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Abstract

Background: This study aims to estimate the magnitude and changing trends of HIV, syphilis and HIV-syphilis co-infections
among men who have sex with men (MSM) in China during 2003-2008 through a systematic review of published literature.

Methodology/Principal Findings: Chinese and English literatures were searched for studies reporting HIV and syphilis
prevalence among MSM from 2003 to 2008. The prevalence estimates were summarized and analysed by meta-analyses.
Meta-regression was used to identify the potential factors that are associated with high heterogeneities in meta-analysis.
Seventy-one eligible articles were selected in this review (17 in English and 54 in Chinese). Nationally, HIV prevalence among
MSM increased from 1.3% during 2003-2004 to 2.4% during 2005-2006 and to 4.7% during 2007-2008. Syphilis prevalence
increased from 6.8% during 2003-2004 to 10.4% during 2005-2006 and to 13.5% during 2007-2008. HIV-syphilis co-
infection increased from 1.4% during 2005-2006 to 2.7% during 2007-2008. Study locations and study period are the two
major contributors of heterogeneities of both HIV and syphilis prevalence among Chinese MSM.

Conclusions/Significance: There have been significant increases in HIV and syphilis prevalence among MSM in China. Scale-
up of HIV and syphilis screening and implementation of effective public health intervention programs should target MSM to

prevent further spread of HIV and syphilis infection.
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Introduction

Over the last decade in many international settings there have
been resurgences in syphilis epidemics among men who have sex
with men (MSM), which have been strongly associated with the
increases in HIV incidence [1-5]. Until relatively recently,
syphilis has been well-controlled in much of the world, including
China; syphilis was nearly eradicated in China in 1964 [6].
Syphilis infection has now returned to become one of the top five
most reported notifiable diseases in China [7-10]. There was a
30-fold increase in syphilis diagnoses in China from 0.2 cases per
100,000 individuals in 1989 to 6.5 cases per 100,000 individuals
in 1999 and a further 3-fold increase over the following decade to
22 cases per 100,000 individuals in 2008 [11-13]. The estimated
number of people living with HIV in China has also increased
markedly from 400,000 in 2007 to 740,000 in 2009 [14]. In 2009,
32.5% of new HIV infections was attributed to male homosexual
exposure, which is almost triple the reported level in 2007 of
12.2% [15].

Sexual exposure has become the primary route of HIV
transmission in China in recent years [16] and is the mode of
transmission for syphilis infection. There are statistical associations
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between syphilis infection and HIV acquisition, and due to
biologically plausible reasons the presence of such a sexually
transmissible infection can facilitate HIV transmission [17,18].
Furthermore, due to a higher transmission probability of HIV
associated with penile-anal intercourse [19] and levels of risk-
related behaviour, Chinese MSM have an approximately 45-fold
higher risk of acquiring HIV than other males in the general
population [20]. It is therefore important to understand current
prevalence levels of HIV, syphilis and HIV-syphilis co-infection
among MSM in China. There have been numerous individual
studies that have separately reported the prevalence of HIV or
syphilis among MSM in a selected sample population from specific
urban cities in China at a specific time, but very few studies have
reported on co-infection [21-33]. Across these studies, large
variations in HIV and syphilis prevalence estimates are commonly
observed, reflecting heterogeneous geographical and chronological
changes as both epidemics have evolved. Therefore, in this study
we investigate the temporal trends and geographical patterns of
these epidemics and their likely interaction through a systematic
review. We review, update and summarize the current magnitude
and patterns of HIV and syphilis epidemics, as well as their co-
infection epidemic among MSM in China.
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Methods

Search strategy

Two independent investigators (EPFC, LZ) conducted a
systematic review of published peer-reviewed research articles by
searching the following databases: PubMed, Chinese Scientific
Journals Fulltext Database (CQVIP), China National Knowledge
Infrastructure (CNKI) and Wanfang Data from 2003-2010.
Keywords used in the database search included (“HIV” OR
“AIDS”) OR (“STD” OR “Sexually transmitted diseases” OR
“Syphilis”) OR (“co-infection”) AND (“homosexual” OR “gay” OR
“bisexual” OR “men who have sex with men” OR “MSM”’) AND
“China”. We also performed a manual search on the reference
lists of published articles. This review was conducted and reported
according to the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) Statement issued in

2009 (Table S1) [34].

Study selection

Studies were eligible for inclusion in this systematic review if
they met the following criteria: (1) study published in Chinese or
English language; (2) study reported both HIV and syphilis
prevalence estimates among MSM in China; (3) HIV and syphilis
infection must be diagnosed from laboratory serologic testing; (4)
study design such as study site, time period and sample size must
be reported. The term ‘MSM’ also included male sex workers
(‘money boys’). To avoid overestimation of the HIV and syphilis
prevalence among the general MSM population, studies with
small proportions of ‘money boys’ (less than 10% of the total
sample) were also included in this study.

We excluded review papers, non peer-reviewed local/govern-
ment reports, conference abstract and presentation in this study.
Self-reported HIV or syphilis infections were excluded. If the same
study data were published in both English and Chinese sources,
the articles published in Chinese language were excluded from the
review.

Non-treponemal tests are non-virus-specific tests that are often
used in syphilis screening, whereas virus-specific treponemal tests
are necessary for syphilis infection confirmation. Positive results
from both treponemal and non-treponemal syphilis tests confirm a
current infection. In this review, we investigated the temporal
prevalence of current syphilis infection. Studies with unknown
syphilis testing methods or missing one of the non-treponemal and
treponemal syphilis tests were further excluded in quantitative
synthesis (meta-analysis).

Validity assessment

Studies were considered higher quality by the following criteria:
(1) studies used both non- treponemal and treponemal test for
syphilis diagnosis; (2) studies reported HIV-syphilis co-infection; (3)
cohort studies; (4) sample size of studies were greater than 200; (5)
two or more study sites and targeted methods were used for MSM
recruitment; and (6) studies published in English.

