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Background. Social network approaches to testing allow individuals (indexes) to distribute tests to 
social networks (alters). This quasi-experimental study compared two social network-based testing 
strategies in promoting human immunodeficiency virus (HIV) testing among Chinese gay, bisexual, 
and other men who have sex with men (GBMSM). Methods. GBMSM aged ≥18 years were 
recruited from Guangzhou, China. From May to September 2019, indexes could distribute 
blood-based HIV/syphilis dual self-testing kits to people within their social network. Indexes 
recruited from October 2019 to January 2020 could send HIV testing cards to their social 
networks for free facility-based tests. Alters were encouraged to upload a photo verification of 
test results. Indexes and alters received incentives during both periods. Results. There were 
245 participants who were assessed for eligibility and 208/245 (84.9%) were eligible. 106 and 
102 indexes were recruited in the secondary distribution and testing card arms respectively. 
154/208 (74.0%) completed follow up at 1 month. 92 indexes in the secondary distribution arm 
self-reported distributions to 179 unique alters, and 62 in the testing card arm to 26 unique 
alters. An average of 1.95 (standard deviation [s.d.] = 1.90) HIV/syphilis dual self-tests and 
0.42 (s.d. = 0.78) HIV testing cards were distributed, generating a risk difference of 1.53 
(95% confidence interval [CI] 1.09, 1.96). Indexes self-identifying as gay (P = 0.007) or having 
previously tested (P = 0.02) distributed more tests. Secondary distribution cost less per alter 
tested (USD120 vs USD9408). Conclusions. Secondary distribution engaged more GBMSM to 
distribute tests and reached more GBMSM to test compared to referral cards, suggesting 
advantage in facilitating testing uptake among Chinese GBMSM. 

Keywords: China, HIV, men who have sex with men, secondary distribution, self-testing, social 
network, syphilis, testing uptake. 

Introduction 

Gay, bisexual and other men who have sex with men (GBMSM) account for approximately 
one-quarter of new HIV infections in China (as of 2018).1 The national prevalence of HIV 
from 2001 to 2018 among Chinese MSM was estimated to be 5.7% (95% CI: 5.4–6.1%).2 

HIV testing presents a crucial entry point into the HIV care continuum. However, 
approximately 30% of people living with HIV in China are unaware of their serostatus 
and 33.2% of MSM reported no HIV test in their lifetime.3,4 Using data from the 
national HIV surveillance system, a study suggested that HIV testing rate (tested in the 
last year) among Chinese MSM ranged between 43.2 and 49.0%.5 Common barriers to 
HIV testing among MSM in China include stigma concerning homosexuality and HIV, 
uncertainty of testing locations, and fear of privacy violation during testing.6 
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HIV self-testing (HIVST), recommended by the World 
Health Organization, may complement facility-based HIV 
testing with potentials to increase HIV testing coverage.7 Self-
testing involves individuals collecting their own specimen 
(oral fluid or blood), performing a test and interpreting 
the results themselves, permitting privacy, convenience, 
and confidentiality.7 HIVST is acceptable among many key 
populations.8 Global studies conducted among MSM and 
ciswomen found that oral-fluid-based HIVST increased 
testing coverage among these populations and their sexual 
partners.9–11 However, most experiments used oral-fluid-
based self-tests. More evidence is needed on the feasibility 
of the blood-based test in order to offer choice in type of 
test kits to reach more people. 

Blood-based HIVST creates opportunities to combine STI 
testing in HIV self-testing. Compared to oral-fluid-based 
HIVST, blood-based HIVST has higher accuracy but is less 
easy to use.12 Although previous studies indicated preference 
for an oral-fluid-based test among HIVST users, preference 
for a blood-based test increased if the test also offered 
STI testing.13 Studies in China found that blood-based 
HIV/syphilis dual self-testing expanded HIV/syphilis testing 
among MSM and their sexual partners;14 however, although 
both oral-fluid-based and blood-based self-tests have 
shown acceptability among key populations, HIVST uptake 
remains low in many countries.15,16 Optimising the delivery 
of a HIVST service would be crucial to increase testing uptake. 

