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Abstract

Background: Adherent pre-exposure prophylaxis (PrEP) uptake can prevent HIV infections. Despite the high HIV inci-
dence, Chinese key populations have low PreP uptake and adherence. New interventions are needed to increase PrEP
adherence among key populations in China. Co-creation methods are helpful to solicit ideas from the community to
solve public health problems. The study protocol aims to describe the design of a stepped-wedge trial and to evalu-
ate the efficacy of co-created interventions to facilitate PrEP adherence among key populations in China.

Methods: The study will develop intervention packages to facilitate PrEP adherence among Chinese key populations
using co-creation methods. The study will then evaluate the efficacy of the co-created intervention packages using
a stepped-wedge randomized controlled trial. This four-phased closed cohort stepped-wedge design will have four
clusters. Each cluster will start intervention at three-month intervals. Seven hundred participants who initiated PreP
will be recruited. Participants will be randomized to the clusters using block randomization. The intervention condi-
tion includes receiving co-created interventions in addition to standard of care. The control condition is the standard
of care that includes routine clinical assessment every 3 months. All participants will also receive an online follow-up
survey every 3 months to record medication adherence and will be encouraged to use a WeChat mini-app for sexual
and mental health education throughout the study. The primary outcomes are PrEP adherence and retention in PrEP
care throughout the study period. We will examine a hypothesis that a co-created intervention can facilitate PrEP
adherence. Generalized linear mixed models will be used for the primary outcome analysis.

Discussion: Developing PrEP adherence interventions in China faces barriers including suboptimal PrEP uptake
among key populations, the lack of effective PrEP service delivery models, and insufficient community engagement
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among key populations.
the US (NCT04754139, February 11, 2021).

controlled trial

in PrEP initiatives. Our study design addresses these obstacles by using co-creation to generate social media-based
intervention materials and embedding the study design in the local healthcare system. The study outcomes may have
implications for policy and intervention practices among CBOs and the medical system to facilitate PrEP adherence

Trial registration: The study is registered in Clinical Trial databases in China (ChiCTR2100048981, July 19, 2021) and

Keywords: Co-creation, PrEP, Adherence, China, GBMSM, Transgender, Stepped-wedge design, Randomized

Background

Despite many control programs, HIV incidence is still
high among key populations in China. The national
prevalence of HIV from 2001 to 2018 among gay, bisex-
ual and other men who have sex with men (GBMSM)
was estimated to be 5.7% (95% CI: 5.4—6.1%) [1]. Sexual
transmission has become the preeminent route for HIV
infection since 2014, with 95% of cases reportedly due to
sexual transmission [2, 3]. The proportion of HIV cases
due to heterosexual contact increased from 50% in 2010
to over 70% in 2018 [4]. HIV prevalence among Chinese
MSM rose from 1.5% in 2005 to 7.0% in 2018 [4, 5]. The
evolving patterns of HIV infections in China require new
interventions.

Pre-exposure prophylaxis (PrEP) is highly effective in
preventing new HIV infections among adherent key pop-
ulations [6-8]. However, suboptimal adherence to PrEP
in real-world studies is a substantial barrier [9, 10]. In
China, TDF-FTC was only approved in August 2020 for
PrEP. PrEP access is limited to urban infectious disease
hospitals and not covered by national health programs or
major health insurance plans. As a result, PrEP awareness
and uptake are still low among Chinese key populations
[11, 12], and data on PrEP adherence is scarce. Using
self-reported adherence to daily PrEP, a study among
584 MSM in western China suggested a median adher-
ence rate of 64.3% in 2018 [13]. The low engagement in
the PrEP care continuum among key populations calls
for innovative efforts to promote PrEP use. In particular,
as PrEP moves into routine HIV prevention care prac-
tice and China is taking steps to scale up PrEP uptake,
optimizing medication adherence becomes increasingly
critical to fully realize its potential. Prior interventions
have used mobile phone applications, text messages, and
incentives to increase PrEP adherence among key popu-
lations in global settings [14—17]. However, these inter-
ventions were not tailored to the focus community or
were based on sociocultural settings that were less suit-
able for key populations in China.

Crowdsourcing is a method of co-creation that uses a
bottom-up approach to solicit ideas from groups of peo-
ple to solve all or part of a practical problem [18, 19].

