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Globally, we are at an inflection point in achieving UNAIDS’ 95-
95-95 goals for 2030. A recent Lancet editorial observed that
“the last big shared challenge remaining is testing—in every
region the number of undiagnosed HIV infections remains a
substantial barrier to achieving UNAIDS targets and ending
AIDS by 2030” [1]. While UNAIDS estimates we are at 75%
diagnostic coverage globally, within this figure is great variation:
between men and women, younger and older individuals, rural
and urban populations, among key populations and between
countries [2,3]. After 18 years of expansive programming in glo-
bal health for HIV testing through a multitude of modalities in
communities and facilities, reaching the remaining undiagnosed
individuals with flat-lined donor funding will require new efforts
[3]. Many of the remaining undiagnosed individuals are presum-
ably not engaging with HIV services, and novel avenues to HIV
testing services (HTS) that overcome both stigma and struc-
tural barriers are needed: a new HIV testing paradigm is
urgently needed to reach these remaining undiagnosed individ-
uals and effectively link them to treatment.
HIV self-testing (HIVST) has developed substantially in

recent years and is now considered a new and critical HIV
response strategy in controlling the epidemic. In 2012, the US
FDA approved the OraQuick® HIV Self-Test Kit introducing
the first HIV rapid test kit intended for use by the general
population and available for purchase over-the-counter in the
United States. Building on a history of public health interven-
tions aimed at self-screening for health conditions that
includes home pregnancy tests, breast self-examinations for
cancer screening and blood-glucose monitoring, access to
HIVST permits individuals perceiving themselves to be at-risk
of infection to test independently and privately. Global atten-
tion to the potential of HIVST took root in 2013 following the
OraQuick FDA approval, with UNAIDS and the World Health
Organization (WHO) holding an initial consultation on the eth-
ical and public health implications of HIVST. At that time, no
HIVST kits were publicly available in low- and middle-income
countries (LMIC) (outside a small number of studies and “grey

market” test kits), no normative guidelines had been estab-
lished and only a small body of LMIC-focused evidence around
HIVST existed. Within a year, a full HIVST journal supplement
had been published exploring early issues in HIVST introduc-
tion: regulation and policy, optimal product profiles, ethical
considerations and both positive and negative potential
impacts of rollout [4-6]. This led, in 2015, to Unitaid’s catalytic
investment in the five-year HIV Self-Testing Africa (STAR)
initiative. The first two-year phase, which included Malawi,
Zambia and Zimbabwe, aimed to generate evidence on the
feasibility and acceptability of HIVST as well as how to dis-
tribute self-test products effectively, ethically and efficiently,
with adequate post-test support. Evidence from this phase
supported country policy development, and studied impacts
and cost-effectiveness of various delivery models, addressed
structural barriers and assessed consumer demand. Findings
from these and other studies led to the WHO guidance on
HIVST in 2016 (also strategically paired with the HTS) Part-
ner Notification guidelines [7]. A separate but concurrent pro-
cess resulted OraQuick being the first WHO prequalified
HIVST kit. In 2017, the Bill and Melinda Gates Foundation
provided financial support to bring the unit cost of the
OraQuick self-test kit down to US$2 in selected sub-Saharan
African and other low-income countries, removing a critical
cost barrier to HIVST expansion [8].
These initial supportive efforts established the foundation

needed for HIVST expansion across countries. The second
three-year phase of STAR added Lesotho, Eswatini and South
Africa, and aimed to create a market for HIVST and evaluate
optimal distribution models for increasing access to testing
among those unwilling or unable to utilize traditional testing
venues and ensuring linkage from a preliminary positive
HIVST result to confirmatory testing and treatment. By the
end of the programme, Unitaid, the STAR programme’s com-
modities funder, will have provided five million HIVST kits to
the six project countries. Building on STAR’s momentum and
their own smaller scale pilot programmes in 2016, PEPFAR
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expanded its HIVST programming and will have delivered
2.3 million HIVST kits across 11 countries in 2017 to 2018.
Similarly, the Global Fund is expanding HIVST support across
18 countries, estimated to cover about 12% of the global
HIVST volume [9]. With 59 countries having, or developing,
national HIVST policies, there is global acceleration towards
the expansion of HIVST access and programmes and, with
good linkage, increased diagnostic coverage [9]. However,
these numbers remain small relative to the overall number of
people tested; PEPFAR alone accounted for roughly 85 million
HIV tests in 2017 [10]. But HIVST deployed strategically
within programmes, and made available through multiple
avenues, is anticipated to amplify the impact of current HIV
programming by reaching the critical remaining at-risk popula-
tions with needed testing and treatment.
The articles collected for this Supplement present a diverse

range of the key findings from the first phase of STAR, and
provide a basis for needed programmatic action to accelerate
expansion. Presently, in sub-Saharan Africa, there are 15 coun-
tries that have HIVST policies in place or under consideration
and multiple products available with some type of certification
[9,11]. However, products of unknown quality have been avail-
able on the unregulated market, posing risks and underscoring
the need for further quality and consumer protection regula-
tions [6,11]. Dacombe et al. explore the regulatory environ-
ment in Malawi, Zambia and Zimbabwe [12]. Using key
informant interviews which included laboratory staff and poli-
cymakers, they consulted 66 individuals from the three coun-
tries. Interviews showed that in these countries, there was a
need for regulation of in vitro diagnostic tests in general, and
HIVST kits were no exception. The authors call for a regional
collaboration to spread the regulatory burden across countries
and facilitate the passing of required legislation to support
more codified regulation of diagnostics.
WHO prequalified test kits have gone through quality

assurance evaluations aimed at ensuring “global standards of
quality, safety and efficacy” to support Ministries of Health
and the introduction of quality diagnostics [13]. However, pro-
duct performance includes not just quality standards of the
test kit itself, but also usability by the target population and
the successful insertion of HIVST into the clinical cascade.
Early studies showed some challenges in following instructions
for use (IFU) [5,14], but as kits have been refined, results
have improved. A recent review demonstrated general agree-
ment between results of HIVST kits and facility testing algo-
rithms [15]. However, challenges relating to literacy remain,
underscoring the need for clear and simple language in pack-
age inserts [15-17] and IFUs that are adapted to local con-
texts. In this Supplement, Simwinga et al. present findings from
Malawi and Zambia evaluating an IFU translated into the local
language and evaluated for clarity and ease of use [18]. Inves-
tigators used feedback from testers to optimize the IFU, con-
curring with previous findings that the educational level of the
tester correlates to the ability to follow the IFU. In response,
they suggest that in certain contexts community demonstra-
tions of how to use HIVST kits could overcome this barrier.
In another study, given that programmes have proposed late

reading of returned kits to determine HIV positivity, Watson
et al. evaluated the OraQuick HIV-1/2 antibody test kits for
result stability post-testing. They showed that while strongly
reactive HIVST remained stable, 29% of initially non-reactive

kits converting to be weakly reactive false positive when read
at least four days later, countering previous work which indi-
cated OraQuick test kits were stable for up to a year [19,20].
Re-reading may be problematic and result in artificially
inflated positivity rates; this finding led the WHO to recom-
mend against any delayed readings of kits [21].
Eaton et al. model how HIVST and other “test for triage”

strategies might impact national algorithm performance [22].
Considering modelled high- and low-prevalence scenarios, as
well as using data from Malawi, a high-prevalence country with
high rates of diagnosis [23], the authors show that the addition
of triage testing before the national algorithm increases the
positive predictive value and decreases the number of false-
positive diagnoses, possibly eliminating the need for verification
testing at initiation of antiretroviral therapy (ART).
Methodologies for HIVST distribution will be a critical aspect

of programme effectiveness. Various delivery modes have been
considered: vending machines, over-the-counter at pharmacies,
secondary distribution when an HIVST is distributed to one
person for use by another, and facility- and community-based
distribution [11,15,24-26]. In this Supplement, Sibanda et al.
began with the clients, investigating preferences for access to
HIVST in rural Zimbabwe through discrete choice assessments,
finding respondent preferences for door-to-door distribution,
kits free-of-charge, access by telephone to help in using kits
and linkage to confirmatory testing, and that programmes use
patient reminders and outreach to enhance effectiveness [27].
For confirmatory testing and ART initiation, respondents also
preferred these to be free, located near their home and that
ART could be initiated immediately [27]. This study supports
previous findings on user preferences emphasizing ease of
access, usability and privacy [11].
Also in this Supplement, Hatzold et al. reviewed STAR data

from Malawi, Zambia and Zimbabwe that assessed the integra-
tion of HIVST tools into HIV programming [28]. They found that
by having clients perform HIVST in outpatient settings, they
were able to decongest clinical testing facilities because health-
care workers could focus only on those that screened positive.
They also demonstrated the ability to reach men through com-
munity distribution and in particular workplaces, and explored
male attitudes to HIVST, noting that the briefer counselling
messages, privacy and convenience appealed to them [28].
Advantages of HIVST, such as the ability to test privately,

may also be misused or abused and potential social harms
should not be ignored. Previously in Kenya, low rates of physi-
cal and verbal abuse have been reported with the introduction
of HIVST kits by women for their male partners to test them-
selves [29]. In this Supplement, Kumwenda et al. provide new
evidence on social harms from projects in Malawi, summariz-
ing data from six HIVST projects from 2011 to 2017 where a
combination of qualitative and quantitative methods were
used [30]. Coercion was reframed to have both negative and
positive aspects, and the concept of compassionate coercion
was introduced to describe instances when family members
encourage a member who is ill to test. Overall, they report 25
serious adverse events through the active reporting systems
from all six studies with a total of 178,833 self-tests dis-
tributed. The most common event was marriage breakdown in
serodiscordant relationships though verbal abuse, and physical
and economic intimate partner violence were infrequently also
observed [30]. The potential for social harms is not unique to
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HIVST, but the present work elucidates the need for intimate
partner violence screening when considering HIVST secondary
distribution and partner testing, and the need for ongoing
monitoring of social harms within existing systems.
In the context of HIVST, linkage to care refers not just to the

initiation of ART, but first to confirmatory testing after a posi-
tive HIVST [31]. Since using an HIVST kit in private is often
preferred by testers, the onus to link to care is firmly placed in
the hands of the tester. As such, linking testers to care and
estimating linkage rates can be a challenge. Some HIVST
research studies have estimated linkage rates to be between
36% and 78% with a variety of methodologies as there is no
standard process to measure linkage [24,29,31,32]. In this Sup-
plement, Neuman et al. reflect on the difficulties in estimating
linkage as HIVST is brought to scale [33]. They note the limited
metrics available – HIVST kit distribution totals and self-
reported data, neither of which is optimal to estimate linkage
rates accurately [33]. The investigators present a summary of
study protocols estimating linkage from published STAR stud-
ies. These estimate HIVST linkage by using ecological indicators
such as comparisons of ART initiation rates in areas with HIVST
campaigns versus in areas without HIVST campaigns. Taken on
its own, it is only correlative; however, when considered in
addition to other information it can be used to create a body of
evidence regarding linkage to care.
Costing HTS is highly contextual with considerable variation,

but important to programme planning and bringing HIVST to
scale. In this Supplement, Mangenah et al. performed a cost
analysis of community HIVST kit distribution in Malawi, Zam-
bia and Zimbabwe as well as a sensitivity and scenario analy-
sis to project future costs [34]. The average cost per kit
distributed (i.e. not only the commodity cost) ranged from US
$ 7.23 to US$ 14.58 with variation by site location, but still
comparable to previously published values [35]. In a second
article, Cambiano et al. use this data to present a modelling
analysis comparing community distribution to three priority
populations in Zimbabwe and Malawi: women having transac-
tional sex (WTS), youth and adult men [36]. The model showed
that distribution to men averted the most deaths, but distribu-
tion to WTS was the most efficient as measured in number of
tests per death averted. Cambiano et al. have added to cost-
effectiveness research, considering the trade-offs between
investing in HIVST and other HIV programmes, they estimate
that HIVST is cost-effective when the mean cost per disability
adjusted life year averted is below US$ 500. According to
their models, this occurs when HIVST kits were distributed to
WTS and men but not to youth.
Offering commentary on the use of HIVST, Ingold et al.

focus on the broader policy environment in LMIC, market
development for HIVST kits, the STAR programme experience
and its positioning for HIVST scale-up [37]. As part of the
intervention, the STAR programme engaged with manufac-
tures and stakeholders at the country and multilateral levels
to create demand, assess viability of HIVST as a route to diag-
nosis and research delivery methods. The overall goal being to
pave the way for increased access to quality HIVST kits to
mobilize more people living with HIV to know their status.
The authors highlight the progress that has been made in
addressing these barriers, including amassing a sufficient evi-
dence base for WHO guidance and a more enabling policy
environment in general, prequalification of two types of HIVST

kits and a more robust product pipeline. Pilot studies have
demonstrated the ability of HIVST to reach populations that
have traditionally been refractory to other testing strategies
and viability for priority populations. Ingold et al. also touch on
outstanding challenges to be addressed and present a call to
action to maintain momentum in bringing HIVST to scale [37].
Since 2012, substantial progress has been made on HIVST

programmes, policy and products – but few countries are
implementing HIVST at scale, with many still conducting smal-
ler volume pilot programmes. Recent HIV response framings
have declared that “what got us here won’t get us there” [38];
for HIV testing, the rapid expansion of voluntary counselling
and testing, provider-initiated approaches and community-
based campaigns have achieved a global 75% diagnosis rate.
The final reach to the remaining undiagnosed individuals,
including early diagnosis of decreasing numbers of newly
infected persons, will depend critically on an evolution of new
approaches: HIVST, expansions of index testing and partner
notification as a new minimum standard of care, and program-
matic improvements of existing HTS access points. The evi-
dence to date has demonstrated the potential of HIVST to
reach both the unreached and those at high risk, which is key
in achieving the 95-95-95 goals and controlling the epidemic.
However, operational questions remain. Intentional misuse,

accuracy and performance of secondary distribution, more
effective leveraging of public–private sector collaborations to
reach high-risk populations, programmatic use of blood-based
HIVST kits, use of HIVST as a demand generation tool for Pre-
exposure prophylaxis (PrEP), volume procurement approaches
to reduce unit pricing and the use of mobile technology and
other methods to estimate linkage post-HIVST, could all benefit
from more operations research to guide programming.
The body of evidence produced in this Supplement adds signifi-

cantly to the field of HTS, exemplifying the potential public health
role of this new technology to critically increase coverage. Still,
HIVST access will not reach the scale needed to impact the epi-
demic without both leveraging existing health programmes and
developing new and innovative avenues of access. The integration
of HIVST should work to amplify existing HIV programming to
achieve multiple purposes that serve public health goals: reaching
unreached and high-risk individuals at an early disease stage,
reducing testing burdens on taxed health systems, and critically
identifying the most effective avenues to linking persons screening
positive to onward testing and treating or linking persons screen-
ing negative to prevention services. All are outcomes of critical
importance to controlling the HIV epidemic. And novel avenues
such as private sector delivery will continue to need to be
explored.While we find ourselves at the “last big shared challenge”
of HIV testing, in the race towards control of the HIV epidemic,
this Supplement strongly illustrates that a new testing paradigm
based in part on HIVST is key to the next decade of the HIV
response and achieving 95% diagnosis rates everywhere.
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Abstract
Introduction: HIV self-testing (HIVST) is being introduced as a new way for more undiagnosed people to know their HIV sta-
tus. As countries start to implement HIVST, assuring the quality and regulating in vitro diagnostics, including HIVST, are essen-
tial. We aimed to document the emerging regulatory landscape and perceptions of key stakeholders involved in HIVST policy
and regulation prior to implementation in three low- and middle-income countries.
Methods: Between April and August 2016, we conducted semi-structured interviews in Malawi, Zambia and Zimbabwe to
understand the relationships between different stakeholders on their perceptions of current and future HIVST regulation and
the potential impact on implementation. We purposively sampled and interviewed 66 national-level key stakeholders from the
Ministry of Health and the regulatory, laboratory, logistical, donor and non-governmental sectors. We used a thematic
approach to analysis with an inductively developed common coding framework to allow inter-country comparison of emerging
themes.
Results: In all countries, the national reference laboratory was monitoring the quality of HIVST kits entering the public sector.
In Malawi, there was no legal mandate to regulate medical devices, in Zambia one regulatory body with a clear mandate had
started developing regulations and in Zimbabwe the mandate to regulate was overlapping between two bodies. Stakeholders
indicated that they had a poor understanding of the process and requirements for HIVST regulation, as well as lack of clarity
and coordination between organizational roles. The need for good collaboration between sectors, a strong post-market surveil-
lance model for HIVST and technical assistance to develop regulators capacity was noted as priorities. Key informants identi-
fied technical working groups as a potential way collaboration could be improved upon to accelerate the regulation of HIVST.
Conclusion: Regulation of in vitro diagnostic devices, including HIVST, is now being recognized as important by regulators
after a regional focus on pharmaceuticals. HIVST is providing an opportunity for each country to develop similar regulations to
others in the region leading to a more coherent regulatory environment for the introduction of new devices.
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1 | INTRODUCTION

The World Health Organization (WHO) defines HIV self-test-
ing (HIVST) as “a process in which a person collects his or her
own specimen (oral fluid or blood) and then performs a test
and interprets the result, often in a private setting, either
alone or with someone he or she trusts” [1]. HIVST has been
put forward as an innovative tool for reaching the remaining
23% (33% to 12%) of people with HIV who do not know their
status [2]. The number of HIVST kits accessible through the
public sector in Africa is increasing rapidly in response to the
global scale-up [3]. The regulation of kits has been identified

as an important emerging area to protect the consumer from
harm [4].
HIVST kits are classed as in vitro diagnostic (IVD), that is tests

on specimens taken from the body, and thus are considered
medical devices by the International Medical Device Regulation
Forum [5]. Medical devices are classified according to the haz-
ard the device presents based on its intended use and the
expertise of the user and the impact of the result. Due to the
potentially severe outcomes of an incorrect result and its use
by lay persons, regulators would likely consider HIVST kits as a
Class D (highest risk) medical device and therefore subject to
the greatest degree of regulation [6]. For an HIVST kit to meet
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the stringent regulatory standards of the International Medical
Device Forum, it must not only demonstrate the stability and
accuracy required for device registration, but also take into
account mechanisms for ensuring the kit performs optimally in
the hands of intended users. HIVST kits approved for use by
regulatory authorities in high-income countries, such as the Uni-
ted States Food and Drug Administration, may take several
years to evaluate and test performance in their specific popula-
tion [7,8]. To speed up this process and make the evaluation
more focused on low- and middle-income countries, in 2016,
the WHO released the technical specifications series for the
pre-qualification (PQ) of HIVST kits [9] and in 2017 the Ora-
Quick® HIV Self-Test was the first device to be given PQ
approval [10].
Surveys of regulation across Africa have identified IVD reg-

ulation as a neglected area [11,12]. In the majority of coun-
tries, including those with generalized HIV epidemics planning
to use the HIVST approach as part of their strategic response,
HIVST remains unregulated [4,12]. Many low- and middle-
income countries and donors use WHO PQ as a pre-requisite
or substitution for device registration. However, PQ does not
cover all monitoring of device performance undertaken once a
device is on the market (post-market surveillance) though an
adverse event reporting system is in place [13]. For profes-
sional use HIV rapid diagnostic tests (RDTs), programmes for
external quality assurance (EQA) have been developed for
resource-limited settings to compare testing performance
between sites [14]. In Africa, EQA programmes are largely run
by the tertiary HIV referral laboratories or national reference
laboratories and act as a post-market surveillance system in
the absence of or, where available, in collaboration with IVD
regulators. These approaches require adaptation to work for
HIVST. However, at present many of these EQA programmes
are not working due to insufficient funding [15].
We set out to determine the current regulatory status of

HIVST in Malawi, Zambia and Zimbabwe and document the
perceptions and suggestions of key stakeholders regarding
current and future HIVST regulation in each country. These
countries had been selected for the Unitaid/PSI HIV Self-Test-
ing in AfRica (STAR) project based on their high HIV preva-
lence (Malawi 9.2%, Zimbabwe 13.5% and Zambia 12.4%),
established community-based HIV testing services, availability
of data from pilot studies on HIVST and importantly, local gov-
ernment support for HIVST [16-19]. The STAR project aims to
catalyse the market for high quality HIVST. Appropriate effec-
tive regulation is required to meet this aim.

2 | METHODS

We used qualitative and policy analysis methods to under-
stand the relationships between different stakeholders, their
perceptions of current and future regulation and its links to
potential scale-up [20,21]. We sought to document the cur-
rent understanding and knowledge of HIVST regulation and
to explore sensitive areas around how the development of
regulation for HIVST can be influenced by context and indi-
vidual stakeholders. Individual semi-structured interviews
with key informants were conducted at the convenience of
the key informants [22]. The consolidated criteria for report-
ing qualitative research were used when preparing this

manuscript to ensure all relevant information was included
[23].

2.1 | Selection of study participants

The study took place in Malawi, Zambia and Zimbabwe. We
considered stakeholders likely to give in-depth information on
regulation in each country and/or who were likely to play a
key role in HIVST scale-up. We developed lists of participants
with input from country research teams using both relevant
policy and regulatory documents and local knowledge. We fur-
ther supplemented this list by snowball sampling.

2.2 | Data collection

We developed topic guides informed by literature on regula-
tion, global and national policies on HIV testing and HIVST
and implementation experience related to HIVST and based
on the policy triangle framework. The policy triangle is a
framework developed to examine not only the content of pol-
icy but also why is it needed (context), the stakeholders
involved (actors), and how it is developed and implemented
(the process). The topic guides focused on questions consid-
ered to be important in HIVST including key informants’ per-
ceptions on the current and future processes for regulation of
HIVST, key stakeholders in regulation and policy and their
relationships and views on the context of scale-up of HIVST in
each country (Data S1). Additional questions were added iter-
atively after interim analysis of emerging themes. Participants
gave written consent to be interviewed. Interviews were con-
ducted in English between April and August 2016, by RD, VW,
LN and CM. Interviews were digitally recorded and emerging
themes discussed within the research team to triangulate find-
ings.

2.3 | Data analysis and trustworthiness

Audio recordings of the interviews were transcribed verbatim
and NVivo qualitative data analysis Software (QSR Interna-
tional Pty Ltd. Version 11, 2017) was used to manage the
data. VW and RD independently coded a subset of ten tran-
scripts each and then met to determine consensus and mini-
mize inter-coder variability for quality control purposes [24].
A thematic approach for data analysis was used which gener-
ated themes inductively based on what emerged from the
data [25]. In order to ensure trustworthiness, initial analysis
was discussed and refined by all the interviewers. Findings
were then presented to a wider audience of researchers, reg-
ulators, WHO staff and policymakers from the three countries
at a STAR consortium meeting in Lusaka in October 2016 and
an international HIVST workshop held in Nairobi in March
2017, with the subsequent feedback and discussion further
informing the analysis [26].

2.4 | Ethical considerations

We obtained ethical approval from the Liverpool School of
Tropical Medicine(Ref: 15.030, University of Zambia (Ref:
013-11-15) and Medical Research Council of Zimbabwe (Ref:
MRCZ/A/180) and the Malawian College of Medicine
Research Ethics Committee (Ref: P.01/16/1860).
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3 | RESULTS

We purposively sampled a total of 66 national-level key infor-
mants across the three countries (Table 1). Three main
themes emerged from the interviews: (1) the limited capacity
for IVD regulation, (2) the need for improved coordination for
IVD regulation, and (3) a desire for international and regional
harmonization. These are summarized in Table 2.

3.1 | Limited capacity for IVD regulation

Across all three countries, knowledge and understanding of
IVD regulation and HIVST was limited. Few key informants
were clear on what regulation for HIVST would entail. Both
Zambia and Zimbabwe medicines regulatory authorities (Zam-
bia Medicines Regulatory Authority (ZAMRA) and The Medici-
nes Control Authority of Zimbabwe (MCAZ), respectively)
reported that they were starting to develop regulations for
IVDs, though not specific to HIVST. While most participants in
Zambia identified ZAMRA as having the mandate for IVDs,
several others thought HIVST regulation would be handled by
the Central Medical Stores or the laboratory technical work-
ing group. A small number of laboratory staff thought other
authorities would need to be involved, such as the Bureau of
Standards.
In Zimbabwe, respondents from two authorities reported

that they considered themselves to be mandated to regulate
HIVST kits (MCAZ and the Medical Laboratory and Clinical
Sciences Council of Zimbabwe (MLCSCZ)). However, at the
time of the interviews neither had started regulating HIVST
kits and it was unclear to respondents who had the regulatory
mandate: “No, actually I have just assumed that they do go
through MCAZ [Medicines Control Authority of Zimbabwe]
but I am not sure. It is very unclear” (Zimbabwe KII23 Male).
The majority of respondents reported it was either the
MLCSCZ or MCAZ with an approximately equal proportion
suggesting it was both. However, some respondents also men-
tioned the need to have regulatory approvals from the Health
Professions Association and the Standards Association of
Zimbabwe.
In Malawi, the majority of policymakers and laboratory staff

identified that there were no regulated HIVST kits in Malawi.

Most identified the national reference laboratory as the
responsible body for regulating IVDs, with a few laboratorians
and NGO staff respondents reporting that they thought Phar-
macy, Medicines and Poisons Board (PMPB) was responsible
for regulating IVDs. While respondents indicated that legal
mandates for IVDs regulations were unclear, they were aware
of a process to provide more clarity, such as the PMPB seek-
ing the mandate to regulate through an Act of Parliament: “In
fact, they [parliament] are reviewing their Act [of Parliament]
at present to include medical devices” (Malawi KII20 Male).
While most identified the national reference laboratory as
responsible for IVDs, the majority of respondents felt that
regulations of professional use, as well as HIVST kits, should
move to the PMPB in the future: “The issue of regulation is
different because the reference laboratory is not a regulator.
The Pharmacy, Medicines and Poisons Board is a regulator.
That is one of their roles” (Malawi KII18 Female).
Regulators in all countries expressed a need for more sup-

port to develop IVD regulations. None of the countries had
regulations that entirely covered the regulation of IVDs or
any specific guidance on HIVST regulation. In Zambia, regula-
tors said they were focusing on getting guidelines developed
for the pre-market registration of products. In Zimbabwe, they
were focusing on import and export regulations. In Malawi,
regulators were focused on product registration, but noted
that they needed support to develop IVD regulations: “Defi-
nitely we have to have the capacity and indeed so in the pro-
cess of our capacity building, we have to actually develop
those skills [in IVD regulation]” (Malawi KII14 Male).

