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Contact tracing, coupled with molecular epidemiologic investigation, is especially useful for identifying an infec-

tion with few cases in the population, such as human immunodeficiency virus (HIV) infection in China. No such

research is available on Chinese men who have sex with men (MSM). From 2008 to 2010 in Taizhou Prefecture in

China, every newly diagnosed HIV-infected MSM was invited to participate as an “index case” in a contact tracing

survey by providing contact information for up to 8 sexual contacts, who themselves were approached to receive

voluntary HIV counseling and testing. Those who tested HIV-positive were then subjected to another contact

tracing survey. This process was repeated until no more sexual contacts were reported or tested positive. A total of

100 HIV-infected MSM served as “index cases,” including the initial 49 cases identified through routine surveillance

programs and 51 cases from the present survey. Traced MSM exhibited little willingness to receive voluntary coun-

seling and testing. CRF01_AE (HIV type 1) was the dominant subtype. Seven of 49 independent sexual networks

were deemed HIV transmission clusters. Fear of stigma or discrimination may deter Chinese MSM from receiving

voluntary counseling and testing. Nonetheless, the integration of behavioral network analysis and HIV phylogenetic

analysis provides enhanced evidence for developing tailored prevention strategies for HIV-infected MSM.

contact tracing; HIV; human immunodeficiency virus; men who have sex with men; molecular epidemiology;

sexual behavior; sexual networks

Abbreviations: AIDS, acquired immunodeficiency syndrome; CRF, circulating recombinant form; HIV, human immunodeficiency

virus; MSM, men who have sex with men; PCR, polymerase chain reaction.

Contact tracing is a known strategy for controlling the
spread of sexually transmitted infections (1). It is especially
useful for identifying a sexually transmitted infection with
few cases in the population, such as human immuno-
deficiency virus (HIV) in China (2, 3). With the assistance
of an HIV-positive individual, contact tracing would allow
for mapping of as many sexual contacts as possible and
encouraging those persons to participate in HIV testing and
treatment where appropriate (3–6). Each infected contact
would then become the starting point for a new process of
contact tracing, until no more contacts could be found.

To the best of our knowledge, there have been only 2
studies using contact tracing for HIV in China. Results of
both studies were published only in the Chinese-language

literature (7, 8); none have been published in the English-
language literature. Unfortunately, neither existing study
targeted men who have sex with men (MSM), even though
the MSM population exhibits the highest incidence of HIV
infection in China (9–11). It is estimated that among the
780,000 people who were living with HIV in China in
2011, 71.4% were males and 17.4% had been infected
through homosexual transmission (12, 13). Contact tracing
can be helpful in identifying behavioral networks and un-
derstanding disease transmission or clustering among study
participants (3, 14–17). That is, an individual’s risk of in-
fection or transmission is influenced by his/her membership
in a behavioral network, and an epidemic at the population
level is influenced by network structures.
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To improve prevention results, molecular epidemiologic
investigation—a powerful tool for tracking sources and
transmission patterns of a sexually transmitted infection
epidemic in a geographic region—should be conducted (18).
This 2-pronged approach provides enhanced evidence of
transmission links between persons with sexually transmit-
ted infections, which can be used to inform the develop-
ment of tailored intervention strategies (19, 20). Therefore,
in the present study, by tracing the contacts of HIV-infected
MSM, we aimed to identify new HIV infections that might
otherwise go unrecognized by routine practices and to elu-
cidate transmission patterns in a sample of MSM by using
HIV genotyping and phylogenetic analysis.

MATERIALS AND METHODS

Study site

This study was conducted in Taizhou Prefecture, Zhejiang
Province, in eastern China. The prefecture has a population
of 5.8 million (National Bureau of Statistics of China, un-
published data). By the end of 2010, a total of 656 cases of
HIV infection/acquired immunodeficiency syndrome (AIDS)
had been diagnosed and registered with the Chinese National
Information System for AIDS Prevention and Control.