Crowdsourcing has been increasingly implemented to
develop public health interventions [20]. Data from our
previous study suggested that video campaigns generated
through crowdsourcing can effectively strengthen and
expand community-based HIV testing services for Chi-
nese MSM [21]. Compared to conventional approaches,
crowdsourcing may facilitate community engagement,
while creating novel solutions to public health problems
that resonate with the community [22]. In particular,
crowdsourcing can help engage vulnerable groups who
are often excluded from research projects [23]. How-
ever, most crowdsourced interventions in sexual health
research centered on HIV testing services and promoting
sexual health programs [24]. Preliminary data from pilot
programs suggest that crowdsourcing methods could be
used to promote PrEP uptake [24].

The study proposal aims to describe the design of a
stepped-wedge trial and to evaluate the efficacy of a
crowdsourced intervention to facilitate PrEP adherence
among at-risk populations in China.

Trial aims

Our study will use a crowdsourcing open call to develop
a PrEP adherence intervention that will be implemented
and evaluated using a stepped-wedge cluster randomized
trial. The aim of this stepped-wedge trial is to improve
PrEP adherence through crowdsourced intervention. We
hypothesize that a crowdsourced intervention can facili-
tate PrEP adherence.

Methods/design

Study design and rationale

This pragmatic stepped-wedge cluster randomized trial
is a sub-study of a multi-center demonstration of PrEP
engagement and initiation among at-risk populations in
two Chinese provinces, Hubei and Guangdong. (Study
ID: CO-US-276-5866) In the demonstration, participants
recruited from both sites will be provided with daily
oral PrEP for 12months with quarterly follow-up visits
(questionnaires and clinical assessments). Participants
are encouraged to adhere to daily regimen throughout
the study. At enrollment, every participant will be given
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access to a WeChat-based PrEP education mini-app that
has been pilot tested and refined in a previous study pro-
ject among Chinese GBMSM [25]. Among the partici-
pants who successfully initiate PrEP through the study,
the first 700 participants from both sites will be included
in the stepped-wedge trial.

This stepped-wedge design will be a four-phased imple-
mentation organized into four clusters with each cluster
starting the intervention at three-month intervals, so
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that by the end of the 12-month study period all clusters
will receive the intervention. (Table 1) A pragmatic trial
is aligned with the aim of our study as we are interested
in examining the crowdsourced intervention in a real-
world context rather than strictly measuring its efficacy
in an ideal setting [26]. This stepped-wedge design allows
the evaluation of the intervention’s external validity and
informs public health decisions to promote PrEP adher-
ence in at-risk populations [27].

Table 1 Stepped-wedge design of a crowdsourced intervention for facilitating PrEP adherence in at-risk populations in China

Q1

Q2 Q3 Q4

initiation)

Month (since PrEP 0 |1 2 3 4

5 6 7 8 9 10 |11 |12

Enrollment X

Study Assessment

Baseline assessment X

Clinical follow- X | X X X

up/lab/refill

Follow-up assessment X

Intervention

PrEP mini-app/sexual | X

health education

Crowdsourced

intervention

Cluster a XX | XX | XX

Cluster b

XX

XX | XX

Cluster ¢

XX | XX | XX

Custer d

XX | XX | XX
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In this closed cohort stepped-wedge design, all par-
ticipants will be identified at the onset of the trial. All
participants will be engaged with the intervention or
control condition at different crossover points. Minimal
implementation lag will be expected as the predesigned
interventions consist of social media components and
immediately start and finish [22]. The control condition
includes routine follow-up visits (surveys and clinical
assessments) by community-based organizations and
local hospitals following the setup of the demonstra-
tion study. The intervention condition includes a crowd-
sourced intervention to facilitate PrEP adherence.