Data abstraction

We extracted the following information from all eligible studies:
first author and published year; study site; age of MSM
participants; study period; study base and method; sample size;
testing method for syphilis; prevalence of HIV; prevalence of
syphilis; prevalence of HIV-syphilis co-infection; The studies were
categorized by geographical location, according to the six
traditional Chinese regions of administrative division (East China,
Northeast China, North China, South Central China, Northwest
China and Southwest China) and presented in Table S2. In
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addition, based on availability of data, the studies were further
categorised into three two-year time periods: 2003-2004, 2005
2006 and 2007-2008 (Table S2).

Statistical Analysis

Meta-analyses were carried out using the Comprehensive Meta-
Analysis software (V2.0, Biostat, Englewood, New Jersey). The
effect rates of pooled prevalence estimates and 95% confidence
intervals (CI) for each study were determined by using random
effect models. Heterogeneity tests were performed using the
Cochran Q-test (p<<0.10 represents statistically significant hetero-
gencity) and 7 statistic. We investigated the factors that are
associated with heterogeneities in the stratified meta-analyses using
meta-regression analysis. Potential presence of publication bias
was measured by the Begg and Mazumdar rank correlation.
Spearmen correlation was used to assess the relationship between
HIV prevalence and syphilis prevalence among MSM in China.

Results

Trial Flow/Flow of included studies

Our initial search criteria identified 1049 articles from four
electronic databases and 17 additional articles were identified
through reference lists from identified articles. We excluded 851
articles because they were unrelated to the topics or duplicated
titles from different databases. Abstracts were screened among the
remaining 215 articles and 60 were excluded because they were
student theses (N=24), conference presentations (N=23) and
review papers (N =13). One-hundred and fifty-five articles were
eligible for full-text screening and 84 were further excluded as they
did not report HIV prevalence (N=30), syphilis prevalence
(N =19), study period (N=12), study site (N = 10), studies based
on the same data source (N = 10), or did not use blood sample for
HIV diagnosis (N = 3). The remaining 71 studies (17 in English
and 54 in Chinese) were eligible in qualitative synthesis. We
performed stratified meta-analyses for HIV, syphilis and HIV-
syphilis prevalence estimates. We included all the eligible studies
for HIV prevalence in meta-analysis (71 articles, 95 HIV
prevalence estimates) [21-92]. We excluded 23 articles for syphilis
prevalence because among which 12 did not report the syphilis
testing method and 11 used either treponemal or non-treponemal
syphilis test only. The remaining 48 articles (70 syphilis prevalence
estimates) were eligible in meta-analysis for current syphilis
prevalence estimates [21-79]. Fourteen articles reported HIV-
syphilis co-infection prevalence estimates but one was excluded
because only one syphilis test was used [74]. The remaining 13
articles (15 HIV-syphilis co-infection prevalence estimates) were
included in the meta-analysis [21-33]. The selection process is
illustrated in Figure 1.

Study characteristics

Out of 31 Chinese provinces, the eligible articles included in this
study covered 24 provinces (no studies indentified in Tibet,
Qinghai, Henan, Hunan, Jingxi, Fujian and Shanxi provinces). In
the total 71 studies, the sample size of the selected studies ranged
from 19 to 1692 (median: 296; 95% CI: 137-456); 31 studies
(51%) recruited MSM participates from MSM venues but 7 studies
(10%) did not report the study base. Thirty-five out of 71 studies
(49%) did not report the study method, 18 studies (25%) used
snowball method and 12 studies (17%) used respondent-driven
sampling (RDS) method. There were 9, 36 and 50 HIV prevalence
estimates in the time periods 2003-2004, 2005-2006 and 2007
2008, respectively; while the number of syphilis prevalence
estimates was 4, 26 and 40. There were 7 and 8 HIV-syphilis
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Figure 1. Flow chart showing the meta-analysis studies selection. N; the number of articles included in systematic review; n, the number of

prevalence estimates included in meta-analysis.
doi:10.1371/journal.pone.0022768.9001
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co-infection prevalence estimates reported in the period 2005—
2006 and 2007-2008, respectively, no co-infection prevalence was

reported during 2003-2004.

Epidemic trends of HIV, syphilis infection and HIV-syphilis
co-infection

According to our pooled prevalence estimates from meta-
analyses across all grouped studies, the overall national HIV
prevalence among MSM in China has increased substantially from
1.3% (95% CI: 0.8-2.1%) during 20032004 to 2.4% (95% CI:
1.7-3.2%) during 2005-2006 and then to 4.7% (95% CI: 3.9
5.6%) during 2007-2008 (Figure 2, 3). A significant increasing
trend was found by linear regression, which estimated a 0.9%
(95% CI: 0.5-1.3%, p<<0.001) increase in HIV prevalence among
Chinese MSM across the time periods. Significant publication bias
(p=0.009) and high heterogeneity (#=88.79; Q test p<<0.0001)
were observed. Meta-regression analysis showed that this high
heterogeneity was significant associated with the geographical
locations of the studies (8 =0.104, p = 0.024) and study time period
(f=0.236, p=0.001) (Table 1).

Prevalence of syphilis also increased substantially among
Chinese MSM during the studied time periods. It increased from
6.8% (95% CI: 4.0-11.4%) during 2003-2004 to 10.4% (95% CI:
8.3-12.9%) during 2005-2006 and then to 13.5% (95% CI: 11.8—
15.3%) during 20072008 (Figure 2, 4). This corresponds to a
marginal significant increase of 1.2% (95% CI: —0.04-2.5%,
»=0.05) among Chinese MSM. The analysis demonstrated high
heterogeneity (#=92.05; Q test p<<0.001) which is significantly
associated with the language of articles (= 0.320, p = 0.059), study
location (= —0.086, p=0.036) and study time period (= 0.194,
p=0.002) (Table 1). Significant publication bias (p=0.005 for
Begg rank correlation analysis) was observed.