3.2 | The need for improved coordination for IVD
regulation

In all countries, significant potential to support HIVST regula-
tion existed between the Ministry of Health HIV department,
national reference laboratory and the IVD regulator. Key
informants consistently recognized that links between policy-
makers, regulators and laboratorians were weak: “I think the
link is quite weak, we don’t really have much interaction”
(Malawi KII12 Male). Some regulatory key informants in Zim-
babwe and Malawi reflected that greater collaboration maybe
useful considering that medical devices were new: “Medical
devices would be a new thing, that’s why probably we are
doing the regulations. Perhaps then we cannot be exclusive”
(Zimbabwe KII10 Female).
The lack of an effective regulation system and of a coordi-

nated approach was a concern for all respondents in all coun-
tries. A key concern was the potential entry of unregulated
and poor quality HIVST kits into the domestic market and was
regarded as a risk for all countries. All key informants in
Malawi and Zambia indicated that they had not seen HIVST in
the private sector. However, in Zimbabwe the majority of poli-
cymakers thought that HIVST was available in the private sec-
tor, indicating that regulation was urgently required: “We hear
people are already selling, kits are out there” (Zimbabwe
KII21 Female).
The quality of HIVST kits, particularly their performance in

the hands of intended users, was a concern for the majority
of key informants across all countries as illustrated by a
respondent from Zambia: “If somebody has a false negative, it
could be a real issue because they suddenly don’t think they

Table 1. Key informant characteristics

Participant constituency

Number of participants

interviewed

Malawi Zambia Zimbabwe

Ministry of Health Policymaker 6 3 4

Regulator 3 1 4

Laboratory 4 3 2

Pharmacy/stores 1 1 3

NGOs 3 6 7

WHO/UN 2 2 4

Donors 4 0 3

Total 23 16 27

WHO, World Health Organization.
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have HIV” (Zambia KII4 Male). There was concern from the
majority of key informants around the type of post-market
surveillance model to be used for HIVST as it would not be
performed by professionals in facilities. The majority of labora-
torians and policymakers across countries were concerned
with how to monitor false non-reactive results: “Most likely
we will see the positives in the test facility. [The concern is]
The ones who come out with a negative and they don’t come
to the facility” (Zambia KII17 Female).
Technical working groups with a mandate to focus on

HIVST were seen as a way of coordinating the development
of policy and regulation. In Malawi, most key informants felt
the scale-up of HIVST should be coordinated by the HIV
Testing and Counselling Technical Working Sub-group and a
minority of laboratorians thought it should be coordinated
through the laboratory technical working group. Notably, nei-
ther group included PMPB. They instead belonged to a differ-
ent technical working group: “At the moment we are in what

is called drug and medical supplies [technical working group]”
(Malawi KII14 Male).
In Zambia, there was no regulatory involvement in the HIV

counselling and testing technical working groups though one
policymaker indicated that ZAMRA initiated some ad hoc
meetings with the Ministry of Health. Some policymakers indi-
cated that approval by the national reference laboratory
would be part of HIVST regulation but the ZAMRA were con-
sidering outsourcing to a different laboratory: “The best out-
sourced reference lab that I might point out is the Bureau of
Standards” (Zambia KII6 Female).
Memoranda of understanding were identified as a possible

mechanism by which different organizations could work
together. However, regulatory key informants in Zimbabwe
thought split mandates needed to be addressed in a way that
the mandate rests with one regulator only: “How we team up
with them is through MOUs” (Zimbabwe KII10 Female). “So,
let’s work together you as medicine laboratory scientists,

Table 2. Main themes emerging from interviews

Theme Country Category Supporting Quote Source

Limited capacity for

IVD regulation

Malawi No authority with legal

mandate for IVD regulation

“In fact, they [parliament] are reviewing their

Act [of Parliament] at present to include

medical devices”

Malawi KII20

Zimbabwe Two authorities considered

mandated to regulate IVDs

“No, actually I have just assumed that they

do go through MCAZ [Medicines Control

Authority of Zimbabwe] but I am not sure.

It is very unclear”

Zimbabwe KII23

All Support required to develop

regulations

“Definitely we have to have the capacity and

indeed so in the process of our capacity

building, we have to actually develop those

skills [in IVD regulation]”

Malawi KII14

The need for improved

coordination for IVD

regulation

All Weak coordination between

ministries of health,

regulators and national

reference laboratories

“I think the link is quite weak, we don’t really

have much interaction”

Malawi KII12

Zimbabwe

and Malawi

Need for greater collaboration

by regulator

“Medical devices would be a new thing,

that’s why probably we are doing the

regulations. Perhaps then we cannot be

exclusive”

Zimbabwe KII 10

All Regulator not part of HIV self-

testing technical working

groups/task forces

“At the moment we are in what is called

drug and medical supplies [technical

working group]”

Malawi KII14

International and

regional

harmonization

All WHO pre-qualification an

important mechanism for

ensuring the quality of test

kits

“For now, we are happy to look at what

WHO has recommended as a bare

minimum, then we will add additional

prerequisites ourselves, but it must have a

recommendation from WHO. If they are

fully pre-qualified that’s even better”

Zambia KII12

All Coordination between

countries seen as benefit for

developing regulations

“It’s a matter of trying to get Malawi at the

table to see how other countries are

doing so they can set up something

similar”

Malawi KII13

IVD, in vitro diagnostic.
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evaluating controlling regulating kits for us but not the other
way around” (Zimbabwe KII27 Female).

3.3 | International and regional harmonization

WHO pre-qualification was recognized by key informants from
all sectors, across all countries, as an important mechanism
for ensuring the quality of test kits from manufacturers. Most
also stated that it was a procurement requirement from
donors as illustrated by this commonly held view: “For now,
we are happy to look at what WHO has recommended as a
bare minimum, then we will add additional prerequisites our-
selves, but it must have a recommendation from WHO. If they
are fully pre-qualified that’s even better” (Zambia KII12
Female).
There was little mention of the existence of any regional

bodies or other inter-country interactions other than with
the WHO for IVD regulation, but participants from all sec-
tors were aware of the benefits of a shared approach and
were open to the possibility. One regulatory key informant
indicated they were using other countries’ regulations to
base their own draft IVD regulations on: “you see, we pick it
up from different countries and then we sort of custom
make our own” (Zimbabwe KII10 Female). Similarly, ZAMRA
were reported to be looking at regional collaboration: “We
will sit down as regulators and say fine how are we going to
look at this because I know Zimbabwe had some guidelines”
(Zambia KII6 Female). Recognition of regional efforts for col-
laboration was also seen amongst laboratorians and regula-
tors as indicated by this key informant: “It’s a matter of
trying to get Malawi at the table to see how other countries
are doing so they can set up something similar” (Malawi
KII13 Male).

4 | DISCUSSION

HIVST is a relatively new technology, especially in the context
of regulations in low- and middle-income countries [27]. Our
research found that the development of regulation for IVDs
ranged from none in one country to the drafting of guidelines
for pre-market regulation in the other two countries. We
found lack of clarity of roles and responsibilities across differ-
ent organizations and regulatory authorities making it difficult
to determine who was responsible for HIVST regulations in
country. We also found that overlapping mandates for regulat-
ing in vitro diagnostics may be a significant factor in delaying
the development of regulations and could result in stalemate
or the development of conflicting regulations. Key informants
we interviewed were particularly concerned about the perfor-
mance of HIVST in the hands of intended users and the impli-
cations for post-market surveillance despite evidence to the
contrary [28].
The potential role of HIV National Reference Laboratories

who are already monitoring HIV kits for professional use, in
post-market surveillance of HIVST had not been recognized
by most regulators. There is a clear, recognized need for
strengthened regulatory capacity for medical device regula-
tors, HIV departments and National Reference Laboratories
and clarity on their roles in HIVST regulation, so policy and
regulation can be properly aligned and the experience of

reference laboratories in checking HIV kits can be properly
utilized.
HIVST regulation and implementation is a rapidly evolving

field. A study conducted in 2013 involving similar constituents,
and in the case of Malawi some of the same individuals,
showed that few participants had come across HIVST in prac-
tice [29]. Concerns were voiced about the need for coun-
selling and the potential for coercive testing and to a lesser
extent about kit accuracy. In contrast, we found widespread
familiarity with HIVST as an approach and more focus on con-
cerns over test performance and systems for quality assur-
ance. The development of post-market surveillance systems
able to detect false non-reactive results is of concern in other
studies too [29,30] but we are not aware of any programmes
that have successfully addressed this. Current HIV quality
assurance approaches are designed for facility-based rapid
testing, where testing is conducted by trained testers who
record results and where kit storage and lot numbers can be
traced [31]. Alternative approaches to monitoring HIVST per-
formance, such as the visual stability of kits for re-reading,
digital photography and direct observation need further inves-
tigation [32,33].
HIVST regulation has failed to keep pace with the scale-up

of HIVST and IVD regulation in general and is underdeveloped
in many countries [11,12]. Globally, only one HIVST device
has been pre-qualified by the WHO and the process to gather
the evidence required for dossier submission can take many
years [34]. Our findings of poor national-level coordination
and capacity have implications for both manufacturers trying
to enter these local markets and for end users. For manufac-
turers, the fragmented and uncertain regulatory environment
creates barriers that mean they are reluctant to take the
financial risks associated with the development of high quality
HIVST products. Manufacturers lack incentives to innovate
further product development and prices for existing products
remain high due to lack of competition [35]. For end users,
the delays could result in the proliferation and use of unregu-
lated low quality tests and ultimately incorrect HIV screening
results and loss of consumer confidence [36].
The current lack of IVD regulation in many African coun-

tries presents an opportunity for regulatory convergence
between countries. Regional groups, such as the Pan African
Harmonization Working Party [37] and the African Society for
Laboratory Medicine [38], already exist with this aim but lack
adequate resourcing and political prioritization. Regional coor-
dination can develop capacity, save time and effort and speed
up costly, cumbersome and duplicative processes. Four key
areas to aid convergence are: common pre-market registra-
tion; joint manufacturing site inspections; joint data review
and evaluation protocols and the establishment of laboratory
networks for post-market surveillance [12,39]. Our findings
indicate WHO pre-qualification is likely to be an important
component of any common pre-market HIVST registration sys-
tem in the African region provided manufactures buy into the
process [40]. Collaborative regulatory procedures (e.g. reviews
of dossier submissions) make a more attractive regulatory
environment for manufacturers who would no longer need to
submit different dossiers to multiple regulatory authorities
[41].
National leadership links HIVST to the wider HIV testing

strategy and brings key stakeholders under a common vision.
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A single coordinated approach that establishes roles and
responsibilities from an early stage, will allow a complete pic-
ture of HIVST situation within the country, linking HIV testing
policymakers, regulators and laboratory stakeholders. Experi-
ence from policy development elsewhere reveals that power,
inclusive of funders, politics and patronage can play as much
of a role in delaying or pushing through policy as evidence
and need [42]. The current fragmented approach risks exacer-
bating this situation when there is a lack of direction, conver-
gence within intra-country constituencies and strong
leadership.
The study shares limitations of qualitative approaches in

general, principally the non-generalizability of study findings.
However, the qualitative approach insisting on depth rather
than breadth was suitable for our study since it enabled us to
explore, describe and analyse sensitive issues related to a new
testing approach. Though we interviewed a wide range of par-
ticipants across seven different sectors, the small number of
respondents in some categories made comparison across
groups difficult. Due to a limited number of possible respon-
dents, countries rather than constituencies have been used
for attribution of illustrative quotations to protect individual’s
anonymity. Some areas related to regulation such as govern-
ment procurement processes and supply chain were not
explored in depth during the interviews to try and focus more
on the barriers and opportunities to developing regulations.

5 | CONCLUSIONS

The recognition of the role of regulation in the scale-up of
HIVST is important to ensure the market only has high quality
test kits that can be used correctly and confidently by
intended users. Programmes should establish clear lines of
communication with IVD regulators early to allow for the
alignment of policy and regulation and ensure all voices are
heard in their respective development. The expertise of HIV
National Reference Laboratories should be used to assist in
the evaluation of HIVST kits and the development of post-
market surveillance systems.
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Abstract
Introduction: The ability to achieve an accurate test result and interpret it correctly is critical to the impact and effectiveness
of HIV self-testing (HIVST). Simple and easy-to-use devices, instructions for use (IFU) and other support tools have been
shown to be key to good performance in sub-Saharan Africa and may be highly contextual. The objective of this study was to
explore the utility of cognitive interviewing in optimizing the local understanding of manufacturers’ IFUs to achieve an accurate
HIVST result.
Methods: Functionally literate and antiretroviral therapy-naive participants were purposefully selected between May 2016
and June 2017 to represent intended users of HIV self-tests from urban and rural areas in Malawi and Zambia. Participants
were asked to follow IFUs for HIVST. We then conducted cognitive interviews and observed participants while they attempted
to complete the HIVST steps using a structured guide, which mirrored the steps in the IFU. Qualitative data were analysed
using a thematic approach.
Results: Of a total of 61 participants, many successfully performed most steps in the IFU. Some had difficulties in understand-
ing these and made errors, which could have led to incorrect test results, such as incorrect use of buffer and reading the
results prematurely. Participants with lower levels of literacy and inexperience with standard pictorial images were more likely
to struggle with IFUs. Difficulties tended to be more pronounced among those in rural settings. Ambiguous terms and transla-
tions in the IFU, unfamiliar images and symbols, and unclear order of the steps to be followed were most commonly linked to
errors and lower comprehension among participants. Feedback was provided to the manufacturer on the findings, which
resulted in further optimization of IFUs.
Conclusions: Cognitive interviewing identifies local difficulties in conducting HIVST from manufacturer-translated IFUs. It is a
useful and practical methodology to optimize IFUs and make them more understandable.

Keywords: HIV self-test; performance; in vitro diagnosis; instructions for use; Zambia; Malawi
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1 | INTRODUCTION

HIV self-testing (HIVST) is increasingly being introduced as a
testing approach recommended by the World Health Organi-
zation (WHO) to reach those who may not otherwise test
[1,2]. Key advantages of HIVST are its high acceptability
among men, young people and key populations, who often pre-
fer the privacy and convenience of self-testing over other HIV
testing options [3]. Without the ability to perform the test and

interpret the results correctly, many of the potential benefits
of HIVST are lost [4].
During development and for regulatory approvals, manufac-

turers provide the results of a process of evaluation that
includes studies on ease of use and comprehension of test kit
materials. An assessment of how the kit (device plus support-
ing materials) performs among untrained self-testers is part of
the standard regulatory approval process. Manufacturers’ pre-
submission enquiries [5] and full product dossiers undergo
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comprehensive assessment before site inspection and labora-
tory evaluations of performance are conducted. Approval
implies that resource-limited settings can have confidence that
self-use products have been rigorously evaluated [6]. At the
time of writing, one product has been prequalified by WHO
with four approved for procurement with donor funds on an
interim basis by the Global Fund’s Expert Review Panel for
Diagnostics [7].
The results of HIVST by untrained users have been shown

to be relatively accurate though variable. Both oral fluid- and
blood-based HIVST have shown acceptable accuracy [8], espe-
cially when conducted with additional support in small-scale
assessments in sub-Saharan Africa [9-15]. External packaging,
instructions for use (IFU) and any supplementary materials
can impact the ability of users to correctly perform a self-test
and interpret the results. In Zimbabwe, overly wordy instruc-
tions were shown to result in poor outcomes in rural settings
[15]. In South Africa, poor self-test outcomes were reported
among healthcare workers who did not receive clear instruc-
tions on how to use and interpret the results of oral fluid-
based tests [13]. A study comparing the usability of different
prototypes of oral fluid- and blood-based tests found partici-
pants confused by IFUs, even when the instructions had been
specifically adapted for self-test use [8]. Video evaluation
showed multiple errors in specimen collection, use of buffer,
read times and interpretation of results, regardless of whether
the kit was oral fluid based or blood based [16]. Errors per-
sisted even after self-test prototypes were further adapted
[9,10,12,14,17]. Blood-based self-tests have been shown to be
more sensitive than oral fluid-based tests, but evidence sug-
gests that invalid results among self-testers may be also be
higher [18-21]. Such variability presents a dilemma to poten-
tial implementers and to country regulatory authorities, and
defeats the purpose of HIVST.
Cognitive interviewing has often been used to identify likely

sources of response error in survey questionnaires. Using ver-
bal probing to guide “thinking out loud,” it evaluates people’s
comprehension of specific words and phrases, assessing rele-
vance and acceptability in a particular context [22,23]. We
aimed to estimate the utility of cognitive interviewing in opti-
mizing the local understanding of manufacturers’ IFUs to
achieve an accurate HIVST result. To do this, we adapted cog-
nitive interviewing techniques to include not only verbal com-
prehension but also in-depth qualitative interviews and the
observation of the ability to follow instructions. We tested the
use of this adapted approach to cognitive interviewing for IFU
optimization in two African countries with low literacy levels –
Malawi and Zambia.

2 | METHODS

This study was nested within the Self-Testing Africa (STAR) con-
sortium, a large-scale evaluation of HIVST in Malawi, Zambia and
Zimbabwe [24]. Before conducting the cognitive interviews, pro-
fessional translators hired by the manufacturers had translated
the IFUs into the local languages (Chichewa in Malawi, and
Bemba, Nyanja and Tonga in Zambia). The translated IFUs are
available at: https://www.psi.org/star-hiv-self-testing-africa/.
Participants were purposefully selected to represent

intended users of HIV self-tests. We included adult men and

women aged ≥18 years; 44 participants in Malawi (May 2016
to June 2017) and 17 participants in Zambia (May to August
2016). They were recruited from primary health facilities
when they presented for HIV testing, and were eligible for
inclusion if they demonstrated functional literacy when asked
to read a short text in the local language and self-reported
that they were HIV negative or of unknown status and were
not on antiretroviral therapy (ART). Participants were from six
communities – two rural and two urban communities in
Malawi, and one rural and one urban community in Zambia.
We included both rural and urban communities as literacy
levels and comprehension of IFUs was likely to vary between
these [25]. Cognitive interviews were conducted with them; in
Malawi, we used three iterations, with each stage informing
further refinement and adaptation of IFUs; 20 participants
used the first iteration, 12 used the second iteration and 12
used the third iteration. Changes made at each stage in the
interactive process were communicated to the manufacturer
through e-mails. In Zambia, we additionally recruited partici-
pants who received an HIVST at their home to ensure that
the context (e.g. lighting) in which HIVST was conducted was
considered. In Zambia, one iteration of the IFU was used and
evaluated by all participants, and suggested changes communi-
cated to the manufacturer through email.
Trained research assistants recruited participants. A struc-

tured guide that mirrored the steps depicted in the IFUs illus-
trated in Figure 1 informed the interviews. All participants
were then given an OraQuick HIV Self-Test kit, which con-
tained this manufacturer’s original IFU. They were asked to (1)
read the instructions, (2) reflect on the pictorial and word
instructions and explain these to the social scientist, (3) per-
form the actions depicted, and (4) reflect on how easy or diffi-
cult other members of their community would find the word
and pictorial instructions. Scripted probes were included in
the guide to ensure better understanding at each step, and
research assistants were also trained to use spontaneous
probes. Daily debriefing of field experiences was done to
enhance the rigour of the cognitive interviewing process.
In Malawi, research staff took detailed observation notes at

each step of the process. In Zambia, interviews were
recorded, transcribed, translated into English and saved on
password-secured computers at the research offices. Data
from both countries were analysed deductively and we used a
thematic approach based on the various steps in the testing
process. The comparative analysis presented here uses data
from the second Malawian iteration and the single Zambian
iteration, as these very closely matched the early feedback
incorporated by the manufacturer from the first Malawian
iteration. This involved researchers familiarizing themselves
with the data, developing codes and then merging the codes
into broader themes.
Readers should note that there were fewer steps in this

manufacturer’s original IFU than those in the final iteration
included in our Table S1 that can be found in the supplemen-
tary materials submitted with this paper, because additional
steps were added to the IFU as a result of early iterations.

2.1 | Ethical considerations

In Malawi, we obtained ethics approvals from the College of
Medicine Research Ethics Committee [Ref: P.01/16/1861] and
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the London School of Hygiene and Tropical Medicine (LSHTM)
Ethics Committee [Ref: 10566]. In Zambia, the study was
approved by the University of Zambia Biomedical Research
Ethics Committee [Ref: 013-11-15] and LSHTM Ethics Com-
mittee [Ref: 10632]. All study participants provided informed
consent.

3 | RESULTS

A total of 61 participants were included in this study. Over
half of the participants in both countries understood the text
and pictures used in the IFUs and could correctly conduct the
self-test and interpret the results. Performance errors, how-
ever, were identified at each of the 15 steps outlined in the
manufacturer’s original IFU, including unanticipated difficulties
with opening the packet through to kit disposal. We present
the results thematically and provide illustrative quotations. A
summary table in the supplementary materials presents partic-
ipants’ experiences at each step of following the IFU and com-
pares results by country.
Over half of the participants found the textual and pictorial

instructions to be complementary. Participants with lower lit-
eracy levels reported that the pictorial instructions improved
their comprehension of the written instructions. When pic-
tures were too difficult to understand, participants indicated
that they used the textual instructions instead, such as the
picture(s) in a step on when to start “timing the test.” Other
factors that limited participants’ understanding and perfor-
mance of certain instructions included translation errors, use
of complicated terms, use of unfamiliar images and symbols,
and the order in which the text and pictures describing the
steps were presented.

3.1 | Language (use of complicated terms) and low
literacy

Translations and the use of complicated terms led to some
misunderstanding of the IFUs and user errors. Sometimes
these issues arose from translation errors in the IFUs

themselves, and at other times it was lack of familiarity with
certain terms. For example, some participants in Zambia found
the translated word for “pouch” in the instructions too difficult
to understand.

Two pouches? Someone would get confused, yes. At least
put simpler words because someone would ask, “what are
pouches?” and may be guess that these are pouches (fe-
male, 29 years, Kanakantapa, rural, Zambia).

The translation of “flat pad” in instruction 7 was also diffi-
cult for some people in Malawi and failure to understand the
meaning of the local word resulted in a few participants
touching the “flat pad” as illustrated by this quote: Both sides
are flat pads. The instruction should read, “gwirani kwakukuluko
osati kwakung’ono” [touch the large side and not the smaller side]
(female, 44 years, Madziabango, rural, Malawi). Participants also
found words and phrases like “swab,” “press the pad firmly”
confusing. This resulted in some participants doing odd things
like pressing the pad hard “so that it could accumulate an ade-
quate specimen” or placing the pad on their teeth and gums.
A related challenge was the variation in languages and dia-

lects used within countries. Rural areas tended to use the
original languages while urban areas tended to use colloquial
versions. In Malawi, the Chichewa translation of the word
gum was usinini but some participants from rural Malawi said
this was a confusing translation and suggested nkhama
instead. Thus, rural populations with poor literacy were more
likely to struggle with understanding the messages in the IFUs
and thereby made more errors. Rural participants who did
comprehend IFUs and completed the self-test correctly indi-
cated that they relied on the pictorial instructions rather than
the text.

3.2 | Unfamiliar images and symbols

Images and pictorial illustrations in the IFU were meant to
enhance understanding and performance of the instructions
when used individually or complementarily with the word
instructions. However, participants did not understand the

Figure 1. Manufacturer’s original instructions for use. This figure is reproduced from OraQuick HIV Self-Test instructions for use item num-
ber 3001-XXXX rev.10/15 with permission from OraSure Technologies Inc.
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meaning of some images that were not familiar to their local
context. Over half the participants in both countries incor-
rectly interpreted the cutlery symbol in the directions at the
top of the IFU (see Table S1) due to lack of familiarity with
using cutlery for eating:

. . . the picture does not make sense. What does the cutlery
mean? Use a toothbrush and Colgate and put in mind that
most Malawians do not use forks [male, 20 years, Zing-
wangwa urban, Malawi].

Instead, participants from both countries interpreted the
image to mean “avoid cutting oneself,” “do not eat or drink
contents of the test-kit” and “do not use a knife or fork to
open the test kit.” The fact that over half of the participants
performed this and other instructions successfully points to
the fact that pictorial and word instructions complemented
each other and common sense prevailed.
A red line was drawn through images/pictures to warn par-

ticipants not to carry out certain actions such as not to pour
out the liquid (instruction 5). However, over half the partici-
pants preferred crossed red lines as used in warning signs in
Malawi and Zambia.

If this picture was like this (makes a gesture with crossed
hands to make an X) it would show that you should not do
this . . . (female, 35 years, Mtendere, urban, Zambia).

3.3 | Presentation of images and instructions

Circumstances that made interpretation difficult included
information that was clustered within an instruction.
Instruction number one contained images of a wristwatch,
a digital watch and a phone to illustrate the importance of
having a timing device. Some participants felt that having
several images talking about one thing was misleading: It is
not clear. Is it a time or a date? (male, 29 years, Limbe, urban,
Malawi). Indeed, over half the participants did not have
timing devices; a potential challenge for ensuring correct
reading times even if the instruction was clearly under-
stood.
Different font types, sizes and colours also created confu-

sion. Some participants observed that the instruction about
removing the test device from the pouch was written in a
small font and therefore difficult to see. Other participants
said that the presentation of instructions in different font
sizes and colours could prompt users to think that the instruc-
tions in question were not important.
Some word instructions did not have corresponding pictorial

instructions and vice versa. For instance, the written state-
ment that users should not use “mouth cleaning products
30 minutes before you start the test” did not have a corre-
sponding picture/image. This affected the participants’ under-
standing of the instructions.

3.4 | Order, clarity and adequacy of instructions/
messages

The order or positioning of instructions was critical to avoid
confusion. The red capitalized instruction “IF YOU READ

BEFORE 20 MINUTES, RESULTS MAY NOT BE CORRECT”
came after the user had tested and had been told to “leave
the test device in the tube for 20 minutes before reading the
results” without telling the user the implications of reading
the results earlier than 20 minutes or after 40 minutes.
According to the participants, presenting the implications ear-
lier could have enhanced understanding of and adherence to
instructions.
Inadequate information was also a source of poor cognition

of the instructions. For example, a warning that being on ART
may lead to incorrect (false-negative) results was included,
because retesting to confirm a previously known positive status
has previously been reported and can lead to a false-negative
self-test result [15,26,27]. However, participants found this
message to be confusing and did not understand how someone
who is infected with HIV could obtain negative results when the
intention of the test-kit was to detect HIV: How does one that is
HIV positive get negative results? (female, 22 years, Mpemba, rural,
Malawi). I don’t understand, how can you get a false-negative result?
(female, 29 years, Kanakantapa, rural, Zambia).

4 | DISCUSSION

Our study aimed to evaluate the utility of cognitive interview-
ing in optimizing the local understanding of manufacturers’
IFUs to achieve an accurate HIVST result. This study was
nested within the STAR consortium, a large-scale evaluation of
HIVST in Malawi, Zambia and Zimbabwe. We used cognitive
interviewing in Malawi and Zambia, two African countries with
low literacy levels, to rapidly identify how well users of oral
fluid-based HIV self-test kits were able to understand IFUs
and their ability to obtain accurate results.
The use of cognitive interviewing in the iterative creation

and improvement of questionnaires and health promotion
materials has been described elsewhere, particularly for
exploring how survey questions are understood by research
participants and how these require significant contextual adap-
tation [28-30]. Results from cognitive interviews often show
that some survey questions are appropriately interpreted by
respondents, and others show significant differences between
what the researchers intended them to measure and what
they actually do [31,32]. We found the same with IFU with
some instructions being easy to understand and conduct as
intended by the manufacturers and others not. We adapted
these methods by combining the step-by-step drill down on
each IFU instruction with qualitative data capture and
observed the errors. This allowed us to gain additional insights
on how to best tailor support materials, which was not possi-
ble from less targeted interviews, even when supported by
video observation [16]. We found the principle of cognitive
interviewing to be an essential element, i.e. taking time to
explore the understanding of each instruction, statement or
question.
While systematic reviews and evaluations have shown that

HIVST can be successfully conducted by the intended users
without in-person demonstrations [8], we feel that additional
support materials such as checklists, videos and in-person
demonstrations are likely to be particularly important for rural
and urban populations with low literacy [33-35]. Viewing a
demonstration video increased adolescents’ and adults’
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confidence in their ability to self-test in Zambia [36]. Providing
an in-person demonstration resulted in high sensitivity of oral
fluid self-testing in KwaZulu Natal [17], which did not happen
when the oral fluid test was conducted unsupervised in similar
settings [12]. Demonstrations of how to use the kit are an
integral part of our studies in Malawi, Zambia and Zimbabwe
[10,11,37,38]. Demonstration materials do, however, need to
be tailored to the context. Men who have sex with men in
South Africa preferred fingerstick self-testing but were better
able to perform the oral fluid tests resulting in the need for
additional instructional resources for blood-based testing in
this context [39]. Ortblad et al. reported that when peer edu-
cators working with female sex workers in Uganda gave an
HIVST demonstration based on materials developed without
detailed knowledge of common misunderstandings, the sex
workers struggled to correctly interpret the test results [40].
In Zimbabwe, on the other hand, where female sex workers
were shown a video based on findings from cognitive inter-
views, they were able to correctly perform and interpret oral
fluid-based HIVST [38]. Training lay people, including women
with untested male partners, on how to demonstrate a self-
test may be another option. In Malawi and Kenya, HIVST
delivered to the male partners of pregnant women resulted in
high uptake and increased couples’ testing [41-43]. Over time,
as knowledge and awareness of HIVST increases, the need for
cognitive interviewing is likely to decline.
Our findings were used to provide feedback to the manu-

facturer and resulted in further optimization of IFUs as well
as the development of demonstrations used in the STAR pro-
ject to further improve performance. However, iterations and
adaptation of the actual IFUs are neither possible nor desir-
able for every community, every key population or subgroup.
They are also not possible from a regulatory point of view,
since regulators and WHO prequalification regard only the
IFUs in the final prequalified product as approved package
inserts, allowing only simple changes for clarification and
translation [44]. The onus is thus on programmes to ensure
appropriate introduction of HIVST. A practical toolkit aimed at
programmes wishing to introduce HIVST is now being devel-
oped to provide further guidance on how to optimize HIVST
implementation, including guidance on how to conduct and
interpret findings from cognitive interviews exploring IFUs.
Our study had several limitations, such as different data col-

lection techniques. Data collection in Malawi was captured
using an observational checklist while a digital audio recorder
was used in Zambia. However, the differences in data captur-
ing techniques did little to influence our analysis, since the
focus of data synthesis was on how each client understood
each instruction, and how they practically translated word and
pictorial instructions when performing an HIVST. Malawi con-
ducted three iterations with the aim of improving the IFUs at
each iterative stage while Zambia only had a single iteration
and fewer participants, and this might have influenced our
findings, although the comparison used the same IFU iteration
and the same principles of cognitive interviewing methods.
Professional translations done by the manufacturers had sev-
eral problems and required revisions by researchers within
the study team in both countries. Finally, similar cognitive
interviews conducted in Zimbabwe a year before this study
informed the development of study tools in Malawi and Zam-
bia; however, as the team iteratively changed the IFUs several

times, there was no version that exactly matched the ones
used in Malawi and Zambia. We felt that the methods did not
overlap sufficiently to include them, limiting the potential for
comparison in a third context.