Social network-based strategies leverage large social 
networks to promote HIV care uptake.17 Social network-based 
strategies can improve HIV testing, referral, adherence, and 
retention among MSM.18,19 Secondary distribution is a 
social network-based strategy where multiple HIV testing 
cards or HIVST kits are provided to individuals (referred 
to as ‘indexes’) for distributions to their sexual and 
social contacts (referred to as ‘alters’).20 Previous studies 
found that peer referral of HIV testing increased test 
uptake among high-risk individuals and prevents HIV 
transmission.21–24 Although many studies have focused on a 
social network-based method, limited data exist to evaluate 
the effectiveness of different strategies among key 
populations, which could be helpful to inform the scale-up 
of HIVST. This quasi-experimental study evaluated two 
social network-based approaches (secondary distribution of 
HV/syphilis dual self-testing kits vs HIV testing card 
referral) in promoting HIV testing among Chinese GBMSM. 

Methods 

Study design and setting 

This quasi-experimental study was conducted in Guangzhou, 
China, from May 2019 to January 2020 to compare the 
effectiveness of secondary distribution (intervention) with 
testing card referral (control) in promoting HIV testing. The 

secondary distribution program was implemented between 
1 May and 7 October 2019, at the Dermatology Hospital 
of Southern Medical University (DH-SMU). Study staff at 
the site handled the study procedures, including testing, 
introducing the program, and offering HIV/syphilis dual 
self-testing kits to participants. The self-test used in this 
study is the SD Bioline HIV/syphilis Duo rapid test kit 
(Standard Diagnostics, Inc., Gyeonggi-do, South Korea), 
which is a blood-based finger-prick-based HIV self-test that 
allows concurrent testing for syphilis using a single sample. 
The sensitivity and specificity are 91.7% and 99.5%, 
respectively, when compared to health clinic results.25 The 
testing card referral was implemented between 14 October 
2019 and 17 January 2020 at three sites – a GBMSM 
community-based HIV/STI testing clinic, a GBMSM 
community-based HIV/STI testing weekend clinic at DH-
SMU, and a municipal-level Centers for Disease Control and 
Prevention (CDC) HIV testing clinic. Testing card referral 
was embedded in their routine testing services. GBMSM 
volunteers or public health staff handled the same study 
procedures as that the intervention arm. Both self-testing 
and the key population-led HIV testing delivery model are 
major strategies in China to promote HIV testing in 
addition to traditional medical facility-based testing.26 

These facilities in our study were selected to reflect the 
preferences of the GBMSM community for HIV testing. 
The two arms were implemented one at a time to compare 
the intended outcomes in similar catchment areas without 
having people choose between the two. No significant 
temporal fluctuations were identified in HIV testing uptake 
by month. Eligibility was defined as age ≥18 years, male 
sex assigned at birth, ever had sex with men, were willing 
to participate in a follow-up interview at 1 month, and 
willing to provide a phone number. 

HIVST secondary distribution program 

We posted banner ads on WeChat and Blued, the most used 
social media applications among the Chinese and Chinese 
GBMSM, respectively. Interested men scheduled an appoint-
ment with study staff located at the DH-SMU for free 
HIV/syphilis testing and an opportunity to apply for free 
HIV/syphilis dual self-testing kits for distribution to people 
in their social network. At the site, indexes were given a 
dual HIV/syphilis test by the study staff using the same test 
in the self-testing kit. After indexes were introduced to the 
study and how to use the self-test in person, those who 
agreed to distribute could sign up for up to five kits. Each 
kit additionally included instructions for use, a QR code for 
test result upload, and a unique ID number to link indexes 
with their alters. Indexes were requested to distribute the 
kits in a month and were allowed to access kits multiple 
times (Fig. 1). 

After using the self-testing kit, alters were encouraged to 
upload their test result with the kit’s numeric ID to a 
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Fig. 1. Study procedures of the intervention (secondary distribution of HIV/syphilis self-testing kit) and 
control (HIV testing card) groups, Guangzhou, China, 2019–20. 

database located at Sojump by scanning the QR code. 
Alters who uploaded a reactive result were contacted to 
recommend confirmatory testing at a district-level CDC 
or local hospital. All uploaded results were verified by 
study staff. Indexes received an incentive of USD3 after 
completing the baseline survey and USD5 for a follow-up 
survey. Alters and corresponding indexes both received an 
additional USD3 when alters uploaded their test results. 

