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Supplementary document 1
CONSORT 2010 checklist of information to include when reporting a randomised trial

	Section/Topic
	Item No
	Checklist item
	Reported on page No

	Title and abstract

	
	1a
	Identification as a randomised trial in the title
	1

	
	1b
	Structured summary of trial design, methods, results, and conclusions (for specific guidance see CONSORT for abstracts)
	2

	Introduction

	Background and objectives
	2a
	Scientific background and explanation of rationale
	3

	
	2b
	Specific objectives or hypotheses
	4

	Methods

	Trial design
	3a
	Description of trial design (such as parallel, factorial) including allocation ratio
	4-6

	
	3b
	Important changes to methods after trial commencement (such as eligibility criteria), with reasons
	5

	Participants
	4a
	Eligibility criteria for participants
	5

	
	4b
	Settings and locations where the data were collected
	4

	Interventions
	5
	The interventions for each group with sufficient details to allow replication, including how and when they were actually administered
	6

	Outcomes
	6a
	Completely defined pre-specified primary and secondary outcome measures, including how and when they were assessed
	7

	
	6b
	Any changes to trial outcomes after the trial commenced, with reasons
	NA

	Sample size
	7a
	How sample size was determined
	7-8

	
	7b
	When applicable, explanation of any interim analyses and stopping guidelines
	NA

	Randomisation:
	
	
	

	 Sequence generation
	8a
	Method used to generate the random allocation sequence
	6

	
	8b
	Type of randomisation; details of any restriction (such as blocking and block size)
	6

	 Allocation concealment mechanism
	9
	Mechanism used to implement the random allocation sequence (such as sequentially numbered containers), describing any steps taken to conceal the sequence until interventions were assigned
	6

	 Implementation
	10
	Who generated the random allocation sequence, who enrolled participants, and who assigned participants to interventions
	6

	Blinding
	11a
	If done, who was blinded after assignment to interventions (for example, participants, care providers, those assessing outcomes) and how
	6

	
	11b
	If relevant, description of the similarity of interventions
	NA

	Statistical methods
	12a
	Statistical methods used to compare groups for primary and secondary outcomes
	8

	
	12b
	Methods for additional analyses, such as subgroup analyses and adjusted analyses
	8

	Results

	Participant flow (a diagram is strongly recommended)
	13a
	For each group, the numbers of participants who were randomly assigned, received intended treatment, and were analysed for the primary outcome
	9

	
	13b
	For each group, losses and exclusions after randomisation, together with reasons
	9

	Recruitment
	14a
	Dates defining the periods of recruitment and follow-up
	9

	
	14b
	Why the trial ended or was stopped
	9

	Baseline data
	15
	A table showing baseline demographic and clinical characteristics for each group
	18

	Numbers analysed
	16
	For each group, number of participants (denominator) included in each analysis and whether the analysis was by original assigned groups
	9

	Outcomes and estimation
	17a
	For each primary and secondary outcome, results for each group, and the estimated effect size and its precision (such as 95% confidence interval)
	9-11

	
	17b
	For binary outcomes, presentation of both absolute and relative effect sizes is recommended
	9-11

	Ancillary analyses
	18
	Results of any other analyses performed, including subgroup analyses and adjusted analyses, distinguishing pre-specified from exploratory
	9-11

	Harms
	19
	All important harms or unintended effects in each group (for specific guidance see CONSORT for harms)
	11-12

	Discussion

	Limitations
	20
	Trial limitations, addressing sources of potential bias, imprecision, and, if relevant, multiplicity of analyses
	11-12

	Generalisability
	21
	Generalisability (external validity, applicability) of the trial findings
	11-12

	Interpretation
	22
	Interpretation consistent with results, balancing benefits and harms, and considering other relevant evidence
	11-12

	Other information
	

	Registration
	23
	Registration number and name of trial registry
	9

	Protocol
	24
	Where the full trial protocol can be accessed, if available
	Supplementary document 2

	Funding
	25
	Sources of funding and other support (such as supply of drugs), role of funders
	NA
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Cost-effectiveness analysis

Using parameters from Table S1, which were informed by the trial, we created a decision-tree model using TreeAge Pro 2020 (TreeAge Software Inc) to explore the cost-effectiveness of pay-it-forward and the standard-of-care. The decision tree model is shown in Figure S1.