Eligibility
Eligibility criteria for participants in the intervention
include: 1) 18years old or older at the time of enroll-
ment; 2) Chinese citizens, currently residing in Hubei
or Guangdong province and planning to remain there
for the next 12months; 3) Having a smartphone with
WeChat installed; 4) Must self-report at least one of
the listed high-risk behaviors (a. Have sex with more
than 1 partners in the past 90days; b. Inconsistent con-
dom usage in vaginal or anal sex in the past 6 months; c.
Ongoing sexual relationships with an HIV-positive part-
ner in the past 6 months; d. Participation in commercial
sex work in the past 6 months; e. Any bacterial STI diag-
nosed or reported in the past 6 months); 5) No history of
renal dysfunction; 6) No history of chronic hepatitis B
(HBV) infection; 7) No HIV infection; 8) No indication
for HIV post-exposure prophylaxis; 9) No signs or symp-
toms consistent with acute HIV infection.

Potential participants will be informed of this stepped-
wedge trial when they initiate PrEP in the hospital
by study volunteers. Signed informed consent will be
required from all participants.

Sample size

A total of 700 participants will be recruited from Hubei
and Guangdong provinces. The sample size of this closed
cohort, binary outcome, complete stepped-wedge RCT
design was calculated using PASS Sample Size Software
(NCSS LLC, Kaysville, Utah). The required sample size
was calculated for the primary outcome. We assumed
that a crowdsourced intervention will facilitate PrEP
adherence among at-risk populations compared to the
standard routine follow-up. This calculation was based
on the Hussey and Hughes model postulating the clus-
ter-specific departure from the average is homogeneous
across time periods and intervention sequences [28, 29].
We assumed an intra-cluster correlation coefficient (ICC)
of 0.02. Assuming an intervention effect of 0.2 (0.6 under
intervention, 0.4 under control), a total of four clusters,
four total intervention time periods. Two-sided Wald
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Z-Test alpha=0.05, 80% power, the total sample size was
540. Accounting for 20% lost to follow-up, we increased
the total sample size to 700 (175 for each cluster).

Intervention

The intervention consists of two parts: 1) intervention
materials delivered to participants through WeChat in
a stepped-wedge cluster randomized trial; 2) a series of
judging by all participants on materials co-created by a
small group of participants. The intervention effect will
take into consideration of the two aspects. Intervention
materials are developed through a nationwide open call
in China.

Intervention materials development - crowdsourcing open
call

The intervention has been developed from a national
crowdsourcing open call (Fig. 1). This crowdsourc-
ing open call focused on identifying submissions to
promote PrEP adherence among at-risk populations.
Eligible submissions included concepts (<1000 char-
acters), images (photographs, posters, drawings),

* Open call for concepts, images, multimedia contents facilitating
PrEP adherence among at-risk populations
¢ Form judging panel that consists of community members,
healthcare professionals, and academics

|

Promote contest via social media platforms

|

Crowd contributes through submitting entries that draw on their
own talents and local context

|

* Judging panel determines entries for awards
¢ Announce recognized entries on social media

|

¢ Core elements from winning entries are arranged into an
intervention package to be implemented
* Ongoingopen call for concepts, images, multimedia contents
for facilitating PrEP adherence among at-risk populations

|

Participants are grouped into 4 clusters following block
randomization

|

Implement the most updated interventionin 3-month intervals
following the pre-determined order

Fig. 1 Schematic of crowdsourcing intervention development and
implementation
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and multimedia contents (videos, audios, H5). All
announcements related to the open call (promotions,
deadlines, prizes) were channeled through social media
platforms including WeChat and Weibo.

As of September 2021, the open call has received 19
submissions and each was evaluated by at least three
independent judges. The judging panel consisted of
CBO members, healthcare professionals and academ-
ics. Judges were selected based on their expertise in
relevant sexual health topics and crowdsourcing. The
quality of the entries was judged on relevance, feasibil-
ity, and elaboration. Judges received a full description
of the judging criteria in advance and provided a single
score on a 10-point scale. Following these judging cri-
teria, all entries were screened to check for relevance
to our open call and to identify plagiarism. People who
submitted contributions that were determined to be in
the top three were awarded cash prizes. Given that par-
ticipation is important for crowdsourcing, the open call
will keep running during the trial. This will allow par-
ticipants to develop messages and ideas to iteratively
enhance the intervention. The research team will also
update the intervention by integrating selected mate-
rials from the ongoing open call every 3 months fol-
lowing the initial intervention (1.0). Materials will be
adapted to formats compatible with the delivering plat-
form WeChat.