HIV and Syphilis among MSM in China

Pooled prevalence estimates of HIV-syphilis co-infection across
the country substantially increased from 1.4% (95% CI: 0.8-2.3%)
during 20052006 to 2.7% (95% CI: 1.8-4.0%) during 2007-2008
(Figure 2, 5), with an absolute increase of 0.5% (95% CI: —0.2—
1.3%). However, the increasing trend was not statistically
significant (p=0.16). A significantly high level of heterogeneity
was found between studies (/= 69.88; Q test p<<0.001) and
publication bias was also observed (p=0.02 for Begg rank
correlation analysis). None of the study characteristics were
significantly associated with the presence of high heterogeneity
(Table 1).

Association between HIV and syphilis infection

A significantly positive correlation (r=0.31, p=0.009) was
observed between HIV and syphilis prevalence among Chinese
MSM during 20032008 countrywide (Figure 6). Significant
positive correlation was also observed in the East region
(r=0.54, p=0.030) and the Northeast region (r=0.69, p=0.035)
and marginally significant positive correlation in the South central
region (r=0.54, p=0.060). Interestingly, in almost all regions
syphilis prevalence was found to be higher than HIV prevalence.
The only exception was observed in the Southwest region with
more studies reporting HIV prevalence than syphilis prevalence.

Discussion

Our review showed that epidemics of HIV, syphilis and HIV-
syphilis co-infection among MSM in China has substantially
increased from 2003 to 2008. The HIV, syphilis and co-infection
prevalence increased at an annual rate of 0.9% (95% CI: 0.5—
1.3%), 1.2% (95% CI: —0.04-2.5%) and 0.5% (95% CI: —0.2—
1.3%) respectively during the studied period. In general, syphilis

Estimated prevalence of HIV, Syphilis and HIV-Syphilis co-infection
among MSM in China during 2003 - 2008
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Figure 2. Estimated prevalence of HIV, syphilis infection and HIV-syphilis co-infection among men who have sex with men during
2003-2008. Each column represents the pooled estimate from meta-analyses over all studies for the given region and time period. The error bars