Study participants and data collection

Every MSM newly diagnosed with HIV infection from
2008 through 2010 in Taizhou Prefecture (n = 60) was
invited to participate and gave informed consent to partici-
pate as an index case in an egocentric contact tracing
survey. The survey requested information concerning the
persons with whom the HIV-infected index case had had
sex in the past 12 months. Requested information included
total number of sexual contacts, gender(s) of the contact(s),
nature of the relationship(s), and details on condom use.
Each participant was also encouraged to provide detailed
contact information for up to 8 sexual contacts, who them-
selves were asked to participate in this egocentric contact
tracing survey and to receive voluntary HIV counseling and
testing. Those who tested HIV-positive were then subjected
to another egocentric contact tracing survey. This process
was repeated until no more sexual contacts tested HIV-
positive or no more sexual contacts were reported.
All HIV-positive participants were registered with the

Chinese National Information System for AIDS Prevention
and Control, which is the official entry point for an HIV/
AIDS patient to receive regular follow-up and health care
according to national guidelines, as well as free antiretrovi-
ral treatment where appropriate. Each participant received
¥30 (about US$5) for travel reimbursement. The study was
approved by the institutional review board of Fudan Uni-
versity, Shanghai, China.

Voluntary HIV counseling and testing

The sexual contacts of HIV-infected MSM who were
willing to participate in the study received face-to-face
pretest counseling (for an average of 30–45 minutes)

conducted by a public health professional, followed by a
blood draw from an experienced nurse using sterilized
needles and sterile tubes. Each plasma sample was coded
with a unique identification number, stored at −80°C, and
analyzed by 2 experienced laboratory technicians without
knowledge of the personal identity of the study participants.
All plasma samples were screened for HIV antibodies

using an enzyme-linked immunosorbent assay (Vironostika
HIV Uni-Form II Plus O; bioMérieux, Boxtel, the Nether-
lands) according to the manufacturer’s instructions. Partici-
pants who screened HIV-positive had their results
confirmed by Western blot (Genelabs Diagnostics Pte. Ltd.,
Singapore, Singapore). All participants received posttest
counseling.

HIV genotyping and phylogenetic analysis

RNA extraction/polymerase chain reaction/nucleotide
sequencing. RNA extraction, reverse-transcriptase poly-
merase chain reaction (PCR) amplification, and nucleotide
sequencing were performed in physically separated labora-
tories. Viral RNA was extracted using the QIAamp Viral
RNA Mini Kit (Hoffmann-La Roche, Branchburg, New
Jersey) according to the manufacturer’s instructions. Ex-
tracted RNA was reverse-transcribed into cDNA (TaKaRa
Biotechnology Company Ltd., Dalian, China). The cDNA
was used as the template for PCR amplification of 2 HIV
type 1 subgenomic regions (the env C2V3V4 region and
the gag p17/p24 junction) by means of nested PCR. The
primers and conditions of PCR for env and gag applied in
this study were as previously described in the literature
(21–25), including priority and backup primers for each
amplification. The PCR reaction was carried out in 20 μL
of solution containing PCR reagents (TaKaRa Biotechnol-
ogy Company), primers (priority primers were used first
and, if there was no amplification, backup primers were
then used), and an HIV cDNA template. The thermal
profile included a first-round amplification of the outer frag-
ment involving 5 minutes at 95°C, followed by 40 cycles
of 1 minute at 95°C, 1 minute at 42°C, 30 seconds at 72°C,
and a final elongation step of 15 minutes at 72°C; and then
a second-round amplification of the inner fragment involv-
ing 5 minutes at 95°C, followed by 40 cycles of 1 minute
at 95°C, 50 seconds at 48°C, 50 seconds at 72°C, and a
final elongation step of 15 minutes at 72°C.
PCR reactions and the thermal profile for gag amplifica-

tion were the same as those for env. Relevant positive and
negative controls were always included to avoid false-
positive results in the PCR. PCR products were sequenced
using the ABI PRISM 3730xl DNA Analyzer (Applied
Biosystems, New York, New York).

Phylogenetic analysis. Nucleotide sequences of ampli-
fied gag and env regions from all HIV-infected participants,
together with other nonclustered control sequences, were
aligned using the ClustalX program in MEGA software,
version 4.1 (Center for Evolutionary Medicine and Infor-
matics, The Biodesign Institute, Tempe, Arizona). Phyloge-
netic and molecular evolutionary analyses were conducted
using MEGA software, version 4.1. Evolutionary distances
were calculated using Kimura 2-parameter modeling,
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excluding positions with alignment gaps in any sequence.
Phylogenetic dendrograms were constructed using the
neighbor-joining method with Kimura 2-parameter model-
ing. The reliability of each node was evaluated by means of
bootstrapping with 2,000 replicates.

