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Abstract We developed an innovative home-based HIV

self-testing (HIVST) service that included mailing of a free

HIVST kit, and providing online real-time instructions and

pre-test/post-test counseling (HIVST-OIC). The present

parallel-group and non-blinded randomized controlled trial

was conducted to evaluate the efficacy of promoting

HIVST-OIC in increasing HIV testing rate among 430 men

who have sex with men (MSM), with access to online live-

chat applications in Hong Kong. At month 6, as compared

to the control group, the intervention group reported sig-

nificantly higher prevalence of HIV testing of any type

(89.8 vs. 50.7%; relative risk (RR): 1.77; p\ 0.001).

Among those who have taken up any HIV testing in the last

six months, significant between-group difference was

found in multiple male sex partnerships (34.2 vs. 47.7%,

RR: 0.72; p = 0.021). HIVST-OIC has a strong potential

in increasing prevalence of HIV testing and reducing sex-

ual risk behaviors. Implementation research is warranted.

Keywords Home-based HIV self-testing � Online real-

time instructions and pre-test/post-test counseling � Health
promotion � Randomized controlled trial � Men who have

sex with men

Introduction

HIV testing is one of the four global HIV prevention

strategies recommended by the World Health Organization

(WHO) [1]. Specifically, the WHO recommends men who

have sex with men (MSM) with high risk behaviors take up

HIV testing every 6–12 months [2]. The United States

Center for Disease Control and Prevention (U.S. CDC)

recommends all sexually active MSM get tested every

3–6 months [3]. HIV testing and counseling (HTC) can

reduce risk behaviors [4, 5].

HIV testing has become even more important, as

antiretroviral treatment (ART) with good adherence can

reduce risk of HIV transmission by[90% [6]. The WHO

(2015) recommends provision of ART to all people living

with HIV (PLWH) [7]. Achievement of the 90–90–90

target (90% detection, 90% on ART, and 90% viral sup-

pression) by 2020 would put HIV under control globally by

2030 [8]; HIV testing rate is a prerequisite to the target [9].

Among MSM in Hong Kong, HIV prevalence increased

from 4.08% in 2011 [10] to 5.85% in 2014 [11], but

prevalence of HIV testing in the last year only ranged from

24.0 to 40.1% [12, 13]. Only 12.7% of those who had never

and 37.2% of those who had ever taken up HIV testing

intended to take up HIV testing in the next six months

[14, 15]. Improvement is warranted.

HIV self-testing (HIVST) can potentially remove

obstacles against HIV testing among MSM (e.g., incon-

venience and perceived stigma originated from service
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providers [16, 17]). The 2014 WHO guideline was sup-

portive of HIVST [18], and a new one for HIVST was

recently released in December 2016 [19]. HIVST kits

showed high sensitivity and specificity ([99%) [20]. An

oral fluid test was approved by the U.S. FDA in 2012 [21].

In Hong Kong, HIVST kits are available at pharmaceutical

stores or on the Internet. At least 16 countries (e.g., United

Kingdom, U.S., Canada, etc.) also have policies endorsing

HIVST [22–26]. There was high acceptability of HIVST

among MSM (e.g., 72.8% in mainland China, 80% in the

U.S., and 86.5% in France) [27], but prevalence of HIVST

use was 17.0 and 26.2% among MSM in the U.S. [28] and

mainland China [29]. Among Hong Kong MSM, it was

only 3.6 to 6.0% [15, 30]; they usually received HIV

testing at non-governmental organizations (NGOs) (45.5%)

and governmental clinics (27.9%) [30]. About half of them

were willing to take up HIVST [30]; 64.8% would take up

HIV testing if given choices in time and venue [12]. It is

feasible and warranted to promote HIVST among MSM.

To our knowledge, five single-arm pilot studies tested

feasibility of delivering different modes of home-based

HIVST services among MSM in China [31] and the U.S.

[32–34], and transgender women in the U.S. [35]. All

studies reported high acceptability of HIVST [31–33, 35].

Researchers provided free HIVST kits to users on-site

[32, 33, 35] or via mail [33]. Only one randomized con-

trolled trial (RCT) tested the efficacy of supplying HIVST

kits in increasing prevalence of overall HIV testing among

MSM, and reported higher frequency of HIV testing in the

intervention group [36]. One study involved pre-test

counseling and optional but delayed post-test counseling

through social networking apps [31]. One small pilot of 20

MSM in the U.S. involved real-time instruction, interpre-

tation of testing results, and post-test counseling [34].

