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Abstract

A rapid increase in the number of HIV cases in the men who have sex with men (MSM) population has been
observed in China; however, little information is available on the genetic characterization of HIV prevalent in this
population. In this study, 95 HIV-1-seropositive drug-naive patients from the Beijing MSM population were
enrolled. The genetic characterization and transmission of drug resistance of HIV-1 were examined based on full-
length gag, pol, and partial env gene sequences. Three subtypes, including CRF01_AE (56.0%), B (30.8%), and
CRF07_BC (12.6%), were identified. Close phylogenetic relationships were found among these strains with isolates
from other populations in Beijing and MSM isolates from Hebei province, which suggested that the Beijing MSM
population might act as a bridge for HIV transmission between MSM and other high-risk populations. Drug-
resistant mutations were identified in 5.3% of sampled individuals. Our results provided detailed genetic data and
would be helpful for understanding the transmitting pattern of HIV strains between MSM and other populations.

Since its initial identification in men who have sex
with men (MSM) 30 years ago, HIV has continued to

spread in this group in virtually all regions other than sub-
Saharan Africa, especially in industrialized countries. A study
carried out in industrialized countries revealed that HIV in-
fections among MSM have increased by *3% per year from
2000 through 2005 even though the prevalence of HIV infec-
tions has generally decreased in other populations.1 Further-
more, in the United States, more than half (53%) of the new
cases in 2006 were among MSM.2 In China, the percentages of
newly reported HIV cases attributed to MSM have also in-
creased dramatically in the past decade. In 2001, only 0.2% of
new Chinese HIV cases were estimated to be infected through
homosexual contacts, but the proportion increased to 12.2% in
2007 and 32.5% in 2009.3–6 In Shenyang City, the capital of
Liaoning Province in northeast China, MSM transmission
accounted for 39.6% of new HIV infections in 2009.7 Un-
doubtedly, MSM was also among the population most vul-
nerable to HIV infection in China,8 especially in certain
metropolitan areas of China, where the estimated infectious
rates reach 3.0–4.6%.6, 9,10

Beijing, the capital of China, is a metropolitan area with a
large MSM population. In the past few years, the ratios of
MSM carrying HIV in Beijing have increased quickly, from
3.1% in 200211 to 3.23% in 200512 and 4.80% in 2006,13 which is
much higher than the corresponding rates for MSM popula-
tions in other cities in China (1.3–1.6%).14–16 Due to the se-
verity of HIV in MSM in Beijing, several studies have been
published in the past few years on the prevalence of HIV in
this population; however, most of them concentrated on social
behavior and HIV seroprevalence.8,11 Very limited informa-
tion is available on the genetic characteristics of HIV-1 strains
within the MSM group in Beijing. In this study, we performed
the most comprehensive genetic characterization of HIV-1
strains prevalent in the MSM group in Beijing to date, based
on analysis of the sequences of the HIV-1 full-length gag, pol,
and partial env genes.

A total of 95 HIV-positive treatment-naive MSM were
randomly recruited into this study at the local HIV/AIDS
sentinel surveillance sites in Beijing Youan Hospital, Capital
Medical University, with informed consent from 2007 to 2010.
The subjects all resided in Beijing, and 74 of 95 subjects were
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natives of Beijing. The average age of the HIV-infected MSM
was 33.2 years old (ranging from 23 to 57 years). All subjects
except subject 2832 were of Han ethnicity. Peripheral blood
was collected within 3 months of being confirmed as HIV
positive. The CD4 T cell counts varied widely, ranging from
109 to 1,220 cells/ll. Of 95 patients 14 presented at least one
typical symptom, including fever, oral thrush, nausea, debil-
ity, diarrhea, and depression.

Viral full length gag, pol, and partial env genes (C2V3 re-
gion) were amplified separately using reverse transcriptional
nested PCR with RNA extracted from plasma as templates
and sequenced as described previously.17 BLAST search
(http://hiv-web.lanl.gov/content/index) was used to ex-
clude any potential contaminations. All of the sequenced
fragments were edited and assembled into contiguous se-
quences.18 Eighty full length gag genes (89.5%), 76 full length
pol genes (79.2%), and 78 env C2V3 genes (82.1%) were suc-
cessfully obtained. The inconsistency in obtaining different
genes was probably due to the sequence variations at the
primer binding sites or genetic diversity of HIV quasispecies
in different gene regions. Four samples failed to amplify any
portion of the three genes probably due to low viral load,
transport conditions, or sequence variations at the primer
binding sites. Analysis of sequences showed that all of the
gene structures were normal with the correct open reading
frames (ORFs).