Statistical methods. In addition to descriptive statistics,
identification of potential HIV transmission pairs was based
on both behavioral and molecular connections between
them. Two HIV-infected participants were determined to
be a potential HIV transmission pair if they had had unpro-
tected anal and/or vaginal sex and if they had a genetic dis-
tance of 1.5% or less between their gag and/or env gene
sequences (26–28). An HIV transmission cluster was
defined as a group or sexual network involving at least 1
potential HIV transmission pair. For all analyses, we set the
significance level for P values at 0.05.

RESULTS

Flow of contact tracing and identification of HIV

infections

The whole process of contact tracing and identification
of HIV infections is summarized in Figure 1 and Table 1.
In the first round, 49 (81.7%) of 60 HIV-infected MSM
who were identified from routine HIV surveillance pro-
grams reported a total of 799 persons with whom they had
had anal and/or vaginal sex in the past 12 months, and they
were able to provide contact information for 239 (29.9%)
of those 799 sexual contacts. Of this group of 239 contacts,
102 (42.7%) received HIV testing, of whom 49 (including
1 female spouse of an MSM) tested positive for HIV. All
48 newly identified HIV-infected MSM cases served as
“index cases” in the second round of the contact tracing
survey. They reported having had a total of 698 sexual

contacts in the past 12 months and were able to provide
contact information for 229 (32.8%) of those 698 contacts.
Of this group of 229 contacts, only 13 (5.7%) received HIV
testing, of whom 3 (23.1%) tested positive. These 3 newly
identified HIV cases served as “index cases” in the third
round of the contact tracing survey, reporting a total of 37
sexual contacts and providing contact information for 14
(37.8%) of those contacts. None of them received HIV
testing.

In sum, a total of 100 HIV-infected MSM served as
“index cases” in the survey, including 49 cases who were
identified through routine surveillance programs and 51
cases who were newly identified using the present contact
tracing survey. These 100 MSM reported a total of 1,534
sexual contacts and were able to provide contact informa-
tion for 482 (31.4%) of those contacts, of whom none
appeared in multiple rounds in this study and only
115 (23.9%) actually received HIV testing. Among the 115
contacts who actually received HIV testing, 27 (23.5%)—
3 commercial sex partners and 24 long-term male partners—
had previously tested negative in the past 12 months. Among
those 27 contacts, 8 contacts (29.6%)—2 commercial sex
partners and 6 long-term male partners—newly tested HIV-
positive in this study. The proportion of contactable sexual
contacts who actually received HIV testing was relatively
high (62.9%) among long-term male partners and among
spouses or long-term female partners (41.7%). A very high
proportion (53.3%) of long-term male partners also tested
positive for HIV.

Sociodemographic characteristics of HIV-infected MSM

The mean age of the 100 HIV-infected MSM was 30.3
years (standard deviation, 9.3). Among these men, 57.0%

Figure 1. Tracing of risky sexual contacts of human immunodeficiency virus (HIV)-infected men who had sex with men (MSM) in Taizhou
Prefecture, eastern China, 2008–2010.
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Table 1. HIV Testing and HIV Prevalence Among Reported Sexual Contacts of HIV-infected MSM Index Cases Who Had Available Contact Information, Taizhou Prefecture, Eastern

China, 2008–2010

Type of
Sexual
Contact

No. of
Sexual

Contacts
%

First Round (Na = 49, nb = 239) Second Round (N = 48, n = 229) Third Round (N = 3, n = 14) Total (N = 100, n = 482)

%
Tested
for HIV

No.
Tested/
No. of
Sexual

Contacts

HIV
Preva-
lence,
%

No. HIV-
Positive/

No.
Tested

%
Tested
for HIV

No.
Tested/
No. of
Sexual

Contacts

HIV
Preva-
lence,
%

No. HIV-
Positive/

No.
Tested

%
Tested
for HIV

No.
Tested/
No. of
Sexual

Contacts

HIV
Preva-
lence,
%

No. HIV-
Positive/

No.
Tested

%
Tested
for HIV

No.
Tested/
No. of
Sexual

Contacts

HIV
Preva-
lence,
%

No. HIV-
Positive/

No.
Tested

Spouse or long-
term female
partner

48 10.0 56.7 17/30 5.9 1/17 18.8 3/16 0.0 0/3 0.0 0/2 0.0 0/0 41.7 20/48 5.0 1/20