There are concerns that HIVST users may skip pre-test/-

post-test counseling, potentially causing problems in pro-

cedures and linkage to care [37]; a review reported that

self-testers’ consistently wished for pre-test/post-test

counseling in HIVST to be included [37]. Given the wide

availability of online live-chat applications and smart-

phones (96% of Hong Kong population possessed a

smartphone) [38], home-based HIVST can be integrated

with online counseling.

We developed an innovative home-based HIVST ser-

vice, which included mailing a free HIVST kit and pro-

viding online real-time instructions and pre-test/post-test

counseling (HIVST-OIC) via online live-chat applications

to users. The HIV testing experience was hence similar to

that of HTC offered by many NGOs. Videos were pro-

duced to promote HIV testing and HIVST-OIC; audio-vi-

sual approach has been used effectively in health

promotion programs [39, 40]. Design of health promotion

materials was based on perceived benefits and barriers, two

constructs of the Health Belief Model (HBM) [41]. We also

promoted HIVST-OIC in the intervention group by con-

ducting brief motivational interviewing (MI) over the

phone. MI focuses on the individuals’ concerns and per-

spectives, explores and resolves ambivalence, and moves

the person towards change [42]. It is evident that MI,

including brief ones of about 15 min, can change various

types of health-related behaviors [43–45]. It has been used

in combination with other intervention components

[42, 46]. Thus, evidence-based and theory-based interven-

tion components were used.

The objective of this RCT was to evaluate the relative

efficacy of the health promotion between the intervention

and control groups in increasing prevalence of overall HIV

testing rate (HIV testing of any type) among MSM in Hong

Kong within a 6-month follow-up period. In the control

group, we promoted traditional HIV testing in general

without mentioning HIVST. In the intervention group, in

addition to the health promotion received by the control

group, we promoted the new HIVST-OIC service through

multiple means and provided the HIVST-OIC service to

interested participants. Secondary objectives included

evaluating between-group differences in prevalence of

condomless anal intercourse (CAI) and multiple sex part-

nerships among testers.

Methods

Study Design

A parallel-group and non-blinded RCT was conducted.

Two 10-min telephone surveys were conducted at baseline

and six months afterwards by blinded interviewers (See

Fig. 1). Up to five calls were made at different timeslots

during weekdays/weekends before considering a case as

loss-to-follow-up. Additional questions were asked for

process evaluation in a telephone survey conducted at

Month 3. Information on the clinical trial protocol is

available at: https://rfs1.fhb.gov.hk/app/fundedsearch/pro

jectdetail.xhtml?id=1332. We did not register for this trial

on other sites. The funding was provided by Health and

Medical Research Fund (ref# 11120791), Food and Health

Bureau, Hong Kong SAR, China.

Participants

Inclusion criteria were: (1) Hong Kong Chinese speaking

males aged C18 years old, (2) anal intercourse with C1

man in the last six months, (3) willingness to leave contact

information (mobile and/or electronic) with us and be

followed up at Month 6, (4) access to online live-chat

applications (e.g. Line, WhatsApp, and Skype), and (5) no
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Fig. 1 Consort flow diagram
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intention to leave Hong Kong for one month consecutively

within the next six months. Exclusion criteria were: (1)

diagnosed as HIV positive, and (2) HIV testing in the last

six months.

Development of the Health Promotion Materials

A panel of three MSM volunteers, two epidemiologists,

one psychologist, one health communication expert, two

experienced NGO workers and one video producer, was

formed. A literature review and a discussion group that

involved five MSM were conducted to guide the design of

the two videos for promoting HIV testing in general and for

promoting HIVST-OIC. The videos were filmed by a

professional team, reviewed by three other MSM, and

finalized by the panel.

Recruitment Procedures

We recruited participants via outreach in gay-friendly

venues (e.g., bars, clubs and saunas), advertisements dis-

played on websites frequently visited by MSM, and refer-

rals made by the participants. Fieldworkers confirmed

eligibility, briefed prospective participants about the study,

and assured them anonymity, right to quit at any time, and

that refusals would not affect their rights to use any ser-

vices. Verbal instead of written informed consent was

obtained to maintain anonymity, and the fieldworkers

signed forms pledging adoption of proper procedures.

