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A B S T R A C T

Background: We updated a 2017 systematic review and compared the effects of HIV self-testing (HIVST) to
standard HIV testing services to understand effective service delivery models among the general population.
Methods: We included randomized controlled trials (RCTs) comparing testing outcomes with HIVST to stan-
dard testing in the general population and published between January 1, 2006 and June 4, 2019. Random
effects meta-analysis was conducted and pooled risk ratios (RRs) were reported. The certainty of evidence
was determined using the GRADE methodology.
Findings: We identified 14 eligible RCTs, 13 of which were conducted in sub-Saharan Africa. Support provided
to self-testers ranged from no/basic support to one-on-one in-person support. HIVST increased testing uptake
overall (RR:2.09; 95% confidence interval: 1.69�2.58; p < 0.0001;13 RCTs; moderate certainty evidence) and
by service delivery model including facility-based distribution, HIVST use at facilities, secondary distribution to
partners, and community-based distribution. The number of persons diagnosed HIV-positive among those
tested (RR:0.81, 0.45�1.47; p = 0.50; 8 RCTs; moderate certainty evidence) and number linked to HIV care/
treatment among those diagnosed (RR:0.95, 0.79�1.13; p = 0.52; 6 RCTs; moderate certainty evidence) were
similar between HIVST and standard testing. Reported harms/adverse events with HIVST were rare and
appeared similar to standard testing (RR:2.52: 0.52�12.13; p = 0.25; 4 RCTs; very low certainty evidence).
Interpretation: HIVST appears to be safe and effective among the general population in sub-Saharan Africa
with a range of delivery models. It identified and linked additional people with HIV to care. These findings
support the wider availability of HIVST to reach those who may not otherwise access testing.
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1. Introduction

Globally, knowledge of HIV status among people with HIV has
increased considerably over the past decade. In 2019, 81% of all people
with HIV were estimated to be aware of their HIV status, with 7.9 mil-
lion people yet to be diagnosed [1]. Efficient and effective approaches
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Research in context

Evidence before this study

A previous 2017 systematic review and meta-analysis identified
five randomized controlled trials (RCTs) comparing HIVST to
standard HIV testing services. This systematic review informed
the 2016 WHO recommendation on HIV self-testing (HIVST). All
five included RCTs were published as conference abstracts and
only two of themwere conducted among the general population
in high HIV burden settings in sub-Saharan Africa. At that time,
little was known on optimal HIVST implementation and service
delivery models, as well as success of linkage to appropriate pre-
vention or treatment services after HIVST.

Added value of this study

We updated the 2017 systematic review to understand which
service delivery models are effective with a focus on the general
population. Evidence from 14 RCTs showed that HIVST doubled
the uptake of HIV testing in the general population compared
to standard HIV testing services. Importantly, HIV testing
uptake increased with a range of HIVST delivery models and
support tools. HIVST can achieve HIV positivity and linkage
rates similar to that with standard HIV testing, and identify
individuals with HIV who may not otherwise test.

Implications of all the available evidence

Based on the findings of this review, and additional information
on user and provider values and preferences, WHO updated the
recommendation on HIVST in 2019 and suggested to provide
choice in service delivery models and support tools. Review
findings can inform country implementation as effective HIVST
service delivery models and support tools can be adapted to
suit the local context, epidemiology and focus populations.
Countries need to consider rapid introduction and scaling up of
HIVST to achieve national and global goals. As most of the evi-
dence was from sub-Saharan Africa, findings have greater rele-
vance for this region.
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to HIV testing services are needed to reach these remaining people
with undiagnosed HIV who do not routinely access HIV services. HIV
self-testing (HIVST) � whereby a person collects their own specimen,
performs a simple rapid diagnostic test and interprets their result �
has emerged as a safe, acceptable and effective tool to reach people
who do not otherwise access HIV testing services [2,3]. The World
Health Organization (WHO) first recommended HIVST as an additional
approach to HIV testing services in 2016 [4]. HIVST has since been
highlighted as a key intervention to reach the global 95-95-95 goals by
2025, starting with diagnosing 95% of all people with HIV and then
linking them to treatment and achieving viral suppression [5,6].

Since 2016, there has been a rapid increase in the number of
countries with national policies supportive of HIVST; however, the
shift from policy adoption to routine implementation has been slow.
As of June 2020, nearly half (n = 41) of all countries with HIVST
polices (n = 88) reported routine HIVST implementation, with
regional variation in implementation status [7]. Some low- and mid-
dle-income countries in east and southern Africa have scaled up
HIVST distribution in select public-sector facilities and in the commu-
nity through catalytic donor investments [8]. Countries introducing
HIVST and those transitioning from initial catalytic investment to
more sustainable donor or domestic financing need guidance on opti-
mal HIVST delivery and distribution models suited to their context.

