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Objectives: We sought to comprehensively analyze the origin, transmission patterns
and sub-epidemic clusters of the HIV-1 CRF01_AE strains in China.

Methods: Available HIV-1 CRF01_AE samples indentified in national molecular epi-
demiologic surveys were used to generate near full-length genome (NFLG) sequences.
The new and globally available CRF01_AE NFLG sequences were subjected to
phylogenetic and Bayesian molecular clock analyses, and combined with epidemio-
logic data to elucidate the history of CRF01_AE transmission in China.

Results: We generated 75 new CRF01_AE NFLG sequences from various risk popu-
lations covering all major CRF01_AE epidemic regions in China. Seven distinct
phylogenetic clusters of CRF01_AE were identified. Clusters 1, 2 and 3 were prevalent
among heterosexuals and IDUs in southern and southwestern provinces. Clusters 4 and
5 were found primarily among MSM in major northern cities. Clusters 6 and 7 were only
detected among heterosexuals in two southeast and southwest provinces. Molecular
clock analysis indicated that all CRF01_AE clusters were introduced from Southeast
Asia in the 1990s, coinciding with the peak of Thailand’s HIV epidemic and the
initiation of China’s free overseas travel policy for their citizens, which started with
Thailand as the first destination country.

Conclusion: China’s HIV-1 epidemic of sexual transmissions, was initiated by multi-
lineages of CRF01_AE strains, in contrast to the mono-lineage epidemic of B0 strain in
former plasma donors and IDUs. Our study underscores the difficulty in controlling
HIV-1 sexual transmission compared with parenteral transmission.
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Introduction

The HIV-1 circulating recombinant form (CRF) 01_AE,
first identified among female sex workers in northern
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E before its identification as a new recombinant virus
[4,5]. Phylogenetic studies have shown that CRF01_AE
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Thailand in the 1980s through heterosexual transmission
[4,6]. It was subsequently confirmed as the first large-scale
epidemic of a recombinant HIV-1 strain in the world
[5,7].

In the early 1990s, CRF01_AE strains were first
identified in China among persons at risk of sexual
transmission and IDUs in the southwest provinces of
Yunnan and Guangxi, which border Myanmar and
Vietnam [7–11]. Subsequently, China’s nationwide
molecular epidemiological surveys in 1996–2002 showed
that the early spread of CRF01_AE was limited to the
eastern coastal areas and southwest border provinces,
predominantly in heterosexual populations [12,13].
However, as of the latest nationwide molecular epide-
miological survey for newly reported cases in 2006,
CRF01_AE strains had quickly emerged as the most
widespread HIV-1 strain in terms of geographic and risk
group distributions, accounting for approximately 28% of
nationwide HIV infections of that period [14]. More
recently, CRF01_AE strains have also become the
predominant strain among MSM in China [15,16].
Clearer delineation of the origin, timescale, spatial spread
and risk population structure of the HIV-1 recombinant
CRF01_AE epidemic in China is, therefore, of
considerable public health importance.

In the present study, we sampled various risk populations
across major CRF01_AE epidemic regions in China and
determined a total of 75 new near full-length genome
(NFLG) sequences of CRF01_AE strains. We analyzed
the sequences using phylogenetic and molecular clock
methods, and identified at least seven closely timed
transmission clusters with distinct geographic and risk
group distributions. Our findings elucidate the origins
and complexity of China’s CRF01_AE epidemic and
underscore the challenges in controlling sexual trans-
mission of HIV-1.
Methods

