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ABSTRACT (English) 

Abstract of this thesis entitled: 

HIV transmission pattern among men who have sex with men in Shenzhen 

Submitted by: ZHAO, Jin 

For the degree of: Doctor of Philosophy in Public Health 

At the Chinese University of Hong Kong in September 2010 

Background 

Men who have sex with men (MSM) are at high risk of HIV infection. In China, 

relevant studies concerning HIV infection in MSMs have been reported since 2000s, 

which showed a dramatic increasing trend of the prevalence of HIV infection. 

However, most of the previous investigations were based on convenience sampling 

and none of them differentiated money boys (MB) from other MSMs. In addition, 

there was no study that combined molecular epidemiological data with population 

survey using probability sampling methods. The objectives of this study was to use 

two approximate probability sampling methods to determine the prevalence of HIV 

infection and its risk factors among MSMs in Shenzhen, China; and to provide 

information from molecular phylogenetical analysis that better interprets the 

transmission pattern of HIV among MSMs. 

Subjects and Methods 

A total of 2143 MSMs were recruited in Shenzhen, including 1651 persons from 

time-location sampling (TLS) recruited in either 2008 (728 persons) or 2009 (923 

persons), and 492 from respondent-driven sampling (RDS) recruited in 2009. A 

separate recruitment of MBs and other MSMs was applied in TLS surveys and a 

mixed sample of MSMs was applied in RDS. All subjects were interviewed and had 

blood tests for HIV and syphilis. Chi-square test was used to compare characteristics 

between different subgroups and multivariate logistic regression analysis was applied 

to identify risk factors for HIV infection. HIV positive samples were further used for 



laboratory analysis including phylogenetic analysis, drug resistant analysis and 

recent infection test. 

Results 

The prevalence of HIV infection was 5.5% among MSMs in Shenzhen. A 

significantly lower HIV infection was observed in MBs (4.5%) compared with other 

MSMs (7.0%). The HIV infection rate among MSMs was 5.7% by TLS and 4.6% by 

RDS, which were not significantly different. Factors found to be related to HIV 

infection in MSMs included syphilis infection, occupation, sexual orientation, venue 

for recruitment and hometown prevalence of HIV infection. HIV infection rate and 

social-behavioral characteristics were found to vary with venues, with significantly 

higher rates in family clubs, parks and saunas, than entertainment venue, such as bars 

and massage centers. Molecular phylogenetical analysis showed that genetic clusters 

were related to receptive anal intercourse, short stay in Shenzhen, early age of first 

sex, and hometown with high HIV prevalence. Venue-specific transmission chains 

were observed in 60% of the subjects. 

Conclusions 

Approximate probability sampling methods (TLS and RDS) applied in this study 

found that the prevalence of HIV infection in Shenzhen MSMs was similar to the 

national rate in MSMs. HIV infection and related characteristics in MBs and other 

MSMs were found to be different, indicating that a separate analysis was necessary. 

TLS could provide information on venue comparisons for venue-based MSMs and 

RDS could recruit more hidden subjects. Furthermore, a combination of molecular 

epidemiological study and population survey could provide more solid information 

on HIV transmission among MSMs at each specific venue. Results from this study 

suggest that venue-specific intervention approaches should be developed and 

provided to different venues. 



ABSTRACT (Chinese) 

中 文 摘 要 

介紹 

男男性接觸人群（MSM)是艾滋病（HIV)感染的高危人群。中國從2000年開 

始出現MSM人群HIV感染狀況的相關報導，發現HIV感染率在該人群呈迅速 

上升趨勢。既往研究主要基於方便抽樣方法，沒有區分男男性工作者（MB)和 

其他MS1H也沒有一項研究將基於概率抽樣方法的人群調查與分子流行病學調 

查結合起來進行分析D本文的目的在於通過兩種近似概率抽樣方法研究中國深 

圳MSM人群艾滋病感染率及相關危險因素，並結合分子流行病學研究進一步 

了解艾滋病在男男性接觸人中的傳播模式。 

對象與方法 

本研究調查了 2143名MSM，其中，2008年及2009年通過時間空間抽樣方法 

(TLS)分别調查MSM 728人和923人，2009年同伴推動抽樣方法（RDS)調 

查492人。TLS方法中MB與其它MSM採取分開招募形式，而RDS方法中 

採取混合招募方式。所有被訪者完成調查問卷及抽血檢測HIV和梅毒。不同亞 

群間人群特性的比較採用卡方檢驗，HIV感染相關因素分析採用多重logistic回 

歸分析。對HIV陽性樣本進行了系統學分析，耐藥分析以及新近感染撿測。 

結果 

深圳MSM人群HIV感染率為5.5%�MB人群HIV感染率(4.5%)明顯低於其他 

MSM(7,0%> TLS方法招募的MSM艾滋病感染率(5.7%)與RDS的感染率(4.6%) 

無顯著差異。HIV感染相關因素包括梅毒感染，職業，性取向，招募場所以及 

家鄉的HIV感染率。不同場所MSM人群HIV感染率以及相關社會行為特性有 

顯著差異：家庭會所，公園及桑拿場所HIV感染率明顯高於酒吧及休閒中心。 

系統學分析結果顯示基因簇與接受性肛交，在深居住時間短，首次性交年齢小， 

以及家鄉HIV感染率高有關�60%樣本形成場所内傳播鏈。 

結論 

通過兩種近似概率抽樣方法(TLS和RDS)發現深圳MSM人群艾滋病感染率居於 

全國平均水平D MB與其他MSM在HIV感染及相關特性上均存在顯著差異， 

111 



應該將他們分別進行研究。TLS可以提供場所型MSM的場所比較信息而RDS 

可以招募更隱蔽人群。此外，將人群調查與分子流行病學結合起來可以為各個 

場所内MSM之間的HIV傅播提供更可靠的信息。本研究結果提示我們應該為 

不同MSM場所提供針對性的干預方法。 
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3 6 4 Summan 115 

3.7.Discussio n 116 
3 7 1 Pre�alence and nsk factors for HIV infection among MSMs in Shenzhen 116 
3 7 2 A comparison of HIV infection and its nsk factors befween MBs and OMSMs 120 
3 7 3 HIV infection and HIV-nsk related characteristics of MSMs in different 飞 enues 122 

vn 



3 7 4 A comparison ofRDS and TLS in recruiting lugh nsk MSMs in Shenzhen 125 
3 7 5 Strengths and Limitations 130 

Chapter 4 Molecular epidemiological analysis of HIV positive MSMs 
133 

4.1.Background and object“es 133 

4.2.Subjects and Methods 134 
4 2 1 Frame\\ork of molecular epidemiological stud\ 134 
4 2 2 Subjects 134 
4 2 3 Laboraton test 134 
4 2 4 Sequence-based anai> sis of HIV strains 136 
4 2 5 Ph> logenelic anal�sis 139 
4 2 6 Statistic anah sis 142 

4.3.Result s 142 
4 3 1 Subtype distribution among HIV-1 positn e MSM cases 142 

4 3 2 Ph> logenetic anal} sis and detection of transmission clusters 143 
4 3 3 CD4 counts recent infection and pnman drug resistance 148 
4 3 4 Comparison of HIV sequences collected from positix e MSMs b> TLS and RDS w ith MSMs 

from other sources 149 

4 3 5 Comparison of HIV sequences from positi\e MSM with indi\ iduals infected through other 
routes 153 

4.4.Discussio n 155 
4 4 1 Genetic clusters and epidemiological characteristics of HIV positive MSMs 155 
4 4 2 Genetic clusters and recent infection 155 
4 4 3 Sampling metliods is crutial for molecular epidemiological stud\ 156 

4 4 4 Relationships betw een Shenzhen MSMs and Hong Kong MSMs 157 

Chapter 5 Conclusions..... 159 

References... 161 

Appendix I (Questionnaire of the studj) 178 

Appendix II (Example for VDT list, sampling frame and calendar) 183 

Appendix III (HIV infection and characteristics ofMBs or OMSMs in 2008 or 2009)..•.…185 

\ i n 



LIST OF TABLES 

Table 2-1 Strengths and Limitations of TLS 23 

Table 3-1 Enumeration and Recruitment count m MSM b> TLS surve>. Shenzhen. 2008-2009 43 

Table 3-2 The background information of the “seed" in RDS, 2009 44 

Table 3-3 Prevalence of HIV infection and related risk factors for MSM b> 2008 and 2009 (TLS) 

61 

Table 3-4 HIV infection and sexual behavioral factors in MSM b> 2008 and 2009 (TLS) 64 

Table 3-5 HIV infection and STIs. knowledge and services factors in MSM b> 2008 and 2009 

(TLS) 66 

Table 3-6 Risk factors for HIV infection among MSM from TLS sur\e>, 2008 (n=728), 2009 (n 

=923) and combined 69 

Table 3-7 Pre\alence of HIV infection and demographic characteristics for MB and OMSM 

using a combination data of 2008 and 2009 (TLS) 73 

Table 3-8 HIV infection and sexual beha\ioral factors for MB and OMSM using a combination 

data of 2008 and 2009 (TLS) 76 

Table 3-9 HIV infection and STIs, drug use. HIV kno\\ ledge and sen ices for MB and OMSM 

using a combination data of 2008 and 2009 (TLS) 78 

Table 3-10 Risk factors related to HIV infection among MBs and OMSM. 2008-2009 80 

Table 3-11 HIV-related characteristics. OMSM (n 二 8 0 1 ) � s MB (n = 850). 2008-2009 81 

Table 3-12 HIV/s>phiIis prevalence and HIV-related beha\lors in mone> bo\s b > � e n u e t \pe. 

2008-2009 85 

Table 3-13 Sexual beha\lor of mone> bo} s b \ � e n u e t y p e , Shenzhen. China. 2008-2009 86 

Table 3-14 STIs. drug use, HIV know ledge and services of mone) bo\s b\ \enue type, 

Shenzhen- 2008-2009 88 

Table 3-15 Comparison of characteristics for PMB 飞 s EMB and FMB \ s EMB (n =497) ‘ 90 

Table 3-16 HIV/s} philis prevalence and demographic characteristics in OMSMs b\ \enue t \pe. 

2008-2009 95 

Table 3-17 Sexual behaMor of OMSMs b > � e n u e t v p e . Shenzhen. China. 2008-2009 97 



Table 3-18 STIs. drug use. HIV knowledge and services of OMSMs by venue type, Shenzhen, 

China. 2008-2009 98 

Table 3-19 Comparison of characteristics for OMSMs visiting different \enues [POMSM \ s 

EOMSM and FOMSM EOMSM (n=115) ] ^ 99 

Table 3-20 Demographic characteristics for MSMs recruited from RDS in Shenzhen, 2009 107 

Table 3-21 Sexual behavior patterns for MSMs recruited from RDS in Shenzhen. 2009 108 

Table 3-22 STIs. drug use. HIV kno\� ledge and services m MSMs recruited from RDS 109 

Table 3-23 Risk factors for HIV infection among MSM m Shenzhen. 2009 RDS sun e � 110 

Table 3-24 Demographic data of OMSMs recruited b> TLS and RDS in Shenzhen. 2009 111 

Table 3-25 Sexual beha� lor of OMSM b> TLS and RDS. Shenzhen, 2009 113 

Table 3-26 STIs. drug use. HIV kiiovdedge and service m OMSM, TLS and RDS comparison 114 

Table 3-27 Multn an ate analysis for the characteristics in OMSM b> RDS and TLS 115 

Table 4-1 Primer set for pol amplification and sequencing 137 

Table 4-2 Primer set for em and gag amplification and sequencing 138 

Table 4-3 Standard reference sequences used m the stud> 140 

Table 4-4 HIV positive samples collected from the MSM sun e>, 2008-2009 142 

Table 4-5 Relationship of subtypes and genetic clusters among MSM 146 

Table 4-6 Correlation between beha\ioral risk factors and genetic clusters among MSM 147 

Table 4-7 Subt\ pe distribution among MSM in Shenzhen 152 

Table 4-8 Distribution of genetic clusters among MSM m Shenzhen 152 

Table 4-9 Relationship of genetic clusters and epidemic data among MSM 154 



LIST OF FIGURES 

Figure 1-1 Global estimates 1990-2008 [8] 1 

Figure 1 -2 Estimated number of adults and children [7] 2 

Figure 1-3 An expanding epidemic m Asia [18] 3 

Figure 1-4 The Annual reported HIV positn es and AIDS cases in China 1985-2009 [21] 3 

Figure 1-5 Geographic distribution of cumulate c reported HIV positn es in China (as of October 

2007) [19] 4 

Figure 1-6 Number of people newh diagnosed of HIV positne in Shenzhen, 1992-2009 (data 

from Shenzhen CDC) 4 

Figure 2-1 The Asian Epidemic Model (AEM) estimate the HIV epidemic in Asia with or 

without mtenention among MSM [69] 13 

Figure 2-2 Proportion of transmission route in reported HIV positives in China b> >ear [21] 14 

Figure 2-3 Distribution of annual new infections b> mode of exposure in Shenzhen. 1992-2009 

(data from Shenzhen CDC) 18 

Figure 2-4 HIV and s> philis infection among MSM in Shenzhen. 2002-2007 [58] 18 

Figure 2-5 HIV reports in heterosexual men and MSM m Hong Kong, 1995-2007 [88] 18 

Figure 2-6 Recruitment network of sno\\ball(A) and RDS(B). beginning from one "seed" [103] 

26 

Figure 2-7 HIV-1 gene map 30 

Figure 2-8 Schematic depicting changes in \ anous parameters that define earh and late HIV-1 

infection [191] 33 

Figure 2-9 Principles of the BED ass a} (User manual from HIV-1 BED incidence EIA assa\) 35 

Figure 3-1 Fla \�diagram of the stud\ 38 

Figure 3-2 Diagram of RDS sampling procedure among MSM (n=492) in Shenzhen, 2009 103 

Figure 3-3 The recruitment of HIV/s> phi lis positn e compared to condom use 103 

Figure 3-4 Equilibrium for demographic�ariables in RDS s u n e � o f MSM. Shenzhen. 2009 104 

Figure 3-5 HIV/s\philis pre�alence among MSM m Shenzhen b\ > ear 118 

Figure 4-1 Flaw diagram of molecular epidemiological stud> 134 

Figure 4-2 BED assa> procedure in a glance 135 

XIV 



Figure 4-3 Phylogenetic tree of CRFOI AE strains from TLS and RDS (n=61) in Shenzhen 144 

Figure 4-4 Ph\logenetic tree of CRF07_BC and B strains from TLS and RDS (n=45) m 

Shenzhen 145 

Figure 4-5 Strains of recent infection m the ph\logenetic tree of MSM in the stud> 149 

Figure 4-6 Ph> logenetic tree of HIV strains from MSM m Shenzhen b> program based on pol 

sequences (n=325) 150 

Figure 4-7 Ph\logenetic tree of HIV strains from MSM in Shenzhen b> program based on gag 

(n=151) and em (n=165) sequences 151 

Figure 4-8 Pol tree of HIV strains from MSM m Shenzhen b\ > ear of diagnosis (n=325) 153 

Figure 4-9 Ph\ logenetic tree of HIV pol sequences collected in Shenzhen (n=672) 154 



LIST OF ABREVIATIONS 

AIDS Acquired Immune Deficiency Syndrome 

ART Anti-retroviral Treatment 

ARV Anti-retroviral 

BSS Behavioral Surveillance Surveys 

CAPI Computer-assisted personal-interview 

CASI Computer-assisted self-interview 

CDC Center for Disease Control and Prevention 

CRF Circulating recombinant form; 

DR Drug resistance 

ELISA Enzyme-linked immunosorbent assay 

EMB Money boy working in entertainment venue 

EOMSM Other MSMs in entertainment venue 

FA Formative research 

FMB Money boy working in family club (a kind of home-based brothel) 

FOMSM Other MSMs in family club 

FSW Female Sex Worker 

HIV Human Immuneodeficiency Virus 

HIVDR human immunodeficiency virus drug resistance 

IDU Injecting Drug User 

MARP Most At Risk Population 

MB Money boys, a term used in China for male sex worker 

MDR Multi-Drug resistance 

ML Maximum Likelihood method 

MSM Men Who Have Sex With Men 

MSW Male Sex Worker 

NGO Non-government organization 

NJ Neighbor joining 

NNRTI Non-nucleotide reverse transcriptase inhibitors 



NRTI nucleotide reverse transcriptase inhibitor 

OMSM Other MSM except MSW, MSM who have not sold sex to other men 

OOMSM Other MSMs in venue outside Shenzhen Special Economic Zone 

OR Odds Ratio 

PLWHA People Living with HIV and AIDS 

PMB Money boy working in park 

POMSM Other MSMs in park 

RDS Respondent Driven Sampling 

RDSAT Respondent Driven Sampling Analysis Tool 

RMB Renminbi, Chinese currency 

RPR Rapid Plasma Reagin test, a method for testing current syphilis infection 

RT Reverse transcriptase 

SOMSM Other MSMs in sauna 

STIs Sexually Transmitted Infections 

TLS Time-Location Sampling 

TPPA T.pallidum particle agglutination test, a confirmation test for syphilis 

UAI Unprotected Anal Intercourse 

UAVI Unprotected Anal and Vaginal Intercourse 

URF Unique recombinant forms 

UN AIDS Joint United Nations Programme on HIV/AIDS 

VDT Venue-date-time 

WB Western blot 

WHO The World Health Organization 

XIV 



Chapter 1 Introduction 

1.1. Background 

Reports from several Asian countries, including China, Thailand, India, Vietnam and 

Japan indicate a rapid spread of HIV among men who have sex with men (MSM) in 

recent years [1-6] Injection drug users and former plasma donors have been the 

major contributors to the HIV epidemic However, recent data suggested that the 

major transmission route might have been shifted from injection drug use to sexual 

transmission. 

1.1.1. Global HIV epidemic and Asia aspect 

HIV/AIDS continues to be a major global public health issue, despite improved 

accessibility to anti-retroviral treatment and increased life expectancy. The UN AIDS 

and WHO AIDS 2009 epidemic update reported that 33.4 million people were living 

with HIV and 2 5 million people were newly infected with HIV in 2008 [7], 

Although the number of newly infected cases and the prevalence were steadily 

decreased by year from 1996 (Figure 1-1), the number of people living with HIV 

continues to increase. AIDS-related illnesses remain to be one of the leading causes 

of death globally in the coming decades [8] 

NJuTiDf r of peopit infectec v.it> H'V Adjit 15-49 HiV prevale-ce i%i 

10Q 1： ‘ � ‘ ， ' 卿 20"： •• 2fC-
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Figure 1-1 Global estimates 1990-2008 [8] 

The nature of HIV epidemic varies considerably throughout the world The 

variations in prevalence of HIV infection and epidemiological patterns are not only 



among countries and regions, but also within countries The distribution of HIV 

displays two main patterns generalized epidemics throughout the population in 

sub-Saharan African countries [9], and epidemics in other regions that are primarily 

concentrated among groups with high risk behaviors such as sex workers, men who 

have sex 

(Figure 1-

with men, injecting drug 

•2) 

users, prisoners and mobile workers [7, 10] 
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Figure 1-2 Estimated number of adults and children [7] 
Total: 2.7 million (2.4 - 3.0 million) 

Asia holds of 60% of the world's population and is the second to sub-Saharan Africa 

in terms of the number of people living with HIV It's estimated that about 4 7 

million people in Asia were living with HIV, including 0 35 million who were newly 

infected in 2008 [7] India accounts for roughly half of Asia's HIV cases Thailand, 

Cambodia and Myanmar are considered to have generalized HIV epidemics, while 

epidemics in most of other Asian countries including Papua New Guinea (Oceania 

country), China, Indonesia, Vietnam and Malaysia are still regarded as concentrated 

in specific populations, namely injecting drug users [11], sex workers and their 

clients [12], and men who have sex with men [2-6, 13, 14] There are only a couple 

of countries with low level of HIV epidemics including Mongolia, Lao PDR, 

Philippines, et al However, the epidemics in many parts of Asia are steadily 

expanding into lower-risk populations through transmission from those most at risk 

to their sexual partners [15, 16], indicating that sexual transmission plays a crutial 

role in HIV epidemics The reasons of the variation in the spread of HIV in Asia 



might be the behavioral factors and the timing of HIV introduction into the most at 

risk populations [15, 17] (Figure 1-3) 

]Decl in ing HIV 
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Figure 1 -3 An expanding epidemic in Asia [18] 

HIV Epidemic in China as well as in Shenzhen 

Since the first case found among foreign tourists in 1985, HIV-1 has spread to all 

different places of mainland China By the end of October 2009, the cumulative 

reported HIV cases was 319,877, including 102,323 AIDS cases and 49,845 recorded 

deaths According to official estimates, there were about 740,000 HIV/AIDS cases in 

China in 2009 The estimated number of AIDS cases was 105,000 and the estimated 

newly infected HIV cases in 2009 was 48,000 [7, 19, 20] The annual reported HIV 

cases were continuously increasing in the recent years (Figure 1-4) 

Figure 1-4 The Annual reported HIV positives and AIDS cases in China 1985-2009 [21] 

The geographic distribution of HIV epidemics in China is unequal The cumulative 

number of people living with HIV in Yunnan, Henan, Guangxi, Xinjiang, 

Guangdong and Sichuan accounts for 80 5 per cent of the total reported cases in 

China (Figure 1-5) [19] The distribution of annual reported HIV cases by 

transmission routes showed that a trend of increasing sexual transmission including 



homosexual transmission was observed in the past few years [21] 
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Figure 1-5 Geographic distribution of cumulative reported HIV positives in China (as of 
October 2007) [19] 

Shenzhen is located in the southern tip of China, and shares a border with Hong 

Kong Shenzhen is China's first Special Economy Zone (SEZ) and is a pioneer and 

innovative city with a total area of 2,020 square kiolmeters. In its short history of 30 

years, Shenzhen has developed from a small fishing village into an international 

metropolis with a premier gross domestic product (GDP) per capita ranking in China 

This is a remarkable achievement, notably in the annals of urbanization, 

industrialization and modernization across the globe. Shenzhen has the highest 

quality of life index in China. The population of Shenzhen excess 14 millions, among 

them, more than 85% are internal migrants from inland China, and most of them 

come from rural places Along with the national trend, the HIV epidemic is also 

increasing in Shenzhen by year (Figure 1-6) 
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Figure 1-6 Number of people newly diagnosed of HIV positive in Shenzhen, 1992-2009 
(data from Shenzhen CDC) 



1.1.3. Men who have sex with men (MSM) is a major concern in China for HIV 

epidemics 

Based on newly diagnosed HIV cases in 2009, a national report estimated that 42 2% 

of HIV infection was transmitted via heterosexual contact, and 32 5% via 

homosexual contact [20] While only 12 2% HIV infection was mediated via 

homosexual contact in 2007 and even lower percentage was reported in previous 

years [18] In some cities, the reported prevalence of HIV infection ranged from 

0 5% to 12 5% among MSMs in the last two years [22-31] A dramatic increase in 

prevalence of HIV infection has been found among MSM in Beijing, from 0 4% in 

2004 to 5 8% in 2006 [30] These studies also showed that the prevalence of other 

sexually transmitted infections (STIs) was high among MSM in China [22-31] 

1.1.4. High proportion of migrants and male sex workers were the key 

characteristics of MSM population in Shenzhen 

Shenzhen, a thriving city in southern Guangdong province, is located just north of 

Hong Kong Shenzhen was an ideal place for analyzing the HlV-related risk factors 

among MSMs in China because of its special geographic location, economic status 

and culture background As the first and the most successful Special Economic Zone 

(SEZ) of China, Shenzhen attracted more than 12 million internal migrants These 

migrants accounted for 87 0% of lotal population, and had a mean age of 26 [32] In 

addition, more than 210,000 travelers cross between Shenzhen and Hong Kong every 

day [32] The rapid development of market economy and the continuing influence of 

Western culture provided more personal freedom, privacy, and individuals' rights 

than any other cities in Mainland China The situation of Shenzhen obtained wide 

societal acceptance The populace of Shenzhen, especially the young, tends to be 

more open-minded than people from inland China in accepting new ideas and 

behaviors, including homosexuality 

Consequently, the MSM population has grown rapidly over the past two decades in 

Shenzhen [24] According to the estimates conducted by the Shenzhen Center for 



Disease Control and Prevention (CDC) in 2006，there were about 65,860 and 96,600 

MSM lived in Shenzhen [33] Many of them frequently visited MSM venues like 

bars, massage centers, saunas, family clubs, parks and also parties The total number 

of MSM venues was more than 50 in 2006, when Shenzhen CDC started to estimate 

the MSM population size and venues [33] The number increased by year In saunas 

and bathhouses, MSM usually take a bath and contact others at the same time before 

engaging in sex In bars, MSM talk, drink, dance and watch shows performed by 

other MSM and then engage in sex with other MSMs or male sex workers (also 

called "money boy" in China, MB) in private rooms, toilets, hotels or at their homes 

Massage center is a kind of commercial sex clubs providing under-table commercial 

male-male sex services to clients besides massage or gym services Family club is 

the smallest unit of in-door commercial service agencies The managers or pimps 

rent apartments and recruited several MBs serving as call boy Park is a kind of 

public areas that provide MSMs a free opportunity to contact with other MSMs or 

MBs MSM generally search for information of MBs through Internet and call for 

commercial services at hotels or their homes [34] They also use Internet as a means 

of connection with other MSM 

1.1.5. Money boys need to be stressed in MSM epidemics 

Compared with other MSMs, MBs are more likely to have paid and unpaid sex with 

multiple partners, engage in risky sexual behaviors, frequently use illicit drugs, and 

thus are more likely to be infected by HIV [35-55] Their sexual partners include 

homosexual, heterosexual, and bisexual identified men and women MBs are more 

likely to self-identify as bisexual or even heterosexual besides homosexual/gay This 

characteristic makes them a core transmitter group for the MSM and the general 

population They may act as bridging population and are able to transmit HIV 

between the heterosexual and homosexual population, and from the risk population 

to the general population 

It is estimated that there are around 4,000-5,000 MBs in Shenzhen (internal data 



from Shenzhen CDC) Most of them work at venues like family clubs, bars and 

massage centers that controlled or managed by a boss or employer (pimps), while 

there is still a significant proportion of MBs who work on their own, finding clients 

in MSM activities or public areas such as parks or advertising themselves through 

Internet 

Although one study had reported the behavioral characteristics of MBs in Shenzhen 

based on a community-based sampling strategy [29, 56], no serological data was 

collected and no specific question issued the relationship between Shenzhen MBs 

and Hong Kong MSMs was answered A well designed and carefiilly operated survey 

needs to be conducted including both the MBs and non-MB MSMs and the history of 

their sexual contact with Hong Kong MSMs 

1.1.6. Probability sampling method should be considered in investigating the 

prevalence of HIV infection and HIV-related risk factors in MSMs 

Annually MSM surveillance conducted by Shenzhen CDC has been started from 

2002, and the surveillance found that the prevalence of HIV and syphilis among 

MSM has increased respectively from 0 9% and 9 4% in 2002 to 2 7% and 15 8% in 

2005 [57], and further increased to 3 7% and 18 2% in 2008 [58] But all the 

surveillances were based on non-probability sampling methods including 

convenience sampling and snowball sampling, and no Hong Kong related data was 

obtained from the questionnaires Because of the high mobility of the whole 

population including MSMs, cohort study could hardly be conducted in the city It is 

accepted worldwide that time-location sampling (TLS) and respondent-driven 

sampling (RDS) are two approximate probability sampling methods suitable for 

sampling hard-to-reach populations For Shenzhen, a cross sectional strategy to 

recruit MSMs by using TLS and RDS should be considered In addition, most of 

previous studies on MSM mixed the MSMs with both MBs and other MSMs 

(OMSM) [27, 30, 59-61] Although many literatures reported significant differences 

between MBs and other MSMs in other countries [29, 39, 52, 62-64], no specific 



differentiation and comparison of MBs with OMSMs was reported in China 

including Shenzhen 

1.1.7. No cross-border HIV transmission was found by molecular epidemiology 

studies though frequent cross-border MSM activities were observed 

Many venues in Shenzhen are famous in MSM communities in China including 

Hong Kong Lau's group found that 15 2% of the Hong Kong MSMs had engaged in 

sexual activity with men in Mainland China, most of them were Shenzhen residentes 

The "cross-border MSM" were more likely than others to practice risk behaviors 

such as patronizing male commercial sex workers, contracting a sexually transmitted 

infection, having more than 2 MSM partners, and having higher proportion of recent 

HIV testing [65] Although the active cross-border MSM behaviors have been 

observed, no HIV strain linkage has been found between Shenzhen and Hong Kong 

A Shenzhen-Hong Kong cooperation project on HIV molecular epidemiological 

study showed that HIV positive MSM groups were clustered into 3 clusters in both 

cities, but no overlap and crossover between the Shenzhen clusters and Hong Kong 

clusters was observed [66-68] The contradiction between the results from 

epidemiological survey and the molecular epidemiological analysis could hardly be 

explained only by data from Hong Kong The in-depth analysis of Shenzhen situation 

might be even more important for understanding the behavioral and molecular 

patterns of cross-border HIV transmission, since almost all cross-border sexual 

behaviors are practiced in Shenzhen This in-depth analysis should contain a detail 

clarification of the characteristics of both MBs and other MSMs by a scientific 

sampling method and a relevant molecular analysis with HIV positive samples 

1.1.8. Rationale of the study, aim, and objectives 

Knowing the epidemic among MSM and their response, as well as identifying the 

varieties in behaviors and other factors related to HIV infection among different 

subgroups of MSM can help health care providers to craft an optimal effective 

response [7] The aim of the study is to determine the characteristics of HIV infection 



among MSMs in Shenzhen, China by approximate probability sampling methods, 

and to better interpret the transmission pattern of HIV among MSMs by molecular 

phylogenetical analysis 

There are four main objectives of the study 

To determine the characteristics of HIV and syphilis infections in MSMs in China 

using data collected from Shenzhen with time-location sampling (TLS) method and 

respondent-driven sampling (RDS) method 

To compare the predictors and correlates for HIV infection among MBs and other 

MSM, and to identify the subgroups in MSM population that had higher HIV risks or 

had more contact with Hong Kong MSMs 

To verify the representativeness of samples recruited from TLS by RDS recruitment, 

and to determine the sampling characteristics and coverage of the two methods 

To describe the molecular evolution pattern of HIV and genetic clusters among HIV 

positive MSMs in Shenzhen, and to identify the HIV transmission pattern among 

MSM in combination with the epidemiological data 

1.2. Layout of the dissertation 

The thesis was consisted of an epidemiological survey and a molecular 

epidemiological study The epidemiological study was designed to investigate the 

biological, demographic, behavioral, and knowledge-related information of MSMs in 

Shenzhen by two different sampling methods Time-location sampling surveys on 

MSMs were conducted in year 2008 and 2009, respectively Each of the TLS survey 

was a combination of separate recruitments of male sex workers and other MSMs In 

addition, a respondent-driven sampling study on MSM was also performed in 2009 

It combined the MBs with other MSMs in order to evaluate the proportion of MSMs 

visiting MSM venues as well as the percentage of MBs among MSMs All HIV 

positive samples collected from the epidemiological study were further prepared for 

a molecular epidemiology assay, including subtyping, drug resistance analysis, recent 



infection and phylogenetic analysis 

Chapter 1 is an introduction of the thesis It is an overview of the background, aim 

and thesis structure 

Chapter 2 is a literature review on relevant topics The global HIV epidemic 

situations as well as the situation in China are firstly introduced Literatures on the 

prevalence of HIV infection and relevant risk factors among MSMs including MBs 

around the world and in China are summarized 

Chapter 3 presents the epidemiological survey that was conducted in both 2008 and 

2009 with two different sampling methods time-location sampling and 

respondent-driven sampling 

Chapter 4 shows the molecular epidemiological analysis, recent HIV infection, HIV 

genotype and drug resistance determination 
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Chapter 2 Literature Review 

2.1. HIV and Men who have sex with men 

The term "men who have sex with men” or MSM in this thesis is refer to the 

extraordinarily varied communities of men found throughout the world MSM 

focuses on sexual behavior rather than on identity Men grouped under this term have 

different experiences, lifestyles, identities, and behaviors In Asian culture men do 

not tend to self identify as either gay or homosexual So the term MSM is the general 

term in attempt to be inclusive of all men who have sex with men, regardless of how 

they see themselves 

It is estimated that at least 5-10% of HIV infections worldwide are the result of 

homosexual activities, although the proportion of cases attributed by this mode of 

transmission was massively varied among countries [7, 69] After years of 

intervention and education efforts focusing on high risk populations, the transmission 

of HIY among IDU, sex workers and blood recipients has been successfully 

controlled in many countries, while homosexual contact among MSM is still a 

prominent mode of HIV transmission in most of the developed countries, and it is 

becoming a big problem in some developing countries [70] The US CDC presented 

their data at the 2010 National STD Prevention Conference and showed that MSMs 

were at least 44 times more likely to be diagnosed with HIV infection than other men, 

and 40 times more likely than women [71] They were also 46 times more risky for 

syphilis than other men and 71 times more than women for sexually transmitted 

diseases According to the CDC report, gay men, bisexual men and other MSMs 

accounted for 53% of new HIV/AIDS cases in the United States in 2007, even 

though they only accounted for 2 8 to 5 3% of the U S male population [71] Recent 

data also showed that French gay men faced sixty-fold higher HIV risk than other 

men [72] 

The social acceptance of MSM varies greatly worldwide In many countries, the 
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MSM practice remains hidden as it is taboo or even illegal Nowadays, although 

many years of HIV-related education and services has been provided to MSM 

population, countries with friendlier attitudes to MSM still have severe HIV 

epidemics among them (i e US, Western Europe) In homophobic countries (e g 

Africa and China), the HIV infections in gay men could be even worse [73] They 

have around 33% of new HIV infections being found in gay men, which was a 

significant increase during the past few years and indicated a potential risk of HIV 

pandemic among MSM population [73] The lack of acknowledgment of sex 

between men means preventive messages may focus largely on heterosexual sex 

With little or no accurate information about MSM and male-male sex, MSMs in 

these countries may believe that they are not at risk In addition, MSMs, especially 

commercial sex workers, may be reluctant to access healthcare services for HIV and 

STIs screening and treatment due to the fear of arrest, fines and/or humiliation and 

discrimination from insensitive health care workers Additionally, they may have 

difficulty in accessing lubricants and condoms, both of which are essential in 

reducing HIV transmission during anal sex, especially in settings where this practice 

is not acknowledged Male commercial sex workers may not have much power in 

negotiating condom use with their clients or they may make an economic choice to 

have unprotected sex for higher payment [74-76] 

Some behaviors in MSM may increase their vulnerability to HIV Multiple sex 

partners and buying or selling sex increases the likelihood of coming into contact 

with HIV infected persons [30, 77-79] Lack of condom and lubricant use add to the 

likelihood of HIV infection [22, 50, 80, 81] Drug and alcohol use, was common in 

some settings where MSM socialize themselves, also influence decision-making 

about condom use and choice and number of partners[78, 82-84] 

The Commission on AIDS used the Asian Epidemic Model (AEM) to construct a 

picture of HIV epidemic in different sub-populations in Asia over the years (Figure 

2-1) The model shows that Asia is on the brink of a large increase of new HIV 
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infections among MSMs, if risk behavior stays at current levels with low condom use 

and many concurrent male partners. If efficient intervention strategy can be 

implemented to achieve a >80% condom use in anal sex among MSMs, the epidemic 

in this high risk population can be successfully controlled [69]. However, an efficient 

intervention strategy should be based on the clear image of the epidemic within this 

high risk population. The detail characteristics of each subgroup of MSMs as well as 

the preference of certain health services should be issued in behavior survey, and the 

transmission pattern of HIV should also be understood before a suitable intervention 

is effectively distributed. 

