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HIV CRF01_AE accounted for 84% of the recent infections among men who have sex with men (MSM) in Liaoning Province of
northeastern China. CRF01_AE strains were grouped into two distinct clusters (designated clusters 1 and 2) that were also de-
tected in other regions in China. Phylodynamics study revealed that these two CRF01_AE strains were independently introduced
into the population of MSM in China in the early and mid-1990s. Our study elucidated unique features of dynamics and interre-
lationships of MSM epidemics in China.

The incidence of human immunodeficiency virus (HIV) in the
Western world remains high among men who have sex with

men (MSM). More than half of new HIV infections occur among
MSM in both the United States of America and the United King-
dom (7, 11–13, 20, 21). Recently, a high HIV prevalence among
MSM has also been reported in several Asian countries (1, 23, 24,
27). In China, approximately 780,000 people were living with
HIV/AIDS as of the end of 2011, and the proportion of MSM has
increased to 17.4% from 14.7% in 2009 (4). Moreover, in Liaon-
ing (LN) Province, the northeastern economic and cultural center
of China, the incidence of HIV infections through sexual contact
has increased rapidly, in spite of the HIV prevalence in the general
population remaining low (�0.1%) (4). In the past 2 years, more
than 49% of reported cases occurred through homosexual contact
(Liaoning Center for Disease Control, unpublished data). Re-
searchers who performed a recent prospective cohort study re-
ported that the HIV incidence among MSM in Liaoning Province
reached 7.1/100 person-years (15), well above the national average
(17). Consequently, Liaoning might already be one of the impor-
tant hot spots of HIV spread in China.

It is well known that subtype B=, CRF07_BC, CRF08_BC, and
CRF01_AE are the major HIV-1 genotypes associated with partic-
ular risk populations in China (2, 25, 26, 31). Reports about China
in recent years showed that multiple HIV-1 subtypes, including
subtype B, CRF01_AE, and CRF07_BC, were coepidemic in the
population of MSM (18, 32, 33). CRF01_AE, which was the dom-
inant strain in the sexual-risk population (34), seems to have
played a more and more important role within the population of
MSM. The percentage of CRF01_AE has been increasing recently
and has exceeded that of subtype B, the previously dominant
strain, in different cities (10, 14, 18, 31, 32). In addition, Chen et al.
reported that the time of the epidemic of the most recent common
ancestor (tMRCA) of CRF01_AE in Hong Kong was in the mid-
1990s (3). However, thus far, the origins and epidemic history of
the HIV-1 CRF01_AE strain in Mainland China have not been
explored in greater detail. To understand the latest evolution of
the HIV epidemic and the time scale and regional transmission
networks of CRF01_AE among Liaoning MSM, we investigated

nearly full-length or partial HIV genomes from 43 newly HIV-1-
infected cases from Liaoning.

A total of 43 subjects newly infected with HIV-1 were iden-
tified in MSM from Liaoning between December 2008 and Sep-
tember 2010, through following up a large-scale prospective
HIV-negative MSM cohort (over 1,700 homosexuals) and HIV
screening. All study subjects signed informed consent forms
for the collection of blood samples and subsequent analyses
and completed an administered epidemiological question-
naire. This study was approved by the Medical Research Ethics
Committee of No.1 Hospital of China Medical University. All
new infections were defined based on the detection of HIV-1-
specific RNA, antigen, and antibody in plasma, according to
the system described by Fiebig et al. (8).

The 5-kb 3= or 5= half of viral genomes was amplified from
RNA in plasma using reverse transcriptase PCR (RT-PCR). Sin-
gle-genome amplification (SGA) and sequencing of HIV-1 DNA
were performed in order to acquire a single virus sequence from
quasispecies (16). A total of 39 HIV-1 RNA genomes of nearly full
length (HXB2 nucleotide sequence numbering; 769 to 9,384 nu-
cleotides [nt]) and 4 3=-half genomes (HXB2; 4,674 to 9,384 nt)
from all newly infected Liaoning MSM (n � 43) were successfully
amplified and sequenced in the present study. The sequences were
aligned using CLUSTAL X2.0 software and then manually edited.
Phylogenetic analyses were performed using the maximum-like-
lihood method implemented in the MEGA 4.0 program (28). The
topology of trees was tested by bootstrap analysis performed with
1,000 replicates. Maximum clade credibility (MCC) trees were
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constructed using MCMC (Markov Chain Monte Carlo) infer-
ence implemented in the BEAST v1.6 package using the relaxed
log-normal molecular clock (6).