represent standard deviation of the percentages.
doi:10.1371/journal.pone.0022768.g002
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Study name Study period Location Statistical results HIV prevalence and 95% CI
Event Lower Upper
rate limit  limit n/N
Cai WD, 2005 [84) 2004 Shenzhen 0.015 0.006 0.040 4/261 :-i— : :
Gu Y, 2004 [78] 2003 Shenyang 0010 0002 0039 2/202 +— i :
He Q, 2005 [57] 2003 Guangzhou 0.017 0004 0066 2/117 |+ : -
He Q, 2008 [85] 2004 Guangzhou 0002 0000 0038 0/201 J— ) |
2003-2004 4 Jiang J, 2008 [36] 2003 Jiangsu 0003 0000 0053 0/144 (—— 1 I
Jiang SM, 2006 [70] 2004 Weihai 0.025 0002 0298 0/19 11 t 1
Ma X, 2007 [50] 2004 Beijing 0.015 00068 0036 5/325 I4— ! !
Tao XY, 2004 [92] 2003 Shenzhen 0.018 0004 0067 2/114 '+— . !
Wang J, 2004 [44] 2003 Dalian 0.003 0000 0048 0/157 J— i X
(Subtotal (2= 0.00, p = 0.835) 0013 0008 0.021 ; i i
Cai GF, 2008 [37] 2006 Zhejiang 0.034 0008 0126 2/59 |—+—— |
Cai X, 2007 [38] 2006 Liaocheng 0.011 0001 0072 1/94 rt—— 1 I
Cai YM, 2008 [27] 2005 Shandong 0.017 0006 0.043 4/242 14— I I
Chen SH, 2007 [58] 2006 Nanning 0.003 0000 0041 0/185 HF— ! !
Choi KH, 2007 [22]  2004-2005 Shanghai 0015 0007 0031 7/475 1 : :
Feng L, 2009 [29] 2006 Chongging 0.104 0.087 0.124 104/1000 , -+ :
Fu LJ, 2007 [71] 2006 Zhejiang 0010 0001 0136 0/81 T \
Guo H, 2009 [23] 2006 Nanjing 0.047 0028 0078 14/206 | —+— I
He Q, 2008 [85] 2006 Guangzhou 0.017 0008 0034 7/423 1+ 1 1
Li Y, 2007 [64) 2006 Lanzhou 0.008 0002 0030 2/264 MH— ! !
Liao MZ, 2006 [72] 2005 Shandong 0.049 0024 0100 7/142 ! ——— ! L
Liu H, 2007 [24] 2005 Beijing 0017 0008 0035 7/416 ,1— . !
Lu CG, 2006 [89] 2003-2005 Guizhou 0.020 0.008 0052 4/200 ,+— i |
Lu CG, 2006 [90] 2003-2005 Guiyang 0.022 0010 0048 6/276 |+ | |
Lu HY, 2008 [51] 2006 Beijing 0.065 0038 0109 13/200 1 —T— | I
Ma J, 2007 [82] 2006 Tianjin 0048 0016 0140 3/62 1| —+——1 I
Ma X, 2007 [50] 2005 Beijing 0061 0042 0088 26/427 ! —+— I !
Ma X, 2007 [50] 2006 Beijing 0.069 0.050 0.093 37/540 '1 o : :
2005-2006 < Ruan Y, 2007 [52] 2005 Beijing 0032 0020 0051 17/526 , - ;
Wang CH, 2007 [83] 2006 Chengde 0037 0012 0107 3/82 ,—+— , i
Wang J, 2008 [79] 2006 Harbin 0.010 0.004 0026 4/401 1+ I !
Wu J, 2008 [21] 2006 Shanghai 0044 0023 0083 9/203 1 —F— I
Xiao Y, 2010 [45] 2006 Heilongjiang 0.007 0003 0016 6/809 I I I
Xiao Y, 2010 [45] 2006 Jilin 0.008 0004 0015 10/1211 't ! !
Xiao Y, 2010 [45] 2006 Liaoning 0.019 0013 0029 24/1243 '+ ; !
Xiao Y, 2010 [45] 2006 innerMongolia  0.003 0.000 0.046 0/167 | i ;
Xiao Y, 2010 [45] 2006 Gansu 0.004 0001 0017 2/477 | \ |
Xiao Y, 2010 [45] 2006 Ningxia 0006 0000 0095 0/76 F——— !
Xu J, 2007 [39] 2005 Hefei 0.018 0.007 0047 4/223 1+— i i
Xu J, 2007 [40] 2005 Hefei 0.010 0003 0039 2/199 H— ! !
Xu JJ, 2010 [46] 2006 Shenyang 0.056 0033 0094 13/231 ! —— ! !
Yang SP, 2008 [87] 2006 Hami Prefecture  0.033 0008 0122  2/81 | —F——| !
Zhang X, 2007 (53] 2006 Beijing 0.022 0013 0035 16/735 | + . \
Zhou J, 2008 [30] 2006 Guiyang 0.059 0040 0.087 24/406 , —+— )
Zhu JL, 2007 [41] 2005 Hefei 0.017 0004 0064 2/121 +— I !
Zhu YW, 2007 [73] 2006 Jinan 0.011 0003 0032 3/282 1+ 1 I
Subtotal (2= 86.52, p < 0.001) 0.024 0017 0.032 ! ! !
Bao YG, 2009 [35] 2008 Beijing 0059 0043 0081 36/607 | —+= 1 1