Sample selection and dataset characteristics
On the basis of the results of the latest national HIV
molecular epidemiology survey (NHMES) [14], all HIV-
1 CRF01_AE samples identified were subjects for this
study. Approximately 50% of the available specimens
(n¼ 162) were randomly selected for amplification of the
NFLGs. Additional samples (n¼ 99) were collected in
order to cover the regions where the NHMES study
failed to obtain NFLG CRF01_AE sequences. All
together, a total of 75 HIV-1 CRF01_AE NFLG
sequences were obtained with about two-thirds
(n¼ 47) from the NHMES and one-third (n¼ 28) from
additional sampling. All available CRF01_AE NFLGs
from China (n¼ 27) in the Los Alamos HIV database
were also downloaded and analyzed together with the 75
newly generated NFLG sequences.
pyright © Lippincott Williams & Wilkins. Unautho
The dataset of 102 NFLGs of CRF01_AE strains consists
of all major risk populations for CRF01_AE in China,
including heterosexuals (n¼ 58), IDUs (n¼ 20), MSM
(n¼ 18), and unknown risk (n¼ 6). Altogether, it
provides wide coverage in geographical regions, from
which over 90% of the total estimated CRF01_AE HIV-
1-infected cases were found [14]. All participants, except
four people (two from Yunnan province and two from
Hunan provinces), in the study were antiviral treatment
naive.

The study was approved by the institutional review board
of the National Center for AIDS/STD Control and
Prevention. Informed consent was obtained from all
participants at the time of sample collection.

Near full-length genome amplification and
sequencing
Viral RNA was extracted from plasma using the QIAamp
Viral RNA Mini kit (Qiagen, Valencia, California, USA)
and reverse transcribed by SuperScript III reverse
transcriptase (Invitrogen, Carlsbad, California, USA).
The NFLG fragments (552–9636 nt relative to HXB2)
were amplified by nested PCR as described by Li et al.
[17] using primers 01_AE-FL1.5 (50- CCTTGAGTGC
TTAAAGTGGTGTGTGCC CGTCTGT-30, HXB2:
538–571) and 01_AE-FL1.3 (50- ACCACTTTAAG
CACTCAA GGCAAGCTTTATTG-30, HXB2: 9666–
9611) for the first round PCR reaction, and 01_AE-
FL2.5 (50- AGTGGTGTGTGCCCGTCTGTGTTAG
GACTC -30, HXB2: 552–581) and 01_AE-FL2.3
(50- TTAAGCACTCAAGGCAAGCTTTATTGAGG
CTT A-30, HXB2: 9636–9604) for the second. The
PCR products were purified using QIAquick Gel
Extraction Kit (Qiagen, Valencia, California, USA) and
direct-sequenced using BigDye terminators (Applied
Biosystems, Foster City, California, USA). Sequences
newly determined in this study are available in GenBank
under accession number JX112796-JX112870.

Reference sequences and sequence alignment
In addition to the 102 Chinese NFLGs sequences
described above, all available HIV-1 CRF01_AE NFLGs
from other countries (accessed in April 2012) were
downloaded from Los Alamos HIV sequence database as
reference sequences for this analysis. After removing
redundancy and those without sampling information, the
references (n¼ 92) were combined with the Chinese
sequences to yield a total dataset of 194 sequences. The
geographic location, sampling year, and risk groups for
the sequences used in this study are summarized in Table 1
and Supplemental Table S1, http://links.lww.com/
QAD/A341. An initial alignment of all sequences was
performed using Gene Cutter from the Los Alamos HIV
sequence database (http://www.hiv.lanl.gov/content/
sequence/GENE_CUTTER/cutter.html). The align-
ment was subsequently adjusted manually using BioEdit
v7.0.9 [18].
rized reproduction of this article is prohibited.
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Table 1. Geographic origin and risk group distribution of HIV-1 CRF01_AE strains used in the present study.a

Geographic source Sampling year n

Risk groupb

Hetero IDU MSM n/a

China 102 (27) 58 (21) 20 (4) 18 6
Beijing 2010 13 13
Fujian 2005–2007 22 (12) 20 (11) 1 (1) 1
Guangdong 2007 10 4 5 1
Guangxi 1997–2007 25 (14) 17 (10) 8 (4)
Guizhou 2007 6 2 2 2
Hunan 2010 2 2
Jiangsu 2007 5 (1) 4 1 (1)
Jilin 2010 4 2 2
Liaoning 2007 3 1 2
Sichuan 2006 2 1 1
Tianjin 2007 1 1
Yunnan 2002–2009 9 7 2