5 | CONCLUSIONS

Cognitive interviewing provided an excellent methodological
approach to assessing IFU but required some adaptation to
include direct observation of test performance. The adapted
cognitive methodology we used highlighted several errors that
were common across both countries and helped us to deter-
mine the nature of support users might need and to pre-empt
common test performance problems, through improved trans-
lations and adaptation of manufacturers’ IFUs. Efforts to fur-
ther optimize performance may not always be feasible
through IFUs alone but may require the addition of demon-
strations and support tools in settings and populations with
low education and literacy levels.
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Abstract
Introduction: Scale-up of HIV self-testing (HIVST) will play a key role in meeting the United Nation’s 90-90-90 targets.
Delayed re-reading of used HIVST devices has been used by early implementation studies to validate the performance of self-
test kits and to estimate HIV positivity among self-testers. We investigated the stability of results on used devices under con-
trolled conditions to assess its potential as a quality assurance approach for HIVST scale-up.
Methods: 444 OraQuick® HIV-1/2 rapid antibody tests were conducted using commercial plasma from two HIV-positive
donors and HIV-negative plasma (high-reactive n = 148, weak-reactive n = 148 and non-reactive n = 148) and incubated
them for six months under four conditions (combinations of high and low temperatures and humidity). Devices were re-
read daily for one week, weekly for one subsequent month and then once a month by independent readers unaware of
the previous results. We used multistage transition models to investigate rates of change in device results, and between
storage conditions.
Results and discussion: There was a high incidence of device instability. Forty-three (29%) of 148 initially non-reactive results
became false weak-reactive results. These changes were observed across all incubation conditions, the earliest on Day 4
(n = 9 kits). No initially HIV-reactive results changed to a non-reactive result. There were no significant associations between
storage conditions and hazard of results transition. We observed substantial statistical agreement between independent re-
readers over time (agreement range: 0.74 to 0.96).
Conclusions: Delayed re-reading of used OraQuick® HIV-1/2 rapid antibody tests is not currently a valid methodological
approach to quality assurance and monitoring as we observed a high incidence (29%) of true non-reactive tests changing to
false weak-reactive and therefore its use may overestimate true HIV positivity.
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1 | INTRODUCTION

HIV self-testing (HIVST) is being scaled-up using a variety of
distribution models throughout Africa, the Americas, Asia and
Europe [1-4]. No clear monitoring and evaluation or external
quality assurance (EQA) systems exist for HIVST devices and
this raises concern for national reference laboratories, regula-
tors and policymakers [5-7].
While previous studies report acceptable sensitivity and

specificity when HIVST is conducted by intended users [8,9],
it is unclear whether this will be maintained once HIVST pro-
grammes are implemented at scale. Observation and in-depth
interviews reveal that without a demonstration, operator
errors are common in both conducting and interpreting self-
tests [10,11]. Scale-up will have to be accompanied by a
robust quality assurance system.

A reactive HIVST indicates that HIV antibodies are present
in the oral or fingerstick/blood sample of the user. Further
testing to confirm a positive diagnosis following linkage to
care acts as an active system for detecting false-reactive
results and ensures individuals are not incorrectly started on
antiretroviral therapy (ART). In most contexts, however, the
prevalence of false-reactive results prior to ART clinic enrol-
ment (whether or not individuals came from HIVST) is not
tracked and rates of linkage remain highly variable and can be
very low without active support [12-14]. Self-testers with
non-reactive results, unless linking to voluntary male medical
circumcision or pre-exposure prophylaxis services, would not
typically seek or receive further testing and confirmation,
meaning a false non-reactive result would not be detected.
Methods that detect incorrect results and misinterpretation

are required for individual care as well as for quality
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assurance. One approach, which has been utilized in early
HIVST implementation studies, is for self-testers to return
used devices for delayed re-reading by trained staff in parallel
with self-reported interpretation of results [15,16]. However,
delays between device use and re-reading, and environmental
storage conditions during this period could impair the validity
of this method. We therefore set out to investigate the stabil-
ity of OraQuick® HIV-1/2 rapid antibody test (OraQuick HIV)
results with delayed re-reading stored under controlled incu-
bation conditions for prolonged periods. We selected the Ora-
Quick® HIV-1/2 rapid antibody test kit, which is the same
product (in different packaging) as the OraQuick® HIV Self-
Test which is prequalified by the World Health Organization
(WHO) [17].

2 | METHODS

2.1 | Materials and equipment

Two different batches (HIVCO-4308 and HIVCO-4309) of
OraQuick® HIV-1/2 rapid antibody test kits (assembled in
Thailand for OraSure Technologies, Inc. Bethlehem, PA, USA)
were obtained from the manufacturer. Human HIV serocon-
version panel plasma samples from two donors (Donor No.
73695 panel number 12007-08 and 09, [18] and 75018 panel
number 9077-24 and 25 [19]) were purchased from Zepto-
Metrix Corporation (Buffalo, NY, USA). Human plasma nega-
tive for HIV, hepatitis B, C, E and syphilis was purchased from
the National Blood Service (Liverpool, UK).

2.2 | Sample preparation

The OraQuick® HIV-1/2 Rapid Antibody Test is WHO pre-
qualified for use with oral fluid, whole blood, serum or plasma.
The matrix of the sample (i.e. plasma rather than an oral
crevicular fluid sample) was not a crucial factor in this investi-
gation, as we were not investigating specificity or sensitivity.
What was important was the basis of the immuno-chromato-
graphic stability of the test. The use of HIV antibody-positive
and -negative plasma allowed us to investigate this.
Four panel samples from two donors were combined to

produce an HIV-reactive “mini-pool” of stock serum. This was
checked to ensure the correct result and intensity of test line
on the OraQuick HIV device. From this stock, an HIV-reactive
sample was prepared with the addition of HIV-negative
plasma (1:8 dilution factor). An HIV weak-reactive sample was
prepared with a 1:16 dilution factor.

2.3 | Sample size calculation

To estimate sample size, we assumed that 0.2% of all used tests
would change over six months. To estimate accuracy of rate of
change within � 1% with 95% confidence, 77 tests were
required to be read for each condition, with a total of four con-
ditions, giving a minimum sample of 308 kits. With available
resources, were able to include more samples (444 total).

2.4 | Conducting the tests

The study was conducted in the laboratory under controlled
conditions rather than using actual patient-used HIVST devices.

This eliminated the risk that the test had not been performed
correctly which could have influenced the study results.
A total of 444 OraQuick HIV tests were conducted in the

laboratory following the manufacturer’s instructions for use
(IFU). Five microlitres of the prepared samples (HIV reactive
n = 148, HIV weak-reactive n = 148 or HIV non-reactive
n = 148) was delivered into the developer solution before
mixing gently. The test device was labelled with an identifica-
tion number on the back and inserted “pad end” into the
developer solution. Devices were read within the 20- to 40-
minute reading window (measured using a digital timer) by
three different laboratorians, trained in the reading of the
devices and blinded to each other’s interpretation.

2.5 | Read definitions/interpretation

On the test device there is a window next to which there is a
letter “T” for test line and a “C” for control line. As per the IFU,
a non-reactive result was recorded when only a single quality
control line was visible adjacent to the letter “C” on the test
device. A weak-reactive was recorded when there were two vis-
ible lines on the test device, the first adjacent to the letter “C”
(control) and the second adjacent to the letter “T” (test) but the
test line was not as intense as the control line. A reactive test
was recorded when both “C” and “T” lines were visible and the
“T” line was at least as intense as the “C” line. An invalid result
was defined as no line present adjacent to the letter “C.”

2.6 | Incubation conditions

Following initial reads, devices were placed in one of four labora-
tory benchtop incubators (Benchmark Scientific), each set to a
different incubation condition: (a) control temperature (30°C)
with high humidity (70%); (b) control temperature (30°C) with
low humidity (20%); (c) high temperature (40°C) with high
humidity (70%); (d) or high temperature (40°C) with low humidity
(20%). Each condition had 37 HIV non-reactive, 37 HIV weak-
reactive and 37 HIV reactive devices allocated to it (Figure 1).

2.7 | Re-reading intervals

Devices were re-read by either two or three blinded and inde-
pendent readers daily for one week, weekly for one subsequent
month and then once a month for the following five months,
giving a total of 13 reads over the 6-month study period
(November 2016 through to April 2017). Each of the laborato-
rians interpreted the test face up, recorded the test result
(check box non-reactive, weak-reactive or reactive) on the data
log sheet and then turned the test over to record the test iden-
tification number along with any additional comments. Data
were input onto a blinded (of previous re-read result) elec-
tronic log. Data were unblinded and analysed after 6 months.

2.8 | Data analysis

Two laboratorians had to be in agreement for a “final” test
result interpretation. We compared agreement between
readers at each time point using the kappa statistic with
bootstrapped 95% confidence intervals for three readers and
Scott’s pi for two readers. To estimate the hazard of transi-
tion between device states (non-reactive, weak-reactive, and
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reactive) over time, and the effects of incubation storage
conditions, we fitted a multistage transition model using a
hidden Markov process. Model fit was evaluated by visually
comparing the fitted hazard function within each condition
over time with observed transition events. In the final model,
terms for piecewise intensities were fitted at Day 1 to 2,
Day 2 to 3; Day 3 to 4; Day 8 to 15; and Day 15 to 181
to account for the high intensity of transition. Analysis was

done using R version 3.3.2 (R Foundation for Statistical Com-
puting, Vienna).

3 | RESULTS AND DISCUSSION

Devices were first read following the manufacturer IFU, after
20 minutes and within 40 minutes of conducting the test

Figure 1. Flow diagram of sample allocation and re-read results over time.
The flow chart shows the allocation of non-reactive, weak reactive and reactive test devices to the four different incubation conditions on Day 0
and the re-read results for Day 0 to Day 161. Changes in non-weak reactives are underlined and highlighted in bold. The first changes observed
“non-reactive” transitioning to “weak reactive” was on Day 4 in the incubation condition of high temperature and low humidity.
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(Day 0) for control purposes. On Day 0, all reactive devices
gave the expected dilution results (reactive or weak-reactive)
and a following masked re-read showed all three independent
readers in agreement (100%). Statistical agreement between
independent readers over the six-month period ranged from
0.70 (95% confidence interval (CI): 0.66 to 0.74) to 0.96 (95%
CI: 0.94 to 0.98) [20].
There was a high incidence of OraQuick HIV result transi-

tion between states over time (Figure 2). A total of 43 of the
148 true non-reactive devices (29%) changed to a false weak-
reactive result with the earliest change observed on Day 4
(n = 9 kits) incubated at high temperature and low humidity
(Figure 1). Transition between states over time was also
observed, with tests changing from true non-reactive to false
weak-reactive and then back to true non-reactive (77
instances out of a total of 1776) and weak-reactive results
changing to strong reactive and then back to weak-reactive
(135 instances). The majority of these true reactive transitions
occurred early (from Day 1) with the greatest intensity of
transition occurring up to Day 15. Transitions continued to
occur throughout the six-month follow-up period. No devices
with an initial reactive result changed to a weak-reactive or
non-reactive result over the six-month period. The test control
line showed 100% stability throughout the study.
Changes occurred across all controlled incubation condi-

tions with the earliest transition from a true non-reactive to a
false weak-reactive occurring under high temperature and low
humidity conditions on Day 4. However, in our final model,
there was no significant association between the incubation
condition under which devices were stored and the hazard of
transition between stages (Table 1).

Our key finding shows the OraQuick HIV device can have a
result change from a true non-reactive to a false weak-reac-
tive result when reading is extended beyond the manufacturer
reading time window. The reasons underlying our finding are
not clear and we did not find any association with different
temperature and humidity conditions. Explanations for the
appearance of the false weak-reactive lines may be due to
nonspecific antibody binding at the HIV antigen test site on
the devices nitrocellulose test strip [21] or nonspecific binding
of protein-A gold conjugate which the test uses as the colori-
metric indicator or perhaps a lateral back flow or “settling
effect” over time and further investigation into these hypothe-
ses is required.
The observed change in result raises concerns over the use

of delayed re-reading of devices for monitoring HIVST inter-
pretation, as well as for programmatic monitoring, evaluation
and EQA. Research studies utilizing delayed re-reading of
returned OraQuick® HIV Self-Test for establishing positivity
may overestimate the true HIV positivity amongst a self-test-
ing population.
A previous study conducted in Malawi examined the pre-

use stability of OraQuick® HIV test kits [16]. 371 optimally
stored and 375 pre-incubated used devices were re-read over
a 12-month period. A 0.2% change from an initial reactive
result to a later non-reactive was observed (one in the pre-
incubated and one in the optimally stored group). These
results suggested that HIVST device results remained stable
over time. However, the focus of this study was its effect on
pre-use storage conditions. Post-use storage conditions were
not rigorously monitored and so cannot be reliable compared
with the results from our study.

Figure 2. Observed transitions between HIV re-read results over the study period.
(A) Decrease in true HIV non-reactive inoculated test devices as they transit to “false” HIV weak reactive. (B) Increase in the number of test
devices re-read as HIV weak reactive. (C) Increase in the number of test devices re-read as reactive which then transition back to weak reactive
over time.
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During this controlled study, our trained laboratorians could
correctly distinguish false weak-reactive test lines from true
weak-reactive test lines as they have a greyish appearance
compared with the pinker true-reactive. Implementation of
this more nuanced approach may however prove challenging
in programmatic settings where previous reports show that
providers struggle to identify and interpret weak reactives
[22] and other factors, such as interferents, and tests used
among people with HIV using ART can cause weak reactives
[23].
In addition to a false weak-reactive line causing uncertainty

to an EQA model, when testing a population, it is likely that
more “true negative” samples will change to “false weak reac-
tive” and delayed re-reading by self-testers themselves could
lead to individual misinterpretation and misunderstandings.
Our study showed that the OraQuick HIV device was stable

up to four days after the sample was applied, suggesting that
the risk of this is low but nevertheless self-testers need clear
messages about the read window and the importance of read-
ing the device according to manufacturer instructions.
A limitation of this study was that on some re-read days

only two individual re-reads were conducted (23%) and there-
fore a third “tie breaker” re-read was not available. The very
nature of self-testing (conducting the test privately at home)
means conventional facility/laboratory-based QA systems of
test devices are eluded, and an alternative approach is
required. Digital photography and immediate re-reading are
two other options that are being further explored for QA dur-
ing HIVST scale-up, but these also have their limitations.
National reference laboratories should play an integral role in
external quality control measures by conducting batch testing
at the actual sites of distribution of HIVST to ensure that the
integrity of the devices is not compromised during transport
and storage.

4 | CONCLUSIONS

The use of re-reading used OraQuick HIVST devices as an
approach to quality assurance and monitoring test results is
not advised. The instability observed in true non-reactive tests
changing to false weak reactive test results in our study
demonstrates that re-reading is not a reliable method to
assess user interpretation of the OraQuick HIVST and mea-
surement of HIV positivity rates among self-testers.
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Table 1. Hazard of transition between HIV test read stage over

six months

Incubation condition

and transition

stage (From ? To)

Hazard ratio for

transition intensity

(vs. cool/dry

incubation

condition)

95% confidence

interval

Cool/humid

HIV non-reactive

? HIV weak-reactive

0.88 0.47 to 1.64

HIV weak-reactive

? HIV non-reactive

0.95 0.33 to 2.71

HIV weak-reactive

? HIV reactive

1.27 0.80 to 2.03

HIV reactive

? HIV weak-reactive

1.41 0.87 to 2.28

Warm/humid

HIV non-reactive

? HIV weak-reactive

0.81 0.43 to 1.56

HIV weak-reactive

? HIV non-reactive

1.27 0.47 to 3.42

HIV weak-reactive

? HIV reactive

0.87 0.53 to 1.44

HIV reactive

? HIV weak-reactive

0.94 0.56 to 1.59

Warm/Dry

HIV non-reactive

? HIV weak-reactive

1.06 0.57 to 1.95

HIV weak-reactive

? HIV non-reactive

1.24 0.46 to 3.35

HIV weak-reactive

? HIV reactive

0.94 0.58 to 1.52

HIV reactive

? HIV weak-reactive

1.15 0.69 to 1.89

Estimated by fitting multistage transition model for each test read con-
dition with hidden Markov process, and with terms for incubation con-
dition and piecewise transition intensities between Day 1 to 2, Day 2
to 3, Day 3 to 4, Day 8 to 15 and Day 15 to 181.
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Abstract
Introduction: Strategies employing a single rapid diagnostic test (RDT) such as HIV self-testing (HIVST) or “test for triage”
(T4T) are proposed to increase HIV testing programme impact. Current guidelines recommend serial testing with two or three
RDTs for HIV diagnosis, followed by retesting with the same algorithm to verify HIV-positive status before anti-retroviral ther-
apy (ART) initiation. We investigated whether clients presenting to HIV testing services (HTS) following a single reactive RDT
must undergo the diagnostic algorithm twice to diagnose and verify HIV-positive status, or whether a diagnosis with the set-
ting-specific algorithm is adequate for ART initiation.
Methods: We calculated (1) expected number of false-positive (FP) misclassifications per 10,000 HIV negative persons tested,
(2) positive predictive value (PPV) of the overall HIV testing strategy compared to the WHO recommended PPV ≥99%, and
(3) expected cost per FP misclassified person identified by additional verification testing in a typical low-/middle-income set-
ting, compared to the expected lifetime ART cost of $3000. Scenarios considered were as follows: 10% prevalence using two
serial RDTs for diagnosis, 1% prevalence using three serial RDTs, and calibration using programmatic data from Malawi in
2017 where the proportion of people testing HIV positive in facilities was 4%.
Results: In the 10% HIV prevalence setting with a triage test, the expected number of FP misclassifications was 0.86 per
10,000 tested without verification testing and the PPV was 99.9%. In the 1% prevalence setting, expected FP misclassifications
were 0.19 with 99.8% PPV, and in the Malawi 2017 calibrated setting the expected misclassifications were 0.08 with 99.98%
PPV. The cost per FP identified by verification testing was $5879, $3770, and $24,259 respectively. Results were sensitive to
assumptions about accuracy of self-reported reactive results and whether reactive triage test results influenced biased inter-
pretation of subsequent RDT results by the HTS provider.
Conclusions: Diagnosis with the full algorithm following presentation with a reactive triage test is expected to achieve PPV
above the 99% threshold. Continuing verification testing prior to ART initiation remains recommended, but HIV testing strate-
gies involving HIVST and T4T may provide opportunities to maintain quality while increasing efficiency as part of broader
restructuring of HIV testing service delivery.

Keywords: HIV; HIV testing; HIV self-testing; Retesting; ART initiation; Quality
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1 | INTRODUCTION

Substantial scale-up of HIV testing services (HTS) has con-
tributed to tremendous progress towards global targets to
diagnose 90% of people with HIV by 2020. In 2017, PEPFAR
alone conducted more than 85 million HIV tests [1]. Despite
this scale-up, an estimated 25% of people with HIV remain
unaware of their status [2].

Striving for these ambitious targets for HIV diagnosis, while
also seeking increases in the efficiency and effectiveness of
services, has stimulated innovative approaches to providing
HTS. Recent forecasts suggest the HIV response is not on
track to achieve the 90-90-90 testing and treatment targets
unless significant investments are made [3], and there are
increases in effectiveness and efficiency of services. The
expanded volume of HIV testing and depletion of undiagnosed
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persons has increased the marginal testing cost per HIV-posi-
tive person identified. Static donor investment has also added
pressures to implement more “cost-effective” testing
approaches. As a result, many countries are looking for inno-
vative ways to continue to scale-up HIV testing, while maxi-
mizing effectiveness and efficiency and maintaining quality.
To establish a diagnosis of HIV infection, WHO Guidelines

recommend using multiple independent serological assays
(rapid diagnostic tests (RDTs) and enzyme immunoassays) [4].
Each assay must demonstrate at least 99% sensitivity and
98% specificity. In settings where the prevalence among HTS
clients is above 5%, guidelines recommend reactive results
from two consecutive assays conducted serially to establish
HIV infection, and three consecutive assays in settings with
HIV prevalence below 5% (Figure 1A), ensuring a positive pre-
dictive value (PPV) of above 99% in all settings [4]. If the
results of the assays are discrepant, both assays are repeated.
In the high prevalence setting (≥5%), if still discrepant, a third
assay is applied. If the third assay is non-reactive, the result is
reported as HIV negative, while if reactive the result is
reported as inconclusive to be retested in 14 days. In the low
prevalence setting, all three assays must be reactive to estab-
lish HIV infection; if the first two are reactive and the third

non-reactive, the result is reported as inconclusive for re-test-
ing in 14 days.
Recent reports have described suboptimal quality of HIV

testing and cases of HIV misdiagnosis [5], highlighting the
importance of ensuring reliable and accurate HIV testing,
alongside scale-up. A recent systematic review identified the
main reason for false-positive (FP) HIV diagnosis was the use
of incorrect or suboptimal testing strategies and algorithms in
facilities [6]. To mitigate misclassification of HIV status (often
due to human error), WHO recommends re-testing with the
full diagnostic algorithm by an independent provider to “verify”
HIV-positive status immediately prior to anti-retroviral therapy
(ART) initiation (Figure 1B) [4]. Recent analyses estimated that
additional verification testing prior to ART initiation is highly
cost-saving [6,7], in addition to being good public-health prac-
tice, but many countries are yet to implement this approach
[8].
HIV self-testing (HIVST) and “test for triage” (T4T) are two

testing modalities that both involve provision of a single HIV
RDT, referred to as an “A0” (assay 0) test, either by oneself
(HIVST) or a lay-provider in a community-based setting (T4T).
Clients with reactive A0 RDT results are linked to the health
system for testing with the full national testing algorithm to

Figure 1. Simplified flow diagram for alternative HIV testing and diagnosis strategies prior to ART initiation.
(A and B) represent current “status quo” HIV testing strategies without and with verification testing prior to ART initiation, respectively. (C and
D) illustrate potential testing strategies for clients presenting to HIV testing services (HTS) following a single reactive RDT through HIV self-test-
ing or test for triage modalities. In (C and D), the “A0” assay represents a single RDT, either HIVST or T4T, applied before referral to HIV testing
services for testing and diagnosis with the full diagnostic algorithm. Assays “A1,” “A2,” and “A3” represent HIV antibody rapid diagnostic test (RDT)
conducted in serial comprising a testing algorithm in a setting using a 2-test strategy or 3-test strategy. The “A3” assay is shaded to indicate that
this assay is only applied in a setting using a 3-test strategy for HIV diagnosis (recommended for prevalence <5%). HIV diagnosis is established
only if all two/three serial RDTs are reactive. Discordant results (A1 reactive/A2 non-reactive) should be re-tested using the same two assays; if
they remain discrepant, the result is reported as HIV-inconclusive and the client is retested in 14 days. Full details of the flow and reporting of
results in the case of discrepant results are described in [4]. In our simplified simulation, it is assumed that discrepant results will be adjudicated
correctly upon retesting, and thus FP misclassification only occurs if the results of all two or three assays are misclassified as reactive in serial.
ART, anti-retroviral therapy; HIVST, HIV self-testing; HTC, HIV testing and counselling; RDT, rapid diagnostic test.
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confirm HIV-positive status. Such strategies offer opportuni-
ties to reach those with a single RDT who may not otherwise
test and then promote to further testing and treatment link-
age for those with a reactive test result [4,9]. HIVST has been
highlighted as an effective way to increase uptake and fre-
quency of testing in high risk populations [10]. These
approaches offer the opportunity to improve quality and
efficiency in the health system, including fast-tracking those
with reactive results to care and those who are negative to
prevention [4,9]. In the light of evidence suggesting subopti-
mal specificity of HTS [6] and recent evidence that HIVST is
highly specific [11], many countries rolling out HIVST are con-
sidering whether additional verification testing is still required
before ART initiation for people presenting to care following a
reactive HIVST result.
This analysis considers whether patients with a single reac-

tive A0 RDT, from either HIVST or T4T, must undergo the full
testing strategy twice (1) for diagnosis and (2) for verification
testing prior to ART initiation, or if is it adequate to initiate
ART following an initial reactive A0 result followed by a diag-
nosis with the full testing strategy alone (i.e. without additional
verification of HIV status at ART initiation, hereafter verifica-
tion testing).

2 | METHODS

We used a simple probability model to calculate the expected
levels of FP misclassification arising from HIV testing strategies
that included an A0 RDT prior to presenting for HTS compared
to current HIV testing strategies that do not include an A0
test. The model extends a previously developed model of WHO
recommended HIV testing strategies, including verification
testing, to incorporate a single RDT as an A0 T4T [6]. All analy-
ses were conducted in R version 3.5.0. An R script reproducing
all analyses is provided as Data S1.

2.1 | Testing strategies considered

Figure 1 presents the four testing strategies considered. The
first two (A and B) are “status quo” HIV testing strategies
without or with verification testing before ART initiation (Fig-
ures 1A and 1B respectively); WHO HTS Guidelines recom-
mend testing including verification (Figure 1B). The HTS client
is considered “diagnosed” following reactive results on two
independent RDTs (A1 + A2) in a setting with prevalence
above 5% or three independent RDTs (A1 + A2 + A3) in a
setting with prevalence below 5%. Following diagnosis, the cli-
ent is referred for HIV care and treatment at which point the
full two-test or three-test HIV testing strategy is repeated to
verify the HIV status (Figure 1B), followed by ART initiation if
the HIV diagnosis is confirmed.
In the third strategy (Figure 1C), we considered that clients

underwent an A0 test with a reactive result prior to presenta-
tion at HTS. Following this they proceed through the full diag-
nosis and verification before initiating ART. In the fourth
strategy, we considered combining the “diagnosis” and “verifi-
cation” stages for clients presenting for HTS following a reac-
tive A0 test (Figure 1D). That is, they are initiated to ART
following a single sequence of two or three reactive RDTs per
the validated national testing algorithm.

