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Abstract

Background: Early detection of HIV infection enables timely care and treatment. However, many men who have sex with
men (MSM) remain unaware of their HIV status because they do not or are unable to access HIV testing services. Oral fluid
HIV rapid tests have the potential to increase HIV testing. This study is the first to evaluate willingness to use the oral fluid
test among MSM in China.

Methods: A cross-sectional study was conducted in Beijing from July to October, 2012. Data were collected by self-
administered questionnaires.

Results: Of 262 who participated in the survey, 223(85.1%) reported that they were willing to use the oral fluid HIV rapid
test. Willingness to use the oral fluid test was associated with higher education (adjusted odds ratio (AOR): 2.40, 95%
confidence interval (Cl): 1.13-5.10), lack of unprotected anal intercourse (UAI) with male partners in the past one month
(AOR: 2.38; 95% 95%Cl: 1.15-4.95), having taken more than 4 HIV tests (AOR: 3.54; 95%Cl:1.52-8.28), and having ever heard
of the oral fluid HIV rapid test from gay friends or gay organizations (AOR: 3.24, 95%Cl: 1.40-7.51). Among those who
expressed willingness to use the oral fluid HIV rapid test, the median amount of money they were willing to pay was 8
dollars. Among the 39 participants who were unwilling to use the oral fluid test, 79.5% (31/39) expressed concerns about
the accuracy of the oral fluid HIV rapid test results and 17.9%(7/39) reported that they were not familiar with the oral fluid
test and did not know how to use such a test.

Conclusions: A high proportion of MSM in Beijing appear to be willing to use the oral fluid HIV rapid test. Appropriate cost
and education measures could help improve acceptance of the oral fluid test.
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metropolitan city in southwestern China [6-8]. MSM are not only
passively impacted by HIV infection, but are also an important
driver of the broader HIV epidemic. Due to pressure from society
and family, about 17% of MSM in China currently have female
spouses. Moreover, about 26% have had female sexual partners in
the past six months [9,10]. MSM who also have sex with women

Introduction

Men who have sex with men (MSM) are affected by the HIV
epidemic in many countries and urgently need effective and
appropriate prevention approaches. In China, the most-at-risk
subgroups have been changing over time, from injection drug

users (IDUs) and plasma donors to heterosexual transmission via
commercial sex work and sexual transmission among MSM. In
recent years, the number of new HIV infections among MSM has
rapidly increased. National HIV/AIDS reports in China showed
that 29.4% of all new HIV infection cases in 2011were among
MSM, up from 12.2% in 2007[1,2]. HIVprevalence among MSM
is particularly high in some large Chinese cities, for example
ranging between 5.1-9.9% in Beijing (the capital city in
northeastern China) [3-5], and 8.5-16.8% in Chongqing, a
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can potentially transmit the virus to the general female population.
Therefore, MSM should be considered an important target
population of HIV prevention and control.

Recent HIV prevention research has focused on methods to
promote frequent HIV testing and awareness of HIV status.
Individuals who are aware of their HIV-positive status may be
more inclined to modify risky behaviors associated with HIV
infection and transmission (e.g., unprotected sex or serodiscordant
partner selection) [11,12]. Moreover, diagnosis of HIV infection is
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conducive to timely treatment with anti-retroviral therapy (ARTT),
which can suppress viral loads and reduce population-level HIV
transmission [13-15]. Such prevention approaches are heavily
dependent on participation in HIV testing and awareness of HIV
status. Therefore, HIV testing is not only an entry point for HIV
prevention, but also the backbone of innovative combinatorial
HIV prevention approaches such as testing, linkage to care and
treatment as prevention[16,17].

In order to improve the rate of HIV testing and encourage
awareness of HIV status, the Chinese government has established
free HIV testing programs in HIV Voluntary Counseling and
Testing (VCT) clinics[18,19]. Despite government efforts to
promote universal access to HIV testing, many HIV-infected
individuals remain unaware of their HIV status; it is estimated that
up to 56% of the 780,000 individuals living with HIV/AIDS in
mainland China in 2011 were unaware of their HIV status [2]. A
recent survey in Beijing City found that 33.2% of MSM had never
taken an HIV test and 86.1% of HIV-positive MSM were
unaware of their infection [20]. One reason why individuals do not
test for HIV is because of perceived discomfort, pain and fear of
blood that comes with traditional blood-based tests [21].
Furthermore, some individuals who are tested may not be aware
of their HIV positive status because they do not return to the clinic
for their test results[22]. The relatively high prevalence of
infrequent testing and unrecognized HIV infection presents a
formidable barrier to the scale-up of HIV testing and prevention,
and suggests that changes to the current HIV testing service model
may help increase HIV testing among MSM. One such approach
is the oral fluid HIV rapid test, which has several notable
advantages over traditional HIV tests. Compared with blood-
based tests, the oral fluid tests are relatively convenient,
noninvasiveness, expedient, and has high cultural acceptance
among disparate racial/ethnic groups, while maintaining a high
degree of accuracy [23-26]. Such features of the oral fluid test can
help improve the rates of HIV testing, without compromising
testing accuracy.

