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Abstract

The aim of this study is to assess the HIV/syphilis epidemic among men who have sex with

men (MSM) aged <50 years and�50 years in Shenzhen, and explore the associated factors

of HIV/syphilis co-infections among MSM in Shenzhen, in order to help prevention and inter-

vention programs determine their target sub-group. A serial cross-sectional study was con-

ducted on MSM in Shenzhen city, China from 2009 to 2017. A questionnaire was used to

collect demographic characteristics, history of HIV testing, history of blood donation and

sexual behaviors. 5 ml of venous blood were collected for syphilis and HIV tests. The overall

prevalence of HIV, syphilis, HIV/syphilis co-infection was 9.40%, 18.97%, and 4.91%,

respectively. The prevalence of HIV (15.26%), syphilis (27.71%), HIV/syphilis co-infection

(9.24%) in aged�50 years MSM was significantly higher than aged <50 years MSM

(9.15%, 18.59% and 4.72%, respectively). The following factors were found to be signifi-

cantly associated with HIV/syphilis co-infections (P<0.05): age�50 years (OR = 1.78, 95%

CI = 1.10–2.87), high school or lower (OR = 1.49, 95% CI = 1.10–2.01), monthly income

�436.2 USD (OR = 1.74, 95% CI = 1.25–2.42), monthly income 436.4–727.2 USD (OR =

1.46, 95% CI = 1.05–2.03),�2 anal sex partners in the past 6 months (OR = 1.59, 95% CI =

1.02–2.49),�2 oral sex partners in the past 6 months (OR = 1.60, 95% CI = 1.08–2.36),

inconsistent condom use during anal sex in the past 6 months (OR = 1.50, 95% CI = 1.11–

2.03). We found that aged <50 years and�50 years MSM in Shenzhen had a high preva-

lence of HIV/syphilis infection in a period from 2009 to 2017. Age-specific sexually transmit-

ted diseases education, prevention, and intervention programs for aged�50 years MSM

should be implemented urgently and integrated interventions of both HIV and syphilis infec-

tions on MSM are needed in the future.
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Introduction

Sexually transmitted diseases (STDs) such as Human Immunodeficiency Virus (HIV) infec-

tion/Acquired Immune Deficiency Syndrome (AIDS) and syphilis have become major public

health problems worldwide. According to the World Health Organization (WHO), there are

376 million new sexually transmitted infections (STIs) worldwide with syphilis, chlamydia,

trichomoniasis, and gonorrhea among women and men aged 15–49 years old in 2016, and

about 37.9 million people are living with HIV at the end of 2018 [1, 2]. In past decades, the

waves of HIV epidemic in China were caused by injection drug use and unsafe plasma dona-

tion, and the unprotected sex from Men Who Have Sex with Men (MSM) may be the cause of

the next wave [3–5]. The burden of HIV-infection/AIDS was great in China, with 758,610

reported cases in 2017 [6]. It is found that 25.5% of the newly-discovered HIV-infected cases

were transmitted via homosexual interactions, which shows a rise of the HIV epidemic in the

MSM population from 2013 [6, 7]. Syphilis epidemic was also very serious in China, with

534,622 reported cases in 2017 [6]. According to a previous Meta-Analysis, the pooled preva-

lence of HIV and syphilis infection among MSM was high in China (6.5% and 11.2%, respec-

tively) [8].

Several studies in China reported a similar prevalence of HIV/syphilis co-infections among

MSM, ranging from 1.5% to 3.3% [7, 9–11]. A higher rate of asymptomatic primary syphilis

and a more rapid infection progression to secondary syphilis was found in HIV infected

patients from a previous study [12]. Also, untreated asymptomatic primary syphilis progress

into secondary and tertiary stages which could lead to irreversible neurological or cardiovascu-

lar complications [13]. Therefore, understanding the HIV/syphilis co-infections in MSM is

important.

Associated factors of HIV/syphilis co-infection among MSM were reported in several prior

studies. Das et al. found that MSM with older age, unprotected anal intercourse in past six

months, STD symptoms in the past year, incorrect knowledge about routes of transmission of

HIV, accessing to HIV preventive services, and accessing to HIV/STI counseling/testing ser-

vices had a higher risk of co-infection [10]. Polansky et al. reported that frequent unprotected

anal intercourse with casual sex partners, limited partner notification, and inadequate adher-

ence to antiretroviral therapy were significant positive predictors of having co-infection [14].

Diaz et al. suggested that the associated factors of HIV/syphilis co-infection among MSM in

Spain were reporting exclusively anal intercourse, having STI diagnosis history, and having sex

with casual or several types of partners [15]. Hernandez et al. found that MSM with older age,

having multiple partners, and those who were forced to have sex were more likely to have co-

infection [16].

In China, the aging population has grown significantly and is considered to keep increasing

[17]. According to the world population report in 2017, the older population in China

accounted for the largest proportion in the world [18]. This older population was proved to be

more vulnerable to sexually transmitted infections and HIV in several studies and one possible

reason for the higher vulnerability is the lack of sexual health knowledge in the older popula-

tion [19–22]. The increase of STIs/HIV-infected cases among people aged 50 and above is

becoming the new pattern of HIV epidemic in China [23, 24]. A previous study showed that

an increasing proportion of HIV case report attributed to people aged 50 and above in Chong-

qing, China, from 2.2% in 2005 to 44.0% in 2015 [25] and the proportion of HIV case report

attributed to people aged 50–59 years also became larger, increasing from 1.6% in 2005 to

15.9% in 2015 [25]. Another study reported an increasing proportion of HIV cases in China

attributed to people aged 50–64 years old, from 6.1% in 2006 to 11.4% in 2009, so it is worth to

consider both people aged 50–64 and� 65 [26]. It was reported that those older MSM

HIV and syphilis infections among men who have sex with men attending a rainbow clinic in Shenzhen

PLOS ONE | https://doi.org/10.1371/journal.pone.0223377 October 3, 2019 2 / 13

Competing interests: The authors have declared

that no competing interests exist.

https://doi.org/10.1371/journal.pone.0223377


population (aged 50 and above) was found to have higher HIV prevalence than t their peers

but not identified as MSM in Shanghai city, China [27]. Therefore, the older MSM population

in China should be targeted in the STIs/HIV prevention and intervention programs.