The distribution of HIV-1 genotypes determined based on
maximum-likelihood tree analyses was as follows (Fig. 1):
CRF01_AE, 83.7% (36 of 43); subtype B (U.S. and European ori-
gin), 7.0% (3 of 43); CRF07_BC, 7.0% (3 of 43); subtype
B/CRF01_AE recombinant, 2.3% (1/43). The percentage of
CRF01_AE in acute HIV infections is consistent with our previ-
ously published data on chronic HIV infections between 2000 and
2008, which showed that the proportions of CRF01_AE and sub-
type B/B= (U.S. and European origin/Thai origin) were 81.3% and
16%, respectively (14). The predominant role of CRF01_AE in
Liaoning was consistent with but more distinct than the increasing
trend of CRF01_AE virus transmission among MSM in other re-
gions around China. For instance, among Beijing MSM, the pro-
portion of CRF01_AE increased from 3.7% in 2005 to more than
50% in 2009, whereas the proportion of subtype B decreased from
more than 90% to less than 20% over the same period (9, 32).
Similarly, a study of Shijiazhuang MSM showed that CRF01_AE
accounted for 52.9% of infections (35.3% for subtype B) between
2008 and 2009 (18). This condition of the predominance of
CRF01_AE is distinct from the MSM epidemic in the Western
world, where subtype B of U.S. and European origin predomi-
nates (5, 30), and may be related to a recent upsurge of the HIV
epidemic in southeastern Asia (29).

Two clusters designated clusters 1 and 2 were observed among
CRF01_AE sequences in phylogenetic tree analysis based on
nearly full-length sequences (HXB2; 769 to 9,384 nt). Among 36
CRF01_AE strains identified in the present study, 9 (25.0%) and
26 (72.2%) belonged to clusters 1 and 2, respectively, and 1 other
CRF01_AE strain, located outside these two clusters, was the de-

scendant of Thailand strain CRF01_AE (Fig. 1). Note that most
sequences we previously identified from MSM in Beijing and
Yunnan and reference sequences from intravenous drug users
(IDUs) in Jiangsu and heterosexuals in Fujian downloaded from
an HIV sequence database clustered together to form cluster 1
with a root corresponding to sequences from Liaoning MSM (Fig.
1), which indicates that at least the strains in cluster 1 from north-
eastern China have close evolutionary associations with southern
and southeastern strains. On the other hand, cluster 2 appears to
be unique to Liaoning MSM grouped with Liaoning heterosexuals
(Fig. 1B), suggesting a single transmission pattern and a possible
transmission relationship between homosexuals and heterosexu-
als of Liaoning. However, results of our ongoing, large-scale, mo-
lecular epidemiologic survey suggest that, although cluster 2
CRF01_AE had spread less widely than cluster 1, it can be detected
among a few MSM in other regions in China (X. Han et al., un-
published data). In addition, a phylogenetic tree corresponding to
the env (HXB2; 6,225 to 8,795 nucleotides) region constructed
using all previous published nucleotide sequences from Beijing
MSM available (n � 19) in the database revealed that the strains of
CRF01_AE virus in Beijing MSM belonged to either cluster 1 (n �
10) or cluster 2 (n � 9) (Fig. 1C), indicating that these two clusters
represented the predominant CRF01_AE strains circulating
among MSM, at least in northeastern China. Liaoning, the north-
east economic and cultural center of China, is geographically close
to Beijing, which is only 700 kilometers distant (4 h by train; 1 h by
plane). MSM traveling between Liaoning and Beijing could meet
conveniently, which might cause the exchange of HIV strains be-
tween Liaoning and Beijing.

To identify the origin and the temporal spread of these two
distinct CRF01_AE clusters circulating among MSM, we esti-
mated the dates of tMRCA and the evolutionary rate, using the

FIG 1 Phylogenetic tree analysis of nucleotide sequences from newly infected MSM in Liaoning identifies two distinct CRF01_AE clusters. Data represent
maximum-likelihood tree analysis of a total of 39 nearly full-length nucleotide sequences (HXB2; 769 to 9,384 nt) (A), 32 pol fragments (HXB2; 2,253 to 3,345
nt) (B), and 36 env fragments (HXB2; 6,225 to 8,795 nt) (C) of CRF01_AE from newly infected Liaoning MSM (solid circles) performed with HIV-1 subtype/CRF
reference sequences (http://www.hiv.lanl.gov/content/index) relevant to this study and 1,000 bootstrap replicates. The HIV-1 group N sequences were used as an
outgroup. Bootstrap values greater than 80 are indicated on the corresponding nodes. Each HIV-1 subtype/CRF designation is indicated on the right side of the
tree. Two distinct clusters of CRF01_AE strains (clusters 1 and 2) identified in Liaoning MSM are indicated. Besides Liaoning MSM, the nearly full-length
nucleotide sequences from various risk populations in the rest of China are included (see inset).
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BEAST package, based on a data set of nearly full-length nucleo-
tide sequences of CRF01_AE strains from Liaoning MSM (n � 32)
determined in the present study in addition to 6 nearly full-length
sequences of CRF01_AE strains identified between 2009 and 2010
from MSM in other provinces (our previous unpublished data)
and 19 additional CRF01_AE reference sequences with specified
sampling times that were downloaded from an HIV sequence da-
tabase. The results showed that the evolutionary rates were 3.31
(2.86 to 3.77) �10�3 substitutions/site/year for GTR��4 relaxed
clock models with a constant size model. The dates of the com-
mon ancestor of the African CRF01_AE, Thailand CRF01_AE,
CRF01_AE clusters 1 and 2, and LN subcluster 1 were estimated to
be 1973.1 (95% credible region, 1969.2 to 1977.1), 1979.6 (1976.0
to 1982.6), 1990.2 (1987.5 to 1993.0), 1995.8 (1993.5 to 1997.8),
and 1997.9 (1995.8 to 2000.0), respectively.

