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A B S T R A C T

Background: HIV self-testing (HIVST) is recommended by theWHO as an innovative strategy to reach UNAIDS
targets to end HIV by 2030. HIVST with digital supports is defined as the use of digital interventions (e.g.,
website-based, social media, mobile HIVST applications (apps), text messaging (SMS), digital vending
machines (digital VMs)) to improve the efficiency and impact of HIVST. HIVST deployment and integration in
health services is an emerging priority. We conducted a systematic review aiming to close the gap in evi-
dence that summarizes the impact of digitally supported HIVST and to inform policy recommendations.
Methods: We searched PubMed and Embase for articles and abstracts on HIVST with digital supports pub-
lished during the period February 1st, 2010 to June 15th, 2021, following Cochrane guidelines and PRISMA
methodology. We assessed feasibility, acceptability, preference, and impact outcomes across all populations
and study designs. Metrics reported were willingness to use HIVST, preferences for HIVST delivery, propor-
tion of first-time testers, HIVST uptake, HIVST kit return rate, and linkage to care. Heterogeneity of the inter-
ventions and reported metrics precluded us from conducting a meta-analysis.
Findings: 46 studies were narratively synthesized, of which 72% were observational and 28% were RCTs. Half
of all studies (54%, 25/46) assessed web-based innovations (e.g., study websites, videos, chatbots), followed
by social media (26%, 12/46), HIVST-specific apps (7%, 3/46), SMS (9%, 4/46), and digital VMs (4%, 2/46). Web-
based innovations were found to be acceptable (77�97%), preferred over in-person and hybrid options by
more first-time testers (47�48%), highly feasible (93�95%), and were overall effective in supporting linkage
to care (53�100%). Social media and app-based innovations also had high acceptability (87�95%) and linkage
to care proportions (80�100%). SMS innovations increased kit return rates (54�94%) and HIVST uptake
among hard-to-reach groups. Finally, digital VMs were highly acceptable (54�93%), and HIVST uptake was
six times greater when using digital VMs compared to distribution by community workers.
Interpretation: HIVST with digital supports was deemed feasible, acceptable, preferable, and was shown to
increase uptake, engage first-time testers and hard-to-reach populations, and successfully link participants
to treatment. Findings pave the way for greater use of HIVST interventions with digital supports globally.
© 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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1. Introduction

In recent years, HIV self-testing (HIVST) has garnered interest in
the HIV testing space as a last mile solution to achieve the UNAIDS’
95�95�95 goals by 2030. With evolving guidelines that favor the use
of HIVST in over 40 countries, conversations have shifted towards an
integration of HIVST as a strategy for entry to the HIV care continuum
[1]. In 2019, the WHO called for evidence to respond to the many

http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:nitika.pai@mcgill.ca
https://doi.org/10.1016/j.eclinm.2021.101059
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.eclinm.2021.101059
http://www.ScienceDirect.com
http://https://www.journals.elsevier.com/eclinicalmedicine


Research in context

Evidence before this study

Previous systematic reviews have assessed evidence on tech-
nology-assisted HIV testing without a focus on self-test inter-
ventions in the past decade. Self-test interventions present
unique point-of-care possibilities for digital interventions to
improve timely HIV detection and entry to the HIV care cas-
cade. An initial PubMed search from February 1st, 2010, to
December 1st, 2020 using the search terms “HIV”, “self-testing”,
and “digital” indicated a lack of systematic reviews summariz-
ing evidence on digital self-test strategies for HIV.

Added value of this study

Supported by FIND, this systematic review is the first to assess
existing evidence on all published digital HIV self-test innova-
tions. A diverse range of studies were included in this review
without limits on outcomes, geographic region, or study popu-
lation. Existing reviews on technology-assisted interventions
did not focus on self-testing and were limited to interventions
published in the past five years.

Implications of all the available evidence

HIVST with digital supports strategies reported successes in
uptake, participant preference, and linkage to care in key and
general populations. Digital innovations were highly acceptable
across diverse settings and particularly effective in reaching
first-time testers and hard-to-reach populations. Leveraging
existing social media platforms to promote HIVST demonstrates
promise, and further research evaluating HIVST with digital
supports innovations among specific subgroups is necessary.
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needs in service delivery including innovations and a greater use of
frontline health care workers [2].