Shenzhen city is located in the southeast of mainland China and is neighboring Hong

Kong. As the first Special Economic Zone in China, Shenzhen is one of the fastest growing cit-

ies in China with a 22.4% annual average growth rate of gross domestic product (GDP) from

0.2 billion GDP in 1979 to 2249.0 billion GDP in 2017 [28]. According to the sixth national

census in China in 2010, 7.5% of the total population in Shenzhen was people aged 50 and

above [29] and it was estimated that there were around 100,000 MSM in Shenzhen [30]. Previ-

ous studies in Shenzhen showed that the prevalence of HIV and syphilis infection among

MSM in Shenzhen was higher than the national average [31]. In recent years in Shenzhen, the

prevalence of HIV infection among MSM has increased significantly (12.6% in 2016), and the

prevalence of MSM syphilis infection has increased slowly but remain high [31, 32].

Given the burden of HIV, syphilis, and HIV/syphilis co-infections among MSM popula-

tion, the increase of aging population, and the higher HIV prevalence in the older MSM popu-

lation, the aim of this study is to assess the HIV/syphilis epidemic among MSM aged< 50

years and� 50 years in Shenzhen and explore the associated factors of HIV/syphilis co-infec-

tions among MSM in Shenzhen, in order to help prevention and intervention programs deter-

mine their target sub-groups.

Materials and methods

Subjects

The current study was a serial cross-sectional study on MSM from 2009 to 2017 in Shenzhen

city, Guangdong Province, China. The rainbow clinic in Shenzhen Center for Chronic Disease

Control was one of the largest STDs clinics and MSM attending this clinic were from many

different areas throughout the city, thus the MSM population in Shenzhen may be represented

by MSM in this rainbow clinic to some extent. Convenience sampling method based on this

rainbow clinic was used to recruit MSM in this study. The criteria of eligible participants were:

(1) age� 18 years; (2) men who had anal or oral sex with another man in the last 12 months;

(3) willing to participate and cooperate in the study and provide informed consent. Individuals

who had participated in the study were excluded for avoiding duplicate analysis and measure-

ment. Free treatment was provided for all newly discovered syphilis cases and referral services

were provided for HIV-positive cases. To ensure confidentiality, respondents’ questionnaires,

biological specimens, and test results were anonymized by assigning unique survey identifica-

tion numbers. Written informed consent was obtained from each participant.

Behavioral measures

Intensive training and detailed protocols were provided to interviewers in Shenzhen Center

for Chronic Disease Control. After confirming the eligibility of the individuals and acquiring

their written informed consent, the trained interviewers conducted a one-on-one interview

using the same structured questionnaire to obtain participants’ information in a private room

in the rainbow clinic. The questionnaire included demographic characteristics (e.g. age, educa-

tion level, and occupation), history of HIV testing, history of blood donation and sexual behav-

iors (e.g. condom use, number and types of partners). Contact information (e.g. mobile phone

number, email address or home phone number) was also obtained to inform biological test

results and referral services if necessary.
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Biological measures

After the interview, 5 ml of venous blood were collected for syphilis and HIV tests. The screen-

ing of treponema pallidum antibody was conducted using the tolulized red unheated serum

test (TRUST; Rongsheng Biotech Inc, Shanghai, China). Positive screening results from

TRUST were verified by the treponema pallidum particle agglutination test (TPPA; Fujirebio

Inc. Japan). The specimen with positive results in both TRUST and TPPA could be diagnosed

as syphilis infection. HIV screening was performed by using enzyme-linked immunoassays

(ELISAs; Wantai BioPharm Inc, Beijing, China). The ELISA-positive participants were con-

firmed by the Western Blot (WB) test (WB; MP Biomedicals Asia Pacific Pte Ltd, Singapore).

Statistical analysis

Data were double entered and cleaned using the Epi Data software (Epi Data for Windows;

The Epi Data Association Odense, Denmark). The data of continuous variables and categorical

variables were presented as mean ± SD and frequency (%), respectively. The χ2 test was used

to explore the differences between aged < 50 years MSM and those� 50 years and Linear-by-

Linear Association test was used to explore the prevalence trends of HIV, syphilis and HIV/

syphilis co-infection. Univariate logistic regression analysis was used to obtain crude odds

ratios (OR) and their 95% CIs, variables with P<0.20 in the univariate logistic regression anal-

ysis were included in the multivariate logistic regression analysis. We used a forward stepwise

procedure in the multivariate logistic regression analysis to obtain adjusted odds ratios (AOR)

and their 95% CIs. We adopted a multivariable logistic regression model, defining HIV/syphi-

lis co-infections as the dependent variable and age, education level, monthly income, number

of anal sex partners in the past 6 months, number of oral sex partners in the past 6 months,

number of female partners in the past 6 months, condom use during anal sex in the past 6

months, condom use during last anal sex, history of blood donation as the independent vari-

ables. All tests were two-tailed, with statistical significance defined as a P<0.05. All data analy-

sis was performed using Statistical Package for Social Sciences (SPSS) version 21.0 software

(SPSS Inc., Chicago, IL, USA).

Ethics approval

Ethical review and approval were obtained from the ethical review committee of Shenzhen

Center for Chronic Disease Control (approval number 2008NL031).

Results

Background characteristics

Background characteristics of participants were shown in Table 1. From 2009 to 2017, totally

5,966 subjects were recruited. The age range of the participants was from 15 to 73, with a mean

of 31.2 ± 8.6 years. More than 70% of participants did not have HIV test history and more

than 40% of them perceived themselves as bisexual. More aged� 50 years MSM (77.91%)

received high school or lower education than aged< 50 years MSM (60.14%) (P<0.001).

More aged� 50 years MSM (79.92%) are currently married than those aged< 50 years

(23.82%) (P<0.001). More aged� 50 years MSM (33.34%) were unemployed or retired than

aged< 50 years MSM (8.31%) (P<0.001). More aged� 50 years MSM (51.00%) had low

monthly income (� 436.2 USD) than aged< 50 years MSM (29.44%) (P<0.001). Aged� 50

years MSM were less likely to donate blood than aged< 50 years MSM (6.07% versus 17.48%,

P<0.001).
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Sexual behaviors

Sexual behaviors of participants in the past six months were shown in Table 2. Aged < 50

years MSM (7.35%) are more likely to have at least 2 female sexual partners than those

aged� 50 years MSM (3.73%) (P<0.05). Similarly, those MSM aged< 50 years (68.07%) are

more likely to have at least 2 anal sexual partners (male) than aged� 50 years MSM (61.38%)

(P<0.05). Those aged� 50 years MSM (13.56%) are less likely to use condom consistently

during sex with female in the past six months than aged< 50 years MSM (33.89%) (P<0.05).