The results of temporal and spatial dynamics analyses show
that the two clusters both rooted within the Thai sequences and
derived from a common ancestor that existed in Thai in 1979,
which was essentially similar to the previous estimations (19).
Furthermore, we found these two CRF01_AE clusters were inde-
pendently introduced into the Chinese population of MSM. Clus-
ter 1 emerged earlier (�1990) than cluster 2 (�1996), and LN

subcluster 1 from cluster 1 occurred more recently (�1998) (Fig.
2). It is interesting that cluster 1 contained 7 additional CRF01_AE
sequences from one Beijing MSM, four Yunnan MSM, one
Jiangsu IDU, and one Fujian heterosexual. These sequences were
located near the base of the cluster 1 branch, except for the Beijing
sequence (Fig. 2), so we inferred that CRF01_AE cluster 1 may
have originated in the southern or southwestern provinces and
spread to North China along the southeast coast. Although the
number of strains in LN subcluster 1 that derived from parental
cluster 1 is lower than the number that derived from cluster 2, they
appear to play an important role together with cluster 2 strains in
the HIV epidemic among MSM in Liaoning. The cluster 2 strains
were less widely spread than the cluster 1 strains, having been
detected only in Liaoning and Beijing. The first CRF01_AE strains
in China were detected among intravenous drug users (IDUs) in
Yunnan and then spread to southern and southwestern China
though drug injection and sexual contact (22, 35); thus, we in-
ferred that the geographic origin of the cluster 2 strains might also
have been in or near Yunnan but that the strains might dissemi-
nated directly into northeastern regions, considering the predom-
inance of cluster 2 and the earlier estimated time of introduction
into Liaoning. Taking the data together, all CRF01_AE strains

FIG 2 Maximum clade credibility (MCC) tree representing the rooted genealogy of Liaoning CRF01_AE clusters. An MCC tree was obtained by Bayesian
MCMC analysis based on nearly full-length HIV-1 nucleotide sequences (8,335 nt; HXB2, 803 to 9,181 nt) implemented in BEAST v 1.6.0. This particular tree
was constructed based on a relaxed clock model in GTR�G4 combined with a constant coalescent model. HIV-1 subtype C sequences were used as outliers. The
medians of tMRCAs and 95% credibility intervals (in parentheses) of CRF01_AE strains relevant to this study are as follows: African CRF01_AE ancestor, 1973.1
(1969.2 to 1977.1); Thailand CRF01_AE ancestor, 1979.6 (1976.0 to 1982.6); CRF01_AE cluster 1, 1990.2 (1987.5 to 1993.0); CRF01_AE cluster 2, 1995.8 (1993.5
to 1997.8); Liaoning (LN) subcluster 1, 1997.9 (1995.8 to 2000.0) (as determined using an GTR��4 relaxed clock model with a constant size model) (data not
shown). The distribution of posterior probability of respective CRF01_AE clusters is illustrated in inset and shown as thick horizontal bars on the corresponding
codes.
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collected from the population of MSM were divided into two clus-
ters after spreading to Yunnan from Thailand. The two clusters
migrated nationwide via different geographic routes. The hypoth-
esized routes and time-space process of the dissemination of
CRF01_AE strains among MSM in China and their origins are
schematically illustrated in Fig. 3.

In summary, using a high-risk MSM cohort, we found two
distinct lineages of CRF01_AE strains among newly infected MSM
in Liaoning Province, which may indicate an interrelationship of
the HIV infections between MSM around China and other risk
populations. Our results provide insight into our understanding
of the transmission and potential public health impact of local
circulating strains of HIV-1 among members of the population of
MSM in China and highlight the necessity and importance of con-
tinued molecular epidemiological monitoring across China.
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