Upon completion of each of the three surveys and the

online health promotion session, a HK $50 (US $8)

supermarket coupon was mailed to the participants in plain

envelops. Ethics approval was obtained from the institu-

tional Survey and Behavioural Research Ethics Committee

and the Clinical Research Ethics Committee.

We approached 857 MSM and invited 583 eligible ones

to participate in the study; 430 (73.8%) completed the

baseline survey and intervention with informed consent

(online: 194; gay venues: 219; participants’ referrals: 17).

The Baseline Survey and Random Allocation

Process

Appointments were made to conduct the 10-min baseline

telephone survey. After completing the baseline survey,

participants were randomized 1:1 to either the intervention

group or the control group. Computer-generated random-

ization allocation codes were produced and sealed in opa-

que envelopes by a research staff with no involvement in

recruitment or baseline survey. One envelope was drawn

and opened by the fieldworker. The fieldworker then

informed the participant which group he was assigned to.

Block randomization with block size of eight was used.

The Control Group

After randomization took place, the control group watched

a 3-min online video that promoted HIV testing in general.

The contents included: (1) one MSM peer introducing

some potential benefits of taking up HIV testing in general,

such as it would help to detect HIV infection earlier,

increase trust between sex partners and reduce psycho-

logical burden, (2) the WHO recommendation for MSM

with risk behaviors to take up HIV testing every six

months, (3) one MSM peer demonstrating the procedures

for HIV testing provided by NGOs, which portrayed car-

ing, supportive, and non-judgmental administrators,

regardless of the users’ test results, and (4) a list of such

NGOs. Participants were then encouraged to take up HIV

testing.

The Intervention Group

Health Promotion Components

(1) In addition to the video shown to the control group,

the intervention group watched an online video

promoting HIVST-OIC for an additional 4 min. In

the video, a local MSM narratively discussed about

the benefits and barriers of HIVST-OIC, demon-

strated its procedures, and emphasized on availabil-

ity of immediate online support. Narrative

interventions were effective in changing behaviors

[47].

(2) Well-trained fieldworkers performed MI for about

15 minutes over the phone to promote HIVST-OIC.

Procedures for Performing HIVST-OIC

(1) Interested participants were mailed a free HIVST kit

in a plain envelope. They then made appointments

with the fieldworkers to perform HIV testing, based

on HIVST-OIC procedures. For those who did not

have live-chat application (e.g. Line, WhatsApp, or

Skype), the fieldworkers helped them install one and

taught them how to use it.

(2) Through video chat, using these live-chat applica-

tions, the HIV testing administrator, an experienced

registered nurse who was familiar with the sub-

culture of local MSM, provided the participants with

verbal instructions on how to use the HIVST kit.

Standard-of-care pre-test counseling was also pro-

vided by the administrators, which took about

10–15 minutes to complete and covered the follow-

ing topics: (i) knowledge on HIV prevention, (ii) risk

assessment, and (iii) an explanation of the procedure
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and benefits of HIV testing. Participants were

guaranteed confidentiality. No recording was made

and participants could choose not to show their face

during the process.

(3) Participants performed the HIVST, under online and

real-time supervision provided by the administrator.

It took about 20 minutes to know the test result.

Users showed the test result visually to the admin-

istrator. Standard-of-care post-test counseling was

delivered by the administrator, which lasted for

about 15–25 minutes and covered the following

topics: (i) explanation of the HIV testing results, (ii)

reminders for those who received negative results,

about the risk of HIV infection, and assistance for

setting up specific goals for consistent condom use,

and (iii) psychological support for those who

received positive results, and a reminder that they

must take up free confirmatory HIV testing provided

by the Department of Health.

(4) To ensure linkage, the research staff accompanied

participants who received a positive test result to the

collaborating NGOs and/or Department of Health, if

desired. One HIV positive case was detected. He was

immediately counseled by the administrator, con-

firmed positive at the Department of Health and

received proper services.

Fidelity Assessments

The fieldworkers waited on the phone while the partici-

pants watched the video (or called back), asked them three

simple questions about the video, and recorded the starting/

ending time of the MI as verification.