2.2 | Modelled scenarios and assumptions about
RDT performance in diagnostic settings

As base scenarios, we considered a “high-prevalence” setting
using a two-test strategy with 10% HIV prevalence among
testing clients and a “low-prevalence” setting employing a
three-test strategy with 1% HIV prevalence. Consistent with
previous application of our model [6], we assumed 98% speci-
ficity of each RDT in the algorithm, which is the minimum
specificity required for WHO prequalification [12]. We further
assumed a 20% probability that a FP misclassification on one
RDT would also be misclassified on the subsequent indepen-
dent RDT [6]. This is due to potential correlated exogenous
factors that might influence correlated FP classification errors,
such as environmental conditions or user errors affecting the
outcome of both tests. The specificity for the overall testing
algorithm (A1 + A2 or A1 + A2 + A3) is calculated as one
minus the probability that both or all three assays are reactive
given the true status is HIV negative:

spec2�test ¼ 1� 1� specA1ð Þ � cþ 1� cð Þ � 1� specA2ð Þð Þ

spec3�test ¼ 1� 1� specA1ð Þ � �cþ 1� cð Þ � 1� specA1ð Þ
� cþ 1� cð Þ � 1� specA3Þð Þð Þ

where specAx = 0.98 is the specificity for each individual
assay and c = 0.2 is the additional probability that a FP mis-
classification one on RDT results in a misclassification on the
next RDT in the algorithm. These assumptions imply overall
testing algorithm specificity of spec2-test = 99.57% for the
two-test strategy and spec3-test = 99.91% for the three-test
strategy.
We considered a third scenario indicative of the perfor-

mance of the national HIV testing programme of Malawi in
2017. Malawi currently uses a two-test strategy and has con-
ducted verification testing prior to ART initiation since 2011.
The national HIV prevalence among adults in 2017 was 10%
[13], the positivity among HTS clients was 4% across all test-
ing modalities including health facilities, non-health facility
venues, mobile testing, and community-based testing [14].
According to 2017 verification testing records, of the 174,078
clients testing positive and undergoing verification, 1481 (1%)
were subsequently found to be HIV negative of the 174,078
testing HIV positive and undergoing verification [14]. The
prevalence among testers of 4% and PPV of 99% imply that
the specificity for the two-test algorithm is 99.96%.

2.3 | Assumptions about performance of A0 tests

We assumed a specificity of 98% for A0 tests conducted via
HIVST or T4T modalities as a base assumption and varied
specificity from 90% to 100% in sensitivity analyses [11]. In
our base analysis, we assumed that the outcome of the A0
test does not affect accuracy of subsequent diagnostic testing
conducted by an HTS provider. However, in sensitivity analysis
we considered the potential effect of knowledge of the A0
test result influencing reader error resulting in FP misclassifi-
cation by the HTS provider. In sensitivity analysis, we mod-
elled a probability ranging from 0% to 20% that the A1 test
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would be misclassified for an HIV-negative individual present-
ing for HTS following a FP A0 triage test result. We report
results focused on 0% and 5% probability of reader error.

2.4 | Cost assumptions

We assumed a cost of $7 per client for verification retesting
with the three-test strategy and $5 per client for verification
retesting with the two-test strategy, informed by HIV testing
cost data typical for sub-Saharan Africa [15]. We estimated
the discounted lifetime ART cost of $3000. This was based on
an annual cost of $150 per year in sub-Saharan Africa includ-
ing ARV commodities, diagnostics, and clinical monitoring, and
service delivery for stable ART patients [16] over 30 years life
expectancy discounted at 3% per annum [17] assuming no loss
to follow-up. All costs were considered in 2016 US dollars.

2.5 | Analysis

For each testing strategy and scenario (“high prevalence”—
10%, “low prevalence”—1%, “Malawi 2017”—4%), we calcu-
lated three outcomes of interest:

(1) The expected number of FP misclassifications per 10,000
HIV-negative persons tested.

(2) The expected PPV for the overall testing strategy, that is,
the probability that a person initiated on ART is truly HIV
positive.

(3) The expected cost per FP person identified through verifi-
cation re-testing compared to the expected lifetime cost
of ART.

For the calculation of PPV, we conservatively assumed a
sensitivity of 90% among HIV-positive clients, such that:

PPV ¼ sens � prev
sens � prevþ 1� specstrgyð Þ � 1� prevð Þ

where specstrgy is the specificity of the overall testing strat-
egy including any A0 test or verification testing. We consid-
ered testing strategies “acceptable” if the PPV for the overall
testing strategy was above the 99% threshold defined by the
WHO Guidelines [15].
We considered additional verification testing “cost-efficient”

if the cost per FP misclassification identified was less than the
expected lifetime ART cost of $3000. The total cost of verifi-
cation testing was the cost per client for verification testing
($5 or $7 depending on 2-test or 3-test algorithm) times the
number of clients classified as HIV positive before verification
testing:

½verification cost� ¼ cost per verification client½ �
� sens � prevþ 1� specno�verifð Þ � 1� prevð Þð Þ

The expected number of false positive cases identified
through verification testing was calculated as the number of
negative clients testing times the specificity of the strategy
with verification testing minus the specificity of the same
strategy without verification testing:

½FP identified� ¼ 1� prevð Þ � specw=verif � specno�verif

� �

The cost per FP identified was the ratio of total verification
cost divided by the number of FP identified.

3 | RESULTS

3.1 | Rates of false positive misclassification

3.1.1 | Scenario 1: High prevalence (10%)

In scenario 1, with 10% HIV prevalence and using the two-
test strategy, the “status quo” scenario of HIV diagnosis fol-
lowing reactive A1 and A2 RDTs without additional verifica-
tion testing (Figure 1A) resulted in 43.2 FP misclassifications
per 10,000 HIV-negative persons tested (Table 1). Implement-
ing verification testing by retesting using the full testing strat-
egy (Figure 1B) reduced the number of misclassifications to
0.64. The PPV increased from 95.9% to 99.9%.
When HTS clients had a reactive A0 triage test prior to full

diagnosis at HTS, the expected number of misclassifications
was only 0.86 and the PPV was 99.9% without additional veri-
fication testing (Figure 1D). Additional verification testing (Fig-
ure 1C) reduced the number of misclassifications to 0.01.
When we assumed that a false-reactive A0 RDT may induce a
5% probability of reader error of the A1 RDT at HTS, the
expected number of FP for the diagnosis without additional
verification increased to 3.0, but the PPV was 99.7%, remain-
ing well above the 99% target threshold.

3.1.2 | Scenario 2: Low prevalence (1%)

In scenario 2, with 1% HIV prevalence and using the a three-
test strategy, the expected number of FP misclassifications
was lower for all strategies due to the inclusion of the third
RDT, but the PPV was also slightly lower due to the lower
prevalence (Table 1). The number of FP for HIV diagnosis fol-
lowing a single application of the three-test algorithm was 9.3
and the PPV was 90.7%. For clients presenting with a reactive
A0, the number of FP reduced to 0.2 and the PPV was 99.8%.
Assuming a 5% error for the A1 test following a false-reactive
A0 changed the expected FP to 0.6 and the PPV to 99.3%,
still above the 99% threshold.

3.1.3 | Scenario 3: Malawi 2017 (4% positivity; 99%
PPV)

In the scenario based on programmatic data from Malawi in
2017, in which HIV positivity among HTS clients was 4% and
the two-test strategy performed with a 99% PPV, the
expected number of FP misclassifications was 4.2 per 10,000
HIV-negative persons tested. The number of FP reduced to
0.08 with a 99.98% PPV for clients presenting with a reactive
A0, or 2.1 FP and a 99.5% PPV when we assumed a 5%
reader error for the A1 RDT.

3.2 | Cost per false positive identified

Without A0 triage testing before presentation for HTS (“sta-
tus quo” scenario), additional verification testing was clearly
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cost-efficient. The estimated cost per FP misclassification iden-
tified was $123, $75, and $460 for the “high prevalence,” “low
prevalence” and “Malawi 2017” scenarios respectively
(Table 1), which compared very favourably to the $3000
expected lifetime cost had the misclassified client been initi-
ated on ART. When clients presented for HTS following a
reactive A0 RDT, the cost per FP identified was $5880 in the
base case 10% prevalence setting, $3428 in the 1% preva-
lence setting, and $22,743 for the Malawi 2017 HTS assump-
tions. The cost per FP identified was lower when assuming 5%
reader error in the A1 RDT at $1708, $999, and $909
respectively, but still markedly higher than the cost per FP
identified associated with verification testing in the absence of
the A0 triage test.

3.3 | Sensitivity analysis of A0 specificity

Figure 2 considers the sensitivity of these conclusions to
assumptions about the specificity of the A0 triage test,
assumed to be 98% in the base-case analysis in Table 1. For
specificity values ranging between 90% and 100%, the
expected number of FP cases is higher and PPV lower for
lower A0 specificity, but in all cases the PPV is well above the
99% PPV target threshold. Figure 3 considers the sensitivity
to the assumed probability of reader error misclassification of
the A1 test following attendance with a reactive A0 triage
test, which was assumed to be 0% or 5% in Table 1. Higher
probabilities of reader error associated with a FP A0 result
reduced the performance of the overall testing strategy, and
at high levels of error additional verification testing may be
needed to meet the 99% PPV target threshold. In the Malawi
2017 scenario, in which the specificity of the A1 test was
higher than the 98% assumed in the baseline scenario, HTS
performance could be worse than the status quo without

verification testing if a FP A0 test resulted in greater than
10% reader error in A1 test results, and this threshold would
vary depending on the attained specificity of the A0 test.

4 | DISCUSSION

The recommendation for verification of HIV status before
ART initiation has been increasingly adopted to ensure the
fidelity of the HIV testing and ART programmes and avoid
future costs and ramifications associated with inadvertently
initiating HIV-negative persons on lifelong ART. Previous stud-
ies have highlighted that retesting may be particularly impor-
tant considering reports of poor quality testing and low
uptake of WHO-recommended HIV testing strategies and
algorithms [5,18-21]. Policy analysis from 2015 suggested
fewer than 20% of reporting countries had a national testing
strategy and algorithm that was in full alignment with WHO
guidelines [8].
In this analysis, we considered whether such additional veri-

fication testing is required and cost-efficient for clients who
already underwent diagnostic testing to confirm their HIV sta-
tus in HTS following a reactive triage test. Taken together, our
analysis suggests triage test approaches, including HIVST, can
potentially result in lower FP HIV misclassification in settings
not implementing verification testing prior to ART. We find
that the rate of FP misclassification is expected to be very
low for persons presenting with a reactive HIVST confirmed
by diagnostic testing and the PPV is expected to be well
above 99% without additional verification testing. This is the
case even with base assumptions about the accuracy of HTS
that appear conservative compared to programmatic data
about the current performance of HIV testing in program-
matic settings. Given the very small number of clients

Table 1. Results for number of false positive misclassifications, PPV, and cost per FP identified for alternative scenarios and testing

strategies

10% prevalence 1% prevalence Malawi 2017a

Status Quo With A0

A0, 5%

A1 error Status Quo With A0

A0, 5%

A1 error Status Quo With A0

A0, 5%

A1 error

Testing Strategy Two-test Three-test Two-test

Algorithm specificity 99.57% 99.91% 99.96%

Verification testing cost $5 $7 $5

False positive misclassifications per 10,000 HIV negative persons tested

No verificationb 43.2 0.86 2.98 9.3 0.19 0.64 4.18 0.08 2.10

With verificationc 0.64 0.01 0.04 0.03 0.001 0.002 0.04 0.001 0.02

PPV

No verificationb 95.86% 99.91% 99.70% 90.69% 99.80% 99.30% 98.90% 99.98% 99.44%

With verificationc 99.94% >99.99% >99.99% 99.97% >99.99% >99.99% 99.99% >99.99% 99.99%

Cost per FP identifiedd $123 $5,880 $1,708 $75 $3,428 $999 $460 $22,743 $909

FP, false-positive; PPV, positive predictive value.
aPrevalence among HIV testing clients was 4% in Malawi in 2017. HIV prevalence among all adults was approximately 10%.
b“No verification” corresponds to strategy in Figure 1A under “status quo” scenario and Figure 1D for “with A0” scenarios.
c“With verification” corresponds to Figure 1B under “status quo” scenario’ and Figure 1C under “with A0” scenarios.
dCost per FP identified through verification testing compared to no verification testing. Cost is calculated as the expected number of verification
tests conducted (sens 9 prev + (1 � spec) 9 (1 � prev)) times the cost per verification test divided by the number of FP cases identified
through verification testing.
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Figure 2. Sensitivity analysis of assumptions the specificity of the A0 RDT on the expected number of false positive misclassifications per
10,000 HIV negative persons tested (A to C) and the positive predictive value (PPV) of the overall testing strategy, conservatively assuming
90% sensitivity (D to F).
Red line illustrates scenario in which clients present to HTS following a reactive test and undergo the national HIV testing algorithm once (Fig-
ure 1D). Red points mark the assumed 98% specificity assumed in the base-case analysis. For benchmarking, the blue horizontal line indicates the
results for status quo HIV testing without verification testing (Figure 1A) and the green line indicates status quo testing with verification testing
(Figure 1B). For PPV results (D to F), the grey dashed line indicates the 99% PPV threshold recommended by WHO Consolidated HIV Testing
Guidelines. RDT, rapid diagnostic test.

0.00 0.05 0.10 0.15 0.20

0

10

20

30

40

50

60

Fa
ls

e 
po

s.
 p

er
 1

0k
 te

st
ed

High prev / 2-test

Probability of A1 error after A0

A

0.00 0.05 0.10 0.15 0.20

0

5

10

15

20

Fa
ls

e 
po

s.
 p

er
 1

0k
 te

st
ed

Low prev. / 3-test

Probability of A1 error after A0

B

0.00 0.05 0.10 0.15 0.20

0

2

4

6

8

10

12

Fa
ls

e 
po

s.
 p

er
 1

0k
 te

st
ed

Malawi 2017 / 2-test

Probability of A1 error after A0

C

0.00 0.05 0.10 0.15 0.20

0.95

0.96

0.97

0.98

0.99

1.00

P
os

iti
ve

 p
re

di
ct

iv
e 

va
lu

e

High prev / 2-test

Probability of A1 error after A0

D

0.00 0.05 0.10 0.15 0.20

0.90

0.92

0.94

0.96

0.98

1.00

P
os

iti
ve

 p
re

di
ct

iv
e 

va
lu

e

Low prev / 3-test

Probability of A1 error after A0

E

0.00 0.05 0.10 0.15 0.20

0.96

0.97

0.98

0.99

1.00

P
os

iti
ve

 p
r e

di
ct

iv
e 

va
lu

e

Malawi 2017 / 2-test

Probability of A1 error after A0

F

A0 + Diagnosis Diagnosis Diagnosis + Verif.

Figure 3. Sensitivity analysis about the probability of excess reader error for A1 test if presenting following a false-reactive result of the A0
RDT. (A to C) illustrate the effect on the expected number of false positive misclassifications per 10,000 HIV negative persons tested and
(D to F) illustrate the positive predictive value (PPV) of the overall testing strategy, conservatively assuming 90% sensitivity.
Red line illustrates scenario in which clients present to HTS following a reactive A1 test and undergo the national HIV testing algorithm once (Fig-
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PPV threshold recommended by WHO Consolidated HIV Testing Guidelines. HTS, HIV testing services; RDT, rapid diagnostic test.
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expected to be identified as FP, verification testing may not be
cost-efficient relative to the lifetime costs of ART for FP per-
sons.
Even with imperfect specificity of HIVST, the expected num-

ber of FP among persons presenting for HTS following a reac-
tive HIVST is far lower than would be expected amongst a
population of HTS clients who had not undergone triage test-
ing. Most basically, this conclusion reflects the difference in
the prior probability that a client is truly HIV positive before
presenting to HTS. In the absence of triage testing, with a
true HIV positivity of 5% among those testing, 95% of clients
will be truly HIV negative, leaving a large pool among which a
FP misclassification could occur. Among 100 HTS clients pre-
senting following a reactive HIVST with 98% specificity, only
2% would be truly HIV negative, a much smaller group among
whom a FP misclassification could occur.
Our analysis has several limitations and the findings should

be considered in the light of important uncertainties about
key assumptions. First, findings were sensitive to whether we
assumed that presenting with a reactive A0 test might bias
the provider in interpreting results of subsequent A1 RDT
results. Currently, even in relatively high HIV prevalence set-
tings, the large majority (>95%) of HTS clients are classified
as HIV negative following a single RDT. This would change for
a provider seeing a large number of clients referred to care
following a reactive HIVST or T4T. This could change the prior
expectations of the provider about the likely outcome of the
test and subtly bias the interpretation of inconclusive test
results. However, to our knowledge, evidence is not yet avail-
able to evaluate whether this occurs. We consider this a high
priority evidence gap for further research as HIVST scales up.
Second, our analysis takes a narrow perspective on the poten-

tial costs and consequences of FP misclassification by consider-
ing only the costs to the health system associated with lifetime
ART for a misdiagnosed client. Costs and adverse consequences
born by clients may be substantially greater, including unneces-
sary care and treatment, consequences for family, marriages,
and relationships, potential adverse effects of ART.Without cap-
turing the full health and quality of life consequences of HIV
misclassification, we are not able to undertake cost-effective-
ness analysis to benchmark investments in verification testing
against other potential allocation of health resources. More
broadly, cases of FP misclassification may serve to undermine
confidence and engagement in the health system outstripping
the economic costs of unnecessary treatment.
Third, we considered only the risk of false positive diagnosis

amongst HIV-negative clients. Ensuring highly accurate HIV
diagnosis is paramount for HIV testing services. Evidence sug-
gests that rates of false negative misclassification in both tra-
ditional HTS and HIVST are also higher than would be
expected given 99% sensitivity required for WHO prequalifi-
cation [11,22]. Quantifying the rates, reasons, and conse-
quences of false negative diagnosis is an important area for
further implementation research and modelling.
These modelling results need to be considered in the light

of practical implementation issues. Although the expected
number of FP misclassifications identified through verification
testing was low for persons presenting following HIVST, it is
not recommended to discontinue verification testing for these
clients in settings where verification testing is already in place,
working well, and achieving results. It will be important to

review data from settings where this new testing strategy is
used before suggesting changing current recommended prac-
tice. For example, in 2015, Malawi was one of few countries
implementing WHO recommended testing strategies and veri-
fication testing among people with HIV prior to starting ART
[4,8]. These efforts combined with updated guidelines and re-
training of testers, decreased HIV-negative test results follow-
ing an initial HIV-positive diagnosis from 7% to 1% between
2014 and 2016 [14]. Additional studies have highlighted the
role of retesting, alongside validation of national algorithms, to
ensure quality [18,20].
The HIV testing resources required for verification testing is a

small proportion of the overall HIV testing resources, consider-
ing that the very large majority of HTS clients will be classified as
HIV negative from the first assay in the HIV testing algorithm [6].
This will especially be the case as positivity and number of new
diagnoses decline as a share of all those tested. Currently HIVST
is not available at national scale in most settings, and proposing
different models for diagnosis, verification, and treatment initia-
tion for these few HIVST clients may potentially increase frag-
mentation of HTS, which could increase opportunities for errors.
Broader changes in future HTS delivery may reconsider the role
of verification vis-�a-vis the “test-for-triage” model in which a sin-
gle RDT is applied at the first engagement with HIV testing ser-
vices, following which clients are referred to HIV care and
treatment facilities for full diagnostic testing with the full national
HIV testing algorithm. For example, embracing the “test-for-
triage” model across all HIV testing modalities, whether facility-
based or community-based may simplify and streamline the pro-
vision of HTS, and harmonize client flow for HIVST clients with
those engaging through other modalities. Such approaches
should be considered and evaluated in programmatic settings.
Programmatically, it may be most advantageous to promote

T4T and HIVST as simplified initial screening tests on a large
scale and deliver quality-assured verification testing directly
before ART initiation at health facilities, cutting out the need
for parallel “intermediate” confirmation testing at peripheral
testing sites.

5 | CONCLUSIONS

Following WHO testing strategies with verification testing prior
to ART initiation is recommended and should be continued. T4T
and HIVST approaches could potentially improve accuracy and
quality of HTS in settings not implementing diagnostic testing
followed by repeated verification testing prior to ART. T4T fol-
lowed by diagnosis with full national testing algorithm is
expected to deliver accurate results above WHO benchmarks
for PPV of at least 99%, so long as the quality and specificity of
HTS remains similar to current programmatic performance.
While HIVST scale-up may render verification testing before
ART less necessary in high quality programmes, selectively dis-
continuing full diagnosis with the national testing algorithm
before verification testing for a subset of clients who present
following reactive A0 test must be considered agains the risk
risks of additional complexity and potential for increased user
and provider error. T4T and HIVST may provide an opportunity
to restructure HTS delivery and quality assurance systems
which should be explored further and evaluated in programmes
to guide future policy.
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Abstract
Introduction: New HIV testing strategies are needed to reach the United Nations’ 90-90-90 target. HIV self-testing (HIVST)
can increase uptake, but users’ perspectives on optimal models of distribution and post-test services are uncertain. We used
discrete choice experiments (DCEs) to explore the impact of service characteristics on uptake along the testing cascade.
Methods: DCEs are a quantitative survey method that present respondents with repeated choices between packages of ser-
vice characteristics, and estimate relative strengths of preferences for service characteristics. From June to October 2016, we
embedded DCEs within a population-based survey following door-to-door HIVST distribution by community volunteers in two
rural Zimbabwean districts: one DCE addressed HIVST distribution preferences; and the other preferences for linkage to con-
firmatory testing (LCT) following self-testing. Using preference coefficients/utilities, we identified key drivers of uptake for
each service and simulated the effect of changes of outreach and static/public clinics’ characteristics on LCT.
Results: Distribution and LCT DCEs surveyed 296/329 (90.0%) and 496/594 (83.5%) participants; 81.8% and 84.9% had
ever-tested, respectively. The strongest distribution preferences were for: (1) free kits – a $1 increase in the kit price was
associated with a disutility (U) of �2.017; (2) door-to-door kit delivery (U = +1.029) relative to collection from public/outreach
clinic; (3) telephone helpline for pretest support relative to in-person or no support (U = +0.415); (4) distributors from own/lo-
cal village (U = +0.145) versus those from external communities. Participants who had never HIV tested valued phone help-
lines more than those previously tested. The strongest LCT preferences were: (1) immediate antiretroviral therapy (ART)
availability: U = +0.614 and U = +1.052 for public and outreach clinics, respectively; (2) free services: a $1 user fee increase
decreased utility at public (U = �0.381) and outreach clinics (U = �0.761); (3) proximity of clinic (U = �0.38 per hour walk-
ing). Participants reported willingness to link to either location; but never-testers were more averse to LCT. Simulations
showed the importance of availability of ART: ART unavailability at public clinics would reduce LCT by 24%.
Conclusions: Free HIVST distribution by local volunteers and immediately available ART were the strongest relative prefer-
ences identified. Accommodating LCT preferences, notably ensuring efficient provision of ART, could facilitate “resistant tes-
ters” to test while maximizing uptake of post-test services.
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1 | INTRODUCTION

HIV testing is an important entry point for uptake of preven-
tion, treatment and care services. The United Nations 90-90-
90 targets are that by 2020, 90% of people living with HIV
should be diagnosed, of whom 90% are on treatment and

90% of those on treatment are virally suppressed [1].
Although achievement of the “first 90” has already occurred in
some countries, many countries have not yet attained these
targets, with particularly suboptimal uptake of testing among
men and young people [2,3]. HIV self-testing (HIVST), where
an individual collects his/her own oral fluid or blood sample,
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conducts the test and interprets results [4], is an additional
testing modality that has increased the uptake and frequency
of testing among individuals who would not otherwise test
[5,6]. According to World Health Organization (WHO) guideli-
nes [6], a reactive HIVST result should be followed by further
confirmatory testing by a trained provider. There are several
HIVST delivery models, including community-based, workplace,
public and private sector facility-based, and secondary distri-
bution strategies to sexual partners and peers [4].
Optimal models for distributing HIVST, which facilitate both

uptake of testing and linkage to confirmatory testing (LCT), to
reach those who are undiagnosed are unclear. Uncertainties
around ideal service configurations include who should dis-
tribute kits, where and when they distribute them, how poten-
tial users should be engaged, and what strategies facilitate
LCT. A limited number of papers have reported on prefer-
ences for service delivery characteristics that facilitate uptake
of testing [7,8] and LCT [9]. Here, we report on two discrete
choice experiments (DCEs) that were conducted to elicit the
strength of users’ preferences for both HIVST uptake and
LCT to provide recommendations on how self-testing models
can be optimized. DCEs are a quantitative survey method that
elicit respondents’ preferences for attributes of goods/ser-
vices/programmes [10]. We also present the simulated impact
of changing existing services to better support uptake of con-
firmatory testing.

2 | METHODS

2.1 | Setting, model of HIVST kit distribution and
support for LCT

This study is part of the Unitaid-funded HIV Self-Testing
AfRica (STAR) project that aimed to evaluate models of dis-
tributing HIVST kits in three countries, namely Malawi,
Zambia and Zimbabwe [11]. In Zimbabwe, HIVST distribu-
tion was implemented by Population Services International
(PSI), which conducts more than 20% of HIV tests in the
country. PSI recruited and trained volunteers (community-
based distribution agents: CBDA) to distribute HIVST kits
door-to-door. Each CBDA was a resident of the same com-
munity – a defined geographical area (all or part of a vil-
lage) in which he/she distributed kits for four to six weeks.
According to Ministry of Health and Child Care guidelines
[12], kits were offered to all residents ≥16 years old.
CBDAs each received a one-off payment of US$50 at the
end of the distribution period. To enable LCT, PSI con-
ducted outreach visits at one and three weeks after com-
mencement of distribution. During distribution, participants
were told that they could access confirmatory testing either
at PSI outreach, public clinics or any other HIV testing ser-
vice. We evaluated the distribution strategy using a popula-
tion-representative survey which was conducted in one in
four randomly selected households approximately eight
weeks after distribution ended. We nested the distribution
and LCT DCEs within the survey in two rural districts,
Mazowe and Mberengwa in Mashonaland Central and Mid-
lands provinces respectively. Participants were eligible for
the survey if they were aged ≥16 years and had lived in
the community for at least three months. All eligible partici-
pants in a household were recruited.

2.2 | Defining DCE attributes and levels

To design the DCE, we used focus group discussions (FGDs)
to identify key design attributes or service characteristics and
levels (service options within a characteristic) that were most
salient in driving decision-making on willingness to self-test
for HIV and LCT [10]. FGDs were also used to inform picto-
rial illustrations of attributes and their levels.
FGDs were conducted by trained social scientists; eligible

participants were aged ≥16 years and had lived in the com-
munity during HIVST distribution. We based our FGD sample
sizes on standard practice that would enable theoretical satu-
ration [13]. Discussions were held in the local language and
were digitally recorded, transcribed and translated. Data anal-
ysis started soon after data collection began – field notes
were written with view to emerging themes, followed by ana-
lytic summaries capturing both descriptive and analytic
themes. These informed development of a coding framework.
Coding was done using NVIVO 10.
We conducted sixteen FGDs to inform the distribution

DCE (n = 150) and four FGDs for the LCT DCE (n = 33). The
final attributes and levels are presented in Table 1. FGD
guides and illustrations of attributes and attribute levels are
presented in Appendices S1 and S2.

2.3 | Designing the DCE questionnaire

The DCE questionnaire, that is the specific set of repeated
choices where participants choose between alternative service
provision for HIVST distribution or for LCT, was generated
using a d-efficient design created in NGENE 1.0 software
[14]. A statistically generated experimental design ensures
that the parameter or utility coefficient of each level can be
retrieved with the least number of choice sets presented to
the participant. DCEs assume that choices are made according
to the utility maximization principle, where the best choice
provides the highest utility/satisfaction to the decision maker.
For the HIVST distribution DCE, the questionnaire presented

nine choice situations, each presenting two alternatives com-
posed of seven attributes. Participants were asked to choose
their preferred programme from each pair of alternatives,
(Appendix S3a). For the LCT DCE, we used a design with three
labelled alternatives, namely public clinic, PSI outreach testing
facilities (New Start), and an opt-out presented as “I would not
confirm my reactive HIV self-test result if these were the only
two options available.” Labels are generally used when the ser-
vice has multiple dimensions, which cannot be fully described,
often illustrated by brand names, while the attributes and levels
are objective categories that can be fully described. We consid-
ered a labelled experiment suitable for the LCT DCE as the
image and status of PSI outreach versus public clinics encom-
passes a vast range of attitudes and preferences and are not
changeable. The LCT DCE questionnaire presented twelve
choice situations with three alternatives (Appendix S3b).

