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A B S T R A C T

Adolescents and young adults (AYAs) participatory approaches for HIV control have increased across LMICs, but 
there are few trials to evaluate effectiveness. We assessed a crowdsourced HIV self-testing (HIVST) intervention 
among a cohort of AYA in Nigeria.
Methods: We conducted a pragmatic stepped-wedge cluster randomized control trial recruiting participants (aged 
14–24 years) from 32 local government areas across four geo-political zones in Nigeria. Eligible AYA were HIV 
negative or unknown HIV status, residing in study sites, spoke English, and consented. Areas were randomly 
assigned to one of four steps and AYA were followed for 24 months. AYA research facilitators implemented a 
4YBY crowdsourced HIV prevention bundle. The primary outcome was self-reported HIVST uptake. We 
compared the probability of HIVST between the control and intervention periods using a generalized linear 
mixed model. We examined the fixed cost and per capita cost of the intervention. The protocol was registered 
with Clinical Trials.gov on January 15, 2021, under registration NCT04710784.
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Results: 2652 AYA were screened, and 1500 were enrolled in the study (March 10, 2021- August 31, 2023). 1333/ 
1500 (89 %) were followed up at 24 months. The mean age of AYA was 20 ± 2.65 years old, most were students 
(1155/1500, 77 %), and unemployed (915/1500, 61 %). The intervention led to a 9.96-fold increase in HIV self- 
testing uptake compared to the control period (95 % CI: 8.36–11.85, p < 0.0001). The annual fixed cost of the 
intervention was estimated at US$42,237, with a per capita testing cost of US$14.8. No significant adverse events 
were reported.
Conclusion: A crowdsourced HIV prevention intervention increased HIVST uptake among Nigerian AYA. Greater 
participation of AYA in the design and implementation of clinical trials is needed to achieve UNAIDS targets.

1. Background

Achieving the first global target of diagnosing 95 % of people living 
with HIV, particularly adolescents and young people (AYAs) aged 
14–24, there is a critical need for innovative, decentralized HIV testing 
strategy in community settings [1–3]. Traditional HIV prevention pro
grams have been developed without meaningful participation from 
AYA, which has led to poor uptake of clinic-based services, including 
HIV testing [4–6]. In Nigeria, AYA face significant HIV prevention gap, 
with only 1 in 5 are being tested for HIV, despite being at high risk [7–9]. 
Barriers exist at multiple levels, including individual (fear and low 
perceived risk), social (insufficient social support), and structural (poor 
access to testing) [9].

Although participatory approaches to HIV prevention have gained 
traction, it remains unclear which strategies are most effective in 
increasing HIV testing. The relative absence of AYA-friendly HIV pre
vention programs in Nigeria underscores this gap [8,9]. HIV self-testing 
(HIVST) offers a promising solution by decentralizing HIV testing, 
decreasing stigma, and facilitating access to prevention services for 
those who test negative, while linking those who test positive to treat
ment and care and those testing positive to treatment and care [10]. 
HIVST allows individuals to collect their specimens in privacy and 
interpret their results. Recognizing the expanding evidence supporting 
HIVST, the World Health Organization [10] and Nigerian National AIDS 
Control Agency recommend scaling up HIVST [11].

AYA-focused participatory research has begun to increase AYA 
participation by increasing AYA agency in the research process [6,12]. 
This approach recognizes youth as experts and knowledge producers in 
their own experiences, uniquely positioned to understand and success
fully navigate barriers to the uptake of interventions designed for them 
[9,12]. Nonetheless, despite the need for youth-friendly HIV prevention 
services that actively engage youth, few interventions have been 
designed and implemented with the youth themselves as the best experts 
to guide these efforts.

We conducted a pragmatic stepped-wedge cluster randomized con
trol trial to test the hypothesis that a multi-faceted, crowdsourced 
campaign designed for youth by youth (4YBY) to promote the uptake of 
HIVST and other essential HIV prevention services, including linkage to 
sexually transmitted infections (STI) testing, linkage to treatment, and 
pre-exposure prophylaxis (PrEP) leads to increased HIV testing and 
testing for other STIs [9]. Crowdsourcing involves having a group (i.e. 
young people) develop solutions to a problem and disseminate these 
solutions to a broader public [13]. From 2018 to 2019, we conducted a 
series of crowdsourcing and other co-creation activities with youth input 
to design and pilot a 4YBY bundle of HIV prevention services [8,14–17]. 
We report here on the use of a stepped-wedge cluster randomized con
trol trial to evaluate whether the crowdsourced intervention increases 
the uptake of HIVST among Nigerian youth [9]. We used a stepped- 
wedge design to facilitate a gradual and naturalistic implementation, 
investigate how the intervention's impact develops over time once it is 
introduced into a cluster, and avoid contamination between clusters 
[18]. We also examined the cost of the multifaceted campaign. We hy
pothesized that a crowdsourced HIV self-testing campaign tailored to 
AYAs' needs would be cost-effective. Findings provide critical informa
tion for scaling and sustaining HIVST programs for young people in the 

context of high rates of new HIV infection among AYA in Nigeria.

2. Methods

This study was conducted and reported in accordance with the 
CONSORT extension for Stepped-Wedge Cluster Randomized Trials 
(SW-CRTs) to ensure transparency, completeness, and methodological 
rigor [18]. The CONSORT extension provides specific guidelines for 
reporting SW-CRTs, including the justification for the use of the stepped- 
wedge design, details of the cluster randomization process, sequence 
generation, and allocation concealment. (See Supplementary File 1 for 
the CONSORT checklist).

2.1. Design and setting overview

The 4YBY project was a crowdsourced HIV prevention intervention 
designed with AYA to increase the uptake of HIVST [9]. A stepped- 
wedge cluster randomized controlled trial of the crowdsourced inter
vention was implemented in 32 local government areas in Nigeria. The 
overall goal was to explore whether a youth-friendly and youth-driven 
intervention would increase the uptake of HIV self-testing among 
Nigerian youth aged 14–24 [9]. In this study, each LGA had a pre- 
implementation phase to prepare for the intervention's implementa
tion, a three-month period of implementation, and a post- 
implementation phase that lasted for 24 months. Methodological de
tails are described in a published study protocol and briefly described 
below [9].