Among the 19 submissions, eight were texts or slogans,
two were videos, nine were posters, photos or comics.
Five posters and one comic were selected by the judging
panel as the most recognized contributions (see Supple-
ment). The initial intervention (1.0) will integrate images
from the six contributions. The themes of these images
are focused on raising PrEP awareness by emphasizing
the effectiveness and protective aspects of PrEP or on
increasing PrEP knowledge in terms of who should take
PrEP and the two types of PrEP medications. Core ele-
ments used in these images included posters, infograph-
ics, and comics.

The initial intervention (1.0) will integrate the rec-
ognized contributions for messages to encourage PrEP
adherence. These materials will be combined with adjust-
ments by the study team to allow for clear messaging. The
intervention package will be channeled biweekly through
WeChat and will allow for multiple deliveries during the
intervention period. The intervention implementation
will incorporate CBO peer educators or volunteers in
Wuhan and Guangzhou as peer educators have access to
the social media platform and are in close contact with
the participants. CBO peer educators will be responsible
for recruiting participants, following up with participants
throughout the study period of 12months, and imple-
menting the intervention.
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Stepped-wedge cluster randomized trial design

The intervention materials developed through the crowd-
sourcing open call will be delivered in a stepped-wedge
cluster randomized trial. This stepped wedge design will
be a four-phased implementation (four clusters) with
each cluster starting the intervention at three-month
intervals (Table 1).

Cluster randomization

Block randomization will be used to control for poten-
tial secular trends and bias related to the imbalance in
cluster-level covariates [30]. Block size will be eight. Par-
ticipants at each site will be assigned to blocks based on
the timing of PrEP initiation. Participants enrolled at the
same site will be grouped to the same block. Blocks will
be assigned to the four clusters using a computer-gener-
ated randomization list that is generated by a study staff
member.

Intervention condition - receiving the intervention
materials

Participants will be assigned into four clusters in blocks
at each site. All clusters will receive the intervention ini-
tiated at a different time. Updated interventions 2.0, 3.0,
4.0 will be implemented for clusters b, ¢, d, respectively,
in addition to cluster a receiving intervention 1.0. Each
cluster will receive the intervention for 3 months over a
12-month period. The first intervention will start 2 weeks
after the baseline recruitment. The time intervals of the
crowdsourced intervention are aligned with the follow-
up intervals in the PrEP Demo study. That is, the first
cluster will receive their first intervention 2 weeks after
they fill out the baseline survey, and the second, third,
and fourth cluster will receive their first intervention 2
weeks after they complete the follow-up surveys at 3, 6,
9months respectively. The intervention will be delivered
to each cluster biweekly in the 3-month intervention
period by the CBOs. CBO peer educators or volunteers
will contact participants via WeChat and implement the
intervention each time.

Intervention condition - judging and co-creation group

Along with the crowdsourced interventions, participants
in the intervention condition will be additionally engaged
by a series of judging on materials co-created by a small
group of participants. This small co-creation group will
be selected from trial participants based on their willing-
ness to contribute and areas of expertise while also con-
sidering their self-identified gender and sexual identity.
The co-creation group will generate materials regularly to
address adhering to PrEP. Co-creations that are only tai-
lored to the experience of one population will be tweaked
by the study group before sending to other populations in
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the sample to better reflect the latter’s specific experience.
The co-created materials will be sent to all participants in
the intervention condition for judging. The judging crite-
ria will include 1) potential to encourage PrEP adherence;
2) creativity; 3) potential to engage social media users; 4)
feasibility for real-world implementation. Materials that
have the highest scores will be shared publicly on social
media platforms.

Control condition

When clusters are not in the intervention condition,
they will be in the control condition. Control condition
includes a baseline program using WeChat mini-app to
promote sexual and mental health awareness and routine
follow-ups by CBOs and hospitals. This mini-app pro-
moting sexual and mental health awareness among Chi-
nese gender and sexual minorities is predesigned by the
research team and will be directly accessed on WeChat
mini-app store for free [25]. The mini-app comprises
synthesized LGBTQ-friendly information on PrEP (what
is PrEP, benefits of PrEP, who can use PrEP, how to use
PrEP, etc.) and other sexual and mental health-related
content, and allows participants to apply for free HIV
self-tests and communicate with study staff members
directly. Participants will be introduced to the mini-app
at baseline recruitment and will be encouraged to use
the mini-app throughout the study. Participants will
also receive follow-ups from the hospitals and CBOs at
3-month intervals to assess PrEP uptake and adherence.
The follow-ups include an online follow-up survey to
track PrEP adherence and a clinical assessment for ongo-
ing PrEP uptake. The follow-up survey will be adminis-
tered by CBO peer educators or volunteers, who will be
responsible for sending out the survey and collecting sur-
vey responses. The clinical assessment will be performed
by experienced physicians in the hospitals following
standard guidelines.