Measures

Outcomes and Confounders

Potential confounders included socio-demographics, sexual

orientation, utilization of HIV prevention services, previ-

ous testing experience, and anal intercourse with regular

male sex partner (RP: defined as those who were in a

stable relationship that did not involve transactional sex)

and non-regular male sex partner (NRP: defined as men

who were not RP and did not involve transactional sex)

assessed at baseline. The primary outcome was whether the

participant had taken up at least one of the following types

of HIV testing within the 6-month follow-up period,

including: (i) the HIVST-OIC, (ii) self-purchased HIVST

not offered by us, (iii) HIV antibody testing at NGOs, (iv)

HIV antibody testing offered by governmental clinics and

(v) testing performed at private clinics or private

laboratories. The assessment counted testing conducted

both locally and overseas. The primary outcome was thus

the overall prevalence instead of that limited to the use of

HIVST. Secondary outcomes were CAI with men and

multiple male sex partnerships in the last three months

(among testers only).

Process Evaluation

Process evaluation of health promotion and online imple-

mentation of HIVST-OIC was conducted at Month 3.

Participants in both groups were asked: (1) whether the

content of the health promotion was clear, (2) whether the

materials were attractive to them, and (3) whether the

health promotion had increased their understanding on the

importance of regular HTC and their willingness to take up

HIV testing. Participants in the intervention group were

asked an additional question about their satisfaction of the

MI session.

Users of the HIVST-OIC were asked whether they were

satisfied with the logistics of implementation and perfor-

mance of the HIV testing administrator. They were also

asked about the usefulness of the HIVST-OIC in helping

them understand HIV testing, preparing them to take up

such testing, and reducing their risk behaviors. In the end,

they were asked whether they would use HIVST-OIC again

under two different cost scenarios (free and HK $100/

episode) and recommend it to their peers in the next year.

Sample Size Planning

According to previous data, the prevalence of HIV anti-

body testing of any type among MSM in Hong Kong in the

last year was about 40% [12]. Since we were evaluating the

testing rate in the last six months, we hence expected half

of the 40% (i.e. 20%) would be tested in the last six months

in the absence of intervention, assuming an even distribu-

tion as seasonal effect of HIV testing is not apparent. In

this study, as participants in the control group were

exposed to a simple intervention, we expected the uptake

of HIV testing would be higher than 20% and would

increase to 25%. The sample size of 150 per group would

allow us to detect a between-group difference in the pri-

mary outcome of 15% or above (a = 0.05, 2-sided test

with statistical power of 0.8; PASS). Taking into account

an expected drop-out rate of 30% at month 6 (primary

outcome) [48], a sample size of 215 per group was

required. The total sample size would be 430.

Statistical Analysis

Baseline between-group differences were compared by

using Chi square test. Intention-to-treat analysis was

194 AIDS Behav (2018) 22:190–201
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conducted for outcome analyses. Relative risk (RR),

absolute risk reduction (ARR) and number needed to treat

(NNT) statistics were used to test between-group differ-

ences in the binary primary and secondary outcomes

assessed at Month 6. Within-group differences were tes-

ted by using McNemar test. We used SPSS version 16.0;

p values \0.05 were considered as statistically

significant.

Results

Descriptive Statistics

Over half of the participants were 18–30 years old (63.1%),

currently single (80.7%), had attended university (81.4%),

were employed full-time (77.7%), and identified them-

selves as gay (89.3%). Regarding HIV-related character-

istics, 73.0% and 43.3% had had anal intercourse with RP

and NRP in the last three months; 44.0 and 38.1% had had

multiple male sex partnerships and CAI with men in the

last three months, respectively; 84.2% had utilized some

HIV-related prevention services in the last six months.

Among all participants, 67.2% had taken up HIV testing in

the last three years (1–3 episodes: 54.7%; 4–6 episodes:

11.4%; [6 episodes: 1.2%). Only 1.2% had utilized

HIVST, while 49.3, 9.3 and 7.7% had used HIV testing

services provided by local NGOs, the government hospi-

tals/clinics, and private facilities in the last three years,

respectively (Table 1). The baseline differences in all of

the aforementioned characteristics between the interven-

tion and control groups were all statistically non-significant

(p = 0.32–1.00, see Table 1). Hence, no adjustment was

required for subsequent analyses of primary/secondary

outcomes.

The loss-to-follow-up rate in the intervention group and

the control group was 6.0 and 10.7%, respectively. All

except one baseline measurement were non-significant

when the two groups were compared (HIV-related pre-

vention service utilization). We do not present results of

such comparisons.