Bao YG, 2009 [35] 2008 Chongging 0109 0086 0.136 67/617 =t ;
Bao YG, 2009 [35] 2008 Guangzhou 0.053 0034 0080 20/379 , —+— ,
Bao YG, 2009 [35] 2008 Haikou 0.020 0005 0078 2/98 —+—— I
Bao YG, 2009 [35] 2008 Hangzhou 0.051 0034 0074 24/474 1 —+— I I
Bao YG, 2009 [35] 2008 Harbin 0.044 0029 0068 20/451 | —— 1 !
Bao YG, 2009 [35] 2008 Kunming 0.418 0091 0.151 53/450 ! —H— !
Bao YG, 2009 [35] 2008 Nanjing 0047 0030 0071 20/430 | —+— : '
Bao YG, 2009 [35] 2008 Qingdao 0011 0004 0030 4/350 ,+ - .
Bao YG, 2009 [35] 2008 Shanghai 0.075 0.055 0.103 35/465 -+, \
Bao YG, 2009 [35] 2008 Shenyang 0.087 0064 0.116 39/450 —t= I
Bao YG, 2009 [35] 2008 Tianjin 0.064 0045 0092 27/419 1+ —+— I
Bao YG, 2009 [35] 2008 Wuhan 0.050 0.034 0075 23/456 ! —+— ! !
Bao YG, 2009 [35] 2008 Xi'an 0.033 0020 0054 15/455 ! —+— ! !
Ding XB, 2010 [31] 2008 Chongging 0166 0141 0194 123/743 , | = -
Feng F, 2008 [60] 2008 Haikou 0019 0005 0074 2/104 ,+— ; :
Feng JF, 2008 [74] 2007 Zhejiang 0039 0013 0114  3/77 | —+—— |
Feng L, 2000 [29] 2007 Chongging 0.125 0107 0.147 131/1044 | + I
Feng TJ, 2008 [59] 2005-2007  Shenzhen 0.033 0025 0.044 46/1376 1| + I I
Feng Y, 2010 [91] 2007 Chengdu 0.096 0073 0.124 49/513 | —— !
Guo H, 2009 [23] 2007 Yangzhou 0080 0045 0139 11/137 | —i—l‘- :
Guo Y, 2009 [25] 2007 Tianjin 0059 0034 0101 12/204 | —+— | i
Han XY, 2007 [75] 2005-2007  Jinan 0.022 0013 0037 14/635 |, + \ ;
Hong FC, 2009 [61] 2007 Shenzhen 0.037 0027 0049 42/1146 | + | |
Hu J, 2008 [42] 2007 Huai'an 0.015 0.002 0.101 1/65 1 I
2007-2008 4 Lan GH, 2009 [62) 2008 Guangxi 0.017 0005 0051 3/179 1+— I I
Liang L, 2009 [26] 2008 Hebei 0022 0012 0041 10/450 !+ ! !
Lu ZX, 2009 [76] 2007 Yancheng 0016 0002 0107  1/61 |F+— | ;
Lu ZX, 2008 [76] 2008 Yancheng 0044 0014 0128 3/68 | —+——— .
Miao ZF, 2009 [88] 2008 Yinchuan 0.019 0009 0042 6/312 |+ ) N
Qiao XW, 2009 [28] 2008 Lanzhou 0.048 0034 0068 30/619 | 1+ I I
Qu L, 2009 [54] 2008 Inner Mongolia  0.033 0021 0051 20/604 1 —+ I I
Ruan S, 2008 [77] 2007 Jinan 0.007 0002 0022 3/428 I !
Ruan Y, 2009 [55] 2006-2007  Beijing 0.048 0033 0070 26/541 ! —+— ! !
ShiwD, 2009 [63] 2008 Wuhan 0050 0034 0075 23/456 , —— | -
Sun M, 2009 [47] 2008 Dalian 0.042 0027 0067 17/401 , —+— » ¢
Wang XL, 2009 [69] 2008 Tangshan 0078 0035 0163 6/77 | —+—1— i
Wang Y, 2008 [67] 2006-2007 Mianyang 0006 0000 0090 0/81 fF——— | I
Wang Y, 2009 [32] 2006 Mianyang 0072 0036 0138 8/111 1 —+—+ I
Wen F, 2010 [33] 2008 Guangzhou 0.049 0032 0073 22/452 ! —+— ! !
Weng YQ, 2009 [86] 2008 Guangxi 0.033 0.017 0065 8/239 I‘ —+— : :
Xiao Y, 2009 [68] 2007 Chongging 0108 0094 0.123 182/1692 | -+ i
Xu H, 2009 [80] 2008 Anshan 0.028 0.015 0.049 11/400 , +— ' ;
Xu ZH, 2009 [81] 2007 Tieling 0.014 0001 0.191 0/3¢ +H——mF— !
Yang H, 2010 [43] 2008 Nanjing 0.046 0029 0070 19/416 1 —+— I I
Zhang JD, 2008 [48] 2007 Harbin 0.033 0012 0085 4/121 | —+— 1 I
Zhang M, 2009 [65] 2008 Uramgi 0022 0009 0051 5/231 !'—4+— ! !
Zhang Y, 2008 [66] 2007 Uramagi 005 0028 0108 8/143 | —+— | '
Zhao HP, 2009 [49] 2008 Harbin 0.022 0006 008 2/89 ,t—— .
Zhong F, 2009 [56] 2008 Guangzhou 0.053 0034 0080 20/379 , —+— |
Subtotal (2=89.12, p < 0.001) 0.047 0.039 0.056 I I I
Total (2= 88.79, p < 0.001) 0.035 0030 0.040 [ I I
Test for publication bias (p = 0.0080) 0% 13% 25%