WHO’s 2016 recommendation on HIVST was based on a system-
atic review (published 2017) synthesizing evidence from five
randomized controlled trials (RCTs); only two RCTs were conducted
among the general population in high HIV burden settings [3]. At that
time, little was known on HIVST implementation and service delivery
models, and linkage to care rates following HIVST, which are impor-
tant considerations to inform HIVST introduction and scale-up deci-
sions in countries [9]. Since then, additional RCTs have evaluated
HIVST service delivery models and related outcomes. We updated
the 2017 systematic review [3] to compare the effects of HIVST with
standard HIV testing and understand effective service delivery mod-
els for the general population. This review is one of a series examin-
ing the effects of HIVST in the general population, key populations
[10], and user and provider values and preferences on HIVST. Review
findings informed an update to the WHO recommendation (2019) on
HIVST [2].

2. Methods

This review was conducted according to the WHO Handbook for
guideline development [11], the Cochrane handbook for systematic
reviews [12], and followed PRISMA guidelines for reporting [13]. See
supplementary material S1 for the full systematic review protocol.

2.1. Search strategy and selection criteria

The review focused on the general population, defined for the
purpose of this review as populations other than key populations
(men who have sex with men, people who inject drugs, people in
prisons or other closed settings, sex workers and transgender people)
as defined by the WHO [14]. We included RCTs that directly com-
pared HIVST to standard of care (standard facility-based testing by a
provider; SoC) in the general population and reported at least one of
the outcomes of interest.

The outcomes were ranked and selected by a guidelines develop-
ment group according to the GRADE framework. The outcomes are
defined in Table 1.

We included articles published in scientific journals and abstracts
from major HIV-related conferences with no language or geographic
restriction. The search strategy was previously validated for system-
atic mapping of the HIVST literature [15]. Briefly, we used key terms
“HIV” AND “self-test” OR “home test” for electronic databases and
only terms for self-testing for conference platforms because of limita-
tions in search functions.

We searched nine electronic databases (Pubmed, Embase, Global
Index Medicus, Social Policy and Practice, PsycINFO, Health Manage-
ment Information Consortium, EBSCO CINAHL Plus, Cochrane Library
and Web of Science) for articles published between January 1, 2006
and June 4, 2019, as HIVST articles are unlikely to have been pub-
lished before this period. Conferences searched included the African
Society for Laboratory Medicine, AIDS Impact, Conference on Retrovi-
ruses and Opportunistic Infections (2014�2019), International AIDS
Conference, and International AIDS Society Conference. Secondary
reference searching was conducted on all studies included in the
review. We also contacted field experts to identify additional studies.

Titles and abstracts were reviewed in duplicate and full texts of
shortlisted studies were reviewed independently by two authors
(MSJ and TCW) to assess eligibility. Disagreements were resolved by
discussion and consensus among authors (CJ, IEW, MSJ, TCW).

2.2. Data analysis

Data were extracted and entered into a relational database tool
(airtable.com) using standardized extraction forms by one author
(MSJ or IEW), and independently reviewed and checked by a second
author (MSJ or IEW). Any disagreements were resolved by consensus.
Where required information was not available, study authors were
contacted for additional information.



Table 1
Definition of systematic review outcomes.

Outcome Definition

Uptake of HIV testing Proportion of participants who tested for HIV among those randomized
HIV positivity Proportion of participants who were diagnosed HIV-positive among those tested
Linkage to confirmatory testing Proportion of participants who were linked to confirmatory testing among those who received reactive HIVST results
Linkage to treatment or care Proportion of participants who were linked to treatment or care (CD4 count or viral load test) among those diagnosed HIV-positive
Misuse, social harm or
adverse events

Any undesirable effect, or intended or unintended harm associated with HIV testing, for example, coercive testing, partner
violence or suicide
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Meta-analyses were conducted using random effects models
(generic inverse-variance method) in R statistical software [16].
Where cluster RCTs were included, cluster-adjusted effect estimates
from manuscripts were preferentially used; where cluster-adjusted
effect estimates were not available, we adjusted the effective sample
size using guidance from the Cochrane handbook [12]. We calculated
pooled risk ratios (RRs) and 95% confidence intervals (CIs). Statistical
heterogeneity was evaluated using the DerSimonian�Laird estimator
for Tau2 and the associated I2 statistic. We generated forest plots
overall and by subgroups (sex, young people aged 16�24 years,
HIVST distribution model, and support tools) when relevant data
were available from at least two RCTs. WHO defines young people as
those between the ages of 10 and 24 [17], however for this review
we focused on ages 16�24 years because the lowest age range for eli-
gibility in included studies was 16 years.

For outcomes reported at multiple time-points, we used the time-
point for primary endpoint as reported in the article. For RCTs withmul-
tiple intervention arms: (i) where differences in interventions were
determined to be not likely to influence the outcome, data from inter-
vention arms was combined and observations from the SoC arm were
adjusted (divided by the number of intervention arms included in the
meta-analysis); (ii) where differences in interventions were determined
as likely to influence the outcome, the intervention arms were not com-
bined; (iii) where one of the intervention arms was an enhanced/opti-
mized version of SoC, we did not include it in themeta-analysis.

