ELISA/nucleic acid screening).®

Our research revealed that in Beijing, non-DUs, including
MSM, maintain a very low prevalence of HCV infection. In
several major metropolitan areas of the world, including
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TABLE 3. Distribution of HCV Genotypes Based on Core/E1 and NS5B Sequences in DUs, MSM, and the General population in
Beijing

Gene Population HCYV Subtypes

CE1 la 1b 2a 3a 3b 6a 6n 6u 6v Total
DUs 1 38 3 25 59 14 1 1 0 142
MSM 0 2 0 0 1 1 0 0 0 3
General population 0 4 3 2 1 0 0 0 1 11
Total 1 44 6 27 61 15 1 1 1 156
Percentage (%) 0.64 28.03 3.82 17.2 38.85 9.55 0.64 0.64 0.64 100

NS5B la 1b 2a 3a 3b 6a 6n 6u 6v Total
DUs 1 46 3 24 56 10 1 1 0 142
MSM 0 3 0 0 1 0 0 0 0 3
General population 0 5 3 2 1 0 0 0 0 11
Total 1 54 6 26 58 10 1 1 0 157
Percentage (%) 0.64 34.39 3.82 16.56 36.94 6.37 0.64 0.64 0.00 100

Total DUs 1 47 3 26 59 14 1 1 0 152
MSM 0 3 0 0 1 1 0 0 0 5
General population 0 5 3 2 1 0 0 0 1 12
Total 1 55 6 28 61 15 1 1 1 169
Percentage (%) 0.59 32.54 1.77 16.57 36.09 8.88 0.59 0.59 0.59 100

DUs =drug users, HCV = hepatitis C Virus, MSM =men who have sex with men.

Western Europe, Australia, and North America, HCV incidence notable. Continued active surveillance and HIV-1 detection of
has been dramatically increasing in MSM communities, especi- this population in China is merited.
ally those infected with HIV-1. Thus, the low prevalence, and Compared with the epidemiologic survey in 1992 (3.2%),*

lack of acute HCV, in this sizable MSM population served is the HCV prevalence rate for the general population of this study

1b
2a
%ﬁ
3a
3b

A B

FIGURE 1. Phylogenetic relationship of HCV isolated from Beijing based on Core/E1. ML tree showed that HCV sequences from Beijing
belong to 1a, 1b, 2a, 3a, 3b, 6a, 6n, 6u, and 6v genotypes. The tree was constructed with MEGA 6. The references obtained from the
Genebank. Sequence of Japanese encephalitis virus strain P3 (U47032) was used as outgroup. Round dots denoted HCV strains from
general population. Triangle denoted HCV strains from MSM.
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FIGURE 2. Phylogenetic relationship of HCV isolated from Beijing based on NS5B. ML tree showed that HCV sequences from Beijing
belong to 1a, 1b, 2a, 3a, 3b, 6a, 6n, and 6u genotypes. The tree was constructed with MEGA 6. The references obtained from the
Genebank. Sequence of Japanese encephalitis virus strain P3 (U47032) was used as outgroup. Round dots denoted HCV strains from

general population. Triangle denoted HCV strains from MSM.

is much lower (0.37%). However, it is similar to an investi-
gation from 2006, which showed 0.46% prevalence.® There
could be several reasons behind the decrease of HCV infection.
First, to reduce the infection rate of blood transmitted diseases,
such as HCV, HBV, and HIV, strict control of blood products,
increased use of sterile equipment, and mandatory screening for
blood borne pathogens have been implemented throughout
China since 1993. Second, the detection methods are different.
In this study, we used indirect ELISA; it has higher sensitivity
and specificity than the second-generation UBI anti-HCV
enzyme immunoassay used in the survey of 1992.°

Because we screened both for the presence of anti-HCV
antibodies and HCV viral RNA, we are able to assess for
spontaneous clearance of HCV.***° The rate of spontaneous
HCV resolution has been reported to range from 10% to 60%°>
and is modified by host factors such as age, sex, ethnicity, and
immune response.’™>" In our study, we found a general rate of
spontaneous clearance of 27.65%. The rate of HCV clearance
appeared to differ among behavioral risk groups, with about
20% in DUs, 57% in MSM, and 65% in general population. It is
biologically plausible that spontaneous clearance rates may be
lower in the relatively immune compromised DUs who are at
greater risk for reinfection than the general population. The low
number of positive tests and the low pre-test probability in the
latter 2 groups, however, increase the likelihood that antibody-
positive, RNA-negative samples represented false-positive
ELISA tests rather than true seroconversions. Thus, these
differences must be taken with substantial caution.