Figure S1. Decision tree model.
[image: Diagram

Description automatically generated]
Start_up_C: The training cost to start the study; Capital_fixed_costs: The capital fixed cost of the study; Variable_cost_P/S: variable cost in the PIF/SOC group, variable cost means the fees of sample collection, transportation, and testing; Donation_P: The money donated to the PIF program by the participants; Payment_S: The fees paid for the testing service by participants in the SOC; 



	Table S1. Unit costs of pay-it-forward and standard of care in the model. 

	Tested performed
	Probability per person tested
	Distribution

	PIF*
	0.59
	Beta (56.69, 38.79)

	SOC*
	0.25
	Beta (18.88, 55.73)

	HBV or HCV diagnosed 
	
	

	PIF
	0.08
	Beta (2.51, 27.33)

	SOC
	0.10
	Beta (3.34, 30.88)

	Fixed cost PIF or SOC
	USD 2021
	

	Start-up
	3.02
	Gamma (42.68, 14.16)

	Equipment 
	0.29
	Gamma (42.68, 146.50)

	Variable cost PIF
	
	

	Supplies 
	0.47
	Gamma (42.68, 90.73)

	Variable cost SOC
	
	

	Supplies
	0.68
	Gamma (42.68, 62.49)

	Donations/Payment
	
	

	PIF
	3.12
	Gamma (42.25, 21.67)

	SOC
	1.95
	Gamma (42.25, 13.54)

	*PIF=pay-it-forward, SOC= standard of care 



The results from the univariate sensitivity analyses are presented as tornado plots in Figure S2. For ICERs of financial cost per additional person tested, the biggest drivers of cost-effectiveness were the donation amount in the PIF group when comparing PIF with SOC (Figure S2.1). Despite changing input parameters to their plausible extremes, PIF remains cost-saving compared to standard-of-care. In addition, we performed a one-way sensitivity analysis toward the donation amount. We found out that the PIF is not cost-saving when the donation amount was $1.03. 

[bookmark: _Hlk112685675]For ICERs of financial cost per additional case identified, the biggest drivers of cost-effectiveness were the probability of positive cases identified in the standard of care group when comparing PIF with SOC (Figure S2.2). Despite changing input parameters to their plausible extremes, PIF remains cost-saving compared to standard-of-care. Additionally, we performed a one-way sensitivity analysis toward the probability of positive cases identified in the standard-of-care group. The threshold for ICER equals zero when the probability reaches 15.2%.  

Probabilistic sensitivity analyses with 100,000 runs were conducted and presented as cost-effectiveness acceptability curves (Figure S3). They confirm that PIF dominates the standard of care when considering economic or financial costs.
Figure S2.1. Univariate sensitivity analysis compared to PIF vs. SOC's cost-effectiveness (ICER of financial cost per additional person tested). *
[image: Chart

Description automatically generated]
*Start_up_C: The training cost to start the study; Capital_fc: The capital fixed cost of the study; Variable_cost_P/S: variable cost in the PIF/SOC group, variable cost means the fees of sample collection, transportation, and testing. Donation_P: The money donated to the PIF program by the participants; Payment_S: The fees paid for the testing service by participants in the SOC; Test_S: The probability of participants tested in the SOC; Test_P: The probability of participants tested in the PIF; Positive_P: The probability of participants tested positive in the PIF; Positive_S: The probability of participants tested positive in the SOC.



Figure S2.2. Univariate sensitivity analysis compared to the cost-effectiveness of PIF vs. SOC (ICER of financial cost per additional case identified). *
[image: Chart

Description automatically generated]
*Start_up_C: The training cost to start the study; Capital_fc: The capital fixed cost of the study; Variable_costs_P/S: variable cost in the PIF/SOC group, variable cost means the fees of sample collection, transportation, and testing. Donation_P: The money donated to the PIF program by the participants; Payment_S: The fees paid for the testing service by participants in the SOC; Test_S: The probability of participants tested in the SOC; Test_P: The probability of participants tested in the PIF; Positive_P: The probability of participants tested positive in the PIF; Positive_S: The probability of participants tested positive in the SOC.