Afghanistan 2007 1 (1) 1 (1)
Central African Republic 1990 3 (3) 3 (3)
Hong Kong 2004 1 (1) 1 (1)
Indonesia 1993 1 (1) 1 (1)
Japan 1993 1 (1) 1 (1)
Thailand 1993–2004 49 (49) 49 (49)
United States 1998–2000 3 (3) 3 (3)
Vietnam 1997–1998 33 (33) 17 (17) 16 (16)
Grand Total 194 (119) 76 (39) 36 (22) 18 64 (58)

aThe numbers of CRF01_AE NFLG sequences downloaded from the Los Alamos HIV sequence database are shown in parenthesis.
bRisk groups: Hetero, heterosexual; n/a, not available.
Model selection analyses
ModelTest v3.7 [19] was used to find the best-fitting
model of nucleotide substitution for our dataset. The
general time reversible (GTR) model with g-distributed
(G4) among-site rate heterogeneity, and a proportion of
invariant sites (I) (the GTRþIþG4 model) were chosen
as the most appropriate mode on the basis of the standard
Akaike information criterion.

Phylogenetic analyses
PhyML 3.0 [20] was used to estimate a maximum
likelihood phylogenetic tree for NFLG sequences using
the GTRþIþG4 nucleotide substitution model. Tree
topologies were searched heuristically using the subtree
pruning and regrafting procedure. The confidence of
each node in phylogenetic trees was determined using
the bootstrap method with 500 replicates. The final
maximum likelihood tree was visualized using the
program FigTree v1.3.1 (http://beast.bio.ed.ac.uk).

Web-based software Hypermut (http://www.hiv.lanl.
gov/) was used to screen for hypermutation from the
194 NFLGs. Consequently, one sequence (FJ061, Fig S1)
was identified from Cluster 6 and removed to avoid
disproportional influence on the Bayesian phylogenetic
analysis.

To estimate the evolutionary rate (m: nucleotide
substitutions/site per year) and the divergence times
(time to most recent common ancestor; tMRCA) of
various CRF01_AE lineages, we performed Bayesian
phylogeny analysis for the gag, pol and env genes.
Copyright © Lippincott Williams & Wilkins. Unaut
Phylogenies were inferred using BEAST v.1.6.1 under
an uncorrelated log-normal relaxed clock model,
GTRþG4 substitution model, and Bayesian skyline plot
demographic model [21–23]. For each gene, BEAST
analysis was performed using Markov Chain Monte Carlo
runs of chain length 3� 108, and the first 10–30% of
states of each run were discarded as burn-in. Ten thousand
trees were then sampled to estimate m and the tMRCA
for each CRF01_AE lineage. Convergence was checked
using Tracer v1.5 (http://beast.bio.ed.ac.uk/Tracer), and
most parameters had effective sample sizes more than 200,
except the tMRCA of the env region of cluster 6
(ESS¼ 196) (Supplemental Table S2, http://links.lww.
com/QAD/A341).
Results

Identification of seven independent HIV-1
CRF01_AE lineages in China
We generated 75 new NFLG sequences of CRF01_AE
HIV-1 strains collected from various risk groups and
geographical regions in China. We performed phylogen-
etic analysis on this dataset in combination with existing
NFLG sequences available from the Los Alamos HIV
Databases, which consisted of 27 sequences from China
and 92 from other countries. As shown in Fig. 1, the
maximum-likelihood phylogeny identified seven well
supported (bootstrap values were greater than 90%) and
distinct clusters of CRF01_AE strains in China. Detailed
information of the phylogeny tree in Fig. 1 is shown in
horized reproduction of this article is prohibited.
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Fig. 1. HIV-1 CRF01_AE strains from China form seven distinct phylogenetic clusters. Near full-length genome (NFLG)
sequences from China (n¼102; 75 were newly determined in this study) and other countries (n¼92) are analyzed in a maximum
likelihood phylogeny. Sequences from China form seven unique phylogenetic clusters, labeled 1 through 7 in square brackets.
Bootstrap values of all relevant major nodes are indicated. The geographic distribution of the strains is color-coded as shown in the
inset. In addition, the CRF01_AE clusters of heterosexuals and IDUs in southern Vietnam (labeled with SV) are labeled to show
their relationship to cluster 2; cluster 4 is subdivided into clusters 4a and 4b. A total of 18 CRF01_AE strains from southern
provinces (categorized as ‘ungrouped’; see Table 2) are in a Thailand CRF01_AE radiation.
supplemental Figure S1, http://links.lww.com/QAD/
A341. Clusters 1 (n¼ 39), 2 (n¼ 10) and 3 (n¼ 3) were
found primarily among heterosexuals and IDUs in
pyright © Lippincott Williams & Wilkins. Unautho
southern provinces of China (Table 2). Of note, cluster
2 contained CRF01_AE strains circulating among IDUs
in northern Vietnam (n¼ 8), southeastern China
rized reproduction of this article is prohibited.
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Table 2. Classification and geographic distribution of distinct CRF01_AE phylogenetic clusters in China.a