IF INTERVENTIOW COVERAGE AND RISK BEHAVIORS STAY 
THE SAME AS IN 2007 

IF INTERVENTION COVERAGE IMTEMSIFIES SO THAT CONDOM 
USE INCREASES TO 80% BY 2012 

Growing IVISIVl Epidemic C o n t r o l l e d M 5 M Epidemic 
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Figure 2-1 The Asian Epidemic Model (AEM) estimate the HIV epidemic in Asia with or 

without inten/ention among MSM [69] 

2.1.1. MSM in China 

The prevalence of HIV infection has been increasing in MSM in Asia, which raised 

the concern that this trend may prevail in China. The distribution of annual reported 

HIV cases by transmission routes showed that a trend of increasing sexual 

transmission including homosexual transmission was observed in the past few years 

[21] (Figure 2-2). 

HIV positive rates among MSMs were ranged from 0.9% to 10.8% in different cities 

of China [23, 58，85-87], and even higher in particular MSM subgroups (e.g. as high 

as 26.5% of the MSMs recruited from bathhouses and saunas were HIV positive in 

Chongqing) [60]. Until 2006, the homosexual transmission only accounted for 0.6% 

of the accumulated HIV cases. But the situation changed rapidly since 2007. Among 
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Figure 2-2 Proportion of transmission route in reported HIV positives in China by year [21] 

In accordance with the variation of HIV prevalence in different areas in China, the 

distribution of HIV among MSM in China is also unequal. According to National 

MSM surveillance in 2008 covering 61 cities in China, the prevalence of HIV 

infection ranged from lower than 1% to higher than 10%. Although the average HIV 

prevalence in China was 4 9%, there are 4 provinces had a higher than 10% 

prevalence. All of these 4 provinces (Sichun, Chongqing, Guizhou and Yunnan) are 

located in southwest China, a poor region with very high population density[88]. 

Besides the unequal distribution of HIV infection, an increasing trend of prevalence 

of HIV infection was observed among MSM in both the high HIV prevalence areas 

and low prevalence areas in China within the past few years. It was found that the 

prevalence of HIV infection among MSMs increased from 0.4% to 5.8% between 

2004 and 2006 in Beijing [30], 0.05% to 3.1% from 2006 to 2007 in Jinan [23], 

19.7% to 26.5% from 2006 to 2007 in Chongqing bathhouse MSM [60], and 0.9% to 

3.8% from 2004 to 2008 in Shenzhen [56-58], 
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the estimated new infections during 2007, 12.2% was accounted for homosexual 

transmission; while in 2009, the percentage increased dramatically to 32.5 % [19, 
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Factors that contribute to the acquisition of HIV in MSMs were needed to be 

examined specifically in the context of China It includes biological, social 

behavioral and knowledge-related factors Besides the social-economic status which 

was well documented worldwide, a couple of behavioral factors were also found to 

be correlated with HIV infection For MSM in particular, unprotected anal 

intercourse (UAI) [30], multiple sexual partners [30, 89, 90] and receptive anal 

intercourse [90] were independently associated with HIV infection However, many 

reports documented high levels of above-mentioned risky sexual behavior, similar to 

those found in Western countries 54 7% of the MSMs in Guangzhou practiced 

unprotected anal intercourse with other men [28] The percentage was 46% in 

Jiangsu [91], 57% in Shanghai [5], 49%-55% in Beijing [59, 92], and 54 7% in 

Yunnan [93] In addition to unprotected sex, the number of male sexual partners 

among MSMs is also an important factor Ruan [94] and Zhang [90] both found that 

more than 10 lifetime male sex partners was associated with HIV sero-positivity, 

while Choi reported that sero-positivity was associated with having more than 20 

male sexual partners [74] 

Due to the stigmatization of homosexual and the culture in China that focused on 

procreation, most MSMs are forced to conceal their sexual orientation and marry 

with a woman Nearly one third of the MSMs have ever been married [23, 89，93] 

This finding provides insight into the potential risk of HIV transmission from the 

high risk MSM population into the general population through heterosexual contact 

2.1.2. MSM in Shenzhen and Hong Kong 

MSM population in Shenzhen has grown rapidly over the past two decades [24] 

According to an estimate made by Shenzhen CDC in 2006, there were about 65,860 

to 96,600 MSMs lived in Shenzhen [33], with many of them frequenting venues like 

bars, massage centers, saunas, family clubs, parks and also parties In saunas and 

bathhouses, MSMs take bath and contact with others before engaging in sex In bars, 

MSMs talk, drink, dance and watch shows performed by other MSMs and then 
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engage in sex with other MSMs or male sex workers (also called “money boy" in 

China, MB) in private rooms, toilets, hotels or at their homes Massage center is a 

kind of commercial sex clubs, providing under-table commercial male-male sex 

services to clients besides massage or gum services Family club is the smallest unit 

of in-door commercial service agencies The managers or pimps rent the apartments 

and recruited several MBs serving as call boy Park is a kind of public areas that 

provide MSMs a free opportunity to contact with other MSMs or MBs MSMs 

generally search MBs' information through Internet and then call for commercial 

services at hotels or at their homes [34] They also use Internet as a means of 

connecting with other MSM 

The major differences about MSMs among Shenzhen and other cities in China 

including Hong Kong are (1) high proportion of internal migrants among Shenzhen 

MSMs who were coming from other places of inland China Most MSMs observed 

in Shenzhen have only lived in this city for no more than half a year [57, 58], and (2) 

high proportion of money boys (MBs) among Shenzhen MSMs, especially those 

observed in MSM venues [57, 95] 

Along with the national trend, the HIV epidemic is also increasing in Shenzhen by 

year (Figure 2-3, data from Shenzhen CDC annual reports) Sexual transmission has 

become the major transmission route for HIV infection since 2007, which accounted 

for 51 8% of the newly reported cases in that year Among the 894 newly reported 

cases in 2009, 67 2% were infected through sexual transmission, with 27 5% infected 

through homosexual contact An increasing trend of HIV infection among MSMs 

compared with other risk groups was observed, the proportion of MSMs among 

annual newly reported cases was increased year by year from 1 4% in 2004 to 3 9% 

in 2005, 5 7% in 2006. and 15 7% in 2007, then 23 3% in 2008 and 27 5% in 2009 

(Figure 2-3) The proportion of MSMs among annual HIV cases in Shenzhen was 

similar to the estimated proportion (12 2% in 2007 and 32 5% in 2009) of MSMs in 

all estimated HIV cases, and it was significantly higher than the proportions found in 
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other cities as well as the national level (3 4% in 2007 and 8 6% in 2009) 

Shenzhen Center for Disease Control and Prevention (CDC) has started annual MSM 

surveillance from 2002, and found that the prevalences of HIV and syphilis among 

MSM have increased respectively from 0 9% and 9 4% in 2002 to 2 7% and 15 8% 

in 2005 [57], and to 3 7% and 18 2% in 2008 [58] (Figure 2-4) The increase in both 

HIV and syphilis prevalence was significant However, most of these data were come 

from convenience sampling methods 

Shenzhen's neighbor, Hong Kong also reported a slightly increasing trend in HIV 

infection, with 4 05% in 2006 and 4 35% in 2008 among community-based MSMs 

[96-98] In addition，the number of annually diagnosed HIV positive MSMs was also 

significantly increased during the past 10 years according to the annual HIV reports 

from Center for Health Protection in Hong Kong [96] (Figure 2-5) Homosexual 

contact was continuously the major transmission route in Hong Kong from 2007 
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Figure 2-3 Distribution of annual new infections by mode of exposure in Shenzhen, 
1992-2009 (data from Shenzhen CDC) 
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Figure 2-4 HIV and syphilis infection among MSM in Shenzhen, 2002-2007 [58] 
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Figure 2-5 HIV reports in heterosexual men and MSM in Hong Kong, 1995-2007 [96] 
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2.1.3. MBs in China as well as in Shenzhen 

The MSM studies provided some baseline information about the sexual risk 

behaviors of MSM in China, but they only reflected a certain subpopulation of MSM, 

namely well-educated urban men who access certain entertainment MSM venues like 

bars and saunas Our knowledge about MSMs is limited as they are difficult to reach 

and less visible, such as Internet-based MSM, MSM frequenting other MSM venues 

(like parks or small family clubs) and male sex workers (money boys) Male sex 

workers (MSW) as a subset of MSM have been studied for over 20 years since 

HIV/AIDS has become a major health concern in the MSM community Previous 

studies in some developing countries indicated that MSWs have risky behaviors and 

are vulnerable to HIV/STI infections [36, 39, 99, 100] A survey found an HIV 

infection rate of 33% among MSWs in Mumbai, India [100], which is significantly 

higher than the prevalence of 17% among MSMs [101] A longitudinal study 

reported an HIV infection rate of 16% at their baseline and an incidence rate of 4 8 

per 100 person- years during a 6-month follow-up in Moscow, Russia [36] A 

10-year follow-up study reported a 9% baseline HIV infection rate and an incidence 

rate of 3 7 per 100 person years in London, England [48] These literatures indicated 

that the main factors associated with MSWs' risk behaviors include age, education 

level, duration of sex work, migration patterns, financial status, drugs and alcohol 

intake, sexual orientation, being receptive during anal intercourse, and STIs history 

[64，99, 100, 102-104] 

In China, male sex workers who typically sell sex to MSM (and sometimes women) 

are called money boys (MB) In order to avoid confusion with the male sex workers 

who only sell sex to women, we use the term "money boys" in the thesis So far, 

there has been little information about the prevalence of HIV and risk factors among 

money boys in China Few reports have targeted MBs as study subjects [24, 26, 75, 

105], while no biological data is available to address the issue However, MBs may 
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serve as a bridge for the HIV/STIs epidemic by spreading HIV to the general 

population [49] 

Commercial sex trade in China is illegal, but sex services are available almost 

everywhere, especially in liberal cities such as Shenzhen [10] MBs, as a hidden and 

marginalized group, are very difficult to reach The Chinese government has recently 

launched a large-scale counseling and testing program targeting MSM, which 

involves many MSM non-governmental organizations (NGOs) Thus, more MBs are 

being reached for public health purposes than before A thorough search of the 

literature reported 3 quantitative surveys and one qualitative study about MBs [26, 75, 

102, 105-107] They reported that MBs have limited knowledge of AIDS/STIs, have 

both male and female sex partners, have a high prevalence of risky sexual behaviors, 

and are in need of intervention 

2.2. Sampling Method for Most at Risk Populations (MARPs) 

In most countries outside of sub-Saharan Africa, the HIV infection is concentrated in 

three subpopulations men who have sex with men, injection drug users, and sex 

workers and their sexual partners [7] Consequently, it is commonly accepted that 

data of disease prevalence and risk behaviors within these most at risk populations 

(MARP) are critical for understanding and controlling the spread of the disease 

[108] 

Unfortunately, due to the lack of appropriate sampling frames for these populations, 

relatively small number of cases and cases being anonymous, MARPs are difficult to 

study with standard sampling methods For this reason they are often called "hidden" 

or "hard-to-reach" population A variety of sampling approaches have been tried to 

study these hidden populations, but they produced estimates with unknown bias and 

variances in many cases [108, 109] The resulting uncertainty about key 

subpopulations has complicated public health efforts to evaluate prevention programs 

and effectively allocate resources 

20 



2.2.1. Types of Sampling Used among MARPs 

Because most people are at very low level of HIV risks, general population surveys 

(e g household surveys or national censuses) typically do not obtain enough samples 

of interest Additionally, stigma related to high-risk populations inhibits individuals 

from disclosing their risk behaviors Alternative sampling methods designed to 

access these populations have been developed, which was applied by researchers and 

public health providers to collect useful data for approximate representative samples 

A number of sampling methods have been implemented for behavioral surveillances 

and researches among hard-to-reach populations 

• Snowball Sampling It is a long-chain referral sampling started from a set of 

individuals (named “seeds”）to recruit their peers, and then the recruited participants 

continue to recruit the next The chain of recruitment continues for several waves 

until the sample size is reached It is a non-probability sampling method 

• Institution Based Sampling recruiting population members from a variety of 

facilities (e g drug treatment centers, STI clinics) frequented by members, which 

come with institutional bias [108] 

• Key informant sampling the method to overcome response biases by selecting 

especially knowledgeable respondents and asking them about others' behavior, rather 

than their own The method reduces the tendency to exaggerate socially acceptable 

behavior and understate disreputable behavior, while add some other bias including 

professional orientated and institutional bias, lack of sufficiently detailed knowledge 

and lack of interaction with a random group of potential clients 

• Respondent Driven Sampling the sampling method that relies on social network 

properties to sample hard-to-reach populations It is a modified long-chain referral 

sampling (or snowball) each individual recruits his or her peers into a study The 

recruitment links are tracked of who recruited whom as well as their numbers of 
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social contacts The data is analyzed by using statistical adjustments for network size 

to produce generalizable samples [110-112] 

• Time Location Sampling This is a sampling method that recruits individuals from 

specific locations during specific time periods Time-location sampling can be a 

probability sampling based on the accuracy of the sampling frame to include all the 

venues and the size of the target population that frequents these venues Time 

location sampling is also referred as venue-based sampling, venue-time-based 

sampling, time-location cluster sampling, and time-space sampling [113] 

• Targeted Sampling This sampling method recruits individuals from specific 

locations They map a target population and recruit a pre-specified number of 

subjects at sites identified by the ethnographic mapping, ensuring that subjects from 

different areas and subgroups will appear in the final sample Time-location 

sampling is an example of advanced targeted sampling 

Among them, TLS and RDS were widely accepted as two approximate probability 

sampling methods for reaching hard-to-reach populations To any sampling method, 

the most important thing is the method's ability to potentially reach all members of 

the priority population In addition, it is crutial to follow a standardized protocol to 

help ensure reproducibility over time and comparability across locations [114] 

2.2.2. Time-location sampling (TLS) 

2.2.2.1. Overview 

Sampling hard-to-reach populations has been a long and challenge topic, particularly 

in the AIDS era Venues where MARPs are known to congregate could help to 

increase the efficiency of obtaining a complete sample while retaining assurance that 

the target population was included Early efforts to efficiently identify and recruit 

MARPs using venues was made by Watters & Biernaki [109] Their research among 

IDU was designed to overcome limitations found in convenience sampling such as 

ensure inclusion of diverse subpopulations Enhanced targeted sampling was the 

22 



addition of estimation of density of targets in the target areas and the introduction of 

proportional sampling quotas [115] 

TLS draws on this history in the use of venues and ethnographic understanding of the 

priority population but also adds venue-day-time (VDT) based random selection 

[116] VDT sampling takes advantage of the fact that MARPs attend a universe of 

venues at identifiable and specific days and times TLS combines the VDTs and a 

thorough formative research phase This ensures that a high proportion of venues 

attended by a priority population are included in the sampling frame Random 

selection of VDTs adds substantial rigor to the method by reducing selection bias 

Consecutive sampling VDT further reduces selection bias by not picking and 

choosing venues The TLS is currently the most representative sampling method for 

recruiting hard to reach populations, especially those subgroups who are frequenting 

venues 

TLS is held to approximate random cluster sampling where everyone attending the 

cluster (venue) has an equal chance of inclusion and are sampled as a group 

Members of the target population have approximately equal or somewhat known 

chances of being sampled by randomly selecting venues, days and times where they 

can be found The equal chance is achieved by randomly sampling enough places 

and times (Table 2-1) 

Table 2-1 Strengths and Limitations of TLS 

Strengths Limitations 

Assumed representativeness b\ 
approximating random cluster sampling 

Efficient for rare or hard to reach populations 

No need for a complete roster of individuals 
m a MARP 

•Need complete ’‘map” of aenue-da\-
times 

Somewhat hard to validate 

Bias to� \ards those \\ho attend \enues. 
lea\es out those who iie\er or rareh 
attend 

However, the weakness of TLS is also obvious unless at least a very high percentage 

of venues are identified and a very high percentage of subgroup members visit such 

venues Another potential source of bias is the non-response bias rose from the 
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nature of recruitment sites Besides the above mentioned sampling bias, people in 

venues may not participate the survey at those times and locations [108] TLS is 

probably suitable for producing probability samples of the population that attend 

venue-day-time segments, if only they could not represent the whole population If 

frequent gay venue visitors were more likely to engage in high-risk sexual behaviors 

[117], HIV prevention research among MSM would better use TLS for the purpose 

of analyzing more risky subgroups [118] 

TLS provides eligibility and response rates for the consideration of 

representativeness and for the adjustment of weighting in statistic analysis The 

statistical methods for TLS are well established - cluster sampling of venue - time 

clusters, and even without adjusting the cluster of venue and event, it is still reliable 

for representing the samples [116, 119-121] 

2.2.2.2. Implementation of TLS 

TLS typically includes 6 steps as (1) Formative assessment, (2) Venue Universe / 

Sampling Frame Construction, (3) Random selection / Sampling Calendar Creation, 

(4) Sampling events / recruitment, (5) Laboratory testing and results return/ Referrals, 

and (6) Data management and analysis 

A complete venue universe is the fundamental key to the methodological rigor of 

TLS and the basis for TLS to be considered as a quasi-probability sampling method 

The venue universe is both a tool to form understanding of the geography and 

diversity of the priority population and serves as the sampling frame for TLS 

2.2.2.3. Application of TLS 

TLS was first used for behavioral surveillance among MSMs in the United States in 

the early 1990's [119, 122] Since then, TLS has been implemented to analyze a wide 

variety of MARPs with diverse settings in many countries over the world [104, 113, 

123-130] A very successful application of TLS among MSMs is the HIV behavioral 

surveillance among MSMs in Bangkok, Thailand They detected a previously 
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unknown high level of HIV infection among Thai MSMs and showed an alarming 

trend in HIV infections (17% to 23% and to 31% over 2 years interval from 

2003-2007) [120, 131] Currently TLS is the standard method for HIV behavioral 

surveillance among MSMs in the United States [132] 

2.2.3. Respondent-driven sampling (RDS) 

2.2.3.1. Overview 

Respondent-driven sampling (RDS) represents an advance in sampling methodology 

because it resolves the previous intractable dilemma of the lack of coverage when a 

study was focused on the most accessible part of the target population Most 

location-based sampling surveys have no reliable way to determine the 

representativeness of their samples to the targets The other horn of the dilemma 

arises if priority is placed on coverage rather than statistical validity Network-based 

methods, also known as chain-referral and snowball sampling, can provide 

comprehensive coverage of the target population It asks individuals to refer those 

they know, these individuals in turn refer those they know and so on Based on the 

principle of "six degrees of separation", this approach could potentially reach any 

member of a population in only six waves, so total coverage is possible, at least 

theoretically [133] However, this approach is prey to a host of biases 

Well-connected individuals tend to be over-sampled as many recruitment paths lead 

to them, so network-based sampling is based on anything but random[134] 

RDS is a chain-referral sampling technique which uses statistical adjustments for 

network size to produce generalizable samples It shows that the breadth of coverage 

of network-based methods can be combined with the statistical validity of standard 

probability sampling methods An RDS study begins by recruiting a small number of 

people in the target population to serve as seeds After participating, the seeds are 

asked to recruit other people that they know in the target population The sampling 

continues in this way with current sample members recruiting the next wave of 

sample members Researchers keep track of who recruited whom and their numbers 



of social contacts (Figure 2-12) [112, 134] A mathematical model of the recruitment 

process then weights the sample to compensate for non-random recruitment patterns 

This model is based on a synthesis and extension of two areas of mathematics, 

Markov chain theory and biased network theory, which were not a part of the 

standard tool kit of mathematical sampling theory [111, 134, 135] The resulting 

statistical theory, termed RDS, enables researchers to provide both unbiased 

population estimates and measures of the precision of those estimates 

Besides the adjustment process that calculates the selection probabilities, the new 

approach of RDS and the primary features that distinguish RDS from snowball 

sampling is the restriction of number of recruits from each recruiter Participants who 

also serve as recruiters are limited in the number of respondents they can recruit by 

the number of coupons they receive (e g 2-3), thereby minimizing the influence of 

each participant on the final sample composition and encourages longer recruitment 

chains to reach into more hidden pockets of the population 
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Figure 2-6 Recruitment network of snowball(A) and RDS(已)，beginning from one "seed" [111] 

However, there are some important sources of bias in RDS including (1) the 

difficulty in tracking refusal rates and the potential impact of non-response bias, (2) 

the assumption of random recruitment within personal networks, (3) unknown degree 

of overlap between networks, (4) the influence of initial seeds selection to the speed 

with which equilibrium can be reached, and (5) appropriate incentives to maximize 
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participation and minimize the refiisal rate or the recruitment of ineligible 

respondents [112, 135]. 

2.2.3.2. Implementation of RDS 

RDS combines "snowball sampling" with a mathematical model that weights the 

sample to compensate for the fact that the sample was collected in a non-random way. 

Although formative research is also needed in RDS, it is less dependent compared to 

TLS. The RDS recruitment process begins with a set number of individuals, or 

"seeds," selected purposefully from the target population. Seeds are trained to recruit 

a set number (generally no more than 3) of individuals from their social network of 

peers. The recruits are also asked to recruit a set number of peers from their social 

network. Both seeds and recruited participants typically receive incentives, both to be 

interviewed and to refer additional recruits. This recruitment process continues to 

produce long recruitment "chains" made up of several "waves" of recruits. 

Researchers record the link between recruiter and recruited peers for further network 

drawing. As the recruitment chains lengthen, the composition of the sample begins to 

reach a point of "equilibrium" whereby the composition of certain characteristics 

(e.g., age group, gender, ethnicity, prevalence of HIV infection) eventually stabilizes 

within the sample, indicating that the final sample is not biased by the purposeful 

selection of seeds [112]. It is generally understood that RDS can be applied only in 

populations that are socially networked and in which members of the network are 

willing to recruit from among their peers. 

In addition to the recruitment process, RDS involves a complex analytical 

component that is crucial for generating representative estimates and confidence 

intervals. This is also the key point of RDS survey. It is done through adjustments of 

factors in the sizes of participants' social networks and the sample's different 

recruitment patterns. Fortunately, the software RDSAT can be used for data analysis 

in RDS survey [110-112, 136-138], 
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2.2.3.3. Application of RDS 

Respondent-driven sampling (RDS) is a new approach for sampling hidden 

populations A recent review reported more than 120 RDS studies worldwide [139], 

including populations as diverse as men who have sex with men [28, 30, 136, 

140-145], sex workers [130, 146], and injection drug users [127，138，146-148] 

Furthermore, the U S Centers for Disease Control and Prevention (CDC) recently 

selected RDS for a 25-city study of injection drug users as part of the National HIV 

Behavioral Surveillance System [149] RDS has also been used by the USCDC's 

Global AIDS Program to study injection drug users (IDUs) in Bangkok As CDC's 

decisions often influence global public health standards, RDS is likely to become 

increasingly common in the study of hidden populations 

2.3. Molecular epidemiological study and transmission clusters 

2.3.1. HIV genotype and molecular epidemiological study on HIV epidemics 

Viruses, particularly RNA viruses, have an exceptionally high rate of evolution This 

extremely high evolutionary rate is an effective survival strategy for viruses to 

survive in facing host immune responses The natural history of virus including the 

transmission pattern can be reflected by viral population diversity The only way to 

trace back their ancestor and tract the distance among viruses is to study the imprints 

on their genome Molecular epidemiology is an incorporation of molecular 

phylogenetics in the study of epidemiology, the study of evolutionary relationships 

among organisms or genes on the basis of molecular data, i e DNA, RNA, and 

protein sequences 

Phylogenetic analysis calculates and maps the genetic distance based on genetic 

sequence difference by constructing trees Clusters or lineages, i e branches in a 

phylogeny that fall together, can represent the particular viral genotypes or subtypes, 

or even small subgroups of evolutionarily close related viruses [150] 
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Circulating HIV isolates are classified into HIV-1 and HIV-2, while HIV-1 is the 

most prevalent and clinically relevant type of HIV HIV displays high genetic 

diversity due to the lack of proof reading capability of its reverse transcriptase 

Although the diversity of the vims is a major impediment to successful vaccination, 

it helps identify genotypes/subtypes and phylogenetic relationships between 

subgroups Currently, there are 9 recognized genetic subtypes of HIV-1 (A-K, 

excluding E and I) as well as 48 circulating recombinant forms (CRFs), which are 

created by frequent inter-subtype recombination (i e，genetic exchange among 

subtypes) The distribution of subtypes is largely dependent on geographic location, 

such as HIV-1 Subtype A in Africa, Subtype B in North and South Americas and 

Europe, Subtype C in India, China and South Africa However, there is very few 

evidence proving the correlations between subtypes and specific disease 

manifestations 

In HIV molecular epidemiology studies, phylogenetic analysis of sequences can be 

used for tracing the history of epidemic and finding relationships among genetic 

clusters However, since recombination is common, it could be even more difficult to 

classify HIV-1 subtypes with clusters of sequences that were generated by a series of 

localized outbreaks in specific populations (45) Molecular epidemiology is also 

recognized as a powerful tool to study the origin of global transmission patterns 

among different risk groups It also provide supportive evidence to identify the 

possible epidemiological linkages among individuals transmitted HIV through a 

common route, e g infected healthcare worker, injecting drug users and men who 

have sex with men [66, 151, 152] 

Phylogenetic analyses are broadly used to detect phylogenetic linkage, which could 

be used as evidence of epidemiological linkage Identifying broad clusters of 

genetically related viruses within large human populations is a new approach besides 

the evolutionary origin tracing in phylogenetic analyses Distinct clusters of 

epidemiologically linked viruses can be inferred by the presence of viruses from 
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distinct clades disproportionately represented in distinct subsets of the population 

On the other hand, genetic transmission chains were used for evidence of direct 

transmission between individuals [153-161] Moreover, Detection of genetic clusters 

could be used to infer the introduction of one or a small number of viruses into a 

population, and to explain outbreaks of HIV infections or close linkage within a 

certain transmission network [162-166] It was reported in both Shenzhen and Hong 

Kong that genetic clusters were observed in HIV strains from HIV positive MSMs 

[66-68] 

2.3.2. Pol region for molecular epidemiological study and drug resistance 

analysis 

HIV-1 phylogenetic analyses are determined by nucleotide sequences derived from 

multiple subgenomic regions, gag (gp40) and env (gpl20) genes, of the same isolates 

or full-length genome sequence analysis (Figure 2-13) [167-179] In recent years, 

along with the drug resistance analysis that focus on mutations on pol region of the 

vims, a trend was found to include pol region for phylogenetic analysis [180-185] 

Pol region is a comparatively longer region than env and gag regions that is widely 

used in HIV molecular epidemiological studies in the early stage, and thereby 

contains more information for phylogenetic analysis [186] 

HIV-1 Gene Map 
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Figure 2-7 HIV-1 gene map. 
Genomic regions of env, gag and pol were showed (www hiv.Ianl.gov) 

The combined use of various antiretroviral drugs for treating HIV-1 infection has 

been proven to be effective in reducing HIV-related morbidity and mortality The 

currently available arsenal of drugs for the treatment of HIV infection includes 



agents that fall into three main classes the nucleoside analog reverse transcriptase 

(RT) inhibitors (NRTI), the non-nucleoside analog RT inhibitors (NNRTI) and the 

HIV protease inhibitors The aim of all three classes of drugs is to inhibit viral 

replication When a HIV-infected patient fails to respond, or stops responding to 

treatment with these therapeutic agents, the development of viral drug resistance is 

often the reason 

Drug resistance arises from mutations in the viral genome, specifically in the regions 

that encode the molecular targets of therapy, HIV protease and RT enzymes HIV RT 

and protease mutations alter the viral enzymes in such a way that the enzymes' 

function is no longer inhibited by the drug, leaving the virus to replicate freely 

HIV drug resistance results from the interplay of three factors (1) HIV diversity, (2) 

HIV replication, and (3) anti-HIV drug selection pressure HIV-1 genetic variability 

is an important factor to be considered in the management of antiretroviral (ARV) 

drug-treated patients, since it may determine the selection of viral populations with 

decreased susceptibility to currently used drugs The surveillance of ARV resistance 

mutations is necessary and has been widely provided to AIDS patients on ART 

treatment in developed countries, while it's still not widely available in developing 

countries The occurrence of drug resistant mutations in treatment experienced AIDS 

patients is not only a problem for the treatment of the patients, it also pushes the 

patients into a source for transmitting drug resistant strains to others 

The transmission of drug resistant HIV-1 is constantly increasing in the past few 

years, which resulted in poor treatment outcome or failure in treatment naive patients 

Complete suppression of HIV-1 could be compromised if therapy-naive patients 

already harbor virus with mutations conferring resistance to antiretroviral drugs used 

for initial therapy This incomplete suppression in turn promotes the development of 

broader drug resistance and compromise subsequent treatment regimens [187, 188] 

The primary drug resistance mutation rate ranged from 5% to 25% among treatment 

naive HIV patients in Western countries [189-191] The rate of drug resistant 
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transmission in China was relatively low (0 5-4 4%) as reported by some cities, yet 

presented high (17 5-27 8%) in some high risk population including former paid 

blood donors (FBDs) and gays [192-195] To the best of our knowledge, previous 

epidemiological studies mostly focused on the subtype B virus, therefore, 

investigations on non-B viruses would be invaluable 

Drug-resistance mutations are traditionally identified during the pre-clinical and 

initial clinical evaluation of a new antiretroviral drug The genetic sequences of the 

resistant strains are compared with the sequences of the original HIV strain in 

phenotype assay Drug resistance mutations identified by this process acquire 

widespread acceptance as the predominant mutations responsible for resistance to the 

drug under evaluation, and are referred to as "canonical" resistance mutations 

There is HIV drug resistance database (available at http //hivdb Stanford edu/ 

index html) that allows establishment of correlations between certain drug treatments 

and the corresponding mutations in HIV strains isolated from patients receiving that 

treatment This approach can help to identify potential drug resistance mutant 

isolates which should be subjected to detailed in vitro studies 

Overall, most reported transmitted mutations occur in the RT rather than in the PR 

gene though relative frequencies vary markedly in different studies and may depend 

on the dominant risk factors associated with transmission High rates of PR 

resistance have been observed in IDUs, however the sample sizes employed in these 

studies are too small to make any firm conclusion regarding whether the types of 

transmitted resistance mutations is related to the mode of transmission (e g mucosal 

vs blood borne transmission) [196, 197] Research also reported a consensus 

mutation site that was related to the transmission route of IDUs in China [198] 

2.3.3. Testing for recent infection and its correlation to drug resistance 

transmission 
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Figure 2-8 Schematic depicting changes in various parameters that define early and late 

HIV-1 infection [199] 

A variety of methods are used to estimate incidence It includes the traditional 

epidemiological methods and newly emerged laboratory techniques The traditional 

method for detecting incident infections relies on the prospective testing or 

longitudinal monitoring of seronegative people for seroconversion, which is very 

expensive and cumbersome [200-202] 

The laboratory test of incidence could be divided into detection of primary HIV-1 

infection and recent infection Primary HIV-1 infection is defined as the window 

period between HIV infection and the development of detectable antibody to HIV 

(seroconversion) Two types of assays are used to detect primary HIV Infection 

(pre-seroconversion) RNA or DNA assay, and p24 antigen assay [200] 

Recent infection is defined as recent seroconversion when tests are used to measure 

parameters of HIV antibody In population studies, it has been found that 

3 3 

Since the global incidence is still quite high, the prevention efforts will need to focus 

on new infections to prevent further transmission The changes in prevalence of HIV 

infection may not reflect trends in incidence, indicating the importance of continued 

monitoring for incidence Moreover, identifying HIV-1 subtype or pattern of drug 

resistance in newly infected persons can provide important information about the 

direction and dynamics of the epidemic Incidence is also important for vaccine 

design and selecting appropriate cohorts in vaccine trials 

NA 
\ 

1 



characteristics of the initial HIV antibody response in recent infection differs from 

those of established or long-term infections either by antibody titer, proportion, 

specificity, isotype or avidity. Data demonstrated that this assay was usefial for 

estimating seroincidence from a range of different HIV-1 subtypes using 

cross-sectional surveys. 

Three methods are used in testing recent infection, they are: Vironostika-LS EI A 

(often known as STARHS - Serologic Testing Algorithm for Recent HIV-1 

Seroconversion), BED Capture-EIA, and avidity measurements. As the development 

of antibodies vary greatly in each patient, the assays should be used only for 

population surveillance studies and should not be used for the diagnosis of individual 

patients. 

Vironostika-LS (less-sensitive) EIA is based on the differential titer of HIV 

antibodies in recent versus long-term infection. However, since it was developed 

using HIV-1 subtype B antigens, its application is restriceted only to populations 

with subtype B infections. 

Avidity measurement: Avidity index is a marker of recent seroconversion. 

Antibody avidity increases progressively with time after exposure to an immunogen. 

The avidity of the antibody can be measured in the presence or absence of a 

denaturing agent that will elute low-avidity antibody from the antigen-antibody 

complex. 

BED Capture-EIA (Calypte), also named as the HIV-1 BED Incidence Assay, is an 

IgG-capture EIA using a multi-subtype gp41 peptide. It can be successfully used for 

both subtype B and non-subtype B population studies [203, 204]. A window period 

of 153 days after seroconversion has been validated for this assay. BED Capture-EIA 

measures the proportion of HIV-1 specific IgG in a given specimen with respect to 

total IgG. Early seroconverters have a lower proportion of HlV-specific IgG than 

those with long-term infection. HlV-specific IgG may continue to increase for more 

than 2 years after seroconversion when it is tested in this assay. 
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Figure 2-9 Principles of the BED assay (User manual from HIV-1 BED incidence EIA assay). 