2.4 | Sample size, data collection and analysis

There is no consensus on minimum sample size requirements
for stated choice data [15]. We employed the commonly used
rule of thumb by Johnson and Orme to ensure that we were
able to estimate parameters for the full sample as well as
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analyse preference heterogeneity between subgroups [16].
We aimed to recruit 300 and 500 consecutive household sur-
vey participants in Mazowe and Mberengwa, respectively.
Paper-based questionnaires were translated into local lan-

guages, colour-printed and administered by trained research
assistants from June to October 2016.
We estimated the parameters (utility coefficients) using dis-

crete choice models in NLOGIT 5 software [17]. All categorical
attribute levels were effects coded, therefore, the parameter
for the omitted level was retrieved using this formula: �1*∑co-
efficient of non-omitted levels [18]. According to common prac-
tice, the multinomial logistic model (MNL) was first estimated,
followed by iterations of more complex models including the
nested logit (NL) and the random parameter logit (RPL) to cap-
ture more complex patterns of preference heterogeneity (i.e.
variation in tastes across individuals). To estimate preferences
for LCT, the NL model was first tested against the MNL model
because of the three-alternative design: two LCT programmes
and an opt-out, and its relative simplicity, while allowing for
some scale heterogeneity. Model fit was assessed using the
Akaike information criterion (AIC); the model with the lowest
AIC indicates a better statistical fit [19].
We investigated interactions with age, sex, history of HIV

testing and apostolic religion. We explored age and sex since

both young people and men have suboptimal uptake of testing
in Zimbabwe and elsewhere in Africa [3,20]. We explored reli-
gion because the largest religious group in Zimbabwe, the
Apostolic sect [21], preaches faith cure and discourages the
uptake of health services [22]. The above characteristics were
interacted with selected attribute levels based on our litera-
ture review. All main effects (estimated on the full sample)
and interaction effects (estimated by subgroups) were
included simultaneously in all models.
A manual decision support system (DSS) using the nested logit

model estimates was used to simulate LCTunder varying service
characteristics [19]. Simulation was not done for the HIVST dis-
tribution DCE because we did not have an opt-out alternative to
capture a choice not to test. Simulated scenarios compared
uptake of new service configurations to the base case scenario,
as observed during implementation. Only attributes actionable
by policy-makers were included in the simulation exercise:
approaches for supporting LCT, clinic operating time, HIV treat-
ment availability and user fees. LCT simulations were run on the
full sample and by sex and HIV testing history subgroups. We
tested for statistical differences using two-sample t-tests.
Additional information on the formative qualitative phase,

the DCE design, data collection and analysis methods is pre-
sented in the Data S1.

Table 1. Attributes, levels and regression coding for the HIVST distribution and LCT DCEs

Distribution DCE

LCT DCE – labelled design: Public clinic and PSI “New Start”

outreach site

Attribute Attribute level and regression coding Attribute Attribute level and regression coding

Distribution method Only directly to individuals willing to test (�1) Proximity of clinic Less than 30 minutes’ walk from home (0)

Deliver tests for whole household (1) About one hour’s walk from home (1)

Kit price Free (0)

More than two hours’ walk from home (2)

US$0.50 (0.5) Busyness of clinic Few people (�1)

US$1 (1) Many people (1)

Pretest supporta Information leaflet (�1) Time of operation Open weekdays 8 am to 5 pm (�1)

Telephone helpline (1 or 0) Open weekdays and weekends 8 am to 5 pm (1)

Face to face from distributor (1 or 0) Antiretroviral treatment

available immediately

Yes (�1)

Time of operation Monday to Friday 8 am to 4 pm (�1) No (1)

All days, including evenings and

weekends (1)

User fee None (0)

Distributor age Below 30 years old (�1)

US $1 (1)

Above 30 years old (1)

US $2 (2)

Distributor

residence

From the same village as participant (�1) Post-test supporta None (�1)

From outside participant village (1) SMS reminder (1 or 0)

Location of kit

collectiona
Collection from local clinic (�1) Call reminder (1 or 0)

Distributed door-to-door (1 or 0) In person follow-up (1 or 0)

Collection from mobile testing

outreach sites (1 or 0)

Time between kit distribution

and PSI visit (applied only

to PSI outreach)

Within one week (�1)

From two to three weeks (1)

aSince this attribute has n levels and was not treated as a continuous variable, n–1 variables indicating the level were created for that attribute.
For each of these variables, where the variable takes on the omitted reference category, included categories are coded �1, otherwise the non-
reference categories take on conventional codes of 0 or 1. To retrieve the parameter for the reference category one must take: �19sum (param-
eters of non-reference categories).
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2.5 | Ethical considerations

The study received ethical approval from Medical Research
Council of Zimbabwe (MRCZ/A/2038) and London School of
Hygiene & Tropical Medicine Ethics Committee (reference
11738). A written informed consent was obtained from all
participants before study activities were conducted.

3 | RESULTS

Of 329 survey participants who were invited to participate in
the distribution DCE, 296 (90%) were recruited. For the LCT
DCE, an administrative challenge in the field caused a two-day
break in DCE completion by survey participants. Out of 747
survey participants seen when DCE recruitment was open,
594 were offered participation. Of these, 496 (83.5%) partici-
pated in the DCE. There were no differences between those
not offered DCE participation and those who were offered by
sex and marital status: 39.9% and 38.7% (p = 0.8) were male,
and 58.8% and 60.6% (p = 0.7) were married, respectively,
(results not shown).
Participants’ characteristics are presented in Table 2. More

than half were women and a third were aged 16 to 25 years.
Among distribution DCE participants, 54 (18.2%) had never
tested for HIV, compared with 75 (15.1%) among LCT DCE
participants. Across samples, we observed similar levels of
education and marital status whereas the LCT DCE sample
had higher employment rates than the distribution DCE sam-
ple (22.6% vs. 10.5%).

3.1 | Preference for distribution of kits

Table 3 reports findings from the MNL (Model 1) and RPL
(Model 2), which both show similar results, providing some
reassurance regarding the robustness of the analysis. Positive
utilities show relative preference for the attribute level; a neg-
ative sign shows relative dislike. The AIC for the RPL model
(AIC = 3260.9) is lower than the MNL model (AIC = 3488.3);
therefore, we focus on the RPL model outputs.
The strongest relative preference was against paying for kits,

where every $1 increase in price to users was associated with a
disutility U = �2.017, p < 0.01. Participants strongly preferred
door-to-door delivery of kits (U = 1.029, p < 0.01), over collec-
tion from public/mobile facilities (U = �0.970, p < 0.01). For
pretest support, participants strongly preferred the availability
of a telephone helpline (U = 0.415, p < 0.01) relative to face-
to-face support from a distributor (U = �0.201, p < 0.10) or an
information leaflet alone (U = �0.214, p: not available).
There were significant differences in preferences for the

mode of distribution of HIVST kits. Batch distribution (distribu-
tion to whole households) was preferred among non-testers
(U = 0.055 + 0.102 = 0.157, p < 0.10) and older participants
(U = 0.055 + 0.004 = 0.059 per year increment, p < 0.05)
while men (0.055 to 0.078 = �0.023, p < 0.01) and self-testers
(U = 0.055 to 0.130 = �0.075, p < 0.05) valued individual kit
distribution. Conventional testers slightly preferred the batch
distribution method (U = 0.055 + (�19(0.102�0.130)) =
0.083, p < 0.10).
The RPL model presents unobserved preference hetero-

geneity (variation in preferences not captured by the

participants’ characteristics included in the analysis) as shown
by a significant standard deviation of utility coefficients (right
two columns in Table 3). For example, there was significant
unobserved heterogeneity across individuals in the effect of
price on their choices.

3.2 | Preferences for LCT

The AIC shows that the NL has a better statistical fit
(AIC = 8175.2) than the MNL (AIC = 8191.4 – not reported
in this paper), but the RPL model (AIC = 7277.4) provided
the best fit. The main and interaction effects estimated by the
NL (Model 3) and RPL (Model 4) models are presented in
Table 4.
There was no significant difference in preference between

LCT at PSI outreach or the public clinic (i.e. the constant was
not statistically significant between the two locations); what
mattered were the specific service characteristics.
For both clinic types, lack of immediate antiretroviral treat-

ment (ART) (public clinic: U = �0.614, p < 0.01; PSI outreach:
U = �1.052, p < 0.01) was the biggest driver of choice. Con-
sistent with the distribution DCE, participants were strongly
averse to paying for services (public clinic: U = �0.380,
p < 0.05; PSI outreach: U = �0.761, p < 0.01; per $ 1increase).
The attribute of third relative importance for both locations

Table 2. Sample Characteristics

Sample size

Distribution DCE Linkage DCE

296, n (%) 496, n (%)

Sex

Male 128 (43.2) 189 (38.1)

Female 168 (56.8) 307 (61.9)

Mean age (standard deviation) 37.10 (16.68) 38.61 (18.08)

Age groups

16 to 25 years old 96 (32.4) 148 (29.8)

26 to 40 years old 89 (30.1) 136 (27.4)

>40 years old 111 (37.5) 211 (42.5)

Education level

O level incomplete 192 (64.9) 312 (62.9)

At least O level completed 104 (35.1) 184 (37.1)

Participants’ religion

Apostolic 134 (45.3) 176 (35.5)

Non-apostolic 162 (54.7) 320 (64.5)

HIV testing experience

Never tested 54 (18.2) 75 (15.1)

Self-tested 136 (45.9) 260 (52.4)

Tested but never self-tested 106 (35.8) 161 (32.5)

Marital status

Married 194 (65.5) 297 (59.9)

Never married 64 (21.6) 113 (22.8)

Divorced/widowed/separated 38 (12.8) 86 (17.3)

Employment status-receive regular salary

No 265 (89.5) 384 (77.4)

Yes 31 (10.5) 112 (22.6)

DCE, discrete choice experiment.
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was proximity to the health facility. Regarding post-test support,
call reminders were strongly preferred for PSI outreach.
Although post-test support options were generally not signifi-
cant for the public clinic, no support at all was disliked at both
locations (local clinic: U = �0.337; PSI outreach: U = �0.826;
p: not available).
While the preference above informs drivers of where peo-

ple choose to go for LCT, the opt-out provides insights into
loss-to-follow-up. While most people showed a strong prefer-
ence to link following a positive HIVST, the opt-out was more
often chosen among those who had never tested for HIV
(U = �3.722 + 0.717 = �3.005, p < 0.01) or identified as
apostolic (U = �3.722 + 0.144 = �3.628, p < 0.05). Those
who had self-tested chose the opt-out option less often
(U = �3.722 to 0.243 = �3.965, p < 0.05), that is, they were

were more likely to link for confirmatory testing at either
location. This effect was stronger for those who had previ-
ously had a conventional HIV test (U = �3.722 + (�19
(0.717�0.243) = �4.196, p < 0.05). Non-testers had signifi-
cantly different preferences in favour of receiving SMS remin-
ders to support uptake of linkage at a public clinic
(U = 0.065 + 0.295 = 0.360, p < 0.01) relative to those who
have previously tested.

3.3 | Results of simulated linkage programmes
compared to the base case scenario

Table 5 presents a summary of the simulation exercise;
Appendices S5 and S6 show full model output and simulated
uptake at public clinic and PSI outreach, and Figure 1 is a

Table 3. Models 1 and 2 estimation of preferences for HIVST distribution among the general population and by sex, age, HIV test-

ing history and religion

Model 1 (multinomial

logit) Model 2 (random parameter logit)

Attribute (base case)a b SE b SE SD SE

Main effects Random parameters

Distribution method (Only directly to individuals)

Deliver tests for whole household 0.008 0.051 0.055 0.115 0.632*** 0.054

Kit price (per $1 increase) �1.273*** 0.272 �2.017*** 0.400 1.577*** 0.214

Pretest support (Information leaflet)

Telephone helpline 0.290*** 0.108 0.415*** 0.152 0.048 0.158

Face-to-face from distributor �0.131 0.088 �0.201* 0.120 0.069 0.202

Time of operation (Monday to Friday 8 am to 4 pm)

Monday to Friday 8 am to 4 pm + evenings and weekends �0.008 0.040 �0.032 0.059 0.036 0.130

Distributor age (below 30 years old)

Above 30 years old 0.008 0.020 �0.016 0.036 0.258*** 0.063

Distributor residence (from the same village)

From another village �0.116*** 0.031 �0.145*** 0.052 0.462*** 0.061

Location kit collection (collection from local clinic)

Distributed door-to-door 0.698*** 0.219 1.029*** 0.335 0.007 0.179

Collection from mobile testing outreach sites �0.648*** 0.199 �0.970*** 0.309 0.404*** 0.100

Interaction effects Non-random parameters

Household distribution9Male �0.057*** 0.021 �0.078*** 0.047

Household distribution9Age 0.003** 0.001 0.004** 0.003

Household distribution9Non-tester 0.066* 0.037 0.102* 0.082

Household distribution9Self-tester �0.080*** 0.028 �0.130** 0.064

Model fit statistics

Number of participants 296 296

Number of observations 2641 2641

AIC 3488.3 3260.9

AIC/N 1.321 1.235

AIC, Akaike information criterion; HIVST, HIV self-testing; SD, standard deviation; SE, standard error;.
aSince effects coding was applied, within each attribute, utility coefficients add up to zero, that is for two-level attributes, the coefficient of the
omitted level is the same magnitude with opposite sign. *10%, **5%, ***1% level of significance with p value.
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Table 4. Models 3 and 4 estimation of preferences for LCT among the general population and by sex, age, HIV testing history and religion

Model 3 (nested logit) Model 4 (random parameter logit)

Attribute (base case)a b SE b SE SD SE

Main effects Random parameters

Public clinic

Proximity of clinic (per hour walking from home) �0.222*** 0.043 �0.348*** 0.075 0.644*** 0.077

Busyness of clinic (few people)

Many people �0.062 0.047 �0.017 0.083 0.101 0.193

Opening/operating hours (open weekdays 8 am to 5 pm)

Open weekdays and weekends 8 am to 5 pm 0.065 0.046 0.091 0.082 0.285** 0.122

Treatment available immediately (yes)

No �0.565*** 0.060 �0.614*** 0.093 0.513*** 0.162

User fee (per $1 increase) �0.361*** 0.075 �0.380** 0.166 1.015*** 0.078

Post-test support (none)

SMS reminder 0.037 0.058 0.065 0.094 0.213 0.252

Call reminder 0.110* 0.060 0.129 0.097 0.415*** 0.151

In person follow-up 0.112** 0.055 0.143 0.090 0.336* 0.178

PSI outreach

Proximity of clinic (per hour walking from home) �0.301*** 0.071 �0.328*** 0.081 0.735*** 0.077

Busyness of clinic (few people)

Many people �0.188*** 0.069 �0.347*** 0.091 0.708*** 0.097

Opening/operating hours (open weekdays 8 am to 5 pm)

Open weekdays and weekends 8 am to 5 pm 0.000 0.069 �0.034 0.086 0.254 0.187

Treatment available immediately (yes)

No �0.614*** 0.070 �1.052*** 0.120 1.664*** 0.131

User fee (per $1 increase) �0.454*** 0.114 �0.761*** 0.185 1.094*** 0.081

Post-test support (none)

SMS reminder 0.054 0.084 0.054 0.097 0.413** 0.189

Call reminder 0.561*** 0.172 0.654*** 0.185 0.209 0.177

In person follow-up �0.031 0.082 0.118 0.095 0.214 0.281

Time between kit distribution and PSI visit (within one week)

From two to three weeks �0.084 0.057 �0.015 0.065 0.352*** 0.098

Constant (PSI outreach relative to public clinic) �0.218 0.188 0.194 0.155

Non-random parameters

Neither (not link to care, opt-out) �3.479*** 0.256 �3.722*** 0.237

Interaction effects

Public clinic

SMS reminder9Non-tester 0.152** 0.063 0.295*** 0.103

Neither (not link to care, opt-out)

Neither9Non-tester 0.655*** 0.104 0.717*** 0.134

Neither9Self-tester �0.239** 0.100 �0.243** 0.114

Neither9Apostolic 0.145** 0.070 0.144** 0.090
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graphical illustration of results of the simulation. We found
that the availability of ART had the most significant effect on
LCT. Shortages of ART at public clinics (scenario 5) would lead
to 24.3% of respondents no longer linking. Similarly, the avail-
ability of ART at outreach facilities (scenario 6) would result
in improved LCT (+3.7%) with a notable shift from public sec-
tor clinic (�6.3%) to PSI outreach (+10.0%) (Appendix S6).
Introducing user fees would decrease LCT, with user fees of
$1 associated with a 15.8% reduction in LCT. Analysis by sex
and HIV testing history did not reveal significant differences
between these sub-groups.

4 | DISCUSSION

We found that individuals from two rural Zimbabwe districts
prefer HIVST kits to be delivered door-to-door, free of charge
and by locally based distributors. Males, young people and indi-
viduals who had already self-tested preferred individual kit dis-
tribution rather than have kits delivered to whole households.
The availability of ART was important for linkage to confirma-
tory testing: immediate ART initiation was most preferred

while simulations showed that unstable supplies at public clinics
would reduce LCT by 24.3% and introducing ART at PSI out-
reach would decongest public clinics as 6.3% of testers would
shift to PSI outreach. People also strongly disliked payment for
LCT and preferred close proximity of facilities providing confir-
matory testing. Importantly, participants would rather link to
either public clinic or PSI outreach than not link. Groups that
were resistant to testing were also resistant to LCT. To our
knowledge, this is the first paper that presents preferences
related to the full HIV self-testing cascade among participants
previously exposed to community-based HIVST.
When comparing our results with findings from other DCEs,

it is important to note that differences in context typically
result in exploration of different attributes. The importance of
user costs is apparent: they were universally reported in three
papers: one by our group reporting preference for HIVST dis-
tribution among young people in Malawi, Zambia and Zim-
babwe [8], one investigating preferences for HIV testing
services in Zambia [7] and the last investigating preferences
for LCT following HIVST in Zambia and Malawi [9]. All three
reported a strong dispreference for paying for test kits or ser-
vices. The DCE among young people had other similar findings

Figure 1. Uptake of linkage programme scenarios (%) – full sample (N = 496)

Model fit statistics

Number of participants 496 496

Number of observations 5940 5940

AIC 8175.2 7277.4

AIC/N 1.376 1.225

IV parameter (nested logit) 0.569*** 0.071

AIC, Akaike information criterion; SD, standard deviation; SE, standard error.
aSince effects coding was applied, within each attribute, utility coefficients add up to zero, that is for two-level attributes, the coefficient of the
omitted level is the same magnitude with opposite sign. *10%, **5%, ***1% level of significance with p value.

Table 4. (Continued)
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that we report here, including preference for home delivery of
kits by lay distributors (of note, the young people aged 16 to
25 in the distribution DCE contributed to that analysis). In
contrast to our findings on preference for door-to-door distri-
bution, the study that was conducted in Zambia found no sig-
nificant preferences for location of HIVST distribution,
although they notably did not offer participants the option for
door-to-door delivery of kits [7]. Important attributes that we
report here that were not explored in other studies include
immediate availability of ART and type of health facility for
the LCT DCE.
Our findings show preference for the existing community-

based HIVST distribution model, with one exception: some
participants wanted kits distributed to whole households (i.e.
family-based approaches). Our findings aligned with previous
research; participants believed distribution to whole house-
hold would maximize testing uptake, including individuals who
may not be at home during working hours [8]. Also, they felt
it would encourage testing among reluctant testers such as
men [8]. However, it was the men and young people who
were opposed to household distribution of test kits, as it could
potentially undermine their autonomy to decide whether they
would self-test [8]. Coerced self-testing by partners has been
reported by 3% of self-testers in Malawi, although none sub-
sequently regretted testing [8]. Incorporating distribution of
kits to whole households would require concerted efforts for
mitigating the potential risk of coercive testing. Men and
young people have the lowest uptake of HIV testing; hence,
special consideration should be given to their needs, including
alternative targeted models, such as provision at workplaces,
Internet and VMMC programmes.
The LCT DCE showed the importance of both immediate

ART initiation and continued reliable drug stocks. This has
implications for national policies relating to outreach and
home-based ART provision, which has been found to improve
linkage to ART [23], and underscores the importance of

ensuring reliable drug supplies. Individuals who had not previ-
ously tested preferred support through SMS reminders. This is
a relatively low-cost intervention that can be implemented to
support LCT in this group, and is likely to be feasible given that
Zimbabweans have good access to mobile phones [24]. Notably,
apostolic participants and those who had never tested for HIV
were hesitant to link even if they did test, suggesting that “re-
sistant testers” may also be “resistant linkers” for whom known
status may not be enough to ensure engagement with the rest
of the care cascade. In the overall survey in which the DCEs
were nested, we found that 12% of participants had never
tested for HIV. Interventions among this group may need to
focus on shifting attitudes towards health seeking in general.
Before scale-up of both HIVST distribution and linkage

models, it is important to consider their cost and sustainability.
Although the community-based models have high impact in
terms of testing groups that would not otherwise test, such as
men and young people, we found that they cost more than
standard provider-delivered testing [25]. Low-cost models of
ensuring door-to-door HIVST distribution may be important:
our group is presently evaluating the feasibility and cost of
community-led HIVST distribution approaches.
The strengths of this study include use of simulations of how

LCT could be affected by changes to programme attributes. We
also present preferences for the full HIVST cascade. Although
DCE preferences are hypothetical, our study was conducted in
communities previously exposed to HIVST, so that participant
preferences were shaped by their actual experiences. Using the
simulation-based RPL to account for unobserved heterogeneity
improves the model fit. However, its complex structure is not
well-suited for use in simple excel-based decision support sys-
tems, where the utilities are manually entered to predict
uptake. We rather used the output from the simpler NL model
to simulate the impact of variations in LCT services. Table 3
shows that although the RPL has a better statistical fit, the NL
is a good approximation. Nevertheless, there are some small

Table 5. Change in uptake of simulated linkage programmes compared to base case for the full sample, by sex and HIV testing

history (%)

Scenario Scenario description

Full sample

(n = 496), %

Female

(n = 307), %

Male

(n = 189), %

t-test

by Sex

Testers

(n = 421), %

Non-testers

(n = 75), %

t-test by

Testing

history

1 Linkage support: SMS at public

clinic and PSI outreach

4.9 6.8 1.8 - 3.5 12.4 -

2 Linkage support: call at public

clinic and PSI outreach

6.5 7.4 5.4 - 6.9 7.8 -

3 Linkage support: in person at public

clinic and PSI outreach

6.7 7.9 4.6 - 6.3 10.0 -

4 Extended hours at public

clinic and PSI outreach

2.5 1.6 4.0 - 2.9 0.4 -

5 ART shortage at public clinic �24.3a �25.0a �23.6a NS �25.2a �22.0a NS

6 ART available at PSI outreach 3.7a 3.9a 3.1a NS 3.7a 4.0a NS

7 Service fee: $1 at public

clinic and PSI outreach

�15.8a �17.4a �13.4a NS �16.0a �15.7a NS

ART, antiretroviral therapy; NS, t-test not statistically significant. aSignificant at a = 5%.
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differences in relative utilities between the two estimators
which lead to minor variations observed between the utility
ranking and the simulation exercise. Another limitation is the
possibility that people’s preferences were shaped by current
practice and experiences of self-testing and linkage to preven-
tion and treatment services: we did not look at how prefer-
ences varied by linkage status. Also, LCT DCE participants
included those who had tested HIV negative and those who
had never tested; their views could be different from those
with reactive HIVST results. For the LCT DCE, labels can some-
times take away attention from other service characteristics,
nevertheless, many attributes had statistically significant find-
ings while the location was not, suggesting that choices made
by participants considered the full scenario. Notwithstanding
this, we did not have information on people’s familiarity or use
of post-test services, which has potential to influence the choice
of location of LCT services. Data were collected from only two
districts, which may not be generalizable, although we do not
expect that other Zimbabwe rural communities will be signifi-
cantly different. Lastly, as is common with hypothetical choices,
there may be a higher report of willingness to test and link.

5 | CONCLUSIONS

We found practical insights into how HIVST could be opti-
mized, including the needs of specific population groups such
as non-testers and those following the apostolic religion. Indi-
viduals who have resisted testing may also be resistant to
linkage to confirmatory testing. Importantly, efficient provision
of ART is central to engagement in post-test services. This
study contributes clients’ perspectives on how best to scale
up HIVST services.
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SUPPORTING INFORMATION

Additional Supporting Information may be found in the online
version of this article:
Data S1. Design of discrete choice experiments for prefer-
ences of HIVST distribution and linkage to confirmatory test-
ing in Zimbabwe.
Appendix S1. Focus Group Discussion (FGD) guides – HIVST
distribution and LCT DCE.
Appendix S2. Attributes, levels and pictorial illustrations for
the HIVST distribution and LCT DCE.
Appendix S3a. Distribution DCE questionnaire – Sample of
one choice situation (image file).

Appendix S3b. LCT DCE questionnaire – Sample of one
choice situation (image file).
Appendix S4. Selected participants’ characteristics – Spear-
man correlation matrices at significance level 5% (*).
Appendix S5. Nested logit models on the LCT DCE for the
simulations among the full sample, men, women, testers and
non-testers.
Appendix S6. Change in uptake of simulated linkage pro-
grammes compared to base case (%) differentiated by testing
facility, sex and HIV testing history.
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Abstract
Introduction: Social, structural and systems barriers inhibit uptake of HIV testing. HIV self-testing (HIVST) has shown promis-
ing uptake by otherwise underserved priority groups including men, young people and first-time testers. Here, we use charac-
teristics of HIVST kit recipients to investigate delivery to these priority groups during HIVST scale-up in three African
countries.
Methods: Kit distributors collected individual-level age, sex and testing history from all clients. These data were aggregated
and analysed by country (Malawi, Zambia and Zimbabwe) for five distribution models: local community-based distributor
(CBD: door-to-door, street and local venues), workplace distribution (WD), integration into HIV testing services (IHTS), or pub-
lic health facilities (IPHF) and during demand creation for voluntary male medical circumcision (VMMC). Used kits were col-
lected and re-read from CBD and IHTS recipients.
Results: Between May 2015 and July 2017, 628,705 HIVST kits were distributed in Malawi (172,830), Zambia (190,787) and
Zimbabwe (265,091). Community-based models, the first to be established, accounted for 519,658 (82.7%) of kits distributed,
with 275,419 (53.0%) used kits returned. Subsequent model diversification delivered 54,453 (8.7%) test-kits through IHTS,
23,561 (3.7%) through VMMC, 21,183 (3.4%) through IPHF and 9850 (1.7%) through WD. Men took 294,508 (48.2%) kits,
and 263,073 (43.1%) went to young people (16 to 24 years). A higher proportion of male self-testers (65,577; 22.3%) were
first-time testers than women (54,096; 17.1%) with this apparent in Zimbabwe (16.2% vs. 11.4%), Zambia (25.4% vs. 17.7%)
and Malawi (27.9% vs. 25.9%). The highest proportions of first-time testers were in young (16 to 24 years) and older
(>50 years) men (country-ranges: 18.7% to 35.9% and 13.8% to 26.8% respectively). Most IHTS clients opted for HIVST in
preference to standard HTS in each of 12 delivery sites, with those selecting HIVST having lower HIV prevalence, potentially
due to self-selection.
Conclusions: HIVST delivered at scale using several different models reached a high proportion of men, young people and
first-time testers in Malawi, Zambia and Zimbabwe, some of whom may not have tested otherwise. As men and young people
have limited uptake under standard facility-and community-based HIV testing, innovative male- and youth-sensitive approaches
like HIVST may be essential to reaching UNAIDS fast-track targets for 2020.