However, to our knowledge, no studies have focused on
evaluating willingness to use the oral fluid HIV rapid test in
China. To assess the feasibility of using the oral fluid HIV testing
among MSM in China, this study seeks to assess the willingness to
uptake the oral fluid HIV rapid test and its associated factors
among MSM in China.

Methods

Study design and participants

This cross-sectional study was conducted among MSM at a
VCT site at the Beijing Jingcheng Skin Disease Hospital from July
to October 2012. The participants were recruited in four ways.
First, participants were recruited through advertisements on a
website of a nongovernmental AIDS volunteer organization that
provides information about HIV testing and counseling (www.
hivolunt.net). Second, two peer recruiters were hired and trained
to call in people who had ever participated in similar programs
before. Third, people who came to the clinic for regular HIV
testing or counseling voluntarily were also encouraged to
participate in the study. Fourth, subjects were encouraged to
introduce their gay friends to participate in the study. Participants
were eligible if they self-reported: having had sex with men in the
past 6 months, being 18 years or older, unaware of any HIV
infection, and willing to participate and able provide written
informed consent. After obtaining written informed consent,
trained interviewers provided a brief introduction about HIV
testing methods, including a description about the enzyme-linked
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immunosorbent assay (ELISA), blood-based rapid HIV test and
the oral fluid rapid test. Then, previously-validated questionnaires
were self-administered by participants. After the questionnaires
were completed, confidential HIV pre-test counseling and the
traditional blood-based HIV rapid test was conducted. Finally,
interviewers informed the participant of their test results and
provided post-test counseling according to the results. The study
protocol and informed consent form were approved by the
institutional review board of the National Center for AIDS/STD
Control and Prevention of the Chinese Center for Disease Control
and Prevention.

Laboratory tests

HIV infection status was screened for HIV-1 antibodies by
blood-based rapid test(Determine HIV-1/2, Abbott Japan Co.,
Japan) and confirmed by HIV-1/2 Western Blot (HIV Blot 2.2
WBTM, Genelabs Diagnostics, Singapore). Syphilis screening was
performed by rapid plasma reagin(RPR; Shanghai Rongsheng,
Shanghai, China) and confirmed by Passive Particle Agglutination
Test for Detection of Antibodies to Treponema pallidum
(TPPA™ FUJIREBIO, Japan).

Data collection

Data were collected by participant self-administered question-
naires completed in a private room. The contents of the structured
questionnaire included willingness to use the oral fluid rapid HIV
test, socio-demographic characteristics (age, ethnicity, education
level, marital status, cohabitation status, employment status, has
permanent Beijing residency status, years living in Beijing,
monthly income and health insurance), sexual behaviors(age at
the first insertive sexual intercourse with male, sexual orientation,
role in anal sex with men, the number of male sexual partners in
the past 6 months, unprotected anal intercourse (UAI) with males
and unprotected vaginal sex with female partners in the past 1
month), sexually transmitted diseases (STDs), HIV testing
experiences (ever having taken a free or self-paid HIV ELISA
test or rapid test, the lifetime number of times having taken an
HIV testing, having taken an HIV test in the past one year,
knowledge that both hospitals and the CDC can provide HIV
tests, having ever heard of the oral fluid rapid test, having ever
heard of the oral fluid HIV rapid test from gay friends or gay
organizations, perceived accuracy of oral fluid HIV rapid test
results), and HIV and Syphilis test results.

Participants who expressed willingness to use the oral fluid tests
were asked how much they were willing to personally pay for such
a test. Participants who were unwilling to use the oral fluid test
were asked to briefly explain in an open ended response why they
were unwilling to use the oral fluid test.