The COVID-19 pandemic led to service disruptions in the supply
chain for HIV diagnostics and treatment, which contributed to falling
short of the UNAIDS 90�90�90 targets [3]. However, COVID-19 also
accelerated the digitization of health services with incorporation of
digital tools by governments for communication and notification.
Digital health is defined as the use of digital, mobile, and wireless
technologies to support the achievement of health objectives [4]. Dig-
ital health technology is gaining traction in high- and middle-income
countries, and telemedicine has allowed continuity of care for many
patients. COVID-19 may pave the way for an evolution of HIVST with
digital supports to close gaps in HIV health service delivery. HIVST
with digital supports is the use of digital interventions (e.g., website-
based, social media, mobile HIVST applications (apps), text messaging
(SMS), digital vending machines (digital VMs)) to improve the effi-
ciency and impact of HIVST. Interest in digital tools to support HIVST
has grown since 2012, when the US Food and Drug Administration
(FDA) approved OraQuick, the first true over the counter self-admin-
istered test for HIV [5]. Digitally supported HIVST innovations offer
an important opportunity to reduce stigma and confidentiality con-
cerns among hard-to-reach populations [6].

With upfront implementation costs and lower recurring fees
downstream, digital health innovations have expanded the ability to
reach diverse audiences with the potential for widespread scale-up,
increased access to testing, and efficient linkage to health services
[7]. Existing reviews of digital health innovation literature have
focused on conventional HIV testing [8], on Mhealth, or HIVST tech-
nologies restricted to a defined population, such as men who have
sex with men (MSM) or transgender women [9]. While digital sup-
ports for HIVST are expanding, a knowledge gap persists regarding
which digital support strategies are effective, for which populations,
and in which settings they are best suited for scale-up. To close this
knowledge gap, we set out to systematically review global evidence
on HIVST with digital supports in the context of implementation
research.

Our primary objective was to synthesize evidence that summa-
rizes all digital innovations for HIVST with digital supports across all
populations and outcomes and across all settings. We also focused,
secondarily, on implementation research evidence on effectiveness
where the outcome of an offer of HIVST with digital supports was
compared against conventional reference standard or a non-digital
offer of HIVST. Given that an offer of digital supports is not yet the
norm, we analyzed all studies, including interventional studies with
a comparator, as well as observational research studies (cohort stud-
ies and cross sectional).

2. Methods

This review followed the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) and Cochrane guidelines. The
protocol was registered with PROSPERO on September 18th, 2020
(CRD42020205025).

2.1. Eligibility criteria

Randomized controlled trials (RCTs) or observational studies that
evaluated any digital technologies used for HIVST in any global set-
ting that reported quantitative outcomes were included. Studies that
did not focus on HIV as a primary sexually transmitted infection (STI)
of interest, did not have a self-testing component, did not include a
digital intervention, or used a qualitative design were excluded.
Modeling studies, trial protocols, reviews, narratives, or editorials
were also excluded. All studies required the use of a substantive digi-
tal component in HIVST delivery, administration, or interpretation of
results, and interventions were excluded if the digital component
was only implemented during recruitment (e.g., via apps or social
media, and not related to the HIVST process itself).

2.2. Information sources

PubMed and Embase were searched for full-text articles and con-
ference abstracts published in a 10-year period from February 1st,
2010 until June 15th, 2021, with no language restrictions. Abstracts
published in the proceedings of the 29th Annual Canadian Confer-
ence on HIV/AIDS Research (CAHR) 2020, Infectious Diseases Society
of America (IDSA) IDWeek 2020, and the 23rd International AIDS
Conference (AIDS 2020) were searched for additional eligible records.

2.3. Search strategy

The search strategy used for PubMed was as follows: ((hiv[Text
Word]) AND (self-testing[Text Word] OR self testing[Text Word] OR
self-sampling[Text Word] OR self sampling[Text Word])) AND
(Mhealth[Text Word] OR mobile health[Text Word] OR digital[Text
Word] OR online[Text Word] OR web[TextWord])).

