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Abstract
Background: Men who have sex with men (MSM) are an important key population in China. However, HIV
testing rates among MSM remain suboptimal. Digital crowdsourcing may be a useful tool to reach this
marginalized population. The proposed cluster randomized controlled trial (RCT) study aims to assess
the effectiveness of digital crowdsourcing in improving HIV testing and sexual behaviors change among
Chinese MSM. 

Methods: A two-arm, cluster-randomized controlled trial will be implemented in eleven cities (ten clusters)
in Shandong Province, China. Target study enrollment will be 250 participants per arm and 50
participants per cluster. MSM who are 18 years old or above, live in the study city, have not been tested
for HIV in the past 3 months, are not living with HIV or have never been tested for HIV, and are willing to
provide informed consent, will be enrolled. MSM will be recruited through banner advertisements on
Blued, the largest gay dating app in China, and in-person at community-based organizations (CBOs).
Participants will be followed-up quarterly during the 12-month period. The primary outcome will be the
self-reported uptake of HIV testing. Secondary outcomes will include change in condomless sex, self-test
e�cacy, social network engagement, HIV testing social norms, and testing stigma.

Discussion: Innovative approaches to HIV testing among marginalized population are urgently needed.
Through this cluster randomized controlled trial, we expected that we can evaluate effectiveness of a
digital crowdsourcing approach, improve the HIV testing rate among MSM and provide a resource in
related public health �elds.

Trial Registration: ChiCTR1900024350. Registered on 6 July 2019, identi�er http:// chictr.org.cn/.

Background
The growing epidemic among MSM has become the gravest challenge in �ghting against HIV/AIDS in
China. As of October 31, 2019, MSM accounted for 23.0% of newly reported HIV/AIDS cases in China,
whereas the proportion was only 14.7% in 2011[1, 2]. Although the Chinese government and health
facilities have adopted various measures such as providing free HIV testing and condoms, some
systematic reviews showed the HIV testing rate among MSM in China remains low [3, 4]. In order for
improving the HIV testing rate and reach the �rst 90 target of the 90-90-90 UNAIDS goals [5], innovative
approaches are urgent needed. Digital crowdsourcing approaches may be a powerful tool. We de�ne
digital as social media, mobile phone applications, internet, or other approaches that use digital
connections.

Digital approaches have been used to promote HIV prevention, especially for key populations like MSM
[6–9]. Digital approaches can transcend the limits of space, limit stigma, provide a platform for
anonymity and privacy, and increase community engagement [7, 9–11]. Previous surveys suggested that
digital interventions can promote HIV testing and safe sexual behaviors through providing information
related to HIV, offering HIV testing services, collecting different creative ideas to design intervention and
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linking people to the community [10, 12]. In China, the internet has become a major way to �nd gay
partners among MSM [15, 16]. A cross-sectional survey of 61 cities in China showed that 73.5% of MSM
had found recent sex partners online [17], providing a strong foundation for digital interventions.
According to the data of MSM national sentinel surveillance in China, only 26.3% men have received HIV
test and known for the results in the last one year [18]. The high rates of internet usage and low HIV
testing rate among MSM in China make digital approaches a useful tool in reaching high-risk populations
and building low-cost HIV prevention interventions to promote HIV testing [19, 20].

Crowdsourcing represents a great opportunity to develop HIV testing services based on the community
and improve HIV/sexual health outcomes in low- and middle-income countries (LMIC) [21, 22]. It can
involve a group of experts and non-experts working together to solve a common problem and sharing
solutions with the public [21, 23]. Crowdsourcing can be a promising tool in health, and it has been used
in a number of medical studies such as cancer, malaria, HIV testing, etc. [24–27]. It has several
advantages. First, it provides a speci�c platform for the people who have no formal training to share their
thoughts with others to solve the common problems so that it can be used to enhance community
engagement and speed up innovations[22, 28–30]. Second, by using crowdsourcing, researchers may
conduct public contests, which have generated effective programs that may be more appropriate to
implement for the speci�c population [26, 31]. Third, it can provide easy access to engage hard-to-reach
populations for a research, especially via the social media [29, 32]. In this respect, crowdsourcing is a
rapid and low-cost way to collect information from a great number of people [22, 26, 30, 33]. However,
most crowdsourcing interventions have been conducted in large cities with few in smaller cities and less
developed areas [31, 34]. Digital crowdsourcing may be a good way in promoting HIV testing and healthy
sexual behaviors.

This study proposal aims to describe the designing of the cluster RCT and to evaluate the e�cacy of
digital crowdsourcing in improving the HIV testing rate among MSM in China.