In the present study, we found a rich diversity of circulat-
ing strains of HCV in Beijing, with a total of 8 prevalent
subtypes (la, 1b, 2a, 3a, 3b, 6a, 6n, 6u, and 6v). Four subtypes

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

(1b, 3a, 3b, 6a) dominated, each comprising at least 15% of
strains. These results differ with some older studies,*>>® in
which only HCV subtypes 1b,2a, 2b or 1b, 2a, 3a were detected.
Thus, our results suggest increased diversity and continued
introduction of new subtypes and strains from other regions
of China and the world. Our data suggest a modest difference in
the distribution of the various subtypes between DUs, MSM,
and the general population, but the low number of non-DUs
sampled limits this analysis. The distribution of subtypes in
DUs, however, does appear different than previous reports, with
a decrease in prevalence of genotype 1b (the major subtype in
2007),>* and an increase in genotypes 3b and 6a. In addition to
Beijing, subtypes 3b and 6a were recently found to be highly
prevalent in other urban areas in the south of China, such as
Guangxi, Yunnan, Wuhan, and Suzhou.3*3¢3734The geo-
graphical and genetic diversity of HCV is constantly evolving
as a result of the modern transmission and increasing global
travel to the national and international destination of Beijing,
resulting in a complex molecular epidemiology of HCV sub-
types in Beijing.

Subtype 1b is predominant nationwide, accounting for
approximately 75% of all HCV infections.* In this study,
however, subtype 1b had the highest proportion among non-
DUs, but not among DUs. In the time-scaled tree, phylogeo-
graphic tree, and ML tree reconstructed on the basis of subtype
1b, sequences from non-DUs and most sequences from DUs
segregated into different groups. Likely because of independent
evolution, varied selective pressures, and differences in living
and environmental conditions and transmission routes, these
data suggest that different subtype 1b strains may have been
selected in different geographic regions or different population
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FIGURE 3. The time-scaled trees estimated with the Core/E1 and NS5B sequences of subtype 1b, 3a, and 3b.

subsets. Some strains may have been predominantly circulated
among non-DUs. Other strains may be transmitted primarily via
the DU network.

The phylogeographic tree reconstructed for subtype 1b
included sequences from Jiangsu, Guangdong, Taiwan, Shang-
hai, Henan, Liaoning, Inner Mongolia, Yunnan, and Hong

8 | www.md-journal.com

Kong. We found that most Beijing sequences (46/54) and 3
sequences of Shanghai were in one cluster. With the exception
of one sequence from an MSM, the other Beijing sequences in
this cluster were from DUs. Thus, subtype 1b sequences from
Beijing DUs and Shanghai may have a shared migration trend
and/or they may have the same evolutionary origins. This

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 4. The phylogeographic trees estimated with the NS5B sequences of subtype 1b, 3a, and 3b. Branches are colored according to
their geographic origins, indicated in the upper left. The sequences in these phylogeographic trees were from Beijing (BJ), Guangdong
(GD), Hubei (HB), Hong Kong (HK), Japan (JP), Jiangsu (JS), Shanghai (SH), and Yunnan (YN).

phenomenon also suggests that the sequences in this cluster may
only exist in some regions of China and not be widely prevalent
through all regions of China.

The phylogeographic results support the theory that the
HCV epidemic in Beijing has been contributed to by introduc-
tion of HCV from multiple locations over time. The phylogeo-
graphic tree for subtype 3a showed 3 groups. All the groups
featured sequences sampled from Beijing and other provinces,
which showed that Beijing strains were related to isolates from
Yunnan, Guangdong, and Hong Kong. This pattern supports the
hypothesis that subtype 3a could have been introduced into
Beijing from these 3 distinct regions, all of which have major
trade ties to Beijing. Yunnan province is located in the far
southern part of China bordering Laos, Vietnam, and Myanmar,
and is a center for drug trafficking to the other parts of the world;
drug trafficking routes could pass from this region to Beijing.
The Guangdong province is located in the southern part of
China, neighboring Guangxi. Historically, it has been an
internal and international crossroads for cultural and commer-
cial trade. Finally, Zhenjiang, a city in Jiangsu province, is
located in the Yangtze River Delta and is a vital transportation
station linking Shanghai with other regions of China. Pre-
viously, the coexistence of multiple HCV genotypes has been
described in these provinces.>>**>* These regions’ close com-
munication with Beijing economically and culturally likely
allowed for the importation of their distinct HCV strains into
the Beijing epidemic.