The confirmation of recent infection is not only an epidemiological issue for 

estimating HIV incidence, but also help to evaluate the reliability of the prevalence 

of primary drug resistance Because of the genetic variability of HIV, drug resistant 

mutations could revert back to wild types after relieving from drug selective pressure 

[205]. The sampling time for DR analysis excess 6 months after probable infection 

time, the transmitted virus may has time to adapt to the drug free host environment, 

meaning that the virus sampled at time points longer than several months from 

infection are unlikely to be a true representation of the transmitted virus [206, 207]. 

Therefore, it is crucial to test for primary drug resistance in the early stage of 

infection[40]. 

However, it is difficult to identify the exact infection time for those positive 

individuals only by epidemiological data. Testing for recent infection is an 

alternative for follow-up and record-based studies. 
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Chapter 3 Prevalence of HIV infection and its risk 

factors among MSM in Shenzhen 

3.1. Background and objectives 

The high risk of MSM population has been continually a major concern in HIV 

prevention and care since the very beginning of HIV research in 1980s Because of 

the cultural and other difference between Western and Eastern world, the risk factors 

addressed in Western world could not fully represent the situation in China A few 

literatures reported that the prevalence of HIV infection among MSM increased 

rapidly within the part few years in China Being the first Special Economic Zone 

(SEZ) and one of the most innovative cities in China, Shenzhen has one of the largest 

migrant populations (account for 87% of the total population) [32], most of which 

come from inland rural areas The prevalence of HIV infection among MSM was 

reported as 3 7-4 8% in Shenzhen [57, 58], which was similar to the national average 

of 4 9% in MSMs [88] The high percentage and wide variety of migrants among 

Shenzhen population and the similar prevalence of HIV infection compared with the 

average level of MSMs in the whole nation indicated that Shenzhen is an ideal place 

for analyzing the HIV prevalence and behavioral characteristics among MSM in 

China On the other hand, a significant proportion of money boys (MB) were 

observed among the MSM population in Shenzhen [24, 29] Based on this unique 

characteristic that was mainly found in big cities, the differentiation of MB with 

other MSMs (OMSM) should be considered when analyzing MSMs But the 

sampling population of most currently available studies mixed general MSMs with 

MBs [22, 28, 30, 58, 208] The influence ofMBs in the whole population of MSMs 

and the different characteristics related to sex trading behaviors were not addressed 

In addition, the sampling methods for these studies mainly relied on non-probability 

sampling methods like snowball sampling method or convenience sampling method 

based on big entertainment venues or STI clinics, which might affect the 
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representativeness of the study and had greater risk of bias than probability sampling 

methods. Time-location sampling (TLS) and respondent-driven sampling (RDS) was 

by now the best two approximate probability sampling methods in sampling most at 

risk population (MARP). However, very limited researches used RDS in sampling 

MSMs [27, 28, 30, 92] and no study using TLS was reported in China. 

The objectives of this part of study were to determine the prevalence of HIV along 

with syphilis among MSM in Shenzhen by TLS and RDS, and to compare the 

difference between money boys and other MSMs. In this chapter, we report the study 

results of 1651 MSMs who were recruited from time-location sampling surveys in 

2008 and 2009, respectively, with a separate recruitment of MB and OMSM in each 

year. In addition, a respondent-driven sampling survey on a mixed sample of 492 

MSMs was also applied in 2009 within the similar time period. 

The chapter describes the distributions of HIV-risk related characteristics of MSMs, 

including: 1) homosexual and heterosexual risk behaviors, as well as the commercial 

sex behaviors, and 2) socio-demographic characteristics, sexual orientation, 

economic status, drug and alcohol use, personal HlV-related knowledge and service 

accessibility, and condom use. The chapter is divided into 4 parts: 1) Prevalence of 

HIV infection and HIV-related risk factors among MSM by TLS sampling, with a 

parallel comparison of data collected in 2008 and 2009. 2) A comparison of 

HIV-related risk factors between MBs and OMSMs with a combined data of 2008 

and 2009 TLS. 3) A comparison of prevalence of HIV infection and HIV-related risk 

factors among MBs or OMSMs recruited from different venues with a combined data 

of 2008 and 2009 TLS. 4) RDS survey and the comparison between RDS and TLS 

survey with the OMSMs data collected in 2009. 

3.2. Subjects and Methods 

3.2.1. Flow diagram for the studies 

A flow diagram was showed in Figure 3-1 to interpret the framework of the study. 
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Figure 3-1 Flaw diagram of the study 

3.2.2. Sampling population for TLS and RDS 

The study tried to cover the spectrum of men who have sex with men - from those 

who self-identified as heterosexual and only engage in "situational sex" with other 

men to those who were gay-identified and had sex exclusively with other men. 

Therefore, the target population of the study included different subgroups of MSM, 

in which MBs and other MSMs were separately recruited in TLS A mixed sample of 

MSMs was recruited in RDS because it was difficult to differentiate MBs from other 

MSMs outside their working venues. In TLS survey, OMSM were eligible to 

participate if they were biologically male, aged 18 years or older; reported 

homosexual contact in Shenzhen in the previous 6 months of the survey; reported no 

paid male-male sex in the previous 6 months, and completed verbal informed consent 

to participate 

Compared with OMSMs, MBs had a higher mobility, with an average of 3 months 

for changing working venues of sex trade [29, 56]. In addition, it was difficult for 
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MBs to retrieve the past 6 months' sexual activities because of the large number of 

commercial partners Therefore, the criteria of eligibility for MBs were changed to 

focus on commercial sex activities in the previous month MBs enrolled in the study 

were biologically male, aged 18 years or older, living in Shenzhen for more than 1 

month at the time of survey, had ever sold sex (oral or anal) to another man in 

Shenzhen during the previous month, and completed verbal informed consent to 

participate 

The criteria for eligibility of the participants in RDS was 1) biologically male with 

aged >18 years, 2) had male-male sex in the previous 6 months in Shenzhen, 3) were 

part of an extended network of MSM, and 4) completed verbal informed consent to 

participate 

3.2.3. Sample Size Calculation 

PASS (Power Analysis and Sample Size Software) 2008 was applied to calculate the 

sample size needed for risk factor analysis For binomially distributed independent 

variables, given a PO (proportion of HIV infection in the reference group) = 0 04 to 

0 05, and odds ratio (OR) = 2 0, the smallest sample size would range from 343 to 

423 (a=0 05 and P=0 2) [209] Furthermore, according to the widely used 

recommendation of sample size calculation for multivariate analyses, additional 

10-20 people were needed per variable [210] An additional sample of 400 would 

therefore allow us to add 20-40 independent variables in the model The number of 

variables used in the models of this study were smaller than 20’ the sample size of 

800 after combining the data of survey 2008 with 2009 or MBs with OMSMs was 

therefore adequate for the purpose The actual sample size for both MB and OMSMs 

was set to be 350-450 in sampling of MBs or OMSMs in each year of TLS survey 

Sample size for MSMs in RDS was set to be 450 since data for the adjusted analyses 

were sufficient after 4-5 waves of recruitment (sample size of 300-500) when the 

sample reaches "equilibrium", that was, when additional waves of recruitment do not 
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substantially change the composition of the sample with respect to key variables 

[211] 

Since the estimated prevalence of HIV infection is 5%, from the above survey with a 

total of 2000 subjects, 100 HIV positive samples could be obtained for molecular 

epidemiological analysis For binomially distributed independent variables, given a 

sample size of 100 and PO (proportion of non-clustered strains in the reference group) 

二 0 1 to 0 5, the odds ratio (OR) would range from 1 75 to 2 54 (a=0 05 and 

P=0 2)[209] 

3.2.4. Sampling procedure 

3.2.4.1. Study design 

MBs or OMSMs in MSM venues were separately surveyed using the venue-day-time 

(VDT) sampling scheme, a specific method of time-location-sampling (TLS) 

Formative research and enumeration were conducted to identify venues to be 

included in the sampling frame VDTs were sampled systematically At sampled 

VDTs, eligible persons were asked to participate in a behavioral questionnaire and 

have their blood drawn for HIV and syphilis tests 

In RDS survey, 10 MSM "seeds" were recruited purposively, ensuring that they meet 

the criteria of eligibility Each of the seeds and subsequent recruits was given three 

coupons to recruit other MSM they knew Participants received 50 RMB as incentive 

for their participation in both behavioral and biological data collection, and 10 RMB 

for each successful recruit The survey was terminated when the target sample size 

was reached 

3.2.4.2. Formative assessment 

Formative assessment (FA) was the process by which researchers or public health 

practitioners define the community of interest, ways of accessing the community and 

the attributes of the community relevant to the specific public health issue Typically 

the FA included 4 steps 1) Review of secondary data within geographic area of 
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interest/literature review, 2) Garnering community support, 3) Key informant 

interviews with local "experts in target population", 4) Focus groups with members 

of the priority population 

The formative research conducted in the two years of TLS survey was consisted of 4 

focus group discussions, 30 individual in-depth interviews and more than 10 field 

observations It was first conducted to select the MSM venues and to determine the 

most productive times for conducting the survey at these venues Key informants 

were approached from the community, leaders of MSM non-governmental 

organizations (NGO), MSM including MB representatives and local MSM experts, 

in order to include a diverse group of community members in key informant 

interviews so that venues catering to smaller subgroups within the MSM population 

were included CDC staff and volunteers from community were also trained about 

the operation of TLS survey Since no specific formative assessment was required in 

RDS, the information collected from the FA in TLS was used in RDS 

3.2.4.2.1. Venue Universe / Sampling Frame Construction 

After the formative assessment, a complete list of venues in Shenzhen was created 

There were two sampling frames that have been constructed the first sampling frame 

was a list of venues that meet the MSM attendance requirements The second 

sampling frame was a list of venue-specific sampling periods of 2-4 hours each, 

which could build the list of days and times of high attendance for each venue 

(VDTs) 

Venue eligibility and identification 

MSM venues eligible for the study were considered the universe venues we currently 

know as MSM venues in Shenzhen, including bars, family clubs, saunas, health 

centers, massage centers/parlors, parks and public toilets In 2008, venues with 

estimated > 5 eligible participants in formative research were considered as 

candidates and included in the venue list While in 2009, the minimum number of 
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samples collected in each event was decreased to 3，for the purpose of expanding the 

sampling coverage to the small venues, the venue that had never been touched 

before. 

Monthly sampling frames changed over the course of data collection. For example, 

some venues were closed while some others opened, and some venues were closed 

temporarily for a few months and then reopened. At the start point of each sampling 

month, the status of venues was monitored. 

Venue-day-time periods (VDTs) along with the venues 

The entire day-time period was broken into smaller 2 hour VDTs for each venue. All 

of the venues were evaluated for the number of MSM regularly visiting them and the 

number of MBs in the venue by enumeration or inquiring the owner. The most 

productive time for each venue was decided by information from the gatekeeper or 

manager of the venue. In addition, the on site observation and enumeration was also 

conducted to confirm the best time for entry and intercept. Eligible venues were 

selected and their 1-2 peak two hour periods each day of the week were listed out in 

a chart (see Appendix II). 

3.2.4.2.2. Random selection / Sampling Calendar Creation 

When updated universe for monthly sampling frame was obtained, a monthly 

sampling calendar was created based on random selection principle by using the 

random number generator from www.random.org. Sixteen venues were randomly 

selected each month (based on the estimation of workload) and another two alternate 

sampling venues as replacements for refusals. These alternate venues were based on 

the "insurance policy" that valuable staff time was not wasted if the primary venue 

be inaccessible for some unforeseen reason. One 2-hour time slot for each venue was 

then randomly chosen using a random number table. 
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3.2.4.3. On field sampling events 

Based on the list of VDTs sampled, a team of 2 CDC staff acting as 

counselor/quality controller and phlebotomist and 3-5 trained volunteers acting as 

enumerator and recruiters/interviewer went to the selected site on scheduled day and 

time to carry out the survey Starting at the beginning of the time specified for the 

VDT, enumerator enumerated every MB who started receiving clients and every 

MSM who walked into the venue Recruiters attempted to intercept every person 

enumerated, then introduced study, assessed interest, determined eligibility and 

enrolled subjects When the person agreed to participate in the interview, the 

interviewer brought him to a separate private room to administer the questionnaire 

and had their blood drawn for the testing of syphilis and HIV 

3.2.5. Recruitment of MSMs 

3.2.5.1. Recruitment of MSMs by TLS 

Table 3-1 Enumeration and Recruitment count in MSM by TLS survey, Shenzhen, 
2008-2009 

2008 2009 

MB Other MSM MB Other MSM 
n(%*) n(%*) n(。/0 n(%*) 

Enumeration count 494 785 521 844 
Intercepted eligible count 456 (92 3) 546 (69 6) 496 (95 2) 724 (85 8) 
Interview count 394 (79 8) 334 (42 5) 456 (87 8) 467 (55 2) 

* number of intercepted eligible or interview I number of enumerated 

Participants were recruited from April to July 2008 in 38 venue-date-times (VDTs) 

randomly selected from a total of 49 active venues, and from May to November 2009 

in 64 VDTs randomly selected from a total of 85 active venues In 2008, a total of 

1002 (77 4%) individuals were actually intercepted out of 1295 potentially eligible 

MSMs identified, and 728 (72 7%) of the intercepted completed the interview and 

biological test In 2009, 1220 (89 4%) among 1365 potentially eligible MSMs 

identified were intercepted and 923 (67 6%) of them completed the survey (Table 3-1) 

Reasons provided for unwillingness to participate in the study included having been 
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tested for HIV recently, not having enough time for the survey, being afraid of giving 

blood samples, and not feeling comfortable about participating in a study related to 

HIV risk and sexual activities 

3.2.5.2. Recruitment of MSMs by RDS 

The survey by RDS was carried out during May-November 2009 Survey data by 

TLS conducted in the same period were used for comparison CASI system was used 

for the purpose of improving self-reporting of sensitive behaviors The recruitment 

was started from 10 seeds at beginning, and a total of 1290 coupons were distributed 

with 492 (38 1%, including seeds) returned The seeds were selected for the diversity 

of demographic factors and key outcome variables [110] The background 

information of each "seed" was displayed in Table 3-2 1 seed failed to distribute 

coupons due to the unexpected reason of moving to other city All 492 eligible 

participants completed the questionnaire and 491 provided blood samples 

Participants with positive HIV or syphilis results were provided with post-test 

counseling and referred to appropriate treatment and care services 

Table 3-2 The background information of the "seed" in RDS, 2009. 

Seed Age Education Occupation Income (RMB) HIV 

0 26 Senior high school Worker 1000-2000 Positive 
1 19 College MB 2000-3000 Negative 
2 28 College Clerk 3000-4000 Negative 
3 25 Senior high school Clerk 3000-4000 Negative 
4 34 Senior high school Soldier 2000-3000 Negative 
5 30 College Clerk <1000 Negative 

6 31 Junior high school MB >9000 Negative 
7 29 College MB >9000 Negative 

8 24 College Business 5000-7000 Negative 

9 28 Senior high school Clerk >9000 Negative 

3.2.6. Questionnaire 

The participants were interviewed by trained research assistants from MSM 

volunteer organization after informed consent was obtained Questionnaire used in 

the study was modified from the national survey on MSMs [27, 30] Data were 
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collected on demographics, commercial and non-commercial sex risk behaviors, drug 

addiction, STIs history, HIV-related knowledge and services, and clinical status 

(Questionnaire in Chinese is attached in Appendix I): 

(a) Demographics: age, ethnicity, current resident place, officially registered resident 

place (location of hukou), hometown, education level, length of stay in Shenzhen, 

employment status, occupation, income level, marital status, and living status. 

(b) Sexual behaviors: sexual orientation, age of first penetrative sexual experience, 

gender of first sexual partner, age of first male sex experience, gender of sex partners 

in the previous 6 months, major venue for seeking male partners, sex role in male 

anal intercourse. Venue for seeking male partners was defined as "venue where you 

always seek male partners", which included bar, massage center, family club, park, 

sauna, internet and others. In addition, venue-type for recruitment was also recorded 

as a variable in interpreting venue where participants were probably like to visit, 

which included bar, massage center, family club, park, sauna and venue in suburb. 

Sex role in male anal intercourse included insertive anal intercourse, receptive anal 

intercourse and both. 

(c) Non-paid homosexual behaviors: regular sex partner and non-regular sex partner, 

sexual activities and sex role in the past six months, frequency of condom use in last 

six months for regular and non-regular sex partner, condom use and lubricant use in 

last sex activity for regular and non-regular sex partner, paying partner and condom 

use in paying sex in the past six months, male sex partner from Hong Kong or 

foreign countries. Number of sexual partners and condom use with partners in the 

past six months was reported according to partner type: a steady partner was defined 

as "somebody you have sex with regularly and to whom you feel an emotional bond 

or identify as boyfriend", a date partner was defined as "somebody you have sex for 

more than one encounter, you know some of the partner's background information 

and identify as friend", a one-night stand partner was defined as "somebody you 

have sex with without payment, and know mere background information about", a 
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paying partner or client was defined as "a partner from whom you received money, 

gifts or valuables in exchange for sex", and a paid partner was defined as "a partner 

to whom you gave money, gifts or valuables in exchange for sex" [212] 

(d) Heterosexual behaviors regular and non-regular female sex partner in the past 6 

months, condom use frequency in last six months for regular and non-regular sex 

partner 

(e) Paid sexual behaviors age of first paid male and female sex, the percentage of 

male or female clients from Hong Kong, number of male and female clients in the 

past 1 month, average of payment per encounter with male clients, sex role in paid 

sex, frequency of condom use in paid sex, lubricant use in paid sex, mobility of sex 

trade activity A paid male sex partner was defined as "somebody you have sex with 

for payment" 

(Q STI history STI related symptoms, attitude towards treatment choice, diagnosed 

STIs history Diagnosed STIs history was defined as ever been diagnosed with STIs 

in the past 1 year 

(g) Drug and alcohol abuse drug use history, alcohol use before sexual behavior, 

frequency of substance use, substance use before sexual behavior, injecting drug use, 

and history of needle sharing Drug use included substance use (use of heroin, crystal 

methamphetamine, cocaine, ecstasy, marijuana, ketamine, and cough syrup) and 

popper/Viagra use 

(h) HlV-related knowledge and services HIV testing history, perception of HIV 

infection, coverage of HIV-related public health services, HIV-related knowledge 

and condom use knowledge Coverage of HIV services was defined as receiving any 

services including condom distribution, lubricant distribution, peer education, STIs 

diagnosis or treatment, HIV counseling or testing, or AIDS/STIs educational 

materials in the past year Perceived risk of acquiring HIV was measured by a 
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question ( "How much do you estimate your risk of getting HIV/AIDS?，,) using an 

integral scale from 1 (not at all) to 5 (a great deal) and to 6 (already infected) 

3.2.7. Data collection 

Because of the sensitivity of the questions in this study, a self-admistered 

questionnaire could capture the sensitive behaviors more reliably in high risk 

populations A paper based guided self-administered questionnaire was used in year 

2008 for data collection Participants requiring assistance in reading or interpreting 

survey questions could consult volunteers However, the paper based questionnaire 

could hardly guarantee the quality of the interview without on-venue invading the 

privacy of the interviewees, since staff served as quality controller needed to check 

the questionnaire in front of the participants Therefore, computer-assisted 

self-interview (CASI) was used in 2009 

Research on computerized interviewing in the USA showed that replacing the 

interviewer with a computer can provide conditions, including privacy and the 

perception of anonymity, that facilitate reliable and frank reporting, thereby 

increasing reports of sensitive behavior in surveys in sensitive populations [213] 

In order to improve the self-reporting of sensitive behaviors, a computer-assisted 

personal interview system (ITACAPI®, Shanghai Nankang Technology CO, Ltd, 

China) was used to replace the face-to-face or guided self-administered interviews 

that performed in the previous year Questions were edited for use in ITACAPI® 

pilot-tested, and adjusted if necessary The ITACAPF system was tested for 

performance and acceptability among MSM volunteers, key informants and MB 

representatives After that, five small venues (family clubs) and three big venues (one 

bar, one sauna and one park) were selected randomly for pilot study 

A total of 8 notebooks with touch screen were provided on each VDT for the 

interview After providing verbal informed consent, participants completed 

self-administered questionnaires on hand-held computers, providing demographic, 

behavioral, and psychosocial information For those non-sensitive questions in the 
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beginning of the questionnaire, a trained volunteer from the local MSM NGO helped 

each participant to choose the answers and familiarized him with the touch screen of 

the notebook, and then left him to complete the rest of the questions on his own 

Participants requiring assistance in interpreting survey questions or layout could 

consult volunteers 

Quality control measures, including dose supervision, on-site observation, field and 

office editing were implemented Questions were tested for missing values and logic 

problems All key variables were examined The main method used to detect errors 

was to view the distributions of variables and construction of box plots If the 

original distributions were far from normal, we performed a logarithmic 

transformation to identify outliers There were two strategies for correcting 

unreasonable outliers One was to delete the whole record if it had more than 5 

variables having unreasonable outliers or if it had signs of fabrications The other 

strategy was to designate the extreme outliers as "missing values" 

A 5mL blood sample was collected from each participant with EDTA-K3 tube as 

anticoagulant The participants were given their negative test results over the phone 

Participants with positive results in screening test were asked to go to the Shenzhen 

CDC for a confirmatory test, and provided with post test counseling if the 

confirmation test was positive, and referred to additional STIs and HIV/AIDS 

services according to Chinese national guidelines (Ministry of Health of China) 

Field notes about the cooperation and refusals of establishments and participants 

were recorded in each VDT The entire length of the survey in each year lasted 4-6 

months 

The study was approved by the Medical Ethics Committee of Shenzhen CDC and the 

Chinese University of Hong Kong Informed consent was obtained from all 

participants 

3.2.8. Laboratory assays 
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A 5mL blood sample was collected from each participant with EDTA-K3 tube as 

anticoagulant. All blood samples were centrifuged at lOOOrpm for 5 minutes. 

Supernatant plasma from anti-coagulated blood was separated and aliquoted into 

500uL per tube. Plasma was used for serological assays or stored at -70°C for the 

further extraction of HIV RNA. The HIV and syphilis tests were performed 

according to standard procedures of Shenzhen CDC laboratory, 

3.2.8.1. HIV test 

HIV screening - emyme-linked immunosorbent assay (ELISA, Wantai Biotech Inc, 

Beijing) 

Human serum or plasma were diluted in specimen diluent and incubated with the 

proteins of HIV-1 and HIV-2 coated microplate wells. If the HIV antibodies were 

present in the tested sample, they would bind with the proteins coated on the 

micro well. After washing off the unbound proteins, horse radish peroxidase 

conjugated with anti human IgG antibodies was added. Enzyme conjugate would 

bind through the antigen antibody complex if present. Unbound analyte was washed 

and substrate solution was added. Color would develop in proportion to the amount 

of HIV antibodies present in the specimen. The reaction was read by EIA reader. 

The detail procedures of the experiments were listed as below: 

• Add lOOuL of the sample diluent to each of the plate well, set one blank control 

(Al), three negative controls (B1,C1,D1) and two positive controls (E1,F1). 

• Add 50uL of each sample in each well, starting from G1 well; add controls to the 

corresponding well. Blank add diluent. 

• Apply cover seal, incubate at 37°C 士 2°C for 30 min. +2 min. Wash the wells 5 

times with working wash solution. 

• Add lOOuL of working conjugate solution in each well including A-1, incubate at 

37°C 士 2°C for 30 min. + 2 min. Aspirate and wash the wells 5 times with 

working wash solution. 

• Add lOOuL of working substrate solution in each well including A-1 and incubate 
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at room temperature (20-30°C) for 30 min. in dark. 

• Add 50uL of stop solution. Read absorbance at 450 nm within 30 minutes in 

Elisa Reader after blanking A1 well. Reactive is printed across that particular 

reactive sample number according to the O.D. value of the cutoff. 

HIV screening - rapid test 

Use anti-HIV-1/2/0 rapid assay (determine, abbott) for a rapid test for on-venue 

testing. 

HIV confirmation test - Western blot assay (WB) 

Positive samples were confirmed by Western blot assay (MP Diagnostics HIV 

BLOT2.2, Singapore). The WB assay was used as the specific supplemental test on 

human serum or plasma specimens found reactive using ELISA. Specific HIV-1 viral 

antigens had been incorporated onto nitrocellulose strips via electrophoretic and 

electrotransblot procedures, in combination with a specific HIV-2 synthetic peptide 

on the same strip allowing for further delineation of the antibody responses to 

specific viral proteins. Antibodies that bind specifically to HIV proteins can be 

visualized using a series of reactions with goat anti-human IgG conjugated with 

alkaline phosphatase and the substrate BCIP/NBT. This method has good sensitivity 

to detect small amount of HIV specific antibodies in serum or plasma. 

The standard procedure of the rapid assay was as follows: 

• Add 2mL of DILUTED WASH BUFFER to each well. 

• Using forceps, carefully remove required number of STRIPS from the tube and 

place numbered side up into each well. Include strips for Strong Reactive, Weak 

Reactive and Non-Reactive controls. 

• Incubate the strips for 1 to 2 minutes a 25 士 3°C on a rocking platform (speed of 

12 to 16 cycles per minute). Remove buffer by aspiration. 

. A d d 2 mL of BLOTTING BUFFER to each well. 

• Add 20uL each of patients' sera or controls to appropriate wells. 
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• Cover the tray with the cover provided and incubates for 1 hour at 25 ± on 

the rocking platform. Tilt the tray to aspirate the mixture from the wells. 

. W a s h each strip 3 times with 2 ml of DILUTED WASH BUFFER allowing 5 

minutes soak on the rocking platform between each wash. 

• Add 2 ml of WORKING CONJUGATE SOLUTION to each well. 

• Cover tray and incubate for 1 hour at 25 ± 3°C on the rocking platform. 

• Aspirate CONJUGATE from the wells. Wash again. 

. A d d 2 ml of SUBSTRATE SOLUTION to each well. Cover tray and incubate for 

15 minutes on the rocking platform. 

• Aspirate the SUBSTRATE and rinse the strips three times with reagent grade 

water to stop the reaction. 

• Remove strips and dry. Observe the bands and grade the results. 

3.2.8.2. Syphilis test 

Syphilis screening - rapid test 

Use anti-syphilis rapid assay (determine, abbott) for a rapid test for on-venue testing. 

Syphilis screening -Rapid Plasma Reagin (RPR) test 

RPR (Rongsheng Biotech Inc, Shanghai) was used to detect the presence of reagin, an 

antibody to cardiolipin. The principle of RPR is that patient sera mixed with a fine 

particle cardiolipin antigen which has been enhanced with cholesterol, lecithin, and 

charcoal will result in a macroscopically visible flocculation-type precipitation if the 

patient's sera contains reagin - an antibody formed against cardiolipin. 

• Dispense one free-falling drop (50uL) of serum or plasma sample onto a circle on 

the test card. Repeat by adding one drop of REACTIVE, WEAK REACTIVE or 

NONREACTIVE control from the dropper vials supplied. 

• Using the flat end of the stirrer pipette spread the sample over the entire area of 

the test circle. Do not scratch the surface of the test area. 

• Dispense one drop of the CARBON ANTIGEN suspension onto each sample 
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while holding the bottle in a vertical position. 

• Place the card on an automatic rotator and cover to maintain humidity. Rotate at 

100 士 5 rpm for 8 minutes. Following rotation, a brief hand rotation and tilting of 

the card (3—4 times) should be performed to aid in differentiating nonreactive 

from minimally reactive results. Immediately read results macroscopically in the 

"wet" state under a high intensity light source. 

Syphilis confirmation -T. pallidum particle agglutination tests (TPPA) 

The TPPA test was used to confirm a syphilis infection after another method tests 

positive for the syphilis bacteria. This test detected antibodies to the bacteria that 

cause syphilis and could be used to detect syphilis in all stages, except during the first 

3 to 4 weeks. The TPPA test is performed by using Serodia TPPA kit (Fujirebio, Japan) 

according to the user manual. 

The qualitative assay procedure was as below: 

Four wells were required for each patient sample and controls run in this assay. Wells 

#1 &2 were for dilution of samples, well #3 for unsensitized particles and well #4 for 

sensitized particles. The Positive (Reactive) and Non-Reactive Controls were included 

in each assay run. 

• Place 4 drops (lOOuL) of Sample Diluent in well #1, and 1 drop (25uL) in wells 

#2-#4 using a pipette. 

• Using a micropipette, add 25uL of patient specimen or Positive or Non-Reactive 

Control Sera into wells #1. 

• Mix the contents of well and transfer 25uL of the diluted solution from well 

#1 into well #2. repeat the transfer steps to prepare diluete well #3 and #4. 

• Place 1 drop (25uL) of Unsensitized Particles in well #3, and 1 drop of Sensitized 

Particles in well #4 using the droppers supplied in the kit. 

• Mix the contents of the wells thoroughly (30 seconds) using a plate mixer. Cover 

the plate, stand at room temperature for 2 hours before reading. The incubation 

can be extended to overnight. 
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• Place the plate onto a flat surface, preferably with a white background, and 

visually observe the pattern of agglutination in each well 

3.2.9. Data management and data analysis 

3.2.9.1. Data cleaning and recoding 

EPIData 3 1 was used to set up the questionnaire and enter the data in year 2008 

Since data in 2009 was collected by using a computer-assisted self-interview system, 

the database was directly export from ITACAPI® All key variables (especially the 

variables needed to input numbers, such as numbers of different partners) were 

examined The main method used to detect errors was to view the distributions of 

variables and construction of box plots If the original distributions were far from 

normal, a logarithmic transformation was performed to identify outliers All upper 

extreme outliers (with a threshold of quartile plus 3 times of the inter-quartile 

range) were carefully examined But only unreasonable values were corrected There 

were two strategies for correcting unreasonable outliers One was to delete the whole 

record if it had more than 5 variables having unreasonable outliers or if it had signs 

of fabrications The other strategy was to designate the extreme outliers as "missing 

values" Based on these principles, 12 records were deleted, and 43 records had at 

least one variable corrected and set to "missing value" 

For the variables with multiple categories, a category with just a few cases was 

recoded to its neighbor category Length of stay in Shenzhen was converted into 

three levels, "<= 3 months", "4-12 months" and "> 1 year" Income level was also 

converted into three levels in multivariate analysis, "< 1000 RMB", "1001-5000 

RMB" and ">5000 RMB" Occupation was coverted into 3 categories "commercial 

services" (MBs and dancer or waiter in MSM venues), "student", "migrant worker" 

and "clerk or other" Perceived risk of acquiring HIV was converted into three levels 

of "no risk", "little risk" and "high risk" Hometown of the participants was recoded 

into binary variables of "high HIV prevalence areas" and "low HIV prevalence 



areas" in consideration of the HIV prevalence of the hometown province according 

to the result in 2008 national MSM survey [88] The high HIV prevalence areas were 

located in Southwest China, including 4 provinces of Sichuan, Chongqing, Yunnan 

and Guizhou Venue-type of recruitment was recoded into 5 catergories "bar and 

massage center", "family club", "park", "sauna" and "small venue in suburb" 

Self-reported venue-type for seeking partners was recoded into 5 catergories "bar 

and massage center", "family club", "park", "sauna" and "internet and other” Count 

variables including the number of different partners and monthly sexual encounters, 

were recoded into categorical variables No risky anal sex was defined as no anal sex 

in the past 6 months or always using condoms in anal sex with men, any other 

responses were coded as unprotected anal intercourse (UAI) No risky vaginal or anal 

sex with female was defined as no vaginal or anal sex with women in the past 6 

months or consistent use of condoms during sex with women, otherwise were coded 

as unprotected anal or vaginal intercourse (UAVI) There were nine core questions to 

evaluate HIV-related knowledge It was defined as the rate of correctly answering six 

or more out of the nine core questions [214] 5 questions were used to evaluate 

condom use knowledge [27] Correctly answering 4 or more out of the 5 questions 

was defined as "high" in the recoded variable of condom use knowledge 

3.2.9.2. Statistical analysis 

In RDS, a special weighting procedure was applied for the data analysis Information 

on the relationship between recruiters and recruits as well as the personal network 

size of each respondent was collected The information allowed weighted analysis 

through "post-stratification" to compensate for the over-sampling of respondents 

with larger social networks [108, 112, 134] Estimates of network size were based on 

the self-report network size in response to this question "In this city, how many 

MSM do you know? That means you could recognize the person's face and know his 

name or nickname, have his contact information, and could get in touch with him 

within one month" Respondent-Driven Sampling Analysis Tool (RDSAT 5 6 0, 
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available free at www respondentdrivensampling org) was used to generate adjusted 

point estimates and 95% confidence intervals (95% CI) 

Since RDSAT could not perform multivariate analysis, SPSS (version 16 0, SPSS 

Inc , USA) was used after cases individual weights that were assigned for HIV and 

syphilis infection were exported from RDSAT The procedure of data analysis by 

SPSS for RDS and TLS data was similar and described as below 

Descriptive analyses were carried out to examine the distribution/frequency of 

subjects' demographic characteristics, sexual behavior patterns, commercial sex 

work and condom use Pearson's chi square test or trend test was performed to 

identify the distribution of proportion of HIV positives within each category of 

variables Logistic regression analyses (univariate) were also performed to identify 

factors potentially associated with HIV infection Furthermore, multivariate logistic 

regression was applied with backward stepwise method to assess risk factors 

Variables in the multivariate analysis were selected based on the results of univariate 

analysis (P < 0 05) and prior knowledge 

When candidate variables in multivariate analysis models were significantly 

correlated with each other, only those variables best explaining the relationships to 

outcome were included in the model The Hosmer and Lemeshow test was used to 

test the goodness-of-fit All reported P values were two-tailed, and a value <0 05 was 

considered statistically significant Adjusted odds ratios (OR) and 95% confidence 

intervals (CI) were obtained from logistic regression analyses 

3.3. Results (Part I) 一 prevalence of HIV infection and related risk 

factors in MSM by TLS 

In. 2008, time-location sampling survey was conducted among male sex workers 

based on their working venues, and OMSMs who frequented MSMs venues Based 

on the collected data, we found that the MBs working in small family clubs and 

parks as well as OMSMs frequenting parks and saunas were at significantly higher 
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risk of HIV infection (9 9%) compared with the MSM recruited from bars and 

massage centers (2 0%) While bars and massage centers were the venues where 

most outreach activities were implemented After the 2008 TLS，specific venue 

targeting HIV education and intervention strategies were modified to meet the need 

of services among different types of MSM in the venues Moreover, a new TLS 

survey including both MBs and OMSMs was conducted in 2009 following the 

similar procedure that implemented in 2008, in order to identify the trend of changes 

in HIV infection and related risk factors 

3.3.1. HIV/syphilis infections and demographic characteristics 

Table 3-3 described the HIV/syphilis prevalence and demographic characteristics of 

the study participants Overall, the HIV and syphilis prevalence was 5 7% (95%CI 

4 8-6 6) and 16 5% (95%CI 15 0-18 0), respectively, which was similar to the 

national average level in MSMs of 4 9% and 12 3%, respectively [88] Among the 

1651 participants, 612 were recruited from bars and massage centers, 260 from 

Saunas, 321 from family clubs (small home-based brothels, where they worked as 

call boys for a pimp or manager who provided housing), 312 from public areas such 

as parks, and 146 from small venues located in suburb outside Shenzhen Special 

Economic Zone In total, 94 MSMs including 49 in 2008 and 45 in 2009 were 

detected HIV-seropositive, with prevalence of HIV infection of 6 7% (95% CI 

4 9-8 5%) and 4 9% (95% CI 3 5-6 3%), respectively There were 272 (16 5%, 95% 

CI 14 7-18 3%) participants who were positive to syphilis, with 133 (18 3%, 95% CI 