2.4. Study selection

Two reviewers (MM, ADW) evaluated and assessed citations for
eligibility, and assessed the quality. A senior reviewer (AK) was con-
sulted on citations for resolution of discordance.

2.5. Data abstraction

Two reviewers (MM, ADW) independently abstracted all data on
the following items: study design, study population, sample size,
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type of digital innovation, outcome measures (acceptability, prefer-
ence, feasibility, and impact), and associated metrics (e.g., willingness
to use HIVST with digital support and ease of use, participant prefer-
ences for HIVST delivery, uptake of HIVST, proportion of first-time
testers, HIVST kit return rate, and proportion linked to care). A senior
reviewer (AK) was consulted for resolution of discrepancies in data
abstraction.

2.6. Summary measures and narrative synthesis of results

Heterogeneity in study designs, outcomes, metrics, and insuffi-
cient data, precluded the conduct of a meta-analysis. The primary
outcomes used to assess HIVST with digital supports were: (1)
acceptability, (2) feasibility, (3) preference, and (4) impact.

Acceptability was defined as the ease of use and willingness of
participants to use digital innovations for HIVST [10]. Feasibility was
defined as the convenience of using HIVST with digital supports, and
it was reported with various metrics: HIVST uptake, retention, cost-
effectiveness, visits to web-based HIVST providers, and response rate
[10,11]. Preference was defined as the proportion of study partici-
pants who preferred HIVST with digital supports over conventional
HIV testing [12].

Impact in controlled trials was defined as a statistically significant
improvement in measured outcomes compared with a comparator
group, or a net change in outcomes amongst a particular group that
can be attributed to a specific intervention [12]. Impact metrics were
evaluated according to their effect size and precision. The metrics
used to evaluate impact were: (1) proportion of first-time testers, (2)
detection of new cases, (3) HIVST kit return rate, (4) proportion of
participants linked to care. Linkage to care was defined as any way of
linking recently diagnosed HIV+ patients to healthcare services and/
or initiating ART with a rapid turnaround time [10].

2.7. Quality assessment

Cochrane Risk of Bias Tool [13] was used to assess the quality of
clinical trials, and Newcastle-Ottawa Scale [14] was used for observa-
tional studies.

2.8. Role of funding source

The funder of the study (FIND) framed the study and designed the
original concept in conjunction with the principal investigator (PI)
but had no role in the study design, data collection, data analysis and
interpretation, and the initial writing of the paper. FIND-affiliated
authors provided critical final reviews. The work was commissioned
with the intention that it be published. The corresponding author
had full access to all the data in the study and had final responsibility
for the decision to submit for publication.

3. Results

Of 215 studies identified in our initial search, 107 records were
assessed for eligibility, and 46 citations met our inclusion criteria to
be included in this review for evidence synthesis (Fig. 1). A summary
of all included studies can be found in Supplementary Table 1 (Sum-
mary of Study Characteristics) and Supplementary Table 2 (Summary
of Key Findings).

3.1. Study characteristics

According to geographical location, 37% (17/46) of the studies
were conducted in Asia, 28% (13/46) in North America, 24% (11/46) in
Europe, 7% (3/46) in Africa, and 4% (2/46) in South America.

By study design, a majority were observational studies (e.g., cross-
sectional and cohort studies) (72%, 33/46), followed by RCTs (28%, 13/
46). All studies in this review reported findings from quantitative
studies, including quantitative results from mixed methods studies.

By study population, most studies focused on MSM (83%, 38/46),
followed by ethnic minorities (4%, 2/46), residents of high HIV-preva-
lence settings (4%, 2/46), transgender youth (2%, 1/46), female sex
workers (2%, 1/46), male truckers (2%, 1/46), and online government
sexual health service users (2%, 1/46) (Supplementary Table 1).
3.2. HIVST innovations with digital supports

HIVST with website-based innovations (e.g., study websites, chat-
bots, online video counseling) were evaluated in half 54% (25/46) of
all studies. Of the 25 website-based innovations, 32% (8/25) offered
access to or requests for HIVST on a website, 36% (9/25) provided
access to HIVST results on a website, and 48% (12/25) offered
counseling, coaching, and linkage to care features on a website (Sup-
plementary Table 1).