Studies with relevant outcomes that were not suitable for inclu-
sion in the meta-analysis were described narratively.
Fig. 1. Study s
2.3. Quality assessment

We used the Cochrane risk of bias tool I to assess the risk of bias in
included studies [18]. Funnel plots were used to assess reporting bias
when at least 10 studies were included in the meta-analysis. Studies
were determined to be at high risk of bias overall if at least one
domain was rated at high risk of bias. We followed the GRADE meth-
odology to assess the overall certainty of evidence for each outcome
across all included RCTs [11,12].

2.4. Role of the funding source

The funder of the study had no role in study design, data analysis,
interpretation, or writing of the report. 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

The search strategy yielded 14,333 citations. After removing
duplicate citations, 5908 unique titles and abstracts were screened,
and 628 full-text articles were assessed for eligibility. Fourteen RCTs
were eligible for inclusion [19�32], including seven cluster RCTs
[19,20,22,25,29,32,33] (Fig. 1).

All RCTs were conducted in sub-Saharan Africa except one in the
United States [30]. Across all RCTs, populations studied included
male partners of antenatal women (4 RCTs) [19,20,23,28], partners of
election.



Table 2
Characteristics of included studies.

Study Country Total sample
(randomized)

Study population Control arm Intervention(s) / support tools HIVST distribution
method

Choko 2019a
[19] *

Malawi 2349 (2349
women)

Male partners of
antenatal women

An invitation letter
given to women
addressing their male
partner and inviting
them to seek HIV
testing at facility

� Five intervention arms: HIVST
only; HIVST + US$ 3 incentive;
HIVST + US$ 10 incentive;
HIVST + US$ 30 lottery;
HIVST + phone reminder (incen-
tive/reminder related to linkage
after HIVST)

� a clinic invitation letter given to
women addressing their male
partner in all arms

Secondary distribution
by antenatal women
to their male partner

Choko 2019b
[20] *

Malawi 5136 (4428 ANC
women, 708
index clients)

Partner(s) of ante-
natal women and
HIV-positive
(index) clients

Invitation letter given
to antenatal women
or HIV-positive index
clients inviting their
partner(s) to test at a
facility

� HIVST kit and invitation letter
given to antenatal women and
HIV-positive clients inviting their
partner(s) to attend the facility if
reactive HIVST result in one arm

� HIVST kit and invitation letter
given to antenatal women and
HIV-positive clients inviting their
partner(s) to attend the facility
irrespective of HIVST results in
the other arm

Secondary distribution
by antenatal women
to their male partner

Secondary distribution
by HIV-positive cli-
ents to their partner
(s)

Dovel 2018 [22]
*

Malawi 5885 (2252 men,
3633 women)

Adult clients in 15
high-burden out-
patient facilities

Standard facility-based
HIV testing

� HIVST distributed for use in out-
patient waiting spaces with pri-
vate spaces for results
interpretation

� Pre-test information and HIVST
demonstration in group setting;
optional post-test counselling

HIVST distribution for
use at facilities

Dovel 2019 [21] Malawi 484 (113 men,
371 women)

Partners of adult
ART clients
attending
facilities

Referral slips given to
ART clients for their
partners

� HIVST kits to given to HIV-posi-
tive clients for their partners
along with referral slips for con-
firmatory testing at a facility

� In-person demonstration to ART
(index) client, locally tailored
instructions, and information
about testing facilities

Secondary distribution
by ART clients to their
partner(s)

Gichangi 2018
[23]

Kenya 1410 (1410
women)

Male partners of
antenatal women

Women given a stan-
dard card inviting
male partners to
attend a facility for
general health check
of the family (not
HIV-specific)

� Two HIVST kits given to women
for distribution to their male
partner along with standard invi-
tation card

� Counselling on strategies to
introduce HIVST kit to their male
partner

� Brief orientation on HIVST kit use

Secondary distribution
by antenatal women
to their male partner

Indravudh 2018
[24] *

Malawi 3457 Men and women
(>15 years) in
rural and peri-
urban areas

Standard facility-based
HIV testing

� Door-to-door distribution of
HIVST kits by resident commu-
nity-based distributors with con-
tinuous access to HIVST as
needed

� In-person demonstration
� Post-test support and provider-

assisted referral for confirmatory
testing or ART services

Home-based (door-to-
door) HIVST
distribution

Indravudh 2019
[25] *

Malawi 7880 Men and women
(>15 years) in
rural
communities

Standard facility-based
HIV testing

� HIVST kits distributed during a 7-
day community-led campaign

� Community volunteers distrib-
uted kits, provided in-person
demonstration and supported
linkage

Community-based dis-
tribution (campaign-
based)

Kelvin 2018 [27] Kenya 305 (305 men) Male truck drivers Standard facility-based
HIV testing

� Choice of supervised self-admin-
istered HIVST at a facility or free
HIVST kit for home use

� For those choosing HIVST at facil-
ities, pre-test information and
post-test counselling was
provided

� For those taking kits for home
use, pre-test information was
provided in facilities and post-
test counselling was provided via
phone

HIVST distribution for
use at facilities

(continued)
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Table 2 (Continued)

Study Country Total sample
(randomized)