Figure 3. Forest Plot showing the results of meta-analyses of HIV prevalence among MSM in different time period.
doi:10.1371/journal.pone.0022768.g003
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prevalence is much higher than HIV prevalence among MSM
across China. To our knowledge this is the first time that co-
infection of HIV and syphilis among MSM in China was reviewed
over time by meta-analysis.

Several limitations in this study should be noted. Our estimated
syphilis prevalence of 6.8% during 2003-2004 was based on only
four prevalence estimates and there was considerable variation
across the studies. Even in other time periods of our analysis, the
prevalence data of HIV and syphilis were collected in large urban
cities in China and hence likely to be over-estimates of prevalence
levels across the entire provinces, including rural areas. Further
investigation among MSM in rural areas and smaller cities in
urban areas are necessary to provide a more accurate description
of HIV and syphilis epidemics. Significant publication biases were
observed in the stratified meta-analyses of HIV, syphilis and HIV-
syphilis prevalence among Chinese MSM. The selected studies
had a large range of sample sizes (19 to 1962). Researchers are
more likely to publish large studies because small studies have less
statistical power in comparison with large studies [93]. Our study
targeted for HIV and syphilis infections among the same study
cohorts, studies reporting only HIV or syphilis prevalence
estimates were excluded in this review and hence some significant

@ PLoS ONE | www.plosone.org

Table 1. Result of individual variable meta-regression models for each stratified meta-analysis.
Stratified meta-analyses
Study Characteristics HIV Syphilis HIV-syphilis co-infection
Prevalence Meta-regression Prevalence Meta-regression Prevalence Meta-regression
(95% Cl) (B, p-value) (95% ClI) (B, p-value) (95% ClI) (B, p-value)
Language of article:
Chinese 3.8% (3.1-4.5%) —0.051 11.5% (10.0-13.2%) 0.320 1.8% (1.2-2.9%) 0.349
English 2.5% (1.7-3.7%) p=0.793 12.7% (10.4-15.5%) p=0.059 2.3% (1.4-4.0%) p=0.559
Sample size:
<200 3.1% (2.3-4.0%) 0.098 11.8% (8.9-15.4%) —0.191 5.0% (2.8-8.5%) —0.521
=200 3.6% (3.0-4.4%) p=0.623 11.8% (10.4-13.4%) p=0.272 1.8% (1.6-2.6%) p=0.429
Study base:
MSM venues 3.0% (2.3-3.9%) 0.068 11.6% (9.7-13.8%) 0.043 2.2% (1.5-3.1%) —0.516
Non MSM venues 3.0% (2.2-4.2%) p=0.522 12.3% (10.5-14.3%) p=0.612 1.6% (0.7-3.8%) p=0.393
Sampling method:
RDS/snowball 3.4% (2.7-4.2%) 0.121 11.4% (9.9-13.1%) —0.078 2.2% (1.6-3.1%) —0.217
Others 4.7% (2.7-8.1%) p=0.386 9.1% (8.0-10.3%) p=0.308 1.6% (0.7-3.9%) p=0.548
Study locations*:
East 3.0% (2.2-4.0%) 11.8% (9.2-15.0%) 2.5% (1.1-5.6%)
Northeast 2.3% (1.4-3.8%) 13.7% (10.1-18.3%) N/A
North 4.2% (3.3-5.3%) 0.104 15.0% (12.0-18.6%) —0.086 1.1% (0.3-4.2%) —0.041
South Central 3.4% (2.7-4.2%) p=0.024 13.9% (11.3-16.9%) p=0.036 1.6% (1.1-2.5%) p=0.860
Northwest 2.5% (1.5-4.0%) 6.7% (3.8-11.4%) N/A
Southwest 9.2% (7.4-11.2%) 8.2% (6.8-9.8%) 2.5% (1.5-4.0%)
Time period:
2003-2004 1.3% (0.8-2.1%) 0.236 6.8% (4.0-11.4%) 0.194 N/A 0.479
2005-2006 2.4% (1.7-3.2%) p=0.001 10.4% (8.3-12.9%) p=0.002 1.4% (0.8-2.3%) p=0.090
2007-2008 4.7% (3.9-5.6%) 13.5% (11.8-15.3%) 2.7% (1.8-4.0%)
*Study locations were categorized into six Chinese traditional regions. East China: Anhui, Fujian, Jiangsu, Jiangxi, Shandong, Shanghai, Zhejiang; Northeast China:
Heilongjiang, Jilin, Liaoning; North China: Beijing, Hebei, Inner Mongolia, Shanxi, Tianjin; South Central China: Guangdong, Guangxi, Hainan, Henan, Hubei, Hunan;
Northwest China: Gansu, Ningxia, Qinghai, Shaanxi, Xinjiang; Southwest China: Chongging, Guizhou, Sichuan, Tibet, Yunnan.
The meta-regression coefficient (B) and the significant of B (p value) for each study characteristic were reported.
doi:10.1371/journal.pone.0022768.t001