Study measures and outcomes

A baseline survey will collect data related to sociodemo-
graphic characteristics, sexual behaviors, experiences
and perceptions of PrEP, sociopsychological assessments
related to PrEP use, and co-creation willingness. Soci-
odemographic characteristics include participants’ age,
gender identity, sexual orientation, socioeconomic status,
medical insurance status, and housing. Sexual behav-
iors variables include number of sexual partners, casual
sex in the past 6 months, sex work in the past 6 months,
sex under the influence of substance (including stimu-
lants or poppers, alcohol, cocaine or speed/crystal meth)
in the past 6 months, HIV testing, STI testing, and self-
assessed HIV infection risks. Experiences and percep-
tions of PrEP include awareness, willingness, preferences,
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previous use of PrEP, PrEP attitudes, PrEP stigma, and
PrEP use self-efficacy. Sociopsychological assessments
include HIV-related anxiety, social support, and overall
perceived stress. Co-creation willingness asks whether
the participant would be willing to join a co-creation
group, and their areas of expertise if they agree to. Par-
ticipation in the PrEP open call will also be captured. For
self-identified transgender individuals, data related to
gender-affirming interventions, lifetime involvement in
sex work, and community connectedness will also be col-
lected. Baseline and follow-up surveys will be built online
using Sojump (Sojump, Shanghai, China).

Each follow-up at the 3, 6, 9, 12months will include
an online survey and a clinical assessment. (Table 1) The
online survey will collect data related to number of sexual
partners, HIV testing, PrEP uptake (missing doses in the
past 90, 30, 7 days for daily PrEP users vs. number of sex
and number of doses taken in the past 90, 30 days for on-
demand PrEP users), engaging in WeChat mini-app, and
evaluation of crowdsourced PrEP adherence interven-
tion. Participants will be assessed on their PrEP attitudes,
PrEP stigma, PrEP use self-efficacy, HIV-related anxiety,
social support and overall perceived stress using validated
scales at 6 and 12 months. For all follow-ups, transgender
participants will additionally respond to questions related
to whether they are currently using gender affirming hor-
mones, and if they were, whether they are concerned
about drug-drug interaction and whether they have men-
tioned taking hormones to the doctors who are prescrib-
ing PrEP. The clinical assessment will include testing
results related to HIV, STIs (syphilis, HBV, HCV), stand-
ard blood test, standard urine test, liver function test, and
renal function test. If a participant seroconverts to HIV
positive, their participation in the study will be termi-
nated and they will be referred to their local provider or
health department for antiretroviral therapy. Otherwise,
participants will be prescribed TDF-FTC for another 3
months after each follow-up at 3, 6, 9 months.

The primary outcomes of this sub-study are PrEP
adherence and retention in PrEP care throughout the
study period. PrEP adherence will be measured by self-
report in quarterly behavioral assessment surveys and
pill count at clinical follow-ups among a subset (a total
of 120 participants who initiate PrEP during the study in
Guangdong will be sampled to receive pill count using
systematic random sampling). Retention in PrEP care
will be measured via self-initiated or physician-advised
PrEP discontinuation, PrEP re-initiation, and self-initi-
ated switch rates from once daily and on-demand regi-
mens. Details about the study measures are illustrated
in Table 2. Optimal daily PrEP adherence will be con-
sidered to be 67 pills weekly. Optimal adherence to an
on-demand regimen will be defined as having two pills at
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Table 2 Outcome measures and timepoints of data collection
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Outcomes Measure