Study population Control arm Intervention(s) / support tools HIVST distribution
method

Kelvin 2019 [26] Kenya 2262 (2262 men) Male truck drivers One SMS inviting par-
ticipants to attend a
facility for HIV testing

� Three SMS informing partici-
pants of HIVST availability at
clinics

� HIVST demonstration and choice
of supervised self-administered
HIVST at a facility or free HIVST
kit for home use

� For those choosing HIVST at facil-
ities, pre-test information and
post-test counselling was
provided

� For those taking kits for home
use, pre-test information was
provided in facilities and post-
test counselling was provided via
phone

HIVST distribution for
use at facilities

Masters 2016
[28]

Kenya 600 (600
women)

Male partners of
antenatal women

Women given an invi-
tation card for male
partner inviting them
to attend a facility for
HIV testing

� Two HIVST kits for distribution to
male partner

� HIVST demonstration to antena-
tal women

Secondary distribution
by antenatal women
to male partner

Nichols 2019
[29] *

Zambia Not reported Men and women
aged 16�24 years

Standard facility-based
HIV testing

� HIVST distribution during com-
munity campaigns

� Pre-test information and post-
test counselling

� Optional HIVST demonstration
and assistance with results inter-
pretation

� Linkage to care for those tested
positive through either self-refer-
ral card only (first half of trial) or
self-referral card with optional
patient escort to a health facility
(second half of trial)

Community-based dis-
tribution (campaign-
based)

Patel 2018 [30] USA 100 (34 men, 66
women)

Adult patients (�18
years) who
declined HIV test-
ing during emer-
gency department
visit

Information pamphlet
on importance of HIV
testing and list of
local facilities for HIV
testing

� HIVST kits given to participants in
emergency department with
instructions on performing the
test and interpreting results

� Optional results reporting via
website

� Five referral cards for peers to
request HIVST kits

Facility-based
distribution

Pettifor 2018
[31]

South
Africa

284 (284
women)

Young women
(18�24 years)

Five invitations to
attend a facility for
standard HIV testing

� Choice of free facility-based HIV
testing or HIVST kits

� Five HIVST kits (one for personal
use and four for distribution to
peers or partners

� Facility-based
distribution

� Social network-
based distribution

Tsamwa 2018
[32] *

Zambia 5005 Men and women
aged �16 years
living in eligible
households

Standard facility-based
HIV testing

� Door-to-door HIVST
distribution + distribution from
community distributors’
home + facility-based distribution

� In-person demonstration, home
visits and referral advice

� Financial incentive for distribu-
tors for distributing kits (US$ 0.6/
kit) and returning used kits (0.3/
kit)

� Community-based
distribution

� Home-based HIVST
� Facility-based

distribution

HIVST: HIV self-testing; USA: United States of America.
* Cluster RCTs
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people with HIV or ART clients (2 RCTs) [20,21], male truck driv-
ers (2 RCTs) [26,27], clients in the outpatient or emergency
department (3 RCTs) [22,30,31], and individuals approached in
the community or households (4 RCTs) [24,25,29,32] (Table 2).
Two RCTs focused exclusively on young people (age range:
16�24 years) [29,31] and six RCTs focused on reaching men
through direct or secondary HIVST distribution [19,20,23,26�28].
Included RCTs provided between one and five oral fluid-based
HIVST kits free of cost to participants.

All studies were determined to be at high risk of bias overall. The
certainty of evidence for outcomes overall ranged from very low to
moderate. See supplementary material S2 for full risk of bias assess-
ment and GRADE tables.

Several HIVST service delivery models and support tools were
used in included RCTs. Delivery models included community-based
or home-based (door-to-door) distribution and facility-based distri-
bution for HIVST use within those facilities, for later use, or for sec-
ondary distribution to partners (Table 3). Most studies provided
some support to participants for self-testing in addition to the manu-
facturer instructions for use or hotline [19�23,25�29,32,33]. The
type of support provided varied and included enhancement of kit
instructions for use (translations or adaptations), in-person, one-on-



Table 3
Classification of HIVST service delivery and distribution models.

Distribution method Description Studies

Community-based HIVST distribution HIVST kits distributed by community distributors door-to-door
or during community campaigns or events

Indravudh 2018, Indravudh 2019, Nichols 2019,
Tsamwa 2018 * [24,25,29,32]

Facility-based HIVST distribution HIVST kits distributed to clients at a facility or study clinic Patel 2018, Pettifor 2018** [30,31]
HIVST use at facilities HIVST kits distributed in facilities for use at those facilities

(optional give-away for home use in two studies)
Dovel 2018, Kelvin 2018, Kelvin 2019 [22,26,27]

Secondary distribution by
women to male partners

HIVST kits distributed to antenatal women
to give to their male partners

Choko 2019a, Choko 2019b, Gichangi 2018, Masters 2016
[19,20,23,28]

Secondary distribution by
HIV-positive clients to partners

HIVST kits distributed to HIV-positive or
ART clients to give to their partners

Choko 2019b, Dovel 2019 [20,21]

ART: antiretroviral therapy; HIVST: HIV self-testing.
* facility and community-based HIV distribution but most kits distributed in the community
** also included kits for peer distribution, only relevant outcomes for trial participants reported

Table 4
Classification of HIVST support tools.