2.2. Participants' inclusion and exclusion criteria

Nigerian youth aged 14–24 years were included in the trial. Addi
tionally, participants who self-reported as HIV negative or unknown HIV 
status, those currently or planning to reside in one of the 30 areas during 
the next 24 months, and those able to complete the survey in the English 
language, the official language in Nigeria, and those who agreed to 
informed consent [9]. To ensure adequate follow-up rates, participants 
were required to provide their mobile cell phone numbers. Participants 
younger than 14 and older than 24 were excluded from the study. Also, 
participants without mobile phones for follow-up and retention, those 
who did not provide informed consent or follow study protocol, and 
those who presented with illness, cognitive impairment, or threatening 
behavior with acute risk to self and others were excluded from the study 
[9].

2.3. Recruitment

2.3.1. Randomization and follow-up assessment
According to the stepped-wedge protocol, the 32 LGAs were strati

fied per geo-political zones in Nigeria (Northeast, Southeast, South- 
South, and Southwest). Each LGA within each zone was then random
ized in groups of four steps and assigned randomly to either the first, 
second, third, or fourth step, indicating when they would start the pre- 
implementation, implementation, and post-implementation activities 
for the 4YBY intervention. A study statistician randomized each of the 
32 local government areas to one of four steps in the stepped-wedge 
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design using a computer-generated algorithm. The steps lasted three 
months, with a 1-month transition between each step. Following 
randomization, all sites began recruiting participants assessed at base
line, 3-, 6-, 12-, and 24-month follow-up after intervention imple
mentation. Recruitment began in April 2021 and ended in August 2021. 
The 24-month follow-up ended in August 2023. The youth research fa
cilitators conducted all baseline and follow-up interviews [9].

2.3.2. Intervention period
The 4YBY intervention included a packaged of bundled services 

crowdsourced by young Nigerians to increase HIVST uptake [9]. The 
HIVST bundle contained AYA-friendly assets such as information about 
HIVST, with instructions on photo verification of test results, male and 
female condoms, male or female hygiene products, linkage to AYA- 
friendly clinics for confirmatory HIV testing, STI testing and PrEP re
ferrals and peer support for repeat HIV testing [9]. Two AYA research 
assistants were recruited from all the local government areas (n = 64) to 
implement the 4YBY package and provide peer support in promoting 
HIVST uptake. The AYA research assistants received training and su
pervision that included: 1) participatory learning communities, which 
consisted of monthly virtual meetings to support change and improve 
the quality of the 4YBY implementation; 2) sessions on peer support 
provision and technical assistance with intervention implementation 
from 4YBY AYA ambassadors who also worked as peers to the research 
assistants, checking in via one-on-one support or group conversations to 
support ongoing implementation activities; and 3) on-site supervision, 
guidance, monitoring and feedback to the AYA research facilitators, led 
by supervisors and research coordinators within the Nigerian Institute of 
Medical Research (n = 34) [9].

2.3.3. Control period
All the LGAs started as the control period, where baseline data was 

collected and standard health education about healthy living without 
any specific implementation program to foster HIVST. Each of the 32 
local government areas served as its control condition before they were 
transitioned to the intervention per the randomization schedule.

2.3.4. Outcomes
We report here only on the primary outcome (HIVST uptake from 

baseline to 24 months) as well as secondary outcome measure of cost- 
effectiveness (i.e., the cost per client of HIV prevention services deliv
ered; cost per HIV infection and STIs averted). The primary outcome was 
ascertained by self-report because of the inadequacy of digital tools 
(mobile phone application, USSD) to accurately determine test uptake in 
low-bandwidth settings, such as informal settlements.

2.4. Statistical analysis

We compared the uptake of HIV testing (specifically HIVST) from the 
baseline period (pre-implementation phase) with the implementation 
and post-implementation periods. Individual-level baseline data taken 
from eligible participants were analyzed against data collected at 
baseline, 3-month, 6-month, 12-month, 18-month, and 24-month 
follow-ups. Descriptive analysis was used to summarize the character
istics and behaviors of the participants at baseline and follow-up sur
veys. We examined the hypothesis comparing the superiority of the 
intervention with pre-intervention periods using the stepped-wedge 
cluster randomized control design. This analysis was accomplished 
with generalized linear mixed models to account for the within-person 
factor – time (baseline, 3-month, 6 months, 12 months, 18 months, 
and 24 months) and one primary between-person factor. Given that the 
calendar time may be associated with both the intervention exposure 
and outcomes, we included time in the analysis as a potential 
confounder. Also, the length of the time that each cluster has been 
exposed to the intervention was analyzed as a possible effect modifier. 
The three-level model is structured as observations nested within 

subjects that are nested within local government areas. Analytic soft
ware SAS version 9.4 (PROC GLIMMIX) with logit as link function was 
used to compute full information maximum likelihood (FIML) estimates 
of the model parameters. The model included the intervention status and 
time as fixed effects and site (local government areas) and individuals as 
random effects and the interaction between site and (time - s) where s is 
the number of months at which the intervention starts. The estimated 
intervention effects were reported using odds ratios with 95 % CIs and p 
values. The generalized linear mixed models proposed for the primary 
and secondary analyses also incorporate an assumption of data that are 
missing at random (MAR). Using sensitivity analyses, we assessed the 
impact of different assumptions about the missing data mechanism and 
explored the robustness of trial results to these different assumptions. A 
full description of statistical analysis is described in the study protocol 
[9].