Data analysis

Collected data were double-entered and compared using
EpiData3.1 (The EpiData Association Odense, Denmark). After
cleaning, the data were converted and analyzed with Statistical
Analysis System (SAS 9.2 for Windows; SAS Institute Inc, NC,
USA). Univariate logistic regression analysis was performed to
evaluate associations of willingness to use oral fluid rapid tests with
socio-demographic characteristics, sexual behaviors, sexual health
status, and HIV testing. Odds ratios(OR) and 95% confidence
mtervals(95%CI) were calculated accordingly. Variables with a P-
value <0.10 in the univariate analysis were eligible for entry into
the multivariate logistic regression model, where adjusted OR
(AOR) and 95%CI were calculated accordingly. A mixed stepwise
approach was used to build the final multivariate logistic
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regression model. Statistical significant was defined as P<<0.05
(two-tailed test).

Results

General characteristics

A total of 288 participants were screened for the study. Nineteen
reported that they did not have sex with men in the past 6 months
and 7 already knew their HIV positive status. Therefore, 262
MSM were included in the analysis. The median age was 29 years
(interquartile range: 25-33) with a range from 19 to 63. Most
participants (93.5%) belonged to the Han ethnic group; about half
(50.76%) of participants completed college or higher levels of
education; 38.9% earned more than $800USD per month. Among
these variables, only education level was marginally associated

Willingness to Use the Oral Fluid Test among MSM

with willingness to use the oral fluid rapid test in the univariate
regression model (table 1).

Most participants (82.4%) reported being fewer than 26 years
old at the time of their MSM sexual debut. Slightly less than half of
participants (43.5%) had >2 male sexual partners in the past 6
months. Prevalence of unprotected anal sex with male partners in
the past 1 month and any unprotected sex with female partners in
the past 1 month was 30.5% and 6.1%, respectively. About four
fifths (81.7%) of participants reported that they had ever received
an HIV test and 69.9% had ever received an HIV rapid test.
Opverall, 58.0% reported having received an HIV test more than 4
times in their life. 40.1% heard of the oral fluid HIV rapid test
from gay friends or gay organizations and 65.7% trusted results of
the oral fluid test. 6.9% were confirmed to be infected with HIV
and 21.4% with Syphilis. Regarding measures of association with
willingness to use the Oral HIV test, there were ten variables that

Table 1. Associations between willingness to use the oral fluid HIV rapid test and socio-demographic characteristics, among Men
who have sex with men in Beijing, China.
Willingness to use the oral fluid HIV
Characteristic rapid test OR 95%Cl P-value
event/total %
Age(years)
=25 55/68 80.9 1.0
>25 168/194 86.6 153 0.73-3.18 0.26
Ethnicity
Han 209/245 853 1.0
Others 14/17 824 0.80 0.22-2.94 0.74
Education
High school or lower 105/129 81.4 1.0
College or higher 118/133 88.7 1.80 0.90-3.61 0.10
Current marital status
Unmarried 187/217 86.2 1.0
Married 36/45 80.0 0.64 0.28-1.47 0.29
Cohabitation status
Live alone 132/154 85.7 1.0
Cohabitation with others 91/108 843 0.89 0.45-1.77 0.74
Employment status
Employed 196/229 85.6 1.0
Unemployed 27/33 81.8 0.76 0.29-1.98 0.57
Has permanent Beijing residency status
Yes 64/75 85.3 1.0
No 159/187 85.0 0.98 0.46-2.08 0.95
Years living in Beijing
=2 31/40 775 1.0
>2 192/222 86.5 1.86 0.81-4.29 0.15
Monthly income(USD) in the past one year
=800 134/160 83.8 1.0
>800 89/102 87.3 133 0.65-2.72 0.44
Has health insurance
Yes 154/176 87.5 1.0
No 69/86 80.2 0.58 0.29-1.16 0.12
OR, odds ratio; 95%.
95%Cl, 95% confidence interval.
doi:10.1371/journal.pone.0064652.t001
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Table 2. Associations between willingness to use oral fluid HIV rapid test and sexual behaviors and, HIV testing among Men who
have sex with men in Beijing, China.

Willingness to use the HIV
Characteristic oral fluid rapid test OR 95%Cl P-Value

event/total %

Age at the first insertive sexual intercourse with male (years)

=25 189/216 87.5 1.0

>25 34/46 739 0.41 0.19-0.88 0.02
Self-reported sexual orientation

Homosexual 168/194 86.6 1.0

Bisexual or uncertain 55/68 80.9 0.66 0.32-1.36 0.26

Self-reported role in anal sex with men

Exclusive insertive anal sex 47/59 79.7 1.0
Exclusive receptive anal sex 16/20 80.0 1.02 0.29-3.62 0.97
Both 160/183 87.4 178 0.82-3.84 0.14