Trial Aims
The �rst aim of this trial is to improve HIV testing rate among MSM in eleven target cities, testing the
effectiveness of a digital crowdsourced intervention compared to the current HIV intervention conducted
by local centers for disease control (CDCs). We hypothesize that the digital crowdsourced intervention will
be superior in improving HIV testing rate. The second aim is to compare secondary outcomes (including
condom use, social networking, HIV stigma, etc.) in digital crowdsourced intervention with the current HIV
intervention. We hypothesize that the digital crowdsourced intervention will be superior in promoting safe
sexual behaviors.

Methods

Design
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As the intervention in our study will involve two levels—the community level and the individual level, and
MSM in the same city often communicate with each other, we adopt a cluster-randomized controlled trial
with one intervention arm and one control arm (Fig. 1). The cluster unit will be city. Surveys will be
conducted at baseline and every three months thereafter (Fig. 2). A total of ten clusters, including
Weifang, Zibo, Jining, Liaocheng, Jinan, Dezhou, Weihai, Binzhou, Qingdao, Heze, and Zaozhuang from
Shandong Province are chosen by the following criteria: (1) with CDC MSM sentinel surveillance sites; (2)
capacity for recruiting su�cient MSM. Heze and a nearby city Zaozhuang are in the same cluster
considering the number of estimated MSM in both cities are small.

  STUDY PERIOD

  Enrollment Allocation Post-allocation Close-
out

TIMEPOINT Aug-Jan

2019–
2020

Aug-Sep

2019

March-
May

2020

Jun-
Aug

2020

Sep-
Nov

2020

Dec-Feb

2020–
2021

Mar-
Apr

2021

ENROLLMENT:              

Online
recruitment

×            

Eligibility screen ×            

Informed consent ×            

Allocation   ×          

INTERVENTIONS:              

Intervention     × × × ×  

Control     × × × ×  

ASSESSMENTS:              

Online survey     × × × ×  

CDC Surveillance

survey

      ×      

Randomization
We randomly assigned cities (1:1) to either the intervention group or the control group with a block
design, strati�ed by the city’s number of HIV-positive in 2018, average GDP in 2017, cumulative number of
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HIV-positive from 2012–2018 and year’s population at the end of 2017. We have a total of �ve blocks
involving ten clusters: Block 1 consists of Dezhou and Weifang; Block 2 consists of Binzhou and Jining;
Block 3 consists of Liaocheng, Heze and Zaozhuang; Block 4 consists of Zibo and Weihai; Block 5
consists of Jinan and Qingdao. Then the ten clusters were randomized with �ve (Binzhou, Dezhou,
Weihai, Heze, Zaozhuang, Qingdao) in the intervention arm and �ve (Weifang, Zibo, Jining, Liaocheng,
Jinan) in the control arm. Random numbers were generated using SAS 9.4 software. Cities in intervention
arm will implement the digital crowdsourced intervention while cities in control arm will implement the
current intervention conducted by local CDCs. Participants will be blinded in this trial, they will not know
the city assignment.

Participants and eligibility criteria
Eligibility criteria for participants were: (1) aged at least 18 years; (2) had anal sex with men in the past
one year; (3) currently living and planning to live in the eleven cities for the next 12 months; (4) born
biologically male; (5) agree to provide phone number (just for follow up); (6) willing to participate in the
follow-up survey every 3 months; (7) fully understand the facts about the trial and agree with the
informed consent. The informed consent form will be shown to the potential participants at the beginning
of the online questionnaire. Only those who clicked the “agree” option may be included in the study.
Participants living with HIV will be invited to complete the baseline survey but will not be followed.

Study measures and Recruitment

We have built an online questionnaire (see Additional �le 1) using Sojump Survey Software. The
questionnaire was divided into two part. Part 1 includes the informed consent form and six questions for
screening. Part 2 includes the main questions of this trial. MSM who pass through the screening in part 1
will jump to part 2 to answer the rest of questions, and they will be required to add us as contacts on
WeChat (the largest social App in China) so that we can establish an online cohort. Participants who are
not meet all requirements can scan the QR codes to get 0.14USD (1RMB) on WeChat for thanks. MSM
will be recruited through banner advertisements on Blued (the largest gay dating app in China). CBOs in
each study city will also assist with recruitment. In addition to direct recruitment through digital
approaches, eligible participants will be invited to refer no more than �ve friends from their social
networks of MSM and can receive a 1.44USD (10RMB) per person as incentive if their friends meet the
requirements of this trial. All participants who enroll in the trial will receive a 7.22USD (50RMB) incentive
for baseline survey and 7.22USD (50RMB) for each follow-up. Surveys will be conducted at baseline and
every 3 months thereafter. Those who complete all �ve surveys will have an opportunity to win an iPad
mini.