More aged� 50 years MSM (85.19%) did not use condom during last sex with female than

aged<50 years MSM (54.93%) (P<0.001). Similarly, more aged� 50 years MSM (37.56%) did

not use condom during last anal sex with male than aged < 50 years MSM (28.93%) (P<0.05).

The proportion of inconsistent condom use during anal and oral sex in the past six months

was high in the whole population (58.63% and 96.72%, respectively), and most of them did not

use condom during last oral sex. There was no significant difference in oral sexual behaviors

with male between the two groups.

Table 1. Background characteristics of participants.

Variables <50 years �50 years P valued

Na (%)b Nc (%)b

Junior college or higher

No 3437 (60.14%) 194 (77.91%) <0.001��

Yes 2278 (39.86%) 55 (22.09%)

Currently married

No 4355 (76.18%) 50 (20.08%) <0.001��

Yes 1362 (23.82%) 199 (79.92%)

Currently occupation

Money boy 159 (2.78%) 3 (1.20%) <0.001��

Unemployed/ retired 475 (8.31%) 83 (33.34%)

Others 5083 (88.91%) 163 (65.46%)

Monthly income, RMB

�2999� 436.2 USD 1683 (29.44%) 127 (51.00%) <0.001��

3000–4999 � 436.4–727.2 USD 1749 (30.59%) 67 (26.91%)

�5000� 727.3 USD 2285 (39.97%) 55 (22.09%)

History of HIV testing

No 1403 (24.62%) 69 (27.82%) 0.252

Yes 4296 (75.38%) 179 (72.18%)

History of blood donation

No 4712 (82.52%) 232 (93.93%) <0.001��

Yes 998 (17.48%) 15 (6.07%)

Self-perceived sexual orientation

Homosexual 3293 (57.60%) 128 (51.61%) 0.062

Bisexual 2424 (42.40%) 120 (48.39%)

Heterosexual 52 (0.91%) 2 (0.81%)

aN for each subgroup may not equal to the number of 5717, because of missing data.
b%: Constituent ratio.
cN for each subgroup may not equal to the number of 249, because of missing data.
dχ2 Test.

��P<0.001.

https://doi.org/10.1371/journal.pone.0223377.t001
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Table 2. Sexual behaviors, HIV and syphilis infection of participants.

Variable <50 years �50 years P valuesd

Na (%)b Nc (%)b

Sexual behavior with women

Number of female partners in the past 6 months

0–1 5281 (92.65%) 232 (96.27%) 0.033�

�2 420 (7.35%) 9 (3.73%)

Condom use during sex in the past 6 months

Inconsistent 1028 (66.11%) 51 (86.44%) 0.001�

Consistent 527 (33.89%) 8 (13.56%)

Condom use during last sex

No 629 (54.93%) 46 (85.19%) <0.001��

Yes 516 (45.07%) 8 (14.81%)

Sexual behavior with men

Number of anal sex partners in the past 6 months 0.028�

0–1 1825 (31.93%) 95 (38.62%)

�2 3891 (68.07%) 151 (61.38%)

Condom use during anal sex in the past 6 months

Inconsistent 3058 (58.40%) 137 (64.32%) 0.086

Consistent 2178 (41.60%) 76 (35.68%)

Condom use during last anal sex

No 1508 (28.93%) 80 (37.56%) 0.007�

Yes 3705 (71.07%) 133 (62.44%)

Number of oral sex partners in the past 6 months

0–1 2028 (35.65%) 92 (37.55%) 0.544

�2 3660 (64.35%) 153 (62.45%)

Condom use during oral sex in the past 6 months

Inconsistent 4809 (96.78%) 204 (95.33%) 0.243

Consistent 160 (3.22%) 10 (4.67%)

Condom use during last oral sex

No 4625 (93.11%) 200 (93.46%) 0.846

Yes 342 (6.89%) 14 (6.54%)

HIV infection

No 5194 (90.85%) 211 (84.74%) 0.001�

Yes 523 (9.15%) 38 (15.26%)

Syphilis infection

No 4654 (81.41%) 180 (72.29%) <0.001��

Yes 1063 (18.59%) 69 (27.71%)

HIV/syphilis co-infection

No 5447 (95.28%) 226 (90.76%) 0.001�

Yes 270 (4.72%) 23 (9.24%)

aN for each subgroup may not equal to the number of 5717, because of missing data.
b%: Constituent ratio.
cN for each subgroup may not equal to the number of 249, because of missing data.
dχ2 Test.

�P<0.05

��P<0.001.

https://doi.org/10.1371/journal.pone.0223377.t002
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Infections of HIV and syphilis

The overall prevalence of HIV, syphilis, HIV/syphilis co-infection was 9.40%, 18.97% and

4.91%, respectively (Table 2). The prevalence of HIV (15.26%), syphilis (27.71%), HIV/syphilis

co-infection (9.24%) in aged� 50 years MSM was significantly higher than those aged< 50

years (9.15%, 18.59%, and 4.72%, respectively) (Table 2). Trends of HIV, syphilis, and HIV/

syphilis co-infection prevalence were shown in Table 3. A decreasing trend of syphilis infection

was found in both MSM aged< 50 and� 50. An increasing trend of HIV prevalence was

found in MSM aged< 50. For others, the prevalence fluctuated throughout these nine years.

Associated factors of HIV/syphilis co-infections

The results (Table 4) from the multivariable logistic regression model suggested that the fol-

lowing factors were found to be significantly associated with HIV/syphilis co-infections

(P<0.05): age� 50 years (OR = 1.78, 95% CI = 1.10–2.87), high school or lower (OR = 1.49,

95% CI = 1.10–2.01), monthly income� 436.2 USD (OR = 1.74, 95% CI = 1.25–2.42), monthly

income 436.4–727.2 USD (OR = 1.46, 95% CI = 1.05–2.03),� 2 anal sex partners in the past 6

months (OR = 1.59, 95% CI = 1.02–2.49),� 2 oral sex partners in the past 6 months

(OR = 1.60, 95% CI = 1.08–2.36), inconsistent condom use during anal sex in the past 6

months (OR = 1.50, 95% CI = 1.11–2.03).