Category Description Studies

No or basic support Standard or manufacturer provided instructions for use
Manufacturer hotline or customer support
No additional support

Patel 2018, Pettifor 2018 [30,31]

Instructions for use enhancement Tailored, translated or pictorial instructions designed specifically for the study
Hotline or phone support provided by the study

Choko 2019a, Choko 2019b,
Dovel 2019, Gichangi 2018,
Masters 2016 [19�21,23,28]

In-person demonstration One-on-one self-test use demonstration or training provided to participants
by the study staff

Does not include observing or supervising participants during self-testing

Indravudh 2018, Indravudh 2019,
Nichols 2019, Tsamwa 2018 [24,25,29,32]

Group demonstration Demonstration of self-test use by the study staff in a group setting
Does not include observing or supervising participants during self-testing

Dovel 2018 [22]

In-person observation
or supervision

Observation or supervision by study staff during self-testing
Staff can intervene if requested or in case of errors

Kelvin 2018, Kelvin 2019 [26,27]
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one or group demonstration, and in-person observation or supervi-
sion (Table 4).

Thirteen RCTs (14 comparisons due to one multi-arm RCT)
reported uptake of HIV testing with HIVST compared to SoC
[19�23,25�28,30�33]. Meta-analysis showed that HIVST doubled
HIV testing uptake compared to SoC (RR: 2.09, 95%CI: 1.69�2.58;
p < 0.0001; I2: 94%; 13 RCTs; low certainty evidence; Fig. 2). A sub-
group meta-analysis showed that HIVST more than doubled HIV test-
ing uptake among men (RR: 2.40, 95%CI: 1.84�3.13; p < 0.0001; I2:
93%; 10 RCTs; low certainty evidence) [19�23, 25�28,33], women
(RR: 2.05, 95%CI: 1.21�3.48; p < 0.0001; I2: 93%; 3 RCTs; low cer-
tainty evidence) [22,31,33] and young people aged 16�24 years (RR:
2.43, 95%CI: 1.65�3.57; p< 0.0001; I2: 92%; 4 RCTs; low certainty evi-
dence) [22,25,31,33] compared to SoC (see supplementary material
S3).

Subgroup meta-analysis by HIVST service delivery model showed
that HIVST increased HIV testing uptake compared to SoC with: (i)
secondary HIVST distribution by antenatal women to male partner
(RR: 2.64, 95% CI: 1.77�3.92; p < 0.0001; I2: 94%; 4 RCTs; moderate-
certainty evidence) [19,20,23,28]; (ii) secondary HIVST distribution
by HIV-positive or ART clients to partners (RR: 2.06, 95% CI:
1.11�3.80; p = 0.02; I2: 82%; 2 RCTs; low certainty evidence) [20,21];
(iii) HIVST distribution for use within facilities (RR: 2.20, 95% CI:
1.32�3.68; p < 0.01; I2: 92%; 3 RCTs; moderate certainty evidence)
[22,26,27]; and (iv) facility-based HIVST distribution for later use
(RR: 2.51, 95% CI: 1.23�5.12; p = 0.01; I2: 60%; 2 RCTs; low certainty
evidence); [30,31]. HIV testing uptake also increased with (v) com-
munity- or home-based HIVST distribution (RR: 1.42, 95% CI:
0.91�2.23; p = 0.17; I2: 96%; 3 RCTs; low certainty evidence), the 95%
CIs cross 1 so it might have little or no effect (see supplementary
material S3) [25,32,33].

Subgroup meta-analyses by type of support offered to participants
for self-testing showed that HIVST increased HIV testing uptake com-
pared to SoC with: (i) no or basic support (RR: 2.45, 95% CI:
1.27�4.75; p = 0.01; I2: 60%; 2 RCTs; low certainty evidence); [30,31]
and (ii) instructions for use enhancement (RR: 2.45, 95% CI:
1.81�3.33; p < 0.0001; I2: 92%; 5 RCTs; moderate certainty evidence)
[19�21,23,28]. HIV testing uptake also increased with (iii) in-person
demonstration or training (RR: 1.43, 95% CI: 0.95�2.15; p < 0.15; I2:
96%; 3 RCTs; low certainty evidence) [25,32,33] and (iv) in-person
observation or supervision (RR: 1.66, 95% CI: 0.93�2.95; p = 0.11; I2:
86%; 2 RCTs; moderate certainty evidence) [26,27], the 95% CIs cross
1 so it might have little or no effect (see supplementary material S3).
One study that offered group pre-test information and HIVST demon-
stration in outpatient waiting rooms showed an increase in HIV test-
ing uptake (RR: 3.93, 95% CI: 1.66�9.27; p < 0.0001; very low
certainty evidence) [22].