Keywords: HIV self-testing; HIV testing; men; adolescents; stigma; Malawi; Zambia; Zimbabwe
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1 | INTRODUCTION

In 2016, 36.7 million people were living with HIV (PLHIV),
with 1.8 million new HIV infections and one million HIV/
AIDS-related deaths [1]. Despite substantial progress
toward the 2020 “90/90/90 targets” current estimates

suggest we are already off-track [2], with only an esti-
mated 75% [55% to 92%] of PLHIV currently aware of
their status [3]. This gap compromises the whole cascade,
and also threatens global HIV prevention targets. By
2020, three million high-risk people should be accessing
pre-exposure prophylaxis and 25 million men provided with
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voluntary medical male circumcision (VMMC) in 14 African
countries [4].
Low HIV testing, knowledge of status, and suboptimal treat-

ment and prevention coverage among men and young people
(15 to 24 years) in sub-Saharan Africa are key gaps in the
HIV response. Recent population-based HIV impact assess-
ments (PHIA) in Zimbabwe, Malawi and Zambia, showed that
men with HIV were less likely to know their status than HIV-
positive women [5-7]. Less than half of youth aged 15 to
24 years with HIV knew their status, which was substantially
lower than coverage in older age groups [5-7]. Demographic
and health surveys (DHS), conducted in 30 sub-Saharan Afri-
can countries during 2011 to 2016, showed lower testing cov-
erage among men compared to women for all age groups
except 45- to 49-year olds [3].
Low coverage (defined as the proportion of population eligi-

ble for an intervention that has received it) of HIV testing and
treatment among men in Africa is often due to poor utilization
of public sector health facilities, reflecting both social and
structural health systems barriers [8,9]. Prevailing social
norms around masculinity that emphasize toughness, self-reli-
ance and sexual success lead to an avoidance of health ser-
vices, among other consequences [10-13]. For HIV, this is
compounded by anticipated loss of social standing and sexual
desirability if diagnosed HIV-positive, increasing fear of stigma
and promoting a mindset whereby testing when “still healthy”
is considered undesirable [10,13]. Greater formal and informal
employment among men compared to women, can also hinder
access due to job insecurity and high opportunity and indirect
costs [13]. Likewise, young people have well-described age-
specific barriers that make use of existing facility-based HIV
testing services especially difficult [14]. Recognizing and
responding with innovative male- and youth-sensitive
approaches is likely to be an essential component to reaching
UNAIDS fast-track targets for 2020.
HIV self-testing (HIVST) appeals to the very people left

behind by existing HIV testing services (HTS), including young
people (15 to 24 years), adult men, key populations (men who
have sex with men, people who inject drugs, people in prisons
and other closed settings, sex workers and transgender peo-
ple) and partners of people living with HIV (PLHIV). HIVST
provides an empowering opportunity for individuals to test
when, where and with whom they want to [14]. The ability to
test in private and having more control over the testing pro-
cess have been cited as key motivators to self-test particularly
among men and young people [13,14]. When followed by
timely uptake of prevention and treatment services, HIVST
can be a key element in the push towards ending AIDS
[15,16]. While previous studies have reported on preferences
and uptake of HIVST, there has yet to be a multi-country
investigation into the impact of alternative distribution and
linkage strategies to optimize testing, VMMC and treatment
after HIVST among men. Here, we present quantitative pro-
gramme data from different HIVST distribution models.

2 | METHODS

Distribution models are summarized in Table 1, with five main
approaches described below. OraQuick HIV Self-Test (OraSure
Technologies LLC, Bethlehem, PA, USA) kits were distributed

in all countries. Data reported here relate to the first
15 months of distribution (May 2016 to July 2017).
Social harms monitoring systems were part of all distribu-

tion models. No suicides were identified and reports of other
serious harms (potential life-threatening/life-changing) were
rare (1 event per 10,000 HIVST kits distributed), as discussed
in detail for Malawi in this JAIS Special Issue [17].

2.1 | Model 1: community-based HIVST distribution

Community-based distributors (CBDs) provided HIVST kits
across 53 districts in Malawi, Zambia and Zimbabwe. Models
are described in detail elsewhere [18-20]. In brief, CBDs
needed to have completed secondary school education and be
resident in the distribution community. CDB recruitment used
participatory approaches with candidates nominated following
community sensitization meetings. CBDs completed a two-day
training provided by Population Services International (PSI)
including basic facts about HIV transmission and treatment,
antibody-based diagnosis, discordancy and the principles of con-
sent and confidentiality, as well as familiarization with the kits
and how to demonstrate use to recipients, and data capture
tools. All trainees had to undergo competency testing at the
end of the training course when training skills were assessed.
CBDs promoted and offered free HIVST kits for use alone or
with CBD support. The same methods were used by CBDs to
offer HIVST kits in households and social venues such as market
places, busy streets, bars and beer halls. Individuals could also
collect kits from the CBDs home at any time, if preferred.
CBDs provided all clients with brief health information

about HIV, information on the test, and an in-person or video-
clip demonstration-of-use and instructional materials opti-
mized for local use demonstration to supplement manufac-
turer’s instructions-for-use that were available in local
languages.
Clients could choose to self-test alone, or with the CBD,

and were asked to return their used kit and results in a sealed
envelope, together with a short, self-administered question-
naire (SAQ) in collection boxes at community locations. Illiter-
ate and semi-literate participants were supported by the CBD
who was reading out the questions and answers from the
SAQ with participants then left to complete the check-box
answers in private.
Additional post-test guidance was available from CBDs on

demand. All self-testers received self-referral cards with sev-
eral locally adapted options to facilitate results-based linkage
into HIV care and prevention services. CBDs collected infor-
mation on social harms related to HIVST and referred clients
for additional management as needed. A toll-free hotline was
available to answer questions about the testing process,
results and referral options.

2.2 | Model 2: HIVST integration into PSI-led HTS
facilities and mobile HTS outreach

Integrated HIVST was piloted from June 2016 and scaled-up
from January 2017 as an alternative option to provider-deliv-
ered testing for clients attending existing PSI-led HTS clinics
and 11 mobile outreach sites in Zimbabwe. Outreach sites
included “hot spots” at bus and truck stops, mining areas and
urban shopping malls, and other informal workplaces. The aim
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Table 1. Summary of models of distribution

Model Target population Distribution model description Rationale

1. Community based

(mainly door-to-door)

Rural populations: esp. adult men,

young people (16 to 24 years)

unable to access conventional

testing services

HIVST kits offered at household by

CBD for clients to test on own or

with assistance.

Referral facilitation by CBD for

confirmatory testing, ART, and

prevention services

Increases testing in populations who would

otherwise not seek testing services,

rapidly and drastically increases testing

coverage

2. HIVST integrated into

Mobile Services or

HIVST fixed sites

High risk adults, adult men

(>25 years), adolescents 16 to 24,

esp. girls & young women

Distribution at community hotspots e.g.

shopping centres, taxi ranks, urban

and rural hot-spots (bus or truck

stops, growth points).

Confirmatory testing and in some cases

ART on site

Test-for- triage:

fast track pre-screening, triaging out

those who self-test HIV negative unless

confirmatory testing desired.

Providers shift in attention:

to those who require more attention and

increasing: – index testing and assisted

partner notification, confirmative testing

of HIV positives, initiation of ART

People can test themselves in a cubicle

at the distribution point or HTS Clinic

(with assistance available) or take kit

home

Increase in demand for HTS, if mobile

services or fixed HTS clinic services are

promoted as outlets for HIVST kits

Sexual partners of HIV+ index

diagnosed at HTS (secondary

distribution)

HIVST kit offered to HIV+ index to take

to sexual partner(s). Follow up with

index or partner for confirmative

testing

Increases likelihood of sexual partner to

take up HIV testing. Based on evidence

high proportion of sexual partners of

positive indexes are testing positive

3. HIVST offered at male

dominated workplaces

High risk adults, adult men

(>20 years)

HIVST kits are offered to employees at

male dominated workplaces after

buy-in and agreement has been

obtained from the employer.

Employees can choose to perform

HIVST in a private space provided at

the workplace where assistance is

available or take the HIVST kit home

Increases testing in populations who would

otherwise not seek testing services,

rapidly and drastically increases testing

coverage

4. Integrated with public

sector facility

Patients accessing health care

facilities in urban and rural areas

Facility-based counsellors and Health

care workers are directly promoting

HIVST at entry points of the health

delivery system, e.g. outpatients, in-

patients

Test-for-triage approach and HTS clinic

shift in attention (as above) Increases

numbers tested, and coverage of more

targeted provider-initiated testing to

maximize HIV diagnoses, ART initiation

and prevention service uptake

Sexual partners of HIV+ index

diagnosed at HTS (secondary

distribution)

HIVST kit offered to HIV+ index to take

to sexual partner(s). Follow-up with

index or partner for confirmative

testing

Increases likelihood of sexual partner to

take up HIV testing. Based on evidence

high proportion of sexual partners of

positive indexes are testing positive

Male partners of pregnant women

accessing public sector maternity

services (secondary distribution)

HIVST kit is offered to all pregnant

women regardless of HIV status to

take to male partner

Increases the opportunity of male sexual

partners of pregnant women to access

HIV testing services, and to be linked to

care, treatment and prevention,

dependant of status

5. Integration with

VMMC Mobilization

Adult males, 20 and above, who are

mobilized for VMMC services

HIVST is offered to adult males, who

are mobilized for VMMC, to use at

home before accessing VMMC

services

Fear of a positive test result and fear of

testing prevents adult males from taking

up VMMC services

Offering HIVST can reduce this barrier and

increase motivation to take up VMMC
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was to expand choice and support efficiency gains by integrat-
ing HIVST with conventional HTS. An additional four months
of detailed distribution site data are included here (through
November 2017).
After registration, HTS clients were offered a kit that they

could use for HIVST on-site or at home. Clients opting for
HIVST received a brief demonstration either by video or by a
trained provider. Clients opting out of HIVST received conven-
tional HTS. Private cubicles or tents, with offer of counsellor
assistance, were provided to those self-testing on site. On-site
confirmative testing was available for those reporting a reac-
tive (positive) self-test result. If confirmed, PLHIV were
referred for ART according to national guidelines, with imme-
diate initiation if ART services were either available onsite, or
through a referral form to ART services at public and private
sector health care facilities.
All clients opting for HIVST received information about

post-test support services and referral forms (confirmative
testing and HIV treatment including ART for those with reac-
tive results, information about prevention services for those
with negative HIVST results) prior to HIVST. Men were
encouraged to consider VMMC if they tested negative, and
condom use was promoted. Clients who decided to self-test
at home received information materials listing local prevention
and treatment services, and a self-referral form suitable for
either prevention or ART services, dependant on HIVST result.
HIV positive index clients diagnosed at the HTS site were

offered self-test kits for secondary distribution to all their
sexual partners for the purposes of index-testing [21]. Clients
taking kits for secondary distribution were talked through
the process of supporting their partner to use and interpret
the kit correctly, how to access follow-on HIV services,
and the need to maintain voluntariness [22].
Self-testers were asked to leave their used test kits with an

SAQ in sealed envelopes at the site, while provider-delivered
HTS clients had data captured by the counsellor. Used self-
test kits were re-read by the providers on the same day, with
this approach used to estimate the number and proportion of
HIV-positive self-tests.

2.3 | Model 3: HIVST distribution at workplaces

At larger male dominated workplaces in the mining and farm-
ing industry, HIVST kits were distributed through peer-promo-
tors or PSI HTS outreach workers, who provided pre-test
information and in-person demonstrations of the self-testing
process. Clients could self-test on site or at home and could
take a test kit home for their partner to use, with support for
secondary distribution as described above. Confirmatory test-
ing was available on site, provided by the PSI HTS outreach
team or by workplace HTS services, or through self-referral
forms providing information on local private and public-sector
health services. Confirmed PLHIV were referred for ART at
public or private sector providers. A toll-free hotline number
was provided to all clients.

2.4 | Model 4: HIVST distribution at public sector
health facilities

Patients accessing public sector outpatient departments
(OPD) or other clinical services were offered HIVST by

healthcare providers, either nurses or counsellors working at
OPD, before their consultation. Clients could self-test in a
separate room following a brief demonstration, with the
option of sharing their results during their consultation. Infor-
mation on confirmatory testing, ART and HIV prevention ser-
vices was provided to all patients. For those with positive self-
tests, counselling, confirmatory testing and ART were available
on-site through the routine facility services. HIVST-negative
clients received HIV prevention messages by the nurse and
healthcare provider in OPD and male clients were referred
for VMMC.

2.5 | Model 5: HIVST integrated with VMMC
promotion

VMMC was already being rolled-out in all three countries
by PSI, and HIVST was integrated into mobilization strate-
gies. VMMC mobilizers were trained to offer HIVST to all
men who were interested in circumcision, but cited fear of
HIV testing onsite. VMMC mobilizers, who had all received
a two-day training course, as described for the CBDs, pro-
vided pre-test information and demonstration of kit use
before offering a kit to each potential VMMC client. In
Zambia, VMMC mobilizers also distributed HIVST kits to
women.

2.6 | Data collection and analysis

HIVST kit distributors collected individual-level demo-
graphic and HIV testing history data from all clients, using
either electronic or paper-based forms. Data from SAQs
were entered into databases at country-level. Data were
aggregated and presented by distribution model at PSI cen-
tral level. STAR HIVST programme data from Malawi, Zam-
bia and Zimbabwe was analysed according to age, sex,
distribution model, testing history and compared between
countries. We also compared characteristics of clients,
including HIV result and number of HIV-positives identified,
who took up the offer of HIVST with those of clients pre-
ferring provider-delivered HTS at PSI-led facilities and
mobile outreach services. Given the high numbers of testing
events (making standard p-values uninformative), and the
intrinsic clustering nature of data from different sites, we
present data descriptively without use of testing for statis-
tical significance.

2.7 | Ethical considerations

All HIVST kits distributed before July 2017 were covered by
country-level research protocols approved by the Ethics Com-
mittees of London School of Hygiene and Tropical Medicine,
and the relevant ethics committees in Malawi, Zambia and
Zimbabwe. As a public health intervention using a version of
an HIVST product already approved for over-the-counter sale
in USA and shown to have minimal potential for harm in
Malawi, approved protocols included request for waiver of
written or verbal informed consent for HIVST clients. Clients
were instead informed about the investigational nature of the
HIVST kit through community sensitization events,
information leaflets and marking of kits as for research
purposes only.
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3 | RESULTS

A total of 628,705 HIVST kits were distributed in Malawi
(172,830), Zambia (190,787) and Zimbabwe (265,091). The
breakdown of distribution in each country under different
models is shown in Table 2, together with the gender, age-
group and numbers of first-time testers.

3.1 | HIVST distribution models and client
characteristics

Community-based distribution by CBDs had already been
established in Malawi as a model that was acceptable and
could support accurate HIVST use and linkage to HIV care
services with minimal social harms [23] and was the first
model taken to scale in each country. The CBD model
accounted for 94.5% of test kits distributed in Malawi, 82.2%
in Zambia and 75.3% in Zimbabwe.
Other models were delayed by need for initial piloting, and

some (notably HTS integration and VMMC demand creation)
were also dependent on the scope and scale of suitable PSI
programmes, which varied country-to-country. In this respect,
Zimbabwe-PSI had a large HIV service provision platform
from which to rapidly diversify and scale-up HIVST models
based on integration into fixed and outreach teams already
providing HTS, accounting for 52,254 of the 54,453 kits dis-
tributed using this model to July 2017. Similarly, in Zambia,
the large pre-existing VMMC programmes supported rapid
scale-up of HIV delivered through VMMC mobilizers (15,092),
with Zambia also leading on integration of self-testing into
public sector clinics.
Nearly half of HIVST kit recipients (294,502; 48.2%) were

men (49.0% in Malawi, 50.7% in Zambia and 46.2% in Zim-
babwe), and 263,973 (43.1%) were in the 16 to 24-year-old
age-group (50.8% in Malawi, 48.9% in Zambia and 34.3% in
Zimbabwe).

3.2 | Reach to first-time testers

The overall proportion of first-time testers (Tables 2 and 3)
was 19.6% (119,673), varying from 26.8% in Malawi, to 21.6%
in Zambia, to 13.6% in Zimbabwe (where self-testing was
introduced to communities previously served by standard HTS
delivered by mobile outreach teams). A higher proportion of
men (overall 22.3%) than women (overall 17.1%) were first-
time testers in each of the three countries.
A further breakdown of the proportion of all self-testers

who were first-time testers is shown for men and women by
age-group in Table 3. This shows higher proportions of first-
time testers in the youngest age-group for both young men
(29.4%) and women (24.4%), but with a substantial minority of
clients in the older age-groups for both men (16.4% to 17.1%)
and women (10.6% to 15.1%).

3.3 | Community-based distribution model

The CBD model was evaluated in detail for safety and popula-
tion-level impact, with social harms monitoring and household
surveys conducted to evaluate coverage and linkage, as
reported elsewhere [17-20]. Use of distributed kits was con-
firmed for 275,419 (53.0%) by return of used kits, with

country-level data for this variable being 53.2% (86,925) in
Malawi, 58.8% in Zambia (92,247) and 48.2% in Zimbabwe
(96,247).
CBD models varied substantially country-by-country [21-

23], with the Zimbabwe model being based on delivery from
mobile teams that supported training and brief (three to four
weeks) but intensive HIVST distribution by temporarily
employed distributors. CBDs in Malawi and Zambia were
employed for 12 months to provide services less intensively.
Recruitment and training are summarized under methods. The
number and age of recruited distributors are shown in
Table 4: 46.1% of CBDAs were men, with most (55.5%) being
in the 30 to 49-year-old age-group. Costs per test distributed
(US$7.23, US$14.58 and US$13.79 in Malawi, Zambia and
Zimbabwe respectively) and evidence for likely economies of
scale are detailed in an accompanying manuscript by Mange-
nah et al. in this issue [24].

3.4 | Integrated HTS model offering clients the
choice between standard HTS and HIVST

In Malawi and Zimbabwe, HIVST was introduced at PSI HTS
centres and mobile outreach, with 2199 (1.3%) of kits in
Malawi, and 52,254 (19.7%) of kits in Zimbabwe to July 2018
distributed using this model (Table 2). Men made up half of
HIVST clients (51.9% and 48.2% in Malawi and Zimbabwe).
Clients opting for HIVST and those preferring standard

HTS clients are detailed together with the yield of positive
HIV/HIVST results for 12 delivery sites in Table 5, which
includes a further four months of delivery at scale (to Novem-
ber 2018 during which time HIVST distribution doubled under
this model). Of the 119,991 individuals who accessed testing
at 11 outreach and one fixed site, 101,624 (84.7%) opted for
HIVST, with no difference in choice by sex. Very high propor-
tions of individual testers: 92.4% (bus-terminus), 92.3% (HTS
centre), 91.9% (workplace), 91.5% (truck stop) chose HIVST
over provider-delivered standard testing (Table 5). When HTS
and HIVST was offered at household level, 61.9% opted for
HIVST.
Among those self-testing, 1908 (859 men and 1072

women) were newly diagnosed with HIV. Provider HTS clients
had a substantially higher HIV prevalence (10.2% positive)
than self-testers (1.9% positive).

3.5 | Other models of distribution

Other models (Table 2) included public sector facilities in
Zambia (45.8% men) and Zimbabwe (29.0% men) and work-
place distribution (9850 kits) in Malawi and Zimbabwe, with
over 66.4% and 58.9% of HIVST kits taken by men.
A total of 23,561 tests were distributed to men reached

with mobilization for VMMC in Malawi (1327), Zambia
(15,092) and Zimbabwe (7142). Referral tracking data from
Zimbabwe showed that 40.2% of males who had received
HIVST kits prior to VMMC went on to be circumcised.

4 | DISCUSSION

STAR is the largest evaluation of HIVST implementation to
date. With 628,705 kits distributed in Malawi, Zambia and
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Zimbabwe within 15 months of introducing HIVST as a novel
approach at community and facility-level, acceptability was
high. We used five main distribution models, although commu-
nity-based distribution accounted for 82.7% of kits distributed.
Approximately half of all HIVST participants were men, with
good male representation in all distribution models and age
groups. A substantial minority of participants had never tested
for HIV before, with this proportion higher for men (22.3%)
than women (17.1%), and higher for young people (16 to
24 years: 26.9% first-time testers) than older age-groups.

HIVST is a promising approach for reaching underserved sub-
populations who have never tested before and contributing to
the realization of the UNAIDS fast-track strategy.
Consistent with previous reports [15,16,22,23], all distribu-

tion models had high male participation in each country.
Strategies that provide men with greater coverage of HIV
testing and care are urgently needed both to address the dis-
proportionately high testing gap and mortality from HIV in
men, and also to reduce risk of onward transmission of HIV
[3-7,25]. Peak HIV prevalence for men in southern Africa is
now in the 40- to 49-year-old age-group [3-7], with older men
among least likely to have accessed standard HIV testing ser-
vices [5-7]. Older men appear relatively receptive to HIVST,
however, as evidence by the data reported here as well as
from implementation studies from Kenya, Lesotho and Zim-
babwe [15,26-28]. For adolescent boys, HIVST can provide
the first opportunity to test without fear of judgement from
parents and healthcare workers [14], explaining the high
uptake among this age group when HIVST was offered at
community level. Thirty five percent of adolescent boys
accepting self-testing were first-time testers in the STAR pro-
ject in Malawi [14].
The STAR CBD distribution model was evaluated using

household surveys, with uptake providing a measure of
acceptability. Community-level coverage of HIVST was 42.5%
of all surveyed adults in rural Malawi [29], and 50.3% in rural
Zimbabwe [19]. This type of community-based HIVST distribu-
tion could then contribute to activities such as national HIV
testing campaigns, targeted “catch-up” campaigns in districts
with low testing coverage, and as a way of providing ongoing
or periodical HIV testing access in remote communities. Costs
(range US$7.23 per kit distributed in Malawi, to US$14.58 in

Table 3. Number and percentage of HIVST kits distributed by

sex and age for all tested and for all first-time testers

All self-tested First-time testers

N N (%)

Men 294,508 65,577 (22.3%)

Age group

16 to 24 130,223 38,295 (29.4%)

25 to 34 78,268 12,800 (16.4%)

35 to 49 55,345 9,226 (16.7%)

50+ 30,672 5,256 (17.1%)

Women 315,976 54,096 (17.1%)

Age group

16 to 24 132,850 32,456 (24.4%)

25 to 34 79,202 8,370 (10.6%)

35 to 49 58,450 6,384 (10.9%)

50-plus 45,474 6,886 (15.1%)

HIVST, HIV self-testing.

Table 2. Number and percentage of HIVST kits distributed by country, distribution model, age, sex and previous testing history

(first-time testing)

Malawi Zambia Zimbabwe Total

All distribution models 172,830 100.0% 190,784 100.0% 265,091 100.0% 628,705 100.0%

Community-based distributors 163,300 94.5% 156,806 82.2% 199,552 75.3% 519,658 82.7%

HTS integration (seven months) 2,199 1.3% 52,254 19.7% 54,453 8.7%

Work place 6,004 3.5% 298 0.2% 3,548 1.3% 9,850 1.6%

Public sector 18,588 9.7% 2,595 1.0% 21,183 3.4%

VMMC demand creation 1,327 0.8% 15,092 7.9% 7,142 2.7% 23,561 3.7%

Demographics availablea 172,830 172,562 265,091 610,483

Male sex 84,603 49.0% 87,418 50.7% 122,487 46.2% 294,508 48.2%

Age group

16 to 24 87,744 50.8% 84,437 48.9% 90,892 34.3% 263,073 43.1%

25 to 34 45,864 26.5% 50,168 29.1% 61,438 23.2% 157,470 25.8%

35 to 49 29,405 17.0% 28,926 16.8% 55,464 20.9% 113,795 18.6%

50+ 9,817 5.7% 9,031 5.2% 57,298 21.6% 76,146 12.5%

First time testers 46,402 26.8% 37,232 21.6% 36,039 13.6% 119,673 19.6%

Men 23,585 27.9% 22,180 25.4% 19,812 16.2% 65,577 22.3%

Women 22,817 25.9% 15,052 17.7% 16,227 11.4% 54,096 17.1%

HIVST, HIV self-testing.
aDemographic data were available for all HIVST test users in Zimbabwe and Malawi. For Zambia, demographic data were available for 172,562/
190,784 self-test users.
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Zambia) and affordability of the CBD model are discussed in
the accompanying manuscript by Mangenah et al. [24], and
the potential to devolve HIVST further through community-
led approaches is currently under investigation within STAR.
Community-led models can deliver better outcomes at or
below the cost of less integrated approaches and are widely
used in Africa for mass drug administration and distribution of
insecticide-treated bed nets [30].
Integrating HIVST into routine HTS services and in clinical

settings, where access barriers may preclude testing by every-
one that requires it, also shows promise with over 80% of
men and women accepting HIVST when offered as an alterna-
tive to provider-delivered HIV testing. Our data, alongside
that from alternative models of integrated facility-based
HIVST [31], suggest that HIVST can contribute substantially
to comprehensive provider-initiated HTS in high volume and
congested public sector clinics [31]. This model could be
expanded to public sector healthcare facilities more widely,
especially where the current testing capacity is limited or
poorly implemented [31]. We also show marked preference
for HIVST in all fixed and outreach HTS sites where HIVST
was offered as alternative to standard HTS. Preference for
HIVST was most pronounced when queuing was needed to
access standard HTS, but was also apparent in home-based
testing services where 61.9% of clients who tested opted for
HIVST, supporting other suggestions that HIVST is generally
preferred by many Africans [14,16].
Integrated HIVST offers potential efficiency gains, minimiz-

ing time commitments for clients and streamlining manage-
ment for providers in part due to much lower HIV prevalence
in those opting for HIVST over HTS. This suggest a pro-
nounced “self-selection” as noted for sex workers – who
mostly opted for standard HTS when entering dedicated sex-
ual health services [32] before considering HIVST for subse-
quent tests, citing potential higher sensitivity of blood-based
provider-delivered tests as being important to them given
their high exposure. Although speculative, and needing further

research to confirm this, if our data do indeed reflect self-
selection with individuals at low risk for HIV more likely to
opt for HIVST, then this has a number of advantages. From
the perspective of service providers, this allows for task-shar-
ing with low-risk clients, allowing counsellors to focus their
time on the remaining clients with a high risk of being HIV
positive, and to dedicate more time on more time-consuming
testing options such as index testing and assisted partner noti-
fication.
Introducing the option of HIVST greatly increased the num-

bers of clients who could be served each day at rural and
urban outreach services and consequently increased the num-
ber of positive cases identified per counsellor and per site at
any given time [33]. A further low-cost facility-based model
(“secondary distribution”), where HIVST kits can be delivered
to partners by antenatal clinic attendees and newly diagnosed
PLHIV [22,27] is being scaled-up under STAR in Malawi and
Zimbabwe and is discussed further in the accompanying
manuscript relating to social harms in this issue [17].
This study has a number of limitations. This analysis is

based on programmatic data from three different countries
and is based on self-reported client data, with some missing
data. Data on HIVST with regards to first-time testers, motiva-
tors and barriers to HIVST may have been prone to social
desirability bias. As reporting on first-time testing was based
on a subset of self-test users who had returned their used
tests together with the questionnaire, responses might not be
representative for the entire HIVST population. For the differ-
ence in HIV prevalence in our integrated HTS model, we can-
not exclude alternative explanations, including that some HTS
clients were obtaining confirmation of an earlier positive test
or self-test, as many clients coming in for HTS are reluctant
to detail previous positive results for a variety of reasons.
Finally, the results may not be generalizable to other pro-
gramme contexts with less intensity of distribution or different
starting attitudes and perceptions by potential HIVST users
and HTS providers.