Data collection timepoints

Primary outcomes

Retention in PrEP care Number of participants completed clinical follow-ups

PrEP adherence

1. Self-report in follow-up surveys: During the past 7 days and 30days: (1) self-report taking

3,6,9, 12months
3,6,9, 12months

once daily regimen: number of missed pills; perceptions of whether they had taken <60%,
60-90%, or >90% doses. (2) self-report taking on-demand regimen: number of sex events
that are not covered by any PrEP (0 pills taken); correctly covered by PrEP (2 pills on the
sex day (X) and X+ 1, X+ 2; or at least one pill taken on days X, X+ 1, and X+ 2 if the days
between two sex events are less than one week); partially covered by PrEP (any other use).
2. Pill count at clinical visits: number of unused pills counted at each clinical follow-up (in-

person or via phone)

3. Medical possession ratio: [(total days between first fill and end of follow-up) — (number
of days without TDF-FTC in possession)] / total days of follow-up, based on medical refilling

records
PrEP discontinuation
PrEP reinitiation

120days without TDF-FTC in possession based on medical refilling records.
Number of participants who discontinued TDF-FTC according to the study definition and

3,6,9, 12months
3,6,9, 12months

then successfully restart PrEP, based on self-report and medical refilling records.

Secondary outcomes

HIV testing
for HIV during the previous three months

Sexual and mental
health mini-app use

Frequency of participants, defined as the number of participants who reported being tested

Frequency of participants, defined as the number of participants who reported using the
mini-app in the past three months to receive information about sexual and mental health

3,6,9, 12months

3,6,9, 12months

comparing their pre-intervention and post-intervention engagement

PrEP self-efficacy

Frequency of participants, defined as number of participants who had an increase in PrEP

3,6,9, 12months

self-efficacy when comparing their pre-intervention and post-intervention self-efficacy

HIV incidence

Frequency of participants, defined as number of participants who reported who have newly
diagnosed with HIV in the previous three months

3,6,9, 12months

least 2 h before each sexual encounter, followed by one
pill 24 hours after the first dose and one pill after the sec-
ond dose.

Secondary outcomes will include HIV testing rate,
mHealth use, self-efficacy assessment, and HIV
incidence.

Timeline

The study will span approximately 15months (Table 1).
The first 3months will be the preparation phase. A
crowdsourcing open call will be promoted and held to
generate an initial crowdsourced intervention 1.0. Inter-
ventions 2.0, 3.0, 4.0 will be developed during the trial
with inputs from the ongoing open call. The following
12 months will be the intervention phase. The interven-
tion will be sequentially rolled out in each of the four
clusters following the stepped-wedge design. Participants
will be surveyed at baseline and every 3 months thereaf-
ter. By the 15th month, all participants will have received
the intervention for a 3-month interval and the final
follow-up survey will be conducted. The SESH research
group will manage and oversee intervention progression.

Data collection activities
In accordance with the demonstration study design,
participants in the stepped-wedge design will undergo

clinical monitoring for assessment of adherence and side
effects every month for the first 3 months after PrEP ini-
tiation and every 3 months starting from the 4th month
per current US CDC and WHO guidelines, provided by
their respective study hospital. All study participants will
be required to complete clinical visits at their respective
study hospital for PrEP initiation (month 0) as well as for
follow-up at months 1, 2, 3, 6, 9 and 12 (Table 1). Base-
line survey and follow-up surveys will be administrated
through a professional Chinese online survey engine
Sojump (Sojump, Shanghai, China) that has been widely
used in China-based research studies. Research staff will
monitor the survey responses and upload to a secure
Dropbox account on a weekly basis.

Follow-up plan

During study planning in the first half of 2020, reports
have emerged regarding the adverse impact of the
COVID-19 pandemic on sexual health for people at
risk of HIV, including fewer HIV tests, STI screens and
less consistent PrEP refills. We have included questions
related to the impact of COVID-19 on sexual behaviors
and PrEP readiness to our screening survey, and we will
monitor accrual and adherence to clinic visits and PrEP
with additional caution. As needed, we will incorporate
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changes in the protocol as required by local pandemic
patterns in Hubei and Guangdong provinces.