CRF01_AE lineages Provinceb n

Risk groupc

RemarkHetero IDU MSM n/a

Hetero/IDU clusters
Cluster 1 39 (9) 23 (7) 14 (2) 2

Jiangsu 2 2
Sichuan 2 1 1
Fujian 5 5
Hunan 1 1
Guizhou 4 1 2 1
Guangxi 18 (9) 12 (7) 6 (2)
Guangdong 7 2 5

Cluster 2 10 (5) 8 (3) 2 (2)
Jiangsu 1 1
Fujian 2 2
Guangxi 7 (5) 5 (3) 2 (2)

Cluster 3 3 (1) 1 1 (1) 1
Fujian 1 (1) 1 (1)
Guizhou 1 1
Guangdong 1 1

MSM-related clusters
Cluster 4 15 (1) 1 1 (1) 12 1

Beijing 11 11 4a (9), 4b (2)
Tianjin 1 1 4a (1)
Jiangsu 2 (1) 1 1 (1) 4b(2)
Hunan 1 1 4b (1)

Cluster 5 9 3 6
Liaoning 3 1 2
Beijing 2 2
Jilin 4 2 2

Southern Hetero-clusters
Cluster 6 5 (3) 5 (3)

Fujian 5 (3) 5 (3)
Cluster 7 3 3

Yunnan 3 3
Ungrouped

18 (8) 14 (8) 2 2
Fujian 9 (8) 8 (8) 1
Yunnan 6 4 2
Guizhou 1 1
Guangdong 2 2
Total 102 (27) 58 (21) 20 (6) 18 6

aThe numbers of CRF01_AE NFLG sequences downloaded from the Los Alamos HIV sequence database are shown in the parenthesis.
bProvinces are aligned from the north to the south by their geographic locations (See also Fig. 2).
cRisk groups: Hetero, heterosexual; n/a, not available.
(Guangxi, n¼ 7; Fujian n¼ 2) and eastern China (n¼ 1)
(Fig. 1) was placed within a large phylogenetic group
comprised of CRF01_AE strains from Vietnam (desig-
nated as VN/CN cluster) (Fig. 1). As previously reported
by Liao et al. [7], CRF01_AE strains from Vietnam can be
divided into three groups that are defined by risk groups
and geographic regions (Fig. 1): CRF01_AE variants
circulating among heterosexuals and IDUs in southern
Vietnam (SV Hetero and SV IDU clusters, respectively),
and among IDUs in northern Vietnam and China’s
Guangxi province (NV/GX IDU cluster). Here, Cluster
2 entirely encompasses the sequences from the NV/GX
IDU cluster, and is closely related to the SV IDU cluster,
with which it is grouped together with a bootstrap score
of 100%.

On the contrary, clusters 4 (n¼ 15) and 5 (n¼ 9) appeared
to be associated with the epidemic among MSM in
Copyright © Lippincott Williams & Wilkins. Unaut
China. In fact, all CRF01_AE sequences identified from
MSM in China in the present study (n¼ 18) belonged to
either cluster 4 (n¼ 12) or cluster 5 (n¼ 6) (Table 2 and
Fig. 1). Cluster 4 was comprised of two subclusters,
which are labeled as 4a (n¼ 10) and 4b (n¼ 5) (Fig. 1).
Subcluster 4a was exclusively from MSM in northern
China [Beijing (n¼ 9); Tianjin (n¼ 1)], whereas sub-
cluster 4b contained CRF01_AE strains from non-MSM
populations (or risk factor unknown) from eastern and
southern provinces (three of five) (Fig. 1). Cluster 5
strains (n¼ 9) were found among MSM (n¼ 6) and
heterosexuals (n¼ 3) in Beijing (n¼ 2) and other
northeastern provinces [Jilin (n¼ 4) and Liaoning
(n¼ 3)].