Discussion

In the current study, HIV prevalence among MSM aged� 50 years was higher than those

aged< 50 years (15.3% versus 9.2%). The prevalence among older MSM, (15.3%) was higher

than the pooled prevalence among older MSM in a previous meta-analysis (11.6%) [33], and

was higher than the average prevalence among older MSM in a nationwide cross-sectional sur-

vey (7.6%) [34]. Similarly, in the present study, syphilis prevalence among MSM aged� 50

years was higher than MSM aged<50 years (27.7% versus 18.6%), and both were much higher

than the prevalence among older MSM in the previous study in Shanghai (12.4%) [27]. The

above phenomenon may be explained by several reasons. Firstly, older MSM were exposed to

HIV source with longer period [33]. Secondly, after retirement, older males were likely to

Table 3. Trends of HIV, syphilis, and HIV/syphilis co-infection prevalence.

Infection 2009 2010 2011 2012 2013 2014 2015 2016 2017 P Valuesa

Syphilis N (%)

Age<50 207

(23.10%)

247

(19.92%)

130

(17.64%)

87

(18.20%)

114

(17.22%)

102

(17.86%)

86

(19.07%)

54

(14.71%)

36

(11.43%)

<0.001��

Age�50 9 (69.23%) 12 (37.50%) 6 (24.00%) 5 (20.83%) 11 (40.74%) 9 (29.03%) 6 (17.65%) 7 (22.58%) 4 (12.50%) 0.001�

HIV N (%)

Age<50 80 (8.93%) 90 (7.26%) 52 (7.06%) 46 (9.62%) 63 (9.52%) 76 (13.31%) 41 (9.09%) 41

(11.17%)

34

(10.79%)

0.001�

Age�50 2 (15.38%) 6 (18.75%) 2 (8.00%) 3 (12.50%) 5 (18.52%) 6 (19.35%) 3 (8.82%) 5 (16.13%) 6 (18.75%) 0.830

HIV/Syphilis co-infection N

(%)

Age<50 47 (5.25%) 47 (3.79%) 27 (3.66%) 23 (4.81%) 29 (4.38%) 42 (7.36%) 22 (4.88%) 16 (4.36%) 17 (5.40%) 0.186

Age�50 2 (15.38%) 4 (12.50%) 2 (8.00%) 2 (8.33%) 5 (18.52%) 1 (3.23%) 1 (2.94%) 2 (6.45%) 4 (12.50%) 0.377

aLinear-by-Linear Association test.

�P<0.05

��P<0.001.

https://doi.org/10.1371/journal.pone.0223377.t003
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engage in commercial sexual activities [19], which led to the rise of HIV/syphilis prevalence in

the population of China’s older males [7, 35]. A high rate of inconsistent condom use at com-

mercial sex was reported in several studies [36–38], and those with inconsistent condom use at

commercial sex had a higher risk of the HIV/syphilis infection than those with consistent con-

dom use [36, 39]. Besides, selling sex was identified as a risk factor of the HIV/syphilis infec-

tion because of the high frequency of unprotected anal intercourse and multiple sexual

partners [40, 41]. Lastly, many older people held their perceptions about HIV. Some of them

believed they were at low risk of HIV infection [42, 43]. What was worse, some of them were

not concerned about HIV, because they believed that the latent period to AIDS could be long,

and they might be already dead due to other diseases [33]. In addition, we inferred that, due to

the accessibility and the improvement of HIV treatment, older adults might consider AIDS as

a chronic disease. These perceptions may be the reasons for the higher HIV prevalence in

older MSM.

In the present study, the prevalence of HIV/syphilis co-infections (9.2%) among older

MSM was much higher than several previous studies (2.6% in China and 4.8% in Ecuador)

[10, 16], which suggests that integrated interventions and screening for both HIV and syphilis

infections on older MSM could be considered. A possible reason of the higher prevalence of

co-infections in our study was that many rural-to-urban migrants looked for economic oppor-

tunities in China, and this population was found to have limited education, lower income, and

more vulnerable to STIs [44, 45]. There are more migrant workers in Shenzhen than the

national level. In our study, the prevalence of HIV/syphilis co-infection (9.2%) in aged� 50

years MSM was significantly higher than aged < 50 years MSM (4.7%) and older MSM had a

higher risk of HIV/syphilis co-infections than younger MSM, which was consistent with previ-

ous studies [10, 46]. This high risk that older MSM face may be explained by several reasons.

Firstly, many older adults lacked STDs related-knowledge, which led to unawareness of the

inherent riskiness in unprotected sexual behaviors [47]. Secondly, older age group was not tar-

geted in most STDs education programs [48], so many of older MSM feel nervous to partici-

pate in STDs-related education, prevention and intervention programs which were

surrounded by young people. Lastly, discussion about sexual health or sexual safety between

physicians and older adults was rare [47], due to the culture-related embarrassment to talk

about sensitive, private content from both sides. Without obtaining professional health-main-

tenance information from their trusted doctors, these older MSM would not modify their

risky sexual behaviors [49]. Given the above situation, age-specific STDs education, preven-

tion, and intervention programs for MSM aged� 50 years should be implemented. A previous

study indicated that the difference of informational and intervention needs between younger

and older adults was great, and the risk factors of HIV infection for older men were different

from those of younger men [49]. It suggested that some effective STDs interventions on youn-

ger MSM might not fit their older counterparts, and age-specific risk factors of STDs among

older MSM should be considered [49].

Although there was no significant difference in most unprotected sexual behaviors with

men between MSM aged� 50 years and< 50 years, the proportion of these risky behaviors in

older MSM was still appeared to be higher, which was consistent to the pooled prevalence in a

previous meta-analysis [33]. Compared to MSM aged< 50 years, older MSM were more likely

to engage in condomless sex with females in the current study, which may act as a bridge in

the HIV and other STDs spread between the high-risk group and the general population [50].

The current study found that participants with lower education had a higher risk of HIV/

syphilis co-infection than those with higher education, which was consistent with findings in

other studies [46, 51]. However, education level is not the only social- demographic factor of

HIV/syphilis co-infections. We found that MSM with lower monthly income had a higher risk
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of HIV/syphilis co-infections, which was consistent with a previous study [52]. Therefore,

MSM with lower education or lower monthly income should be targeted with high priority in

future intervention. In addition, stigma and discrimination against homosexuality among the

general population in China is persistent, which may contribute to the STDs spread among

MSM [53]. Therefore, education on the general population to reduce stigma and discrimina-

tion against homosexuality is also necessary.

This study suggested that MSM with more anal/oral sex partners and inconsistent condom

use during anal sex had a higher risk of HIV/syphilis co-infection than those with fewer sex

partners and consistent condom use, which was in accordance with findings in previous stud-

ies [14, 16, 54, 55]. More sex partners may indicate more opportunities to engage in unpro-

tected sexual behaviors, so partner notifications should be further promoted in this

population. Furthermore, disclosure of HIV status and enhanced partner communication

skills may help reduce HIV risk and unprotected sexual behavior [49, 56, 57], so related educa-

tion and prevention programs should be considered.