Primary Outcome

Participants in the intervention group reported significantly

higher prevalence of HIV testing of any type at Month 6

(89.8 vs. 50.7%; RR: 1.77, 95% CI 1.54, 2.03; NNT: 2.56,

95% CI 2.13, 3.20; p\ 0.001). Similar significant

between-group differences in the primary outcome were

detected within subgroups of those with and without CAI,

multiple male sex partners, and experience in HIV testing

in the last three years (Table 2).

Secondary Outcomes

Among those who had taken up HIV testing during the

6-month follow-up period, a significant between-group

difference at Month 6 was found in multiple male sex

partnerships (intervention: 34.2% vs. control: 47.7%; RR:

0.72, 95% CI 0.54, 0.95; p = 0.021), but not in CAI (in-

tervention: 27.5% vs. control: 33.9%, p = 0.237) (Table 3).

Statistically significant reductions in prevalence of CAI

(Month 6 vs. baseline: p = 0.002) and multiple male sex

partnerships (Month 6 vs. baseline: p = 0.040) were found

within the intervention group but not within the control

group (Month 6 vs. baseline; p = 0.078 for CAI and

p = 0.327 for multiple male sex partnerships, respectively)

(Table 3).

Validation of Primary Outcome for the Intervention

Group

At Month 6, self-reported prevalence of taking up HIVST

in the intervention and control groups was 87.9 versus

2.3% (p\ 0.001). The number of self-reported HIVST in

the intervention group was equivalent to that administrated

by our staff (both n = 189). Since almost all participants of

the intervention group who had taken up HIV testing of any

type during the follow-up period had taken up observable

HIVST-OIC (189 out of 193), the primary outcome (HIV

testing of any type) of the intervention group has been

validated.

Other Types of HIV Testing

During the follow-up period, prevalence of HIV testing

taken up at NGOs (15.8 vs. 43.7%; p\ 0.001), govern-

mental clinics (2.8 vs. 4.7%; p = 0.308), and private set-

tings (1.4 vs. 3.7%; p = 0.127) was reported for the

intervention group and the control group. Furthermore,

16.4% of the intervention group had taken up facility-based

HIV testing (not HIVST) during the follow-up period.

Process Evaluations (Data Not Given in Tables)

Health Promotion for HIV Testing

Among those in the intervention group (n = 200) and the

control group (n = 198) that participated in the process

evaluation, 94 and 81.3% believed that the content of the

health promotion was clear, respectively. The intervention

group was more likely than the control group to find the

materials attractive (51.5 vs. 33.4%, p\ 0.001), and

believed that the health promotion had increased their

understanding on the importance of regular HTC (81.0 vs.

69.2%, p = 0.032) and willingness to take up HIV testing
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Table 1 Characteristics of participants at baseline

All Intervention Control p value

N = 430 N = 215 N = 215

% % %

Socio-demographic characteristics

Age group

18–25 34.7 33.5 35.8

26–30 28.4 28.8 27.9

31–35 17.4 17.2 17.7

36–40 10.0 11.2 8.8

[40 9.5 9.3 9.8 0.936

Current marital/cohabitation status at baseline

Currently single 80.7 79.1 82.3

Cohabitate/married with man 18.4 19.5 17.2

Cohabitate/married with women 0.9 1.4 0.5 0.482

Education level

Secondary or below 18.6 20.5 16.7

University or above 81.4 79.5 83.3 0.321

Employment status at baseline

Full-time employment 77.7 78.1 77.2

Part-time employment 5.6 6.0 5.1

Unemployed/retired 4.2 4.7 3.7

Student 12.6 11.2 14.0 0.785

Sex-related information

Sexual orientation

Gay 89.3 88.4 90.2

Bisexual 10.7 11.6 9.8

Heterosexual 0.0 0.0 0.0 0.533

Service utilization (last six months)

Had utilized HIV-related prevention services other than HIV testinga

No 15.8 14.4 17.2

Yes 84.2 85.6 82.8 0.428

Sexual behaviors (last three months)

Had had anal intercourse with regular male sex partners (RP)

No 27.0 27.0 27.0

Yes 73.0 73.0 73.0 1.000

Had had anal intercourse with non-regular male sex partners (NRP)

No 56.7 58.6 54.9

Yes 43.3 41.4 45.1 0.436

Multiple male sex partnerships

No 56.0 58.6 53.5

Yes 44.0 41.4 46.5 0.285

Condomless anal intercourse (CAI) with men

No 61.9 63.3 60.5

Yes 38.1 36.7 39.5 0.551

HIV testing history

Number of HIV testing in the last three years

0 32.8 32.6 33.0

1–3 54.7 56.3 53.0

4–6 11.4 10.7 12.1

[6 1.2 0.5 1.9 0.532
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(69.0 vs. 43.9%, p\ 0.001). In the intervention group,

85% were satisfied with the MI session.