Eight RCTs (9 comparisons due to one multi-arm RCT) reported
the outcome of HIV positivity with HIVST compared to SoC among
those tested [19�22,26�29]. Meta-analysis showed that there was
no difference in HIV positivity with HIVST compared to SoC (RR: 0.81,
95% CI: 0.45�1.47; p = 0.50; I2: 38%; 8 RCTs; moderate certainty evi-
dence; Fig. 3).

Three RCTs reported on linkage to additional or confirmatory HIV
testing after receiving reactive HIVST results in the HIVST arm. Two
RCTs reported that 20�25% of those with reactive HIVST results
sought confirmatory testing within four weeks to three months
[21,28]. Another RCT reported that of 27 participants who had reac-
tive HIVST results when they used self-tests within facilities and did
not already know their HIV-positive status, the “majority” received
confirmatory testing on the same day [22].

Six RCTs (9 comparisons due to two multi-arm RCTs) reported on
linkage to HIV care or treatment among those diagnosed in the HIVST
arm compared to SoC [19�22,28,32]. Meta-analysis showed that
there was no difference in linkage to care or treatment with HIVST
among those diagnosed compared to SoC (RR: 0.95, 95% CI:
0.79�1.13; p = 0.52; I2: 29%; 6 RCTs; moderate certainty evidence;
Fig. 4). Sub-group meta-analysis by type of linkage support showed



Fig. 2. Uptake of HIV testing by service delivery model, HIV self-testing compared to standard facility-based HIV testing * Cluster RCTs. Note: Choko 2019b (i): HIVST distribution by
HIV-positive (index) clients to their partners; Choko 2019b (ii): HIVST distribution by antenatal women to their male partners. Abbreviations: CI: confidence interval; e: number of
events; HIVST: HIV self-testing; n: denominator; RR: risk ratio; SOC: standard of care.
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similar results whether no linkage support with HIVST was offered
(RR: 0.79, 95% CI: 0.54�1.15; p = 0.19; I2: 59%; 5 RCTs; moderate cer-
tainty evidence) [19�22,28] or financial incentives were offered (RR:
1.12, 95% CI: 0.67�1.88; p = 0.68; I2: 0%; 2 RCTs; moderate certainty
evidence) (see supplementary material S3) [19,20]. A study that
offered a phone call reminder for linkage in one of the HIVST arms
reported little or no effect on linkage to care or treatment compared
to SoC (RR: 0.83, 95% CI: 0.28�2.51; p = 0.21; very low certainty evi-
dence) [19]. Another study that offered home visits or in-person
referral by community HIVST distributors to support linkage also
showed little or no effect on linkage to care or treatment compared
to SoC (RR: 0.96, 95% CI: 0.52�1.76; p = 0.90; low certainty evidence)
[32].

Meta-analysis of four RCTs showed no difference in occurrence of
social harms or adverse events with HIVST compared to SoC, however
certainty of evidence for this outcome was very low (RR: 2.52: 95%CI:
0.52�12.13; p = 0.25; I2: 0%; very low-certainty evidence; Fig. 5). All
four RCTs involved secondary distribution of HIVST kits and reported
adverse events included two instances of verbal abuse [21], three
temporary self-resolving separations (resolved within 3 days) in one
study [19], and four temporary self-resolving separations in another
study [20]. An additional RCT not included in the meta-analysis
reported three adverse events (one mild, two severe, details not pro-
vided) among 2581 participants in the HIVST arm [24]. Another RCT
reported no instances of coercion to test or to disclose results among
1063 participants who performed HIVST at facilities. In the same
study, 2.6% (29/1124) of participants reported being coerced to test
in the SoC and optimized SoC arms [22]. No suicide was reported
across any included RCT.

4. Discussion

This systematic review showed that HIVST doubled the uptake of
HIV testing in the general population compared to SoC. Nearly all the
studies (12 out of 13) were conducted in sub-Saharan Africa. Testing
uptake increased with a range of HIVST delivery models and support



Fig. 3. HIV positivity among those tested, HIV self-testing compared to standard facility-based HIV testing *cluster RCTs. Note: Choko 2019b (i): HIVST distribution by HIV-positive
(index) clients to their partners; Choko 2019b (ii): HIVST distribution by antenatal women to their male partners. Abbreviations: CI: confidence interval; e: number of events;
HIVST: HIV self-testing; n: denominator; RR: risk ratio; SOC: standard of care.

Fig. 4. Linkage to HIV care or treatment among those diagnosed, HIV self-testing compared to standard facility-based HIV testing, by type of linkage support *cluster RCTs. Note:
Choko 2019a(i): HIVST alone; Choko 2019a(ii): HIVST + linkage provider financial incentive arms; Choko 2019a(iii): HIVST + phone reminder arm. Choko 2019b (i): HIVST distribu-
tion by HIV-positive (index) clients to their partners; Choko 2019b(ii): HIVST distribution by ANC women to their male partners. Abbreviations: CI: confidence interval; e: number
of events; HIVST: HIV self-testing; n: denominator; RR: risk ratio; SOC: standard of care.
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tools. HIV positivity and linkage to care rates in the HIVST arms were
similar to those of SoC. HIVST appears to be safe and social harms or
adverse events were rare. In some instances, harm, such as relation-
ship breakdown between serodiscordant couples, was temporary.