Table 4. Multivariable logistic regression analysis of associated factors of HIV/syphilis co-infections.

Independent variables Adjusted OR (95% CI) P Values

Age�50 years

Yes 1.78 (1.10, 2.87) 0.018�

No Reference

Junior college or higher

Yes Reference

No 1.49 (1.10, 2.01) 0.010�

Monthly income, RMB

�2999� 436.2 USD 1.74 (1.25, 2.42) 0.001�

3000–4999 � 436.4–727.2 USD 1.46 (1.05, 2.03) 0.023�

�5000� 727.3 USD Reference

Number of anal sex partners in the past 6 months

0–1 Reference 0.041�

�2 1.59 (1.02, 2.49)

Number of oral sex partners in the past 6 months

0–1 Reference 0.019�

�2 1.60 (1.08, 2.36)

Number of female partners in the past 6 months

0–1 Reference 0.160

�2 0.66 (0.37, 1.18)

Condom use during anal sex in the past 6 months

Inconsistent 1.50 (1.11, 2.03)

Consistent Reference 0.009�

Condom use during last anal sex

No 1.06 (0.79, 1.42)

Yes Reference 0.703

History of blood donation

No 1.31 (0.91, 1.89) 0.145

Yes Reference

Abbreviations: OR, odds ratio; CI, confidence interval.

�P<0.05

https://doi.org/10.1371/journal.pone.0223377.t004
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In the current study, several potential limitations should be acknowledged. Firstly, this

study was conducted in a single city, which may affect the generalizability of the study. Sec-

ondly, social desirability bias and recall bias may exist. One-on-one interviews were conducted

by well-trained interviewers according to an identical protocol to minimize the bias. Thirdly,

the recruitment rate could not be obtained in our study because related data was not collected.

Lastly, our findings were based on the convenience sampling, which may hinder the represen-

tativeness of the present study. Besides, this recruitment method may lead to selection bias.

The rainbow clinic in our study is more likely to act as a voluntary counseling and testing

(VCT) site and MSM come here mainly for counseling and routine testing. MSM who attend-

ing the clinic may be more sexually active or have more risky sexual behaviors, which may

attribute to the higher HIV and syphilis prevalence. However, it is hard to recruit MSM using

random sampling because of the stigma among MSM and the discrimination from the general

population in China. Additionally, the data in the study were collected in the rainbow clinic in

Shenzhen Center for Chronic Disease Control, which may cause bias since young MSM may

prefer other community-based organizations for testing.

Conclusions

This study indicated that both aged < 50 years and� 50 years MSM in Shenzhen had a high

prevalence of HIV/syphilis infection in a period from 2009 to 2017. Age-specific information

on STDs education, prevention, and intervention programs for aged� 50 years MSM should

be implemented urgently. Our findings suggested age, education, monthly income, the num-

ber of anal/oral sex partners in the past 6 months, consistent condom use during anal sex in

the past 6 months are associated factors of HIV/syphilis co-infections.

Supporting information

S1 File. Supporting Information-Survey questions in English.

(DOC)

S2 File. Supporting Information-Survey questions in Chinese.

(DOC)

Acknowledgments

We are grateful to all participants in the current study. The authors also appreciate Dr. Yan-

Ping Zhao for providing English editorial assistance.

Author Contributions

Conceptualization: Rong-Xing Weng, Yu-Mao Cai.

Data curation: Rong-Xing Weng, Fu-Chang Hong, Wei-Ye Yu, Yu-Mao Cai.

Formal analysis: Rong-Xing Weng, Yu-Mao Cai.

Funding acquisition: Rong-Xing Weng, Fu-Chang Hong, Wei-Ye Yu, Yu-Mao Cai.

Investigation: Rong-Xing Weng, Yu-Mao Cai.

Project administration: Fu-Chang Hong, Wei-Ye Yu, Yu-Mao Cai.

Supervision: Yu-Mao Cai.

Writing – original draft: Rong-Xing Weng.

HIV and syphilis infections among men who have sex with men attending a rainbow clinic in Shenzhen

PLOS ONE | https://doi.org/10.1371/journal.pone.0223377 October 3, 2019 10 / 13

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0223377.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0223377.s002
https://doi.org/10.1371/journal.pone.0223377


Writing – review & editing: Yu-Mao Cai.

References
1. Rowley J, Vander Hoorn S, Korenromp E, Low N, Unemo M, Abu-Raddad L, et al. Global and Regional

Estimates of the Prevalence and Incidence of Four Curable Sexually Transmitted Infections in 2016.

WHO Bulletin. 2019. Available from: https://www.who.int/bulletin/volumes/97/8/18-228486.pdf?ua = 1

2. Geneva World Health Organization. WHO HIV/AIDS fact sheet.; 2019 July 25 [cited 2 Aug 2019]. Avail-

able from: https://journals.plos.org/plosone/s/submission-guidelines#loc-references

3. Wang K, Yan H, Liu Y, Leng Z, Wang B, Zhao J. Increasing prevalence of HIV and syphilis but decreas-

ing rate of self-reported unprotected anal intercourse among men who had sex with men in Harbin,

China: results of five consecutive surveys from 2006 to 2010. INT J EPIDEMIOL. 2012; 41(2):423.

https://doi.org/10.1093/ije/dyr182 PMID: 22253304

4. Wu Z, Sullivan S, Wang Y, RotheramBorus M, Detels R. Evolution of China’s response to HIV/AIDS.

The Lancet. 2007; 369(9562):679–90.

5. Lu F, Wang N, Wu Z, Sun X, Rehnstrom J, Poundstone K, et al. Estimating the number of people at risk

for and living with HIV in China in 2005: methods and results. SEX TRANSM INFECT. 2006; 82(Suppl

3):i87.

6. NCAIDS NCC. Update on the AIDS/STD epidemic in China in December 2017. Chin J AIDS STD.

2018; 24(2):111. https://doi.org/10.13419/j.cnki.aids.2018.02.01

7. Luo Y, Zhu C, Chen S, Geng Q, Fu R, Li X, et al. Risk factors for HIV and syphilis infection among male

sex workers who have sex with men: a cross-sectional study in Hangzhou, China, 2011. BMJ OPEN.

2015; 5(4):e6791.