Other digital innovations (HIVST delivered with social media,
mobile apps, SMS, and digital VMs were evaluated in 21/46 studies.
Social media-based innovations, including geospatial dating apps,
were assessed in 26% (12/46), SMS-based innovations in 9% (4/46),
mobile HIVST-specific apps in 7% (3/46), and digital VMs in 4% (2/46)
of studies (Fig. 2).
3.3. Measures

Acceptability outcomes were reported in 19% (9/46) of studies,
preference in 7% (3/46), feasibility in 41% (19/46), and impact in 33%
(15/46).

Feasibility was reported as HIVST uptake in 79% (15/19) of feasi-
bility studies, return rate in 5% (1/19), cost-effectiveness in 5% (1/19),
visits to web-based HIVST providers in 5% (1/19), and response rate
in 5% (1/19) of studies. Within impact measures, metrics such as pro-
portion of first-time testers were reported in 33% (5/15), detection of
new cases in 7% (1/15), HIVST kit return rate in 20% (3/15), and link-
age to care in 40% (6/15) of studies. Definitions of metrics and meas-
ures were reported in summary measures and narrative synthesis of
results.
3.4. Narrative syntheses

We have classified reported metrics according to category of digi-
tal support innovation for HIVST.
3.5. Website-based HIVST innovations

Half of all studies (54%, 25/46) deployed website-based interven-
tions. Results were largely in favor of digital strategies including e-
testing websites [15�19], study websites [20�32], online counselling
[33�38], and chatbots [39].
3.5.1. Acceptability
Eight (32%, 8/25) studies assessing web-based interventions

reported acceptability outcomes [18,21,26�29,37]. Willingness to
use web-based HIVST interventions (61%�79%)
[18,21,26,27,29,37,38] and ease of use (97%) [28] was high across
studies, and among high-risk groups such as MSM, transgender
women, men with multiple sexual partners, and men who were less
likely to have previously sought out HIV testing [28,29,37]. An RCT
conducted among MSM in China found the intervention group
receiving HIVST with promotion of online real-time instructions and
counseling expressed greater willingness to take up HIV testing than
a control group receiving promotion only for conventional HIV test-
ing (69.0 vs 43.9%, p<0.001) [37].



Fig. 1. Study Selection. Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flow diagram.
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3.5.2. Preference
Three studies (12%, 3/25) reported on participant preference for

online HIVST and counselling rather than conventional HIV testing
and counselling [15,20,34]. When provided a choice between HIVST
performed using online services, a hybrid option (online pretest
counselling and private clinic-based HIV testing), or a clinic-based
option, the majority of participants preferred the online option [34].
In two studies conducted in Thailand, the highest proportion of first-
time testers was in the online group (47%�48%) [15,34].
3.5.3. Feasibility
Feasibility was reported as HIVST kit uptake by three studies

delivering oral self-tests through study websites, and was found to
be high at 90%�96% [28�30]. Conversely, due to a relatively low
uptake of 48%, a telehealth intervention offering home-based HIVST
and web-based video counselling may not represent the ideal HIVST
strategy for transgender and non-binary youth; voice call or text
message-based counselling may be a preferrable option for this pop-
ulation [36]. HIVST delivered with online services was found to reach
individuals who likely would have been missed by traditional facility
or clinic-based testing. In a study assessing an online social entre-
preneurship model, 38% of MSM who purchased an HIVST kit had
never tested at a facility [29].
3.5.4. Impact
Impact measures were reported in 36% (9/25) of web-based inno-

vation studies. Impact was reported in two studies as the proportion
of new HIV infections detected, with rates of 1.9% and 2.2% [23,33].
Five (20%, 5/25) studies reported kit return rates, which ranged
between 55% and 98% [16,20�23]. Seven (28%, 7/25) web-based
interventions evaluated impact on linkage to treatment/care, and
these overall indicated success with proportions ranging between
53%�100% [19,21�24,29,35]. Linkage to care in 6/7 studies included
confirmatory testing, 4/7 included referral to a clinic, 3/7 included
post-test counselling, and 1/7 included ART initiation. A study con-
ducted in Thailand indicated challenges in linking online HIVST par-
ticipants to conventional HIV treatment facilities among those with
reactive results (53% linkage in online group, compared to the hybrid
(78%), or offline (85%) groups) [35].
3.6. Social media and app-based HIVST innovations