Our finding of increased testing uptake with HIVST in the general
population strengthens evidence synthesized in a previous system-
atic review that informed the 2016 WHO HIVST recommendation [3].
In our review, testing uptake doubled with HIVST overall and results
were consistent across included RCTs. Only one of 13 RCTs showed
an increase in testing uptake that was non-significant [32]. This RCT
involved community-based HIVST distribution in Zambia, a setting
with generally high HIV testing and treatment coverage and large
“test and treat” trials [34,35]. Qualitative research has explored the
drivers of high acceptability of HIVST and shows that users value the
convenient, private and confidential nature of HIVST and potential
for addressing stigma and reducing opportunity costs related to visit-
ing health-care facilities [36�38]. Many users prefer the ease of use
and painless nature of oral fluid-based HIVST kits, while others per-
ceive blood-based kits to be more accurate. All studies included in
this review used oral fluid-based HIVST kits provided free of cost to
participants. To date, WHO has prequalified four HIVST kits, including
three blood-based kits [39,40]. Programmatically, countries are
increasingly procuring a mix of oral fluid- and blood-based HIVST
kits to offer choice to users and ensure supplier diversity. It is also
important that HIVST kits are affordable for users, whether offered
through country programmes or in the private sector, to achieve and
maintain its benefits.

A range of HIVST service delivery models were used across
included studies. Our review showed that these models can be effec-
tive in increasing testing uptake, such as community-based distribu-
tion, facility-based distribution and secondary distribution models.
Other promising HIVST delivery models for reaching priority popula-
tions in high HIV burden settings in east and southern Africa, such as
men, have been assessed in observational and pilot studies. These



Fig. 5. Social harms or adverse events among randomized participants, HIVST compared to SoC Abbreviations: CI: confidence interval; e: number of events; HIVST: HIV self-testing;
n: denominator; RR: risk ratio; SOC: Standard of care.
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include offering HIVST through workplaces [41�43] and faith-based
organizations [44,45]. HIVST can also expand options for partner
services for individuals diagnosed with HIV, particularly in instances
where provider-assisted referral (assisted partner notification or
index testing) is not feasible or acceptable and in the context of mul-
tiple partners [46]. In ANC settings, HIVST can be used to support
retesting among pregnant women in high HIV burden settings or
women at ongoing risk who need to test more frequently [46]. Over-
all, these results should encourage countries and programmes to
introduce or scale up HIVST, with regular review of programme out-
comes to inform adjustment and optimization of service delivery
models.

Testing uptake increased when either basic support (manufac-
turer-provided instructions) or a range of additional support options
were used, ranging from tailored instructions for use to in-person
demonstration, training or supervision. It is important to consider
the feasibility and sustainability of support options when introducing
or scaling up HIVST. For example, in-person support options are likely
to be costly, human resource-intensive and less scalable, thus may be
considered as a time-limited option or for specific population groups
[47]. New innovative support tools, including digital platforms, video
instructions and mobile-based applications, may be more sustainable
and acceptable to some populations, such as young people, and can
be considered [46].

An important contribution of this review is the finding that the
proportion linked to treatment or care among those diagnosed HIV-
positive in the HIVST arms was similar to SoC, irrespective of whether
any support for linkage was provided or not. Overall, a larger number
of individuals were diagnosed and linked to care with HIVST com-
pared to SoC. There is some evidence from RCTs that HIVST and a
linkage intervention, such as in-person referral or navigation [29],
home antiretroviral therapy (ART) initiation [48] or fixed and condi-
tional provider financial incentive (compared to only conditional
financial incentive) [49], may improve linkage compared to HIVST
alone. Programmes can adapt these or other interventions to support
linkage; however, it is important to consider resource needs and sus-
tainability as some of these interventions may be costly. To date,
RCTs have not focused on continuity of care or viral suppression out-
comes after HIVST, which require a larger sample size and longer fol-
low up, as well as linkage to prevention services among those who
are HIV-negative and at ongoing risk. These outcomes should be
addressed through programmatic implementation and data.

Misuse of HIVST kits, social harm or adverse events with HIVST
were rare in the included RCTs. Adverse events, when reported, were
often temporary such as relationship breakdown, and resolved
within days [20]. No self-harm or suicide was reported in any of the
RCTs. Data from observational studies and implementation research
support these findings. For example, in the HIV Self-Testing Africa
(STAR) Initiative, 25 serious harms were reported from 10 self-testers
following distribution of 175,683 HIVST kits over six years in Malawi
[50]. A cluster RCT of community-based HIVST distribution in Zambia
reported nine adverse events among 13,267 participants and that
social harms were exacerbated by pre-existing issues within couples,
such as alcohol abuse and history of gender-based violence [51]. The
initial reactions of fear and anxiety after a reactive result are not
unique to HIVST, but also relate to HIV testing through other standard
approaches. The immediate negative reactions to an HIV-positive
diagnosis may change over time as individuals start to realize the
benefits of treatment for themselves and their partners. Despite seri-
ous harms being rarely reported in studies, it is important to dissemi-
nate appropriate information and messages in the communities to
mitigate them, and include appropriate monitoring systems in HIVST
programmes.