8. Zhou Y, Li D, Lu D, Ruan Y, Qi X, Gao G. Prevalence of HIV and syphilis infection among men who

have sex with men in China: a meta-analysis. BIOMED RES INT. 2014; 2014(12):620431.

9. Liu Y, Tang HF, Ning Z, Zheng H, He N, Zhang YY. [Co-infections of HIV, syphilis and HSV-2 among

men who have sex with men at the voluntary HIV counseling and testing clinics in Shanghai]. Zhonghua

Liu Xing Bing Xue Za Zhi. 2017; 38(10):1363–6. https://doi.org/10.3760/cma.j.issn.0254-6450.2017.10.

013 PMID: 29060980

10. Das A, Li J, Zhong F, Ouyang L, Mahapatra T, Tang W, et al. Factors associated with HIV and syphilis

co-infection among men who have sex with men in seven Chinese cities. INT J STD AIDS. 2015; 26

(3):145–55. https://doi.org/10.1177/0956462414531560 PMID: 24737881

11. Gao W, Li Z, Li Y, Qiao X. Sexual Practices and the Prevalence of HIV and Syphilis among Men Who

Have Sex with Men in Lanzhou, China. JPN J INFECT DIS. 2015; 68(5):370–5. https://doi.org/10.7883/

yoken.JJID.2013.477 PMID: 25766603

12. Lynn WA, Lightman S. Syphilis and HIV: a dangerous combination. LANCET INFECT DIS. 2004; 4

(7):456–66. https://doi.org/10.1016/S1473-3099(04)01061-8 PMID: 15219556

13. Hook ER. Syphilis. LANCET. 2017; 389(10078):1550–7. https://doi.org/10.1016/S0140-6736(16)

32411-4 PMID: 27993382

14. Polansky A, Levy I, Mor Z. Risk factors of syphilis co-infection among HIV-infected men who have sex

with men in Tel-Aviv, Israel. AIDS CARE. 2019; 31(9):1157–61. https://doi.org/10.1080/09540121.

2019.1612006 PMID: 31035774

15. Diaz A, Junquera ML, Esteban V, Martinez B, Pueyo I, Suarez J, et al. HIV/STI co-infection among men

who have sex with men in Spain. Euro Surveill. 2009; 14(48). https://doi.org/10.2807/ese.14.48.19426-

en PMID: 20003899

16. Hernandez I, Johnson A, Reina-Ortiz M, Rosas C, Sharma V, Teran S, et al. Syphilis and HIV/Syphilis

Co-infection Among Men Who Have Sex With Men (MSM) in Ecuador. AM J MENS HEALTH. 2017; 11

(4):823–33. https://doi.org/10.1177/1557988316680928 PMID: 27923971

17. Peng X. China’s demographic history and future challenges. SCIENCE. 2011; 333(6042):581. https://

doi.org/10.1126/science.1209396 PMID: 21798939

18. Nations U. World Population Ageing 2017 (ST/ESA/SER.A/408). 2017.

19. Zhou Y, Ding Y, Gu K, Lu X, Gao M, He N. Motivations for sexual risk behaviors among older men in

Shanghai, China: a qualitative study. BMC PUBLIC HEALTH. 2014; 14(1):802.

20. Goodroad BK. HIV and AIDS in People Older Than 50. J GERONTOL NURS. 2003; 29(4):18–24.

https://doi.org/10.3928/0098-9134-20030401-07 PMID: 12710355

21. Liu H, Lin X, Xu Y, Chen S, Shi J, Morisky D. Emerging HIV Epidemic Among Older Adults in Nanning,

China. AIDS PATIENT CARE ST. 2012; 26(10):565.

HIV and syphilis infections among men who have sex with men attending a rainbow clinic in Shenzhen

PLOS ONE | https://doi.org/10.1371/journal.pone.0223377 October 3, 2019 11 / 13

https://www.who.int/bulletin/volumes/97/8/18-228486.pdf?ua
https://journals.plos.org/plosone/s/submission-guidelines#loc-references
https://doi.org/10.1093/ije/dyr182
http://www.ncbi.nlm.nih.gov/pubmed/22253304
https://doi.org/10.13419/j.cnki.aids.2018.02.01
https://doi.org/10.3760/cma.j.issn.0254-6450.2017.10.013
https://doi.org/10.3760/cma.j.issn.0254-6450.2017.10.013
http://www.ncbi.nlm.nih.gov/pubmed/29060980
https://doi.org/10.1177/0956462414531560
http://www.ncbi.nlm.nih.gov/pubmed/24737881
https://doi.org/10.7883/yoken.JJID.2013.477
https://doi.org/10.7883/yoken.JJID.2013.477
http://www.ncbi.nlm.nih.gov/pubmed/25766603
https://doi.org/10.1016/S1473-3099(04)01061-8
http://www.ncbi.nlm.nih.gov/pubmed/15219556
https://doi.org/10.1016/S0140-6736(16)32411-4
https://doi.org/10.1016/S0140-6736(16)32411-4
http://www.ncbi.nlm.nih.gov/pubmed/27993382
https://doi.org/10.1080/09540121.2019.1612006
https://doi.org/10.1080/09540121.2019.1612006
http://www.ncbi.nlm.nih.gov/pubmed/31035774
https://doi.org/10.2807/ese.14.48.19426-en
https://doi.org/10.2807/ese.14.48.19426-en
http://www.ncbi.nlm.nih.gov/pubmed/20003899
https://doi.org/10.1177/1557988316680928
http://www.ncbi.nlm.nih.gov/pubmed/27923971
https://doi.org/10.1126/science.1209396
https://doi.org/10.1126/science.1209396
http://www.ncbi.nlm.nih.gov/pubmed/21798939
https://doi.org/10.3928/0098-9134-20030401-07
http://www.ncbi.nlm.nih.gov/pubmed/12710355
https://doi.org/10.1371/journal.pone.0223377


22. Lindau S, Schumm L, Laumann E, Levinson W, O’Muircheartaigh C, Waite L. A study of sexuality and

health among older adults in the United States. NEW ENGL J MED. 2007; 357(8):762–74. https://doi.

org/10.1056/NEJMoa067423 PMID: 17715410

23. Huang MB, Ye L, Liang BY, Ning CY, Roth WW, Jiang JJ, et al. Characterizing the HIV/AIDS Epidemic

in the United States and China. Int J Environ Res Public Health. 2016; 13(1):h13010030.

24. Pearline RV, Tucker JD, Yuan LF, Bu J, Yin YP, Chen XS, et al. Sexually transmitted infections among

individuals over fifty years of age in China. Aids Patient Care & Stds. 2010; 24(6):345–7.