The HIVST-OIC Service

More than 80% of the HIVST-OIC users in the intervention

group were satisfied with the logistics of implementation

(89.5%), performance of the HIV testing administrator

(96.5%), and usefulness of the HIVST-OIC in helping them

understand HIV testing (86.7%) and preparing them to take

up such testing (80.3%); 71.4% believed the service was

effective in reducing their risk behaviors. About 3/4 (78.5

and 75%) expressed a desire to use this service again and

would recommend it to their peers in the next year; 47.8%

Table 1 continued

All Intervention Control p value

N = 430 N = 215 N = 215

% % %

Uptake of HIV testing in the last year

No 53.5 51.2 52.3

Yes 46.5 48.8 47.7 0.629

Uptake of HIV testing in the last two years

No 39.5 36.3 37.9

Yes 60.5 63.7 62.1 0.487

Type of HIV testing utilized in the last three years among all participants

HIV testing in non-governmental organizations (NGO) in HK 49.3 47.4 51.2 0.440

HIV testing in governmental clinics or Department of Health in HK 9.3 10.7 7.9 0.319

HIV testing in private clinics/laboratories in HK 7.7 8.8 6.5 0.365

HIV testing in other settings in HK 1.6 1.4 1.9 0.703

HIV self-testing 1.2 1.4 0.9 0.653

HIV testing in places other than HK 3.0 3.3 2.8 0.778

p value was obtained by using Chi square test

Regular male sex partners (RP): defined as those who were in a stable relationship that did not involve transactional sex)

Non-regular male sex partner (NRP): defined as men who were not RP and did not involve transactional sex
a HIV-related prevention services: including receiving condom, peer education and HIV-related pamphlets, attending HIV-related lectures,

seeking HIV-related information through internet or social media

Table 2 Uptake of any type of HIV testing within 6-month follow-up period among all participants and among subgroups of participants with

different baseline characteristics

Intervention (%) Control (%) RR (95% CI) ARR (95% CI) NNT (95% CI) p value

Among all participants 89.8 (193/215) 50.7 (109/215) 1.77 (1.54, 2.03) 39.1 (31.3, 46.9) 2.56 (2.13, 3.20) <0.001

Among different subgroups

Multiple male sex partnerships in the last three months

No 88.1 (111/126) 44.3 (51/115) 1.99 (1.60, 2.46) 43.8 (33.1, 54.4) 2.29 (1.84, 3.02) <0.001

Yes 92.1 (82/89) 58.0 (52/100) 1.59 (1.45, 2.16) 34.1 (28.9, 51.4) 2.49 (1.95, 3.47) <0.001

CAI with men in the last three months

No 87.5 (119/136) 48.5 (63/130) 1.80 (1.50, 2.18) 39.0 (28.8, 49.3) 2.52 (2.01, 3.39) <0.001

Yes 93.7 (74/79) 54.1 (46/85) 1.73 (1.41, 2.12) 39.6 (27.7, 51.4) 2.53 (1.94, 3.61) <0.001

Number of HIV testing in the last three years

0 81.4 (57/70) 36.6 (26/71) 2.22 (1.61, 3.08) 44.8 (30.4, 59.3) 2.23 (1.69, 3.29) <0.001

1–3 93.4 (113/121) 53.5 (61/114) 1.75 (1.46, 2.08) 39.9 (29.7, 50.1) 2.51 (2.00, 3.37) <0.001

C4 95.8 (23/24) 73.3 (22/30) 1.31 (1.04, 1.65) 22.5 (4.6, 40.2) 4.44 (2.49, 21.00) 0.027

RR relative risk is the ratio of the event rate in the intervention group divided by the event rate in the control group, ARR absolute risk reduction

is the arithmetic difference between the event rate in the intervention group and the event rate in the control group, NNT number needed to treat is

the number of participants that need to be intervened for one to benefit compared with a control in a clinical trial

RR (95% CI), ARR (95% CI), NNT (95% CI) and p values are bold for variables with p\ 0.05 in between group comparison
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would pay for HIVST-OIC at the cost of HK $100/episode

in the next six months.