Figure S3.1. Cost-effectiveness acceptability curve of the financial cost per person tested.
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Description automatically generated]

Figure S3.1 shows that the PIF has a greater probability of being more cost-effective than SOC if the willingness to pay is greater than $20 per person tested.










Figure S3.2. Cost-effectiveness acceptability curve of the financial cost per case identified.
[image: Chart, line chart

Description automatically generated]

Figure S3.2 shows that the probability of PIF being more cost-effective than SOC may decrease as the willingness to pay increases from $0 to $2000 per identified case.



Supplementary document 3: Study protocol (final version)

Background 
Chronic hepatitis infections are a significant health problem affecting millions of people worldwide. China has one of the highest burdens of Hepatitis B (HBV) and Hepatitis C (HCV) infection globally (1). Currently, HBV and HCV the prevalence among adults in the general population of China is about 6.9% and 0.9%, respectively (2, 3). The World Health Organization (WHO) has set ambitious goals to eliminate HBV and HCV by 2030 (4). 
A key prevention strategy for HBV and HCV infection is testing. The WHO recommended that all people be screened for HBV and HCV at least once in life (4). More recently, additional or regular HCV screening has been highly recommended for populations with high HCV prevalence or high-risk sexual behaviors (5-7). For example, men who have sex with men (MSM) were reported to have a higher risk of HBV, and HCV infection compared to the general population, especially among those who are HIV positive, inject or uptake drugs, or engage in high-risk sexual behaviors (8, 9). However, testing coverage among MSM in China has not reached adequate levels for population disease control, with 41% reported to have ever tested for HCV, and fewer men without HBV vaccination have ever tested for HBV (10). 
Several persisting barriers hinder testing services uptake among MSM. For example, the major effort in controlling HBV in China has focused on infant vaccination and prevention of mother-to-child transmission (PMTCT) services (11). There is a lack of funding for viral hepatitis screening among MSM in China (12). In addition, stigma and discrimination related to homosexual identity and sexual activities in health facilities have been major barriers to preventing MSM from seeking health services (13, 14). However, no viral hepatitis screening program has yet been implemented in MSM-friendly settings (11, 15, 16). Innovated behavioral interventions are needed to address the low detection rate of HBV and HCV among MSM in China. 
[bookmark: OLE_LINK2][bookmark: OLE_LINK1]Pay-it-forward is an innovative behavioral intervention that involves having a person receive a free gift, then informing him/her that someone has kindly paid for them, and asking if they would like to donate to support more people to receive free testing services (17). In our previous clinical trial, we found that MSM who were randomized in the pay-it-forward group completed chlamydia and gonorrhea tests three times more than the control group (18). In addition, 89% of participants in the pay-it-forward group chose to donate some money to the chlamydia and gonorrhea tests for the other men in their community (18). The findings suggested that simple acts of kindness are contagious and have the potential to build trust in the community in order to strengthen public health services at the community level. In this study, we propose to use the community-led pay-it-forward method to increase HBV and HCV testing among MSM in China. 
Methods
Study aims
Aim 1: to compare the effects of a "pay-it-forward" approach on promoting HBV and HCV testing among MSM.
Hypothesis 1: the pay-it-forward approach could significantly increase the HBV and HCV testing rate among MSM, about 20% higher than the control group.
Aim 2: to examine the feasibility of implementing pay-it-forward as part of community sexual health services for MSM.
Hypothesis 2: the pay-it-forward approach can be successfully integrated into the local community's routine HIV and STI prevention services. 
Aim 3 is to examine the cost of testing and diagnosing HBV and HCV infection in different subgroups. 
Hypothesis 3: The average cost of testing and diagnosing HBV and HCV infection would be lower for the pay-it-forward arm than the control arm.
Study settings 
Jiangsu Province, located in the eastern coastal region of mainland China, is one of the provinces with the highest GDP per capita. Among the latest reported HIV cases in Jiangsu Province in 2019, male-to-male sexual transmission has accounted for 56% of sexual transmission routes. The HIV antibody positivity rate among the MSM population has remained between 6.9% and 8.2% (19). The prevention and control of infectious transmitted by sexual contacts, such as HBV and HCV, in Jiangsu Province is a critical situation. It is urgent to initiate effective interventions for MSM in particular. Given these factors, we chose to implement this project in Jiangsu province. This study will be conducted in Jiangsu Province's two cities: Nanjing and Suzhou. We selected one MSM-led CBO in each city that provided comprehensive sexual health services (i.e., HIV and syphilis testing, pre- and post- counseling, and care services) for the MSM community by peers. 