Table 4. Demographic data (age, sex) of community-based distributors by country

Malawi Zambia Zimbabwea Total

All 189 100% 165 100% 1599 100% 1953 100%

Men 101 53.4% 90 47.6% 709 44.3% 900 46.1%

Age group

18 to 24 12 11.9% 8 8.9% 180 25.4% 200 22.2%

25 to 29 18 17.8% 19 21.1% 131 18.5% 168 18.7%

30 to 49 67 66.3% 49 54.4% 381 53.8% 497 55.3%

50-plus 4 4.0% 14 15.6% 16 2.3% 34 3.8%

Women 88 46.6% 75 45.5% 890 55.7% 1053 53.9%

Age group

18 to 24 9 10.2% 8 10.7% 195 21.9% 212 20.1%

25 to 29 26 29.5% 15 20.0% 155 17.4% 196 18.6%

30 to 49 50 56.8% 34 45.3% 504 56.6% 588 55.8%

50-plus 3 3.4% 18 24.0% 37 4.2% 58 5.5%

aZimbabwe used a “campaign-style” distribution model with temporary distributors trained and employed for six weeks for distribution in their
respective local community, while community-based distributors in Malawi and Zambia were employed for 12 months covering larger geographic
areas of distribution.
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5 | CONCLUSIONS

Men and young people in sub-Saharan Africa contribute dispro-
portionately to the number of PLHIV who are not aware of
their status. Results from two years of large-scale implementa-
tion of HIVST through several distribution models demonstrate
how targeted roll-out could increase coverage of HIV testing,
contribute to case finding among difficult to reach priority pop-
ulations, particularly among high-risk men and young people
and increase efficiency and capacity of HTS in high volume and
overcrowded clinics. HIVST offers clear advantages when pro-
vided in addition to existing services, and if scaled-up, can con-
tribute to closing the gap towards the “first 90.”
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Abstract
Introduction: HIV self-testing (HIVST) provides couples and individuals with a discreet, convenient and empowering testing
option. As with all HIV testing, potential harms must be anticipated and mitigated to optimize individual and public health ben-
efits. Here, we describe social harms (SHs) reported during HIVST implementation in Malawi, and propose a framework for
grading and responding to harms, according to their severity.
Methods: We report findings from six HIVST implementation studies in Malawi (2011 to 2017) that included substudies
investigating SH reports. Qualitative methods included focus group discussions, in-depth interviews and critical incident inter-
views. Earlier studies used intensive quantitative methods (post-test questionnaires for intimate partner violence, household
surveys, investigation of all deaths in HIVST communities). Later studies used post-marketing reporting with/without commu-
nity engagement. Pharmacovigilance methodology (whereby potentially life-threatening/changing events are defined as “seri-
ous”) was used to grade SH severity, assuming more complete passive reporting for serious events.
Results: During distribution of 175,683 HIVST kits, predominantly under passive SH reporting, 25 serious SHs were reported
from 19 (0.011%) self-testers, including 15 partners in eight couples with newly identified HIV discordancy, and one perinatally
infected adolescent. There were no deaths or suicides. Marriage break-up was the most commonly reported serious SH (six-
teen individuals; eight couples), particularly among serodiscordant couples. Among new concordant HIV-positive couples, blame
and frustration was common but rarely (one episode) led to serious SHs. Among concordant HIV-negative couples, increased
trust and stronger relationships were reported. Coercion to test or disclose was generally considered “well-intentioned” within
established couples. Women felt empowered and were assertive when offering HIVST test kits to their partners. Some women
who persuaded their partner to test, however, did report SHs, including verbal or physical abuse and economic hardship.
Conclusions: After more than six years of large-scale HIVST implementation and in-depth investigation of SHs in Malawi, we
identified approximately one serious reported SH per 10,000 HIVST kits distributed, predominantly break-up of married
serodiscordant couples. Both “active” and “passive” reporting systems identified serious SH events, although with more com-
plete capture by “active” systems. As HIVST is scaled-up, efforts to support and further optimize community-led SH monitoring
should be prioritized alongside HIVST distribution.
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1 | INTRODUCTION

Despite concerted efforts to scale-up HIV testing services, in
2017, approximately 25% of people with HIV remain undiag-
nosed [1]. Globally, men, young people and key populations
are disproportionately contributing to this HIV “testing gap”
[1]. In Malawi, men with HIV are 10% less likely to know
their status than women, and only one third of adolescent
(aged 15 to 19) boys and less than half of adolescent girls
had ever tested [2]. HIV testing, prevention and treatment

coverage for female sex workers (FSW) also remains subopti-
mal [3].
HIV self-testing (HIVST) can increase HIV testing coverage

and frequency [4]. Several studies in Malawi have shown
HIVST to be highly acceptable and able to reach first-time
testers, young people (aged 16 to 25), men and couples and
partners [5,6], with acceptable linkage into facility-based ser-
vices when combined with facilitated linkage strategies [6-9].
As with any form of HIV testing, however, potential social
harms (SHs) must be anticipated and mitigated [10-12].
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SHs can be defined as any intended or unintended cause of
physical, economic, emotional or psychosocial injury or hurt
from one person to another, a person to themselves, or an
institution to a person, occurring before, during or after test-
ing for HIV [13]. SHs are well documented with all HIV test-
ing approaches [14,15], but need to be balanced against the
clear benefits of early treatment and the UNAIDS “90-90-90”
targets – the first of which is to diagnose 90% of people with
HIV by 2020 [16].
Couples and partner testing, including HIVST, is a highly

effective way to reach those in need of testing, prevention
and treatment services [10,11]. Despite the many benefits,
coping with serodiscordant results (one partner HIV positive
and one partner HIV negative) can be difficult [17,18]. Con-
cerns raised by HIVST include potential misuse, and whether
testing without in-person counselling may exacerbate negative
behaviours and adverse consequences [19,20]. An estimated
37% of ever-partnered women in Africa report having experi-
enced physical and/or sexual intimate partner violence (IPV)
[21], and people with HIV, particularly women and adoles-
cents, may have increased risk. Likewise, key populations con-
tinue to experience various forms of SHs and violence,
including discrimination and criminalization [22].
Despite the concerns, reporting of serious SHs following

HIVST appears to be rare [4]. Large-scale evaluations dis-
tributing more than one million HIVST kits in three African
countries have not identified any suicides [4,23]. Psychological
distress following HIVST for those who test positive also
appears to be no more extreme than with other approaches
to HIV testing, and often short-term in nature [4,6,11,24].
Furthermore, initial SHs can evolve into significant positive
outcomes if reviewed in the longer term. Communities and
self-testers also consistently report that access to HIVST is
empowering, and that its private nature, in most instances,
outweighs possible negative aspects [20,25].
Beyond clinical trials, efforts to identify and measure SH

relating to HIV testing, including HIVST, are limited and not
part of routine monitoring. Instead, efforts have focused on
mitigation strategies to minimize harms [10,22]. Here, we
describe SH events reported during HIVST implementation in
Malawi over a six-year period, propose a community-led
approach for SH monitoring and suggest a framework for
grading SHs.

2 | METHODS

Six HIVST implementation studies carried out in Malawi
between 2011 and 2017 distributed 175,683 HIVST kits and
included 13 different SH substudies (Table 2). Five studies
included both qualitative and quantitative components (mixed
methods) from the design stage. The sixth study, Partnerships
in Self-Testing in Malawi (PRISM), used a qualitative cohort
design nested within a controlled cluster-randomized trial of
HIVST kit distribution (HitTB). Health impacts, including test-
ing coverage, linkage to HIV treatment and prevention, are
reported elsewhere. Qualitative methods included focus group
discussions (FGDs), in-depth interviews and critical incident
narratives. Quantitative methods included post-test question-
naires, household surveys, active follow-up of all deaths and
reports of IPV during HIVST implementation. For this analysis,

we triangulate from different approaches used over the six
studies [26,27].
The HitTB study (Table 2) was a cluster-randomized trial

implemented in urban Blantyre, distributing 27,789 HIVST kits
through trained distributors to 16,660 adult residents
(≥16 years) over two years [6], with brief feedback requested
from all HIVST participants using a self-administered question-
naire [6]. Outcomes captured at the cluster level included
antiretroviral therapy (ART) initiations and deaths [28], with
mortality captured through a community reporting system
included from the start to capture and report community con-
cerns on a weekly basis. One hundred and twelve “cluster rep-
resentatives” were recruited with endorsement from
community leaders. Cluster representatives reported SH
events to a Community Liaison Officer. All deaths among clus-
ter residents (irrespective of HIVST use) were captured
through this system, and followed up with verbal autopsies
[6]. PRISM and Self-test Impacts (ST-Impacts) were qualitative
substudies recruiting cohorts of self-testers from HitTB to
evaluate broader consequences of HIVST.
PRISM (Table 2) was a qualitative substudy of HitTB that

recruited and followed up 67 individuals from 2012 to 2014
[25]. All participants were cohabitating and in established sex-
ual relationships where either one or both partners had self-
tested. Gender, HIV status, nature of self-testing (individual
vs. couple testing) and test results (concordant HIV positive
where both partners are HIV-positive, HIV-negative and dis-
cordant couples) were used for purposive selection. Self-
tested individuals were interviewed using serial in-depth inter-
view approach at baseline (within a week of HIVST) and fol-
lowed up twice within 17 months post-interview. Five FGDs
were also conducted with forty-three purposively selected
community members (twenty women): two exclusively male,
two exclusively female and one with male and female partici-
pants.
ST-Impacts (Table 2) recruited 300 HIVST participants from

HitTB Study between 2012 and 2013 [29]. This mixed-meth-
ods substudy compared prospective reports of SHs identified
through the community reporting system with those collected
through serial biographical interviews, face-to-face question-
naires, FGDs, three-month-long longitudinal diaries and critical
incident narratives.
Partner Assisted HIVST and Linkage (PASTAL) was a sepa-

rate HIVST trial carried out from 2016 to 2017, recruiting
2349 pregnant women from three urban primary clinics for
secondary distribution to male partners (two kits per woman)
[9,30]. The primary outcome was linkage to HIV care and pre-
vention services by the male partner. Secondary outcomes
were reported by the woman at 28 days, and included safety:
women were asked directly about IPV events resulting from
delivery and use of HIVST kits using audio computer-assisted
self interviews (ACASI) with all women 28 days after HIVST
distribution. Incidents reported by participants through ACASI
were followed up, documented onto standardized forms and
classified by a qualitative researcher probing the nature and
relatedness to HIVST of the incident.
For PASTAL, a framework was developed for adverse

events reporting, focused on IPV and self-harm [9,13] and fur-
ther adapted to Table 1. The approach used standard pharma-
covigilance reporting [31] that defines potentially life-
threatening/changing events as “serious,” and events with no
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or some effect on social- and work life as “mild” or “moderate”
respectively. HIVST studies reporting data from earlier time
periods did not systematically capture the data relating to life
impact needed to classify severity, and so may have misclassi-
fied some serious events.
As part of the Self-Testing Africa Initiative (STAR), a com-

munity-based cluster-randomized trial in general populations
(GP) (STAR-GP) [32] and a mixed-methods study among FSWs
(STAR-FSW) [33], as described in Table 2. Across both, SHs
were actively monitored (Figure 1) and graded using the
adapted PASTAL framework that included stigma-related
events (Table 1).
In STAR-GP [32], community-led SHs reporting was intro-

duced into 22 villages (11 HIVST and 11 standard testing ser-
vices). Pre-existing community structures (village heads, police,
community health workers, religious leaders and marriage coun-
sellors) were responsible for identifying and reporting harms
relating to HIV testing. Community leaders documented, inves-
tigated, managed and reported SH episodes to the study’s Com-
munity Liaison Officer. In HIVST clusters, distributors promoted
HIVST kits and other health-related products. Reported SHs

from distribution of 137,915 HIVST test kits in four rural dis-
tricts are listed according to the nature of the reporting system
under which they were captured in Table 2 (see Rows 7, 9 and
11). Qualitative process evaluation data were collected during
and after HIVST distribution, including six FGDs with fifty
healthcare workers, two with eighteen SH reporting-systems
members from “evaluation villages” (see Row 9 of Table 2) and
forty-six in-depth interviews with HIVST distributors and self-
testers. Evaluation villages were selected to be representative
of the wider STAR-GP distribution model, and had the same
implementation strategy, but more intensive monitoring, but a
more active community-led SH reporting system (Figure 1) and
endline household surveys [32]. Determination of the severity
of reported SHs was mostly based on researcher’s opinion after
a critical analysis of the event.
STAR-FSW (Rows 8, 12 and 13 of Table 2) assessed the

distribution of 5281 HIVST kits in three districts (Blan-
tyre = 2001, Chikwawa = 1237 and Mulanje = 2043). All kits
were distributed to FSW by trained FSW who served as peer
educators. Implementation, including SH, was monitored using
a combination of peer-led community reporting system, ACASI

Table 1. Proposed social harms grading matrix: adapted from Division of AIDS, and revised following use in three studies, including

Self-Test Africa Research general population and female sex workers protocols

Grade 1 (mild)

No effect on social and

work life. No

doctor needed

Grade 2 (moderate)

Some effect on social or work life,

and may need doctor or psychologist

Grade 3 (severe)

Unable to socialize or unable to

work, and needs doctor or

psychologist

Grade 4 (life-threatening)

Life-threatening/disability

Grade 5: fatal

Denying access to

non-critical

household resources

Being ignored

Being controlled (e.g. not

allowed to leave house)

Being shouted at

Moderate verbal, emotional

or psychological IPV

Coercion to self-test

Coercion to disclose a self-test result

IPV that includes, e.g. pushing or

slapping with an open

hand that does not result in pain or

visible marks >24 hours

Psychologically coercive sex

Being shunned at home, work or school

Economic hardship resulting in

skipping meals, missing school

Temporary separation lasting

less than seven days

IPV that leads to pain, bruising or

marks >24 hours.

Verbal threats of potentially lethal

violence (e.g. statement of intent

to kill, mock strangulation,

threatened with a knife or gun)

Marriage break-up lasting greater

than or equal to seven days

(temporary or permanent)

Stigmatization sufficient to cause

change of work, school or home

Suicidal ideation

Extreme economic stress: unable

to meet basic needs of

self/children

IPV leading to hospitalization

Attempted suicide leading to

hospitalization

Attack using potentially lethal

force (e.g. knife, gun, hammer,

kicks to head, asphyxiation)

Rape or attempted rape

[Any event leading to death is

classified as a Grade 5 serious SH]

Referred to community-

based institutions

for assistance, for

example CBOs, Police.

Refer to community-based

institutions for assistance

Reported to relevant authorities, for

example Community Liaison Officer

Refer to community-based

GBV support organizations

Report to marriage counsellors

Report to relevant authorities, for

example Community Liaison

Officer

Refer to community-based GBV

support organizations

Discuss and refer to police/chief/

other social support based on

individual need and desire

Report mandatory events to

police (suicide/homicide)

Report to relevant authorities, for

example programme managers

Refer to community-based GBV

support organizations

Ensure safe alternative abode

before discharge

IPV, intimate partner violence; CBOs: community-based organizations; GBV: gender-based violence.
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(n = 268), longitudinal diaries, serial biographical interviews
(n = 22), and four FGDs among FSWs (n = 3) and peer dis-
tributors (n = 1). Active SH monitoring was only implemented
in Blantyre district. Only the peer-led community reporting
system data, ACASI and FGDs are presented.

2.1 | Data analysis

Detailed descriptive scripts on episodes of SH were reviewed
and compared across studies. MK-coded qualitative data
according to the nature (category) of the incident (e.g.
divorce/separation, physical violence, verbal abuse, etc.) and
groups affected (i.e. men, women, couples, sex workers). Man-
ual coding was used because the datasets on SH were small
for any given study. Categories were defined purposively and
deductively, to provide overarching guidance on both the nat-
ure of SHs within Malawi, and the groups of people who are
likely to be susceptible.
While the majority of kit recipients across all studies

reported positive experiences and benefits of HIVST [8], here
we focus on SHs. Findings are presented as summary fre-
quency tables, and using descriptive narrative supported by

relevant quotes from those reporting and experiencing harms.
As the focus of data collection and/or reporting was on seri-
ous SHs, we have not included estimates of the frequency or
severity of all mild and moderate SHs here, with the exception
of coercive testing and temporary separation of couples where
data was systematically captured.

2.2 | Ethical considerations

All studies were approved by College of Medicine Research
and Ethics Committee of the University of Malawi, and either
London School of Hygiene and Tropical Medicine or Liverpool
School of Tropical Medicine (ST-Impacts). All participants pro-
vided informed consent as per parent study requirements.

3 | RESULTS

Between 2011 and 2017, a total of 175,683 HIVST kits were
distributed and 25 reported SH events were (0.011%) classi-
fied as serious SHs (Table 3). During this period, there were
no reported deaths, suicides or incidents of self-harm,
although one man had suicidal ideation (Table 3). Of the
twenty-five serious SH events reported, most were marriage
break-ups (sixteen individuals; in eight couples). In all studies,
there was the disproportionate risk of separation when HIV
serodiscordancy was newly identified by HIVST. Out of eight
marriage break-ups reported, all but one was in a serodiscor-
dant relationship. The other break-up was among a concordant
HIV-positive couple.
Separating couples were more likely to report additional

SHs related to physical IPV, or economic hardship, compared
to individuals or other couples that stayed together. Except
for serodiscordant couples, individuals with history of vio-
lence in their relationship were more likely to report experi-
encing SH than other groups. Pre-existing violence, prior to
HIVST, such as verbal insults and physical violence were fre-
quently experienced by FSWs, but with few instances
directly related to HIVST. Economic hardship was rarely
reported outside of the context of impending separation/
marriage break-up.
Couples also reported HIVST had many benefits, suggesting

it helped facilitate important discussions, built trust and
enhanced partner fidelity and increased efforts to jointly
reduce sexual risk behaviour. In particular, women reported
HIVST was empowering, made them feel in control testing
environment and provided new opportunities to discuss test-
ing with their partners (Table 4, Q1 and Q2).

3.1 | “Coercion” to test and disclose

Men and FSW most commonly reported coercion to self-test.
Some degree of coercion was reported by 288/10,017 (2.9%)
self-testers in HitTB – 3.9% in men versus 2.2% in women [6],
and by 29/268 (10.8%) FSWs in STAR-FSW ACASI. Overtly
hostile coercion directly following HIVST was not identified.
Although uncertain if related to HIVST, there was one case of
coercion where a woman reported that her partner had
forced her to repeat HIVST to confirm their results were dis-
cordant. No FSWs reported they were forced to self-test or
disclose their results by clients or sex partners. However,

STAR-Malawi Inves�gators
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CBDA

Community Members
(Self-test kit users)

Community
Stakeholders

(Village heads,
HSA, NGOs, CBO,
Health workers)
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Social
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Figure 1. Self-Test Africa Research (STAR) general population com-
munity-led social harm tracking system, based on engagement of
existing authorities and civil society organizations to provide a
community-led reporting system.
PSI, Population Services International (implementing organization in
STAR-Malawi); M&E, Monitoring and Evaluation; CBDA, community-
based distribution agent; HSA, Community Health Worker cadre of
Ministry of Health, Malawi; NGO, non-governmental organization;
CBO, community-based organization.
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FSWs reported frequent coercion by employers, facility own-
ers and peer HIVST distributors. The two most commonly
reported types of coercion were viewed by HIVST kit recipi-
ents as “well-intentioned” or “socially reasonable,” and neither
considered as harmful nor spontaneously reported as “harms.”
The first type of coercion, involving women in long-term sex-

ual relationships pressurising their male partner to test, was
described as “well-intentioned” (Table 4, Q3 and Q4). Women,
viewed as household “custodians of health” in Malawi, indicated
that HIVST empowered them to actively promote testing to
their male partner, since the discussion was immediate and
located within the home (Table 4, Q5). This approach was lar-
gely seen during pregnancy where both men and women felt
urgency to test. Thus, when pregnant women offered HIVST to
their male partners, uptake was high [9,34]. Although uncom-
mon, some incidents of arguments or brief separation were
reported (Table 5) but no incidents of physical violence.
The second type of coercion where individuals showing

signs of ill-health were persuaded to test to facilitate ART ini-
tiation was described as “compassionate coercion” (Table 4,
Q4). Participants described these methods as often indirect.
For instance, one man directed his household, including him-
self, to self-test, but subsequently stated having done so out
of concern for his orphaned nephew’s health. Again, these
instances tended to be viewed by individuals and the commu-
nity as benign, and so unlikely to be spontaneously reported.

3.2 | Verbal intimate partner violence

Arguments and verbal IPV, although infrequent, was more
common following a reactive HIVST result, especially among
couples and FSWs who disclosed their result. In these cases,
ridicule, stigma, and blame tended to be directed towards the
HIV-positive partner in discordant couples, or the partner with
suspected infidelity – usually the man – in an HIV-positive
concordant couples (Table 4, Q6 and Q7). These events were
rarely reported, with participants tending to place blame on
their partner, not the HIVST kit per se.

For FSWs, social stigma towards both users and peer dis-
tributors was reported. Some peer distributors reported they
were insulted when distributing HIVST kits, particularly by
FSWs who did not want to test (Table 4, Q8). Colleagues and
neighbours also labelled some peer distributors as HIV posi-
tive, with others questioning their credentials and abilities to
deliver HIVST (Table 4, Q9 and Q10).

3.3 | Physical violence

ST-Impacts followed up 150 women who reported physical
violence to support organizations and identified 16 linked to
HIVST. Of eleven women interviewed in-depth, eight
reported pre-existing violence within their relationship, while
three suffered violence for the first time after self-testing
(Table 4, Q11 and Q12). In seven of these cases, men
refused to self-test aggressively. Alcohol was a pre-existent
problem in the households of nine women. All women
reporting violence were dependent on income from their
male partner. While most women experiencing violence were
aware that it was inappropriate, they often reported being
disempowered or unable to prevent it due to inequalities in
access to resources and normalized inequalities of power
(Table 4: Q13). The most serious case resulted in hospitaliza-
tion: here, the woman self-tested negative prompting the
man, who had been extremely violent in the past, to self-test
himself and become enraged when his result was positive. A
second case of IPV, reported following self-testing is detailed
in Table 4 (Q13). No woman identified through critical inci-
dent interviews had been identified by the HIVST community
representative system.
For FSWs, 92 of 268 women reported violent incidents but

only two were confirmed to be HIVST-related. In both cases,
the incident was with established sexual partners and was
similar to those reported in GP (Table 4, Q14 and Q15).
There was also one instance of maltreatment of a peer dis-
tributor by a FSW who had a reactive self-test result (Table 4,
Q16).

Table 3. Summary of serious social harms (SHs), by nature of harms and whether related to HIV serodiscordancy or not

Nature of event Individuals affected Couples affected Of couples: with HIV discordancy Total serious SHs

Break-up of marriage/cohabiting couple 16 8 7 20a

Resolved (after at least

seven days separation)

8 4

Unresolved 8 4

IPV with temporary less than

seven days separation

1 1 0 1

Suicidal ideation 1 1 1 1

Use of HIVST kit by 12-year-old

girl with previously undisclosed

and untreated perinatal-acquired

HIV infection

1 0 NA 3b

Total with at least one serious SH 19 10 8 25

aOne break-up with four individual serious SHs (two individuals affected by marriage break-up; woman subject to violent assault including a bro-
ken arm; woman left in extreme economic hardship). Two break-ups with three individual serious SHs (two individuals affected by each marriage
break-up; both women subject to extreme economic hardship); bGirl tested in front of school friends and experienced severe stigmatization, psy-
chological distress and economic upheaval with family moving to a new village. Additional family members are likely to have experienced serious
SHs but these were undocumented.
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3.4 | Separation and break-up

Four reconciled and four permanent marriage break-ups
resulted from HIVST (Tables 2 and 3), including seven
serodiscordant couples. Marriage break-ups tended to remain
unreconciled in the early studies but were mostly reconciled
in STAR-GP. HIVST distributor training and sensitization of
community-led harms reporting system stakeholders (Fig-
ure 1.) included greater focus on serodiscordancy under
STAR-GP, where community-led reporting systems identified
the same number of marriage break-ups (three couples) for
standard-of-care villages as for HIVST villages.
Serodiscordant partnerships were more likely to report SHs

when the woman was HIV positive (Table 4, Q17, Q18, Q19).
A variety of misconceptions led serodiscordant couples to
view their relationship as one that could not last: first, the
concept was perplexing, with couples failing to understand
how HIV could fail to be transmitted during condomless sex.
Second couples were not aware that treatment-as-prevention
could enable them to resume condomless sex once the posi-
tive partner was established on (and remained adherent to)
ART (Table 4, Q20). Without this knowledge, couples assumed
HIV must have been introduced recently (implying infidelity),
and that condoms would be required indefinitely, precluding a
healthy sex-life or children (Table 4, Q21, for an HIV-positive
concordant woman). Importantly, correcting these misconcep-
tions led to some couples reconciling.
Events unrelated to serodiscordancy were rare but included

reactions to the mere introduction of an HIVST kit into the
house without the man’s permission, and occasional break-up
of concordant HIV-positive relationships (Table 4, Q18).

3.5 | Severe depression

One report of depression with suicidal ideation was docu-
mented within a recently formed serodiscordant relationship
(Table 4, Q22). At 12 months, the HIV-positive man still expe-
rienced suicidal ideation; however, this was related to specific
financial worries. Three other cases of mild depression follow-
ing disclosure and discrimination were reported in STAR-GP.

3.6 | HIVST age <16 years outside the study area

All studies restricted HIVST to those aged 16 or older; however,
tests did find their way into non-study areas. One case of self-
testing under the age of consent was identified by imple-
menters in a non-study area. In this case, a 12-year-old perina-
tally infected adolescent previously unaware of her status self-
tested with friends and experienced multiple serious SHs
including psychological distress, stigmatization and economic
upheaval (Table 5), illustrating the importance of training HIVST
distributers to prevent HIVST kits to those aged under 16.

4 | DISCUSSION

In the past six years, over 175,000 HIVST kits have been dis-
tributed in urban and rural Malawi, with services implemented
in settings characterized by high HIV prevalence, economic
vulnerability and high frequencies of IPV. We adapted the
grading system used for therapeutic clinical trials and post-

marketing pharmaceutical surveillance to classify both fre-
quency and severity of SHs relating to HIVST. Despite the
high levels of background SH, only 19 (0.011%) individuals
involved in self-testing or offering kits reported a serious SH
related to HIVST, with multiple events affecting some individu-
als (25 serious SH events). Rates tended to be higher when
kit recipients were followed up with interview for serious SHs,
consistent with likely under-reporting in less “active” surveil-
lance systems [35-38], for example 4 of 300 (1.3%) self-tester
from the general community, although no serious SHs were
reported by 2349 pregnant women interviewed one month
taking two HIVST kits home (Table 2). Our ability to comment
on mild and moderate harms (defined as no/some effect on
social and work life, respectively) was limited by the nature of
data captured (Table 2), but the overall frequency of any
reported SH from HIVST was within the range expected for
standard HIV testing [36-38]. For instance, 0.5% of 794 self-
testers included in post-intervention household survey
reported any unwanted consequences in rural Malawi. Most
serious events related to the broader issues and challenges of
being diagnosed and living with HIV in Africa particularly for
those in serodiscordant relationships, rather than testing
modality.
As previously reported, many couples considered HIVST

to be a helpful tool to start dialogues and discussions on
sensitive topics, including HIV testing, and a way to build
trust between partners [5,25]. In general, women found the
ability to bring kits home increased their autonomy and left
them feeling empowered by testing themselves and offering
HIVST to their male partners. Empowerment for women did
leave some men feeling “coerced” to self-test [6]; however,
most described it as well-intentioned and socially acceptable
within their established partnership [25], as also reported
for men who have sex with men from China [19,39]. Never-
theless, several cases of coercion escalated into other forms
of harm. It is important to reiterate that coercion and
mandatory testing are never advised, including with HIVST
[40]. Programmes need to develop strong and clear mes-
sages to self-testers and training for distributor to avoid
overpressurising partners, especially when implementing
index/partner-delivered or network-based distribution mod-
els, which encourage individuals to offer HIVST kits to sex-
ual or social contacts with the endorsement of national
health systems.
Because of high background rates of IPV among FSWs and

previous reports of SH following HIVST [41-43], additional
strategies to mitigate the risk of coercion and IPV among
FSWs are needed. Approaches could include empowerment
workshops and training for police and venue owners, which
have been used more broadly in FSW programmes [44]. Mes-
sages that explain FSWs rights to choose when and how to
self-test and disclosure, should be promoted. We found that
high background IPV rates in FSWs made it difficult to directly
relate events to HIVST, raising the need for additional
methodologies or monitoring tools to better capture this
information.
Couples with serodiscordant HIV results are an important

target for HIV prevention in Africa, where serodiscordancy is
common (e.g. 7% of Malawian couples jointly tested as part of
the most recent Demographic and Health Survey [45] and
transmission within serodiscordant couples accounts for a
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Table 4. Quotes on episodes of social harms from six studies from 2011 to 2017 in Malawi

Theme Number Quote

Social benefits Q1 “Our relationship has changed because we are having the same mind.”