studies might be missing in the stratified meta-analyses, which
caused the presence of publication bias. There is likely to be other
publication bias due to our strict inclusion criteria. Researchers are
more likely to publish and report high HIV and syphilis prevalence
[93,94]. There are also a potentially large number of governmen-
tal documents, community-level NGO reports and other unpub-
lished data that have never been archived in any of the public
literature databases. Our strict inclusion criteria of the presence of
both treponomal and non-treponomal test for syphilis infection
may also be a source of bias. Over one-third of syphilis studies (23/
71) did not report testing methods or both tests for syphilis were
consequently excluded (Table S2).

The presence of high heterogeneities was also an important
limitation in this study. These heterogeneities might be attribut-
able to demographical differences in MSM communities across
different Chinese geographical regions. This is consistent with the
fact that Southwest China has higher HIV prevalence than its
syphilis prevalence, which is distinctively different to the rest of the
country. Prevalence estimates of these two epidemics were
significantly increasing during 2003 to 2008 and this also
contributes to the heterogeneity. We further found that articles
published in English language were more likely to report higher
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Study name Study period Location Statistical results Syphilis prevalence and 95% CI

Event Lower Upper
rate  limit limit n/N

He Q, 2005 [57] 2003 Guangzhou 0111 0086 0182 13/117 | —— | !
Jiang J, 2006 [36] 2003 Jiangsu 0.069 0038 0124 10/144 | —— 1 1
2003-2004 <4 Ma X, 2007 [50] 2004 Beijing 0077 0053 0.111 25/325 : + : :
Wang J, 2004 [44] 2003 Dalian 0013 0003 0049 2/157 - i
Subtotal (/2= 66.23, p = 0.03) 0.088 0.040 0.114 1 1 1
Cai GF, 2008 [37] 2006 Zhejiang 0085 0036 0188 5/59 | —+— | L
Cai X, 2007 [38] 2006 Liaocheng 0.064 0029 0135 6/84 | —+— 1 1
Cai YM, 2008 [27] 2005 Shenzhen 0099 0067 0.144 24/242 ! —+ J :
Chen SH, 2007 [58] 2006 Nanning 0108 0071 0162 20/185 , —+— 1
Choi KH, 2007 [22] ~ 2004-2005 Shanghai 0135 0.107 0.168 64/475 1 -+ 1
Feng L, 2009 [29] 2006 Chongging 0093 0076 0113 93/1000 | + i ;
Guo H, 2009 [23] 2006 Nanjing 0267 0220 0320 79/2968 - i
Li Y, 2007 [64] 2006 Lanzhou 0027 0013 0055 7/264 ! + ' '
Liu H, 2007 [24] 2005 Beijing 0103 0078 0136 43/416 |, —+ . .
Lu HY, 2008 [51] 2006 Beijing 0.240 0.186 0.304 48/200 1 —h— 1
Ma X, 2007 [50] 2005 Beijing 0126 0098 0.161 54/427 | ==L i
Ma X, 2007 [50] 2006 Beijing 0100 0077 0128 54/540 , -+ i i
Ruan Y, 2007 [52] 2005 Beijing 0112 0088 0142 59/526 1| —+ 1 1
2005-2006 < Wu J, 2008 [21] 2006 Shanghai 0103 0068 0153 21/203 | —+— | h
Xiao Y, 2010 [45] 2006 Heilongjang ~ 0.098 0079 0120 79/809 1 -+ i 1
Xiao Y, 2010 [45] 2006 Jilin 0.128 0110 0148 155/1211 ! + s L
Xiao Y, 2010 [45] 2006 Liaoning 0.084 0070 0100 104/1243 , + ' '
Xiao Y, 2010 [45] 2006 Inner Mongolia 0293 0.228 0367 49/167 | +—— 1
Xiao Y, 2010 [45] 2006 Gansu 0019 0010 0036 9/477 |+ ! I
Xiao Y, 2010 [45] 2006 Ningxia 0.013 0002 0088 1/76 i+— 1 1
Xu J, 2007 [38] 2005 Hefei 0.081 0051 0124 18/223 ! —+— : '
Xu J, 2007 [40] 2005 Hefei 0131 0091 0185 26/198 , —— i
Xu JJ, 2010 [46) 2006 Shenyang 0335 0275 0400 73/218 | P——
Zhang X, 2007 [53] 2006 Beijing 0072 0056 0093 53/735 | + . :
Zhou J, 2008 [30] 2006 Guiyang 0020 0010 0039 8/406 1} 1 1
Zhu JL, 2007 [41] 2005 Hefei 0132 0083 0205 16/121 ! —t— ! .
(Subtotal (2=92.82, p < 0.001) 0.104 0.083 0.129 i i i
Bao YG, 2009 [35] 2008 Beijing 0186 0157 0219 113/607 1 -+ 1
Bao YG, 2009 [35] 2008 Chongging 0073 0055 0096 45/617 | + ; ;
Bao YG, 2009 [35] 2008 Guangzhou 0174 0139 0216 66/379 -+ |
Bao YG, 2009 [35] 2008 Haikou 0122 0071 0203 12/98 ! —4— z ¥
Bao YG, 2009 [35] 2008 Hangzhou 0160 0130 0196 76/474 =+ i
Bao YG, 2009 [35] 2008 Harbin 0191 0157 0230 86/451 1 —+ 1
Bao YG, 2009 [35] 2008 Kunming 0073 0053 0101 33/450 | + ! !
Bao YG, 2009 [35] 2008 Nanjing 0119 0091 0153 51/430 , —+— i
Bao YG, 2009 [35] 2008 Qingdao 0.040 0024 0086 14/350 1+ ! !
Bao YG,2009[35] 2008 Shanghai 0123 0086 015 57/465 , + i
Bao YG, 2009 [35] 2008 Shenyang 0.118 0.091 0.151 53/450 1 “+ 1 1
Bao YG, 2009 [35] 2008 Tianjin 0189 0.154 0229 79/419 ! =4 !
Bao YG, 2009 [35] 2008 Wuhan 0215 0180 0255 98/456 —+5 \
Bao YG, 2009 [35] 2008 Xi'an 0178 0.146 0216 81/455 | -+ 1
Ding XB,2010[31] 2008 Chongging 0.085 0067 0107 63/743 | + ! H
Feng F, 2009 [60] 2008 Haikou 0.019 0005 0074 2/104 1+— 1 1
Feng L, 2009 [29] 2007 Chongqing 0085 0070 0.104 89/1044 ! + : -
Feng TJ,2008[59]  2005-2007 Shenzhen 0192 0172 0214 264/1376 + 4 i
Guo H, 2009 [23] 2007 Yangzhou 0299 0229 0381 41/137 | +—— 1
Guo Y, 2009 [25] 2007 Tianjin 0186 0139 0246 38/204 | -+ ;
2007-2008 < Hong FC, 2009 [61] 2007 Shenzhen 0.209 0.187 0234 240/1146 | +1 1
Hu J, 2008 [41] 2007 Huai'an 0062 0023 0153  4/65 | —— L 1
Lan GH, 2009 [62] 2008 Guanggi 0078 0047 0128 14/179 , —+— i .
Liang L, 2009 [26) 2008 Hebei 0.076 0054 0104 34/450 1 -+ 1 1
Qiao XW, 2009 [28] 2008 Lanzhou 0103 0082 0130 64/619 | + . L
Qu L, 2009 [54] 2008 Inner Mongolia 0.200 0.170 0.234 121/604 | -+ 1
Ruan Y, 2009 [65] 2007 Beijing 0198 0.166 0233 107/541 ! -+ !
ShiWD, 2009 [63] 2008 Wuhan 0215 0180 0255 98/456 | -+ i
Sun M, 2009 [47] 2008 Dalian 0175 0.140 0215 70/401 1 —+ I
Wang XL, 2009 [69] 2008 Tangshan 0299 0207 0410 23/77 : JI—l— :
Wang Y, 2008 [67] 2007 Mianyang 0.086 0042 0170 7/81 ; —F— | i
Wang Y, 2008 [32] 2007 Mianyang 0171 0112 0253 19/111 ! —— 1
Wen F, 2010 [33] 2008 Guangzhou 0060 0041 0086 27/452 | + \ ;
Xiao, Y, 2000 [68] 2007 Chongging 0.086 0073 0100 145/1692 1 + 1 1
Yang H, 2010 [43] 2007-2008  Nanjing 0123 0095 0160 49/307 ! + ! .
Zhang JD, 2008 [48] 2007 Harbin 0157 0102 0233 19/121 —— '
Zhang M, 2009 [65] 2008 Uramgi 0108 0074 0155 25/231 1 —— 1 1
Zhang Y, 2008 [66] 2007 Urimai 0098 0059 0159 14/143 | —+— | |
Zhao HP, 2000 [49] 2008 Harbin 0157 0095 0248 14/89 1 —F— 1
Zhong F, 2009 [56] 2008 Guangzhou 0179 0144 0221 68/379 ! -+ !
(Subtotal (2= 91.26, p < 0.001) 0.135 0.118 0.153 i i i
Total (2= 92.05, p < 0.001) 0122 0109 0.136 1 ¢ 1 1
Test for publication bias (p = 0.0053) 0% 25% 50%

Figure 4. Forest Plot showing the results of meta-analyses of syphilis prevalence among MSM in different time period.
doi:10.1371/journal.pone.0022768.g004

@ PLoS ONE | www.plosone.org 7 August 2011 | Volume 6 | Issue 8 | e22768



Study name Study period Location
Event
rate
Cai YM, 2008 [27] 2005 Shenzhen 0.012
Choi KH, 2007 [22] 2004-2005 Shanghai 0.004
Feng L, 2009 [29] 2006 Chongging 0.017
J Guo H, 2009 [23] 2006 Nanjing 0.027
2005-2006 | [jy H, 2007 [24] 2005 Beijing 0.005
Wu J, 2008 [21] 2006 Shanghai 0.030
Zhou J, 2008 [30] 2006 Guiyang 0.007
Subtotal (2= 54.34, p = 0.04) 0.014
( Ding XB, 2010 [31] 2008 Chongging 0.043
Feng L, 2009 [29] 2007 Chongging 0.027
Guo H, 2009 [23] 2007 Yangzhou 0.058
Guo Y, 2009 [25] 2007 Tianjin 0.034
2007-2008 < Liang L, 2009 [26] 2008 Hebei 0.007
Qiao XW, 2009 [28] 2008 Lanzhou 0.019
Wang Y, 2009 [32] 2007 Mianyang 0.036
Wen F, 2010 [33] 2008 Guangzhou 0.013
| Subtotal (2=68.18, p = 0.003) 0.027
Total (/2=69.88, p < 0.001) 0.021