2.5. Cost-effectiveness component

We evaluated costs associated with intervention preparation and 
implementation using a micro-costing approach and reported costs in US 
$ (2022). Based on the cost survey, we collected data on staff numbers, 
salary scales, quantities and unit prices of laboratory equipment and 
other supplies, and training and promotional costs to calculate the fixed 
costs of the intervention. We excluded research-related costs. We 
assumed a 5-year life expectancy for equipment and used a 3 % discount 
rate for annuity calculations. We also collected unit prices for the 
components of the HIVST bundle to calculate the variable cost of the 
intervention, which is the cost of testing per person. The analysis was 
conducted from the health-care provider's perspective. We reported the 
fixed cost of the intervention per year as well as the cost of testing per 
person.

2.6. AYA engagement

AYA were engaged following UNICEF's guidelines for meaningful 
participation across four areas. Space was created through open calls, 
participatory judging, and learning communities [19]. Influence was 
established by involving AYA in intervention design, implementation, 
and as co-authors on publications. Voices were amplified via WhatsApp 
inclusion in the AHISA conference and the 4YBY Instagram page. The 
Audience was specifically tailored for Nigerian AYA, enhancing rele
vance and ownership.

2.7. Ethical considerations

The protocol was registered with Clinical Trials.gov on January 15, 
2021, under registration NCT04710784. The trial was approved by Saint 
Louis University approved this trial, the Nigerian HREC and the Nigerian 
Institute of Medical Research Institutional Ethical Review Boards.

3. Results

2652 participants were recruited, and 1500 were enrolled and 
divided into four groups, each receiving intervention at different steps 
within three months (See Fig. 1). Based on the randomization schedule, 
398 participants were assigned to the first step (Group 1), 346 partici
pants to the second step (Group 2), 398 participants to the third step 
(Group 3), and 345 participants to the fourth step (Group 4). Over three 
months, Groups 1 through 4 received the intervention at different times 
(steps), with each group receiving the intervention once.

3.1. Descriptive characteristics

Table 1 highlights the sociodemographic characteristics among 1500 
participants, with an average age of 19.83 years. Most participants 
(68.6 %) had completed secondary education. Students comprised 77 % 
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of the sample. Ethnicity was diverse, with a similar distribution across 
the sample. Employment status varied significantly (p = 0.006): self- 
employment was common (57.67 %), while a portion of the partici
pants reported being unemployed (52.58 %). Monthly income differ
ences were not statistically significant (p = 0.07), although a few 
participants reported earning over 100,000 Naira.

Regarding marital status, 76.47 % of those who were cohabiting as 
unmarried couples were reported. Sexual activity was reported by 44.24 
% of the participants, with a subset indicating experience with paid 
sexual activity (p < 0.0001). Alcohol use in the past 30 days showed 
notable prevalence, with drug use remaining low but statistically sig
nificant (p < 0.0001).

3.2. Proportion of participants who tested for HIV

Table 2 presents the HIVST proportion within three months for each 
group, measured at baseline and four steps. In Group 1, the baseline 
HIVST proportion was 3.77 % (15/398). After the intervention in Step 1, 
the proportion increased to 67.78 % (263/388). This indicates that the 
intervention at Step 1 led to a substantial increase in HIV self-test up
take. Group 2's baseline proportion was 9.54 % (33/346). However, 
after the intervention in Step 2, the proportion increased to 61.01 % 

(194/318). The intervention in Step 2 resulted in a significant increase 
in uptake. Group 3's baseline proportion was 7.29 % (29/398). After the 
intervention in Step 3, the proportion increased markedly to 76.46 % 
(289/378). This indicates that the intervention at Step 3 led to a marked 
increase in uptake. Group 4 had a baseline proportion of 6.67 % (23/ 
345). However, after the intervention in Step 4, the proportion increased 
significantly to 95.37 % (309/324). This group saw the highest increase 
in uptake among all groups, indicating that the intervention at Step 4 
was the most effective.

3.3. Cumulative HIV testing uptake

Table 2 also presents the HIVST proportion during the follow-up 
periods of 6, 12, 18, and 24 months. In Group 1, the HIV testing pro
portions were 86.04 % (302/351) at six months, 81.97 % (300/366) at 
12 months, 73.41 % (265/361) at 18 months, and 77.59 % (277/357) at 
24 months. For Group 2, the proportions were 87.28 % (247/283) at six 
months, 83.92 % (240/286) at 12 months, 86.38 % (241/279) at 18 
months, and 85.47 % (253/296) at 24 months. In Group 3, the pro
portions were 82.57 % (308/373) at six months, 79.79 % (300/376) at 
12 months, 90.35 % (337/373) at 18 months, and 87.09 % (317/364) at 
24 months. Group 4 had the highest proportions, with 90.60 % (289/ 

Fig. 1. Trial Profile. The intervention was implemented in a closed cohort stepped wedge design.
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319) at six months, 90.94 % (291/320) at 12 months, 91.46 % (289/ 
316) at 18 months, and 93.04 % (294/316) at 24 months. The follow-up 
data indicates that the intervention had a lasting impact, with high 
testing proportions maintained over 24 months, particularly in Groups 3 
and 4. Table 3 shows that HIVST intervention significantly increased 
HIVST uptake over time in both males and females. There were no sig
nificant differences in HIVST uptake between males and females at most 
time points, except at the 12-month follow-up, where a statistically 
significant difference was observed, with females having slightly lower 
uptake.

3.4. Sensitivity analyses

We utilized a generalized linear mixed model (GLMM) with LGAs as 
random effects to evaluate the impact of an intervention on HIV self-test 
uptake and its effectiveness. The outcome measured was whether par
ticipants took an HIV self-test (yes/no), with the primary exposure 
variable being the intervention. Various covariates were included in the 
models to control for potential confounding factors.

3.5. Model 1: baseline model

The baseline model included the month and intervention variables. 
The intervention significantly increased HIV self-test uptake, with the 
rate of uptake during the intervention period being 9.96 times the rate 
during the control period (RR = 9.96, 95 % CI: 8.36–11.85, p < 0.0001). 
The month variable also significantly affected HIV self-test uptake (p <
0.0001). This baseline model indicates a strong and highly significant 
effect of the intervention on HIV self-test uptake, suggesting that the 
intervention was very effective in increasing the testing rate.