25. Zhang W, Lu R, Wu G. Analysis of the epidemiological characteristics of HIV/AIDS among older adults

in Chongqing. Chongqing Medicine. 2017; 46(6):815–7. https://doi.org/10.3969/j.issn.1671–8348.2017.

06.030

26. Hei F, Wang L, Qin Q, Ding Z, Wang L. Epidemiological analysis on the characteristics and related fac-

tors of HIV/AIDS in 50-year and older Chinese population. Chin J Epidemiol. 2011; 32(5):526–7. https://

doi.org/10.3760/cma.j.issn.0254-6450.2011.05.025

27. Ning Z, Fu J, Zhuang M, Park JA, Ibragimov U, He N, et al. HIV and syphilis epidemic among MSM and

non-MSM aged 50 and above in Shanghai, China: A yearly cross-sectional study, 2008–2014. Glob

Public Health. 2018; 13(11):1625–1633. https://doi.org/10.1080/17441692.2018.1427271 PMID:

29419357

28. Shenzhen Statistics Bureau. SHENZHEN STATISTICAL YEARBOOK 2018.: China Statistics Press;

2018.

29. Shenzhen Statistical Bureau. The sixth national census data of Shenzhen in 2010.; 2016.

30. Yang S, Chiu A, Lin Q, Zeng Z, Li Y, Zhang Y, et al. HIV epidemics in Shenzhen and Chongqing, China.

PLOS ONE. 2018; 13(2):e192849. https://doi.org/10.1371/journal.pone.0192849

31. Cai Y, Song Y, Liu H. Factors associated with syphilis/HIV infection among men who have sex with men

in Shenzhen,2011–2016. Zhonghua Yu Fang Yi Xue Za Zhi. 2017; 11(51):994–1000. https://doi.org/10.

3760/cma.j.issn.0253-9624.2017.11.008

32. Cai Y, Song Y, Hong F. Joinpoint regression analysis on trends of syphilis/HIV prevalence among men

who have sex with men in Shenzhen. Chin J AIDS STD. 2017; 23(1):33–5.

33. Li YZ, Xu JJ, Qian HZ, You BX, Zhang J, Zhang JM, et al. High prevalence of HIV infection and unpro-

tected anal intercourse among older men who have sex with men in China: a systematic review and

meta-analysis. BMC Infect Dis. 2014; 14(1):531.

34. Wu Z, Xu J, Liu E, Mao Y, Xiao Y, Sun X, et al. Editor’s choice: HIV and Syphilis Prevalence Among

Men Who Have Sex With Men: ACross-Sectional Survey of 61 Cities in China. CLIN INFECT DIS.

2013; 57(2):298–309. https://doi.org/10.1093/cid/cit210 PMID: 23580732

35. Xu HL, Jia MH, Min XD, Zhang RZ, Yu CJ, Wang J, et al. Factors influencing HIV infection in men who

have sex with men in China. ASIAN J ANDROL. 2013; 15(4):545–9. https://doi.org/10.1038/aja.2013.

51 PMID: 23708455

36. Cai AJ, Tian T, Zhang Z, Zhao XL, Ye Y, Li YY, et al. HIV infection and associated factors in men who

have sex with men and also with women in Urumqi from 2010 to 2014. Zhonghua Liu Xing Bing Xue Za

Zhi. 2016; 37(11):1509–13. https://doi.org/10.3760/cma.j.issn.0254-6450.2016.11.015 PMID:

28057144

37. Merrigan M, Azeez A, Afolabi B, Chabikuli ON, Onyekwena O, Eluwa G, et al. HIV prevalence and risk

behaviours among men having sex with men in Nigeria. SEX TRANSM INFECT. 2011; 87(1):65–70.

https://doi.org/10.1136/sti.2008.034991 PMID: 20820061

38. Guo Y, Li X, Stanton B. HIV-related behavioral studies of men who have sex with men in China: a sys-

tematic review and recommendations for future research. AIDS BEHAV. 2011; 15(3):521–34. https://

doi.org/10.1007/s10461-010-9808-7 PMID: 21053064

39. Tao XH, Jiang T, Shao D, Xue W, Ye FS, Wang M, et al. High prevalence of syphilis among street-

based female sex workers in Nanchang, China. Indian Dermatol Online J. 2014; 5(4):449–55. https://

doi.org/10.4103/2229-5178.142491 PMID: 25396127

40. Zheng C, Xu JJ, Hu QH, Yu YQ, Chu ZX, Zhang J, et al. Commercial sex and risk of HIV, syphilis, and

herpes simplex virus-2 among men who have sex with men in six Chinese cities. BMC INFECT DIS.

2016; 16(1):765. https://doi.org/10.1186/s12879-016-2130-x PMID: 28003032

41. Shan D, Yu MH, Yang J, Zhuang MH, Ning Z, Liu H, et al. Correlates of HIV infection among transgen-

der women in two Chinese cities. INFECT DIS POVERTY. 2018; 7(1):123. https://doi.org/10.1186/

s40249-018-0508-2 PMID: 30509315

42. Williams E, Donnelly J. Older Americans and AIDS: some guidelines for prevention. SOC WORK. 2002;

47(2):105–11. PMID: 12019797

43. La Fleur F. Small. What Older Adults Know about HIV/AIDS: Lessons from an HIV/AIDS Education Pro-

gram. EDUC GERONTOL. 2009; 36(1):26–45.

HIV and syphilis infections among men who have sex with men attending a rainbow clinic in Shenzhen