Procedure
The importance of community-based participatory strategies in health campaign has been underlined for a long period of time. We, along with the community organizations in Nanjing and Suzhou and Jiangsu Provincial disease control center, discussed possibility and challenges that need to be addressed in order to empower community members to be the key actors in the intervention design and implementation. This initiative was born from a growing interest among community groups in providing integrated and comprehensive sexual health services to local MSM. From there, we initiated the first community-led sexual health intervention using pay-it-forward strategy. 
With the support of provincial-level government and research team, community organizations will commit to all aspects of the pilot, including ethics, training, engagement strategies, resource management plan, and continuous process monitoring. Research team will hold interactive capacity-building workshops to share knowledge and thoughts on the trial procedures with community staff. The aims of workshop include: 1) to enhance mutual understanding of the group on the concept of pay-it-forward; 2) to share previous experience on the implementation of pay-it-forward intervention; 3) to support MSM-led community organization designing and initiating an operating procedure that is culturally sensitive and responsive in their local settings donation promotion. After the workshops, the CBOs will pilot the study procedures with the research team. 
Study population 
This study will focus on the MSM population. Inclusion criteria are: being older than 18 years of age, having had sex with men, having neither tested for HBsAg nor HCV antibody in the past 12 months, having the ability to make autonomous decisions, and agreeing to participate in this study.

Study design
We will conduct a cluster randomized controlled trial design to compare the pay-it-forward approach as the intervention arm to a standard-of-care arm as the control arm. Clusters will be defined as a group of ten participants who will be randomized as a whole group into different study groups in a 1:1 ratio. 

Intervention
All randomized participants in the pay-it-forward arm will be provided a brief introduction to the HBV and HCV situation in China, the need for routine testing, and the concept of pay-it-forward using pamphlets (about 5-10 mins). Following the introduction, participants will receive free HBV and HCV testing during their appointment for HIV and syphilis testing and decide whether they would like to contribute to the pay-it-forward seed fund to support more people to receive the same free testing services. The community staff will explain to all participants in the pay-it-forward arm that the willingness and amount of the donation will not affect their access to free HBV and HCV testing services. The use of all donations will be posted regularly on each study site's website. 

Control
Participants in the control arm will be offered HBV and HCV testing services according to the usual hospital procedure. They will be required to pay for the tests (approximately US $8) out-of-pocket. All men will be provided a brief introduction to HBV and HCV prevalence and the need for routine testing using the same pamphlet. Participants will also be informed that participation in this program is voluntary and anonymous, and they are free to exit at any point in the process if they wish. In addition, participants will complete a short questionnaire to collect information about their demographic characteristics and knowledge of HBV and HCV. After participants complete the questionnaire, program staff will perform testing using HBV and HCV rapid test reagents per participants' testing preferences and conduct post-test counseling and referrals.
The study will last about six months. In the first month, a pilot RCT will be carried out to finalize the pay-it-forward intervention process. The recruitment and implementation are expected to take about four to five months. The recruitment will be completed at each study site after the pre-determined sample size has been recruited.   

Statistical analysis plan 
Analysis objectives
Primary objective:
To assess the effectiveness of a community-led pay-it-forward intervention in increasing HBV and HCV testing uptake among MSM in China.

Secondary objectives:
To assess the heterogeneity effect of a community-led pay-it-forward intervention in increasing HBV and HCV testing uptake across different testing modalities and subgroups; 
To assess the proportion of participants donated for others for HBV/HCV testing and the amount of money that was donated;
To assess and the cost effectiveness of the community-led pay-it-forward model compared to the standard-of-car arm. 