Noncommercial
casual
female
partner

5 1.0 0.0 0/3 0.0 0/0 0.0 0/2 0.0 0/0 0.0 0/0 0.0 0/0 0.0 0/5 0.0 0/0

Noncommercial
casual male
partner

180 37.3 1.3 1/77 0.0 0/1 0.0 0/96 0.0 0/0 0.0 0/7 0.0 0/0 0.6 1/180 0.0 0/1

Commercial
male partner

106 22.0 6.3 3/48 66.7 2/3 1.8 1/57 100.0 1/1 0.0 0/1 0.0 0/0 3.8 4/106 75.0 3/4

Long-term male
partner

143 29.7 100.0 81/81 56.8 46/81 15.5 9/58 22.2 2/9 0.0 0/4 0.0 0/0 62.9 90/143 53.3 48/90

Total 482 100.0 42.7 102/239 48.0 49/102 5.7 13/229 23.1 3/13 0.0 0/14 0.0 0/0 23.9 115/482 45.2 52/115

Abbreviations: HIV, human immunodeficiency virus; MSM, men who have sex with men.
a Number of HIV-infected MSM chosen as index cases.
b Number of reported sexual contacts who had available contact information.
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were aged 19–29 years, 42.0% were currently married,
67.0% had at least a high school education, and 66.0% were
officially registered as local residents or held official perma-
nent residency status (“hukou”) at the study site (Table 2).
Sociodemographic characteristics such as age, marital status,
and educational level were not significantly different between
participants who were local residents of Taizhou City and
those who were migrants or nonlocal residents.

Sexual behaviors and sexual networks of HIV-infected

MSM

More than half (56.0%) of the HIV-infected MSM par-
ticipants had had both male and female sexual partners in
the past year; 23.0% had had 10–19 sexual partners and
21.0% had had 20 or more. The median number of sexual
partners in the past year was 8, and the range was 2–79.
During sex with male partners in the past year, none of the
HIV-infected MSM participants had consistently used
condoms; 83.0% reported inconsistent condom use, and
17.0% reported never using condoms. During sex with
female partners, none of the HIV-infected MSM partici-
pants had consistently used condoms; 28.6% reported in-
consistent condom use, and 71.4% reported never using
condoms (Table 2).

The 100 HIV-infected MSM participants reported a total
of 482 sexual contacts with full tracing information. The
majority (89.0%) of these sexual contacts were male sexual
partners (Table 1).

By following the flow of the contact tracing survey, we
constructed 49 independent sexual networks for the HIV-
infected MSM and their sexual contacts (see Web Figure 1,
available at http://aje.oxfordjournals.org/). These include 35
networks with 2 or more HIV-infected persons within each
network and 14 networks with only 1 HIV-infected MSM
within each network.

HIV genotyping

All 100 HIV-infected MSM received HIV genotyping.
Among them, 28 (28.0%) could not be genotyped because
of an undetectable viral load. The other 72 MSM (72.0%)
were successfully genotyped by means of either the env or
the gag gene sequence, 58 (58.0%) were genotyped by
both env and gag genes, 6 (6.0%) were genotyped by env
only, and 8 (8.0%) were genotyped by gag only. The pro-
portion of HIV-infected MSM who were successfully geno-
typed was 77.6% (38/49) of the initial index cases and
66.7% (34/51) of the persons with newly identified infec-
tions in the contact tracing survey, including 32 (66.7% of
48) long-term male partners and 2 (66.7% of 3) commercial
male partners. The results of HIV genotyping are presented
in detail in Table 2 and Web Figures 1 and 2.

The HIV-positive wife of an HIV-infected MSM was
genotyped as CRF01_AE by means of both the env and
gag genes. CRF01_AE was the dominant HIV subtype
among HIV-infected MSM, accounting for 71.9% (46/64)
of those genotyped by the env gene and 69.7% (46/66) of
those genotyped by the gag gene. The distribution of HIV
subtypes did not differ significantly by residency (Table 2)

and did not differ significantly according to whether or not
the participant had had female sex partners in the past year
(data not shown). On the other hand, 6 (10.3%) of the 58
HIV-infected MSM who were genotyped by means of both
the env and gag genes were genotyped with discordant
HIV subtypes based on env and gag gene sequences—
1 with B(env)/CRF01_AE(gag), 1 with CRF01_AE(env)/
B(gag), and 4 with CRF07_BC(env)/B(gag). The HIV geno-
types of genotyped HIV-infected MSM are shown in Web
Figure 1.