HIV testing card 

Men visiting the three clinics for HIV testing were invited to 
participate after community-based volunteers or public 
health staff introduced the project in person at the site. 
Eligible men could sign up for up to five testing referral 
cards. Each testing card contained a QR code to upload test 
results when the alter completed an HIV test either in a 
testing facility or using a self-purchased self-test, and a 
unique numeric ID linking alters with indexes. Indexes 
were encouraged to distribute the testing cards in a month. 

Alters who received testing cards were encouraged to take 
an HIV test however they preferred. If they took a facility-
based test, they were encouraged to upload a picture of 

their test result report to the study database. If they self-
tested, they were encouraged to upload a picture of their 
self-test result. All uploads were verified. The incentive 
structure was the same as in the secondary distribution arm. 

Data collection 

We collected data from all indexes who agreed to distribute 
and all alters who uploaded their test results. Indexes 
were requested to complete an online baseline survey at the 
site and an online follow-up survey at 1 month. Baseline 
survey items included sociodemographic information, sexual 
behaviors in the past month, testing experience, social 
network data and respondents’ phone number to identify 
duplicates. Sociodemographic information included age, 
education, marital status, income, sexual orientation and 
gender identity, and disclosure (defined as disclosing gay/ 
bisexual identity or having sexual activities with another 
male to/with anyone). Data on sexual behaviors included 
previous sex with men, the number of sex partners and 
condomless anal sex in the past month. Data on HIV testing 
behaviors included previous HIV tests, previous self-tests, 
testing locations, and comparison between self-testing and 

359 

www.publish.csiro.au/sh


Y. Sha et al. Sexual Health 

clinic-based testing. Social network data were characterised 
by requesting indexes to list their social contacts, describe 
their relationships and answer whether they would distribute 
to each specific contact. Responders may not skip or refuse to 
answer survey questions. 

A follow-up survey asked about indexes’ relationships to 
the recipients, the number of self-testing kits/testing 
cards distributed, sexual experiences in the past month, and 
distributing experiences including point of sex. 

Alters were also requested to complete an online 
survey when uploading test results. The survey instrument 
collected the same data as that for the indexes. Additional 
data on alters’ experience receiving and using self-tests 
were gathered. 

Economic cost data were collected for all expenditures 
from organisations in the two arms using a health 
provider perspective. Fixed costs consist of building rent, 
office equipment, and personnel. Variable costs include 
consumables, telephone bills, and transport (Supplementary 
File S1). The cost for the HIVST arm was collected from 
1 May to 30 September 2019, over which this arm was 
implemented. The cost for the referral card arm was 
collected from 14 October 2019 to 14 January 2020. The 
costs are reported in US dollars (2020). We report the total 
economic cost of the two arms, the cost per alter tested, the 
cost per alter diagnosed with HIV, and their corresponding 
incremental cost-effectiveness ratios. 

Outcomes 

The primary outcomes of this study were test uptake 
measured by: (1) the proportion of indexes self-reporting 
distributions to social networks; and (2) the mean number 
of distributions self-reported. Secondary outcomes were 
subgroup analyses based on age, sexual orientation, disclosure 
of sexual orientation or same-sex sexual behavior, sex in 
the past month, and prior HIV testing. We further compared 
the cost-effectiveness of secondary distribution to the 
testing card referral reporting incremental cost-effectiveness 
ratio (ICER). 

Data analysis 

We examined the hypothesis that the secondary distribution 
would increase HIV test uptake compared to the distribution 
of the testing card. We reported risk ratios of participants 
in each group who reported distributions, risk differences 
of the numbers of distributions participants reported, 
with estimated 95% confidence interval (CI). Risk ratios 
were calculated by unconditional maximum likelihood 
estimation (Wald) and were adjusted for a small sample. 
CIs were calculated using normal approximation (Wald). 
We assessed effect modification using a linear probability 
model based on five subgroups: age (no older than age 
30 years and >30 years), sexual orientation (self-identified 

as gay and self-identified as other than gay), disclosure of 
sexual orientation or same-sex sexual behavior to anyone 
(yes or no), recent sex in the past month (yes or no), and 
prior experience of HIV testing (ever tested for HIV or 
never tested for HIV). We used descriptive statistics to 
examine sociodemographic and behavioral characteristics 
of indexes. We used self-reported distributions at follow up 
for analysis. Missing data of distributions for not distributing 
to any type of recipients were treated as the event not detected 
and counted as 0. All analyses were performed in R 3.6.3 
(R Core Team, USA). 