Fidelity Assessments

All participants were able to answer the questions about the

video correctly. The time duration of the MI ranged from

11 to 18 minutes.

Discussion

About nine-tenths (89.8%) of the intervention group’s

participants had taken up HIV testing of any type (87.8%

for HIVST-OIC) at month 6, representing a large ARR of

39.1%. Participants were at high risk, as 38.1% had had

CAI in the last three months. The high efficacy of the

intervention group in promoting overall HIV testing,

compared to the control group, applied to both those with

and without sexual risk behaviors. The ARR for overall

testing rate was also very large ([40%) among those who

had not taken up HIV testing in the last three years. This

group of testers might not use existing testing facilities, but

found this new option appealing. HIVST-OIC can hence

potentially increase testing rate and reduce risk behaviors

among at-risk MSM. As mentioned, the WHO and the U.S.

CDC recommend MSM to take up HIV testing on a regular

basis [2, 3]. As about 75% of the intervention group indi-

cated that they would like to use HIVST-OIC again in the

next year, the new service may also be able to increase the

currently low regular HIV testing rate among MSM

[14, 15, 49].

The sample characteristics, such as prevalence of CAI

(38.1 vs. 39.0%), age (18–30 years old: 63.1 vs. 55.5%),

education level (attained university: 81.4 vs. 68.2%) and

employment status (employed full-time: 77.7 vs. 74.4%),

were comparable to those of other local surveys [49, 50].

Based on these similarities, we contend that applicability of

HIVST-OIC can be generalized to local MSM.

About half (50.7%) of participants in the control group

had taken up HIV testing at month 6. Since we did not offer

the option of HIVST-OIC to them, most of them used the

existing types of testing, mainly at NGOs. As compared to

the control group, a new option of HIV testing (HIVST-

OIC) was offered to the participants in the intervention

group. Since this option can remove potential barriers of

NGO-based testing such as embarrassment and inconve-

nience, many users of HIV testing at NGOs might switch to

HIVST-OIC. The use of HIVST may potentially substitute

the use of traditional HTC offered by NGOs and the gov-

ernment [51]. The substitution could be large if HIVST-

OIC becomes widely available.

However, as the between-group difference in overall

testing rate was about 40%, a large expansion of testing

was also observed on top of substitution. The HIVST-OIC

could attract MSM who are not willing to use HIV testing

at NGOs. Furthermore, lack of counseling is not an issue as

it is part of HIVST-OIC. It is encouraging that the inter-

vention group but not the control group showed significant

reductions in risk behaviors, and the statistically significant

between-group difference in prevalence of multiple sex

partnership favored the intervention group. Given this

evidence, NGOs may consider reallocating some of their

resources from facility-based HTC service to establish and

scale up HIVST-OIC services.

Given the impressive responses in the control group, the

online video-based interventions were able to promote both

traditional facility-based HTC and HIVST. As MI was

offered only to the intervention group and was found

effective in changing behaviors [43–45], it is possible that

it further increased the intervention group’s testing rate.

Also, the receipt of the HIVST kit by itself was a very

Table 3 Comparisons of prevalence of sexual risk behaviors at month 6 between the intervention group and the control group among those who

have taken up any type of HIV testing in the last six months

Intervention

(n = 193)

Control

(n = 109)

RR (95% CI) ARR (95% CI) NNT (95% CI) p

value

% %

Sexual risk behaviors in the last three months

CAI with men (% yes) 27.5** 33.9� 0.81 (0.57, 1.15) -6.4 (-17.4, 4.4) -15.42 (-22.68, 5.75) 0.237

Multiple male sex

partnerships (% yes)

34.2* 47.7 0.72 (0.54, 0.95) 213.5 (225.0, 22.0) 27.40 (250.26, 24.00) 0.021

RR relative risk is the ratio of the event rate in the intervention group divided by the event rate in the control group, ARR absolute risk reduction

is the arithmetic difference between the event rate in the intervention group and the event rate in the control group, NNT number needed to treat is

the number of participants that need to be intervened for one to benefit compared with a control in a clinical trial

RR (95% CI), ARR (95% CI), NNT (95% CI) and p values are bold for variables with p\ 0.05 in between group comparison
� p\ 0.10, * p\ 0.05, ** p\ 0.01 for within-group difference as compared to baseline
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strong cue to action [41]. Previous studies presenting

HIVST kit alone were able to increase HIV testing [36, 52].