Data management

All data from baseline and follow-up surveys are anon-
ymous and are submitted directly into computers and
transmitted securely using SSL (TLS) 128-bit encryption.
Data will be located password-protected on Sojump and
will only be accessed by research group members. Data
can be readily downloaded and converted to the for-
mat of commercially available statistical software. Sur-
vey responses will be kept separately from participants’
contact information; the two files will be linked with a
non-descript identifier that is encrypted and password-
protected. An independent external advisory committee
consisting of STI experts has been formed. The commit-
tee will meet periodically to review and evaluate data col-
lection and study progress.

Analysis

The primary outcome will be evaluated at the end line.
We will examine a hypothesis that a crowdsourced inter-
vention can facilitate PrEP adherence. As this is a binary
outcome with a small number of clusters, we will use gen-
eralized linear mixed models (GLMM) for the primary
outcome analysis [31]. It is appropriate to assume that
the intervention effect is common across clusters as the
intervention will be implemented to all clusters directly
by CBO staft. The model will include intervention status
and time as fixed effects given the potentially increasing
loss-to-follow-up. The estimated intervention effects will
be reported with 95%Cls and p values.

All secondary outcomes will be binary (continuous
variables will be categorized into binary variables). Simi-
lar analysis will be conducted for secondary outcomes
including proportion of people who test for HIV in the
past 3months, proportion of mhealth use, proportion of
people who feel confident in their self-efficacy, and HIV
incidence. Descriptive data will be used to summarize
clusters.

Ethical approvals

The study was reviewed and approved by the Institu-
tional Review Boards at the University of Chicago, USA
(IRB#20-1388), the Guangzhou Eighth People’s Hospital,
China (IRB#202043176) and the Guangdong Provincial
Dermatology Hospital, China (IRB#2020031).

Discussion

Although an increasing number of interventions
have been implemented to facilitate PrEP adher-
ence, efforts to promote PrEP adherence in China are
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scarce. Suboptimal PrEP uptake among key popula-
tions, the lack of effective PrEP service delivery mod-
els, and insufficient community engagement in PrEP
initiatives may have hindered the development of
such interventions [32]. The study design addressed
these obstacles by using crowdsourcing to generate
social media-based intervention materials and embed-
ding the study design in a demonstration project that
engages stakeholders in the healthcare system and the
community. Crowdsourcing and mobile health inter-
ventions can be powerful vehicles to reach, engage,
educate and retain sizable key populations on PrEP in
a short period of time, with potentials of encouraging
behavioral change regarding PrEP uptake and adher-
ence [14, 33]. The inputs from the community and
the public contribute to a social media-based inter-
vention that will be further evaluated in a real-world
PrEP delivery model. Early engagement and ongoing
partnership with key stakeholders in this PrEP delivery
model may help identify and address local challenges,
leverage the existing infrastructure to solve the prob-
lems, and inform evidence-based scale-up with identi-
fied resources [14, 34]. We believe these qualities are
crucial to improve PrEP uptake and adherence among
key populations in China, and that this stepped-wedge
design may be able to contribute to local efforts.

Our study has limitations. First, all behavioral meas-
ures will be self-reported, which may introduce desir-
ability bias. However, all surveys will be computerized
and self-administered, which can reduce the strength of
this bias. We will also randomly select 120 participants
in Guangzhou to count pills to measure their adherence
to PrEP. Triangulating self-reports with this measure-
ment can facilitate validation. Second, the use of social
media for open call promotion and intervention imple-
mentation may overlook individuals who lack access to
online tools. Although social media will be the main
venue for study promotion, we will also recruit partici-
pants through in-person outreach and chain referral. In
addition, intervention may be implemented at the clini-
cal sites. Incorporating those measures may mitigate
the impact of the bias.

Our study may help to address important policy
and research questions. The study outcomes may help
to guide policy and intervention practices among
community-based organizations and medical system
regarding facilitating adherence to PrEP uptake among
key populations. Moreover, community engagement
and practical knowledge generated from developing
and implementing a crowdsourced intervention may
be applicable for future efforts to scale-up programs
related to PrEP uptake, retention, and adherence.
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Trial status

At the time of this draft, intervention development and
participant recruitment have begun. Study outcomes,
data cleaning, and analysis are pending. The study is
registered in Clinical Trial databases in China and US
(ChiCTR2100048981, NCT04754139).
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