Ethical approval and informed consent 

The study protocol was approved by the ethics review 
committees at the University of North Carolina at Chapel Hill. 
Verbal informed consent was obtained from each index 
participant. Online informed consent was accessed from all 
participants by them checking a box on a self-administered 
online consent form indicating their agreement to participate 
in the study. 

Results 

From May 2019 to January 2020, 106 index participants in 
the secondary distribution group and 102 in the testing 
card referral group were recruited (Fig. 2). The interven-
tion group’s participation rate/response rate was 91.4% 
(106/116) and 79.1% (102/129) for the control group. 
No duplicated participant was identified. At 1 month, 
92 (86.8%) participants who accessed HIV/syphilis self-
testing kits and 62 (60.8%) who accessed testing cards 
completed a follow-up survey. In the referral testing card 
arm, participants who received or opted out of follow-up 
were similar in sociodemographic characteristics and risk 
except for sexual orientation (see Supplement 2). 

At follow up, 92 indexes in the HIV/syphilis self-testing 
arm self-reported having distributed 179 kits to alters, 
whereas 62 indexes in the testing card arm self-reported 
26 distributions. We received 142 test result uploads from 
the HIV/syphilis self-testing group, among which 139 were 
from unique alters, one was from an index participant, and 
two were submitted after the program completion. Three 
test results were uploaded from the testing card referral 
group; one was from a unique alter, and two were from 
index participants. In the HIV/syphilis self-testing arm, 14 
(six indexes, eight alters) received a reactive HIV result and 
five (three indexes, two alters) received a reactive syphilis 
result. Among the eight alters who uploaded their test 
results, except that one participant who was confirmed to 
be false-positive, two lost contact, and seven already been 
living with HIV, the remaining four participants received 
positive confirmatory test results for HIV. Participants who 
received a reactive syphilis test were recommended to take 
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Fig. 2. Flowchart of the study participant recruitment, Guangzhou, China, 2019–20. 

a confirmation test at their local hospital. Two index 
participants in the testing card arm received a reactive HIV 
result and were already aware of their infection status at 
the time of enrollment. 

Index participants' characteristics 

Demographic characteristics were mostly similar between the 
secondary distribution and the testing card referral groups 
(Table 1). The mean age of the participants was 27.0 years 

(s.d. = 6.74) for the HIVST group and 28.7 years 
(s.d. = 7.33) for the testing card group. The majority of 
participants were self-identified men (98%), self-identified 
gay (74% [self-testing] vs 77% [testing card]), unmarried 
(88% vs 92%), had a monthly income of >USD458 (76% vs 
82%), had a higher education degree (75% vs 71%), and 
had anal sex in the past month (60% vs 57%). A higher 
proportion of participants in the testing card arm have ever 
tested for HIV than participants in the HIVST arm (78% vs 
89%, P = 0.039). 
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Table 1. Baseline index MSM’s sociodemographic characteristics in China, 2019–20 (N = 208). 

Testing card Secondary distribution P-values 
(N = 102) (N = 106) 

Age (mean, s.d.) 28.7 6.74 27.0 7.33 0.80 

Gender identity (n, %)  1.00 

Men 100 98% 104 98% 

Unsure 2 2% 2 2% 

Women, transgender individuals 0 0% 0 0% 

Sexual orientation (n, %)  0.53 

Gay 79 77% 78 74% 

Heterosexual 1 1% 1 1% 

Bisexual 16 16% 23 22% 

Unsure 6 6% 4 4% 

Marital status (n, %)  0.48 

Engaged or married 4 4% 6 6% 

Unmarried 94 92% 94 88% 

Divorced 4 4% 6 6% 

Education (n, %)  0.61 

High school or less 23 23% 20 19% 

College or equivalent 73 71% 80 75% 

Graduate (including Master and Doctoral degree) 6 6% 6 6% 

Income (n, %)  0.31 

No more than USD458 per month 18 18% 25 24% 

More than USD458 per month 84 82% 81 76% 

Having anal sex in the past month (n, %) 57 56% 64 60% 0.57 

Ever tested HIV (n, %) 91 89% 83 78% 0.039 

USD458 (3000RMB) is an equivalent of the minimum wage in China. 
s.d., standard deviation; HIVST, HIV self-testing; HIV, human immunodeficiency virus. 