Providing choice and options for service delivery models and sup-
port tools in HIVST programmes can address the needs of diverse
populations groups and individual preferences [9,46]. Communities,
including community-based organizations, civil society and networks
of people with HIV, need to be effectively engaged when selecting
and adapting HIVST models and support tools for implementation
and scale up. Community-led HIV testing and HIVST models have
been shown to be feasible in Viet Nam [52], Uganda [53] and Malawi
[25], and effective in reaching first-time testers and identifying undi-
agnosed HIV infections. Such models can be adapted in other settings.
Trained peers can also distribute HIVST kits and support linkage [46].
Community members and peers can also play an important role in
raising awareness in the communities on appropriate use of HIVST
kits, steps to take after using HIVST and prevent misuse and harm.

Globally, HIVST country policy adoption has been rapid; however,
implementation and large-scale procurement has lagged behind [7].
Many countries and programmes have hesitated in introducing
HIVST due to concerns around linkage and social harm [54]. This
review shows that HIVST appears to be a safe intervention and con-
sistently effective in identifying additional people with HIV with a
range of service delivery and support models and linking them to
care with similar success as SoC. Further, successful implementation
experiences suggest that countries should not delay introducing or
scaling up HIVST programmes. In-country policy and regulatory bar-
riers hindering the availability of HIVST kits and their scale up need
to be addressed, such as by adopting accelerated product registration
processes (e.g. WHO collaborative registration procedure [55]). In the
current context of public health responses to the COVID-19 pandemic
[56], where physical distancing measures may limit access to stan-
dard testing, HIVST can be an important tool to ensure continued
access to HIV testing [57�59]. Countries without HIVST are likely to
miss out on these benefits, potentially slowing progress towards
achieving national and global HIV goals. Communities and stakehold-
ers should advocate for faster and wider availability of HIVST.

This review updated a previous systematic review and synthe-
sized a large body of evidence on HIVST in the general population
using a comprehensive validated search strategy. This review
addresses key gaps in the literature on implementation models and
linkage rates with HIVST. There are limitations that need to be con-
sidered when interpreting the findings. First, using the GRADE frame-
work, the certainty of evidence for review outcomes was determined
to be very low to moderate. A key reason was downgrading of the
certainty of evidence for risk of bias, often due to lack of blinding of
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participants and personnel (performance bias) and/or lack of blinding
of outcome assessment (detection bias). Due to the nature of the
intervention, that is, distribution of HIVST kits, blinding of partici-
pants or distributors allocated to the study arm is not possible and
may introduce performance bias. The outcomes assessment often
relied on self-reporting, thus it was subject to detection bias. For sub-
group analyses, certainty of evidence was often downgraded due to
imprecision and wide confidence intervals. Second, reporting bias
could be assessed only for the uptake of HIV testing meta-analysis,
which had more than 10 studies. A funnel plot for uptake showed a
benefit from all studies, including smaller studies. In our view, this
likely represents the true effect of the intervention and the fact that
meta-analysis included only RCTs, which were sufficiently powered
for this outcome. These findings of increased uptake with HIVST is
similar for key populations [10]. Third, several RCTs were available
only as conference abstracts; thus the complete information needed
for all risk of bias assessment domains was not available. Fourth, a
small number of studies contributed to subgroup analyses, suggest-
ing caution in interpreting the results and limiting generalizability.
Fifth, RCTs included in this review were not powered for assessing
HIV positivity or linkage outcomes; however, findings for these out-
comes were consistent across included studies. We also noted some
variation in definition and measurement (self-reported vs. validated)
of positivity and linkage outcomes across studies. Sixth, we used an
operational definition for the general population as any population
other than key populations. In fact, programmes have often focused
on certain priority populations depending on epidemic, testing gaps
or limited available commodities (for example, truck drivers, fisher-
folk, migrants and partners of people with HIV). HIVST may not be a
suitable approach for everyone and should be used strategically to
complement existing services. Thus, our definition does not necessar-
ily reflect how HIVST will be used in programmes. Last, nearly all
studies were conducted in sub-Saharan Africa, limiting generalisabil-
ity to other settings. However, most high HIV burden countries with
general population-focused HIV programmes are in this region.

In this systematic review, HIVST was found to be safe and effective in
increasing HIV testing uptake among the general population in sub-
Saharan Africa with a range of service delivery models and support tools.
HIV positivity and linkage rates with HIVST were comparable to that
with SoC, and HIVST can identify additional people with HIV and link
them to care. These findings support wider availability of HIVST to reach
those who may not otherwise access HIV testing. Communities need to
be meaningfully engaged when selecting and adapting HIVST models
that should be regularly reviewed and adapted to optimize impact. Based
on this review, and additional information reviewed at an expert meet-
ing, WHO guidance on HIVST was updated to recommend that HIVST be
offered as an HIV testing services approach [46].
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