All the information in the questionnaire is self-reported. The questionnaire used in MSM surveillance sites
run by local CDCs in each city will include additional questions about sexual partners, social media
engagement, HIV/syphilis testing and HIV/syphilis test results (see Additional �le 2). Cell phone numbers
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will be used to link CDC and online survey data sets so the self-report data can be triangulated with CDC
surveillance data during the same period.

Intervention

The intervention which includes 24 images and 4 short videos about HIV testing and safe sexual
behaviors was developed through a series of participatory crowdsourcing contests. These included a
sprint-like designathon that identi�ed digital HIV self-testing as a priority [35] and an open call for images
and videos [31]. The 24 images aim to address the importance of HIV testing, so as to improve HIV
testing rate. The purpose of the 4 short videos of 50 s-1 min in duration is to enhance the awareness of
safe sexual behaviors like condom use among MSM and encourage them to take regular HIV testing. The
images and videos can be found in Additional �le 3. The intervention will be implemented at the
individual level through “WeChat”, and at community level through WeChat-group and WeChat-moments
(a function on WeChat that people can share their life with friends).

The intervention will be implemented in �ve clusters (Binzhou, Dezhou, Weihai, Heze, Zaozhuang,
Qingdao). For individual-level implementation, the images will �rst be shown at the end of the baseline
questionnaire, and then we will send one different image every 2 weeks and one video every 3 months to
the participants via WeChat messages. We will send self-test kit to the participants in intervention group
at the 2nd and 3rd follow-up. For community-level implementation, we will set up several WeChat groups
in each city and invited 30–40 participants in each group. Messages about HIV testing and safe sexual
behavior from authority facilities (hospital, CDCS, CBOs, etc.) will be distributed to these groups and
WeChat-moments every 2 weeks. We encourage members in these groups to talk about HIV. We will invite
volunteers from local CBOs to join the groups. Team members of this study will participate in discussion
if the participants have any question. Participants in other �ve cities (Weifang, Zibo, Jining, Liaocheng,
Jinan) will receive routine intervention by local CDCs.

Follow up
All the participants will receive an online survey at baseline and the follow-up will be conducted every 3
months. Each participant will participate in a total of �ve surveys. At the 2nd and 3rd follow-up, we will
send self-test kits to the participants in intervention group with their consent to evaluate the effectiveness
of self-test kit in improving HIV testing rate.

Outcomes

The primary outcome of this study will be the uptake of self-reported HIV testing rate. We have set ten
monitoring sentinels in the eleven cities so that the self-reported HIV testing rate can be triangulated with
the rate from surveillance data during the same period. In addition, participants who receive the self-test
kit are required to send their results to us on WeChat so that we can verify that the self-reported results
are consistent with the self-test results. An increase of 20% in testing rate (assuming a proportion of HIV
testing of 70% in intervention arm and 50% in control arm) was chosen as the superiority margin. This
choice was based on the data of MSM sentinel surveillance collected by CDC of Shandong Province in
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last one year. Secondary outcomes include, condom use, syphilis testing, social networking and others
(see Additional �le 4).

Sample Size
A two-arm, cluster-randomized controlled trial will be used to this study. The sample size was calculated
based on the primary outcome. We assumed that a digital crowdsourced intervention will be superior to a
CDC routine intervention in promoting HIV testing rate among MSM who have not been tested in the past
3 months. Assuming the HIV testing rate is 70% in intervention cities and 50% in the control cities, a total
of ten clusters, �ve in intervention group, others in control group, an intraclass correlation coe�cient of
0.02 (usually between 0.01 to 0.03). two-sided α = 0.05, power = 0.85, and the loss of follow-up is 30%, the
total sample size is 500 men (50 to each cluster). The calculation was made using the software PASS 15.

Timeline
This study will last 17 months. The �rst 5 months will be the baseline survey. Because the total
population and the numbers of MSM are small in some cities, we budget ample time for the recruitment.
CDC surveillance surveys will also be conducted in the target cities. The following 12 months will be the
intervention phase. The intervention will be implemented in Binzhou, Dezhou, Weihai, Qingdao Heze and
Zaozhuang following the cluster RCT design outlined in Fig. 2. All the participants in the eleven cities will
be surveyed at baseline and every 3 months thereafter. In the 17th month, the last follow-up survey will be
implemented.