Distributions from index participants to alters 

More participants in the secondary distribution group reported 
distributing at least one test (75% vs 29%, P < 0.001), had 
given at least one test to their sexual partner (38% vs 11%, 
P < 0.001), and had given at least one test to their friend 
(50% vs 18%, P < 0.001) than those in the testing card 
group (Table 2). 

Participants in the secondary distribution group reported 
having distributed more self-tests to social contacts (1.95 vs 
0.42, P < 0.001), more self-tests to sexual partners (0.63 vs 
0.21, P < 0.01), and more self-tests to friends (1.13 vs 0.23, 
P < 0.001), compared to participants distributing testing 
cards (Table 3). 

Distributions by subgroups 

The effect of secondary distribution is modified by self-
identified sexual orientation and prior experience of testing. 
Participants in the secondary distribution group who are 
self-identified as gay (P = 0.007) and who ever tested for 
HIV were significantly more likely to have distributing 

behaviors compared to other participants across the two 
groups. There was no significant effect modification between 
groups of different age, different disclosure status, or different 
sexual behaviors in the past month (Table 4). 

Costing analysis 

The total economic cost was USD16 692 for secondary 
distribution and USD9408 for testing card referral. The cost 
per alter tested for testing card referral was USD9408, and 
for secondary distribution, it was USD120. The ICER per 
alter tested was USD52.78. Additionally, the cost per alter 
who tested positive in the HIVST secondary distribution 
group was USD2384. There was no newly diagnosed person 
in the card referral group. The ICER per alter who tested 
positive was USD1041 (Table 5). 

Discussion 

Promoting HIV testing among key populations is essential to 
reach the UNAIDS ‘95–95–95’ targets. We assessed the 
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Table 2. Proportions of index participants who reported having distributed to alters among MSM in China, 2019–20 (N = 154). 

Testing card Secondary distribution Risk difference Adjusted risk ratioA 

(N = 62) (N = 92) [95% CI] [95% CI] 

Distributed at least one test 18 (0.29) 69 (0.75) 0.46 [0.31, 0.61]* 2.49 [1.66, 3.73]* 

Distributed at least one test to sexual partner 7 (0.11) 35 (0.38) 0.27 [0.14, 0.39]* 2.99 [1.42, 6.31]* 

Distributed at least one test to friend 11 (0.18) 46 (0.5) 0.32 [0.18, 0.46]* 2.63 [1.48, 4.66]* 

ASmall sample-adjusted by using unconditional maximum likelihood estimation & normal approx. (Wald test) CI. 
*P < 0.001. 
HIVST, HIV self-testing; CI, confidence interval. 

Table 3. Numbers of index participants who reported having distributed to alters among MSM in China, 2019–20 (N = 154). 

Testing card (N = 62) Secondary distribution (N = 92) Risk difference [95% CI] 

Average number of tests distributed 0.42 1.95 1.53 [1.09, 1.96]** 

Average number of tests distributed to sexual partners 0.21 0.63 0.42 [0.13, 0.71]* 

Average number of tests distributed to friends 0.23 1.13 0.90 [0.55, 1.25]** 

*P < 0.01. **P < 0.001. 
HIVST, HIV self-testing. 

Table 4. Subgroup analyses of secondary distribution of HIVST and testing card referral in a quasi-experimental study in China, 2019–20 
(N = 154). 