Identification of potential HIV transmission pairs and

clusters

As Web Figure 1 shows, 7 of the 49 independent sexual
networks were determined to be potential HIV transmission
pairs or clusters according to the behavioral and molecular
criteria (Web Figure 1a). There were also 16 networks with
behaviorally linked (i.e., having unprotected sex) HIV-
infected MSM pairs or clusters who either had discordant
HIV subtypes (3 clusters) or had the same HIV subtype but
large HIV genetic distances (13 pairs or clusters) (Web
Figure 1b). Phylogenetic trees of these HIV subtypes are
presented in Web Figure 2. As expected, phylogenetic anal-
ysis indicated that the nucleotide sequences from the 7 po-
tential HIV transmission pairs were clustered together for
env and gag genes.

DISCUSSION

To the best of our knowledge, this was the first study in
China to identify HIV infections through risky behavioral
networks of HIV-infected MSM, coupled with traced HIV
transmission pairs or clusters based on molecular evidence.
The study showed that contact tracing is a useful strategy
for identifying new HIV infections in MSM and their
spouses or long-term sexual partners whose HIV infection
status might have otherwise remained unrecognized; such a
strategy, however, was unsuccessful in bringing commercial
or noncommercial casual sex partners of HIV-infected
MSM in for HIV testing because of the unavailability of
their contact information. Nonetheless, our findings retain
public health significance, since knowing one’s HIV status
is the first step toward accessing care and preventing further
infection (29).

Population system epidemiology illustrates that systems
of interacting individuals rather than independent individu-
als determine the infection transmission models (15). The
structure of sexual contact networks plays a key role in the
epidemiology of sexually transmitted infections (including
HIV) (30). In the present study, HIV-infected MSM had
multiple sexual partners and complex sexual networks in
which condoms were rarely used, and thus were at high
risk of HIV transmission. Moreover, more than 40% of the
HIV-infected MSM had ever been married or maintained
long-term heterosexual relationships in which the rate of
condom use was very low. These men, therefore, might
have played an important bridging role in transmitting HIV
to the general female population. In fact, 1 (5%) of 20
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Table 2. Sociodemographic Characteristics, Sexual Behaviors, and HIV Genotyping of HIV-infected MSM in Taizhou Prefecture, Eastern

China, 2008–2010

Characteristic χ2
P

Value

Local Residents
(n1

a = 66; 66%)
Nonlocal Residents

(n2
a = 34; 34%)

Total
(N = 100; 100%)

No. %
% Successfully

Genotyped
No. %

% Successfully
Genotyped

No. %
% Successfully

Genotyped

Age, years 4.037 0.258

19–29 37 56.1 20 58.8 57 57.0

30–39 19 28.8 10 29.4 29 29.0

40–49 4 6.1 4 11.8 8 8.0

50–62 6 9.1 0 0.0 6 6.0

Marital status 0.492 0.782

Never married 35 53.0 18 52.9 53 53.0

Currently married 27 40.9 15 44.1 42 42.0

Divorced/widowed 4 6.1 1 2.9 5 5.0

Education 3.542 0.170

Elementary school 1 1.5 2 5.9 3 3.0

Middle school 17 25.8 13 38.2 30 30.0

High school or above 48 72.7 19 55.9 67 67.0

No. of sexual partners in
the past year

1.256 0.534

2–9 39 59.1 17 50.0 56 56.0

10–19 13 19.7 10 29.4 23 23.0

≥20 14 21.2 7 20.6 21 21.0

Condom use for sex with
male partners in the
past year

0.19 0.663

Consistent 0 0.0 0 0.0 0 0.0

Inconsistent 54 81.8 29 85.3 83 83.0

Never 12 18.2 5 14.7 17 17.0

Condom use for sex with
female partners in
the past yearb

0.373 0.541 35 21 56

Consistent 0 0.0 0 0.0 0 0.0

Inconsistent 9 25.7 7 33.3 16 28.6

Never 26 74.3 14 66.7 40 71.4

HIV genotyping

env-based genotyping 3.747 0.154

Proportion successfully
genotyped

43 65.2 21 61.8 64 64.0

CRF01_AE 33 76.7 12 57.1 45 70.3

CRF07_BC 7 16.3 8 38.1 15 23.4

B 3 7.0 1 4.8 4 6.3

gag-based genotyping 1.730 0.630

Proportion successfully
genotyped

41 62.1 25 73.5 66 66.0

CRF01_AE 28 68.3 17 68.0 45 68.2

CRF07_BC 7 17.1 4 16.0 11 16.7

B 6 14.6 3 12.0 9 13.6

CRF08_BC 0 0.0 1 4.0 1 1.5

Abbreviations: CRF, circulating recombinant form; HIV, human immunodeficiency virus; MSM, men who have sex with men.
a Number of HIV-infected MSM.
b Fifty-six HIV-infected MSM had had female partners in the past year; for 48 (85.7%) of them, female partners were spouses only.
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female spouses or long-term partners of HIV-infected
MSM in the study tested positive for HIV.