The number of male sexual partners in the past 6 months

=2 131/148 88.5 1.0

>2 92/114 80.7 0.74 0.52-1.04 0.08
Unprotected anal intercourse with male partners in the past 1 month

Yes 62/80 77.5 1.0

No 161/182 88.5 223 1.11-4.46 0.02
Unprotected sex with female partners in the past 1 month

Yes 11/16 68.8 1.0

No 212/246 86.2 1.83 0.93-8.66 0.07
Diagnosed with STD in the past one year

Yes 41/53 77.4 1.0

No 182/209 87.1 1.97 0.92-4.22 0.08
Has ever taken an HIV test

Yes 181/214 84.6 1.0

No 42/48 87.5 1.28 0.50-3.24 0.61
Has ever taken a free HIV test

Yes 175/208 84.1 1.0

No 48/54 88.9 1.51 0.60-3.81 0.38
Has ever paid for an HIV test

Yes 62/69 89.9 1.0

No 161/193 834 0.57 0.24-1.35 0.20
Lifetime total number of HIV tests ever taken

=4 121/152 79.6 1.0

>4 102/110 92.7 3.27 1.44-7.42 <0.01
Has taken an HIV test in the past one year

Yes 148/174 85.1 1.0

No 75/88 85.2 1.01 0.49-2.09 0.97
Has ever taken an HIV rapid test

Yes 156/183 853 1.0

No 67/79 84.8 0.97 0.46-2.02 0.93
Has ever taken a free HIV rapid test

Yes 154/181 85.1 1.0

No 69/81 85.2 1.01 0.48-2.11 0.98
Has ever paid for an HIV rapid test

Yes 25/28 89.3 1.0

No 198/234 84.6 0.66 0.19-2.30 0.51
Knows that hospitals and the CDC both offer HIV testing
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Table 2. Cont.
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Willingness to use the HIV

Characteristic oral fluid rapid test OR 95%Cl P-Value
event/total %
Yes 127/141 90.1 1.0
No 96/121 79.3 042 0.21-0.86 0.02
Has ever heard of the oral fluid HIV rapid test
No 51/67 76.1 1.0
Yes 172/195 88.2 235 1.15-4.77 0.02
Has ever heard about the oral fluid HIV rapid test from gay friends or gay organizations
No 127/157 80.9 1.0
Yes 96/105 91.4 2.52 1.14-5.56 0.02
Trusts in the accuracy of the oral fluid HIV rapid test
Yes 151/172 87.8 1.0
No or uncertain 72/90 80.0 0.56 0.28-1.11 0.10
HIV serostatus
Negative 207/244 84.8 1.0
Positive 16/18 88.9 1.43 0.32-6.47 0.64
Syphilis serostatus
Negative 172/206 835 1.0
Positive 51/56 91.1 2.02 0.75-5.42 0.16
OR, odds ratio;
95% Cl, 95% confidence interval.
doi:10.1371/journal.pone.0064652.t002
had P-values below 0.10 in the univariate regression models Discussion

(table 2).

Predictors of willingness to use the oral fluid HIV rapid
test

Of 262 survey participants, 85.1% (223) reported that they were
willing to use the oral fluid HIV rapid test. A total of eleven
variables were statistically significant at the level of 0.10 in
univariate analysis and therefore were included in a multivariate
logistic regression model. Independent predictors of willingness to
use the oral fluid test were higher education (AOR: 2.40, 95%CI:
1.13-5.10), lack of UAI with male partners in the past 1 month
(AOR: 2.38; 95% 95%CI: 1.15-4.95), having taken more than 4
HIV tests (AOR: 3.54; 95%CI: 1.52-8.28), and having ever heard
of the oral fluid HIV rapid test from gay friends or gay
organizations (AOR: 3.24, 95%CI: 1.40-7.51) (table 3).

Price willing to pay for the oral fluid HIV rapid test and
the reasons for unwillingness

85.1% (223/262) participants who reported willingness to use
the oral fluid HIV rapid test were asked the cost they willing to
pay. The median cost was $8 (interquartile range: $3-$16) with a
range from 0 to $80 (table 4). Of 14.9% (39/262) unwilling to use
the oral fluid rapid HIV test, 79.5% (31/39) expressed concerns
about accuracy about result of the oral fluid HIV rapid test and
17.9% (7/39) reported that they were not familiar with it and did
not know how to use such test. 2.6% (1/39) thought that it was
unhygienic to put an unsterile stick into one’s mouth.
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Our study showed that 85.1% participants were willing to use
the oral fluid HIV rapid test. Similar to results of many literatures,
most MSM and the general population are likely to use the oral
fluid rapid test in lieu of traditional blood-based tests. Previous
studies performed among risky populations have shown that
64.5%-87.0% of participants prefer the oral fluid-based test over
the blood-based test [21,27,28]. Favorability towards the oral fluid
HIV rapid test may be attributed to its relative convenience and
non-invasive nature.