The phylogeographic tree for subtype 3b showed only one
statistically well supported group. On the basis of this tree, the
migration trend appeared to have been from the south (Yunnan,
Guangdong, and Hong Kong) to Beijing. Most of Beijing
sequences (54/58) were in one subgroup without significant
posterior probability. All these sequences were from DUs. In
this subgroup, 45 Beijing sequences were in one cluster. In the
time-scaled tree, there was no major group with significant
posterior probability. There was no distinctive cluster existing
in the Core/E1 and NS5B ML trees. These results suggested that
Beijing HCV subtype 3b might come from the south of China,
but it is possible to form its” geographical genetic characteristic
during the viral evolution.

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

More than half participants in this study were migrant or a
“floating population.”” The migration of population partly
resulted in the transmission of infectious diseases. Thus, the
HCV epidemic in Beijing maybe transmitted from other pro-
vinces of China. In a recent meta-analysis, Su et al*? found that
subtypes 3a, 3b, and 6a had been significantly increased in
conjunction with the relative decrease of subtypes 1b and 2a.
These results are in accordance with our data, which suggest
that the dramatic population flow seen in migrants may drive
much of HCV spread, especially among DUs.

In this study, samples were also tested for HBV and HIV
infection using both ELISA and real-time PCR (data not shown).
The results showed that there exist patients coinfected with HIV/
HCV, HIV/HBV, HBV/HCV, and even HIV/HBV/HCV. How-
ever, the number of cases with coinfection is small, including 12
HBV/HCV, 3 HBV/HIV, 9 HCV/HIV, and 1 HBV/HCV/HIV
coinfection patients. Meanwhile, the coinfection mainly existed
in DUs and MSM groups, which supports epldemlologlc reports
of high rates of coinfection in MSM.>

In summary, we report the current molecular epidemiology
of HCV in Beijing. We found that the HCV epidemic is
primarily driven by drug use with a complex distribution of
HCV subtypes, suggesting multiple introductions of distinct
HCV strains from around China. With its large migrant popu-
lation, Beijing is at the center of a highly complex and rapidly
evolving HCV epidemic in China.

Limitation of the Study

Our study has several limitations. Although we benefit
from analysis of both behavioral and sequence data, we are
reliant on study subjects’ self-report for the behavioral data.
When asking about such potentially stigmatizing behaviors as
sexual activity and illegal drug use, we must recognize there
may be error. Second, we sampled very few HCV infections
from non-DUs. This limits our ability to appropriately compare
with DUs. Finally, for internal control, we sequenced 2 sub-
genomic regions, Core/El and the NS5B. Discrepancies
between genotypes in the same subject are not only likely
the result of bulk sequencing in a population with a likely high
frequency of mixed infection, but also possibly because of
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intrapatient recombination and/or experimental error. Third, we
did not collect the data of treatment and clinic for HCV. Finally,
because phylogeographic analysis reference sequences are lim-
ited to published studies, we may have missed some information
about HCV migration routes.
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APPENDIX