Social media or app-based innovations were evaluated in 33% (15/
46) of studies [40�54]. Three studies assessed mobile HIVST-specific
apps (7%, 3/46) [41,50,54]. Social media apps (e.g., Facebook, WeChat)
and geospatial dating apps (e.g., BluedTM, GrindrTM) to promote
HIVST were assessed in 26% (12/46) of studies [40,42�49,51�53].
3.6.1. Acceptability
A number of studies supported willingness to use HIV self-tests

distributed through geospatial dating apps or ease of use, with
acceptability ranging from 87% to 95% [42,44,45,49]. A social media
campaign promoting peer-delivered HIVST found nearly all MSM
participants reported satisfaction with HIVST (94�8%; n = 761/803)
[42]. In a survey assessing willingness to use geosocial sexual net-
working apps to notify partners of a positive HIV test, 93% reported
they would likely obtain counselling and testing if anonymously noti-
fied via an app, and 93% would engage in HIVST if provided with a



Fig. 2. Distribution of HIVST with digital supports innovations. Dark blue indicates
web-based innovations (25/46, 54%), orange indicates social media-based innovations
(12/46, 25%). gray indicates SMS-based innovations (4/46, 9%), yellow indicates mobile
HIVST-specific apps (3/46, 7%), and light blue indicates digital VM-based innovations
(2/46, 4%).
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voucher for free testing [45]. Findings from a study promoting HIVST
through sexual networking apps indicated that the intention to self-
test was positively associated with stigma or fear (8¢61; 95% CI
2¢50�29¢68), and negatively associated with higher social support
(0¢48; 95% CI 0¢33�0¢72) [46]. HIVST-specific apps also had high
acceptability, with a majority of participants in all three studies desir-
ing to use an app for HIVST in the future (66%�99%) [41,50] or finding
it very helpful to order HIVST kits through the apps (87%) [54].

3.6.2. Preference
With respect to preference, a California-based study conducted

among Black and Hispanic MSM found that a majority (77%) of partic-
ipants preferred using HIVST delivered by mail through a self-test
campaign on GrindrTM to HIV testing in a clinical setting, which may
be attributed to the anonymity and convenience provided by online
options [48].

3.6.3. Feasibility
Social media and app-based interventions demonstrated success

in increasing HIVST uptake and were found to be highly feasible. Par-
ticipants in a social media-based HIVST messaging campaign had sig-
nificantly higher rates of self-testing (oral HIVST) relative to a control
group (RR =2.17, 95% confidence interval (CI) [1.08�4.37] [53].

3.6.4. Impact
The impact of social media or app-based innovations was reported

as first-time tester proportions in 40% (6/15) of studies, and these
were overall successful in reaching those who had never tested for
HIV (9%�51%) [42,47�49,51,52]. Two studies conducted among MSM
reported newly detected HIV infection proportions among 4% and
11% of participants [42,48]. Linkage to care outcomes were reported
in 33% (5/15) of studies assessing HIVST facilitated by social media or
apps, where a majority of participants (80%�100%) received confir-
matory testing and initiated ART [42,44,48,51,52]. Two studies
reported on the impact of social media-based secondary distribution
of HIVST, and these indicated high HIVST kit return rate (99%) [51]
and linkage to care proportions (80%�93%) [42,51].

3.7. SMS-based HIVST innovations and digital VMs

Four studies (9%, 4/46) assessed SMS-based interventions and two
studies (4%, 2/46) assessed HIVST delivery via digital VM [55�60].

3.7.1. Acceptability
Both studies assessing HIVST delivery via digital VM demon-

strated high overall acceptability (54%�93%) [59,60]. A UK study
reported lower willingness to use digital VM-delivered HIVST among
the Black Caribbean subgroup (54%) than Black African (78%), Latin
American (82%), or other non-white ethnicity (80%) participants [59].
Primary concerns related to digital VM use in this study included
being seen using a digital VM to access HIVST kits (27%�60%), not
being able to use the self-test kits correctly (30%�48%), and not being
able to use the digital VM correctly (30%�50%) [59].