Clusters 6 (n¼ 5) and 7 (n¼ 3) are province-specific
clusters detected only among heterosexuals in Fujian and
Yunnan provinces, respectively (Table 2 and Fig. 1).
horized reproduction of this article is prohibited.
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Finally, the remaining 18 HIV-1 strains from China were
intermingled with CRF01_AE sequences of Thai origin
(designated ‘ungrouped’; Table 2) and were all from
southern provinces [Fujian (n¼ 9); Guangdong (n¼ 2);
Guizhou (n¼ 1); Yunnan (n¼ 6)] (Fig. 1 and Table 2).
The geographic and risk group distribution of the
CRF01_AE clusters identified in this study are illustrated
in Fig. 2 (see also Table 2).

Evolutionary characterization of CRF01_AE
clusters in China
To explore the timeline of the emergence of CRF01_AE
in China, we estimated the time of the most recent
common ancestor (tMRCA) of each cluster using a
relaxed molecular clock approach [21]. Analyses were
performed in BEAST v1.6.1, using three different
subgenomic regions [gag (HXB2: 790–2292nt); pol
pyright © Lippincott Williams & Wilkins. Unautho

Cluster 1
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Risk group Heterosexual IDU M

(c) Southern-Hetero clusters

(b) MSM-related clusters

(a) Hetero/IDU-clusters

Cluster 7

Cluster 4

Cluster 2

Fig. 2. Geographic and risk group distributions of seven distinct
Clusters 1, 2 and 3 are associated with the epidemics among heteros
be associated primarily with MSM epidemics (b); Clusters 6 an
epidemics in the south (c); Ungrouped (strains in the large radiation
symbols: Heterosexual (*); IDU (~); MSM (&); and unknown (5
(HXB2: 2085–5096nt); env (HXB2 : 6225 �8795nt)],
under an uncorrelated lognormal relaxed clock model
with a GTRþG4 substitution model and a Bayesian
skyline demographic model. The estimated evolutionary
rates were 5.05 (4.46–5.65)� 10–3, 3.25 (2.94–
3.58)� 10–3, and 6.59 (5.96–7.21)� 10–3 substi-
tutions/site per year for the gag, pol, and env regions,
respectively (numbers in parenthesis show the 95%
highest posterior density for each estimate). The estimates
and 95% credible regions of the tMRCAs of each
CRF01_AE lineage are depicted in Fig. 3 (see also
supplemental Table S2, http://links.lww.com/QAD/
A341). The tMRCAs of lineages from central Africa
and Thailand were estimated to be in the mid-1970s and
mid-1980s, respectively, in accordance with the literature.
The tMRCAs of the seven Chinese CRF01_AE lineages
fell within in a narrow time range dated from early to late
rized reproduction of this article is prohibited.
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Fig. 3. Estimated tMRCAs of CRF01_AE clusters identified in China. Estimated dates of origin of the seven unique CRF01_AE
phylogenetic clusters identified in China (labeled 1 through 7 in square brackets; cluster 4 is subdivided into 4a and 4b), in
comparison with CRF01_AE strains from Central African Republic (labeled CF), Thailand (labeled TH) and Vietnam. The clusters
from heterosexuals and IDUs in southern Vietnam are labeled with SV1 and SV2, respectively. China’s cluster 2 and the northern
Vietnam cluster are labeled with 2/NV. Molecular clock analyses were performed using BEAST v1.6.1 (see Materials and
Methods). Error bars represent the 95% higher probability density credible regions for each estimate. For each cluster, estimates
were obtained using either the gag (square), pol (diamond), or env (triangle) viral sequence (see also supplemental Table S1, http://
links.lww.com/QAD/A341).
1990s (Fig. 3; supplemental Table S2, http://links.lww.
com/QAD/A341). In general, the substitution and
evolutionary models and genomic regions used for the
analyses had no significant impact on tMRCA estimates
(supplemental Table S2, http://links.lww.com/QAD/
A341).
Discussion