Similar approaches should be tested in other countries and

for other key populations. Future studies may provide a

third arm of HIVST-OIC promotion in the absence of MI to

better discern effective components. It is a limitation that

we could not identify the exact mechanism accounting for

the large effect size, but the components of this study can

be easily integrated with each other.

Only one HIV positive case was detected among

HIVST-OIC users; the HIV prevalence (0.5%) was lower

than the reported figure of 5.85% (2014) [11]. Sampling

bias may exist but might not be able to explain the large

difference, as the background characteristics and preva-

lence of sexual risk behaviors of the participants were

comparable to that of the local MSM [48, 49, 53, 54].

Given the high sensitivity/specificity of the test kit, the

false negative rate should be very low. We performed an

independent small validation exercise for 20 newly diag-

nosed HIV positive MSM and 20 HIV negative MSM;

accuracy of testing results was 100%. The low prevalence

cannot be explained and might be due to randomness.

Strength and Limitation

This study had the strength of an RCT design, innova-

tiveness, low drop-out rate, well validated primary out-

come, and good process evaluation results. Since the

HIVST kit and the HIVST-OIC service were provided for

free and over 96% of Hong Kong people have access to the

Internet, we believed the intervention would work well

among less a privileged population with fewer resources.

Although the HIVST kit was free, resources are involved

for future implementation. Currently, local NGOs are also

providing free HTC services to users and resources

required for HIVST-OIC may be comparable or slightly

higher. About half of the HIVST-OIC users indicated that

they would use partially funded HIVST-OIC at HK $100/

episode. Implementation study may test effectiveness of

the new service model under different pricing. Many

HIVST services are unsupported or less supported by ser-

vice providers. The very good outcome of HIVST-OIC

justifies additional resources to be allocated to support

HIVST, as many existing facility-based HTC services also

involve manpower for counseling. Cost-effectiveness

analysis and implementation research are warranted.

This study has some limitations. First, a high percentage

of the control group self-reported use of facility-based

HTC; such responses might have been over-reported due to

social desirability. Second, the health promotion was lim-

ited to MSM who had access to online live-chat applica-

tions. It is justifiable as penetration of smartphone has been

increasing sharply in many countries. Third, probability

sampling was not feasible for this study in the absence of a

sampling frame. Like most RCTs, the participants were

recruited by convenient sampling and selection bias was

likely. The RCT design ensured good internal validity [55].

However, caution should be exercised when generalizing

the results to other Chinese cities. Fourth, we did not col-

lect information on those who refused to participate in the

study. Moreover, attrition bias might exist. However, since

those who dropped out did not differ from those who were

followed up in terms of baseline characteristics, and the

attrition rate was low and did not differ between groups

(6.0% in the intervention group and 10.7% in the control

group), we expected the attrition bias was small. Further-

more, we did not study problems faced with self-test

manipulation or unintended harm in this study. Since we

provided HIVST-OIC to the users, we did not expect they

would not have serious problems related to self-test

manipulation (e.g., incorrect procedures due to a lack of

clear instructions) or unintended harm (e.g., psychological

burden due to misinterpreting a self-test result or due to a

lack of linkages to either post-test counseling or treatment).

Lastly, it is true that RCT do not allow us to understand the

actual preferred mode of HIV testing due to randomization,

and how to reach out potential participants for promotion

of HIV testing. In the intervention group, we provided

post-test counseling to enable participants to interpret the

clinical meaning of the testing result correctly, but we did

not know about participants’ interpretations of the testing

results with reference to their daily life. A future follow-up

study should be conducted among those who have used the

HIVST-OIC to understand how the process and experience

would affect their future choice regarding the mode of HIV

testing, ways to reach out the community for promotion of

HIVST-OIC, and interpretations of positive and negative

testing results.

Conclusion

In sum, the RCT findings show that HIVST-OIC can

potentially increase HIV testing rates and reduce sexual

risk behaviors among MSM. Users found this new service

highly acceptable. It thus has important implications on

controlling the HIV epidemic among MSM. Last but not

least, it can potentially be used in other key populations

and other countries. Local and international dissemination

and implementation research are greatly warranted.
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