15 5-21 1%) in 2008 and 139 (15 1%, 95% CI 12 8-17 4%) in 2009 Among the HIV 

positive participants, the positive rate of syphilis increased to 44 9% in 2008 and 

62 2% in 2009 Overall, the infection rate of both HIV and syphilis was slightly 

decreased from year 2008 to 2009 

The median age of the participants was 24 years in the years of survey with a range 

of 18-51 years in 2008 and 18-62 years in 2009 Overall, 13 7% were younger than 

20 years in age and 22 7% older than 30 years 97 8% MSMs received at least a 
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junior high school education (over 9 years) Only 6 8% held official residence cards 

{hukou) in Shenzhen and 10 1% came from other parts of Guangdong province Most 

of the MSMs originally came from other provinces, such as Hunan (13 2%), Hubei 

(9 2%), Sichuan (9 2%), Shandong (7 2%) and Jiangxi (6 8%) In consider the 

prevalence of HIV infection of the hometown province according to the result in 

2008 national MSM survey, 14 5% of the MSMs came from high HIV prevalence 

areas including Sichun, Chongqing, Yunnan and Guizhou [88] The occupation of 

66 8% of the participants belonged to commercial service industry, including sex 

trade and other normally accepted services like waiter, masseur or dancer in MSM 

venues 9 6% of the participants were migrant workers MSM involving in service 

industry had significantly lower HIV infection rate (4 2%) compared with migrant 

workers (7 6%) and MSM with other jobs (9 7%) About half of the participants 

lived in Shenzhen for less than 1 year 82 9% lived within the SEZ of Shenzhen, the 

city area of Shenzhen, and 17 1% lived in Shenzhen suburb area outside SEZ 62 0% 

of the participants lived in Luohu district, one of the most economically vibrant 

districts of Shenzhen and a commercially developed area that was attractive to 

people from Hong Kong for business and entertainment 44 8% of the MSMs 

reported having male sex partners from Hong Kong in the previous 6 months Over 

85% of the MSMs earned >1,000 RMB (approximately 147 US Dollars) per month 

Only 42 6% of the participants self-identified as gay or homosexual, while 33 9% 

described themselves as bisexual A quarter of the participants identified themselves 

as heterosexual 

Compared with MSMs in 2008, a greater proportion of MSMs in 2009 survey were 

married, older in age, had high income, self-identified as gay or homosexual, and 

were recruited from venues outside Shenzhen SEZ 

Among the biological and demographic characteristics, MSMs with syphilis 

infection, being recruited from venues other than bars and massage centers and 

self-identifying as homosexual/gay were more likely to be HIV positives in both 
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2008 and 2009 surveys MSMs being older in age, hometown in high HIV 

prevalence areas and occupation as migrant worker, clerks or others were found to 

have higher HIV infection rate only in 2008 data 

Two variables related to venues were analyzed in the study, including venue where 

participants were recruited and self-reported venue for seeking male sex partners 

Although significant difference in HIV infection was found among MSMs being 

recruited in different venues in the two years of survey, no such difference was 

observed in self-reported venues for seeking sex partners 

3.3.2. HIV-related sexual behaviors in MSMs 

Table 3-4 showed the HIV-related sexual practices and behavioral patterns among 

MSMs Since the sampling strategy was to parallel recruit MBs and OMSMs until a 

pre-decided sample size reached for each subgroup, the proportion of MBs among 

the whole samples was 51 5% (54 1% in 2008 and 49 4% in 2009) However, the 

prevalence of HIV infection was lower among MB than among OMSM in both 

surveys In total, 394 MBs and 334 OMSMs were enrolled in the first survey in 2008, 

and 456 MBs and 467 OMSMs were enrolled in the second survey in 2009 The HIV 

infection rate in MBs (4 5%) was lower than that in OMSMs (7 0%) in a combined 

data of 2008 and 2009 survey Prevalence of HIV infection was decreased from 5 3% 

to 3 9% in MB group and from 8 4% to 5 8% in OMSM group after one year In 

accordance with the drop of HIV positive rate, syphilis positive rate was also slightly 

decreased from 14 2% to 11 8% in MBs and from 23 1% to 18 3% in OMSMs 

42 2% of the MSM reported that the gender of their first sex partner was male The 

average age at first sex was 20 0 years and first male-male sex was 21 6 years 

Among the 1651 participants recruited in both 2008 and 2009 TLS surveys, 26 7% 

had stable male partner and 69 4% had more than 1 sex partner in the previous 6 

months of the interview On the other hand, more than 40% had sexual contact with 

female partners in the past 6 months One third of these MSMs self-reported of 

having sex with Hong Kong MSM 40 9% of the MSMs reported that they engaged 
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in unprotected male-male anal sex within the past 6 months, including 35 6% who 

reported unprotected non-commercial male sex In contrast, condom use rate was 

higher in heterosexual contact, with only 25 6% self-reported of having unprotected 

vaginal or anal intercourse with women 

In accordance with the greater proportion of homosexual/gay among MSMs in 2009 

than 2008, the proportion of MSM reported of no female partner in the previous 6 

months was also higher in 2009 In contrast, a greater proportion of MSM in 2009 

reported no or only one anal male sex partners in the previous 6 months compared 

with MSM in 2008 In addition, condom use rates among sexual contact with both 

male and female partners were significantly higher among MSM in 2009 (63 4% in 

male sex and 79 2% in female sex) than those in 2008 (53 7% and 68 4%, 

respectively), indicating an overall improvement in reducing sexual risk behaviors 

taking among MSMs in 2009 

MSMs with only one or no female partner in the previous 6 months had significantly 

higher HIV infection rate compared with those who had multiple female partners in 

both 2008 and 2009 survey In 2008 survey, MSMs having no male sex partner from 

Hong Kong were found twice as likely to be infected by HIV (9 6% vs 4 9%) In 

addition, MSMs having unprotected anal intercourse with men including 

non-commercial male partners, and having unprotected anal or vaginal intercourse 

with male or female sex partner also showed a significantly higher likelihood to 

acquire HIV in 2008 MSMs having first sex with man, having initial male-male sex 

before the age of 20, and having unprotected anal or vaginal sex with women in the 

previous 6 months were found to have higher HIV rate in 2009 data 

3.3.3. Self-reported STIs, drug use, accessible services and knowledge 

Table 3-5 showed that approximately 20% of the participants reported having used 

illegal drug in their life time 14 5% reported that they had used drugs in the previous 

6 months, and 4 2% used them before having sex However, soft drug use was much 

more common in bars and massage centers (30 7%), and family clubs (26 8%) 
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compared with other venues (9.9%). A lower proportion of MSMs ever used drugs in 

2009 (17.0%) than in 2008 (25.8%). 

Nearly 12% of the MSMs self-reported ever been diagnosed with STIs in the 

previous 1 year. This subgroup of MSMs had significantly higher HIV positive rate. 

About half of the participants reported that they ever tested for HIV, and one quarter 

of them received a HIV test within 6 months prior to the survey. 

There was a significantly greater proportion of MSMs in 2009 reporting that ever 

received HIV test, as well as HlV-related education and services, while a lower 

proportion reported having diagnosed with STIs and having taken illegal drugs. 

Although the HlV-related knowledge level was decreased in 2009, the condom use 

knowledge level was significantly improved (Table 3-5). 

MSMs receiving HIV test and self percepting of high HIV risk had significantly 

higher risk in HIV infection in 2008 data, while MSMs having diagnosed with STIs 

were more likely to be infected by HIV in 2009. 
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3.3.4. Risk factors associated with HIV infection 

Multivariate analysis was performed to further evaluate the determinants for HIV 

risk from different candidate variables among MSM in 2008 and 2009. In addition, a 

combined data with both 2008 and 2009 survey was used for the multivariate 

analysis in consideration of small number of positive cases in each year of survey 

(Table 3-6). Age, occupation, sexual orientation, venue type of the recruitment 

conducted, number of male anal sex partners, hometown HIV prevalence, gender of 

first sex partner, age in first male sex, male sex partner from Hong Kong, condom 

use in male sex, condom use in female sex, HIV-related knowledge, condom use 

knowledge, HIV test history, HIV-related services, STIs diagnosed history, and 

syphilis infection were considered to enter into the logistic regression model. 

Table 3-6 Risk factors for HIV infection among MSM from TLS survey, 2008 (n=728), 2009 (n 

2008 2009 Total 
AOR# AOR' 

Syphi l is infection 2.62 (1.32-5.19)* 8.59 (4.45-16.56)* 5.46 (3.50-8.53)* 
Occupation 

Commercial services 1 1 
Clerk or other 2.25 (1.06-4.78)* 1.76 (1.06-2.90)* 
Migrant worker 2.36 (0.83-6.75) 1.47 (0.72-2.99) 

Venue-type for recruitment 
Bars and massage centers 1 1 1 
Family clubs 6.06 (2.12-17.30)* 3.96 (1.05-14.86)* 4.11 (1.85-9.14)* 
Parks 2.02 (0.70-5.83) 5.24 (1.42-19.30广 3.26 (1.46-7.31)* 
Venue in suburb 1.78 (0.37-8.47) 3.43 (0.80-14.67) 2.06 (0.77-5.56) 
Sauna 2.26 (0.74-6.87) 3.14 (0.81-12.22) 2.79 (1.19-6.54)* 

Hometown in high HIV prevalence areas 1.77 (1.01-3.07)* 
Sexual orientation 

Homosexual/gay 2.94 (1.02-8.49)* — 2.54 (1.10-5.84)* 
Bisexual 1.22 (0.42-3.53) 1.52 (0.63-3.67) 
Heterosexual 1 1 

Condom use in female sex 0.42 (0.19-0.95)* 0.11 (0.01-0.86)* 
Self-perception of HIV infection 

No risk 1 — — 

Little risk 1.92 (0.87-4.25) 
High risk 5.62 

(1.02-30.83)* 
History of HIV test 

Within 6 months 1 — — 

Before 6 months 0.52 (0.22-1.24) 
Never 0.39 (0.18-0.82)* 

History of diagnosed STIs — 2.54 (1.05-6.15)* — 

**AOR: adjusted odds ratio; STIs: sexually transmitted infections 
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In addition, the Hosmer and Lemeshow test was non-significant (P value was 0,934, 

0.356 and 0.585, respective for the 3 analysis), which indicated that the model fit was 

good. After going through backward stepwise selection, only variables of syphilis 

infection, venue-type for recruitment and condom use in female sex were found to be 

associated with HIV infection in both surveys of 2008 and 2009. No HIV test 

experience and self-perception of higher HIV risk were related to HIV infection in 

2008 TLS, while having been diagnosed with STIs was related to HIV infection only 

in 2009 data. 

For the combined data, syphilis infection, occupation as clerk or other, being 

recruited from family clubs, parks or saunas, hometown in high HIV prevalence 

areas, and self-identifying as homosexual or gay, were significantly associated with 

HIV infection. 

3.3.5. Summary 

This part mainly focused on the prevalence of HIV infection and risk factors for HIV 

infection in MSM through time-location surveys that were conducted in year 2008 

and 2009. The HIV and syphilis prevalence was 5.7% and 16.5%, respectively, 

which was similar to the national average level of 4.9% in MSMs [88], 

The prevalence of HIV infection in MBs (4.5%) was lower than in OMSMs (7.0%). 

Further comparison of MBs with OMSMs was presented in result part II. 

Consistent with the literature targeting MSMs, sexual orientation was found 

associated with HIV infection, with a significantly higher prevalence of HIV 

infection among MSMs self-identified as gay/homosexual. However, it was good to 

find that not all MSMs self-identified as gay or homosexual (42.6%), and around one 

quarter of the MSMs in TLS survey self-reported as heterosexual orientation. This 

situation could be explained by the large proportion of MBs in the TLS study. 

Significantly lower HIV risk was observed in MSMs frequenting bars and massage 

centers compared with MSMs in family clubs, parks and saunas. This finding was the 

first report in China showing the correlation of HIV risk with venue based on the 

venues where MSMs were recruited. Detailed comparison of different venue types 

that were related to HIV risk in MBs and OMSMs were reported in the result part III. 
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Although more MSMs in 2009 self-identified as gay/homosexual, a smaller 

proportion of them reported of high risky behaviors compared with MSMs in 2008, 

including multiple male sex partners and unprotected anal intercourse In addition, a 

greater proportion of MSM in 2009 reported that they had received HIV test and 

other HIV-related education and services 

HIV infection was associated with the hometown of the participants MSMs from 

high HIV prevalence areas had significantly higher risk in HIV infection than those 

coming from low HIV prevalence areas 

3.4. Results PART 11: A comparison between MBs and OMSMs 

Higher prevalence of HIV infection, sexual risk behaviors and social vulnerabilities 

of MBs were reported in most of the literatures [39, 40, 215], while data from the 

TLS survey conducted in 2008 showed that equal or even lower prevalence of HIV 

and syphilis among MBs compared with other MSMs in Shenzhen Therefore, the 

detailed variation in factors of social economics background and sexual behavioral 

characteristics should be investigated to find the key determinants for the difference 

between MBs and OMSMs 

Although some differences in HIV-related risk factors in MSMs between 2008 and 

2009 data were observed, the distributions of the majority of variables in both years 

were similar Given a small number of HIV infections included in the data, MB and 

OMSM data from both 2008 and 2009 were combined and compared in order to 

enhance study power in the analysis Separate data of each year was attached in 

appendix III 

3.4.1. Demographic Characteristics and HIV/syphilis infections 

Among the 1651 MSMs enrolled in the study, 94 MSMs were tested as HIV-positive 

[4 6% (95%CI 3 2-6 1) among MBs and 7 0% (95%CI 5 4-9 0) among OMSMs] 

with HIV positive rate of 5 7% (95%CI 4 6-7 0) The difference of HIV infection 

among MBs and OMSMs was statistically significant with a chi square value of 4 08 

and 尸=0 043 In addition, 272 were found to be syphilis positive, with a prevalence 

of 16 5% (95%CI 15 1-18 8) While the prevalence of syphilis among MBs (12 9%, 

95%CI 10 8-15 4) was significantly lower than that among OMSMs (20 3%, 95%CI 

17 5-23 2) (X2 = 16 25, P < 0 001) In addition, syphilis positive MSMs had 
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significantly higher HIV infection rate than those negatives [18 4% (95%CI 

14 1-23 6) vs 3 2% (95%CI 2 4-4 3), X^ = 97 6 5 , P < 0 001] (Table 3-7) 

HIV risk was highly related to the venues where the participants were recruited, no 

matter they sold sex or not to another man Bars and massage centers were classified 

as a type of MSM venues having the biggest MB organization and a type of venues 

where most HIV-related services were provided Both MBs and OMSMs frequenting 

these venues had the lowest HIV positive rate Another variable of self-reported 

venue for seeking male sex partners was also collected and analyzed Although 

significant difference in HIV infection was found among MBs or OMSMs being 

recruited in different venues, no such difference was observed in self-reported 

venues for seeking sex partners 

As showed in Table 3-7, MSMs being syphilis positive, being recruited from family 

clubs, parks and saunas, and self-identifying as gay or homosexual were more likely 

to be tested HIV positive among both MBs and OMSMs A greater proportion of 

HIV positive was observed in MBs who were older, and came from high HIV 

prevalence areas A trend of increasing HIV infection with decreasing income level 

was found among OMSMs 

Nearly all demographic characteristics except for monthly income were significantly 

different between MBs and OMSMs MBs were younger and less educated compared 

with OMSMs A smaller proportion of MBs held Shenzhen or Guangdong resident 

cards (Hukou), had fulltime jobs or were married A smaller number in MBs 

self-reported homosexual/gay orientation Instead, a bigger proportion of them 

self-identified heterosexual (34 8%) compared with OMSMs 

3.4,2. HIV risk and sexual behaviors 

Table 3-8 showed that HIV infection rate was significantly different among different 

categories of sexual behavioral variables in both MBs and OMSMs However, the 

sexual behavioral variables with unequal HIV distribution among MBs were totally 

different from those among OMSMs Higher HIV infection rates were observed in 

MBs reporting first sex partner as male, less male partner from Hong Kong, no or 

only one female sex partners and lower condom use rate in all sex While higher HIV 

infection rates were observed in OMSMs being younger in first sex or male-male sex, 

and with exclusive receptive anal intercourse in male-male sex 
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A significantly bigger proportion of MBs reported having sex with women in the 

previous 6 months and having multiple female sexual partners within the same time 

period than OMSMs In addition, MBs were more likely to have multiple male anal 

sexual partners However, a greater proportion of MBs consistently used condoms 

and lubricant in male sex, though they were less likely to use condoms in sex 

intercourse with women The inconsistency of condom use in male and female sex 

among MBs and OMSMs resulted in a similar rate of condom use overall 

Furthermore, MBs were four times more likely to have sex with MSMs from Hong 

Kong than OMSMs (Table 3-8) 

MBs having more than 4 male clients in the previous 1 month, having no clients 

from Hong Kong and having no female clients were more likely to be infected with 

HIV However, no significant increase of HIV rate was observed in MBs practicing 

receptive anal intercourse, being paid less in each sex encounter and having longer 

experience in selling sex 

3.4.3. Self-reported STIs, drug use, accessible services and knowledge 

A trend of increasing HIV risk with the decreasing of time interval from the most 

recent HIV test to the time of survey was found among MBs However no such 

finding was observed in OMSMs Instead, a trend of higher HIV infection rate was 

observed among OMSMs with increasing self-perception of HIV risk 

A significantly greater proportion of MBs reported ever using illegal drugs or 

drinking alcohol before having sex compared with OMSMs The HIV-related 

knowledge and condom use knowledge level were significantly lower in MBs 

However, they were more likely to receive HIV-related education and services, and 

receiving a HIV test within 6 months than OMSMs (Table 3-8) 
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3.4.4. HIV-related risk factors for MB in comparison with OMSM 

To further evaluate determining factors for HIV infection from different candidate 

variables in MBs and OMSMs by TLS, logistic regression model was used for 

multivariate analysis (Table 3-9) Considered variables included syphilis infection, 

age, occupation, sexual orientation, venue type of the recruitment conducted, 

hometown HIV prevalence, gender of first sex partner, age of first sex, number of 

male anal sex partners, male sex partner from Hong Kong, condom use in male sex, 

condom use in female sex, HIV-related knowledge, condom use knowledge, HIV test 

history, coverage of HIV-related services, STIs diagnosed history, and perception of 

HIV risk For MB, two extra variables including number of male clients and selling 

sex to women were added in the model The Hosmer and Lemeshow test was 

non-significant {P value = 0 936 and 0 708，respective, for the MB and OMSM 

analysis), which indicated that the model fit was good 

Table 3-9 Risk factors related to HIV infection among MBs and OMSM, 2008-2009 
MB (n=850) OMSM (n=801) 

AOR P AOR P 

Syphilis infection 5.22(2.48-10.98) <0.001 4.93(2.77-8.79) <0.001 
Venue-type for recruitment 

Bars and massage centers 1 1 
Family clubs 3.36(1.38-8.17) 0,007 13.39(1.57-114.10) 0.018 
Parks 3.57(1.13-11.17) 0.030 8.98(1.18-68.38) 0.034 
Venue in suburb 5.33(1.45-19.52) 0.012 3.31(0.36-30.79) 0.293 
Sauna / 8.04(1.05-61.75) 0.045 

Hometown with high HIV prevalence 2.77(1.29-5.95) 0.009 — 
No male partner from HK 2.40(1.15-5.00) 0.019 -
>4 clients in previous 1 month 2.19(1.02-4.73) 0.046 
Early age of first sex - 1.82(1.00-3.32) 0.049 
AOR: adjusted odds ratio. 

Variables including syphilis infection, venue type of the recruitment conducted, 

hometown HIV prevalence. Hong Kong male partner and number of male clients 

were found significantly associated with HIV infection in MBs While syphilis 

infection, venue of recruitment, and age of initial male sexual practice less than 20, 

were related to HIV infection in OMSMs (Table 3-10) 
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Table 3-10 HIV-related characteristics, OMSM (n =801) vs. MB (n = 850), 2008-2009 

AOR (95%CI) P 

HIV infect ion 2.00 (1.00-4.08) 0.050 
Age >25 4.48 (3.15-6.37) <0.001 

Venue-type for recruitment 
Bar / massage center 1 
Family club 0.75 (0.49-1.16) 0.193 
Park 10.50 (6.75-16.34) <0.001 
Venue in suburb 4.85 (2.78-8.46) <0.001 

Gender of sex partner for man 1.88 (1.32-2.67) <0.001 

Number of male ana丨 sex partners 
0 i 

1 0.62 (0.25-1.50) 0.287 

>1 0.17 (0.07-0.39) <0.001 

Male sex partner f rom HK 
Yes 1 
No 10.13 (6.94-14.81) <0.001 
Unknown 6.59 (3.71-11.71) <0.001 

Condom use knowledge 1.50 (1.05-2.13) 0.026 
Condom use in female sex 1.59 (1.05-2.42) 0.029 

AOR; adjusted odds ratio. 

A direct comparison between MBs and OMSMs were also performed with the above 

common candidate variables in combined with HIV infection by logistic regression 

model. Variables including HIV infection, older in age, being recruited in sauna, 

park and suburb, having less anal sex partner, having higher condom use knowledge, 

more frequent using condoms in female sex, first sex partner being man and having 

no male sex partner from Hong Kong, were the independent correlates of OMSMs 

compared with MBs. 

3.4.5. Summary 

This part mainly focused on the prevalence and risk factors for HIV infection in MBs 

compared with OMSMs using a combined data of two time-location surveys that 

conducted in year 2008 and 2009. The HIV and syphilis prevalence in MBs (4.5% 

and 12.9%, respectively) was significantly lower than that in OMSMs (7.0% and 

20.2%, respectively). The result was inconsistent with the studies conducted in most 
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Western countries that indicated a higher prevalence of HIV infection and related 

higher risky behaviors in MBs 

Syphilis infection and venue for recruitment were the variables associated with HIV 

infection in both MBs and OMSMs While hometown HIV prevalence and 

self-reported Hong Kong male partner were correlated with HIV infection only in 

MBs, and early age of first sex was related to HIV infection in OMSMs 

A smaller proportion of OMSMs reported encountering male sex partner from Hong 

Kong compared with MBs Combined with the finding that a greater proportion of 

OMSMs were infected with HIV, this implies that Hong Kong MSMs coming to 

Shenzhen mainly contacted with MBs with lower HIV infection This finding could 

partially explain the previous finding that no similar genetic clustered HIV strain was 

observed among Shenzhen and Hong Kong HIV positive MSMs A molecular 

epidemiological study on HIV positive cases collected from our TLS and RDS 

surveys was conducted and the results were showed in Chapter 4 

3.5. Results Part III: Different characteristics were found in MBs and 

OMSMs frequenting different venues 

From the result of HIV infection and related risk factors of the time-location 

sampling survey, venue-type where MSMs were recruited was always a factor 

related to HIV risk among both MBs and OMSMs (Table 3-9) Very few previous 

reports discussed venue-based prevalence of HIV infection among MSM, though 

most health education and interventions relied on outreach efforts that were fully 

based on venues Up to this point, most HIV-related health education and 

intervention strategies have mainly focused on big entertainment venues in Shenzhen 

for the purpose of covering more target populations through limited outreach effort 

Health education and condom distribution were only occasionally provided in parks 

and almost no such service was offered in small venues like family clubs The 

variance of services offered in different venues might influence the HIV risks To 

better understand the possible correlation of working venues with HIV risk and 
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syphilis infection, and to identify risky sexual behaviors among MSMs in different 

types of venues, the characteristics in MBs or OMSMs by different venue types were 

compared with a combination of 2008 and 2009 TLS data 

The total number of MBs in Shenzhen exceeded 4,000 (documented data from 

Shenzhen CDC) Most of them were agency-based and controlled or managed by a 

boss or manager (pimps) They could be divided into two subgroups 1) MBs 

working at big entertainment venues like bars and massage centers (EMB), acting 

like waiters or masseurs but providing sex services under the table They usually 

worked in large groups (16-80 MBs in a venue) 2) MBs acting like call boys in 

family clubs, a kind of small home-based call boy brothel (FMB) There was a 

smaller number of MBs in each family club (between 3 and 15 and averaged 8), 

usually with no license for entertainment services MBs working in small venues 

outside Shenzhen Special Economic Zone were in the similar situation like FMBs 3) 

Besides the agency-based MBs, there was a significant proportion of MBs who were 

self-employed and solicited clients by going to public MSM venues like parks 

(PMB), thus acting as street MBs Nearly all types of MBs also solicited clients over 

the Internet 

The estimated number of MSMs in Shenzhen was between 65,860 and 96,600 in 

2006 [33] Most of them frequented MSM venues including bars, massage centers, 

saunas, parks, small family clubs, and multi-functional clubs in suburb 1) OMSM 

visited bars to meet and chat with other MSMs including MBs, drink beverages and 

watch MSM shows in bars 2) OMSM ordinarily visited massage centers to take 

massage and sometimes seek MBs Most OMSM visiting bars and massage centers 

were not fully focus on sex, but had other entertainment purposes besides seeking 

sex partner Therefore, these two types of OMSMs were combined together in the 

part as entertainment OMSM (EOMSM) 3) OMSM visiting saunas (SOMSM) could 

have casual sex within saunas with any known or unknown partners besides having 

bath there with a very low cost of entry ticket Occasional sex and even group sex 
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were frequently happened in sauna 4) Park was a kind of public area that provides 

MSM a free opportunity to contact with other MSMs or even have sex in some dark 

area in parks OMSM in park (POMSM) normally represented a subgroup of MSM 

of lower social-economic status 5) OMSMs recruited in family clubs (FOMSM) 

were ordinary the pimps or clients of MBs who were engaging in paying sex and sex 

with multiple partners A small group of MBs that were at the starting point of their 

sex work or had no client in the previous month were not eligible for the MB criteria 

in the study Thereby, these MBs were also included in the subgroup of FOMSMs if 

they were eligible for the criteria of OMSMs 6) Venues in suburb that located 

outside Shenzhen SEZ were different from venues in downtown, with a combination 

of bar, sauna, video house and Mahjongg room The size of venues in suburb was 

comparatively small, which result in a small sample size of OMSM outside SEZ 

(OOMSM) 

3.5.1. Comparison of prevalence of HIV infection and HIV related risk factors 

among MBs recruited from different venues 

The venues where MBs were recruited by time-location sampling were recorded and 

divided into three venue-types (EMBs, PMBs and FMBs) Characteristics of EMB, 

PMB and FMB were compared based on combined data of 2008 and 2009 TLS 

surveys 

3.5.1.1. HIV/syphilis infections 

Of the 850 participants, 38 MBs were found to be HIV-seropositive, with a HIV 

positive rate of 4 5% (95% CI 3 1-5 9) The rate was 10 3% (95%CI 4 6-20 7) in 

PMBs, 8 1% (95%CI 5 3-12 0) in FMBs and 1 6% (95%CI 0 8-3 3) in EMBs 

However, none of the 196 participants from bars was found to infect with HIV The 

difference in HIV rate was statistically significant among different groups In 

addition, 110 of the participants were positive for syphilis [21/68 (30 9%, 95%CI 

20 5-43 4) from parks, 44/285 (15 4%, 95%CI 11 6-20 3) from family clubs, and 
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45/497 (9 1%, 95%CI 6 7-12 0) from licensed entertainment venues] The 

differences were statistically significant among these venues (Table 3-12) 

3.5.1.2. Demographic Characteristics 

Average age of the 850 MBs enrolled in the study was 23 3 years, with only 19 5% 

older than 25 years (Table 3-12) Independent PMBs were significantly older and a 

greater number of them held Shenzhen Hukou compared with those in group venues 

In addition, PMBs generally had lived in Shenzhen for a longer time, were more 

likely to live with sexual partners and have other jobs besides engaging in 

commercially selling of sex A slightly greater proportion of PMBs and FMBs came 

from regions with high HIV prevalence, such as Sichuan, Chongqing, Yunnan and 

Guizhou [88] MBs working in larger MB groups were less likely to self-identify as 

gay or homosexual, and tend to have higher incomes, including both higher monthly 

incomes and higher payments from each encounter 

3.5.1.3. Sexual Practices 

Sexual behaviors of these MBs were consistent with their sexual orientation, with a 

trend of increasing in MBs reporting partner in first sex being male was found with 

the decreasing of MB's working organization In addition, a greater proportion of 

EMBs having sex with women and having multiple female sexual partners in the 

previous 6 months In contrast, 94% of PMBs reported having sex with 

non-commercial male partners, which was significantly higher than FMBs and EMBs 

(64%) Furthermore, compared with agency-based MBs, PMBs were more than twice 

as likely to practice unprotected anal intercourse with both commercial and 

non-commercial male partners Although all of these MBs had similar number of 

commercial male partners in the previous 1 month and had anal intercourse with such 

partners, EMBs encountered more male clients from Hong Kong and had more 

female clients, but had less experience in sex trade (Table 3-13) 
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Table 3-11 HIV/syphilis prevalence and HIV-related behaviors in money boys by venue type, 
2008-2009 

Participants by Venue Type n (%) 

EMB 

fn = 497； 

FMB 

(n =285) 
PMB 

fn = 68) 
Total n(%) 

(n = 850) 

X' P 

Test result 

HIV positive 8(1.6) 
Syphilis positive 45 (9.1) 

Age (Years) 
18-21 98 (19.7) 
22-25 311 (62.6) 
> 2 5 8 8 ( 1 7 . 7 ) 

Education level 
Junior high school or lower 158 (31.8) 
Senior high school 271 (54.5) 
College or above 68 (13.7) 

Holding residence card 
Yes 14(2.8) 
No 483 (97.2) 

Length of stay in Shenzhen 
<=3 months 165 (33.2) 
4-12 months 140 (28.2) 
>1 year 192 (38.6) 

Occupational status 
Migrant worker 13 (2.6) 
Commercial service (MB) 446 (89.7) 
Clerk or other 38 (7.6) 

Hometown 
High HIV risk area 
Low HIV risk area 

Monthly income 
<=1000 
1001-5000 
>5000 

70 (14 1) 

427 (85 9) 

48 (9.7) 
345 (69.4) 
104 (20.9) 

Self-identified sexual orientation 
Homosexual/gay 99(19.9) 
Bisexual 184 (37.0) 
Heterosexual or unsure 214 (43.1) 

23 (8.1) 
44 (15.4) 

73 (25.6) 
154 (54.0) 
58 (20.4) 

88 (30.9) 
151 (53.0) 
46 (16.1) 

16 (5.6) 
269 (94.4) 

151 (53.0) 
53 (18.6) 
81 (28.4) 

12 (4.2) 
242 (84.9) 
31 (10.9) 

53 (18 6) 

232 (81 4) 

41 (14.4) 
190 (66.7) 
54 (18.9) 

116(40.7) 
89 (31.2) 
80 (28.1) 

7(10.3) 38 (4.5) 
21 (30.9) 110(12.9) 

12(17.6) 
36 (52.9) 
20 (29.4) 

30 (44.1) 
26 (38.2) 
12 (17.6) 

7 (10.3) 
25 (36.8) 
36 (52.9) 

11 (16.2) 
35 (51.5) 
22 (32.4) 

22 (32.4) 
42 (61.8) 

4 (5.9) 

38 (55.9) 
28 (41.2) 

2 (2.9) 

183 (21.5) 
501 (58.9) 
166 (19.5) 

276 (32 5) 
448 (52.7) 
126 (14.8) 

7(10.3) 37(4.4) 
61 (89.7) 813 (95.6) 

323 (38.0) 
218(25.6) 
309 (36.4) 

36 (4.2) 
723 (85.1) 
91 (10.7) 

12 (17 6) 135 (15 9) 

56 (82 4) 715 (84 1) 

111 (13.1) 
577 (67.9) 
162 (19.1) 

253 (29.8) 
301 (35.4) 
296 (34.8) 

23.57 
27.67 

<0.001 

<0.001 

10.48 0.033 

7.29 0.121 

11.79 0.019 

54 41 <0.001 

70.39 <0.001 

2.93 0 231 

31.89 <0.001 

78.89 <0.001 

EMB MB 111 entertainment venue. PMB MB m park. FMB MB in famil> club 
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Table 3-12 Sexual behavior of money boys by venue type, Shenzhen, China, 2008-2009 

Participants by Venue Type n (%) 

EMB 

(n = 497) 

FMB 

fn =285) 
PMB 

(n = 68) 

Total n(%) 

(n = 850) 

X' P 

Gender of f irst sex partner 
Male 
Female 

Female sex partner^ 
0 

1 
>1 

99 (19.9) 
398 (80.1) 

143 (28.8) 
83 (16.7) 

271 (54.5) 

108 (37.9) 
177(62.1) 

157 (55.1) 
45 (15.8) 
83 (29.1) 

Number of non-commerciai male partners 
0 179 (36.0) 102 (35.8) 
1-2 130 (26.2) 67 (23.5) 
>2 188 (37.8) 116 (40.7) 

45 (66.2) 
23 (33.8) 

52 (76.5) 
3 (4.4) 

13(19.1) 

4 (5.9) 
11 (16.2) 
53 (77.9) 

Number of commercial mate partners, past 1 month 
<=i 261 (52.5) 151 (53.0) 33 (48.5) 
>4 236 (47.5) 134 (47.0) 

Payment for sell ing sex to male clients* 
<=500 281 (58.5) 190 (69.3) 
>500 199 (41.5) 84 (30.7) 

Percentage of HK clients* 
<50% 371 (74.6) 252 (88.4) 
>50% 126 (25.4) 33 (11.6) 

Commercial female sex# 
Yes 191 (38.4) 57 (20.0) 
No 306 (61.6) 228 (80.0) 

Sex role jn male ana丨 sex# 
Insertive 139 (28.3) 
Both 271 (55.2) 
Receptive only 81(16.5) 

Year of sell ing sex 
<1 year 237 (47.8) 
1-3 years 211(42.5) 
>3 years 48 (9.7) 