In this study, we identified seven independent lineages of
HIV-1 CRF01_AE strains circulating in China, the
origins of which all date to the mid-to-late 1990s (Fig. 1,
Fig. 3). Each cluster appears to have a unique role in
China’s CRF01_AE HIV-1 epidemic, with distinct
associations with particular risk groups and geographic
regions (Fig. 2, Table 2). Clusters 1 and 3 were found
among heterosexuals and IDUs in mostly southern
provinces; the high prevalence of CRF01_AE in these
regions is supported by former surveys on southern China
[24,25]. Cluster 2, which contained strains circulating
among IDUs in Guangxi province, as well as northern
Vietnam, was most likely a descendant of strains found
among IDUs in southern Vietnam, which clustered
closely [7]. Clusters 4 and 5 were highly represented by
the more recently emerged transmission among MSM (13
of 15 and 6 of 9, respectively; Table 2) in Beijing and other
northern provinces. Clusters 6 and 7 were small, region-
Copyright © Lippincott Williams & Wilkins. Unaut
specific clusters found only among heterosexuals in Fujian
and Yunnan provinces, respectively. Together, these
clusters demonstrate the exceptional diversity of the
HIV-1 CRF01_AE epidemic in China.

Two observations about the origin and spread of China’s
CRF01_AE epidemic can be inferred from the phylo-
genetic structure and transmission patterns. First,
although both CRF01_AE and subtype B0 strains entered
China following earlier epidemics in nearby Southeast
Asian countries [1–3,7–11,26–29], including Thailand,
their transmission through distinct risk populations
resulted in highly dissimilar geographic and demographic
distributions in China. Previous study has shown that
following border entry through IDU populations in
Yunnan, subtype B0 HIV-1 strains were introduced to
plasma donors in central China and consequently a single
lineage was amplified throughout the region and the rest
of the country [17]. As of 2011, all subtype B0 lineages in
circulation in China could be traced to this common
ancestor [17]. In contrast, our findings here concerning
CRF01_AE showed multiple independent and approxi-
mately concurrent introductions into China, followed by
population-specific and region-specific transmission
through predominantly sexual routes (Fig. 2). These
different transmission patterns of subtype B0 and CRF01
AE HIV-1 underscore the complexity of sexual
transmission of HIV-1, which involves a more diffuse
risk population and is, thus, much more difficult to
horized reproduction of this article is prohibited.
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control than blood transmission routes. As CRF01_AE
becomes the most prevalent strain among heterosexual
transmitters and MSM in China [13–16,30], it is likely
that we will observe continued evolution and diversifica-
tion within and across the seven major viral lineages.

Second, all CRF01_AE clusters identified here were
estimated to have originated in China during a short
window period from mid to late 1990s (Fig. 3). Although
previous evidences have implicated the entry of
CRF01_AE into China with concurrent epidemics in
neighboring countries [7–10], there has been no
comprehensive analysis of the subtype’s origin in China
due to limited samples of those studies. Here, we observe
that all major clusters and ungrouped sequences, except
for cluster 2, bear direct phylogenetic relationships to
sequences from Thailand. Demographic data on travel
supports this observation: this was likely a result of vastly
increased international travel to and from China, starting
in the early 1990s when the Chinese government began
relaxing border restrictions to Chinese citizens for
unofficial international travel (so called ‘Free travel
policy’) as part of the open door and economic reform
policy of the early 1990s [31]. Thailand has been the top
destination of outbound tourism for Chinese in the first
decade of ‘China’s free travel policy’, as it was the first
country that Chinese citizens were allowed to visit
(Table 3) [3,32]. This timing coincides with Thailand’s
pyright © Lippincott Williams & Wilkins. Unautho