3.6. Model 2: interaction with PrEP eligibility

The second model incorporated the variables from the baseline 
model and added PrEP eligibility and the interaction between PrEP 
eligibility and the intervention. The intervention remained highly sig
nificant (p < 0.0001). Being eligible for PrEP had a significant effect on 
HIV self-test uptake (p = 0.0062). The interaction between PrEP 

Table 1 
Sociodemographic factors distribution.

Measures Overall Male Female P-value

N = 1500 753 (50.2 
%)

747 (49.8 
%)

Sociodemographic 
factors

Age, mean (SD; range), 
years

19.83 (2.65, 
14–24)

20.19 19.48 <0.0001

Highest Level of 
Education (%)

0.61

Primary or less 178 (11.9) 87 (48.68) 91 
(51.12)

Secondary 1027 (68.6) 520 
(50.63)

507 
(49.37)

Tertiary (+
Postgraduate)

285 (19.0) 138 
(48.42)

147 
(51.58)

Other 7 (0.45) 5 (71.43) 2 (28.57)
Ethnicity (%) 0.49

Yoruba 445 (29.73) 233 
(52.36)

212 
(47.64)

Igbo 544 (36.34) 264 
(48.53)

280 
(51.47)

Other 551 (33.93) 254 
(50.00)

254 
(50.00)

Student status (%) 0.08
Yes 1154 

(77.09)
565 
(48.96)

589 
(51.04)

No 343 (22.91) 188 
(54.81)

155 
(45.19)

Employment status 0.006
Employed full time 77 (5.16) 39 (50.65) 38 

(49.35)
Employed part time 117 (7.84) 66 (56.41) 51 

(43.59)
Self employed 326 (21.84) 188 

(57.67)
138 
(42.33)

Unemployed 911 (61.02) 432 
(47.42)

479 
(52.58)

Others 62 (4.15) 25 (40.32) 37 
(59.68)

Monthly Income (Naira) 
(%)

0.07

Less than 18,000 636 (42.89) 309 
(48.58)

327 
(51.42)

18,000- to 35,000 245 (16.52) 128 
(52.24)

117 
(47.76)

36,000 to 50,000 62 (4.18) 35 (56.45) 27 
(43.55)

51,000 to 70,000 28 (1.89) 20 (71.43) 8 (28.57)
71,000 to 100,000 14 (0.94) 8 (57.14) 6 (42.86)
Over 100,000 4 (0.27) 4 (100.00) 0 (0.00)
Do not want to answer 494 (33.31) 240 

(48.58)
254 
(51.42)

Marital Status (%) 0.03
Never married or single 1466 

(97.99)
736 
(50.20)

730 
(49.80)

Unmarried couple living 
together

17 (1.14) 13 (76.47) 4 (23.53)

Married 9 (0.60) 2 (22.22) 7 (77.78)
Divorced or separated or 
widowed

4 (0.27) 1 (25.00) 3 (75.00)

Sexual and other 
Behavior factors

PrEP_eligible 0.23
Yes 447 (0.30) 235 

(52.57)
212 
(47.43)

No 1053 (0.70) 518 
(49.19)

535 
(50.81)

Ever had sex (%) <0.0001
Yes 661 (44.24) 385 

(58.25)
276 
(41.75)

No 833 (55.76) 364 
(43.70)

469 
(56.30)

Paid for sex (%) <0.0001
Yes 65 (9.83) 58 (89.23) 7 (10.77)

Table 1 (continued )

Measures Overall Male Female P-value

N = 1500 753 (50.2 
%) 

747 (49.8 
%) 

No 596 (90.17) 327 
(54.87)

269 
(45.13)

Received money for sex 
(%)

0.22

Yes 61 (9.52) 40 (65.57) 21 
(34.43)

No 580 (90.48) 333 
(57.41)

247 
(4259)

Alcohol use, last 30 days 
(%)

<0.0001

None 1029 
(68.97)

444 
(43.15)

585 
(56.85)

Rarely 171 (11.46) 100 
(58.48)

71 
(41.52)

Sometimes 213 (14.28) 143 
(67.14)

70 
(32.86)

Frequently 54 (3.62) 42 (77.78) 12 
(22.22)

Often 25 (1.68) 18 (72.00) 7 (28.00)
Drug Use (%) <0.0001

Marijuana 44 (2.96) 36 (81.82) 8 (18.18)
Tramadol 20 (1.34) 14 (70.00) 6 (30.00)
Codeine 18 (1.21) 15 (83.33) 3 (16.67)
Others 15 (1.00) 12 (80.00) 3 (20.00)
None 1392 

(93.49)
671 
(48.20)

721 
(51.80)
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eligibility and the intervention was also significant (p = 0.0056), indi
cating that the intervention effect varied between those eligible for PrEP 
and those not eligible. For PrEP-eligible participants, the rate of HIV self- 
test uptake during the intervention was 7.85 times the rate during the 
control period (RR = 7.85, 95 % CI: 6.21–9.93). For non-PrEP-eligible 
participants, the rate was 11.26 times higher (RR = 11.26, 95 % CI: 
9.23–13.75). This model shows that the intervention was effective for 
both PrEP-eligible and non-PrEP-eligible participants, but the effect was 
stronger among those not eligible for PrEP.