PLOS ONE | https://doi.org/10.1371/journal.pone.0223377 October 3, 2019 12 / 13

https://doi.org/10.1056/NEJMoa067423
https://doi.org/10.1056/NEJMoa067423
http://www.ncbi.nlm.nih.gov/pubmed/17715410
https://doi.org/10.3969/j.issn.16718348.2017.06.030
https://doi.org/10.3969/j.issn.16718348.2017.06.030
https://doi.org/10.3760/cma.j.issn.0254-6450.2011.05.025
https://doi.org/10.3760/cma.j.issn.0254-6450.2011.05.025
https://doi.org/10.1080/17441692.2018.1427271
http://www.ncbi.nlm.nih.gov/pubmed/29419357
https://doi.org/10.1371/journal.pone.0192849
https://doi.org/10.3760/cma.j.issn.0253-9624.2017.11.008
https://doi.org/10.3760/cma.j.issn.0253-9624.2017.11.008
https://doi.org/10.1093/cid/cit210
http://www.ncbi.nlm.nih.gov/pubmed/23580732
https://doi.org/10.1038/aja.2013.51
https://doi.org/10.1038/aja.2013.51
http://www.ncbi.nlm.nih.gov/pubmed/23708455
https://doi.org/10.3760/cma.j.issn.0254-6450.2016.11.015
http://www.ncbi.nlm.nih.gov/pubmed/28057144
https://doi.org/10.1136/sti.2008.034991
http://www.ncbi.nlm.nih.gov/pubmed/20820061
https://doi.org/10.1007/s10461-010-9808-7
https://doi.org/10.1007/s10461-010-9808-7
http://www.ncbi.nlm.nih.gov/pubmed/21053064
https://doi.org/10.4103/2229-5178.142491
https://doi.org/10.4103/2229-5178.142491
http://www.ncbi.nlm.nih.gov/pubmed/25396127
https://doi.org/10.1186/s12879-016-2130-x
http://www.ncbi.nlm.nih.gov/pubmed/28003032
https://doi.org/10.1186/s40249-018-0508-2
https://doi.org/10.1186/s40249-018-0508-2
http://www.ncbi.nlm.nih.gov/pubmed/30509315
http://www.ncbi.nlm.nih.gov/pubmed/12019797
https://doi.org/10.1371/journal.pone.0223377


44. He N. Sociodemographic characteristics, sexual behavior, and HIV risks of rural-to-urban migrants in

China. BIOSCI TRENDS. 2007; 1(2):72–80. PMID: 20103872

45. Zhang X, Zhang T, Pei J, Liu Y, Li X, Medrano-Gracia P. Time Series Modelling of Syphilis Incidence in

China from 2005 to 2012. PLOS ONE. 2016; 11(2):e149401. https://doi.org/10.1371/journal.pone.

0149401 PMID: 26901682

46. Zhang Y, Chen P, Lu R, Liu L, Wu Y, Liu X, et al. Prevalence of HIV among men who have sex with men

in Chongqing, China, 2006–2009: cross-sectional biological and behavioural surveys. SEX TRANSM

INFECT. 2012; 88(6):444–50. https://doi.org/10.1136/sextrans-2011-050295 PMID: 22457314

47. Zablotsky D, Kennedy M. Risk factors and HIV transmission to midlife and older women: knowledge,

options, and the initiation of safer sexual practices. Journal of Acquired Immune Deficiency Syndromes.

2003; 33(2):122–30.

48. Heath J, Lanoye A, Maisto SA. The role of alcohol and substance use in risky sexual behavior among

older men who have sex with men: a review and critique of the current literature. Aids & Behavior. 2012;

16(3):578–89.

49. Klein H. A comparison of HIV risk practices among unprotected sex-seeking older and younger men

who have sex with other men. AGING MALE. 2012; 15(3):124–33. https://doi.org/10.3109/13685538.

2011.646343 PMID: 22339079

50. Cao Z, Zhang HB, She M, Wang J, Xu J, Duan YW, et al. [Prevalence of HIV infection and sexual

behaviors with both men and women among currently married men who have sex with men]. Zhonghua

Liu Xing Bing Xue Za Zhi. 2012; 33(5):488–91. PMID: 22883175

51. Zhang W, Xu JJ, Zou H, Zhang J, Wang N, Shang H. HIV incidence and associated risk factors in men

who have sex with men in Mainland China: an updated systematic review and meta-analysis. SEX

HEALTH. 2016. https://doi.org/10.1071/SH16001 PMID: 27294689

52. Liu L. Prevalence and risk factors of sexually transmitted diseases among MSM infected with HIV: Chi-

nese Center For Disease Control and Prevention; 2017.

53. Hong S, Xu J, Han X, Li JS, Arledge KC, Zhang L. HIV prevention: Bring safe sex to China. NATURE.

2012; 485(7400):576–7. https://doi.org/10.1038/485576a PMID: 22660303

54. Rositch AF, Cherutich P, Brentlinger P, Kiarie JN, Nduati R, Farquhar C. HIV infection and sexual part-

nerships and behaviour among adolescent girls in Nairobi, Kenya. INT J STD AIDS. 2012; 23(7):468–

74. https://doi.org/10.1258/ijsa.2012.011361 PMID: 22843999

55. Sentis A, Martin-Sanchez M, Arando M, Vall M, Barbera MJ, Ocana I, et al. Sexually transmitted infec-

tions in young people and factors associated with HIV coinfection: an observational study in a large city.

BMJ OPEN. 2019; 9(5):e27245. https://doi.org/10.1136/bmjopen-2018-027245 PMID: 31061051

56. Brown MJ, Serovich JM, Kimberly JA, Umasaborbubu O. Disclosure and Self-Efficacy Among HIV-Pos-

itive Men Who Have Sex with Men: A Comparison Between Older and Younger Adults. Aids Patient

Care & Stds. 2015; 29(11):625.

57. Halkitis PN, Kingdon MJ, Barton S, Eddy J. Facilitators and Barriers to HIV Status Disclosure Among

HIV-positive MSM Age 50 and Older. Journal of Gay & Lesbian Mental Health. 2016; 20(1):41–56.

HIV and syphilis infections among men who have sex with men attending a rainbow clinic in Shenzhen

PLOS ONE | https://doi.org/10.1371/journal.pone.0223377 October 3, 2019 13 / 13

http://www.ncbi.nlm.nih.gov/pubmed/20103872
https://doi.org/10.1371/journal.pone.0149401
https://doi.org/10.1371/journal.pone.0149401
http://www.ncbi.nlm.nih.gov/pubmed/26901682
https://doi.org/10.1136/sextrans-2011-050295
http://www.ncbi.nlm.nih.gov/pubmed/22457314
https://doi.org/10.3109/13685538.2011.646343
https://doi.org/10.3109/13685538.2011.646343
http://www.ncbi.nlm.nih.gov/pubmed/22339079
http://www.ncbi.nlm.nih.gov/pubmed/22883175
https://doi.org/10.1071/SH16001
http://www.ncbi.nlm.nih.gov/pubmed/27294689
https://doi.org/10.1038/485576a
http://www.ncbi.nlm.nih.gov/pubmed/22660303
https://doi.org/10.1258/ijsa.2012.011361
http://www.ncbi.nlm.nih.gov/pubmed/22843999
https://doi.org/10.1136/bmjopen-2018-027245
http://www.ncbi.nlm.nih.gov/pubmed/31061051
https://doi.org/10.1371/journal.pone.0223377