Table 3. Outbound tourists from China by year, compared with HIV pre

Year

Outbound tourisma

Total
number

Business
travel

Private
travel

Ra
Thaila

travel d

1990e – – –
1991f – – –
1992g 292.9 180.9 111.9
1993 374.0 227.4 146.6
1994 373.4 209.1 164.2
1995 452.1 246.7 205.4
1996 506.1 264.7 241.4
1997 532.4 288.4 244.0
1998 842.6 523.5 319.0
1999 923.2 496.6 426.6
2000 1047.3 484.2 563.1
2001 1213.3 518.8 694.5
2002 1660.2 654.1 1006.1
2003 2022.2 541.1 1481.1
2004 2885.3 587.4 2297.9
2005 3102.6 588.6 2514.0
2006 3452.4 572.4 2879.9
2007 4095.4 603.0 3492.4
2008 4584.4 571.3 4013.1
2009 4763.6 587.9 4221.0
2010 5738.7 544.7 5150.9

a10 000 person-times per year. Data from ‘The Yearbook of China Tourism
bThailand was the leading travel destination for Chinese citizen in 1992–
cData from Thailand Bureau of Epidemiology (http://www.boe.moph.go.th
dIndirect fCSWs refers to a female sex worker whose service comes from
eChinese government began allowing unsponsored international travel (‘Fr
f’Free travel policy’ extended to Singapore and Malaysia in addition to Th
gSince then ‘Free travel’ policy were extended to more and more countrie
explosive HIV-1 epidemic which peaked in mid-1990s
and driven by the country’s sex industry through
heterosexual transmission of CRF01_AE strains. After
the Thai government successfully initiated the ‘100%
Condom Program’, a rapid increase in condom usage rate
was followed by significant decreases in HIV incidence
among both direct and indirect CSWs in the country
beginning from the late 1990s (Table 3). It is likely that
the few years between the opening up of Chinese travel to
Thailand and Thailand’s effective reduction of HIV
incidence served as a short window for the introduction
of multiple CRF01_AE strains from Thailand into China.

Additionally, the ‘ungrouped’ CRF01_AE strains in our
phylogenetic analysis (18 of 102, 17.6%) were exclusively
from southern provinces in China: Fujian, Yunnan,
Guizhou, and Guangdong (Table 2, Fig. 2). Although we
cannot formally rule out sampling bias (despite of the
relatively large sample size of NFLGs, n¼ 102;), this
implicates the earliest entries of CRF01_AE strains into
China from Southeast Asia to have taken place in
individuals and populations in southern China, especially
Fujian, Yunnan and Guangdong provinces, where the
earliest epidemics among heterosexuals in China have
been reported.

In summary, our results show, for the first time, that the
CRF01_AE epidemic in China is remarkably complex,
rized reproduction of this article is prohibited.

valence in Thailand.

HIV infections in Thailandc

nk of
nd as a

estinationb
Prevalence among

brothel-based fCSWs
Prevalence among
Indirect fCSWsd

– 16.83% 4.34%
– 22.72% 6.32%
1 28.17% 7.07%
1 29.52% 9.25%
1 33.54% 10.13%
1 – 18.81%
1 28.34% 11.79%
1 25.70% 9.96%
1 22.10% 7.54%
1 17.84% 7.45%
1 17.61% 6.59%
1 16.20% 5.43%
3 12.89% 4.56%
5 10.67% 4.67%
6 9.97% 4.52%
5 8.19% 3.78%
3 6.06% 2.93%
5 6.77% 3.27%
7 5.57% 2.88%
8 3.53% 2.20%
7 – –

Statistics’ (1990–2011).
2001, except Hong Kong, Macau and Taiwan.
/).
karaoke bars and internet.
ee travel’) for Chinese citizens to Thailand in 1990.
ailand,.
s.

http://www.boe.moph.go.th/
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comprising of multiple genetically distinct lineages that
were independently introduced into China during the
mid-to-late 1990s and subsequently spread into different
risk groups and geographic regions. Further study and
surveillance of China’s CRF01_AE lineages will provide
knowledge on their increasing transmission and con-
tinued evolution, which will help to inform effective
intervention programs.
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