3.7.2. Feasibility
Two studies (50%, 2/4) in Kenya led to significant increases in

HIVST uptake [57,58]. Both interventions promoted HIVST with three
text message reminders a week apart, which increased testing among
male truckers (31 participants vs. 10 controls, p = 0¢002) [58] and
female sex workers (119 participants vs. 46 controls, p = 0¢001) [57].
However, very low testing rates (1¢8% for male truckers and 7¢5% for
female sex workers) hamper the feasibility of this approach, which
may have been due to intentional selection of irregular testers
[57,58]. Uptake of HIVST was also six times greater (34 vs 6 tests per
month) for HIVST distributed by digital VM free of charge to high-
risk MSM in a sex-on-premises venue vs. tests distributed by commu-
nity outreach workers at the same venue [60].

3.7.3. Impact
One study provided SMS-based behavioral insight reminders,

which prompted a higher kit return rate than those who received
standard text messages (OR = 1¢13; 95% CI [1¢04�1¢23]; p = 0¢003)
[56]. Another reminder-based SMS intervention accompanying HIVST
was implemented during hurricanes in Puerto Rico, and 100% of par-
ticipants were able to communicate sexual behavior and HIV testing
within 30 days [55].

3.8. Quality

Scores from the observational studies on the Newcastle-Ottawa
Scale ranged from 4 to 9 (Fig. 3). Three conference abstracts were
evaluated with this scale, but a final score could not be calculated
due to a lack of detail in methods and reporting of outcome metrics.
Of the studies where full-text articles were available, potential for
confounding, selection bias, or outcome/exposure misclassification
was found in a minority (21%, 14%, and 17%) of observational studies
respectively. Of the 10 studies with follow-up time, 50% had risk for
attrition bias. Several observational studies (22%) had small samples,
low power, or insufficient follow-up time.

A majority of RCTs demonstrated appropriate allocation conceal-
ment and adequately addressed incomplete outcome data, and other
biases (e.g., recall bias, social desirability bias) were of concern
(Fig. 4). While blinding of participants and outcome assessors was
clearly described in only 10%�20% of RCTs, blinding is not possible in
open-label trials.

4. Discussion

The studies included in this review assessed vastly different inter-
ventions in a range of settings and on a global scale. Diverse interven-
tions were deployed across studies, including websites, mobile apps,
text messaging, combined technologies, digital VMs, and online
counselling. While certain interventions leveraged existing social
media platforms to promote messaging or deliver HIVST kits, others
provided mixed (online and offline) HIVST options to their partici-
pants. Heterogeneity in the metrics collected and types of innova-
tions presented challenges in making direct comparisons between
the included studies.

An overall pattern was observed: firstly, acceptability was high,
with 54%�99% of participants expressing willingness to use HIVST
with digital supports in the future. While further research comparing
acceptability of digitally supported HIVST to HIVST without digital



Fig. 3. Risk of bias assessment for observational studies. The Newcastle-Ottawa Scale
was used to assess potential sources of bias in included observational studies, rating
each as low, high, or unclear risk of bias.
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supports is necessary, evidence from a health promotion RCT indi-
cates greater willingness to take up HIV testing among those receiv-
ing online instructions and counselling than conventional HIV testing
[37]. Social media and app-based delivery of HIVST had overall
greater acceptability than web-based, SMS, or digital VM delivery of
HIVST. Across studies, most participants expressed willingness to use
HIVST with digital supports [42,45,59], or reported high rates of
interest [18,37,39]. Apps and web-based interventions have signifi-
cant engagement potential, and evidence supports their role in cata-
lyzing pre-exposure prophylaxis (PrEP) and non-occupational post-
exposure prophylaxis (nPEP) uptake [36,50]. However, further
research is needed to quantify their uptake in different contexts, pop-
ulations and settings.

Second, HIVST uptake increased with the implementation of
HIVST strategies with digital supports. The incorporation of websites
and social media increased HIVST uptake compared to a non-digital
or offline offer of HIVST [35,53]. Social media-based distribution of
HIVST kits was identified as an effective strategy to reach high-risk
MSM populations [40]. Effective interventions often used digital plat-
forms to provide video demonstrations [18,31,33,37,53] or real-time
video chatting [34,36] to guide self-administration of HIVST and
interpretation of results, which in some cases was followed by app-
based messages providing referrals to HIV health services [53]. Web-
site, social media, and SMS-based interventions also demonstrated
high HIVST kit return rates, which points to their increasing role in
improving uptake of health communication and services [20,51,56].