All assembled sequences were submitted to the NCBI viral
genotyping tool (www.ncbi.nih.gov/projects/genotyping/
formpage.cgi) to determine HIV genotypes, which were fur-
ther confirmed by phylogenetic analysis using the reference
sequences representing subtypes A–D, F–H, J, K, CRF01_AE,
CRF07_BC, and CRF08_BC (www.hiv.lanl.gov) (Fig. 1). The
results of three gene regions were combined together to finally
determine the strain’s subtype. Of the 91 positive samples 51
were CRF01_AE (56.0%), 28 strains were subtype B (30.8%),
and 12 strains were CRF07_BC (12.6%). In previous studies in
MSM in China, subtype B was found to be dominant.19,20

Different from those reports, CRF01_AE strains were found to
surpass subtype B strains in Beijing MSM. This finding is also
supported in another study that reported that subtype
CRF01_AE had displaced subtype B as the dominant subtype
in samples collected between 2008 and 2009 in Beijing MSM.21

In China, CRF01_AE was primarily associated with trans-
mission through heterosexual activities, and the rapid in-
crease of CRF01_AE strains in MSM suggests that there might
be an overlap between these two populations.

To investigate the relationship of strains identified in this
study with those from other reports, further phylogenetic
analysis was carried out. To do that, T_COFFEE software was
used to align sequences and the BioEdit software package

(version 7.0.0; T. Hall, North Carolina State University, Ra-
leigh, NC) was used to check visually and edit the final
alignments. Phylogenetic trees were generated using maxi-
mum likelihood methods in the MEGA4 software package.
The reliability of topologies was estimated by performing
bootstrap analysis with 1,000 replicates. In the phylogenetic
tree, the samples were generally tightly clustered within their
respective subtypes, with the exception of the CRF01_AE
strains, which seemed to form two distinct clusters with
strong bootstrap support. To estimate the diversity of the se-
quences in this study within their respective subtypes and
clusters (marked in Fig. 1A) the genetic distances of different
subtype and cluster sequences were analyzed using the Ki-
mura two-parameter model based on the gag gene (Table 1).
The largest mean genetic distance was found among subtype
B (0.055 – 0.003), suggesting that subtype B may have been
introduced into the population for a relatively longer period
of time than other subtypes. Relatively smaller mean genetic
distances were found in CRF01_AE (0.037 – 0.003) and
CRF07_BC (0.025 – 0.002). One-way ANOVA analysis
showed that genetic distances were significant different
among subtypes by using SPSS17.0 software ( p < 0.01).

In a previous study carried out in HIV-positive MSM in
Shijiazhuang City, the capital of Hebei province (approxi-
mately 250 km to the southwest), a close phylogenetic rela-
tionship was identified among HIV strains prevalent in MSM
from a different area; however, no close relationship was
observed among HIV strains from MSM and other local high-
risk populations. In this study, we also checked whether a
similar phenomenon could be observed. To check whether
there is similarity between HIV strains identified in MSM
from Beijing and other Chinese cities, 15 HIV gag sequences
identified in the Shjiazhuang MSM population were added to
the alignment.17 To check the relationship among HIV strains
prevalent in Beijing MSM and those in other populations, 14
HIV gag sequences (accession numbers JQ900929–JQ900942)
identified in Beijing individuals in 2005 who acquired HIV
through other routes, including heterosexual transmission
(HS), mother-to-child transmission (MC), unknown routes
(UK), and blood-borne transmission (BB), were added to the
alignment.