UAI in commercial male sex# 
No 386 (77.7) 
Yes 111 (22.3) 

UAI in non-commercial male sex* 
No 392 (78.9) 
Yes 105(21.1) 

UAI in male sex# 
No 345 (69.4) 

67 (24.4) 
161 (58.5) 
47 (17.1) 

114(40.0) 
152 (53.3) 

19 (6.7) 

223 (78.2) 
62 (21.8) 

221 (77.5) 
64 (22.5) 

35 (51.5) 

57 (86.4) 
9 (13.6) 

64 (94.1) 
4 (5.9) 

6 (8.8) 

62 (91.2) 

14 (22.2) 
35 (55.6) 
14 (22.2) 

25 (37.3) 
27 (40.3) 
15 (22.4) 

30 (44.1) 
38 (55.9) 

31 (45.6) 
37 (54.4) 

252 (29.6) 
598 (70.4) 

352 (41.4) 
131 (15.4) 
367 (43.2) 

285 (33.5) 
208 (24.5) 
357 (42.0) 

445 (52.4) 
405 (47.6) 

528 (64.4) 
292 (35.6) 

687 (80.8) 
163 (19.2) 

254 (29.9) 
596 (70.1) 

220 (26.5) 
467 (56.3) 
142 (17.1) 

376 (44.3) 
390 (46.0) 

82 (9.7) 

639 (75.2) 
211 (24.8) 

644 (75.8) 
206 (24.2) 

75.35 <0.001 

95.11 <0.001 

42.54 <0.001 

0.45 0.799 

23.99 <0.001 

30.60 <0.001 

45.01 <0.001 

2.94 0.568 

22.24 <0.001 

38.24 <0.001 

36.83 <0.001 

191 (67.0) 20 (29.4) 556 (65.4) 42.80 <0.001 
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Table 3-13 Sexual behavior of mone> boys b\ venue type, Shenzhen, China, 2008-2009 Cont 

Participants by Venue Type n (%) 

EMB 

(n = 497) 

FMB 

(n =285) 

PMB 

(n = 68) 

Total n(%) 

(n = 850) 

X2 P 

Yes 152 (30 6) 94 (33 0) 48 (70 6) 294 (34 6) 
UAVI with female partners# 

No 287 (57 7) 214(75 1) 55 (80 9) 556 (65 4) 31 89 <0 001 
Yes 210 (42 3) 71 (24 9) 13 (19 1) 294 (34 6) 

UAVI in all sex* 
No 219(44 1) 146(51 2) 16(23 5) 381(44 8) 17 31 <0 001 
Yes 278(55 9) 139(48 8) 52(76 5) 469(55 2) 

# in the past 6 months, UAI unprotected anal intercourse, UAVI unprotected anal or vaginal 
intercourse, EMB MB m entertainment venue PMB MB in park, FMB MB in famil> club 

Table 3-13 STIs, drug use, HIV knowledge and services of MB by venue, 2008-2009 

Participants by Venue Type n (%) 

EMB 

(n = 497) 

FMB 

(n =285) 

PMB 

(n = 68J 
Total n (%) 

(n = 850) 

X' P 

Ever diagnosed with STIs 
No 57(115) 
Yes 440 (88 5) 

History of HIV test 
Within 6 months 117 (23 6) 
Before 6 months 110 (22 2) 
No 268 (54 1) 

Ever took drugs 
No 341 (68 6) 
Yes 156(314) 

Ever drunk alcohol before sex* 
No 192 (38 6) 
Yes 305 (61 4) 

Any kind of HIV education and service* 
No 74 (14 9) 48 (16 8) 
Yes 423 (85 1) 

HIV-related knowledge 
Low 129 (26 0) 
High 368 (74 0) 

Self-perception of HIV infection 
No risk 435 (89 0) 
Little risk 52 (10 6) 
High risk 2 (0 4) 

31 (10 9) 
254 (89 1) 

102 (36 2) 
61 (21 6) 
119 (42 2) 

206 (72 3) 
79 (27 7) 

138 (48 4) 
147 (51 6) 

237 (83 2) 

93 (32 6) 
192 (67 4) 

254 (89 1) 
28 (9 8) 
3(1 1) 

13 (19 1) 
55 (80 9) 

23 (33 8) 
22 (32 4) 
23 (33 8) 

55 (80 9) 
13(19 1) 

25 (36 8) 
43 (63 2) 

8 (11 8) 

60 (88 2) 

13(19 1) 
55 (80 9) 

52 (76 5) 
12 (17 6) 
4 (5 9) 

101 (11 9) 3 76 0 153 
749 (88 1) 

22 08 <0 001 242 (28 6) 
193 (22 8) 
410 (48 5) 

602 (70 8) 4 80 0 091 
248 (29 2) 

355 (41 8) 7 90 0 019 
495 (58 2) 

130 (15 3) 1 24 0 537 
720 (84 7) 

235 (27 6) 6 72 0 035 
615 (72 4) 

741 (88 0) 
92 (10 9) 

9(1 1) 

21 02 <0 001 

# in the past 6 months, STIs sexually transmitted infections EMB MB in entertainment�enue’ 

PMB MB m park, FMB MB in famiK club 
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3.5.1.4. Self-reported STIs, drug use, accessible services and knowledge 

There was a significantly greater proportion of PMBs reporting ever having 

symptoms of sexually transmitted infections, and being tested for HIV PMBs were 

less likely to use illegal drugs, while they were more prone to drink alcohol before 

having sex (Table 3-13) 

3.5.1.5. Comparison of HIV-risk related characteristics for PMB vs. EMB and 

FMB vs. EMB 

To further evaluate the determinants for HIV risk from different candidate variables 

among the different groups, multivariate analysis was conducted and results were 

shown in Table 3-15. Binary logistic regression model with backward stepwise 

method was used for the analysis The P value for Hosmer and Lemeshow test 

was >0 05, which indicated a good model fit 

Variables were considered in the model including age, length of stay in Shenzhen, 

occupational status, monthly income, sexual orientation, number of commercial and 

non-commercial male partners, payment for each encounter with male clients, 

percentage of male clients from Hong Kong, UAI in commercial and 

non-commercial male sex, paid sex with women, UAVI in female sex, history of 

HIV test, drug use, alcohol use before sex, HIV-related knowledge and 

self-perception of HIV risk 

Variables determining the MBs' likelihood of soliciting their clients in a park 

involved staying in Shenzhen for a longer time, having less monthly income, being 

migrant worker or having other jobs in addition to the sex trade, self-identifying as 

gay/homosexual, having a larger number of non-commercial male partners in the 

past 6 months, receiving lower payment in each encounter with a male clients, selling 

sex to women, and having been tested for HIV 
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Being older in age, staying in Shenzhen for a shorter time, self-identified 

gay/homosexual, receiving lower payment in each encounter with male clients, 

selling sex to women, having a longer experience of selling sex, and having been 

tested for HIV were found to be the predicting variables for working in family clubs 

(Table 3-15). 
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Table 3-14 Comparison of characteristics for PMB vs. EMB and FMB vs. EMB (n =497) 

PIVIB (n=68) 
AOR^ (95% CI) 

FMB (n=252) 

AOR$(95% CI) 
Age 

18-20 
21-25 
>25 

Length of staying in Shenzhen 
<=Smonths 
4-12 months 
>12 months 

Income level 

.74 (1.39-16.12r 

.38 (1.39-13.86r 

Never tested 
Within 6 months 
Before 6 months 

3.02 (1.26-7 27广 

4.32 (1.66-11.20) 

1.00 (0.59-1 71) 
0.62 (0.39-0.98)* 

0.42 (0.27-0.64)' 
0.45 (0.31-0.66)， 

<1000 5.88 (1.49-23.20)* 
1001-5000 2.38 (0.69-8.22) 
>5000 1 

Occupation 
Migrant worker 5.44 (1.07-27.76)* 
Commercial services (MB) 0.21 (0.08-0.52) * 
Cleark or other 1 

Sexual orientation 
Homosexual 30.80 (6.03-157.16)* 2.24 (1.48-3.39)" 

Bisexual 16.10 (3.23-80.30)* 1.08 (0.73-1.62) 
Heterosexual/unsure 1 1 

No. of non-commercial male partners# 
n u 
1-2 

1 
1.84 (0.45-7.51) 

>2 4.74 (1.33-16.93) * 
Average payment per encounter* <500RMB 3.35 (1.35-8.34) * 1.67 (1.17-2.38)" 
<50% male clients f rom Hong Kong# 2.05 (1 28-3.29)* 
Sold sex to women# 3.72 (1.32-10 47)* 2.03 0.38-2.97” 
Year of sell ing sex 

<1 year — 1 
1-3 years 1 68 (1.19-2.39)* 
>3 years 0.85 (0.43-1.68) 

History of HIV test 

.70 (1.16-2.49)* 
.07 (0.69-1.64) 

L EMB served as reference group, adjusted odds ratio, adjusted for other variables listed in 
the text: * P < 0.05; #: in the past 6 months 
EMB MB in enter ta inment�enue . PMB MB in park. FMB MB in famih club 
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3.5.2. Different characteristics among the OMSMs frequenting different venues 

The venues where OMSMs were recruited by time-location sampling were recorded 

and divided into 5 venue-types (EOMSM, POMSM, SOMSM, FOMSM and 

OOMSM) Characteristics of these 5 subgroups of OMSMs were compared based on 

a combined data of 2008 and 2009 TLS surveys Since sample sizes of FOMSM and 

OOMSM were comparatively small, only comparisons of POMSM vs EOMSM and 

SOMSM vs EOMSM were conducted for multivariate analysis 

3.5.2.1. HIV/syphilis infections 

Of the 801 participants, 56 OMSMs were found to be HIV-seroposkive with a rate of 

7 0% (95% CI 5 5-8 5) The rate was 0 9% (95%CI 0 04-5 5) in EOMSMs who 

frequented entertainment venues including bars and massage centers, 9 3% (95%CI 

6 1-13 9) in those in parks (POMSM), 8 1% (95%CI 5 2-12 3) in Sauna OMSMs, 

10 1% (95%CI 4 5-20 4) in FOMSM, and 3 5% (95%CI 1 1-9 4) in OOMSM The 

difference in HIV rate was statistically significant among different groups In 

addition, 162 were positive for syphilis [11/115 (9 5%, 95%CI 5 1-16 8) from 

entertainment venues, 55/246 (22 3%, 95%CI 17 4-28 1) from parks, 58/258 (22 4%, 

95%CI 17 6-28 2) from saunas, 12/69 (17 3%, 9 7-28 8) from family clubs, and 

26/113 (23 0%, 95%CI 15 8-32 1) from venues outside Shenzhen SEZ] The 

differences were statistically significant among these venues (Table 3-15) 

3.5.2.2. Demographic characteristics 

Average age among the 801 OMSMs enrolled in the study was 29 5 years, with 37% 

younger than 25 years and 36% older than 30 (Table 3-15) SOMSMs were 

significantly older and well educated compared with OMSMs frequenting other 

venues EOMSMs (13 0%) and SOMSMs (12 8%) were nearly 4 times more likely to 

hold Shenzhen residence card (hukou) than OOMSM (3 5%) EOMSMs generally 

had lived in Shenzhen for a shorter time, and were more likely to work in service 

industry In addition, the income level of EOMSMs and SOMSMs was 
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comparatively higher than others A greater proportion of EOMSMs self-identified as 

heterosexual or unsure, while a significantly greater proportion of POMSMs and 

SOMSMs self-identified as gay or homosexual 

3.5.2.3. Sexual Practices 

Sexual behaviors of these OMSMs were consistent with their sexual orientation, with 

a greater proportion of EOMSMs having sex with women, and having multiple 

female sexual partners within the same time period (Table 3 -�6) In contrast, 64% of 

SOMSMs had multiple non-commercial male partners, which was significantly 

higher than POMSMs (50%) and others (45%) Furthermore, a significantly greater 

proportion of EOMSMs and SOMSMs encountered male partners from Hong Kong 

(26%) than POMSMs (14%) and other OMSMs (5%) In addition, POMSMs and 

OOMSMs were more likely to practice unprotected anal intercourse in male-male 

sex, while EOMSMs and FOMSMs were more likely to use condoms consistently in 

male anal sex Condom use rate in sexual contact with women was high in all 

subgroups (Table 3-16) 

3.5.2.4. Self-reported STIs, drug use, accessible services and knowledge 

There were a significantly greater proportion of POMSMs and SOMSMs reporting 

being diagnosed of sexually transmitted infections in the previous year In addition, 

SOMSM were more likely to receive HIV test EOMSM were more prone to use 

illegal drugs (28%) or drink alcohol before having sex (60%) In contrast, OOMSMs 

(3%) had the smallest proportion of drug use with only 3 out of 110 ever tried drugs 

(Table 3-17) 

The accessibility of HIV-related services among OMSMs in different venues were 

different, with a better coverage in saunas and family clubs (88%), moderate 

coverage in bars (80%), and comparatively low coverage in parks (77%) and venues 

in suburb (71%) HIV-related knowledge was high among all groups with an average 
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of 84%, while a significantly lower knowledge level was observed among FOMSMs 

(68 1%) and OOMSMs (75 2%) 
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3.5.2.5. Comparison of characteristics of OMSM visiting different venues 

(POMSM vs. EOMSM and FOMSM vs. EOMSM) 

To further evaluate the predicting characteristics for OMSMs visiting different 

venues，multivariate analysis was conducted in comparing POMSM and EOMSM, 

FOMSM and EOMSM (result was shown in Table 3-19) FOMSM and OOMSM 

were not analyzed because their sample sizes were too small 

Table 3-18 Comparison of characteristics for OMSMs visiting different venues [POMSM vs 
EOMSM and SOMSM vs EOMSM (n = 115 ) ] ‘ 

POMSM (n = 246) SOMSM (n = 258) 

AOR$ (95% CI) AOR$(95% CI) 
Age 

<=25 1 
26-30 7 42 (3 65-15 07)* 
>30 6 74 (3 19-14 22)* 

Education 
Junior high school or lower — 0 78 (0 33-1 82) 
Senior high school 0 48 (0 26-0 89)* 
College above 1 

Length of stay in Shenzhen 
<=Smonths 1 — 

4-12 months 1 55 (0 69-3 48) 
>12 months 2 64 (1 38-•5 05)* 

Income 
<1000 4 30 (1 46-•12 61)* 
1001-5000 3 17 (1 45-•6 94)* 
>5000 1 — 

Being married 1 59 (1 06-•2 40)* 1 79 (1 13-2 84)* 
Sexual orientation 

Homosexual 4 25 (1 87-•9 63)* 2 97 (1 31-6 70)* 
Bisexual 3 26 (1 36-•7 81)* 2 08 (0 85-5 04) 
Heterosexual/unsure 1 1 

>1 male sex partners* 1 41 (1 06-1 87)* 
Drug use# 0 42 (0 21-•0 84)* 
Drunk alcohol before having sex# 0 41 (0 24-,0 70)* 0 20 (0 11-0 36)* 

UAI in male sex# 2 41 (1 43-•4 08)* — 

^ EOMSM served a s reference group adjusted odds ratio, adjusted for other 飞 anables listed 

m the text * P<0 05. # in the past 6 months. UAI unprotected anal intercourse EOMSM 

OMSM in entertainment venue, POMSM OMSM in park, SOMSM OMSM in sauna 
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Variables were considered in the models including age, education, length of stay in 

Shenzhen, occupational status, monthly income, marital status, sexual orientation, 

number of male anal sex partners, UAI in male sex, UAVI in female sex, history of 

HIV test, drug use, alcohol use and HIV-related knowledge Backward stepwise 

approach was used to select significant variables Hosmer and Lemeshow test was 

non-significant with P >0 05, indicating that the model fit was good 

Variables associated with OMSMs frequenting parks were staying in Shenzhen for a 

longer time, having less income, being married, self-identifying as gay/homosexual 

or bisexual, no drug use, no alcohol use before having sex with another man, and 

practicing unprotected anal intercourse with men 

Increasing age, lower education level, being married, self-identified gay/homosexual, 

having multiple male sexual partners, and no alcohol use before having sex with 

another man were found to the determinants for OMSMs frequenting saunas 

3.5.3. Summary 

Since HIV infection was significantly different in MBs or OMSMs in different 

venues, this part mainly focused on the comparison of characteristics in MBs and 

OMSMs recruited from different venues based on venue type where participants 

were recruited Venues with high HIV infection rate including parks, family clubs 

and saunas were compared with venue with low HIV infection rate (entertainment 

venues including both bars and massage centers) 

PMBs and FMBs were at higher HIV infection rate, were more likely to self-identify 

as gay or homosexual and earned less in each sexual encounter with clients compared 

with EMBs However, EMB were more likely to sell sex to women and became a 

bridge population for transmitting HIV to general population Intervention efforts 

should be targeted toward all these subgroups of MBs and different strategies for 

different subgroups were recommended 
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Being married and self-identifying as homosexual or gay were the predictors for 

OMSMs frequenting parks and saunas compared with OMSMs in bars and massage 

centers The large proportion of married MSMs frequenting MSM venues with 

higher HIV infection rate indicated that the intervention efforts should be 

strengthened on this risky bridge population 

Although the overall prevalence of HIV in MSMs was still on the average level of 

China MSM, the infection rate in some venues was similar to the level in high 

prevalence areas However, MSMs in high risk venues had significantly higher 

likelihood of having sexual contact with women 

3.6. PART IV: RDS survey and the comparison between RDS and TLS 

survey 

3.6.1. Background 

Because of the stigmatization of homosexuality in contemporary China, social taboos 

and discrimination lead MSM to be discreet about their sexual behavior and thus are 

hard-to-reach [216] Most studies of MSM in China recruited participants by 

convenience sampling from key volunteers or venues [29, 74, 217] While 

convenience sampling is not a statistically valid sampling approach and leads to 

biased selection of subjects Time-location sampling (TLS) is a venue based 

probability sampling method, and widely accepted, while the representativeness of 

TLS needs to concern the impact of non-venue visitors to the whole population 

Respondent-driven sampling (RDS), on the other hand, has the highest potential in 

the coverage of the target population, though it is not a method that based on random 

selection A typical RDS combines network-based sampling and a mathematical 

model of the recruitment process that weights the sample to compensate for 

non-random recruitment patterns With careful recording and tracing of the 

recruitment track, as well as the complicated statistical analysis for weighting and 

homogenization, the RDS could also acquired a quasi-probability sample [139] 
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The RDS survey was tried as an alternative to TLS in the similar time period to 

assess its advantages in reaching more "hidden" MSM This section described the 

distributions of the studied variables among MSMs from an RDS survey The main 

objective of the section was to provide information on the comparison between RDS 

and TLS survey The results could be used to assess the coverage of TLS for MSM in 

Shenzhen and guide the selection of sampling methods for MSM in future survey 

3.6.2. Prevalence of HIV infection and related risk factors of MSM by RDS 

survey 

3.6.2.1. Description of RDS recruitment 

Figure 3-2 and Figure 3-3 showed procedure diagram of RDS recruitment of the 492 

MSM The number of waves per initial respondent ranged from 0 to 18, and the 

highest recruitment was achieved in the fourth wave The reported social network 

sizes ranged from 1 to 1000 (median, 10, interquartile range [IQR], 4—18) The 

homophily index provided information about the tendency among study participants 

to recruit others with characteristics like or unlike their own [111] Homophily index 

values of greater than ±0 7 were thought to be problematic in RDS studies because 

design effects were estimated at 4 or more, with steep increased in design effect as 

homophily values rise [112, 218] While in practice, a figure of 0 4 was commonly 

used as the hard line of demarcation defines low homophily The homophily scores 

of -0 14 to 0 37 were observed in this study with HIV status (-0 016 to -0 002), 

syphilis status (-0 02 to 0 076), venue group (-0 101 to 0 368), and risk behavioral 

group categorized by ever reported unprotected anal intercourse in male sex (-0 144 

to 0 225) This result demonstrated that the recruitment patterns were generally 

consistent with random mixing 
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^ 零 • — A W* 

Figure 3-3 The recruitment of HIV/syphilis positive compared to condom use 
Small: HIV negative; big: HIV positive 

Circle: syphilis negative; Square; syphilis positive 
Blue: use condom with both male and female partner; red: not always use condom in male 

sex; green: use condom in male sex but not use in female sex 

103 

Figure 3-2 Diagram of RDS sampling procedure among MSM (n=492) in Shenzhen, 2009 
Small: recruit; big: seeds 
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Figure 3-4 Equilibrium for demographic variables in RDS survey of MSM, Shenzhen, 2009 
A: age; B: education level; C: income level; D: length of stay in Shenzhen; 

E: occupation; F: venue for finding sex partners; G: sexual orientation; H: syphilis infection 

Data for the adjusted analyses were sufficient when the sample reaches "equilibrium", 

that was, when additional waves of recruitment do not substantially change the 

composition of the sample with respect to key variables In this survey, the 

composition of socio-economic status (SES) was tracked in the sample In practice, 

equilibrium was usually achieved in four to five waves for most variables [111] 
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Equilibrium was achieved by wave 7 with regard to age, hukou (official residence 

status), educational level, income level, occupation, venue where they typically meet 

sexual partners, sexual orientation, and current syphilis infection rate Recruitment 

continued to the 18th wave (Figure 3-4) 

3.6.2.2. Demographic characteristics of MSMs by RDS 

Thirty MSMs were tested HIV-seropositive, with a crude Prevalence of HIV 

infection of 6 1% and adjusted Prevalence of HIV infection (adjusted for network 

size and linkage between recruiters and recruits) of 4 6% (95% CI 2 59-6 7%) (Table 

3-19) The crude and adjusted prevalence of current syphilis was 18 3% and 16 4% 

(95% CI 11 9-21 0%) The average age of the subjects was 27 2 士6 3 years Nearly 

all of the MSMs (98 4%) had received at least a junior high school education (over 9 

years) 8 5% of the participants held official residence cards (hukou) in Shenzhen 

Most of the MSMs came from other provinces of China, while 15 6% came from 

other parts of Guangdong province Only 7% came from high HIV prevalence areas 

More than 70% of the participants had been living in Shenzhen for more than 1 year, 

most of whom lived in Luohu district, the most economically vibrant district in 

Shenzhen Over 90% of the MSMs earned over 1,000 RMB (approximately 147 US 

Dollars) per month, and more than half earned over 3,000 RMB (approximately 441 

US Dollars, the average income level in Shenzhen) 67 9% of the participants 

self-identified as homosexual or gay, and 25 2% self identified as bisexual In 

univariate analysis, being less educated, staying shorter in Shenzhen and ever being 

married were positively associated with HIV infection (Table 3-19) 

3.6.2.3. HIV-related sexual behaviors of the MSMs recruited from RDS 

Table 3-20 showed sexual practice and behavior patterns of the participants 45 

MSMs self-reported involving in paid sex with men in the past 6 months (adjusted 

percentage of 8 7%) According to the information from the individuals that attended 

both TLS and RDS survey, the behaviors of selling sex to men were underreported in 

RDS There were 42 4% (14/33) of the MSMs who participated in both TLS and 
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RDS survey admitted their paid sex behaviors in TLS while denied in RDS Took 

these 14 MBs into consideration, the proportion of MBs in Shenzhen MSMs would 

be at least 12 0% More than 60% of the participants typically meet their sex partners 

through the Internet, while 8 9% in saunas or parks and 9 6% in bars or massage 

centers The average number of male and female sex partners within the previous 6 

months was 2 37 and 0 17, respectively While as much as 69 5% of the MSMs 

reported only having one male anal sex partners and less than 20% had sexual 

contact with female in the previous 6 months More than 80% of the MSMs had no 

sex partner from Hong Kong 32 2% reported that they had engaged in unprotected 

male-to-male anal sex within the past 6 months, including 31 5% who reported 

unprotected non-commercial male anal sex 

3.6.2.4. Self-reported STIs, drug use, accessible services and knowledge from 

RDS 

Table 3-21 showed that 54 2% of the participants never received HIV test before, and 

17 8% received a HIV test in the previous 6 months The level of HlV-related 

knowledge was low, with only 61 1% responded correctly to at least six out of the 

nine items Their level of condom use knowledge was also poor, indicated by that 

more than 44 3% gave incorrect answer to at least 2 out of 5 items 
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Table 3-19 Demographic characteristics for MSMs recruited from RDS in Shenzhen, 2009 

Variable Crude %(n) Adjusted %(95%CI)* HIV+ %(95%CI)* P 

Overall 100 (492) / 4.6 (2.5-6.7) 
Age (Years ) 0.577 

<=20 9.0 (44) 7.6 (4.6-11.1) 4.3 (0.0-10.4) 
21-25 38.5 (189) 37.2 (30.9-42.9) 4.0 (0.9-8.3) 
26-30 27.5 (135) 24.6 (20.0-30.4) 3.0 (0.7-5.5) 
>30 25.1 (123) 30.6 (24.1-36.6) 6.8 (2.4-11.6) 

Education level 0.006 
Primary school or lower 1.8 (9) 1.4 (0.3-3.0) 15.7 (0.0-59.8) 
Junior high school 16.7(82) 14.3 (10.2-18.4) 11.1 (2.5-21.9) 
Senior high school 39.8 (196) 34.4 (28.8-39.8) 6.0 (2.2-10.6) 
College or above 41.7 (205) 50.0 (44.0-56.2) 1.7 (0.5-3.0) 

Residence card held 0.252 
Shenzhen 5.5 (27) 8.5 (5.2-12.3) 1.1 (0.0-2.8) 
Guangdong province 15.0(74) 15.6 (11.4-20.4) 7.7(0.8-17.5) 
others 79.5 (391) 75.9 (70.3-81.0) 4.5 (2.3-6.6) 

Hometown 0.053 
Low prevalent 88.8 (437) 93.0 (90.6-95.4) 4.1 (2.0-6.4) 
High prevalent 11.2 (55) 7.0 (4.6-9.4) 11.2 (3.1-21.4) 

Length of stay in Shenzhen 0.044 
<=3 months 15.2 (75) 13.6 (9.7-17.0) 10.7 (2.3-22.3) 
4-12 months 14.4 (71) 12.2 (8.1-16.3) 5.6 (1.1-11.8) 
>1 year 70.3 (346) 74.2 (69.3-80.0) 3.4 (1.4-5.4) 

Occupation 0.439 
Clerk or others 40.7 (200) 26.0 (21.2-31.3) 6.3 (3.1-9.6) 
Student 1.8 (9) 2.5 (0.9-4.3) 1.2 i-f 
Migrant worker 16.9 (83) 14.9 (10.7-19.0) 5.4 (1.6-10.2) 
Commercial services 40.7 (200) 56.6 (50.5-63.0) 3.8 (0.7-7.7) 

Monthly income 0.623 
<=1000 RMB 9.8 (48) 6.9 (4.6-97) 13.4 (3.3-21.4) 
1001-3000 RMB 47.8 (235) 37.4 (31.0-42.8) 4.9 (2.7-7.3) 
3001-5000 RMB 27.6 (136) 33.1 (27.2-39.0) 4.3 (0.4-9.0) 
>5000 RMB 14.9 (73) 22.6 (16.3-30.7) 4.1 (0.0-8.0) 

Marital status <0.001 
Unmarried 82.7 (407) 82.1 (77.3-86.8) 3.3(1.5-5.2) 
Married 13.8 (68) 16.7 (11.9-21.3) 8.6 (1.5-17.1) 
Divorced or other 3.5 (17) 1.2 (0.7-2.1) 41.5 (6.6-65.1) 

Sexual orientation 0.151 
Homosexual/gay 60.2 (296) 67.9 (62.0-73.3) 3.8 (1.7-6.1) 
Bisexual 32.1 (158) 25.2 (20.6-30.3) 7.9(2.6-13.9) 
Heterosexual/unsure 7.7 (38) 6.9(4.1-10.2) 0.7 (-)# 
Adjusted for network size and linkage between recruiters and recruits. 
RDSAT failed to generate 95% CI since the number of some subgroups was too small 
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Table 3-20 Sexual behavior patterns for MSMs recruited from RDS in Shenzhen, 2009 
Variable Crude %(n) Adjusted %(95%CI)* HIV+ %(95%CI)* P 

Venue frequenting 0.072 
Bar & MC 11.0 (54) 9.6(6.0-13.4) 9.3 (0.0-23.2) 
FC 7.7 (38) 5.5 (3.3-7.6) 6.2 (0.6-14.0) 
Sauna 6.9 (34) 5.5 (3.2-8.2) 14.3 (2.9-27.6) 
Internet 61.0 (300) 62.3 (56.7-68.5) 3.8 (1.7-6.4) 
Park 2.2 (11) 3.4 (1.1-5.9) 2.3 (-)# 
Other 11.： ？ (55) 13.7(9.6-18.5) 0.9 (0.0-2.2) 

Number of male sex partners 0.026 
0 4.3 (21) 5.4 (2.8-8.4) 0.8 (-)# 
1 52.6 (259) 69.5 (63.7-74.6) 3.1 (1.2-5.6) 
>1 43.1 (212) 25.1 (20.5-30.4) 9.7 (4.2-15.6) 

Gender of first sex partner 0.029 
Male 66.5 (327) 71.7 (65.9-76.7) 3.2 (1.4-5.3) 
Female 33.5 (165) 28.3 (23.3-34.1) 8.0 (2.9-13.5) 

Age of 1st sex 0.689 
<=18 26.8 (132) 20.4 (15.8-25.2) 3.2 (0.9-5.1) 
19-20 28.5 (140) 23.7 (18.9-29.0) 7.3 (1.7-14.4) 
21-22 20.3 (100) 27.8 (21.8-33.5) 4.5 (0.2-9.4) 
>22 24.4 (120) 28.0 (22.5-34.2) 5.0 (2.0-8.3) 

No. of female sex partner 0.274 
0 81.3 (400) 82.6 (78.2-87.1) 4.2 (2.2-6.1) 
1 11 : 2(55) 11.6 (7.8-15.2) 9.4 (0.4-21.4) 
>1 7.5 (37) 5.8 (3.3-8.8) 4.0 (0.0-9.4) 

Sold sex to men 0.244 
Yes 9.1 (45) 8.7(5.0-12.8) 0.2 (0.0-0.3) 
No 90.9 (447) 91.3 (87.2-95.0) 5.1 (2.7-7.3) 

UAI in male anal sex 0.002 
Yes 43.7 (215) 32.2 (26.7-38.1) 8.8 (4.4-14.3) 
No 56.3 (277) 67.8 (61.9-73.3) 2.5 (0.7-4.8) 

UAVI in female sex 0.257 
Yes 10.2 (50) 9.6 (6.4-13.6) 10.3 (0.0-24.1) 
No 89.8 (442) 90.4 (86.4-93.6) 4.1 (2.3-6.0) 

Consistent condom use 0.009 
Not always use 48.4 (238) 35.7 (30.2-41.8) 7.9 (3.9-12.7) 
Always use 51.6 (254) 64.3 (58.2-69.8) 2.7 (0.8-5.0) 

Sexrole in male anai sex 0.759 
Insertive only 33.2 (159) 32.3 (26.7-38.3) 4.8 (0.9-9.6) 
Both 50.5 (242) 49.8 (43.7-55.9) 5.7 (2.3-8.8) 
Receptive only 16.2 丨（78) 17.9 (13.2-22.5) 2.0 (0.0-4.2) 
Adjusted for network size and linkage between recruiters and recruits. 
RDS AT failed to generate 95% CI since the number of some subgroups was too small 
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Table 3-21 STIs, drug use, HIV knowledge and services in MSMs recruited from RDS 
Variable Crude %(n) Adjusted %(95%CI)* HIV+ %(95%Cir P 

Ever diagnosed with STIs 0 330 
Yes 8 5 (42) 4 8 (3 3-7 1) 11 1 (1 7-16 7) 
No 91 5 (450) 95 2 (92 9-96 7) 4 6 (2 1-6 3) 

Most recent test for HIV 0 495 
<=6m 21 5(106) 17 8 (13 5-22 8) 3 1 (0 3-5 0) 
>6m 26 4 (130) 28 0 (23 0-34 1) 5 7 (0 8-9 9) 
Never 52 0 (256) 54 2 (47 3-59 0) 5 2 (2 5-8 6) 

Male sex partner from Hong Kong 0 265 
Yes 14 2 (70) 9 7 (6 6-13 2) 4 2 (0 0-8 0) 
No 77 8 (383) 83 1 (78 5-87 0) 5 2 (2 7-7 7) 
Unsure 7 9 (39) 7 2 (4 6-10 6) 2 2 (-)# 

Drug use ever 1 000 
No 90 2 (444) 92 5 (89 3-95 1) 4 7 (2 5-6 9) 
Yes 9 8 (48) 7 5 (4 9-10 7) 5 9 (0 0-11 2) 

Alcohol use before sex 0 164 
No 56 8 (197) 66 7 (61 5-75 4) 3 6 (1 4-5 6) 
Yes 43 2 (150) 33 3 (24 6-38 5) 5 1 (0 1-3 2) 

HIV-related knowledge 0 096 
Low 16 1 (79) 38 9 (31 3-46 4) 3 6 (0 0-6 8) 
High 83 9 (413) 61 1 (53 6-68 7) 6 0 (3 2-8 5) 

Condom use knowledge 0 033 
Low 22 0 (108) 44 3 (37 4-51 2) 1 4 (0 0-2 7) 
High 78 0 (384) 55 7 (48 8-62 6) 6 7 (3 5-9 3) 

Any kind of HIV-related services 0 001 
No 28 5 (140) 26 3 (20 7-30 8) 8 9 (3 8-15 4) 
Yes 71 5 (352) 73 7 (69 2-79 3) 3 0 (1 2-5 0) 

Syphilis infection 0 388 
Yes 81 5(401) 83 5 (79 0-88 0) 4 2 (2 0-6 9) 
No 18 3 (90) 164 (11 9-20 9) 6 2 (2 6-10 5) 

* Adjusted for network size and linkage between recruiters and recruits 
# RDSAT failed to generate 95% CI since the number of some subgroups was too small 

3.6.2.5. Multivariate analysis for examining factors associated with HIV 

infection 

Table 3-22 showed the results of multivariate logistic regression analysis of data 

from MSM who were recruited from RDS survey Variables associated with HIV 

infection including staying m Shenzhen for less than 3 months, being married, 

coming from high HIV prevalence areas, having more than one non-commercial 
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male sex partners and receiving HIV-related services in the previous 6 months The 

risk of HIV infection was 4 3 times higher among MSM who had multiple male sex 

partners than those who did not, after adjusting for age, education, sexual orientation, 

venue for seeking partners, UAI in male sex and UAVI in female sex, HIV test and 

drug use history，HIV-related knowledge and condom use knowledge, and syphilis 

infection The risk of HIV infection was 5 2 times higher among MSM who came 

from high HIV prevalence area in China, 2 9 and 2 7 times higher among recent 

arrived MSM and married MSM, respectively Receiving HIV-related services was a 

protective factor for HIV infection in multivariate analysis 

Table 3-22 Risk factors for HIV infection among MSM in Shenzhen, 2009 RDS survey 
APR* (95%CI) P 