On the other hand, since HIV is characterized by high
genetic variability and has a number of subtypes or mosaic
strains known as circulating recombinant forms (CRF)
which show specific geographical distributions and trans-
mission patterns, HIV genotyping and phylogenetic analy-
sis have been used extensively in tracing the source of the
epidemic. In China, although the HIV epidemic started
with subtype B′ among injection drug users in Yunnan
Province in the early 1990s (31), it has now spread to all
populations, with a variety of HIV subtypes and CRFs.
Among them, subtypes B′, CRF07_BC, and CRF01_AE
are postulated to be responsible for most of the recent cases
in China (32, 33). Nevertheless, little is known about the
molecular epidemiology and transmission patterns of HIV
among MSM in China. Contrary to this observation, our find-
ings revealed that CRF01_AE was found to be the dominant
subtype of HIV type 1 among MSM. Moreover, CRF01_AE
is also a highly prevalent HIV subtype for heterosexual trans-
mission in China (13), suggesting a mixture of HIV transmis-
sion between homosexual and heterosexual people.

Perhaps the most significant contribution of this study is
its combination of both behavioral and molecular evidence
to identify HIV transmission pairs or clusters in the MSM
population and beyond. Previous studies have been based
primarily on either behavioral connections or molecular
connections but not both, in order to determine patterns or
locate sources of HIV transmission (34, 35). However, the
lengthy infectious period and low risk of HIV infection
have made the interpretation of sexual networks difficult.
Consequently, the most common network data in HIV epi-
demiology indicate only the class of persons epidemiologi-
cally contacted rather than the particular individuals
involved in HIV transmission. In this study, the integration
of behavioral network analysis and phylogenetic analysis
of genotyped HIV strains provides enhanced evidence for
studying HIV transmission between HIV-infected MSM
and their partners. Although 7 networks were determined
to be potential HIV transmission pairs or clusters in this
study, phylogenetic analysis of 3 of the networks revealed
that 2 or more HIV-infected MSM were actually infected
with different subtypes of HIV and thus had different
sources of HIV transmission. Nevertheless, unprotected sex
between persons infected with different HIV subtypes
opens the possibility for mixture of different HIV subtypes
and development of new recombinants (36). In fact, 6 HIV-
infected participants in this study were genotyped with
discordant HIV subtypes based on env or gag gene sequen-
ces, respectively, indicating the existence of mixed HIV
infections in the study sample. This molecular epidemio-
logic information is essential not only for the design of pre-
vention strategies but also for guiding the design of vaccine
approaches in the targeted region.

We were unable to contact a substantial proportion of
reported sexual contacts, and among those who were con-
tactable, the proportionwilling to receive voluntaryHIVcoun-
seling and testing was very low. There could be a variety
of reasons for this unwillingness, particularly stigma and

discrimination regarding both homosexual behavior and
HIV infection status and low awareness of HIV risks
(37, 38). This is a serious challenge not only for the success
of contact tracing as a strategy for identifying new HIV
infections but more importantly for successful control of the
HIV/AIDS epidemic (e.g., partner service) (37–40). In this
regard, tremendous efforts such as extensive health educa-
tion and intensive counseling are needed to eliminate stigma
or discrimination associated with homosexual behavior and
HIV infection and thus promote risk awareness and partner
notification among MSM. Alternative strategies for HIV
testing targeting MSM should also be explored. Another
limitation of this study was the relatively low rate of HIV
genotyping, which was very likely due to undetectable
plasma HIV viral load among some participants who might
be at the set-point stage of the disease with well-controlled
viral replication. Behavioral networks and molecular epide-
miologic studies involving large samples of HIV-infected
persons with different transmission modes and different
dominances of HIV subtypes in various regions are needed
to gain a thorough understanding of HIV transmission and
successfully control the epidemic in China.
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