3.7. Model 3: full model with additional covariates

The full model included the variables from the second model and 
added education, ethnicity, marital status, age, gender, employment 
status, and income. The intervention remained highly significant (p <
0.0001). The effect of PrEP eligibility remained significant (p = 0.0115), 
and the interaction between PrEP eligibility and the intervention 
continued to be significant (p = 0.0086). The additional covariates 
(education, ethnicity, marital status, age, gender, employment status, 
and income) did not significantly affect HIV self-test uptake, indicating 
that these factors did not confound the main effects of the intervention 
and PrEP eligibility. For PrEP-eligible participants, the rate of HIV self- 
test uptake during the intervention was 7.73 times the rate during the 
control period (RR = 7.73, 95 % CI: 6.11–9.78). For non-PrEP-eligible 
participants, the rate was 10.89 times higher (RR = 10.89, 95 % CI: 
8.92–13.29). This full model confirms the robustness of the intervention 
effect on increasing HIV self-test uptake, regardless of PrEP eligibility, 
and shows that other demographic factors did not significantly influence 
the results. The intervention was particularly effective for non-PrEP- 

eligible participants.

3.8. Cost of intervention

The annual fixed cost of implementing the AYA-led crowdsourced 
intervention to promote the uptake of HIV self-testing and other essen
tial HIV prevention services was estimated at US$42,237. The per- 
person testing cost (i.e., the cost of each 4YBY HIVST bundle) was 
calculated to be US$14.8.

4. Discussion

This study expands the literature by exceptional AYA engagement, 
examining crowdsourcing in an African context. Our study population 
comprises a critical demographic that is disproportionately vulnerable 
to HIV and often overlooked in HIV testing services [20–22]. Prior 
research highlights how AYAs face significant barriers to accessing 
traditional HIV testing modalities, including stigma, confidentiality 
concerns, and limited access to healthcare services [20–22]. A unique 
feature of this study, in the African context, is the assessment of an HIV 
intervention developed for youth by youth, which contrasts with most 
available HIV prevention interventions that are expert-driven and 
pushed onto youth populations regardless of fit [9]. Our use of crowd
sourcing and other co-creation activities helped to facilitate youth 
participation and community engagement by involving a large group of 
AYAs who developed solutions for HIVST that resonated with their lived 
experiences and needs [13,23–25]. Such an approach echoes the need 
for meaningful engagement of AYA in research about them while 
respecting and promoting their RIGHTS (resourced, impactful, genuine, 
harmless, teen-friendly, and skills-building) to evidence-based in
terventions [12].

Our key findings are, first, a crowdsourced intervention designed for 
youth and implemented by young people themselves effectively pro
moted HIV testing uptake from baseline to 24 months. During the 
intervention period, there was a remarkable increase in HIVST rates 
compared to the baseline figures, with rates surging from 3.77 % to 
67.78 % in group 1, 9.54 % to 61.01 % in group 2, 7.29 % to 76.46 % in 
group 3, and 6.67 % to 95.37 % in group 4. These findings are consistent 
with existing research, which has demonstrated the positive impact of 
crowdsourced campaigns in driving the uptake of HIV testing services 
[26–28]. In addition, cumulative HIV testing uptake was high over time, 
with rates over 70 % across all groups throughout the follow-up period. 
Finally, our results indicated the intervention significantly increased 
HIV self-test uptake, with the rate of uptake during the intervention 
period being 9.96 times the rate during the control period (RR = 9.96, 
95 % CI: 8.36–11.85, p < 0.0001). The rate of HIV self-test uptake during 
the intervention was also 7.73 times the rate during the control period 
for those eligible for PrEP and 10.89 times higher for non-PrEP-eligible 
participants.

The AYA engagement in this study was distinctive in its alignment 
with UNICEF's meaningful participation framework, setting it apart 
from traditional youth engagement approaches. Unlike many studies 

Table 2 
HIVST rates at baseline, steps, and follow-ups.

Group Enrollment, 
n

HIV testing proportion in the past three months, percent 
(participants tested/total participants)

Baseline Step 1 Step 2 Step 3 Step 4 6-month 12-month 18-month 24-month

Group 
1

398 3.77 (15/ 
398)

67.78 (263/ 
388)

67.78 (263/ 
388)

67.78 (263/ 
388)

67.78 (263/ 
388)

86.04 (302/ 
351)

81.97 (300/ 
366)

73.41 (265/ 
361)

77.59 (277/ 
357)

Group 
2

346 9.54 (33/ 
346)

9.54 (33/ 
346)

61.01 (194/ 
318)

61.01 (194/ 
318)

61.01 (194/ 
318)

87.28 (247/ 
283)

83.92 (240/ 
286)

86.38 (241/ 
279)

85.47 (253/ 
296)

Group 
3

398 7.29 (29/ 
398)

7.29 (29/ 
398)

7.29 (29/ 
398)

76.46 (289/ 
378)

76.46 (289/ 
378)

82.57 (308/ 
373)

79.79 (300/ 
376)

90.35 (337/ 
373)

87.09 (317/ 
364)

Group 
4

346 6.67 (23/ 
345)

6.67 (23/ 
345)

6.67 (23/ 
345)

6.67 (23/ 
345)

95.37 (309/ 
324)

90.60 (289/ 
319)

90.94 (291/ 
320)

91.46 (289/ 
316)

93.04 (294/ 
316)

Table 3 
HIVST Uptake at baseline, 3-month, 6-month, 12-month, 18-month, and 24- 
month Stratified by sex.