Subgroup Secondary distribution Testing card Risk difference P-value for 
distributed/total (n/N, %)  distributed/total (%) [95% CI] interaction 

Age (years) 

≤30 73/77 (0.95) 10/38 (0.26) 0.68 [0.54–0.83] 0.39 

>30 14/15 (0.93) 14/22 (0.64) 0.30 [0.06–0.53] 

Sexual orientation 

Gay 68/71 (0.96) 10/43 (0.23) 0.73 [0.59–0.86] 0.007 

Other than gay (including bisexual, heterosexual, unsure) 19/22 (0.86) 8/17 (0.47) 0.39 [0.12–0.67] 

Disclosure 

Disclosed 72/76 (0.95) 14/48 (0.29) 0.66 [0.52–0.79] 0.72 

Not disclosed 15/16 (0.94) 4/12 (0.33) 0.60 [0.31–0.90] 

Having anal sex in the past month 

Yes 41/43 (0.95) 11/32 (0.34) 0.61 [0.43–0.79] 0.49 

No 46/49 (0.94) 7/28 (0.25) 0.69 [0.51–0.86] 

Experience of HIV testing 

Ever tested 69/73 (0.95) 14/54 (0.26) 0.69 [0.56–0.81] 0.02 

Never tested 18/19 (0.95) 4/6 (0.67) 0.28 [−0.1–0.67] 

HIVST, HIV self-testing; CI, confidence interval. 

effectiveness of GBMSM distributing HIVST compared to 
referral testing cards. Our data suggest the feasibility of 
using blood-based HIV/syphilis self-tests to support the HIV 
self-testing strategy among GBMSM in China. We also 
found that secondary distribution of HIVST engaged more 
social networks to encourage testing behaviors compared to 
testing card referral. Our findings extend the existing 
literature by focusing on blood-based self-testing and social 
network-based testing approaches in China and including 
an economic evaluation. 

Although both approaches leveraged social networks to 
expand testing coverage, indexes who distributed blood-
based HIV/syphilis dual self-testing were more likely to 
have peers receive the test than indexes referring testing 
cards. Our data are consistent with prior findings suggesting 
self-testing could circumvent barriers to facility-based testing 
and increase testing coverage among key populations.8,27 

Compared to peer referral, secondary distribution could not 
only utilise peer influence to encourage testing in a similar 
way as peer referral of testing23, but also enable recipients 
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Table 5. Cost-effectiveness between the HIVST arm and testing card referral arm, Guangzhou, China, 2019–20. 

Group Cost (USD) Incremental cost Effectiveness Incremental effectiveness ICER 

Alters tested 

Card referral 9408 1 

HIVST 16 692 7284 139 138 USD52.78 

Alters diagnosed with HIV 

Card referral 9408 0 

HIVST 16 692 7284 7 7 USD1040.57 

HIVST, HIV self-testing; ICER, incremental cost-effectiveness ratio; HIV, human immunodeficiency virus; USD, US dollar (2020). 

to test in a setting of their choice with potentially more 
confidentiality and less stigma.28 In contrast testing card 
referral still requires the participants to actively seek 
testing themselves. Our findings also indicated that blood-
based self-testing can be integrated into social network-
based testing strategies to promote testing among Chinese 
GBMSM, given that blood-based self-testing is harder to 
perform compared to oral fluid-based self-testing, but is 
regarded to have higher accuracy, and participants in 
previous studies showed varying preference for blood-based 
and oral fluid-based testing kits.11,29,30 Participants in 
our study have cited the high accuracy of blood-based 
self-testing results as one major factor that facilitated their 
distribution (unpublished), reflecting the importance of 
credibility in social network-based approaches. Including 
syphilis self-testing into HIV self-testing may have also 
contributed to participants’ willingness to access and 
distribute the self-tests, as suggested by prior studies that 
testers preferred to have options for other STI testing.11,30 

In China, only 56.4% of Chinese MSM living with HIV were 
aware of their status as of 2020.31 Blood-based HIV self-
testing that incorporates STI testing and secondary distribu-
tion of self-testing could be helpful to increase testing 
uptake among key populations in China. 

We also found that participants who previously tested for 
HIV in the HIVST group were more likely to distribute tests to 
their social contacts. Retesting is an important strategy to 
identify new cases.32 Previous evidence has shown that 
direct provision of self-testing could facilitate retesting for 
HIV among key populations.33 Our data suggest that 
GBMSM who retest for HIV were also willing to distribute 
HIV/syphilis dual tests to their social networks. This 
finding suggests that secondary distribution could be 
combined with HIV retesting strategies and sexual health 
care to increase HIV and syphilis testing uptake among 
GBMSM in China. 