No. of male anal sex partners >1, past 6 months 4.30 (1.69-10.94) <0 001 
Hometown in high HIV prevalence area 5.22 (1.49-18.33) 0.011 
Live in Shenzhen for less than 3 months 2.94 (1.16-7.40) 0.021 
Ever married 2.74 (1 07-7 02) 0 041 
Ever received HIV-related services, past 6 months 0.26 (0.10-0.66) <0.001 

*: AOR was adjusted for other confounder variables including, age, education level, sexual 
orientation, venue for meeting partners, UAI in male sex and UAVI in female sex, HIV test and 
drug use history, HIV-related knowledge and condom use knowledge, and syphilis infection 

3.6.3. Comparison of characteristics of OMSMs from TLS and RDS survey 

3.6.3.1. Demographic Characteristics and HIV/syphilis infections 

Since MBs accounted for a very small proportion of the total MSMs that recruited 

from the RDS survey, but MBs and OMSMs were equally recruited in TLS survey, 

only characteristics of OMSMs were compared There were 465 OMSMs recruited 

from TLS and 447 OMSMs from RDS, from May to November 2009 

Table 3-24 showed that the HIV positive rate was 5 8% in TLS and 5 1% in RDS, 

while the syphilis positive rate was 18 3% in TLS and 16 7% in RDS The average 

age of the OMSMs recruited from TLS and RDS was 30 2 ± 8 0 and 28 2 + 6 4, 

respectively, with significant difference OMSMs recruited from RDS were younger, 

higher educated and had a higher income level More single and homosexual 
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orientated persons were found in RDS participants In addition, a greater proportion 

ofRDS participants reported a long stay in Shenzhen than those in TLS 

3.6.3.2. Sexual Practices 

As displayed in Table 3-25, RDS could recruit more MSMs who were more likely to 

use Internet for partner seeking, have homosexual experience before having 

heterosexual contact, have no female partner, sustain only 1 male partner in the past 

6 months, have no male partner from Hong Kong and practice receptive anal 

intercourse in male sex For the condom use, RDS tended to recruited OMSMs with 

lower unprotected anal or vaginal intercourse with both male and female 

3.6.3.3. Self-reported STIs, drug use, accessible services and knowledge 

There was a significantly greater proportion of OMSMs in RDS survey reporting 

ever diagnosed with sexually transmitted infections, while a smaller proportion with 

illegal drug use or drinking alcohol before having sex The HIV-related knowledge 

and condom use knowledge level were significantly lower in RDS survey 

Accordingly, a significantly smaller proportion of participants in RDS survey 

received HIV-related education and services in the past 1 year They were also less 

likely to receive a HIV test within 6 months (Table 3-25) 

111 



681 (74.3) 
198(21.6) 
37 (4.0) 

583 (63.6) 
264 (28.8) 

69 (7.5) 

50 (5.5) 
160 (17.5) 

345 (37.7) 
246 (26.9) 
324 (35.4) 

171 
351 
394 

80 
145 
691 

156 
101 
659 

(18.7) 
(38.3) 
(43.0) 

(8.7) 
(15.8) 
(75.4) 

(17.0) 
(11.0) 
(71.9) 

467 (51.0) 
13(1.4) 

(16.8) 

(30.7) 
154 
281 

0.21 0.644 
0.41 0.521 
7.28 0.026 

29.82 <0.001 

0.41 0.814 

13.49 0.001 

7.25 0.064 

20.53 <0.001 

24.63 <0.001 

12.81 0.002 

Test result 
HIV positive 
Syphilis positive 

Age (Years) 
<=25 
26-30 
>30 

Education level 
Junior high school or lower 
Senior high school 
College or above 

Residence card holding 
Shenzhen 
Guangdong 
Others 

Length of stay in Shenzhen 
<=3 months 
4-12 months 
>1 year 

Occupational status 
Commercial services 
Student 
Migrant worker 
Clerk or other 

Monthly income 
<=1000 
1001-3000 
3001-5000 
5000-9000 
>9000 

Marital status 
Unmarried 
Married 

Divorced or other 

27 (5.8) 
85 (18.3) 

156 (33.5) 
130 (28.0) 
179 (38.5) 

106 (22.8) 
199 (42.8) 
160 (34.4) 

38 (8.2) 
73 (15.7) 

354 (76.1) 

100(21.5) 
47 (10.1) 

318(68.4) 

226 (48.6) 
3 (0.6) 

82 (17.6) 
154 (33.1) 

33 (7.1) 
228 (49.0) 
131 (28.2) 
50 (10.8) 
23 (4.9) 

317(68.2) 
118(25.4) 
30 (6.5) 

Self-Identified sexual orientation 
Homosexual/gay 271 (58.3) 
Bisexual 150 (32.3) 
Heterosexual or unsure 44 (9.5) 

23 (5.1) 
75 (16.7) 

189 (42.0) 
116(25.8) 
145 (32.2) 

65 (14.4) 
152 (33.7) 
234 (51.9) 

42 (9.3) 
72 (16.0) 

337 (74.7) 

56 (12.4) 
54 (12.0) 

341 (75.6) 

241 (53.6) 
10(2.2) 

72 (16.0) 
127 (28.2) 

32 (7.1) 
173 (38.3) 
143 (31.6) 
89 (19.7) 
15 (3.3) 

364 (80.7) 
80 (17.7) 

7(1.6) 

312(69.2) 
114 (25.3) 
25 (5.5) 

Adjusted for network size and linkage between recruiters and recruits. 
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Table 3-23 Demographic data of OMSMs recruited by TLS and RDS in Shenzhen, 2009 
TLS n (%) RDS n (%)* Total n (%)* 
(n = 465) (n = 447) (n = 912) x^ P 

65 (7. 
401 (43.7) 
274 (29.9) 

39 (15.2) 
38 (4. 



Table 3-24 Sexual behavior of OMSM by TLS and RDS, Shenzhen, 2009 
TLS n (%) RDS n (%)* Total n (%)* 
(n = 465) (n : 447) (n = 912) X2 P 

Venue for finding partners 
Bar 
FC 

62 (13.3) 
78 (16.8) 

36 (8.0) 
18 (4.0) 

98 (10.7) 
96 (10.5) 

171.06 <0.001 

Sauna 116 (24.9) 27 (6.0) 143 (15.6) 
Internet 144 (31.0) 298 (66.2) 442 (48.3) 
Park 33 (7.1) 12 (2.7) 45 (4.9) 
Other 32 (6.9) 59 (13.1) 91 (9.9) 

Gender of first sex partner 29.70 <0.001 
Male 262 (56.3) 331 (73.6) 593 (64.8) 
Female 203 (43.7) 119 (26.4) 322 (35.2) 

Female sex partner 
0 
1 
>1 

364 (77.9) 
84 (18.0) 
19 (4.1) 

383 (85.1) 
52 (11.6) 
15 (3.3) 

747 (81.5) 
136 (14.8) 
34 (3.7) 

316.00 <0.001 

Number of anal sex partners 90.51 <0.001 
0 37 (8.0) 26 (5.8) 63 (6.9) 
1 192(41.3) 324 (72.0) 516 (56.4) 
>1 236 (50.8) 100 (22.2) 336 (36.7) 

Age of first sex 8.55 0.036 
<=18 109 (23.4) 75 (16.6) 184 (20.1) 
19-20 120 (25.8) 111 (24.6) 231 (25.2) 
21-22 106 (22.8) 127 (28.2) 233 (25.4) 
>22 130 (28.0) 138 (30.6) 268 (29.3) 

Hong Kong male partners 6.92 0.031 
Yes 186 (41.8) 150 (33.9) 336 (37.8) 
No or Unsure 259 (58.2) 293 (66.1) 552 (62.2) 

Sex role in male anal intercourse 6.92 0.031 
Insertive only 186 (41.8) 150 (33.9) 336 (37.8) 
both 202 (45.4) 218 (49.2) 420 (47.3) 
Receptive only 57 (12.8) 75 (16.9) 132 (14.9) 

UAI in male sex 9.25 0.002 
Yes 200 (42.8) 149 (33.0) 349 (38.0) 
No 267 (57.2) 302 (67.0) 569 (62.0) 

UAVI with female partners 4.13 0.042 
Yes 62 (13.3) 41 (9.1) 103 (11.2) 
No 403 (86.7) 410 (90.9) 813 (88.8) 

Unprotected sex in all sex 12.00 0.001 
Yes 221 (47.5) 163 (36.2) 384 (42.0) 
No 244 (52.5) 287 (63.8) 531 (58.0) 

*: Adjusted for network size and linkage between recruiters and recruits. 
UAI: unprotected anal intercourse; UAVI: unprotected anal or vaginal intercourse. 
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Table 3-25 STIs, drug use, HIV knowledge and service in OMSM from TLS and RDS 
TLS n (%) 
(n =465) 

RDSn 
(n =447) 

Total n 
(n =912) 

Ever diagnosed with 
STIs 

Yes 38 (8.2) 
No 427 (91.8) 

Ever took illegal drugs 
No 434 (93.3) 
Yes 31 (6.7) 

Alcohol use before sex 
Never 334 (71.8) 
Ever 131 (28.2) 

History of HIV test 
No 211(45.4) 
Before 6 months 143 (30.8) 
Within 6 months 111 (23.9) 

Any kind of HIV education and service 
No 63 (13.5) 
Yes 402 (86.5) 

HIV-related knowledge 
Low 130 (28.0) 
High 335 (72.0) 

Condom use knowledge 
Low 120 (25.8) 
High 345 (74.2) 

Self-perception of HIV infection 
No risk 415(89.2) 
Little risk 45 (9.7) 
High risk 5(1.1) 

21 (4.7) 
429 (95.3) 

436 (96.7) 
15 (3.3) 

376 (83.4) 
75 (16.6) 

247 (54.8) 
127 (28.2) 
77 (17.1) 

120 (26.6) 
331 (73.4) 

168 (37.3) 
283 (62.7) 

191 (42.4) 
260 (57.6) 

386 (85.6) 
54 (12.0) 
10 (2.2) 

59 (6.4) 
856 (93.6) 

870 (95.0) 
46 (5.0) 

710 (77.5) 
206 (22.5) 

458 (50.0) 
270 (29.5) 
188 (20.5) 

183 (20.0) 
733 (80.0) 

298 (32.5) 
618 (67.5) 

311 (34.0) 
605 (66.0) 

801 (87.4) 
99 (10.8) 
15 (1.6) 

4.66 

5.36 

9.72 

9.01 

4.32 

0.031 

0.021 

17.50 <0.001 

0.008 

24.42 <0.001 

0.003 

27.94 <0.001 

0.229 

*: Adjusted for network size and linkage between recruiters and recruits. 
STIs: sexually transmitted infections. 

3.6.3.4. Comparison of OMSM recruited through RDS and TLS 

Multivariate analysis was conducted to further evaluate the the difference in 

social-behavioral characteristics between MSMs recruited from TLS and RDS. The 

following candidate variables were considered in the models; age, education level, 

length of stay in Shenzhen, occupation, hometown, income level, marital status, 

sexual orientation, venue for finding partners, gender of first sex partner, age of first 

sex, sex role in male anal intercourse, number of male anal sex partners, male sex 
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partner from Hong Kong, condom use in male sex, condom use in female sex, drug 

use history, having drunk alcohol before sex, STIs diagnosed history, HIV test 

history, HIV-related services, HIV-related knowledge, condom use knowledge, and 

syphilis infection 

Table 3-26 showed that a greater proportion of OMSMs recruited from RDS survey 

were single, came from low HIV prevalence area, used Internet for finding partners, 

had less anal sex partner, self-identified as homosexual or bisexual, had lower 

condom use knowledge, did not drink alcohol before sex and received no HIV 

services 

Table 3-26 Multivariate analysis for the characteristics m OMSM by RDS and TLS 
RDS vs TLS P 

Hometown for high HIV prevalence area 0 30 (0 17-0 50) <0 001 
Ever been married 0 81 (0 66-0 98) 0 031 
Venue type <0 001 

Bar and massage center 1 
Family club 0 31 (0 15-0 63) 0 001 
Sauna and Park 0 44 (0 24-0 80) 0 007 
Internet and other 2 65 (1 62-4 32) <0 001 

Sexual orientation 0 003 
Homosexual 2 67 (1 45-4 92) 0 002 
Bisexual 3 18 (1 62-6 25) 0 001 
Heterosexual or uncertain 1 

Number of male anal sex partners >1 0 70 (0 59-0 83) <0 001 
Condom use knowledge 0 65 (0 46-0 91) 0 013 
Drank alcohol before sex, past 6 months 0 53 (0 36-0 77) 0 001 
Received HIV services, past 1 year 0 41 (0 27-0 62) <0 001 

3.6.4. Summary 

The overall Prevalence of HIV infection in OMSMs by RDS (5 1%) and TLS (5 8%) 

was not significantly different, indicating that the recruitments of both RDS and TLS 

survey were acceptable and no significant difference in HIV infection was found 

between MSMs frequenting physical existed venues and MSMs not visiting these 

venues 

A greater proportion of OMSMs in RDS self-identified as gay/homosexual, while 
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fewer of them reported multiple male sex partners Keeping only one sexual partner 

might be a protective factor from infection if the partner was also HIV negative 

Since the HIV-related education and intervention for MSMs mainly based on 

outreach efforts in MSM venues, lower coverage of HIV services and lower condom 

use knowledge were reported in RDS than TLS 

The two methods were similarly good to use based on the finding of this study, while 

TLS had significant advantage in reaching MSMs with more risky behaviors 

including multiple partners and UAI in male sex In addition, TLS could provide 

information on HIV infection rate and HIV-related risk behaviors in MSMs being 

recruited from different venues, which was essential for the decision makers to 

choose suitable venue-based HIV intervention and services for MSMs However, it 

was still important to conduct RDS survey to identify the HIV infection rate among 

Internet-based MSMs 

3.7. Discussion 

3.7.1. Prevalence and risk factors for HIV infection among MSMs in Shenzhen 

In this study, a total of 2143 MSMs were recruited in Shenzhen through two 

sampling methods including 1651 persons from time-location sampling (TLS) 

recruited in either 2008 or 2009, and 492 from respondent-driven sampling (RDS) 

recruited in 2009 A separate recruitment of money boys and other MSMs was done 

for the TLS surveys and a mixed sample of MSMs was conducted for RDS In total, 

the Prevalence of HIV infection among these MSMs was 5 5% (5 7% in TLS and 

4 6% in RDS), which was similar to the national rate of 4 9% in MSMs [88], and 

equal to other study findings in Shenzhen [24, 58] Prevalence of HIV infection in 

Shenzhen MSMs continuously increased from the beginning of MSM surveillance in 

2002 when it was 0 91% to 1 53% in 2004, 1 67% in 2005, 2 48% in 2006 [57], 

3 90%-4 13% in 2007[58], and 5 87% in 2008, according to surveillence data in 

Shenzhen CDC combining the routine snowball sampling survey and our TLS survey 
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However, the prevalence dropped slightly to 5 3% in 2009 (a combination of routine 

surveillance data with our data) (Figure 3-5) According to the prevalence of HIV 

nfection found in our own study, a more obvious decrease in prevalence of HIV 

nfection was observed in 2009 TLS (4 9%) compared with 2008 (6 7%) Although 

t 's still hard to say that HIV was effectively controlled in this high risk population in 

Shenzhen, a possible stabilization in prevalence of HIV infection could be expected 

Other cities or areas in China also reported a significant increase in prevalence of 

HIV infection among MSMs no matter how high it was at the baseline, including 

Beijing (from 0 4% in 2004, 4 6% in 2005, and 5 8% in 2006) [30], Jinnan (from 

0 05% in 2007 to 3 1% in 2008) [23, 27], Chongqing (from 10 4% in 2005 to 12 5% 

in 2007) [60] and Yunnan (from 4 0% in 2005 to 13 2% in 2007) [219] The trend of 

a stabilized increase in prevalence of HIV infection after a strong increase that was 

observed in Shenzhen is similar to the trend found in Bangkok, Thailand [131] and 

San Francisco, USA [220] But prevalence of HIV infection in both of these two 

cities has stabilised at a hyperendemic level of over 25%, which was more than 5 

times higher than that in Shenzhen 

Among the MSMs recruited from TLS surveys in the two years, syphilis infection 

(A0R=5 5, 95%CI 3 5-8 5), occupation as clerk or others (A0R=1 8, 95%CI 

1 1-2 9), being recruited from small family clubs (A0R=4 1, 95%CI 1.9-9 1), parks 

(A0R=3 3, 95%CI 1 5-7 3) and saunas (A0R=2 8, 95%CI 1 2-6 5), coming from 

high HIV prevalence areas (AOR= 

homosexual/gay (A0R=2 5, 95%CI 1 

infection after adjusting for covariates 

[8, 95%CI 1 0-3 1)，and self-identifying as 

1-5 8) were significantly associated with HIV 

and confounding factors 
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Figure 3-5 HIV/syphiiis prevalence among MSM in Shenzhen by year 

Syphilis infection and sexual orientation 

Syphilis infection was a strong risk factor for HIV infection, with numerous studies 

reporting a correlation between HIV and syphilis infection [212, 221, 222] 

Consistent with the literature targeting MSMs [23, 223-225], syphilis infection and 

sexual orientation were found to be associated with HIV infection However, it was 

good to find that not all MSMs self-identified as gay or homosexual (42 6%) More 

than half of MSMs were either bisexual or heterosexual men engaging in sex with 

both men and women concurrently and around one quarter of the MSMs by TLS 

self-reported heterosexual orientation This was quite different from the proportion in 

Western countries and other cities in China showing that the MSM population 

consisted mostly of gay-identified men [22, 204, 223, 226] The large proportion of 

heterosexual MSMs could be explained by considering the large proportion of MBs 

in the TLS study Being heterosexual might protect them from risky sex behaviors in 

pursuit of their own pleasure in male-male sex Although the overall Prevalence of 

HIV infection among MSMs in Shenzhen was not higher than MSMs in other cities 

in China, the positive rate of the homosexual-identified MSMs (8 8%) was much 

higher than the documented prevalence among MSMs in Shenzhen This finding 

implied that the HIV-related health education and intervention targeting MSMs 

especially MBs should focus on this subgroup of people On the other hand, although 

a lower HIV infection rate was found among non-gay identified MSMs than among 
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gay identified MSMs (3 3% vs 8 8%), the high frequency of bisexual behaviors in 

non-gay identified MSMs implied that they might have higher possibility in 

spreading HIV from the risky MSM population into heterosexual networks 

Hometown was a possible predictor for the HIV infection rate among MSMs 

The HIV infection rate was associated with the hometown of the participants MSMs 

from high HIV prevalence areas were more likely to be infected with HIV than those 

coming from low HIV prevalence areas This finding probably could be explained by 

the fact that some study participants might have contracted HIV prior to arrival in 

Shenzhen However, among the 26 HIV-positive participants that came from high 

HIV prevalence areas, 10 (38 5%) had previously tested negative in the past 1 year, 

including 2 (7 7%) tested negative within 6 months after their arrival in Shenzhen 

Since no significant difference was found in the socio-economic status of this 

subgroup of MSMs compared with the others, the higher HIV infection rate could 

probably be explained by the higher proportion of risky behaviors that the MSMs 

perhaps carried over from their hometowns Lower rates of condom use with 

non-commercial partners were found among this group compared with the other 

groups (52 6% vs 45 3%) In addition, in Chinese societies, close relationships 

(networks) tend to form among people from the same hometown (Laoxiang) when 

they migrate to other locations The close networks, which likely include sexual 

networks, could further spread the virus within this population 

Phylogenetic analysis of HIV strains from positive subjects in this study was also 

consistent with the hypothesis of internal transmission of virus between men from 

the same hometown who frequented the same venues (data showed in Chapter 4) 

Seven venue-Laoxmng groups (2-3 members per group, totally 15) of HIV positive 

MSMs from TLS survey were found to be located in the same genetic clusters in 

phylogenetic analysis with genetic distances of 0 1-0 3%, indicating a possibility of 

direct transmission In addition, the correlation of hometown HIV prevalence and 

HIV risk found in this study was consistent with the high percentage and wide 
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variety of MSM population in Shenzhen Therefore, Shenzhen could serve as a 

window in China for identifying the geographic distribution of HIV infection rates 

among MSMs based on their hometown information This finding implied that we 

should pay more attention to the subgroups of MSMs coming from high HIV 

prevalence areas and provide more intensive and suitable intervention and services to 

them 

3.7.2. A comparison of HIV infection and its risk factors between MBs and 

OMSMs 

The prevalence and risk factors for HIV infection were compared between MBs and 

OMSMs using a combined data from 2008 and 2009 from time-location surveys The 

HIV and syphilis prevalence among MBs was 4 5% and 12 9%, respectively, which 

was significantly lower than that among OMSMs (7 0% and 20 2%, respectively) 

The result was inconsistent with some studies conducted in Western countries and 

one city in China that indicated a higher HIV infection rate and higher likelihood of 

sexual risk behaviors among MBs [22, 24, 39, 215], while it was consistent with a 

study showing that prevalence of HIV infection among agency-based MBs were not 

higher than among other MSMs [227] 

The difference in prevalence of HIV infection between MBs and OMSMs could be 

explained by the different distribution of age and the difference in their behaviors A 

greater proportion of MBs were in young age compared to OMSMs Increasing age 

has been found to be a risk factor to HIV infection[25], but age was not significantly 

related to HIV infection in our data after multivariate analysis for both MBs and 

OMSMs On the other hand, although MBs were more likely to have multiple male 

partners including both paying and non-paying partners, they were also more likely 

to use condoms in male anal sex It was found in Western countries that 

agency-based MBs (i e , escorts, with comparatively higher income) exhibit fewer 

HIV-related risk behaviors with clients than men working on the street (with lower 

income) [50, 54, 228, 229] Survival sex was found to be a risk factor for practicing 
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risk behaviors and consequently contracting HIV [45, 100] MBs in Shenzhen had 

similar monthly income levels compared with OMSMs, which was much higher than 

common migrant workers (600-800 RMB per month earned by most migrant workers 

in Shenzhen, approximately US$88-118, Shenzhen Longgang government online, 

http //www Ig gov crO The higher income empowered the MBs in negotiating 

condom use or rejecting unprotected anal intercourse with clients Engaging in sex 

work as an occupational choice instead of merely survival sex could partly explain 

why they exhibit lower levels of risk behavior and sexually transmitted infections 

However, MBs had significantly lower likelihood of using condoms in female sex, 

indicating that they might serve as bridge population to transmit HIV to the low risk 

heterosexual communities 

In addition, a smaller proportion of OMSMs reported encountering male sex partners 

from Hong Kong, compared with MBs Combined with the finding that a greater 

proportion of OMSMs were infected by HIV, this implies that cross-border Hong 

Kong MSMs in Shenzhen mainly contacted with MBs, who had comparatively lower 

HIV infection rates This finding could partially explain the previous finding that 

different clusters of circulating HIV strains were observed in Shenzhen and Hong 

Kong [67, 68] Our own molecular epidemiological study on HIV positive MSMs 

collected from TLS and RDS surveys also showed that no interrelationship between 

clustered HIV strains in Hong Kong and Shenzhen (Chapter 4) This finding also 

implies a low risk of HIV transmission from Hong Kong MSMs to Shenzhen people 

Since Shenzhen MBs reported a higher likelihood of having Hong Kong partners 

than OMSMs, MBs might have lower risk in contracting HIV from male sex 

partners 

MBs and OMSMs should be separately recruited in surveillance 

According to the above findings that indicated a significant difference between MBs 

and OMSMs in prevalence and risk factors for HIV infection, a separate analysis of 

these two subgroups could be more adequate in interpreting the key risk factors for 
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HIV infection among them [39] Since MBs liked to strategically maintain divisions 

between their professional and personal lives [40], the commercial and 

non-commercial sex behaviors among MBs could be significantly different 

Combining the commercial and non-commercial sex behaviors of MBs and including 

them in a mixed MSMs study might introduce bias into the analysis However, most 

previous studies on MSMs mixed MBs with OMSMs The proportion of MBs in a 

mixed sample was unknown [30, 230, 231], or could be underreported or 

overreported [24, 28, 58] [39，232] In our RDS survey that recruited a mixed sample 

of MSMs, although questions related to commercial sex were included, a significant 

size of MBs concealed their sex trade behaviors Nearly half (14/33) of the MBs 

participating in both the TLS and RDS surveys denied having had paid sex behaviors 

in RDS locations After private conversation with some of these MBs after the 

survey, most of them admitted that they concealed a sex trade experience in RDS In 

general, it was more acceptable in the communities to disclose a homosexual identity 

rather than disclose a sex trade behavior MBs recruited in their working venues had 

significantly higher willingness to admit their paid sex behaviors, while it would be 

difficult for them to admit such experiences when in a clinic if it was not absolutely 

necessary Therefore, the effect of self-reporting bias on paid sex could not be 

excluded in a survey recruiting a mixed sample of MSMs including both MBs and 

OMSMs 

3.7.3. HIV infection and HIV-risk related characteristics of MSMs in different 

venues 

Only a few previous studies have described the difference in HIV infection and 

related risk factors among MSMs in saunas and entertainment venues in China by 

convenience sampling [58, 60] However, MSMs in parks and family clubs had never 

been touched The current study was the first survey targeting MSMs by using 

time-location sampling in China that might have better representativeness than other 

non-probability methods In addition, the TLS survey identified the different 
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infection rates among MSMs in almost all different types of venues, and provided 

information on the difference of HIV-related risk factors among MSMs frequenting 

different venues These background surveillance data would therefore help health 

care providers to modify the strategy of venue-based intervention 

The key findings related to venue were 1) Both MBs and OMSMs recruited from 

entertainment venues including bars and massage centers had significantly lower 

HIV risk compared with MSMs frequenting other venues including family clubs, 

parks and saunas 2) Higher likelihood of risky sexual behaviors was observed 

among MSMs from venues with higher HIV infection rates 

HlV-risk related characteristics among MBs in different venues 

Compared with MBs in entertainment venues, MBs in parks and family clubs were 

more likely to self-identify as gay or homosexual and earned less in each sexual 

encounter with clients More intensive intervention and education should be provided 

to MBs in parks and family clubs 

PMBs had more commercial and non-commercial partners and were more likely to 

practice unprotected anal intercourse These two factors were the widely accepted 

predictors for HIV infection among MSMs [83, 233-236] Therefore, it was easy to 

understand the higher HIV infection rate in PMBs compared with EMBs This 

finding was also consistent with the reports in Western countries showing that street 

male prostitutes had higher HIV infection and related risk behaviors than 

agency-based MBs [40, 229, 237] 

However, FMBs had a similar number of commercial or non-commercial male 

partners and similar level of UAI in male sex compared with EMBs The possible 

factors for FMBs in acquiring HIV might be the longer experience in selling sex, 

older in age, higher proportion of gay/homosexual and shorter stay in Shenzhen 

Among the 23 HIV positive FMBs, 14 (60 9%) sold sex for more than 1 year, 8 

(34 8%) were older than 25 years in age and 16 (69 6%) self-identified as gay These 
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factors were well-known factors for the acquisition of HIV infection [64, 75, 238, 

239] In addition, 17 (73 9%) had come to Shenzhen within the previous 3 months 

and 1 (4 3%) in the previous 6 months These FMBs might have contracted HIV 

prior to arrival in Shenzhen 39 1% (9 out of 23) of the positive FMBs came from 

high HIV prevalence areas, twice the percentage of HIV negative FMBs (16 8%) 

Besides these factors that might result in the higher HIV infection rate among FMBs 

compared with EMBs, another potential reason could be the different distribution of 

clients of these MBs (defined as MSMs that reported paying sex in the previous 6 

months) OMSMs reporting paying sex in the previous 6 months were defined as 

clients of MBs Clients in entertainment venues (n=116) had significantly lower HIV 

infection rates (0 8%) than clients in family clubs (8 9%, n=56) (P=0 014, Fisher's 

exact test) Clients in entertainment venues also reported higher income levels than 

those in family clubs However, since the total number of clients was small and risk 

factors related to paying sex besides condom use was not collected, a study focused 

on MSMs involved in paying sex was needed in order to better interpret the HIV 

transmission relationships between MBs and clients 

HIV-risk related characteristics among OMSMs in different venues 

Similar to MBs, OMSMs frequenting entertainment venues also had lower likelihood 

of being infected with HIV and syphilis compared with others The characteristics 

associated with OMSMs frequenting parks were similar to the predictors for MBs 

working in parks, including greater proportion of unprotected anal intercourse with 

males and lower income However, SOMSMs had some unique characteristics 

SOMSMs were more likely to be older, married, less educated, and have multiple 

male partners compared with EOMSMs Since only a slightly greater proportion of 

SOMSMs practiced UAI in male sex compared with EOMSMs, multiple partners 

should be the key factor for SOMSMs contracting HIV These findings suggested 

that intervention efforts in saunas should not only focus on condom promotion, and 

behavior change in reducing sexual partners should be strengthened in saunas 
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In addition, contradictory characteristics of being married and self-identifying as 

homosexual or gay were found to be predictors for OMSMs frequenting parks and 

saunas other than entertainment venues We found that 28% (141/504) of the MSMs 

in parks and saunas had been married, 43% (60/141) of these married MSMs 

self-indentified as gay, and half (30/60) of these married gay men reported UAI in 

male sex Furthermore, 15% (6 in parks and 3 in saunas) of the married gay men 

were found to be HIV positive and none of them consistently use condoms in 

male-male sex The high HIV infection rates and large proportion of married gay 

men in parks and saunas further indicated that MSMs in parks and saunas might 

perhaps have higher risks than other MSMs for acquiring HIV and transmitting it not 

only to other MSMs but also to the general population 

3.7.4. A comparison of RDS and TLS in recruiting high risk MSMs in 

Shenzhen 

Both TLS and RDS have their strengths and weaknesses Since there is no standard 

sampling frame for groups at behavioral risk for HIV infection, the generalizability 

and representativeness of TLS and RDS are unknown If a very high percentage of 

venues are identified and a very high percentage of target populations visit such 

venues, TLS is probably suitable for producing probability samples of the population 

that attend venue-day-time segments, although they could not represent the whole 

population Given the situation that frequent gay venue visitors were more likely to 

engage in high-risk sexual behaviors [117], HIV prevention research among MSMs 

could better use TLS for the purpose of analyzing more risky subgroups [118] 

RDS, on the other hand, is a long-chain referral process that is implemented in a 

manner allowing for the calculation of selection probabilities [112, 135] RDS can be 

used if a population is not immediately available or if persons at risk are currently 

very hidden and hard to reach Although RDS may not provide reliable eligibility 

and response rates, which make it hard to estimate the representativeness, it is still 
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acceptable in recruiting hidden populations after adjusting for the selection 

probabilities based on network sizes 

In this study, the overall prevalence of HIV infection among OMSMs by TLS (5 8%) 

was slightly higher than by RDS (5 1%), and a significantly greater proportion of 

MSMs recruited from RDS reported that they liked to seek male sex partners through 

the Internet (a subgroup of MSMs that were more hidden than venue-based MSMs) 

compared with MSMs in TLS (66 2% vs 31 0%) Furthermore, MSMs who reported 

seeking partners in venues were more likely to be HIV positive than MSMs seeking 

partners through the Internet (9 1% vs 3 4%) in RDS survey These findings might 

imply that HIV infection rates among Internet-based MSMs are lower than that 

among venue-based MSMs In addition, MSMs recruited through RDS were less 

likely to visit the high HIV risk venues including family clubs, parks and saunas, 

compared with MSMs in TLS They also reported fewer high risk behaviors 

including multiple male partners and UAI in male sex These characteristics might be 

associated with a lower HIV infection rate in RDS Although it was widely accepted 

that RDS had the advantage in reaching more hidden populations than TLS, these 

hidden MSMs in Shenzhen showed even lower risks than the venue-based MSMs 

There were several possible reasons why RDS achieved a lower risk sample than 

TLS First, the MSMs in TLS were more active in seeking multiple partners and 

practicing sexual risk behaviors than MSMs in RDS Second, a significant proportion 

of MSMs in RDS might have the willingness and knowledge to get an HIV test, 

since the clinic where we conducted the RDS survey was a community-based VCT 

(Voluntary counseling and testing) clinic The VCT normally had lower HIV positive 

rates than MSM surveillance Third, although RDS had a prior known sampling bias 

from the fact that the incentives might have a much stronger appeal to MSM of lower 

socio-economic status (SES) than higher SES MSM [240], such a bias was not 

observed in this study MSMs recruited in our RDS had even higher socio-economic 

status than MSMs in TLS This finding indicated that RDS in Shenzhen might not 
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have an advantage in reaching MSMs of low SES Further investigations targeting 

MSMs in low SES should be considered for future surveillance 

The comparison of the results from TLS and RDS showed that the two sampling 

methods had a mutually compensable role in reaching high risk MSMs in Shenzhen 

TLS could reach more sexually active MSMs in venues based on a random selection 

strategy, while there was a possibility that a sub-group of MSMs who did not go to 

any physical existing venues would not be recruited in TLS In contrast, RDS had the 

advantage to reach more hidden subgroups, such as Internet-based MSMs, while it 

might not provide reliable eligibility and response rates In addition, TLS was a 

simple, but labor intensive method, RDS was convenient to use, but its analytic 

methods have not been well established and are comparatively sophisticated Using 

the two methods together could compensate for the disadvantages of each, and cover 

more MSMs with different characteristics as well as identify the proportion of 

different subgroups of MSMs 

Venue of recruitment was better than self-reported venue for seeking partners 

in interpreting the characteristics of MSMs in different venues 

Although a correlation of HIV infection and venue of MSMs recruitment was 

observed in this TLS study, no similar correlation was observed between HIV 

infection and self-reported venue for seeking sex partners in this study This finding 

indicated that venue comparison data from other sampling methods including RDS 

using the self-reported variable of venue for seeking sex partners might be unsuitable 

to fully understand the venue correlation on HIV transmission Using venue for 

recruitment in TLS survey instead of the self-reported venue where the participants 

would like to visit and seek partners could exclude the possibility of self-reporting 

bias TLS might be an irreplaceable method that provides reliable venue based 

information for finding suitable HIV intervention and service activities in different 

venues 

127 



TLS could provide more information for designing intervention strategies 

TLS surveys had additional strengths over RDS or other sampling methods besides 

the advantage of reaching more risky subgroups of MSMs in Shenzhen TLS needs 

the researchers go in-depth to the communities and forces public health workers to 

identify, describe and map venues, and to interact sensitively with gatekeepers and 

members of the target population, which consequently makes it easier to integrate in 

sentinel surveillance systems and has a high degree of replicability and reliability 