Measures Overall Male Female P-value

N = 1500 753 (50.2 %) 747 (49.8 %)

Baseline (%) 0.11
Yes 100 (6.72) 58 (58.00) 42 (42.00)
No 1388 (93.28) 690 (49.71) 698 (50.29)

3-month (%) 0.70
Yes 1056 (74.95) 527 (49.91) 529 (50.09)
No 353 (25.05) 172 (48.73) 181 (51.27)

6-month (%) 0.37
Yes 1147 (86.44) 583 (50.83) 564 (49.17)
No 180 (13.56) 85 (47.22) 95 (52.78)

12-month (%) 0.036
Yes 1132 (83.91) 573 (50.62) 559 (49.38)
No 217 (16.09) 93 (42.86) 124 (57.14)

18-month (%) 0.62
Yes 1133 (85.19) 562 (49.60) 571 (50.40)
No 197 (14.81) 94 (47.72) 103 (52.28)

24-month (%) 0.21
Yes 1142 (85.61) 563 (49.30) 579 (50.70)
No 192 (14.39) 104 (54.17) 88 (45.83)
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where youth input is limited to focus groups or token advisory roles, 
AYAs in this study were involved across the entire intervention process, 
from design to implementation, and as co-authors on publications, thus 
establishing a foundation for genuine influence and ownership [19]. The 
intervention's development through open calls and participatory judging 
allowed AYAs not only to shape content but also to critically assess its 
components, creating a collaborative environment that reinforced their 
expertise and agency in HIV prevention strategies. Digital platforms 
such as WhatsApp and Instagram further broadened AYA engagement by 
enabling continuous, interactive communication and fostering a youth- 
centered online community [8]. This multifaceted engagement 
approach contrasts with conventional top-down health interventions, 
where youth are often passive recipients rather than active contributors 
[17]. By embedding youth voices at every level, the study demonstrates 
that interventions authentically shaped by AYAs are more likely to 
resonate with their target audience and achieve sustained impact [12].

For policymakers, the affordability of healthcare investments may 
pose a significant barrier to the widespread implementation of innova
tive HIV prevention interventions [29]. Our findings indicated that the 
cost of the HIVST bundle is relatively high, suggesting that the 4YBY 
intervention may require substantial healthcare investment. A previous 
study conducted in Malawi reported an average cost of US$8.78 per 
person for HIVST interventions [30]. In contrast, the per-person cost of 
the crowdsourced HIVST bundle in the 4YBY project is US$14.8. This 
significant cost difference can be attributed to the inclusion of additional 
components in the HIVST bundle, designed to facilitate the uptake of 
other essential HIV prevention services [16].

In recent years, a growing number of governments, international 
organizations, multilateral partnerships, and non-governmental orga
nizations have employed market-shaping strategies to reduce the prices 
of essential healthcare products, enabling more individuals in devel
oping countries to benefit within the constraints of limited healthcare 
budgets [29,31]. Stakeholders may further reduce the prices of HIVST 
products through market-shaping strategies [29]. Shared financing be
tween governments and individuals could also be considered to transi
tion towards domestic country budgets. With declining costs of HIVST 
bundles, the intervention may yield a return on investment, as changes 
in HIV-related health states from the intervention can have a lasting 
impact on HIV transmission and reduce HIV-related testing and treat
ment expenses [32].

Strengths of our study include a pragmatic, real-world design that 
leverages the creativity and resourcefulness of AYA in intervention 
design. Randomization was robust, with participants recruited from 
local government areas of four out of six geopolitical zones in Nigeria, 
improving the generalizability of our findings. Access to peer youth 
research facilitators and site supervisors ensured complete capture of 
test results, minimizing detection bias. Our intervention was also based 
on a successful crowdsourcing approach that leverages young people's 
internal and external assets, including their unique perspectives, lived 
experiences, health-seeking behaviors in community and clinical set
tings, and social networks to develop culturally relevant, youth-friendly 
HIVST that resonate with their needs and preferences [13]. These at
tributes help to reduce complex barriers that often deter AYAs from 
accessing traditional HIV testing services, such as stigma and fear [22]. 
Although none of our participants were HIV-positive, to our knowledge, 
this randomized trial is the first to show improvements in HIV testing 
uptake among a status-neutral AYA population in need of other pre
vention services, retention in such services, and adherence in such ser
vices with repeat testing to monitor HIV acquisition using an 
intervention designed by young people [33–35]. A weakness of our 
study was the limited use of photo-verification tools to report the results 
of HIVST [36–38]. Overall, engagement with the USSD system was 
inconsistent across the follow-up periods, with 86 % of participants 
initially engaging with the system and 33 % subsequently engaging with 
USSD over time despite having access to it. This may be partly explained 
by the peer support the youth implementers provide monthly, face-to- 

face interactions, HIVST testing support, and linkage to prevention 
services, which the participants highly value. This was also a pragmatic 
trial likely representing real-world technology use among the youth 
population where uptake is initially high, with a voltage drop resulting 
in limited use of these technologies over time. Nonetheless, we were able 
to compare patterns of HIVST uptake among youth who used the USSD 
code versus all youth. We observed similar patterns of HIVST uptake 
among those who used the USSD, as the rate of HIVST testing in the 
intervention period was 11.85 times the rate in the control period. These 
findings, however, merit further research in settings like Nigeria, which 
is limited by resources for sustained technological innovation use.

Overall, our findings provide evidence that targeted, crowdsourced 
HIV prevention designed by AYAs themselves achieves high HIVST up
take. AYA-designed HIV prevention interventions with streamlined re
sources and assets, such as peer support for repeat testing in community 
settings, are feasible and effective compared with traditional approaches 
to HIV testing. These findings address a crucial gap in the evidence- 
based HIV prevention interventions that are not expert-driven, lending 
strong evidence supporting guideline recommendations for youth 
participation in the design of health interventions targeting their needs 
and priorities [39]. Findings also justify renewed efforts to identify not 
only barriers but also developmental assets such as access to youth- 
friendly health services and peer support that are essential for repeat 
HIV testing over time [4,9,40]. Our work builds on previous work 
showing that advancing the global goal of zero new HIV infections will 
require that all status-neutral AYA receive the entire continuum of 
prevention services not as a one-time event but rather ongoing 
engagement and retention in the prevention process to achieve the goals 
for an AIDS-free generation [33–35]. Otherwise, hope that an end to the 
epidemic of HIV among AYAs will be out of sight [35].
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[3] M. Sidibé, L. Loures, B. Samb, The UNAIDS 90–90–90 target: a clear choice for 
ending AIDS and for sustainable health and development, J. Int. AIDS Soc. 19 (1) 
(2016).