Oral fluid rapid tests also represent a promising opportunity to
reduce incidents of missed HIV post-test counseling because tests
results are made available within 30 minutes at the testing site or in
the participant’s own home. In a previous study, nearly half of
individuals who received traditional blood-based tests, the results
of which are not available until after several days, did not receive
post-test counseling [29]. On the other hand, another study
showed that the post-test counseling rate for participants who
tested with the oral fluid rapid test was 89% for HIV-infected and
93% for uninfected participants [28].

Lack of information about available HIV testing sites represents
a challenging barrier to HIV testing among MSM. In one study of
MSM in Peru, 31.3% of high-risk MSM reported lack of
knowledge regarding where to get tested as a reason for not
getting tested for HIV [30]. The oral fluid rapid test can
potentially reduce this issue by allowing individuals to assess their
HIV status in a flexible variety of non-clinical settings, such as
their own home. In a study among internet-using MSM, 82% of
participants expressed being very likely or somewhat likely to take
a home HIV test [31]. One possible reason for the preference of
home testing is because individuals may be disinclined to make
two trips to an HIV testing site, once for the test and again for the
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test result. Therefore, the oral fluid HIV rapid tests represent an
appealing and effective way to improve rates of HIV screening and
post-test counseling.

According to the results of this study, attention should be paid to
two subgroup populations among MSM: MSM with lower
education and MSM who engaged in UAIL One study showed
that those who have taken an HIV test and knew their results are
more likely to have a higher level of education[32]. UAI is not only
a primary cause of HIV transmission, but has also been shown to
be connected with HIV testing: MSM with UAI in the past year
was associated with not having a recent HIV test, and MSM with
more unprotected sex had lower intentions of being tested [33,34].
This implies that MSM with higher levels of education and less
UAI may be more efficient at utilizing HIV-testing services and
thus detecting personal HIV-positive status at an earlier stage.
Meanwhile, results also suggest that those with less education and
UAI should be regarded as a priority group for HIV testing
outreach. In our study, MSM with college-education and without
UAI were more willing to use the oral fluid rapid test. According
to study results, concern about testing accuracy and unfamiliarity
of oral fluid rapid test are the main reasons for unwillingness to use
such a test. Thus one possible explanation may be that MSM with
less education and UAI are more concerned about accuracy of the
oral fluid test and may have a poorer understanding about it.
Therefore, when we promote the oral fluid HIV rapid tests, the
two subgroup populations among MSM should be key groups to
target.

In our study, having taken more HIV tests and receiving oral
fluid test information from gay friends or gay organizations were
significantly associated with willingness to use the oral fluid rapid
test. Thus, this suggests that education about the oral fluid HIV
rapid test may increase willingness to use the test among target
groups. The association between willingness to use the oral fluid
rapid test and number of HIV tests ever taken may be explained
by greater exposure to information about the oral fluid test in
VCT clinics. While receiving services at a VC'T clinic, participants
are exposed to informational flyers and posters about HIV tests
and AIDS prevention, and have greater opportunities to
familiarize themselves with different tests, such as the oral fluid
rapid HIV test. Moreover, the repeated experience traveling to

who have sex with men in Beijing, China.
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Table 4. Maximum amount willing to pay for the oral fluid
HIV rapid test (RMB:USD =6.2:1).
Price(USD) n %
total 233 100
=15 38 17.04
~3 23 10.31
~5 15 6.73
~8 63 28.25
~16 60 26.91
~24 8 3.59
~32 3 135
>32 13 5.82
doi:10.1371/journal.pone.0064652.t004

and from their home and the testing site may make the at-home
convenience of the oral fluid HIV rapid test particularly appealing.

Peer-based interventions represent a promising avenue for
implementing HIV interventions. Peer-based education has been
shown to raise the age of sexual debut, increase the use of
condoms, improve quality of life and reduce high-risk behaviors
[35-37]. One study also reported that a substantial proportion of
clients were willing to receive peer-delivered HIV test and
counseling [38]. It was encouraging to note that participants
who heard of the oral fluid HIV rapid test from gay friends or gay
organizations were more willing to use the oral fluid rapid HIV
tests, suggesting that that MSM may be more motivated by HIV
information from members of their own communities. Peer-based
education may be an effective means of promoting adoption of the
oral fluid HIV test.