The reference sequences used in phylogenetic analysis for
C/E1 region obtained from the Genebank: M62321 (1a, USA),
AF139594 (1b, USA), L02836 (1b, China-Hebei), M58335
(1b, Japan), D90208 (1b, Indonesia), D14853 (1c, Indonesia),
EF115994 (1d, Canada), AY768168 (le, Canada), L38350 (1f,
Belgium), AM910652 (1g, Spain), EF115770 (1h, Canada),
AY754623 (1i, Canada), AY434128 (1j, Canada), AY434122
(1k, Canada), AB047639 (2a, Japan), D00944 (2a, Indonesia),
AB030907 (2b, Japan), D10988 (2b, Indonesia), D50409 (2c,
Japan), 139294 (2d, Belgium), D48746 (2¢, Jakarta), DQ15561
(2i, Vietnam), HM777430 (2j, Venezuela), AB031663 (2k,
Japan), AY754635 (2m, Canada), FN66428 (2q, Spain),
HM777422 (2r, Venezuela), D17763 (3a, Japan), D28917
(3a, Japan), D49374 (3b, Japan), D16612 (3¢, Nepal),
D16620 (3d, Nepal), D16614 (3f, Nepal), EF115835 (3h,
Canada), EF115869 (3i, Canada), Y11604 (4a, Egypt),
FJ462435 (4b, Canada), FJ462436 (4c, Canada), FJ462437
(4d, Canada), EF462435 (4e, Canada), EF589160 (4f, France),
FJ462432 (4g, Canada), EF115892 (4h, Canada), FJ462438 (4k,
Canada), FJ839870 (41, Canada), FJ462433 (4m, Canada),
FJ462441 (4n, Canada), FJ462440 (40, Canada), FJ462431
(4p, Canada), FJ462434 (4q, Canada), FJ462439 (4r, Canada),
FJ839869 (4t, Canada), EF684323 (4u, Egypt), Y13184 (5a,
South Africa), Y12083 (6a, Hong Kong), D84262 (6b, Thai-
land), EF424629 (6¢, Thailand), D84263 (6d, Vietnam),
DQ314805 (6e,China-Guangxi), DQ835760 (6f, Thailand),
D63822 (6g, Jakarta), D84265 (6h, Vietnam), DQ835762 (6i,
Thailand), DQ835761 (6j, Thailand), DQ278893 (6k, China-
Kunming), EF424628 (61, USA), DQ835763 (6m, Thailand),
DQ278894 (6n, China-Kunming), EF424627 (60, Canada),
EF424626 (6p, Canada), EF424625 (6q, Canada), EU408328
(6r, Canada), EU408329 (6s, Canada), EF632069 (6t, Vietnam),
EF408030 (6u, China-Yunnan), EF408031 (6u, China-
Yunnan), EF408032 (6u, China-Yunnan), EU798761 (6v,
China-Kunming), EU798760 (6v, China-Kunming), FJ435090
(6v, China-Kunming), EU643834 (6w, Taiwan).

The reference sequences used in phylogenetic analysis for
NSS5B region were obtained from the Genebank: M62321 (1a,
USA), AF139594 (1b, USA), L02836 (lb, China-Hebei),
MS58335 (1b, japan), D90208 (1b, Indonesia), D14853 (lc,
Indonesia), EF115994 (1d, Canada), AY894553 (le, Canada),
AMO910652 (1g, Spain), EF115992 (1h, Canada), AY754623
(11, Canada), AY434129 (1j, Canada), AY434123 (1k, Canada),
AB047639 (2a, Japan), D00944 (2a, Indonesia), AB030907 (2b,
Japan), D10988 (2b, Indonesia), D50409 (2c, Japan), EF116052
(2d, Canada), D49761 (2e, Jakarta), D48769 (2f, Jakarta),
DQ699770 (2i, Morocco), AY894529 (2j, Canada),
GUO054442 (2k, France), GU054450 (21, France), AY754634
(2m, Canada), EF116059 (2r, Canada), D17763 (3a, Japan),
D28917 (3a, Japan), D49374 (3b, Japan), D16613 (3¢, Nepal),
D16621 (3d, Nepal), D16615 (3f, Nepal), EF116075 (3h,
Canada), EF116092 (3i, Canada), DQ202324 (31, Iran),
Y11604 (4a, Egypt), FJ462435 (4b, Canada), FJ462436 (4c,
Canada), FJ462437 (4d, Canada), EF116121 (4e, Canada),
EF589160 (4f, France), FJ462432 (4g, Canada), EU054465
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(4h, France), FJ462438 (4k, Canada), FJ839870 (41, Canada),
FJ462433 (4m, Canada), FJ462441 (4n, Canada), FJ462440 (4o,
Canada), FJ462431 (4p, Canada), FJ462434 (4q, Canada),
FJ462439 (4r, Canada), FJ839869 (4t, Canada), EF694398
(4u, Egypt), Y13184 (5a, South Africa), Y12083 (6a, Hong
Kong), D84262 (6b, Thailand), EF424629 (6¢, Thailand),
D84263 (6d, Vietnam), DQ314805 (6e,China-Guangxi),
DQ835760 (6f, Thailand), D63822 (6g, Jakarta), D84265
(6h, Vietnam), DQ835762 (6i, Thailand), DQ835761 (6j,
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Thailand), DQ278893 (6k, China-Kunming), EF424628 (6l,
USA), DQ835763 (6m, Thailand), DQ278894 (6n, China-
Kunming), EF424627 (60, Canada), EF424626 (6p, Canada),
EF424625 (6q, Canada), EU408328 (6r, Canada), EU408329
(6s, Canada), EF632069 (6t, Vietnam), EF408030 (6u, China-
Yunnan), EF408031 (6u, China-Yunnan), EF408032 (6u,
China-Yunnan), EU798761 (6v, China-Kunming), EU798760
(6v, China-Kunming), FJ435090 (6v, China-Kunming),
EU643834 (6w, Taiwan).
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