[241] Better understanding of the situation in communities and venues helped 

researchers in deciding which venue-specific intervention strategies to use according 

to the characteristics of each venue In this TLS study, we found that MSMs in some 

venues (family clubs, parks and saunas) had higher HIV infection rates, and higher 

likelihood of having sex with women, which might push them into a more risky 

position in transmitting HIV to the general population After obtaining the 

information from TLS survey in 2008, a venue specific intervention strategy based 

on TLS data was applied to the community 

Most of the health education and interventions targeting high-risk populations relied 

on outreach efforts that were fully based in venues Before the time of TLS 2008, all 

HIV-related health education and intervention strategies mainly focused on big 

entertainment venues in Shenzhen for the purpose of covering more target 

populations in one outreach effort Health education and condom distribution were 

occasionally provided in saunas The variance in coverage of HIV services in 

different venues might influence the HIV risks among MSMs visiting the venues 

Intensive venue-targeting interventions were provided in Shenzhen according to the 

result from 2008 TLS during the one-year interval of the two surveys Outreach 

interventions were designed to ensure that efforts covered all different types of MSM 

including those frequenting small venues The HIV infection rate in each venue was 

shared with the manager or boss of the venue to achieve their support in outreach 

efforts and on-venue surveillance Further, intensive peer education and intervention 
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efforts were provided to venues with significantly higher HIV and syphilis infection 

rates including family clubs, parks and saunas For example, peer education and 

condom distribution was provided in each sauna every week for the purpose of 

increasing condom use rates and reducing casual sex partners, condoms were made 

available in each small dark room in saunas instead of only being available at the 

counter Peer training was provided each month for MBs in family clubs on HIV 

knowledge, sexual behaviors and negotiation skills, and condom availability in each 

clubs was insured, weekly condom distribution was provided in parks The 

comparison of TLS data between 2008 and 2009 could partly interpret the effect of 

TLS-monitored intervention efforts HIV infection rate was significantly decreased 

in family clubs (11 1% to 6 0%) and saunas (10 1% to 6 7%) in 2009 TLS The 

infection rate in parks was not decreased because no intervention strategy was 

provided in parks besides condom distribution 

However, no intervention evaluation study was performed to evaluate the effects of 

the TLS-monitored venue-based intervention strategies, it was hard to make any 

conclusion at this time In addition, HIV prevalence and sexual risk behaviors of 

MSM in 2009 TLS might be influenced by other factors First, it might be due to the 

selection bias and reporting bias Data were collected using a hand-held 

computer-assisted self-interview system in 2009, which has been shown to increase 

more candid and reliable self-reports of sensitive behaviors [242] and reduce 

self-reporting bias However, the use of computers might conversely affect the 

willingness of participation of some MSMs of low SES and became a source of 

selection bias Second, a national anti-pornography campaign was conducted in 

China for the celebration of the 60th anniversary of the founding of the People's 

Republic of China Since MSM could be convicted on charges of assembled 

pruriency and MBs for selling sex, some venues restricted their clients' behaviors 

and even closed (such as family clubs that involved in sex trade) The restriction of 

behaviors and reduction of on-business venues might result in fewer sexual trade 

activities as well as sexual behaviors Therefore, a trend study with a serial 

129 



cross-sectional survey should be conducted in the future to further investigate the 

prevalence of HIV infection and HIV-related risk behaviors of MSMs by TLS in 

accordance with TLS-based intervention efforts 

3.7.5. Strengths and Limitations 

Strengths of the study 

The strengths of this study lied in the setting and design First, this is the first study 

in China that investigated the prevalence and risk factors for HIV infection in men 

who have sex with men using a powerful sampling approach in a hard-to-reach 

population, time-location sampling method It is also one of the largest regional 

studies in China, with the number of study subjects exceeded 2100 

Second, it is also the first study comparing the HIV risks among money boys and 

other MSMs based on an equal sample size and parallel recruitment by TLS The 

results showed that prevalence of HIV infection among MBs was lower than 

OMSMs, which was different from our prior estimation HIV-related risk factors for 

MBs and OMSMs were also different from each other, indicating that a separate 

analysis is necessary 

Third, detailed information of relationship between venue and HIV infection rates 

/risk related characteristics among MBs and OMSMs was also obtained from the 

TLS survey A significant difference in HIV infection and related risk factors was 

observed in different venues visited by MSMs from the TLS survey MSMs 

frequenting family clubs, parks and saunas had significantly higher HIV infection 

rates than in bars and massage centers This finding was the first report in China 

showing a correlation of HIV risk with venue, based on the venues where MSMs 

were recruited in TLS 

Fourth, a parallel comparison of TLS with respondent-driven sampling, another 

approximate probability sampling method, was conducted for the first time in China 

The results showed that TLS and RDS had a mutually compensable role in reaching 
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high risk MSMs in Shenzhen, while TLS could provide more information on venue 

comparison and observation The information was essential for developing suitable 

venue-specific HIV intervention and services approaches for the affected 

communities 

Finally, according to our knowledge, this study was the first MSM survey that 

introduced a computer-assisted self-interview system in China Replacing the 

interviewer with a computer can provide conditions, including privacy and the 

perception of anonymity, that facilitate reliable and frank reporting, thereby 

increasing reports of sensitive behavior in surveys in sensitive populations [213] In 

addition, the CASI system was hugely beneficial in helping to enforce the strict 

quality control measures and allowed the researchers to concentrate on counseling 

and recording contact information of each participant on field 

Limitations of the study 

Although we conducted a rigorous TLS and RDS study among the Chinese MSM, 

limitations should be noted There are some limitations to the way in which the 

survey was conducted 

1) Because of the cross-sectional design of the study and the nature of the items used 

in the logistic regression analysis, the analysis can only provide evidence of 

statistical association between those items and HIV infection and can not show 

cause-effect relationships Since a very high proportion of Shenzhen MSMs were 

internal migrants (> 90%), a cohort study is nearly impossible to conduct in this city 

A serial cross-sectional design for a trend study might be considered for future 

research 

2) Because the population was recruited and sampled in MSM venues by TLS, there 

was a possibility that a sub-group of MSMs who did not go to any physical existing 

venues would not be recruited in TLS In addition, although we tried to cover all 

MSM venues in Shenzhen, it was still quite possible that some venues were not 
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identified and some venues were inaccessible A RDS survey was conducted in order 

to cover these hidden populations The result of RDS was also compared with TLS in 

order to evaluate the representativeness of the study 

3) The non-response bias (14 3% in MBs and 32 4% in OMSMs) in TLS rose 

according to the nature of recruitment sites People in venues might not like to 

participate in the survey at those times and locations Since the refusal rate in each 

venue was recorded, adjustment could be conducted based on the number of 

enumerates and participants in each venue if necessary It is possible that 

HIV-related service-users were more likely than others to join our study If such is 

true, non-participants might be in more adverse situations and their condom use 

behaviors and associated factors might be different from participants of this study 

4) Past sexual behaviors, and illicit drug use, might be subject to reporting bias Thus, 

responses might have been biased by recall errors or intentional misreporting of 

behavior MSMs were difficult to identify especially for MBs It was possible that 

some of the survey participants falsely represented themselves as MSM or took part 

in the survey more than once in order to receive more incentives However, many 

efforts had been made to minimize this bias, including the anonymous nature of the 

study, using of self-administered questionnaires, using experienced outreach 

fieldworkers and MSM volunteers, and ensuring the respondents that data will not be 

released to a third party We also checked the mobile phone numbers of each 

participant as well as key variables in an effort to exclude doubles In addition, 

different sample strategies including a parallel recruitment of MBs and OMSMs in 

TLS and a mixed recruitment of all MSMs in RDS were applied to further evaluate 

the reporting bias 

5) The sample sizes for MBs or OMSMs in some venues were small, especially for 

PMBs, which might introduce type II error into the study Attention should be paid in 

interpreting the result Further studies with larger sample sizes are needed to improve 

the precision of these estimates 
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Chapter 4 Molecular epidemiological analysis of HIV 

positive MSMs 

4.1, Background and objectives 

A couple of researches on sero-prevalence of the MSM population in China had been 

reported [22-31], while not much information was available on viral subtyping 

Molecular epidemiology was rarely performed in MSMs especially in China A 

molecular epidemiological study conducted in Hong Kong and Shenzhen found that 

no genetic cluster was formed in HIV positive individuals infected through 

transmission routes other than homosexual contact and most HIV positive MSM in 

both cities were clustered into 3 genetic clusters However, no overlap or crossover 

was observed between the Shenzhen HIV genetic clusters and Hong Kong clusters 

[67, 68] Information from virus sequences could help us to figure out the origin of 

HIV-1 pandemic and to track the transmission pattern of risk groups Among the rare 

researches that performed on specific risk groups, few of them collected samples 

with a scientific sampling method [66] Most studies on HIV molecular 

epidemiology were based on a relatively small sample size for economic 

consideration, while the compensation would also be promising if a probability 

sampling strategy was applied 

This chapter aimed at describing a molecular epidemiological study on 

newly-diagnosed HIV-1 positive MSMs in Shenzhen from two surveys using 

approximate probability sampling methods (TLS and RDS) from 2008 to 2009 

Nucleotide sequencing analysis was performed on the pol (RT and PR gene) region 

of HIV-1 viral genome for subtype determination and drug resistance identification 

In addition, env (C2-V4) and gag (pl7/p24 junction) regions on HIV strains were 

also analyzed in a majority of HIV positive MSM samples to confirm the findings in 

pol analysis Moreover, phylogenetic analysis was performed to understand the 

genetic interrelationships among these samples by aligning the sequences together 



with reference sequences This study may provide supplementary information for the 

understanding of the HIV transmission pattern among MSMs in Shenzhen and its 

correlation with Hong Kong MSMs 

4.2. Subjects and Methods 

4.2.1. Framework of molecular epidemiological study 

Flaw diagram of molecular epidemiological study was showed in Figure 4-1 

Figure 4-1 Flaw diagram of molecular epidemiological study 

4.2.2. Subjects 

Samples used in this study including sera from HIV positive MSMs recruited from 

the TLS and RDS survey in 2008 and 2009, and cumulated HIV positive samples in 

Shenzhen from year 2006 to 2009 The cumulated samples included HIV patients 

who have been infected through homosexual contact and other modes of 

transmission HIV sequences of these samples were compared and analyzed in the 

study 

4.2.3. Laboratory test 

Besides the HIV and syphilis serological testing that was described in the previous 

chapter, further laboratory detection and analysis were conducted targeting on HIV 
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strains including subtyping, phylogenetic tree construction, recent infection 

identification and drug resistance analysis. 

4.2.3.1. CD4 counting 

Three-color fluorescence kit for CD4/CD8/CD3 (Cat No. 340298, Becton-Dickinson, 

BD) counting was used according to kit manual. 

Fresh whole blood was analyzed on a FACS Calibur cytometer (BD) within 8 hours. 

Multiset software was used for CD4/CD8/CD3 analysis TruCount tube (BD) was 

used to count the absolute number of lymphocyte in each subset. The countes of CD3, 

CD4 T cells and CDS T cells were analyzed by Cellquest software. For all flow 

cytometric analyses, quadrant markers were set by using negative isotype controls. A 

live gate was set around CD4 or CDS T cells and a minimum of 10000 gated events 

were collected for each sample. 

4.2.3.2. Test for recent infection 

The recent infection was tested by using HIV-1 BED Incidence Assay, which was to 

test HIV positive individuals who had been infected within the past 153 days (the 

window period that is recommended by the manufacturer of the commercially 

available BED assay) [203, 243]. 

BED Assay Screening Test 
111 controls and 85 specbnensi 

Enter results in Excel Spreadsheet 

BED Assay Confirmatory Test 
|11 controls and specimens wtth 
ODn* < 1.2 retested in triplicate) 

Specimens with ODn* 
> 1,2 reported as 

Long4erfn 
seroconversions 

Enter results in Excel Spreadsheet 

Specimens with ODn* 
> 0.8 reported as 

Long-term 
seroconversions, and 

<0.8 reported as 
Recent 

seroconversions 

Figure 4-2 BED assay procedure in a glance 
ODn: calculated by dividing the OD for each specimen (or midian OD when testing in riplicate) 
by the median OD of the calibrator. 
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• Prepare IX Wash Buffer from lOX Wash Buffer Concentrate, prepare Diluent 

Buffer which is 3% bovine serum albumin (BSA) in 1 X Wash Buffer, and 

prepare 1:101 dilutions of controls and specimens. 

• Prepare 2 dilutions of the Negative Control, 3 dilutions each of the Calibrator, 

Low Positive Control, and High Positive Control, Prepare a single dilution of 

each specimen. 

• Transfer 100 |_iL of diluted specimen to the Goat Anti-human IgG coated 

micro well test plate; incubate the plate for 1 hour at 37°C. 

• Wash the plate 4 times with 300 jiL of IX Wash Buffer /well, with a 10 second 

soak between each wash. 

• Prepare 1:1001 dilution of the HIV-1 BED Peptide. Add 100 [iL to every well. 

Incubate the plate for 1 hour at 37°C. Wash as described previously 

• Prepare 1:1001 dilution of the Streptavidin-HRP Conjugate. Add 100 |aL of 

diluted Conjugate to every well.Incubate for 90 minutes at 37 °C and wash. 

• Add 100 |iL of TMB Substrate to every well, incubate the plate at 25X for 

exactly 15 minutes for color development. 

• Place the plate in a spectrophotometer set at 450 nanometer wavelength with 

reference wavelength at 630 to 650 nanometers 

• The confirmation procedure is the same as the screening but with different plate 

well arrangement. Normalized OD (ODn) is calculated by dividing the OD for 

each specimen (or median OD when testing in triplicate) by the median OD of 

the Calibrator. 

4.2.4. Sequence-based analysis of HIV strains 

4.2.4.1. HIV viral RNA extraction 

The HIV viral RNA extraction was performed by using QIAmp viral RNA mini kit 

(QIAGEN, Germany). 

(1). Dissolve lyophilized carrier RNA to 1 ng/|iL in Buffer AE. Add 25mL ethanol 

(96-100%) to buffer AWl and 30uL ethanol to buffer AW2. 
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(2) Pipet 560 jiL of prepared Buffer AVL containing carrier RNA into a 1 5 ml 

microcentrifuge tube 

(3) Add 140 iiL plasma, serum, urine, cell-culture supernatant, or cell-free body fluid 

to the Buffer AVL—carrier RNA in the microcentrifuge tube Mix by pulse-vortexing 

for 15 s Incubate at room temperature (15-25°C) for 10 min 

(4) Briefly centrifuge the tube, add 560 |xL of ethanol (96-100%) to the sample, and 

mix by pulse-vortexing for 15 s 

(5) Apply 630 |xL of the solution from step 5 to the QIAamp Mini column (in a 2 ml 

collection tube) Centrifuge at 6000g for 1 min Place the column into a clean 2 ml 

collection tube, and repeat this step 

(6) Add 500 jxL of Buffer AWl and centrifuge at 6000g for 1 min Place the column 

in a clean 2 ml collection tube 

(7) Add 500 ^L of Buffer AW2 Centrifuge at full speed (20,000g) for 3 min 

(8) Place the QIAamp Mini column in a clean 1 5 ml tube Add 60 |iL of Buffer 

AVE Incubate at room temperature for 1 min Centrifuge at 6000g for 1 min 

4.2.4.2. Primer sets and Pol region amplification 

Pol region [covering protease (PR) and reverse transcriptase (RT), 1 3 kb] was 

amplified from extracted viral RNA The primers used in PCR and sequencing were 

listed in Table 4-1 

Table 4-1 Primer set for pol amplification and sequencing 
Primers Position Sequence (5'^3') 

(HXB2*) 
AMPLIFICATION PRIMERS 

For subtype B amplification 
Outer sense (MAW26) 2251-2277 5'-TTGGAAATGTGGAAAGGAAGGAC-3' 
Outer aiitisense (RT21 2588-2605 5'-CTGTATTTCTGCTATTAAGTCTTTTGATGGG-3' 
Inner sense (RT20) 3441-3462 5'-CTGCCAGTTCTAGCTCTGCTTC-3' 
Inner antisense(PROl) 2147-2166 5-CAGAGCCAACAGCCCCACCA-3' 
For CRF OlAE amplification 

n ? 



MAW26-01AE 
RT21-01AE 
RT20-01AE 
PROI-OIAE 

2251-2277 
2588-2605 
3441-3462 
2147-2166 

SEQUENCING PRIMERS 
RT-A 2519-2539 
RT-B 2946-2967 
RT20-A1 3441-3462 
PROl-Al 2147-2166 
RTAS-qian 2702-2719 

5'-CTGCCAATTCTAATTCTGCTTC-3' 
5'-CRGARCCAWCAGCYCCACCA-3' 
5'-TTGGAAATGTGGRAAGGARGGMC-3' 
5'-CTGTATTTCTGCTAYTAARTCTTTTGATGGG-3' 

5'-GTTGACTCAGATTGGTTGCAC-3' 
5'-CCTAGTATAAACAATGAGACAC-3' 
5'-CTGCCAATTCTAATTCTGCTTC-3' 
5，-CRGARCCAWCAGCYCCACCA-3’ 
5'-GGACCTACACCTGTCAAC-3' 

* Remarks reference isolate HXB2 (Genebank accession # K03455) 

Protocol for RT-PCR (PrimeScript™ one-step RT-PCR Kit, TAKARA, Japan) 

(1)25nL One Step RT PCR Reaction Mix contains 2 X 1 Step Buffer 12 5jiL, 

Prime Script 1 Step Enzyme Mix l^iL, Outer primer set (5umol each/^L) 2|aL, 

Template RNA 7 5|uL 

(2) First-round RT-PCR： 50 °C 30 min, 94 2 min, 94 °C 30 sec, 55 30 sec, 

7 2 � C 2 5min for 30 cycles, 7 2 � C 10 min 

(3) Second round PCR of the nest PCR by using ExTaq ™ from TAKARA, Japan 

50|iL PCR Reaction Mix contains 10 X Ex Taq Buffer lOmM 4dNTP Mix 4jiL, 

Inner primer set (5umol each/}iL) 4jiL, Ex Taq (5u/mL) 0 3\xL, First-round PCR 

product 5|iL 

(4) Second-round PCR 5 0 � C 30 min, 9 4 � C 2 min, 9 4 � C 30 sec, 6 3 � C 30 sec, 

72 X 1 5min for 35 cycles, 72 °C 10 min 

(5) All amplicans were identified by gel electrophoresis and sequencing The PCR 

products were identified by 1 2% agarose gel electrophoresis, and then sequenced 

with sequencing primers 

4.2.4.3. env and gag amplification 

Protocol for env and gag amplification was similar to pol amplification (primers were 

listed in Table 4-2) 

Table 4-2 Primer set for env and gag amplification and sequencing 
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Primers Position (HXB2^ Sequence (5，—3， 

AMPLIFICATION PRIMERS 
For env gene 
Outer sense (44F) 6954 
Outer antisense (35R) 7668 
Inner sense (33F) 7002 . 
Inner antisense (48R) 7541 
For gag gene 
Outer sense (332) 796 
Outer antisense (308) 1319 
Inner sense (306) 836 • 
Inner antisense (307) 1271 • 

SEQUENCING PRIMERS 
For env gene 

Sense (207) 826 • 
For gag gene 
Sense (306) 836 • 

6973 5,-ACA GTR CAR TGY ACA CAT GG-3' 
7648 5'-CAC TTC TCC AAT TGT CCI TCA-3' 
7021 5'-CTG TTI AAT GGC AGI CTA GC-3' 
7523 5,-RAT GGG AGG RGY ATA CAT-3' 

818 5'-GCG AGA GCG TCA RTA TTA AGI GG-3, 
•1297 5'-TCT GAT AAT GCT GWR AAC ATG GG-3' 
857 5,-GGG AAA AAA TTC GGT TAA GGC C -3' 
1249 5'-CTT CTA YTA CTT TYA CCC ATG C-3 

5'- CTG TTA AAT GGC AGT CTA GC -3' 

857 5'-GGG AAA AAA TTC GGT TAA GGC C -3' 
* Remarks reference isolate HXB2 (Genebank accession # K03455) 

First-round RT-PCR： 50°C 30 min, 94°C 2 min, 9 4 � C 30 sec, 55°C 30 sec, 72°C 

1 5min for 30 cycles, 7 2 � C 10 min 

Second-round PGR 5 0 � C 30 min, 9 4 � C 2 min, 9 4 � C 30 sec, 5 6 � C 30 sec, 72°C 1 min 

for 35 cycles, 7 2 � C 10 min 

4.2.4.4. Sequencing and sequence analysis 

PCR products were purified and sequenced by commercial services Brief sequencing 

procedure was purified PCR products were sequenced directionally with fluorescent 

dye terminators (Prism BigDye terminator cycle sequencing ready reaction kit, 

Applied Biosystems) by an automated DNA sequencer (Applied Biosystems model 

3110x1) Sequence fragments were then assembled by ContigExpress (InforMax Inc , 

USA) Pol sequences were uploaded to an HIV drug resistance database at Stanford 

University (http //hivdb Stanford edu) for the identification of mutation sites and 

assessment of its impact on first line therapeutic responses 

4.2.5. Phylogenetic analysis 

Neighbor joining phylogeny construction 
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The nucleotide sequences of HIV pol, env and gag regions were compared with 

reference sequences from HIV genotypes and circulating recombinant forms 

(http //www hiv lanl gov/content/sequence/HIV/SlJBTYPE_REF/TabIel html) 

Genotype of HIV was determined after aligning with reference sequences and 

followed by phylogenetic analysis The pol sequences of some strains from a 

CRFOI AE cluster (EF122532, EF122534, and EF122541) which was reported in 

Hong Kong this year [66] was also included besides the reference strains for each 

subtype (Table 4-3) NJ phylogeny serves the purpose of constructing large 

phylogenetic trees that are virtually impossible to be constructed with more 

sophisticated methods (e g Maximum Likelihood method) In the study, 

phylogenetic trees were constructed using NJ method from the samples collected 

from our own 2008 and 2009 surveys together with reference sequences 

Table 4-3 Standard reference sequences used in the study 
COMMON NAME LOCUS ACC# 
A1 UG92UG037 H92UG037 U51190 
A1 UG85 U455 U455 U455 
A1 SE SE7253 ASOSE7253 AF069670 
B FR HXB2-LAI-IIIB-BRU HIVHXB2R K03455 
CBR BR025-d H92BR025 U52953 
CETETH2220 HIVETH2220 U46016 
CBW96 96BW0502 BW0502 BW0502 
D CD ELI HIVELICG K03454 
D CD 83NDK 83NDK 83NDK 
F1 BR 93BR020_1 93BR020 AF005494 
F2 CM MP255 95CMMP255C AJ249236 
GSE SE6165 AF061642 AF061642 
HCF056 90CF056 AF005496 
J SE SE7887 SE92809 AF082394 
KCD EQTBllC 97EQTB11C AJ249235 
01—AE CF90 90CF11697 90CF11697 90CF11697 
01_AE TH 99TH MU2079 MU2079 MU2079 
01_AE CF 90 90CF402 90CF402 90CF402 
01—AE TH CM240 HIV1CM240 U54771 
02—AGNGIBNG HIVIBNG L39106 
03_ABRUKAL153_2 KAL1532 AF193276 
04_cpx CYCY032 CY0323 AF049337 
05_DFBE VI13]0 VI1310 AFl 93253 
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06_cpx AU BFP90 BFP90 AF064699 
07_BC CN CNOOl CNOOl AY043176 
07_BC CN CN54 CN54b AX149771 
08_BC CN 97CNGX—6F 97CNGX6F AY008715 
10—CD TZ 96TZ_BF061 96TZBF061 AF289548 
ll_cpx GR GR17 GR17 AF179368 
12—BFARARMA159 ARMA159 AF385936 
13—cpx CM 1849 1849 AF460972 
14—BGES X397 X397 AF423756 
15_01B TH 99TH_MU2079 OlAEB AF516184 
NCM YBF106 YBF106 AJ271370 
0 BE ANT70 HIVANT70C L20587 

Sequences were aligned using CLUSTAL W Chttp //www ebi ac uk/Tools/clustalw/ 

index html) and then edited by BioEdit software The aligned nucleotide sequences 

were translated into amino acid sequences with standard genetic codes The genetic 

distances (as measured by substitutions per 100 sites with an estimated 95% standard 

of error) were estimated by Kimura's 2- parameter's nucleotide substitution model for 

the calculation of genetic distance matrix, with both synonymous and 

non-synonymous site were taken into account Phylogenetic and molecular 

evolutionary analysis was performed with MEGA 4 0 (The Biodesign Institute, 

Tempe, AZ) The reliability of the phylogenetic tree analysis was assessed and 

assured by bootstrap re-sampling with 1000 replicates Lineages or clusters with 

bootstrap value greater than 95% or with bootstrap value greater than 80% and 

branch length <0 015% were defined as bootstrap-well-supported The scale bars at 

the bottom of the NJ phylogenies are in K2P genetic distance unit 

Maximum Likelihood phylogeny 

Maximum likelihood (ML) methods are regarded as the most accurate method of 

phylogeny reconstruction In this study, the individual phytogenies for HIV subtype 

B, CRFOI AE and CRF07_BC were reconstructed using this method The ML 

methods in this thesis used MEGA 5 0 (BETA) The general-time-reversible model 

with invariable sites and 4 categories of gamma distribution of site heterogeneity was 

used for ML search Neighbor joining trees were built as the starting tree Heuristic 
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search (hs) started from the previous NJ tree was used to obtain the best ML tree 

Robustness of the ML phylogenies was assessed using 100 replicates of ML 

bootstrap in MEGA 

4.2.6. Statistic analysis 

A descriptive study in percentage terms of all recorded variables was performed 

using SPSS v l6 0 (SPSS Inc, USA) Frequencies were compared using the 

Pearson's ^ test or Fisher's exact test Trent test was used for year of diagnosing P 

< 0 05 and P < 0 01 were used as the criterion to determine statistical significance 

The correlations between genetic clustering and HIV-related socio-behavioral 

characteristics were also examined by logistic regression analysis When doing 

logistic regression analysis, univariate analysis was first conducted to select variables 

for inclusion in models based on these results and the hypothesized relationships to 

outcomes Since the sample size was comparatively small, variables with P values 

less than 0 15 were included in the logistic regression model for multivariate analysis 

Other potential factors that may be associated with outcomes are also included in the 

model 

4.3. Results 

4.3.1. Subtype distribution among HIV-1 positive MSM cases 

A total of 124 leftover sera were collected from HIV-1 individuals who were 

recruited through MSM survey by TLS and RDS sampling methods 106 (85 5%) 

HIV-1 positive samples were successfully identified for HIV-1 subtypes based on the 

sequences of pol region There was no statistically significant difference in the 

proportion of MSMs between sequenced and non-sequenced samples CRFOI AE 

was the predominant (57 5%) genetic form in Shenzhen followed by CRFOT BC 

(34 0%) and subtype B (8 5%) No other subtype was found among these MSMs 

(Table 4-4) 

Table 4-4 HIV positive samples collected from the MSM survey, 2008-2009 
2008TL 2009TLS 2009RDS Total 
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Tested HIV positive 49 45 30 124 
Repeat cases 2 1 
Sequenced 43 38 25 106 
Subtype 

CRFOl—AE 
t) 

23 
A 

20 
A 

18 
1 

61 Q 

CRF07—BC 16 14 
1 
6 36 

TLS: time-location sampling, RDS: respondent driven sampling 

4.3.2. Phylogenetic analysis and detection of transmission clusters 

The phylogenetic analysis was performed on the 106 pol nucleotide sequences from 

HIV positive MSMs in the TLS and RDS survey (Figure 4-3 and Figure 4-4). 
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Cluster IV 

Figure 4-3 Phylogenetictree of CRF01_AE strains from TLS and RDS (n=61) in Shenzhen 
Open circle: OMSM 2008TLS; solid circle: OMSM 2009TLS; open square: MSW 2008TLS; 
solid square: IViSW2009TLS; solid triangle: MSM by 2009RDS; red: sauna user; blue: park 

user; yellow: family club user; green: bar and massage center user; black: Internet user. 
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Figure 4-4 Phylogenetic tree of CRF07_BC and B strains from TLS and RDS (n=45) in 
Shenzhen 

Open circle: OMSM 2008TLS; solid circle: OMSM 2009TLS; open square: MSW 2008TLS; 
solid square: MSW 2009TLS; solid triangle: MSM by 2009RDS; red: sauna user; blue: park 

user; yellow: family club user; green: bar and massage center user; black: Internet user. 
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Four CRF01_AE genetic clusters [cluster I (23 members), II (8), III (4) and IV (10)], 

one CRF07_BC cluster [cluster V (33)] and one B cluster [cluster VI (3)] were 

observed with a determination of bootstrap value exceeding 95 in NJ tree ML trees 

were similar to NJ tree There were 81 members within the genetic clusters, which 

accounted for 76 4% of the total samples Genetic clusters were not equally 

distributed within different subtypes More than 90% of CRFOT BC strains were 

clustered together, and around three fourth of the CRFOI AE strains were located in 

4 separate clusters, while the majority of subtype B members were non-clustered 

unique transmission events (Table 4-5) The CRF07 BC and B clusters were defined, 

whereas the CRFOI AE genetic cluster had longer branch lengths, especially cluster 

I, which indicated a loose interrelationships 

Table 4-5 Relationship of subtypes and genetic clusters among MSM 
Clustered Non-clustered 

Subtype (n=81) n (%) (n=25) n (%) f P 

CRF01_AE 45(73 8) 16(26.2) 14.153 0.001 
B 3(33.3) 6(66 7) 
CRF07_BC 33(91.7) 3(8.3) 

*: percentage of each category of the variable 

For HIV positive MSMs, the venue of recruitment in TLS survey were recorded and 

compared with the distribution of genetic clusters From the phylogenetic tree, all 

MSMs in subtype B cluster were recruited from park, while individuals in other 

clusters showed no venue-type specific characteristics The majority of individuals in 

cluster II and III (CRFOI AE) were OMSMs with no sex trade experience From 

RDS survey, venue-based and Internet-based MSMs were compared for clustering 

Since only 5 internet-based MSMs were found to be HIV positive in RDS survey, no 

significant difference was observed (40% vs 81%, fisher's exact test P =0 10) 

Epidemiologic characteristics from the behavioral survey showed that HIV genetic 

clustering could be attributed to the differences in behavioral characteristics MSMs 

engaging in receptive anal intercourse in male sex in the previous 6 months, living in 

Shenzhen for more than 1 year, having first sex experience before the age of 18， 
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coming from high HIV prevalence areas were significantly more likely to be 

included in clusters. After multivariate logistic regression analysis, sex role and 

length of stay in Shenzhen were found to be associated with genetic clustering (Table 

4-6). 

Table 4-6 Correlation between behavioral risk factors and genetic clusters among MSM 
Clustered Non-clustered 

Variable (n=81)n (%) (n=25) n (%) P Univariate Multivariate 
Venue for recruitment^ / / 

Bar & MC 6(9.5) 3(16.7) 0.839 
FC 21(33.3) 7(36.8) 
Park 20(31.7) 5(27.8) 
Sauna 16(25.4) 3(15.8) 

Sexual practices in male anal intercourse 
Insertive only 17(21.8) 11(44.0) 0.017* 4.3(1.4-13.0) 5.2(1.6-16.3)* 
Both 47(60.3) 7(28.0) 1.3(0.4-4.2) 1.3(0.4-4.4) 
Receptive only 14(17.9) 7(28.0) 1 1 

Hometown prevalence of HIV infection 
Low 57(73.1) 23(92.0) 0.048* 4.0(1.0-18.6) NS 
High 21(26.9) 2(8.0) 

Length of stay in Shenzhen 
<=1 year 30(37.0) 15(60.0) 0.042* 0.3(0.1-0.8) NS 
>1 year 51(63.0) 10(40.0) 

Age of first sex 
<=18 38(46.9) 5(20.0) 0.017* 2.6(1.0-6.4) 1.8(1.1-2.9)* 
>18 43(53.1) 20(80.0) 1 1 

Number of anal sex partners 
<=1 24(29.6) 9(36.0) 0.548 2.0(0.8-5.1) / 
>1 57(70.4) 16(64.0) 

UAI in non-commercial male sex 
No 38(46.9) 16(64.0) 0.135 1.3(0.5-3.4) / 
Yes 43(53.1) 9(36.0) 

Ever received HIV test 
No 40(49.4) 8(32.0) 0.127 0.5(0.2-1.2) / 
Yes 41(50.6) 17(68.0) 

Condom use knowledge 
Low 17(21.0) 9(36.0) 0.127 2.1(0,8-5.6) / 
High 64(79.0) 16(64.0) 
P<0.05; n= 63 (cluster)+18 (non-cluster); NS:not significant 

Since the venue-type differentiation could hardly explain the distribution of HIV 

strains, the relationship between possible genetic transmission chains and specific 
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venues of recruitment was further investigated based on the 6 genetic clusters 

observed in the phylogenetic tree In total, 79 pol sequences obtained from positive 

samples were collected from 26 different venues through TLS survey, and 61 of 

them were located in one of the 6 genetic clusters Among them, the subgroups of 

MSM from the exact same venues were identified within each genetic cluster 

Overall, 47 members (59 5% of the total) were found to be clustered into 17 MSM 

venue-groups These groups were defined as venue-specific transmission chains The 

number of members in these 17 chains was ranged from two to seven (two, 70 6%, 

three, 11 8%, more than four, 17 6%) The two largest chains (contain 6 and 7 

members) of CRF07 BC were observed within two big venues including one park 

and one sauna, and most of the 12 pairs of MSMs in venue-specific transmission 

chains were collected from family clubs (8 from family clubs, 2 from park, 1 from a 

small bar and 1 from a sauna) MSMs included in these transmission chains had 

significantly greater proportion of being recruited from sauna or park (69 8% vs 

30 2%, = 8 635, P = 0 035) The high percentage of members within the 

venue-specific transmission chains (74 6%) showed a close relationship between 

HIV genetic characteristics and the specific MSM venue where MSM visited and 

found sex partners, which further indicated a high possibility of HIV transmission 

within venues 

4.3.3. CD4 counts, recent infection and primary drug resistance 

Among HIV positive cases recruited from TLS and RDS surveys, 84 were randomly 

selected and tested for recent infection (Figure 4-5) 31 (36 9%) of them were 

identified as being infected within the past 5 months, with an incidence estimated as 

4 63% (95% CI 3 07-6 19) Individuals from cluster I and II (15% of recent infection) 

were mainly past infection, while MSMs from cluster III (100%) and other clusters 

(50%) had much higher proportion of recent infection Only a slightly higher 

percentage of recent infected individuals was observed in clustered MSMs compared 

with non-clustered samples (83 9% vs 71 7%,受二 1 598, P = 0 206), while the 
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variation in distribution of recent infect among different clusters was significant {% = 

13.462, P - 0.019). The average CD4 count of the MSMs in this study was 391,41 

cells/mm^. 47.8% of them had a CD4 count less than 350 cells/mm^, which is the 

WHO recommended threshold for initiating antiretroviral therapy in developing 

countries, and is also the threshold for providing free treatment in China. 