Currently, there is no government financial support for
subsidizing oral fluid rapid HIV tests in China, and consumers
must pay for the oral fluid tests out-of-pocket. Excessively high
prices may discourage adoption of the oral fluid test in China,
despite its obvious advantages. Our study reported that more than
60% of participants were willing to pay up to$8, while very few

Table 3. Multivariate logistic regression analysis of factors associated with willingness to use oral fluid HIV rapid test, among Men

Characteristic AOR 95%Cl P-value
Education

High school or lower 1.0

College or higher 2.40 1.13-5.10 0.02
Unprotected anal intercourse with male partners in the past 1 month

Yes 1.0

No 238 1.15-4.95 0.02
Lifetime total number of HIV tests ever taken

=4 1.0

>4 3.54 1.52-8.28 <0.01
Has ever heard about the oral fluid HIV rapid test from gay friends or gay organizations

No 1.0

Yes 3.24 1.40-7.51 <0.01

AOR, adjusted odds ratio;
95% Cl, 95% confidence interval.
doi:10.1371/journal.pone.0064652.t003
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(10.8%) were willing to pay the current market price of the oral
fluid rapid test in China, which is currently more than $16. It is
also possible that low-income populations from poorer areas,
which often have a greater HIV burden, may be even more
sensitive to pricing than participants from Beijing. Therefore, the
price of oral fluid rapid test must be set within the range MSM/
consumers are willing to pay if the oral fluid test is used to scale up
HIV screening.

Almost 15% of participants were not willing to use an oral fluid
HIV rapid test. Among the reasons why individuals were not
willing to use the oral fluid test, concern about testing accuracy
was most common, followed by unfamiliarity with such a test.
Similar to all other tests, false-negative, false-positive and
nonreactive results are also possible with the oral fluid rapid
HIV test. But overall, the oral fluid test has about the same
accuracy as blood-based tests and has appeared to work well
among MSM in resource-limited settings in India [21,26,39]. In
light of successful roll-out of the oral fluid test among MSM in
other countries, successful scale-up of the oral fluid rapid test in
China is promising. From a public health research perspective, the
result is important for providing some of the most common and
main reasons given for unwillingness to use oral fluid rapid test.
Efforts to alleviate concerns about accuracy and ignorance may
lead to higher levels of HIV testing using the oral fluid HIV rapid
test among MSM in China.

This study has several limitations that should be noted. First, a
convenience sample may have resulted in selection bias. Non-
participants may have had different characteristics in terms of
socio-demographics, sexual behaviors, HIV testing experience and
willingness to use the oral fluid test. The sample also may not be
representative of MSM in Beijing or China. Because of Beijing
residents have a relatively high socio economic status relative to

References

1. Gao L, Zhang L, Jin Q (2009) Meta-analysis: prevalence of HIV infection and
syphilis among MSM in China. Sex Transm Infect 85: 354-358.

2. MOH website. Available: http://www.moh.gov.cn/cmsresources/mohyzs/
cmsrsdocument/doc13944.pdf. Accessed 2011 Jan 12.

3. Vermund SH, Yamamoto N (2007) Co-infection with human immunodeficiency
virus and tuberculosis in Asia. Tuberculosis (Edinb) 87 Suppl 1: S18-25.

4. Ruan Y, Luo F, Jia Y, Li X, Li Q, et al. (2009) Risk factors for syphilis and
prevalence of HIV, hepatitis B and C among men who have sex with men in
Beijing, China: implications for HIV prevention. AIDS and behavior 13: 663
670.

5. Gao L, Zhou F, Li X, Yang Y, Ruan Y, et al. (2010) Anal HPV infection in
HIV-positive men who have sex with men from China. PLoS ONE 5: €15256.

6. Feng L, Ding X, Lu R, Liu J, Sy A, et al. (2009) High HIV prevalence detected
in 2006 and 2007 among men who have sex with men in China’s largest
municipality: an alarming epidemic in Chongging, China. J Acquir Immune
Defic Syndr 52: 79-85.

7. Xiao Y, Ding X, Li C, Liu J, Sun J, et al. (2009) Prevalence and correlates of
HIV and syphilis infections among men who have sex with men in Chonggqing
Municipality, China. Sexually transmitted diseases 36: 647-656.