Outcome measures
Primary outcome:
The primary outcome indicator for this study is the rate of HBV and HCV testing among study participants in each arm. The test uptake will be assessed immediately after the intervention by administrative records. 

Secondary outcomes:
Secondary outcomes included proportion of participants donates for others for HBV/HCV testing and amount of donation, incremental cost per test and incremental cost per diagnosis. We will record the resources utilized throughout the trail from on-site observation and invoices. The cost of supplies will be categorized as variable costs while the start-up cost and relevant equipment fees will be categorized as fixed costs.  

Subgroups will be defined by study site, age, sexual risk behaviours, and substance use patterns. Sexual behaviours will be defined based on if participants has involved in any comdomless anal sex, group sex, or more than two sexual partners in the past three months. The history of substance use will be defined based on if participants used any injection or non-injection recreational drugs in the past 12 months. 

Statistical analyses
To understand the effect of a community-led pay-it-forward intervention in increasing HBV and HCV testing uptake, we will undertake a generalized estimating equation model (GEE) with a binomial distribution and an identity link function to estimate the absolute proportion difference as a measure of effect. The proportion difference and their 1-side 90% confidence interval will be provided. For the secondary outcome, descriptive analysis will be performed to calculate the amount of money that was donated and the proportion of participants who have donated for others. In addition, a micro-costing approach will be used to assess the financial and economic costs. Statistical analyses will be performed with STATA (version 14.1, StataCorp LP, TX, USA) and TreeAge Pro 2021 (TreeAge Software, Inc, Williamstown, MA). 

Sample size determination
A cross-sectional study would inform the sample size calculation of this study on HBV and HCV testing among Chinese MSM and previous similar pay-it-forward RCTs (10, 18). For the primary study outcome, we assumed 15% of MSM would be willing to test for HBV and HCV in the control arm (49), and the proportion of testing uptake in the pay-it-forward arm was 40%. This assumption was based on the previously reported rates of HBV and HCV under traditional testing promotion (8). This would be a superiority randomized controlled trial that would evaluate whether the intervention arm (pay-it-forward) will be superior in promoting HBV and HCV test uptake to a control arm (standard-of-care) at a superiority margin of 0.2. This margin was chosen as a clinically meaningful difference in test uptake based on results from a modeling study (20). Specifically, if a massive national effort for HBV screening and treatment delivery could increase HBV case finding from current practice (12.5%) to above 30%, the HBsAg prevalence in the general population would reduce to below 2% in 2035. Therefore, after receiving the pay-it-forward intervention, the detection rate of HBV and HCV testing in the pay-it-forward arm is expected to be at least 20% higher than that of the control group. With a one-sided test efficacy of 0.025 and a sample size of 100 (1:1) per group, this study has >80% efficacy to test that the efficacy of the intervention group is at least 20% higher than that of the control group. In addition, we also increased the sample size by 50% to allow for subgroup analyses of different types of study sites, leading to a sample size of 150 for each arm (a total cluster size of 30). 
 
Risk assessment and management
This study will primarily collect the following information: the number of invitees and participants in each group, the number of participants in each group who participated in the test, the number of donors in the pay-it-forward arm, and the amount of donation per person. 
The main data security risks are electronic data loss and participant confidentiality breaches. In this regard, all information collected in this study will be stored confidentially, and only trained community staff and study researchers will have access to the information. All data will be checked and cleaned before being updated in the main database. The main database for the study will be managed by a dedicated Data Manager (DM) from Jiangsu CDC. The data manager will upload the entered data to the computer twice daily and create weekly backups on an external password-protected hard drive. The database will be backed up periodically on a local server in Jiangsu CDC. A database copy will be transmitted to the study via a server using full encryption (SSL). Since most data will use an anonymous ID unique to each participant, the risk of personal information leakage is minimal. We will ensure that all copies of quantitative data files are password protected and that only the employees who need to process the data know the password. In addition, we will only report study results at an aggregate level.

Ethics approval and consent to participate 
All participants will be required to provide written consent. The following information will be collected for this study: data recorded by the project team members through standard information collection forms, including the number of recruits and participants, the number of people completing the test, the number and amount of donations from the relay test group, and questionnaire data. The Jiangsu Center for Diseases Prevention and Control ethically approved the study.
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