Non-clustered MSMs had significantly higher likelihood of having lower CD4 

counts and were in need of initiating HAART immediately after the diagnose (83.3% 

vs. 39.4%,义2= 3.944，P = 0.045). There was only one sample among the 106 HIV 

positive MSMs recruited in our study with drug resistant mutation on PR region of 

the virus (M46L), which indicated that the primary drug resistant rate among HIV 

positive MSMs in Shenzhen was low. 

Primary drug resistance 

v
%
 

Figure 4-5 Strains of recent infection in the phylogenetic tree of MSM in the study 
Blue: long term infection; red: recent infection 

Circle: TLS 2009; square: TLS 2008; triangle: RDS 

4.3.4. Comparison of HIV sequences collected from positive MSMs by TLS and 

RDS with MSMs from other sources 
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The 106 pol sequences collected in this study were compared with other 219 MSM 

samples collected during 2006 and 2009 by other sampling methods from other 

sources including STI clinics, VCT (voluntary counseling and testing), and 

integrated surveillance system (Figure 4-6) Since a CRFOI AE cluster was recently 

reported in Hong Kong MSMs [66], clustered CRFOl-AE sequences in this study 

were compared with the reference sequences from Hong Kong CRFOl-AE cluster 

members None of the Hong Kong clustered strains was found to be located in any 

clusters in our study, indicating no cross-border HIV transmission Phylogenetic 

analysis on env and gag regions of HIV genome were also conducted, similar genetic 

cluster distribution was observed in both env and gag trees (Figure 4-7) 

The phylogenetic tree with a total of 325 sequences from HIV positive MSMs were 

compared for the year of diagnosis A significant greater proportion of recent 

diagnosed cases was found in CRF07_BC group compared with subtype B group 

Cluster 

Jc ius te r III 

Cluster IV 

Cluster II 

t e r ^ ‘ t V ^ 
Cluster Vll Cluster" N/lll 

Figure 4-6 Phylogenetic tree of HIV strains from MSM in Shenzhen by program based on pol 
sequences (n=325) 

Black solid circle MSM recruited from TLS and RDS survey 
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Figure 4-7 Phylogenetic tree of HIV strains from MSM tn Shenzhen by program based on gag 
(n=151) and env (n=165) sequences 

A gag tree; B: env tree; Black solid circle: MSM recruited from TLS and RDS survey. 

Strains isolated from HIV positive MSMs in early epidemics stage (2006 and before) 

were classified into three genetic forms CRFOI AE (63 9%), B (27 8%) and 

CRF07—BC (8 2%) In year 2007, the proportion of CRF07_BC was increased 

among MSMs (CRFOI AE 47 1%, B 29 4%, CRF07_BC 20 6%) From 2008, less 

and less subtype B strains were observed among this population (Table 4-7 and 

Figure 4-7) In 2009, subtype B only accounted for only 9 1% of the total infected 

MSMs Although CRFOI AE was continuously the predominant genetic form in 

Shenzhen, the second predominant HIV subtype circulating among MSMs was 

shifted from B to CRF07_BC The distribution of HIV strains collected in this study 

was different from other HIV strains collected from MSMs who were diagnosed in 

2008 and 2009 A slightly greater proportion of CRFOI AE and lower proportion of 

CRF07_BC were observed among MSMs from this study than other MSMs in both 

year 2008 and 2009 (Table 4-7) In addition, HIV strains from positive MSMs in our 

study were more likely to be clustered than strains from MSMs by other sampling 

methods (Table 4-8) These findings indicated that the distribution of HIV positive 

MSMs recruited from the approximate probability sampling (TLS and RDS) were 

different from MSMs by other methods, and therefore implied that the result from 
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previous used convenience sampling might not correctly represent the HIV 

distribution among MSMs. 

Among the 6 transmission clusters identified in previous section with the study 

samples, only cluster I was no longer identified as a cluster due to the decreased 

bootstrap value and longer branch lengths. However, two new subtype B clusters 

(cluster Vn and VIII) were observed. Both of them contained a majority of early 

isolated strains with more than 50% were diagnosed before 2007. 

Table 4-7 Subtype distribution among MSM in Shenzhen 
CRF01_AE B CRF07 一 BC 

Variable n (%) n (%) n (%) X2 P 

Year of diagnosis 
2009 82(53.2) 14(9.1) 58(37.7) 22.69 0.007 
2008 64(49.2) 20(15.4) 45(34.6) 
2007 16(47.1) 10(29.4) 7(20.6) 
2006 and before 62(63.9) 10(27.8) 4(8.2) 

2009 Samples 3.425 0.180 
MSMs in project 38(62.3) 5(8.2) 18(29.5) 
Other MSMs 44(47.3) 9(9.7) 40(43.0) 

2008 Samples 1.792$ 0.689 
MSMs in project 23(51.1) 5(11.1) 17(37.8) 
Other MSMs 41(47.7) 16(18.6) 28(32.6) 
Fisher's exact value. 

Table 4-8 Distribution of genetic clusters among MSM in Shenzhen 
Clustered MSM Non-clustered MSM 

Variable n (%) n (%) P 

Year of diagnosis 
2009 98 (63.6) 56 (36.4) 4.707 0.753 
2008 82 (63.1) 48 (36.9) 
2007 11 (61.1) 7 (38.9) 
2006 and before 14(73.7) 5 (26.3) 

2009 Samples 
MSMs in project 46 (75.4) 15 (24.6) 6.051 0.014 
Other MSMs 52 (55.9) 41 (44.1) 

2008 Samples 
MSMs in project 35 (77.8) 10 (22.2) 6.748 0.009 
Other MSMs 82 (62.6) 49 (37.4) 
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Figure 4-8 Pol tree of HIV strains from MSM in Shenzhen by year of diagnosis (n=325) 
Red: before 2006; Green: 2007, blue: 2008; purple: 2009 

4.3.5. Comparison of HIV sequences from positive MSM with individuals 

infected through other routes 

The 325 MSM sequences were also compared with other 347 samples that were 

collected during year 2006 and 2009 from HIV positive individuals who were 

infected through other transmission routes including heterosexual contact, IDU and 

blood transmission (Figure 4-9) From the phylogenetic tree, HIV strains circulated 

among MSM were clustered together and were separated from other HIV individuals 

infected through blood-borne transmission or heterosexual transmission No cluster 

was found among the specimens from persons infected through blood-borne and 

heterosexual contact transmission 

We then analyzed the associations of genetic clustering with mode of infection as 

well as diagnosing year Pearson's chi square test was used for the comparison of 

genetic cluster with transmission route, and trend test was used for year of diagnosis 

Individuals infected through homosexual contact had significantly higher likelihood 

to be clustered together compared with individuals through other routes of 
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transmission (Table 4-9) A trend of increasing proportion of clustered HIV strains 

isolated from newly diagnosed patients was observed by year After multivariate 

analysis, only transmission route was found to be the key determinant for genetic 

clusters, which indicated a closer transmission relationship among MSM population 

than other high risk populations. A transmission network among MSMs was 

probably formed from year 2007 

Cluster V 

Cluster IH 
Cluster II 

Cluster v V s 
Cluster VII c I^ rVIN Cluster IV 

Figure 4-9 Phylogenetic tree of HIV pol sequences collected In Shenzhen (n=672) 
Black solid circle: HIV strains from samples of MSM. 

Table 4-9 Relationship of genetic clusters and epidemic data among MSM 

Variable 

Cluster 

(n=252) n (%) 

Non-cluster 

(n=419) n X2 P 

AOR^ 

Transmission route 
Homosexual 206(63.6) 118(36.4) 182.63 <0.001 1 
Heterosexual 37(15.5) 201(84.5) 0.11(0.07-0.16)* 
Other 9(8.3) 100(91.7) 0.07(0.02-0.25)* 

Year of diagnosis 
2009 118(44.5) 147(55.5) 21.49^ <0.001 1 
2008 97(38.5) 155(61.5) 0.89(0.59-1.34) 
2007 17(39.5) 26(60.5) 1.29(0.59-2.83) 
2006 or before 20(17.9) 92(82.1) 0.66(0.29-1.49) 

P<0.05. : trend test value; : adjusted odds ratio in multivariate analysis. 
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4.4. Discussion 

4.4.1. Genetic clusters and epidemiological characteristics of HIV positive 

MSMs 

This chapter mainly investigated the molecular interrelationships among HIV 

positive MSMs and the association between genetic clustering and social behavioral 

characteristics of MSMs based on probability sampling methods Similar to result of 

Hong Kong showing that MSMs tended to form their own genetic clusters in 

molecular epidemiological analysis [67], several genetic clusters were also observed 

among Shenzhen MSMs Contrast to some studies reporting that no correlation was 

found between the distribution of MSMs in phylogenetic tree and social behavioral 

characteristics of MSMs [244], the findings in this study revealed that HIV positive 

MSM engaging in receptive anal intercourse in male sex in the previous 6 months, 

living in Shenzhen for more than 1 year, having first sex experience before the age of 

18, coming from high HIV prevalence areas were more likely to be included in 

genetic clusters 

Although no association was found between venue-type and transmission clusters, 17 

venue-specific transmission chains which covered a majority of samples found in 

phylogenetic analysis might indicate an underlying HIV transmission in venue Since 

more than 50% of the MSMs in TLS surveys self-reported seeking partners in 

multiple types of venue, they might act as mediums in transmitting HIV to different 

venues This finding might be the reason that no association between genetic clusters 

and venue-types was observed in our study However, the large proportion of MSMs 

in venue-specific transmission chains still indicated the possibility of direct HIV 

transmission in venue Further study with a larger sample size and more detailed 

information on sexual contact between the MSMs in each chain should be considered 

to further evaluate the relationship between venue and HIV transmission 

4.4.2. Genetic clusters and recent infection 
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Although all HIV cases used in this study were recently diagnosed, they did not 

indicate that the person was recently infected with HIV BED test could be an 

evidence for evaluating population based incidence Testing for recent infection is an 

alternative for follow-up and record-based studies when direct seroconversion time 

could hardly be identified for positive individuals A significant greater proportion of 

patients infected through homosexual contact were identified as recent infection 

(around 40%), compared with patients infected via injecting drug use and blood 

transmission (2-3%) [203] This finding urged the need of effective intervention and 

education among men who have sex men compared with other high risk populations 

Cluster III and V were probably newly emerged strains with a majority of members 

within clusters were diagnosed in 2008 and 2009 

4.4.3. Sampling methods is crutial for molecular epidemiological study 

Almost all phylogenetic analysis studies on genetic clusters were based on all 

reachable samples (or newly infected individuals) in a specific area [66，67, 165, 186, 

244-247], while sampling methods might influence the pattern of transmitted strains 

as viruses from some individuals could been sequenced retrospectively Traditional 

epidemiological method of contact tracing was widely used in identifying more 

unknown infected cases if the recent partner of a person was identified Contact 

tracing on individual basis thereby is easier to identify genetic clusters in accompany 

with the transmission chains, while it might bring bias to the population based 

analysis of transmission clustering The cluster of sequences obtained from contact 

tracing could have an impact on the percentage of clustered transmission events 

found in the respective year of infection, which was larger than expected when 

sampling was random It was found that samples collected from community-based 

sampling and snowball sampling methods were more likely to be clustered MSMs 

than samples in TLS and RDS (85% vs 76%) In addition, two additional subtype B 

clusters were observed among MSMs samples collected from other sources 
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In contrast, HIV positive MSMs found in VCT or STI clinics might be difficult to 

trace the place and time of infection, and therefore could hardly represent the MSMs 

in Shenzhen Identification of transmission route in patients from VCT or STI clinics 

was based on their self-judgements The lack of detailed epidemiological information 

especially recent behavioral data in male-male sex in these samples might lead to a 

false identification of transmission route Therefore, individuals recruited from TLS 

and RDS could be a representative sample based on random selection for molecular 

epidemiological analysis 

The comparison between samples recruited in this study with other cumulated 

samples indicated that the most widely observed genetic clusters in CRF07 BC and 

CRF Ol AE among Shenzhen MSMs were still formed when a sampling strategy 

was applied However, the proportion of CRFOl—AE was larger and subtype B was 

smaller among our samples compared with MSM samples being collected by other 

methods, though the differences were not significant due to the small sample size In 

addition, a majority of clusters in subtype B were not observed among MSMs in TLS 

and RDS studies Project samples were found to be distributed in all genetic clusters 

in the two recombinant forms (CRFOT BC and CRFOl AE), while they only located 

in 1 of the 3 genetic clusters in subtype B Most of MSMs infected by subtype B 

virus were recruited through other sources This situation might result from the trend 

of decreased proportion of subtype B virus in recent years among Shenzhen HIV 

positive population 

4.4.4. Relationships between Shenzhen MSMs and Hong Kong MSMs 

Genetic clusters in neighbor city Hong Kong were found exclusively among the 

subtype B specimens, and no sequence clustering was identified among CRFOI AE 

specimens, though CRFOl一AE was the predominant genetic form in Hong Kong [67] 

Another recent study indicated a CRFOl—AE MSM cluster was observed based on a 

part of Hong Kong MSM samples [66] The sequences were compared in our study, 

but they were allocated in a non-clustered form, which indicated that no molecular 

157 



evidence was observed for cross-border HIV transmission among MSMs However, 

near half of the MSMs in our epidemiological survey reported having sexual contact 

with Hong Kong partners 

Based on a recent study on social network and genotypic clustering, it was found that 

the cluster was related to sauna and Internet [248] MSMs visiting sauna in Hong 

Kong might not be similar to MSMs visiting Shenzhen venues In addition, 

Internet-based MSMs might have different transmission network compared with 

venue-based MSMs Although Internet-based participants were recruited from RDS 

survey, with 50 2% of MSMs in RDS reported Internet only as the way of partner 

sourcing, the overall number of Internet-based HIV positive individuals (19) was 

comparatively small and could hardly provide adequate information for analysis 

Further Internet-based MSMs surveillance should be conducted to better interpret the 

HIV transmission pattern among MSM in Shenzhen and the relationship between 

Shenzhen and Hong Kong MSMs Finally, the conflict on phylogenetic analysis and 

population study for HIV transmission could probably due to the finding that the 

majority of MSMs having sex with Hong Kong MSMs were MBs (81%), a subgroup 

of MSMs that had significantly lower prevalence of HIV infection and higher 

condom use rate than other MSMs 

However, we could hardly make any conclusion at this time since no parallel study 

was conducted among Hong Kong MSMs focusing on their cross-border sexual 

behaviors A cooperative program between the Chinese University of Hong Kong 

and Shenzhen CDC on cross-border Hong Kong MSMs was conducted in Shenzhen 

to investigate the social-behavioral characteristics of this unique subpopulation, and 

the data would be published soon We hope that data could help to explain the HIV 

transmission pattern among Shenzhen and Hong Kong MSMs 
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Chapter 5 Conclusions 

1 This study is the first study conducted in China that investigated the prevalence of 

HIV infection and its risk factors in men who have sex with men (MSM) using two 

powerfU sampling approaches in hard-to-reach population, time-location sampling 

method and respondent-driven sampling method The study is also the largest 

regional study on MSMs, to date, in the country, with the number of study subjects 

exceeding 2100 Another unique feature of this study is that money boys and other 

MSMs was separated for analysis and the HIV risks between them was compared 

based on parallel recruitments by TLS Furthermore, significant differences in HIV 

infection and related risk factors were observed among MSMs frequenting different 

MSM venues, which was the first report in China showing a correlation of HIV risk 

with venue The study determined molecular interrelationships among HIV positive 

MSMs sampled from TLS and RDS surveys based on the sequences of HIV strains 

2 The prevalence of HIV infection among the MSMs was 5 5%, similar to the 

national level of 4 9% in MSMs However, there was a difference between MBs and 

other MSMs, in which a significantly lower infection rate was observed in MBs 

Factors found to be associated with HIV infection in MSMs included syphilis 

infection, occupation, sexual orientation, venue for recruitment and hometown 

prevalence of HIV infection Again, the risk factors were different between MBs and 

other MSMs The findings suggest that a separate analysis on MBs and other MSMs 

is necessary for a better interpretation of the HIV-related risk factors In addition, a 

separate recruitment of MBs and OMSMs might be helpful after comparing the result 

of mixed and separate sampling of these two subgroups Based on the results, HIV 

prevention and intervention should focus on developing a suitable strategy for 

different subgroups 

3 The results from this study also showed that MSMs frequenting family clubs, 

parks and saunas, had significantly higher HIV infection than in entertainment 
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venues, such as bars and massage centers The socio-behavioral characteristics of 

MSMs in various venues were also different, which indicated a possible venue 

effects on MSMs' behaviors and preferences, and therefore urged the need to 

develop venue-specific interventions 

4 The comparison of the results from TLS and RDS showed that the two sampling 

methods had a mutually compensable role in reaching high risk MSMs TLS could 

reach more sexually active MSMs in venue based on a random selection strategy, 

while it could only represent the population attending venues In contrast, RDS had 

the advantage to reach more hidden subgroup, such as Internet-based MSMs, while it 

might be hard to estimate the representativeness due to the lack of information on 

reliable eligibility and response rates In addition, TLS was a simple, but labor 

intensive method, RDS was convenient to use, but its analytic methods have not been 

well established and are comparatively sophisticated Using both of the methods 

together could compensate for the disadvantages of each, and cover more MSMs 

with different characteristics and different subgroups 

5 From the molecular phylogenetical study on HIV strains of positive MSMs, 

certain molecular interrelationships were found There were genetic clusters, which 

indicated a high HIV transmission possibility among the members in clusters The 

close relationships among cluster members could be linked to the social behavioral 

characteristics of the subjects Furthermore, the high proportion (60%) of subjects in 

venue-specific transmission chains might indicate an underlying transmission of HIV 

in venue This finding was consistent with our epidemiologic study showing that 

MSMs frequenting different venues had different HIV infection rate and HIV-risk 

related characteristics The information may be helpful to formulate an intervention 

strategy to break the transmission chain in each high risk venue On the other hand, 

further studies with larger sample sizes and combination of both epidemiological and 

molecular data are needed to confirm the possible venue relationship with HIV 

transmission among MSMs 
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Appendix I (Questionnaire of the study) 

MSM健康调查问卷 

本栏由采样者填写 

1 场所名称： 场所代码：••!•口 所在地： 区 

调查日期：200_年—_月_—日被访者编号（招募卡号） 

在调查前，我们想确定你是否适合做这个调查，在过去六个月，你曾否有过男男同性 

2 性行为(包括肛交或口交)？ IHi没有+非合适受访者 有•^继续访问 

3 样 本 来 源 ： O i 会 所 酒 吧 口 ； 浴 室 公 园 口 ^ 休 闲 / 按 摩 中 心 • 6 2 5 8 工 

3 作 室 . 社 区 门 诊 其 它 请 注 明 ： 

在本地，您大约认识多少个圈内的朋友（男男性行为者）？（认识是指您能够认识对 

4 方面孔，知道名字或化名、昵称，和联系方式，并能在一个月内联系上对方，主您仔 

细回想一下： Oi 人口：拒答 

5 介绍参加这次活动的人和您是什么关系？ 过去的性伴（6个月以前）口：^近6 

个 月 的 性 伴 好 朋 友 0 4 普 通 朋 友 熟 人 0 6 陌 生 人 0 7 拒 答 

以下对调查对象进行调查 

A � 人 口 特 征 

您的出生日期：19_ 年 月 

您的家乡 -省 

您的家乡属于：Di城市 乡镇，口^农村 

您目前是否居住弃揮 __ 

• i 是 1 您-病户 口 - ^ i i i ? 
i 口 ] 深 圳 市 本 省 其 它 地 区 外 省 （ 请 注 明 省) 

； 0 4 香 港 Os其它国家地区（请注明 国） 

ui您住哪个区？ 罗、_ 02福两 南 山 宝 安 龙 岗 盐 田 

您 在 深 圳 居 住 「 _ _ uli-sV^ • V T - l i T M j 
丨 I O s l - � 年 [1162年以上 i 

• 2 请问您居住在哪里？ 广东省口：^中国大陆其它省份香港04外国I 

14 您 的 民 族 ： 汉 族 其他.请注明： 

15 您 的 最 高 学 历 ： 文 盲 小 学 初中 a高中.中专 大专.大学 

• 6研究生以上 

16 
您目前工作状况：全职 兼职 • 待 业 / 失 业 退 休 个 体 • 。 学 生 

•。其它，请注明： 

17 
您 目 前 职 业 ： 学 生 教 师 • 保 育 员 / 保 姆 餐饮食品业口、=商业服务 
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•。医务人员 工人 民工 •。农民 LXf牧民 渔(船）民 

• lu干部/职员 Ch,离退 1^14家务/待业 nils军人 口：^腿Or其它， 

请注明 

18 
目前您的月收入水平：口！无收入 Oh 1000以下 1001-2000 

• 4 2001-3000 Ds 3001-4000 Dg 4001 — 5000 Dy 5001-7000 
• s 7001-9000 Dg 9000 以上 

19 19 您目前的婚姻状况:未纟^"^、您将_來舍_与_女结_婚_吗又_g_i舍__g2_不会确尾 

• 2 在 婚 同 居 分 居 O s 离 异 或 丧 偶 

21 您现在与谁住在一起？ 独居室友 (无性行为）•， ,同性性伴 0 4 异性性伴 

• 5 妻子及家人 0 7 父母、子女或亲戚其他，请注明 

B � 性 行 为 

23 您如何评价自己现阶段的性取向？ 同 性 恋 异 性 恋 [ 1 1 3 双 性 恋 不 确 定 

24 您第一次发生性行为（口交，阴道交，肛交）的年龄是？ 周岁 

25 您第一个性伴是男性还是女性？ 男女"“一―」您-藥一次乌勇-ft爱生ft行为 

i是多大年龄？ 周 岁 1 

27 
您寻找性伴最常去的场所是？（可多选，请按频繁程度标明次序） 

• 1 酒吧 /歌舞厅会所 /家庭会所桑拿 /浴池 /按摩 /健身中心0 4互联网 

• S 公 园 / 公 厕 / 草 地 D e 朋 友 介 绍 小 型 聚 会 活 动 其 它 ， 请 注 明 

29 您过去六个月内与谁发生过性行为？ D i 男 性 男 性 及 女 性 女 性 、 j 

C � 同 性 性 行 为 

！——1 

-个 

CI 

,过去的六个月里您是否与男性有过肚交性行为？ O i 是 否 

33过去的六个月里您曾与多少个不同的男性发生过舡交性行为？ 

他们与你的关系是：（可多选） 

1.确立关系的男朋友2.约会的情人 3.嫖客 4. 一夜情 

5. MB (给同志提供性服务的人员）6 .妈咪 7.其他， 

有外国人么？ 口 有 口 ^ 没 有 •不确定 

同性性伴有香港人么？ 口 工 有 没 有 • 不 确 定 

你跟男性发生肛交性行为时，你的性角色是： 

•1只做 “ 1 ” a 只 做 “ 0 ” • 两 个 都 有 

过去6个月内，你与男性发生肛交行为时（包括做0或做1)，是否使用润滑剂？ 

• 1是 使用哪些？ 性行为专用润滑剂口 2非专用润滑剂口水 

• 2否 

43最近6个月跟男性发生口交时使用安全套的频率如何？ 

• 1从不 有时（>50%) 口；经常（>50%) IDA每次都用 •…受有口交 

C2!下面是关于一些跟你有确立关系的男朋友（BF，固定性伴）方面的问题: 
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C3 

C4 

C5 

C6 

61 
62 

D3 

你曾处过多少个确立关系的男朋友？ 个 （0个跳至C3) 

47最近6个月跟男朋友发生舡交时使用安全套的频率如何？ 

口】从不口�有时(>50%) 经常(>50%) [4每次都用 无 肛 交 无 男 朋 友 

下面是关于一夜情（419)方面的问题： 

48最近6个月，您有过多少个一夜情的男性性伴？ 个（如果为0 ,跳至C 4 ) 

50总体来讲，最近6个月你与一夜情男性性伴发生肛交时使用安全套的频率如何？ 

• 1从不 口？有时（>50%) 经常（>50%) 1^4每次都用 没有肛交 

下面是关于跟你有过肛交或口交行为的普通男性性伴（或约会的情人）方面的问题： 

«最近6个月，您与多少个普通男性朋友（性伴）发生过肛交或口交行为？ 

个（如果为 0 ,跳至C 5 ) 

54总体来讲，最近6个月你与这样的男性性伴发生肛交时使用安全套的频率如何？ 

• 1从不 [ ^ 2有时（>5 0 % ) Ds经常（>50%) [^4每次都用 没有肛交 

在最近6个月内，你参与过多少次群交性行为（三人或三人以上）？ 次（0 

次跳至C6) 

最近6个月你参与群交性行为时，肛交中使用安全套的频率如何？ 

• 1从不 口：有时（>50%) 03经常（>50%) 口‘每次都用 没有肛交 

^；7最近六个月，您通过付钱的方式得到过男性为您提供的性服务吗？ 
r — — ~ 

• 1是近六个月，您通过付钱的方式得到过多少男性为您提供性服务？ 
I 

I 口� 人 02记不清 

最近六个月，您与这种男性发生肛交时使用安全套频率如何？ 

• 2否 i 从不 口：!有时 经常 04每次都用 

60 ‘近一次与这类男性发生性行为时使用安全套了吗？ O i是•—否 

D � 异性性行为 

您曾经与女性发生过阴道性交吗？ O i 有 口 没 有 ( 如 果 没 有 , 请 跳 到 E 部 分 ) 

在过去的6个月里您与女性发生过性行为吗？ 

•1有， 位 a 没 有 ( 如 果 没 有 ， 请 跳 到 笔 E 部 分 ) 

使用安全套的频率如何？ D l 从 不 有 时 经 常 0 4 每 次 都 用 

E � 商业性行为 

72 您是否在最近六个月内为了得到钱，为男性提供过商业性性服务(口交或肛交)？ 

• 1是 否 (如果否，请跳至94题) 

73 您为男性提供商业性性服务多长时间了？ 年（ 小于1年的请填 月） 

74 您过去6个月的男性客人中大概几成是香港客人？ (0-10，请尽量估计） 

77 
78 

过去6个月内，您为多少男性提供商业性性服务： 

过去1个月内，您为多少男性提供商业性性服务：_ 

•, 人 记不清 

人（请尽量估计人数） 
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79 过去1个月内，您为男性提供商业性性服务时，平均每人每次付您多少钱（含小费） 

兀8i 

81 

过去1个月内，您大约与多少个商业性伴发生过肛交(包括做0或做1)‘ 

82几成是您完全做"r__ 几成是您完全做 " ( T 几成是两个都做— 

83与这类性伴肛交时使用安全套的频率如何？ D l 从 不 C b 有 时 经 常 C U 每 次 

E9 

90你是否在深圳以外的地方向男性提供过商业性性服务？ 

•1 不}fss 冗不 从 * s s i s s i 寡: 
• 2否 ：过去6个月内都在哪几个城市‘ 

如果过去6个月内去过外国做MB，有哪些国家: 

94 
您是否在六个月内为女性客人提供了商业性性服务 (肛交或阴道交）？ 

•1是 0 2否 (如果否，请跳到第W6m 

95 您第一次为女性客人提供商业性性服务的年龄是： -岁 

96 您过去6个月的女性客人中大概几成是香港客人‘ (0-10,请尽量估计） 

99 
99过去6个月内，您为多少女性提供商业性性服务: 

过去1个月内，您为多少女性提供商业性性服务: 

_人（请尽量估计人数） 

_人（请尽量估计人数） 

101 过去1个月内，您为女性提供商业性性服务时，平均每人每次付您多少钱（含小费） 

元 

102 
102请您回想一下，在过去的6个月里您与女性客人性交时,您使用安全套的情况< 

• 1 从 不 使 用 有时使用 口：̂经常使用 每次都用 

你最近一次与女性客人性交时使用安全套了吗？ D i 是 否 

F、药物酒精史 

106 

您是否曾经尝试过以下药物？（可多选）： 无 ^ ^ 请 跳 到 第 E 部 分 ) 

•2香烟 酒类 aK粉 .LSD.PCP等 蓝 精 灵 a 伟 哥 口？大麻 

• S可长因 09海洛因，吗啡等鸦片类 Oin止咳水 O i l 摇 头 丸 冰 毒 

• 麻果 口^其它 

过去6
个月您是否曾经使用过以下药物？（可多选） 

• 3酒类一•是否在性交前或性交时饮用酒类 ?L g j _每次经赏遇丞 _ 口4_丛?i 

108 
• 4 K 粉 , L S D , P C P 等蓝精灵口^伟哥 

• 7 大麻 O s 可卡因 海洛因，吗啡等鸦片g 

• 1 0 止 咳 水 O n 摇 头 丸 O n 冰 毒 D i s 麻 果 

• 14其它，请注明_ 

您是否在性交前或性交时使用 

这些药品？ 

• 1每次 经常 

• 3偶尔 1^4从不 

您过去6个月内是否曾经注射过毒品 

110 • 1是 

• 2否 

1,2您注射吸毒时是否曾经与别人共用过计具(注射器) 

口丄撤 _ _ _ck经_常一 _ -口丄假尔_ _ _. 人不—.._ 

G、性病既往史 
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过去一年内你有过下列症状吗？ 

113 排尿痛或烧灼感 尿道分泌物异常口^生殖器皮肤破损或增生物 

• 4紅门皮肤破损或增生物 O s肛门脓液 口6没有 

过去一年内你是否曾经被诊断患有以下疾病？ 

115 [ J l 梅 毒 口 � 尖 锐 湿 统 0 3 抱 瘳 淋 病 衣原体口^尿道炎 口？无 

• 9 其 它 — 

H �艾滋病相关信息 

H3 
120您是否接受过艾滋病检测？ — 

• , P k i m 您 一 次 HIV 
•2否 i 过去6个月内 口：^过去一年内 • 3 ! — 2 年 前 • J � 年 以 前 

126 
最近一年，您是否接受过有关预防艾滋病的下列服务？（可多选） 

• 1安全套发放 润滑剂发放D s同伴志愿者教育 性病检查或治疗 

• 5艾滋病咨询或检测 艾滋病性病宣传材料（小册子、折页等） 
127 您获得艾滋病知识信息的主要来源是什么？（可多选） 

• 1 电 视 广 播 口 ^ 报 刊 书 籍 朋 友 0 6 医 生 = 7 咨 询 服 务 / 电 话 咨 询 

• 8免费宣传材料09宣传栏广告栏•�()互联网学校教育•】：：其它 

128 最近6个月内，您使用的安全套或润滑剂是从哪里获得的？ 

• 1疾控中心/志愿者/场所老板等免费发放的 02性伴提供 

• 3到药店/性用品商店/超市等处购买 04其他， 

129 您认为自己目前已感染艾滋病的可能性有多大？ 

• 1 完 全 没 有 相 当 少 O s 有 些 0 4 相 当 大 O s 非 常 大 0 6 已 感 染 

130 

请您凭感觉回答下面有关艾滋病知识的问题： 

一个看上去健康的人有可能携带艾滋病病毒吗？ O i 可 能 不 可 能 0 3 不 知 道 

输入带有艾滋病病毒的血液/血制品会感染艾滋病病毒？ •】会 不会 口^不知道 

与艾滋病感染者或病人共用针具会不会感染艾滋病病毒？ •会 不会 口^不知道 

每次性行为时正确使用安全套能降低感染艾滋病病毒危险？ 能 不 能 不 知 道 

保持一个未感染艾滋病病毒的性伴能降低感染艾滋病病毒危险？ 口1能不能口^不知道 

131 

感染了艾滋病病毒的孕妇可能将病毒传染给她的孩子吗？ 可能 

与艾滋病病毒感染者/病人一起吃饭会感染艾滋病病毒？ Di会 

岐虫叮咬会不会传播艾滋病病毒？ Oi会 

肛交比口交更易传播艾滋病吗？ 是 

不可能口^不知道 

• 2不会 03不知道 

不会 不知道 

不是 不知道 

132 

请判断下面有关安全套使用的问题是否正确？ 

安全套也有保质期，使用前需查看有效期 1对 

套上安全套时魏住顶端的zj壤，挤出空气，雜展开經阴莲根部口1 
安全套在射精前戴上也可以预防性病/艾滋病… O l 对 

使用安全套时，应该在阴莲疲软前抽出 D l 对 

性交后，安全套不可重复使用 O l 对 

• 2 错 不 知 道 

对口^错0 3不知道 

• 2 错 0 3 不 知 道 

• 2 错 口 � 不 知 道 

• 2 错 0 3 不 知 道 

调查到此结束。非常感谢回答这些问题。谢谢你的帮助, 

结果代码：1)完成2)没完成3)部分完成(原因： 

采血：•是 •否 

) 是 否 
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Appendix II (Example for VDT list, sampling frame and calendar) 
Table 1: Sample universe of venues/update monthly sampling frame 
No. 

FOOl 

F002 

F003 

F004 

F005 

F006 

F007 

F008 

F009 

FOlO 

F o i l 

F012 

F013 

F014 

F015 

E025 

E026 

E027 

E028 

E029 

P030 

P031 

P032 

P033 

0034 

0035 

0036 

0037 

0038 

0039 

0040 

5041 

5042 

5043 

5044 

5045 

Tue 

2) 

Wed Thu 

4) 
Fri Sat Sat Sun 

4-6 

4-6 

4-6 

4-6 

4-G 

4—6 

4-6 

-6 
-6 

4-6 

6 - 8 

6 - 8 

6 - 8 

6 - 8 

6 - 8 

6 - 8 

6 - 8 

6 - 8 

6 - 8 

6 - 8 

6 - 8 

6 - 8 

6 - 8 

6 - 8 

6 - 8 

[0_ 

- 6 

- 6 

6 

4-6 

- 6 

4-6 

4-6 

- 6 

- 6 

- 6 

- 6 

- 6 

- 6 

4-6 

Sun 

1 6 -

6 -

6-8 
6 8 

6 - 8 

6 - 8 

6 - 8 

6 - 8 

6 - 8 

- 8 

6 - 8 

6-8 

6 8 

6 - 8 

8 - 1 0 
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Table 2: Monthly sampling calendar 

_ _ _ _ “：， * . I . ； ：； ‘‘ 广" 

26 
S2 
P3 

F5 
F11 

8-10 6 4 
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