8. Feng LG, Ding XB, Lu RR, Pan CB, Yi HR, et al. (2008) HIV prevalence and
its associated factors among men who have sex with men in Chongqing.
Zhonghua Yu Fang Yi Xue Za Zhi 42: 870-874

9. GuoY, Li X, Stanton B (2011) HIV-related behavioral studies of men who have
sex with men in China: a systematic review and recommendations for future
research. AIDS Behav 15: 521-534.

10. Chow EP, Wilson DP, Zhang L (2011) What is the potential for bisexual men in
China to act as a bridge of HIV transmission to the female population?
Behavioural evidence from a systematic review and meta-analysis. BMC Infect
Dis 11: 242.

11. Morin SF, Shade SB, Steward WT, Carrico AW, Remien RH, et al. (2008) A
behavioral intervention reduces HIV transmission risk by promoting sustained
serosorting practices among HIV-infected men who have sex with men. J Acquir
Immune Defic Syndr 49: 544-551.

12. Marks G, Crepaz N, Senterfitt JW, Janssen RS (2005) Meta-analysis of high-risk
sexual behavior in persons aware and unaware they are infected with HIV in the
United States: implications for HIV prevention programs. J Acquir Immune
Defic Syndr 39: 446-453.

PLOS ONE | www.plosone.org

Willingness to Use the Oral Fluid Test among MSM

the rest of China, it can be inferred that people outside of Beijing
may be more likely in need of a convenient and effective HIV test.
Second, this investigation addressed sensitive questions which may
have led to misreporting of personal attitudes and behaviors due to
social desirability bias. Participants may have underreported the
extent of their risk sexual behaviors or over-reported the frequency
of their HIV tests. Third, this study only assessed willingness to use
the oral fluid test, rather than actual adoption of the oral fluid test.
Therefore, further research is needed to explore the adoption of
the oral fluid tests in actual practice.

In summary, despite these limitations, our study has important
implications for scaling-up of the oral fluid HIV rapid testing
among MSM in China. The high rate of willingness to use the oral
fluid test indicates that promotion of the oral fluid rapid test may
be an effective way to improve rates of HIV screening and
counseling among MSM in China. Peer education by other MSM
may be an effective mean of promoting the oral fluid HIV rapid
tests, and should emphasize the accuracy of the tests, relative to
standard blood-based tests. Promotion of the oral fluid rapid
testing should focus on MSM with lower-levels of education and
higher risk behaviors. It is important to ensure that the oral fluid
test is appropriately priced in resource-limited areas where people
need them most. Meanwhile, further research should be done to
assess the feasibility of using the oral fluid rapid test in resource-
limited areas and rural settings among risky population in China.

Author Contributions

Conceived and designed the experiments: YR. Performed the experiments:
YX XQ BW DX. Analyzed the data: YX. Contributed reagents/
materials/analysis tools: ZZ DL YL FL YS. Wrote the paper: YX ZZ
SWP.

13. Granich RM, Gilks CF, Dye C, De Cock KM, Williams BG (2009) Universal
voluntary HIV testing with immediate antiretroviral therapy as a strategy for
climination of HIV transmission: a mathematical model. Lancet 373: 48-57.

14. Das M, Chu PL, Santos GM, Scheer S, Vittinghoff E, et al. (2010) Decreases in
community viral load are accompanied by reductions in new HIV infections in
San Francisco. PLoS ONE 5: ¢11068.

15. Montaner JS, Lima VD, Barrios R, Yip B, Wood E, et al. (2010) Association of
highly active antiretroviral therapy coverage, population viral load, and yearly
new HIV diagnoses in British Columbia, Canada: a population-based study.
Lancet 376: 532-539.

16. WHO Website. Available: http://whqlibdoc.who.int/publications/2010/
9789241500395_eng.pdf.Accessed 2011 Nov 15.

17. Kurth AE, Celum C, Baeten JM, Vermund SH, Wasserheit JN (2011)
Combination HIV prevention: significance, challenges, and opportunities. Curr
HIV/AIDS Rep 8: 62-72.

18. Wu Z, Sullivan SG, Wang Y, Rotheram-Borus M], Detels R (2007) Evolution of
China’s response to HIV/AIDS. Lancet 369: 679-690.

19. Sun X, Lu F, Wu Z, Poundstone K, Zeng G, et al. (2010) Evolution of
information-driven HIV/AIDS policies in China. Int J Epidemiol 39 Suppl 2:
ii4-13.

20. Li X, Lu H, Raymond HF, Sun Y, Jia Y, et al. (2012) Untested and
undiagnosed: barriers to HIV testing among men who have sex with men,
Beijing, China. Sex Transm Infect 88: 187-193.