[4] S.E. Asuquo, K.M. Tahlil, K.E. Muessig, et al., Youth engagement in HIV prevention 
intervention research in sub-Saharan Africa: a scoping review, J. Int. AIDS Soc. 24 
(2) (Feb 2021) e25666.

[5] A.C. Maragh-Bass, K. LeMasters, T. Sanders, et al., Lessons learned in centering 
youth voices in HIV prevention: the adolescent health working group, Prog. 
Community Health Partnersh. 16 (4) (2022) 551–561.

[6] E.J. Ozer, Youth-led participatory action research: overview and potential for 
enhancing adolescent development, Child Dev. Perspect. 11 (3) (2017) 173–177.

[7] A.I. Ajayi, O.E. Awopegba, O.A. Adeagbo, B.A. Ushie, Low coverage of HIV testing 
among adolescents and young adults in Nigeria: implication for achieving the 
UNAIDS first 95, PLoS One 15 (5) (2020) e0233368.

[8] J. Iwelunmor, O. Ezechi, C. Obiezu-Umeh, et al., The 4 youth by youth HIV self- 
testing crowdsourcing contest: a qualitative evaluation, PLoS One 15 (5) (2020) 
e0233698.

[9] J. Iwelunmor, J.D. Tucker, C. Obiezu-Umeh, et al., The 4 youth by youth (4YBY) 
pragmatic trial to enhance HIV self-testing uptake and sustainability: study 
protocol in Nigeria, Contemp. Clin. Trials 114 (2022) 106628.

[10] Organization WH, WHO Recommends HIV Self-Testing: Evidence Update and 
Considerations for Success: Policy Brief, World Health Organization, 2019.

[11] NACA, Revised National HIV and AIDS Strategic Framework 2019-2021, 2019.
[12] C. Oliveras, L. Cluver, S. Bernays, A. Armstrong, Nothing about us without 

RIGHTS—meaningful engagement of children and youth: from research 
prioritization to clinical trials, implementation science, and policy, J. Acquir. 
Immune Defic. Syndr. (1999) 78 (1) (2018) S27.

[13] WHO/TDR/SESH/SIHI, Crowdsourcing in Health and Health Research: A Practical 
Guide, WHO/TDR, Geneva, 2018.

[14] J. Iwelunmor, O. Ezechi, C. Obiezu-Umeh, et al., Tracking adaptation strategies of 
an HIV prevention intervention among youth in Nigeria: a theoretically informed 
case study analysis of the 4 youth by youth project, Implement. Sci. Commun. 4 (1) 
(2023) 44.

[15] J. Iwelunmor, O. Ezechi, C. Obiezu-Umeh, et al., Enhancing HIV self-testing among 
Nigerian youth: feasibility and preliminary efficacy of the 4 youth by youth study 
using crowdsourced youth-led strategies, AIDS Patient Care STDs 36 (2) (2022) 
64–72.

[16] N.E. Rosenberg, C. Obiezu-Umeh, T. Gbaja-Biamila, et al., Strategies for enhancing 
uptake of HIV self-testing among Nigerian youths: a descriptive analysis of the 
4YouthByYouth crowdsourcing contest, BMJ Innov. 7 (3) (2021) 590.

[17] K.M. Tahlil, C. Obiezu-Umeh, T. Gbajabiamila, et al., A designathon to co-create 
community-driven HIV self-testing services for Nigerian youth: findings from a 
participatory event, BMC Infect. Dis. 21 (1) (May 2021) 505.

[18] K. Hemming, T.P. Haines, P.J. Chilton, A.J. Girling, R.J. Lilford, The stepped wedge 
cluster randomised trial: rationale, design, analysis, and reporting, BMJ (2015) 
350.

[19] UNICEF, Guidelines for Adolescent Participation and Civic Engagement, 2020.
[20] M. Archary, A.E. Pettifor, E. Toska, Adolescents and young people at the Centre: 

global perspectives and approaches to transform HIV testing, treatment and care, 
J. Int. AIDS Soc. 23 (Suppl. 5) (2020).

[21] A.E. Kurth, M.A. Lally, A.T. Choko, I.W. Inwani, J.D. Fortenberry, HIV testing and 
linkage to services for youth, J. Int. AIDS Soc. 18 (2015) 19433.

[22] V.J. Wong, K.R. Murray, B.R. Phelps, S.H. Vermund, D.R. McCarraher, Adolescents, 
young people, and the 90–90–90 goals: a call to improve HIV testing and linkage to 
treatment, LWW 31 (2017) S191–S194.

[23] K.M. Tahlil, L. Rachal, T. Gbajabiamila, et al., Assessing engagement of adolescents 
and young adults (AYA) in HIV research: A multi-method analysis of a 
crowdsourcing open call and typology of AYA engagement in sub-Saharan Africa, 
AIDS Behav. 1-12 (2022).

[24] D. Wu, J.J. Ong, W. Tang, et al., Crowdsourcing methods to enhance HIV and 
sexual health services: A scoping review and qualitative synthesis, J. Acquir. 
Immune Defic. Syndr. 82 (Suppl. 3) (Dec 2019) S271–S278.

[25] T.P. Zhang, C. Liu, L. Han, et al., Community engagement in sexual health and 
uptake of HIV testing and syphilis testing among MSM in China: a cross-sectional 
online survey, J. Int. AIDS Soc. 20 (1) (2017) 21372.

[26] L. Han, W. Tang, J. Best, et al., Crowdsourcing to spur first-time HIV testing among 
men who have sex with men and transgender individuals in China: a non- 
inferiority pragmatic randomized controlled trial, Afr. J. Reprod. Gynaecol. 
Endosc. (2015) 18.

[27] Y. Lin, C. Ren, M. Liao, et al., Digital, crowdsourced, multilevel intervention to 
promote HIV testing among men who have sex with men: cluster randomized 
controlled trial, J. Med. Internet Res. 25 (2023) e46890.