In the phylogenetic tree, subtype B strains from Beijing
MSM, Beijing other populations, and MSM residing in Shi-
jiazhuang grouped into a cluster supported by a high boot-
strap value (95%) (Fig. 1), indicating that these different
populations share a close epidemiological relationship. In
previous reports, subtype B strains isolated in MSM in China
were always most similar to subtype B strains prevalent in
Europe and America but less similar to those in Thailand,
which were popular in former paid blood donors. The same

FIG. 1. Phylogenetic tree analysis. Maximum likelihood trees created with the full length gag gene (A), pol gene (B), and
partial env gene (C) of HIV-1 sequences from men who have sex with men (MSM) in Beijing and a selection of reference
sequences of subtype A–D, F–H, J, K, CRF01_AE, CRF07_BC, CRF08_BC, and group O (http://hiv-web.lanl.gov). The lengths
of the gag, pol, and partial env sequences obtained in the study were 1503, 3056, and 574 base pairs, respectively, by using
HXB2 as the reference genomic. Each reference sequence is labeled with the HIV-1 subtype, followed by country, sampling
year, name, and accession number. Bootstrap probabilities greater than 70% are indicated at the corresponding nodes of the
tree. The scale bar represents 5% genetic distance (0.05 substitutions per site). The gag tree also contains reference sequences
from different Beijing HIV-positive populations. From left to right: MC, mother to child; BB, blood borne; UK, unknown; HS,
heterosexual transmission; HBMSM, MSM samples from Shijizhuang city in Hubei; NEW, new MSM sequences collected in
this study.
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phenomenon was also observed in our study; however, one
sequence was identified as being more similar to the strains in
former paid blood donors, suggesting the possibility of HIV
transmission between MSM and former paid blood donors in
Beijing. For the CRF01_AE cluster, the MSM samples from
Beijing and Shijiazhuang were intermixed, with all but one of
the Shijiazhuang strains placed in the second cluster. Since
only one CRF01_AE strain isolated from other local high-risk
populations in Beijing was included in the alignment, it was
difficult to infer the relationship basing on only CRF01_AE
strains.

Anyway, the grouping of subtype B strains from different
populations suggested that MSM residing in Beijing might
have played an important role in HIV transmission between
MSM and other populations in China.

Highly active antiretroviral therapy (HAART) has been
widely employed in China since the start of the ‘‘Four Free
and One Care’’ policy in 2003. With the wide use of anti-
retroviral drugs, HIV-1 drug resistance became severe in
some areas of China.22 Accordingly, the transmission of drug-
resistant strains was also reported in some areas in China.
According to an investigation in Liaoning province among
ART-naive AIDS patients, 4.4% of HIV-1-infected people had
drug-resistant strains although they had never undertaken a
course of ART treatment.23 In this study, all of strains were
obtained from drug-naive individuals, which made it possible
to investigate the prevalence of drug resistance in the drug-
naive HIV-infected population. The 76 full-length pol genes
obtained in the study were submitted to the online Calibrated
Population Resistance tool (v5.0 beta)24 (http://hivdb
.stanford.edu) to identify the presence of transmitted drug
resistance mutations using the WHO 2009 list of mutations for
surveillance of TDR. None of the 76 strains under investiga-
tion showed any major mutation that is known to be associ-
ated with drug resistance to any class of reverse transcriptase
inhibitors (RTI). Four CRF01_AE sequences (5.3%) contained
a major mutation (M46I) to protease inhibitor (PI). The
prevalence of drug-resistant variants in HIV-1-infected drug-
naive Beijing MSM (5.3%) was not as high as reported pre-
viously (15%), which is encouraging because it indicates that
patients with failing therapy are not a major source of new
infections. However, the discrepancies among different
studies highlight the need for an analysis based on a larger
population as well as observing how the properties in this
population change over an extended period as this would
provide more insight into the prevalence and significance of
HIV drug resistance in drug-naive MSM in Beijing.

The most recent estimate of the MSM population in China is
*17.82 million.25 Due to social discrimination and cultural
stigma associated with homosexual behavior in China, 31.5%
of HIV-positive MSM are estimated to engage in sex with both

men and women within and out of marriage.20 This behavior
facilitates the transmission of HIV from high-risk populations
to the general population, and may contribute to the growing
number of HIV-positive women infected through unpro-
tected sex. The distinct characteristics of HIV cases within the
MSM population in China mean that it is important to un-
derstand how this can impact the spread of the virus. Our
study of the genetic background of HIV in Beijing MSM will
contribute toward a better understanding of the distribution
and evolution of HIV-1 in MSM in China and provide clues to
determining effective programs for intervening to change the
existing behavior.

Sequence data: The gene sequences were deposited in
GenBank with accession numbers JQ900844–JQ901097.
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