21. Pant Pai N, Joshi R, Dogra S, Taksande B, Kalantri SP, et al. (2007) Evaluation
of diagnostic accuracy, feasibility and client preference for rapid oral fluid-based
diagnosis of HIV infection in rural India. PLoS One 2: e367.

22. CDC (2004) Introduction of routine HIV testing in prenatal care--Botswana,
2004. MMWR Morb Mortal Wkly Rep 53: 1083-1086.

23. Branson BM (2004) FDA approves OraQuick for use in saliva. On March 25,
the FDA approved the first rapid test for HIV in oral fluids. AIDS Clin Care 16:
39.

24. Gottfried TD, Mink RW, Phanuphak P (2006) Calypte AWARE HIV-1/2
OMT antibody test using oral fluid: special challenges of rapid HIV testing in
the developing world. Expert Rev Mol Diagn 6: 139-144.

25. Greenwald JL, Burstein GR, Pincus J, Branson B (2006) A rapid review of rapid
HIV antibody tests. Curr Infect Dis Rep 8: 125-131.

26. Delaney KP, Branson BM, Uniyal A, Kerndt PR, Keenan PA, et al. (2006)
Performance of an oral fluid rapid HIV-1/2 test: experience from four CDC
studies. AIDS 20: 1655-1660.

May 2013 | Volume 8 | Issue 5 | e64652



27.

29.

30.

31.

32.

Pai NP, Barick R, Tulsky JP, Shivkumar PV, Cohan D, et al. (2008) Impact of
round-the-clock, rapid oral fluid HIV testing of women in labor in rural India.
PLoS Med 5: €92.

. Liang TS, Erbelding E, Jacob CA, Wicker H, Christmyer C, et al. (2005) Rapid

HIV testing of clients of a mobile STD/HIV clinic. AIDS Patient Care STDS
19: 253-257.

Ellen JM, Liang TS, Jacob CA, Erbelding E, Christmyer C (2004) Post-HIV test
counselling of clients of a mobile STD/HIV clinic. Int J STD AIDS 15: 728
731.

Blas MM, Alva IE, Cabello R, Carcamo C, Kurth AE (2011) Risk behaviors and
reasons for not getting tested for HIV among men who have sex with men: an
online survey in Peru. PLoS ONE 6: €27334.

Sharma A, Sullivan PS, Khosropour CM (2011) Willingness to Take a Free
Home HIV Test and Associated Factors among Internet-Using Men Who Have
Sex with Men. J Int Assoc Physicians AIDS Care (Chic) 10: 357-364.
Zyaambo C, Siziya S, Fylkesnes K (2012) Health status and socio-economic
factors associated with health facility utilization in rural and urban areas in
Zambia. BMC Health Serv Res 12: 389.

. Fernandez MI, Perrino T, Royal S, Ghany D, Bowen GS (2002) To test or not

to test: are Hispanic men at highest risk for HIV getting tested? AIDS Care 14:
375-384.

PLOS ONE | www.plosone.org

34.

36.

37.

38.

39.

Willingness to Use the Oral Fluid Test among MSM

Barron-Limon S, Semple SJ, Strathdee SA, Lozada R, Vargas-Ojeda A, et al.
(2012) Correlates of unprotected anal sex among men who have sex with men in

Tijuana, Mexico. Bmc Public Health 12: 433.

. Vergidis PI, Falagas ME (2009) Meta-analyses on behavioral interventions to

reduce the risk of transmission of HIV. Infect Dis Clin North Am 23: 309-314.
Van Tam V, Larsson M, Pharris A, Diedrichs B, Nguyen HP, et al. (2012) Peer
support and improved quality of life among persons living with HIV on
antiretroviral treatment: A randomised controlled trial from north-eastern
Vietnam. Health Qual Life Outcomes 10: 53.

Mash R, Mash RJ (2012) A quasi-experimental evaluation of an HIV prevention
programme by peer education in the Anglican Church of the Western Cape,
South Africa. BMJ Open 2: ¢000638.

Ti L, Hayashi K, Kaplan K, Suwannawong P, Fu E, et al. (2012) HIV testing
and willingness to get HIV testing at a peer-run drop-in centre for people who
inject drugs in Bangkok, Thailand. Bmc Public Health 12: 189.

Snyder H, Yeldandi VV, Prem Kumar G, Liao C, Lakshmi V, et al. (2012)
Field-based video pre-test counseling, oral testing, and telephonic post-test
counseling: implementation of an HIV field testing package among high-risk
Indian men. AIDS Educ Prev 24: 309-326.

May 2013 | Volume 8 | Issue 5 | e64652