[28] W. Tang, C. Wei, B. Cao, et al., Crowdsourcing to expand HIV testing among men 
who have sex with men in China: a closed cohort stepped wedge cluster 
randomized controlled trial, PLoS Med. 15 (8) (2018) e1002645.

[29] J. Yang, X. Feng, S. Zhou, et al., Evolving market-shaping strategies to boost access 
to essential medical products in developing countries with HIV self-testing as a case 
study, Glob. Health Res. Policy 8 (1) (Jul 2023) 26.

[30] H. Maheswaran, A. Clarke, P. MacPherson, et al., Cost-effectiveness of community- 
based human immunodeficiency virus self-testing in Blantyre, Malawi, Clin. Infect. 
Dis. 66 (8) (Apr 2018) 1211–1221.

[31] U. Unfpa, Market Shaping Strategy for Essential Health Supplies, 2018.
[32] World Health Organization, Methodology for the Update of the Global Health 

Expenditure Database 2020–2022, World Health Organization, 2023.
[33] T. Horn, J. Sherwood, R.H. Remien, D. Nash, J.D. Auerbach, Towards an integrated 

primary and secondary HIV prevention continuum for the United States: a cyclical 
process model, Afr. J. Reprod. Gynaecol. Endosc. 19 (1) (2016).

[34] M.L. McNairy, W.M. El-Sadr, A paradigm shift: focus on the HIV prevention 
continuum, Clin. Infect. Dis. 59 (suppl_1) (2014) S12–S15.

[35] J.E. Myers, S.L. Braunstein, Q. Xia, et al., Redefining prevention and care: a status- 
neutral approach to HIV, in: Paper Presented at: Open Forum Infectious Diseases, 
2018.

J. Iwelunmor et al.                                                                                                                                                                                                                              Contemporary Clinical Trials 154 (2025) 107919 

8 

https://doi.org/10.1016/j.cct.2025.107919
https://doi.org/10.1016/j.cct.2025.107919
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0005
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0005
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0005
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0010
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0010
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0015
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0015
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0015
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0020
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0020
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0020
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0025
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0025
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0025
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0030
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0030
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0035
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0035
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0035
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0040
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0040
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0040
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0045
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0045
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0045
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0050
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0050
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0055
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0060
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0060
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0060
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0060
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0065
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0065
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0070
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0070
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0070
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0070
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0075
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0075
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0075
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0075
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0080
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0080
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0080
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0085
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0085
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0085
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0090
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0090
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0090
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0095
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0100
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0100
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0100
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0105
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0105
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0110
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0110
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0110
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0115
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0115
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0115
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0115
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0120
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0120
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0120
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0125
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0125
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0125
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0130
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0130
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0130
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0130
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0135
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0135
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0135
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0140
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0140
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0140
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0145
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0145
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0145
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0150
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0150
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0150
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0155
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0160
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0160
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0165
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0165
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0165
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0170
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0170
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0175
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0175
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0175


[36] D. Oladele, J. Iwelunmor, T. Gbajabiamila, et al., The 4 youth by youth mHealth 
photo verification app for HIV self-testing in Nigeria: qualitative analysis of user 
experiences, JMIR Format. Res. 5 (11) (2021) e25824.

[37] D.A. Oladele, J. Iwelunmor, T. Gbajabiamila, C. Obiezu-Umeh, J.O. Okwuzu, 
U. Nwaozuru, A.Z. Musa, K. Tahlil, I. Idigbe, J. Ong, W. Tang, J. Tucker, O. Ezechi, 
An Unstructured Supplementary Service Data System to Verify HIV Self-Testing 
Among Nigerian Youths: Mixed Methods Analysis of Usability and Feasibility, 
JMIR Formative Research 7 (2023) e44402, https://doi.org/10.2196/44402D.G.T.

[38] K.M. Tahlil, J.J. Ong, N.E. Rosenberg, et al., Verification of HIV self-testing use and 
results: A global systematic review, AIDS Patient Care STDs 34 (4) (Apr 2020) 
147–156.

[39] R.K.J. Tan, W. Shan, E. Hummel, et al., Youth engagement and social innovation in 
health in low-and-middle-income countries: analysis of a global youth 
crowdsourcing open call, PLOS Glob. Publ. Health 4 (7) (2024) e0003394.

[40] D.T. Boyd, O.O. Harris, G.R. Abu-Ba’are, L. Nelson, L. Wilton, The importance of 
developmental assets in HIV prevention behaviors among young black men who 
have sex with men (MSM), Sci. Rep. 14 (1) (2024) 12275.

J. Iwelunmor et al.                                                                                                                                                                                                                              Contemporary Clinical Trials 154 (2025) 107919 

9 

http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0180
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0180
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0180
https://doi.org/10.2196/44402D.G.T
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0190
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0190
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0190
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0195
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0195
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0195
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0200
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0200
http://refhub.elsevier.com/S1551-7144(25)00113-2/rf0200

	The 4 youth by youth (4YBY) crowdsourced HIV prevention intervention: A stepped-wedge longitudinal trial on HIV self-testin ...
	1 Background
	2 Methods
	2.1 Design and setting overview
	2.2 Participants' inclusion and exclusion criteria
	2.3 Recruitment
	2.3.1 Randomization and follow-up assessment
	2.3.2 Intervention period
	2.3.3 Control period
	2.3.4 Outcomes

	2.4 Statistical analysis
	2.5 Cost-effectiveness component
	2.6 AYA engagement
	2.7 Ethical considerations

	3 Results
	3.1 Descriptive characteristics
	3.2 Proportion of participants who tested for HIV
	3.3 Cumulative HIV testing uptake
	3.4 Sensitivity analyses
	3.5 Model 1: baseline model
	3.6 Model 2: interaction with PrEP eligibility
	3.7 Model 3: full model with additional covariates
	3.8 Cost of intervention

	4 Discussion
	CRediT authorship contribution statement
	Funding
	Declaration of competing interest
	Acknowledgements
	Appendix A Supplementary data
	Data availability
	References