Secondary distribution was cheaper at increasing test 
uptake among GBMSM. The cost per alter tested in the 
HIVST arm was USD120 compared with USD9408 in 
testing card referral arm. We also found that although a 
new HIV diagnosis costs USD2384, this may still be 
worthwhile, as earlier identification can avert new HIV 

cases from the ongoing transmission of an undiagnosed and 
untreated person. This would be cost-saving, as it averts the 
much higher lifetime costs for managing a person living 
with HIV.34 Consistent with other economic evaluations 
from low- and middle-income countries, implementing 
HIVST programs had higher economic costs than facility-
based programs.35–37 In our study, personnel cost comprised 
the majority (59%) of the total cost as our secondary 
distribution program was implemented by the research 
team in a facility-based setting where participants came to 
the site for HIV testing and signed up for free HIVST kits. 
In addition to personnel, categories with the biggest 
discrepancies between secondary distribution and testing 
card referral are promotion and consumables related to the 
self-tests (Supplementary File S1). Future implementation of 
secondary distribution could reduce the need for participants 
to attend facilities or automate the process whereby partici-
pants could access HIVST kits without extra personnel. Policy 
may also consider funding community based organisations to 
implement a HIVST strategy in China to reduce costs related 
to promotion and purchasing self-tests. 

Our study has research and policy implications. First, our 
study outcomes suggested that secondary distribution of 
blood-based HIV/syphilis dual self-tests can reach more 
GBMSM for testing than testing card referral. Future research 
is needed to identify barriers and facilitators of distribution to 
optimise this approach and to engage different stake-
holders (e.g. government organisations, community based 
organisations) for scale-up. In particular, as the barriers and 
facilitators of distribution may vary depending on the order 
of preferences of local participants, it is important to 
understand how the effectiveness of secondary distribution 
changes in different regions in order to optimise this 
strategy globally.32 Second, we found that self-identifying 
as gay and having prior HIV testing experience facilitated 
secondary distribution. Future implementation could take 
advantage of those identifications; for example, research 
could identify, include, and train those people for secondary 
distribution and study their social network and distributing 
behaviors to maximise their effectiveness to distribute tests. 
Third, secondary distribution can have higher economic 
costs due to personnel. Future implementation may explore 
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ways to reduce the involvement of personnel to decrease References 
overall costs related to secondary distribution, such as 
automating the process whereby the index participants 
obtain the self-tests. 

Our study has several limitations. First, analyses of 
distributions were based on self-reports. This could 
introduce bias; however, our computerised self-administered 
survey allowed a high degree of anonymity. Moreover, self-
reports also reflected the real-world setting because of its 
efficiency to obtain responses at a low cost. Many HIV 
self-testing programs rely on self-report to confirm use of 
self-tests.32,38 Using self-report in our study would help 
understand, assess, and inform the real-world implemen-
tation of secondary distribution. Second, photo verification 
of self-reported outcomes was only feasible during the 
HIV/syphilis self-testing period. Only 1/62 of alters verified 
their facility-based outcomes. Index participants may have 
overreported distributions; however, because the cognitive 
and situational factors influencing the validity of self-
reports remained similar between the two arms, reporting 
between groups would not be different.39 The much lower 
verification rate in the test card referral arm could suggest 
that alters who received testing card referrals may be less 
willing to take facility-based tests or share information 
about their facility-based testing, as testing card referral 
maintains barriers typically associated with facility-based 
testing. Third, 13% (14/106) of indexes in the intervention 
group and 38% (39/102) in the control group were lost to 
follow up, which could introduce bias. However, those who 
received or opted out of follow up were similar in terms of 
sociodemographic characteristics and risk behaviors, except 
for sexual orientation (Supplementary File S2). Finally, the 
sample size reported in our study was relatively small. This 
could potentially impact the costing analysis as only one 
outcome was reported in the control condition. 

Conclusion 

Secondary distribution engaged more GBMSM to distribute 
tests to their social network and reached more GBMSM to 
test, suggesting the feasibility and advantage of secondary 
distribution of blood-based HIV/syphilis self-testing in 
promoting testing behaviors among Chinese GBMSM. 
GBMSM who self-identify as gay or who have previously 
tested for HIV were more effective at distributing tests. 
More implementation research is needed to expand 
network approaches and integrate them within existing 
health services. 
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