Third, overall results indicate that linkage to care with digital
interventions shows a promising trend towards higher proportions
of HIV positive participants being linked to confirmatory testing and
ART initiation compared to conventional HIV testing. In addition,
high proportions of HIV negative participants were linked to or con-
sidered accessing prevention care, indicating improved engagement
with PrEP [18,22,23,50]. HIVST with digital supports innovations,
potentially in combination with other program components such as
in-person or online post-test counselling, promoted the use of HIV
services such as ART initiation and PrEP [50,52]. The positive impact
of HIVST with digital supports can therefore extend beyond uptake of
testing or diagnostic confirmation to facilitate next steps of linkage
and retention in the continuum of care.

Finally, digital interventions that offered private and discreet
options via mobile apps or web-based counselling were effective in
reaching vulnerable populations and appreciated by end users. Mail
delivery of HIVST may also be preferred as it removes the need to
commute to a clinic setting for testing [48]. Smartphone-based
prompts are useful in engaging and communicating with end users
for prevention and to initiate care, in contrast to strategies where
there is no communication from healthcare providers. This highlights
the importance of ensuring that the integration of digital self-testing
into the continuum of care and existing healthcare infrastructure is
user-centered.
Understanding the needs and preferences of end users is critical,
as these should guide the design of effective HIVST interventions
with digital supports. Culturally sensitive training in health service
delivery is equally important to the co-creation and successful deliv-
ery of effective interventions for high-risk sub-populations. For
example, in the UK, an online service providing HIVST indicated that
Black and other minority ethnic group participants were less likely to
return an HIVST kit, indicating that clinics may remain an important
point of access to testing and related treatment services for certain
high-risk sub-populations [20]. A recommendation that emerged was
to deploy a hybrid online/offline HIVST strategy for such sub-popula-
tions that prefer engagement with a healthcare professional, either
pre-test or post-test.

Customization of the digital package to support HIVST is highly
relevant for users who are digitally savvy and conscious of social visi-
bility. The location of digital VM interventions may also be important,
as high social visibility due to placement of VM in common locations
might deter certain communities due to stigma and discrimination
concerns. For example, health facilities such as sexual health clinics
were rated as acceptable venues for digital VMs dispensing self-tests
[59]. These settings provide privacy when using the digital VM in
contrast to more public areas not related to sexual health or health-
care in general [59]. This was apparent in the digital VM-based inter-
vention that was not well received by the Black Caribbean
populations due to concerns about being able to use the HIVST cor-
rectly and the visibility of the location they were offered in [59]. Digi-
tal VMs may not be an optimal strategy for communities of color for
sole distribution of test kits, as they may face additional race-related
stigma and discrimination.

Online health service provision and the use of apps has increased
during the COVID-19 pandemic, and HIVST with digital supports
incorporating these solutions may present an important opportunity
to address unmet HIV testing needs. Offering free and discreet HIVST
through geospatial networking apps and community partner web-
sites demonstrated success in reaching first-time testers [42,47]. This
trend will likely continue in the coming years, and communication
platforms may facilitate end user engagement with clinical settings.

The COVID-19 pandemic has highlighted the need for health care
interventions that involve minimal interpersonal contact. Further-
more, the availability of self-tests for HIV and COVID-19 that allow
for interpretation by end users presents an important opportunity to
address unmet testing needs. While preference for an in-clinic visit
was expressed in several studies, engagement and communication
were facilitated by technology. These results suggest the relevance to
offer HIVST as a complementary strategy to facility-based testing in
order to reach as many untested and undiagnosed at-risk sub-popu-
lations as possible. The settings of use and solutions varied between
studies; it is important to understand the contextual placement of
these solutions according to the resources available and the popula-
tions that are most likely to avail them.