Test for publication bias (p = 0.0200)

Statistical results

HIV and Syphilis among MSM in China

HIV-SP prevalence and 95% CI

Lower Upper

limit  limit n/N

0004 0038 3/242 |+ : :
0.001 0.017 2/475 I i
0.011 0.027 17/1000 '+ ! !
0014 0053 8/296 | +— . .
0.001 0.019 2/416 | | h
0.013 0.064 6/203 1| —+— ] 1
0.002 0.023 3/406 :+— : :
0.008 0.023 | i ;
0.031 0.060 32/743 | —+ | 1
0.019 0.039 28/1044 | + ] 1
0.029 0.112 8/137 : —— : :
0.016 0070 7/204 |, —+— i .
0.002 0.020 3/450 |+ I i
0.011 0.034 12/619 1+ ] 1
0014 0092 4/111 | —+—— | '
0.006 0029 6/452 |+ . i
0.018 0.040 ] ] 1
0.016 0.029 I ! !

0% 13% 25%

Figure 5. Forest Plot showing the results of meta-analyses of HIV-syphilis co-infection prevalence among MSM in different time

period.
doi:10.1371/journal.pone.0022768.g005

syphilis prevalence estimates than Chinese articles. However,
sampling size, study base and sampling method cannot explain the
variation in the results. Due to small numbers of studies available
for HIV-syphilis co-infection, we were not able to identify any
study factors that were associated with the variation in HIV-
syphilis co-infection prevalence estimates.

Our estimates of the latest national HIV prevalence (4.7%) and
current syphilis prevalence (13.5%) are higher than a recent
estimate of 2.5% and 9.1% [95]. This previous meta-analysis study
did not capture the chronological trend of the epidemics by
pooling all the HIV and syphilis prevalence estimates from 2001 to

2008 together and therefore likely underestimated current
prevalence. Gao et al estimated the syphilis prevalence among
Chinese MSM to be 9.1% [95]; however, their selection criteria
did not exclude studies with single syphilis test and hence their
estimate is likely to be a mixed prevalence of current syphilis
infection and people ever infected with syphilis. On contrast, our
study employs a distinguish approach to ensure the analysis of the
actual syphilis-infected prevalence. In addition, our study contains
more than 70 collated studies from different regions during 2003
2008, the number of prevalence estimates included in quantitative
synthesis was tripled (95 and 70 for HIV and syphilis prevalence

Correlation between HIV and syphilis infection among MSM in China
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Figure 6. Correlation between HIV and Syphilis infection among
doi:10.1371/journal.pone.0022768.g006
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men who have sex with men in China.
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estimates) in comparison with the study from Gao et al (31 and 24
for HIV and syphilis prevalence estimates) [95]. Hence, our study
provides a more thorough estimate of the level and trend of HIV
epidemics among MSM across China. In comparison with the
Gao et al study, our study provides newer information on: (1)
chronologically increasing trend of HIV and syphilis prevalence;
(2) trend and current prevalence of HIV-syphilis co-infection (3)
the correlation of HIV and syphilis epidemic among MSM in
China. To our knowledge, this is the first time that such newer
information is provided through a quantitative and qualitative
synthesis.

Our findings are also consistent with other epidemiological
studies. When stratified by year periods, our national HIV
prevalence estimates (1.3% in 2003-2004, 2.4% in 2005-2006
and 4.7% in 2007-2008) are similar to earlier estimates by Tang et
al. (0.5-1.5% in 2003-2004 and 2.8-3.0% in 2005-2006 [96]) and
a large HIV survey conducted in eighteen Chinese cities (2.3% in
2006 and 5.0% in 2008) [97]. In contrast, Lin et al. estimated a
4.5% annual increase in syphilis prevalence [98], which is much
higher than our estimate (1.2%). As Lin’s analysis included only
four studies for the investigated period, this result may be biased.
Our study, with 70 syphilis prevalence estimates distributed
between 2003 and 2008 provides a more thorough estimate of the
national level and growth rate of syphilis infection among Chinese
MSM.

With substantial increases in HIV and syphilis infection, we
also observed an increase in prevalent HIV-syphilis co-infections
(1.4% during 2005-2006 to 2.7% during 2007-2008). The co-
infection percentage demonstrates the interaction of the two
epidemics among Chinese MSM. As the presence of syphilis
facilitates greater risk of HIV transmission, the increasing trend of
co-infections may imply a larger MSM sub-population with a
greater HIV infectivity and/or susceptibility. It is possible that
syphilis infections are driving some of the increase in the HIV
epidemic among MSM in China. Greater syphilis prevalence
than HIV prevalence found in most Chinese regions is consistent
with studies from other settings [43,63,99,100] but the reverse
result was observed in Southwest China. We postulate two
possible reasons for this observation. First, southwest China is
traditionally a region with high injecting drug use. It is estimated
that over 50% of China’s people who inject drugs (PWID) are
concentrated in the Yunnan and Sichuan province in Southwest
China [101]. High HIV prevalence among injecting drug users
(IDU) were recorded in Southwest China, in particular, it was
28.4% in Yunnan province and 8.8% in the neighbouring
Sichuan province in 2007 [102,103]. These are substantially
higher than the national average of 7.0% [104]. It is also
documented that about 8.3% Chinese MSM and 44% male sex
workers [105] have drug use history and the percentage is
generally expected to be higher in Southwest China, where drug
usage is more prevalent [106,107]. Although any direct evidences
on injecting behaviours among MSM in Southwest China
remains absent, a number of studies have indicated that injection
sharing among MSM could be a potential bridge of HIV
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