Data Collection and Management
The Sojump Survey Software will be used for data collection. In this study, we will collect information
about socio-demographics, sexual behaviors, HIV and syphilis testing behaviors, social networking and
psychological characteristics through an online questionnaire. The online tool and questionnaire have
been used in our original stepped wedge cluster randomized controlled trial [31]. Socio-demographic
characteristics include age, occupation, education level, annual income, marital status, sexual orientation,
and sexual orientation disclosure. Behavioral variables consist of sex partners, frequency of sex, condom
use, self-reported HIV testing (including both facility-based and self-testing), syphilis testing and social
networking. Psychological characteristics include HIV testing self-e�cacy and HIV stigma.

Survey data completed by all participants will be s saved in a secured computer only used for saving
data, discarding other privacy issues such as open network environments. Passwords and �rewalls will
also be used to protect the data.

An independent external advisory committee composed of STI experts has been established. The
committee will meet regularly to review and assess progress in data collection and research.
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Analysis

The sociodemographic characteristics will be analyzed using descriptive statistics. Comparison in
baseline characteristics between the intervention and control arm will be conducted using a chi-squared
test adjusted for clustering. The primary outcome of this trial will be the uptake of self-reported HIV
testing rate. Generalized linear mixed models (GLMM) will be used for the analysis. Intervention status
and time will be considered �xed effects, while sites and individual participants with multiple
measurements across the four follow-ups will be considered random effects. The secondary outcomes
will include a series of binary variables (continuous variables will be categorized into binary variables),
such as number of sexual partners, frequency of anal sex, sex without condoms, frequency of HIV testing
(including both facility-based and self-testing), awareness of syphilis status, social network engagement
and others. These will be analyzed similar with the primary outcomes. Furthermore, the interaction effect
of intervention between individual level and community level will also be analyzed. Participants who miss
the follow-up will be included and assumed not achieved the primary and secondary outcomes during the
missed follow-up period. If an outcome is missing for < 15% of participants, analyses will use a complete-
case approach. Otherwise, multiple imputation will be used.

We will also carry out a subgroup analysis based on age ( 30 years old versus ≤ 30 years old) and way
of HIV testing (facility-based versus self-testing).

Results of this study will be distributed to target cities and national stakeholders.

Discussion
Digital crowdsourcing approach has the potential to reach marginalized populations who face multi-level
barriers to care, lower the cost of intervention, aggregate community wisdom and solicit images and
videos to promote HIV testing and health outcomes [22, 28, 31, 33]. Several studies and reviews showed
that the digital crowdsourcing can improve HIV services for MSM, promote the HIV testing and link them
to the HIV cascade [21, 26, 31]. It can be a powerful vehicle for increasing HIV testing rate and making
messages more feasible to implement among MSM. The effectiveness of digital crowdsourcing has been
examined in few randomized controlled trials, more rigorous evaluation is needed. We believe that a large-
scale, multi-site cluster RCT is needed to evaluate the effectiveness of digital crowdsourcing.

There are several limitations that should be considered in this study. First, digital approaches may not be
able to reach people who do not use online tools often. The CBOs in eleven target cities will also help us
for the recruitment, which may alleviate this problem to some extent. Second, all the information will be
self-reported, some participants may report a change in HIV testing and sexual behaviors because of the
social expectation or sensitivity on data privacy for taking part in the study. However, our online survey
allows a high degree of anonymity, we will not collect personal information like name or address, and we
will highlight the information of privacy protection in the informed consent. In this way, this bias may be
reduced. Third, MSM will receive 50 RMB when they �nished one online questionnaire. Part of them may
deliberately falsify their answers just for obtaining the incentive. To reduce this bias, we have established
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a strict review mechanism. When a questionnaire has been completed, we will check for it �rst. If it has
only one logical error, we will verify with the participant. When there is more than one logical error in the
questionnaire, the participant will no longer be included in the study. Furthermore, we have an
administrator for each city to ensure that recruitment and review work is done in an orderly manner.
Triangulation with CDC surveillance site data can facilitate validation. Forth, participants from the
intervention and control cities may potentially communicate with each other, which may cause study
contamination. Although the randomization of this trial is at city level, participants will not be aware of
whether they are in the intervention group or the control group. Participants will also be asked whether
they have seen the pictures or words which should only been sent to intervention group in the last follow-
up questionnaire.

We anticipate that this digital crowdsourcing will increase HIV testing rate and promote safe sexual
behaviors among MSM in China. The study outcomes will help to identify the effectiveness of the
intervention. The intervention content can be accessed for free to the public. If successful, we hope that
the health institutions will utilize this program as a resource and applied to the HIV prevention or to solve
other health issues.

Trial Status
This protocol was registered in chictr.org.cn with ID ChiCTR1900024350. At the time of this draft, the
recruitment has done.
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Figure 1

Schematic of crowdsourced intervention implementation

Figure 2

Spirit �gure of study timeline
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