Data on digitally supported HIVST interventions from low- and
middle-income countries (LMICs) remain limited, in part due to
resource constraints and availability of technology. Therefore, the
uptake of digital innovations in low resource settings may be ham-
pered by costs associated with data or digital tools themselves [41]. It
is pertinent to explore partnerships with mobile phone providers to
reduce these costs for the envisioned implementation of the One
Health concept proposed by the World Health Organization (WHO)
[61]. With that, the end users will have greater ability to learn from
digital technologies as data packages become more available and
decrease in cost across LMICs. Digital platforms are being used in
many businesses (financial, agriculture, consumer goods), and per-
haps, these could be optimized or expanded to include health prod-
ucts and services. In parallel, increase in smartphone connectivity is
facilitating the potential scope of HIVST with digital supports inter-
ventions as growing 4 G and 5 G networks will improve accessibility



Fig. 4. Risk of bias assessment for RCTs. The Cochrane Risk of Bias tool was used to
assess potential sources of bias in included RCTs, rating each as low, high, or unclear
risk of bias. ‘Yes’ indicates the Cochrane RoB domain is satisfied, and presents a low
risk of bias; ‘No’ indicates the Cochrane RoB domain is not satisfied and may present a
high risk of bias; ‘Unclear’ indicates that insufficient information was presented to
determine risk of bias.
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to healthcare services in many African and Asian countries [62]. How-
ever, for global applicability, connectivity must be optimized for all
platforms and phones (Android, iPhone, Microsoft) and for all band-
widths.

This systematic review is the first to assess extensive evidence to
date from published literature that focuses on HIVST exclusively with
digital support innovations. It includes a broad range of studies with-
out limiting outcomes, geographic regions, or study populations.

Due to the heterogeneity of interventions, outcomes, populations,
and settings, we were unable to perform a meta-analysis. Inconsis-
tent terminologies used in the published literature increased the dif-
ficulty in pooling results. Existing literature has described
misclassification and misuse of metrics within measures in the HIVST
field, particularly for feasibility definitions [12]. The heterogeneity in
reporting of metrics presented challenges in summarizing findings
across studies according to hard outcomes. The definitions and inter-
pretations for acceptability, preference, feasibility, and impact were
obtained from a published framework for monitoring and evaluation
of HIV diagnostic devices [12]. There is a need for a framework in dig-
ital health focused on HIV diagnostics. Furthermore, diversity in both
innovation type and metrics presented challenges in making direct
comparisons between the included studies. Our review also identi-
fied limited evidence from LMICs, indicating a need for further
research in high-burden settings to provide insight to the acceptabil-
ity, feasibility, and impact of digitally supported HIVST among vul-
nerable populations that may have limited access to or uptake of
certain technologies. In addition, given the novelty of the field of
HIVST with digital supports, there is a lack of data from RCTs to draw
evidence from. While PubMed and Embase are recognized as com-
prehensive biomedical literature databases, our search strategy was
restricted to these two databases alongside abstracts from relevant
conferences, and consequently may have missed certain studies. As
most of our included studies were observational, there is potential
for confounding and selection bias to influence our results. Given
that most of the literature in diagnostics are observational in nature,
this alone is unlikely to influence our findings. The need for large
RCTs has been acknowledged as a limitation of digital health [63].

Given the diversity of digital innovations that have been studied
and that only a small number of studies focus on each, reporting of
clear metrics is necessary. The co-creation of interventions with tar-
get communities will be important in designing effective future
HIVST strategies with digital supports. Furthermore, quasi-controlled
trials, RCTs, and cohort studies with larger sample sizes will be valu-
able to assess the efficacy of promising digital interventions. Research
evidence must guide implementation policy for innovations across
diverse populations in high, middle-, and low-income countries.
Implementation of HIVST with digital supports innovations in prac-
tice will require close collaboration with practitioners for sustainabil-
ity.

HIVST interventions with digital supports offer an important
strategy to reach at-risk populations, particularly in the current con-
text of the COVID-19 pandemic and to align our progress with one
digital health initiative. A wide variety of HIVST interventions with
digital supports reported successes in feasibility, acceptability, pref-
erence, and impact to increase linkage to care and ART initiation. The
overall evidence suggests that HIVST with digital supports is well
poised to become the new paradigm to improve efficiency and
increase impact in the delivery of HIVST services worldwide.
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