ST-Impacts: Woman who tested as a couple, concordant negative

Q2 “Because it’s like you are now open to one another, everyone knows each other’s status. But also, it helps

that you should be open to one another.”

ST-Impacts: Woman who tested individually, negative

Coercion to test

and disclose

Q3 “It is sometimes good . . . if one of you in the relationship is refusing to get tested you can doubt them. It

is good at times to force someone to get tested so that you all know your HIV status. For someone like

me who isn’t married there is no reason to be forced to get tested.”

ST-Impacts: individual man who self-tested

Q4 “It is necessary because they are wishing you well. People must know how they are (HIV status) before it

is too late. It becomes very sad when people get really sick and yet all along their friends were telling

them to get tested.”

ST-Impacts: individual woman who self-tested negative

Q5 “When I got the kit, I took two days without testing, then my wife said that I won’t eat that day If I don’t

test. She went to the bedroom and poured water on my clothes. There was force, I knew that if I don’t

test then there won’t be sex for me.”

ST-Impacts: Husband in a concordant negative couple

Verbal abuse Q6 “That is when he self-tested negative. From that moment, I did not understand that he did not have the

HIV. That day, it was not a nice experience for me. He was shouting at me; ‘you are a liar’. There is

something that you have been doing behind my back.”

PRISM: Female, 32 years, HIV-positive discordant

Q7 “My trust in you has now eroded and when I look at you now . . . I now see you as a monster because you

have damaged my body [infected her with HIV].”

PRISM: Female, 24 years, HIV-positive concordant

Q8 “They face FSWs that don’t want to test. Most FSWs say bad things to PDs for example swearing at them

for approaching them with the kit.”

STAR-FSW: Peer distributor, FGD

Q9 “They were insulting us, saying no FSW is negative. My neighbours were saying I am HIV positive that is

why I was distributing the kits.”

STAR-FSW: Peer distributor, FGD

Q10 “Neighbours were rude to us asking questions like are you a doctor? Did you go to school?”

STAR-KP: Female, Peer distributor, FSW, FGD

Physical violence Q11 “I couldn’t have gone through this (the beating) if it weren’t for self-testing. I know my husband is very

angry right now because I put him through self-testing and he was found positive.”

ST-Impacts: Wife (negative) in discordant relationship

Q12 “At first we were staying normally without any problem before this problem came into existence. I just saw

a person start changing his ways and I questioned why he was doing this . . . All this was happening after

getting tested. I didn’t experience this before but when I got tested is when I started experiencing

violence. When I just do something wrong what he will do is beat me.”

ST-Impacts: Wife (negative) in discordant relationship

Q13 “Sometimes we women are attacked if we are not listening to what our husbands are telling us to do then

they start attacking us. Violence also happen when a man wants to have sex with us and we are

refusing. That’s violence also, ‘ – it’s not right that you should be beaten’ because if he has loved you are

supposed to love him back.”

ST-Impacts: Married woman who tested with her partner and was discordant positive

Q14 “I once had a girl who tried to get her partner tested and he beat her up and left her house. But luckily

they worked it out and he returned to the house after some time.”

STAR-KP: Female, Peer distributor, FSW, FGD
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substantial fraction of all new HIV infections at the national
level, and is readily preventable using ART-based strategies.
However, coping with newly identified serodiscordancy is chal-
lenging with any mode of HIV testing [36-38,46]. For instance,
24% of 469 serodiscordant Kenyan couples separating during
two years of follow-up in an HIV prevention trial [37], while in
a multicountry East and Southern African trial [36], IPV was
reported by 18% of HIV-positive women and 7% of HIV-posi-
tive men, respectively, in serodiscordant relationships.
Most serious and lasting SH identified across all HIVST stud-

ies reported here were also linked to newly identified serodis-
cordancy, making this a feature common to all HIV testing
strategies [10,11,22]. What is unique to HIVST, however, is the

ease with which couples can self-test together or soon after
one another and share results. For this reason, HIVST appears
to facilitate greater mutual knowledge of status between cou-
ples than other approaches [34,47]. There was anecdotal evi-
dence in the PASTAL trial where 20 out of 46 male partners
who self-tested HIV positive were confirmed to be in an HIV-
discordant relationship. This presents an important opportunity
for HIV prevention [48], but also responsibility to ensure that
serodiscordancy is understood, with appropriate follow-up
advice and management. We identified significant gaps in
awareness and understanding of discordancy, both among cou-
ples and for health workers, as also reported from other African
countries [49-51]. Providing clear messages and the need for

Table 4. (Continued)

Theme Number Quote

Q15 “I got a report from a girl who was forced by her boyfriend to reveal her results. The guy did not believe

her results and he wanted a kit too for himself.”

STAR-KP: Female, Peer distributor, FSW, FGD

Q16 “A certain girl poured alcohol (Chibuku) on me after telling her that she was HIV positive. However, after

everything she apologized and I helped her get medication and we’ve been friends since then.”

STAR-KP: Female, Peer distributor, FSW, FGD

Separation and break-up Q17 “As of now there is nothing easy. As things are now, there is nothing that we can sit down and talk because

we don’t discuss things, because we cannot even sit down to eat nsima [Staple dish made from maize

flour] together. When he comes he eats his nsima in the bedroom and the children and myself we eat here . . .

But when my husband finds money, he keeps it for himself and when I have found mine I have to buy

food in the house and everything in the house.”

ST Impacts: Wife (positive) in concordant couple

Q18 “When I left my home to attend a funeral in my home village, he called me when I was planning to return

to my house. He said ‘please do not come back. I have married another woman who is now staying with

me’. From that time, I have not gone back to my husband.”

PRISM: Wife, aged 30, HIV positive from discordant couple

Reaction to Discordancy Q19 “When we tested, ‘I did not drink water’ [emotionally unsettled] that day. He said ‘we have tested, you have

HIV but I do not have it. Where did you get HIV? This marriage will end now and you will soon go to your

village’. I sat there speechless. Now we always quarrel because he always speaks demeaning words to me

because of my status.”

PRISM: 32-year-old HIV-positive wife in a discordant relationship

Treatment-as-

prevention (ART)

Q20 “Some people when they know that someone has HIV and have started taking ARVs [Antiretroviral] drugs,

they feel that they cannot have sex with that person fearing that they can also get infected.”

PRISM: 29-year-old wife, HIV positive, concordant couple

Q21 “This medicine (ARVs) that I have started taking I feel it helps protect me since we do not use condoms

because we are taking these drugs. These drugs help to protect our bodies from getting more viruses.”

PRISM: 26-year-old wife, HIV positive in a concordant couple

Suicide threats Q22 “Even that day [of self-testing], he was so disappointed and did not even eat or bathe. He told me that

while I was sleeping, he went away and planned to kill himself. But after thinking through it, he thought

that it is shameful because people would be pointing their fingers at me that my husband has killed

himself because of me.”

PRISM: 19-year-old HIV-negative wife in discordant relationship

Economic violence Q23 Interviewer: Is there time that you stop him that he shouldn’t buy this, and he accepts not to buy it?

PF: No isn’t possible, he can’t allow that, the way I know him I can’t even talk about that.

Interviewer: What are you afraid of?

PF: I am afraid that we will exchange words.

ST Impacts: Married woman tested as couple, negative discordant

FSWs, female sex workers; ST-Impact, Self-test Impact; STAR, Self-Test Africa Research; FGD, focus group discussion; ART, antiretroviral therapy;
PRISM, Partnerships in Self-Testing in Malawi.
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further testing following a reactive self-test result is a key to
ensure partners are properly supported. Updating and dissemi-
nating national guidance to appropriately address the needs for
serodiscordant couples should be prioritized [11]. In this con-
text, each of the three newly identified discordant couples who
separated following HIVST and were provided with information
and support under the community-led system of the STAR gen-
eral population study recovered their relationship, whereas
none of the three discordant couples who separated following
standard HIV testing and counselling (HTC) in the control vil-
lages did so (Tables 2 and 5).
Although not captured in our matrix, SH reported by dis-

tributors also need to be anticipated, as many programmes
will be reaching out to groups that experience stigma, discrim-
ination and criminalization. We found that distributors deliver-
ing HIVST kits to FSWs experienced interpersonal violence,
and stigmatizing and discriminatory attitudes. Programmes
need to consider the context where they are implementing
and identify ways to address these types of issues, and con-
sider training distributors on techniques for avoiding and de-
escalating conflict. Where feasible, community consultations
should also be considered.
Monitoring SH is challenging, particularly for HIVST. Our

findings suggest that community-led approaches are feasible,
but subject to under-reporting. While intensive research meth-
ods identify more incidents, these approaches are not feasible
for national programmes rolling-out HIVST. It will be impor-
tant to share programmatic experiences to optimize and inte-
grate SHs reporting into existing monitoring systems and to
focus on methods that can be scaled-up. These approaches
should also consider ways to identify and quantify social bene-
fits, since this will help understand the broader social impact
of HIVST at the individual and community levels.
Strengths of this study include the use of community-based

reporting systems combined with in-depth qualitative and
mixed methods to identify and understand SHs in the context
of HIVST. Limitations include that our proposed harms grading
system was developed iteratively, built on established pharma-
covigilance methods to grade severity according to patient-
centred criteria, and broadened from an initial focus on IPV
and partnership dissolution. As such, data from earlier studies
could not be completely mapped. Secondly, we do not have
estimates of the numbers of newly identified serodiscordant
couples who managed their relationship without separation,
except for the smaller urban studies. To estimate the number
of HIVST episodes, we used the total number of HIVST kits
distributed as a proxy. Although we cannot define exact usage,
participants receiving kits through community-based distribu-
tors were asked to return their used kits with a self-adminis-
tered questionnaire. Use was confirmed by inspection of used
kits for 75.7% of 27,789 distributed kits in HitTB (Study 1,
Table 2) and 53.2% of 163,300 kits distributed under STAR-
GP in Malawi [52] including 137,915 kits for which we report
SHs (Studies 9 and 11, Table 2) [4,6,52]. Thus, while non-use
of distributed kits will be contributing to underestimation of
SHs, this has relatively little impact on our SH frequency-esti-
mates reported here. For example, if true kit use was as low
as 53%, then serious SH frequency would increase to 19/
95,228 or 0.02%. Also, as return-and-reread of kits is not
practical during routine implementation internationally recom-
mendations are to report HIVST metrics based on kits

distributed [53]. Finally, the studies presented here are from a
single country, where background rates of IPV are high and
the HIVST distribution models were primarily community-
based and partner-delivered HIVST.

5 | CONCLUSIONS

Six years of large-scale HIVST implementation and in-depth
investigation in Malawi identified no reported suicides and
report of serious SHs to be rare. SH incidents reported
mainly related to identification of serodiscordant HIV results
within established relationships. Resolution tended to draw on
existing structures, including community reporting. As access
to HIVST increases, programmes need simple messages about
both coercion and discordancy, urging restraint even when
coercion is well-intentioned or “compassionate,” and stressing
the preventative benefits of treatment for serodiscordant
couples.
Specific consideration must be given to HIVST programmes

for FSW to make sure that distribution methods are safe and
appropriate, and that clients or employers are not involved. It
is also important that HIVST is available only to those who
are of appropriate and legal age of consent to test. Continued
efforts are needed to mitigate potential risks, optimize HIVST
distribution and to monitor SHs and benefits following HIVST.
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Knowledge of HIV status through HIV testing constitutes the
first step towards HIV treatment and prevention services. HIV
self-testing (HIVST), whereby individuals collect their own
specimen, conduct their own test and interpret the results,
allows individuals to learn their HIV status conveniently and
privately, as well as to decide when and where to attend post-
test services. Accurate estimation of the proportion of those
tested who link to additional HIV care, treatment and preven-
tion services is critical in quantifying the health impact of HIV
testing. As HIVST becomes integrated into testing pro-
grammes worldwide, implementers in diverse settings will
need to measure the effectiveness of their programmes to
ensure self-testers link to onward care and services. This can
be challenging, and community health programmes in many
contexts find it difficult to track referral uptake and equity [1].
We draw upon experience from the Self-Testing in AfRica

(STAR) Initiative in 2015 to 2017 to identify three lessons for
measurement of linkage following HIVST. In STAR, two prag-
matic cluster-randomized trials evaluated the effectiveness of
continuous HIVST distribution over 12 months in increasing
testing coverage and linkage to care in Malawi and Zambia. A
third trial, in Zimbabwe, evaluated the effectiveness of an
incentive to promote linkage following a short, campaign-style
HIVST distribution programme, and included a non-randomized
component assessing the association between HIVST distribu-
tion and antiretroviral therapy (ART) initiations in nearby clinics.
Details are provided elsewhere [2,3]. Each trial incorporated a
household survey and data collection from health facilities to
evaluate changes in HIV testing coverage and linkage to confir-
matory testing, care and prevention (Table 1).

LESSON 1. COLLECT USAGE
INFORMATION FROM USERS, NOT JUST
FROM DISTRIBUTORS AND CLINICS

User household surveys and qualitative research are typically
more time-consuming to collect than routine data from

distributors and clinics. However, this type of data is vital for
understanding how self-tests are being used. For example, in
Zimbabwe, 289 survey respondents reported a reactive
HIVST, of whom 216 (75%) were already on ART [2]. Forma-
tive qualitative work indicated that individuals already known
to be positive self-tested in trial communities to avoid inad-
vertent disclosure, to confirm their status or check for cure.
Without accounting for unintended use of HIVST by persons
already diagnosed and linked into HIV care, the number of
HIVSTs used by undiagnosed individuals will be overestimated,
and both linkage and cost-effectiveness measures are likely to
be overestimated.

LESSON 2. THE QUALITY OF LINKAGE
MEASURES USING CLINIC DATA
DEPEND NOT ONLY ON THE QUALITY
OF CLINIC DATA, BUT ALSO ON THE
SELF-TESTING DISTRIBUTION MODEL
AND LOCAL CONTEXT

In two STAR trials, we had contrasting findings about the effec-
tiveness of self-test distribution on increasing ART initiations at
local clinics, measured by routine clinic data. In Malawi, clinics in
areas with self-test distribution had a 14% increase in ART initi-
ations compared with clinics in areas without HIVST distribu-
tion (adjusted risk ratio (aRR) = 1.14; 95% CI: 0.75 to 1.75) [4],
but the wide confidence intervals suggest limited statistical evi-
dence for effectiveness. In contrast, the study in Zimbabwe
showed a somewhat larger increase in local ART initiations in
areas with HIVST distribution with stronger evidence for effec-
tiveness (aRR=1.27; 95% CI: 1.14 to 1.43) [5].
These studies used different designs, and the trial in Zim-

babwe had more clusters receiving HIVST distribution and more
power to detect differences. However, we believe these esti-
mates may also have been driven by the context and the dura-
tion of distribution. Universal test-and-treat interventions,
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including the HPTN 071 (PopART) and ANRS 12249 trials, have
found that linkage to care remains low even after substantial
efforts supporting testing and linkage. This suggests that it is
necessary to consider how contextual factors apart from the
availability of HIV testing services impact linkage to care [6,7].
The Zimbabwe study used a shorter, campaign approach to dis-
tributing HIVST and the implementing organization (Population
Services International) had initiatives facilitating linkage-to-care
across the study area. In contrast, distribution in Malawi was
continuous over 12 months, with linkage more diffuse across an
extended period. It is likely easier to detect increased linkage at
facilities if HIVST kits are distributed in short concentrated peri-
ods and in contexts where linkage after testing is relatively easy
for users. For programmes working in areas or in populations
where linkage is difficult, or for those distributing HIVST over an
extended period, alternative methods of measuring linkage may
provide more power to detect effects.

LESSON 3. MEASURE BOTH LINKAGE TO
TREATMENT AND TO PREVENTION

Increasing the availability and uptake of HIV prevention ser-
vices is increasingly recognized as necessary for reducing HIV
incidence rates [8]. As testing and treatment expand, the num-
ber of new diagnoses identified by testing programmes is
likely to decrease, and consequently, the denominators of link-
age-to-care measures will shrink. Expanding to include linkage-
to-prevention of persons not infected with HIV will increase
power to detect impacts of HIVST on population health.
In the STAR trials described above, linkage to prevention was

a consideration, but not the focus. For example, in Zambia, volun-
tary medical male circumcision (VMMC) mobilizers affiliated with
HIVST intervention clinics received HIVST kits to distribute to
clients. However, only four of the six intervention clinics had affil-
iated VMMC mobilizers and the proportion of test kits dis-
tributed within each area by VMMC mobilizers was low overall
(<1% to 11% across areas). There was a positive association
between the intervention and self-reported VMMC uptake, but
this was not statistically significant (aRR: 1.36; 95% CI: 0.49 to
3.78) [5]. With collaborators, STAR is now undertaking trials to
assess whether HIVST can be used to generate demand for pre-
vention services, including pre-exposure prophylaxis (PrEP)
among adolescent girls and young women in KwaZulu-Natal,
South Africa [9] and VMMC among men in urban Zimbabwe.
To summarize, defining and estimating linkage following

HIVST is complex, and there is no single measurement strategy
that will fit the needs of all HIVST implementers. Researchers
and implementers must account for contextual factors that may
affect users’ likelihood of linking and the amount of time
required to link when developing strategies to measure linkage
following HIVST. In STAR studies, it was difficult to anticipate
who would use HIVST, and where and when self-testers would
link to care. Where possible, collecting data on users’ self-test-
ing and linkage experiences can provide valuable insight.
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Abstract
Introduction: HIV self-testing (HIVST) is recommended by the World Health Organization in addition to other testing modali-
ties to increase uptake of HIV testing, particularly among harder-to-reach populations. This study provides the first empirical
evidence of the costs of door-to-door community-based HIVST distribution in Malawi, Zambia and Zimbabwe.
Methods: HIVST kits were distributed door-to-door in 71 sites across Malawi, Zambia and Zimbabwe from June 2016 to May
2017. Programme expenditures, supplemented by on-site observation and monitoring and evaluation data were used to estimate
total economic and unit costs of HIVST distribution, by input and site. Inputs were categorized into start-up, capital and recur-
rent costs. Sensitivity and scenario analyses were performed to assess the impact of key parameters on unit costs.
Results: In total, 152,671, 103,589 and 93,459 HIVST kits were distributed in Malawi, Zambia and Zimbabwe over 12, 11
and 10 months respectively. Across these countries, 43% to 51% of HIVST kits were distributed to men. The average cost per
HIVST kit distributed was US$8.15, US$16.42 and US$13.84 in Malawi, Zambia and Zimbabwe, respectively, with pronounced
intersite variation within countries driven largely by site-level fixed costs. Site-level recurrent costs were 70% to 92% of full
costs and 20% to 62% higher than routine HIV testing services (HTS) costs. Personnel costs contributed from 26% to 52% of
total costs across countries reflecting differences in remuneration approaches and country GDP.
Conclusions: These early door-to-door community HIVST distribution programmes show large potential, both for reaching
untested populations and for substantial economies of scale as HIVST programmes scale-up and mature. From a societal per-
spective, the costs of HIVST appear similar to conventional HTS, with the higher providers’ costs substantially offsetting user
costs. Future approaches to minimizing cost and/or maximize testing coverage could include unpaid door-to-door community-
led distribution to reach end-users and integrating HIVST into routine clinical services via direct or secondary distribution
strategies with lower fixed costs.

Keywords: HIV self-testing; costs and cost analysis; community; Malawi; Zambia; Zimbabwe
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1 | INTRODUCTION

In East and Southern Africa, freely available HIV services have
led to a 42% reduction in AIDS-related deaths between 2010
and 2016. Despite such gains, 24% of people living with HIV
(PLWH) remain undiagnosed [1]. UNAIDS has set global targets
for 90% of PLWH to know their status, 90% of known
HIV-positive individuals, to be on ART and 90% of those on anti-
retroviral therapy (ART) to have their viral load suppressed by

2020 [2]. To surpass and sustain high levels of awareness of HIV
status, greater efforts are needed to ensure that HIV testing
reaches those individuals who have not yet been tested for HIV.
This, however, is likely to require more significant financial invest-
ments, innovative approaches and new technologies, including
HIV self-testing (HIVST).
HIVST is defined as a process where a person collects his/

her own specimen (oral fluid or blood) and then performs an
HIV test and interprets the result, often in a private setting,
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either alone or with someone they trust. The World Health
Organization recommends HIVST to reach the “at risk” and
“untested” populations including men as a complement to cur-
rent conventional testing approaches, including facility-based
and targeted community outreach-based testing [1,3-5]. The
cost of HIVST kits has declined in some settings, with the Ora-
Quick® HIV self-test now costing US$2 per kit in 50 low- and
middle-income countries [6]. However, at US$2, it is around
twice the price of standard HIV rapid diagnostic tests currently
used for HIV testing in Africa [7]. Although HIVST kit price may
be higher, impact analyses show that it can have an important
public health benefit and offer value for money if implemented
as a complement to current testing approaches [4,5].
The HIV Self-Testing AfRica (STAR) project has delivered

over one million HIVST kits in Malawi, Zambia and Zimbabwe
between 2016 and 2017 through a combination of distribution
approaches, including facility-based distribution at outpatient
departments, within voluntary medical male circumcision
(VMMC) services and in the community. This study presents the
costs of the model that uses community-based distribution
agents (CBDAs) to deliver HIVST either at people’s homes or
within the community setting, hereafter “the CBDA model,” to
generate evidence to inform the scale-up of cost-effective HIV
testing services (HTS).

2 | METHODS

2.1 | Setting, intervention and evaluation

Table 1 presents key setting characteristics across countries.
In short, the adult HIV prevalence rates in Malawi, Zambia
and Zimbabwe were approximately 10.0%, 12.0% and 14.6%
respectively [8-10]. While Malawi and Zimbabwe CBDA model
sites were exclusively rural, a third of Zambia sites were peri-
urban or urban. Malawian and Zambian distribution sites were
fewer and each served large populations, while Zimbabwe
delivered kits to a larger number of smaller communities. This
difference in site size is also reflected in the unit costs of con-
ventional facility-based testing, with higher costs in the smaller

facilities in Zimbabwe. It is also notable that men contribute
only 26% to 37% of HTS clients in these facilities.
In the CBDA model, all individuals aged ≥16 years who were

present in the homestead at the time of CBDAs’ home visit
were eligible for self-testing. Testing was done by the self-tester
themselves after kit use demonstration and information on test
result interpretation and linkage to follow-on care by the
CBDAs. CBDAs provided a self-referral card to all testers to
facilitate linkage to the local health facility for confirmatory test-
ing and care for individuals with reactive HIVST results. In some
cases, CBDAs were present during the self-test to provide reas-
surance and support if testers requested their presence or
assistance. Table 2 presents the characteristics of the CBDA
model implemented across countries. Narrative descriptions of
the models can be found in Data S1. The impact of the CBDA
model on uptake of HIV testing and ART is being evaluated in
three cluster-randomized trials (CRTs). Detailed methodology of
these CRTs is published elsewhere [11].

2.2 | Costing methods

We estimated the full economic cost of delivering HIVST
within the CBDA model from the providers perspective, fol-
lowing international costing guidelines [12]. This included
start-up and training costs, prior to the first HIVST kit dis-
tributed. Annual costs were estimated, with implementation
costs collected between June 2016 and May 2017, depending
on country implementation timelines. Start-up, training and all
other capital costs were annualized using a 3% discount rate.
All costs were converted to 2017 US dollars using average
annual exchange rates and the dollar inflation rate [13-15].
This top-down costing collated all financial expenditures and

categorized each line item by input type and distribution
model. Inputs were allocated to distribution sites following
predefined allocation factors, based on project monitoring and
evaluation (M&E) data, including the percentage of kits dis-
tributed, percentage of distributors based in each site, dis-
tance from central office and percentage of direct
expenditures, which is a weighted average of the preceding

Table 1. Key setting characteristics

Malawi Zambia Zimbabwe Source

National HIV prevalence among adults

15 to 59 years (%)

10.0 12.0 14.6 [8–10]

Number of districts 4 4 8 [11]

Number of sites 11 16 44 [11]

Catchment population of sites: mean (range) 27,439

(5500 to 82,581)

18,266

(7673 to 50,094)

3196

(549 to 6699)

[11]

Location: rural (urban or peri-urban) 11 (0) 16 (8) 44 (0) [11]

Scale of current HTS – based on facility

HTS in same communities and period

16,921 27,888 44,727 [16]

Men attendance at HTS – based on facility

HTS – % men

34 37 26 [8–10]

Health facility HTS cost per person tested in

US$: mean (range)

$5.03

($2.96 to $9.24)

$4.24

($2.49 to $6.24)

$8.79

($3.38 to $21.51)

[16]

HTS, HIV testing services.
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allocation factors. Table S1 presents how each allocation fac-
tor was applied to input type. Further detail of the definitions
of project phase and inputs can be found in Data S2.
To estimate economic costs, the expenditure analysis was

complemented by a valuation of all other resources used in
the CBDA model. Observations of distribution in each site
strengthened the economists’ understanding of the interven-
tion and allowed for collection of data on donated goods and
services. As a vertical model, these were relatively limited, and
include a value for district or health facility storage con-
tributed by the public health system. During the life of the
project, the price of HIVST kits dropped from nearly $4 per

kit to $2 per kit. The latter was imputed in place of the higher
observed prices as it was considered the relevant kit price for
any decision-making building upon this analysis. Total costs,
total kits distributed and average cost per kit distributed were
estimated at the country level, and for each country, at the
site level. The latter provides a range of average costs by site
and allows for identification of economies of scale.

2.3 | Sensitivity analysis

We undertook a series of one-way sensitivity analyses to
assess the impact of key cost assumptions on the unit cost

Table 2. Overview of door-to-door community-based HIVST delivery models

Malawi Zambia Zimbabwe

Type of cadre used for

distribution of

HIVST kits

• Trained CBDAs

• Some with prior experience distribut-

ing other reproductive health prod-

ucts for PSI

• Trained facility and CBDAs

• Recruited from communities with

prior links to respective health

facilities

• Trained CBDAs

• Information on HIVST and link-

age to post-test services

Mode of distribution • Door-to-door community-based dis-

tribution

• PSI field teams-maintained stocks

• Door-to-door distribution by

CBDA’s within communities and

households

• Facility-based distributors-main-

tained stocks for CBDAs

• Campaign-style door-to-door

community distribution to

households for four to six

weeks

• PSI field teams-maintained

stocks

Services offered to HIV

self-test clients

• Introduction and demonstration of

HIVST kit use (including interpreta-

tion of results)

• CBDAs typically revisited clients a

few days after dropping off the kit

to:

o enquire whether it had been

used,

o pick up the used kit

o disclosed non-reactive HIVST:

referral to VMMC

o disclosed reactive HIVST: refer-

ral to linkage to HIV care

• Introduction and demonstration of

HIVST kit use (including interpreta-

tion of results)

• CBDAs typically revisited clients a

few days after dropping off the kit

to:

o enquire whether it had been

used

o pick up the used kit

o disclosed non-reactive HIVST:

referral to VMMC

o disclosed reactive HIVST:

referral to linkage to HIV care

• Introduction and demonstration

of HIVST kit use (including

interpretation of results)

• Follow-on services by PSI-Zim-

babwe mobile outreach teams

at one to two weeks post

HIVST kit distribution

o confirmatory HTS plus

o family planning

o blood pressure checks and

CD4 count when available

o clients alerted to linkages

to government health facili-

ties

Used HIVST kit returns • Specially designed and locked drop-

boxes to return used self-test kits

located:

o at all intervention sites

• Specially designed and locked drop-

boxes were used to return used

self-test kits, located:

o at each facility and

o local community public areas

• Specially designed and locked

drop-boxes, located:

o at CBDA’s homestead

o each health facility

o local community public

areas

CBDA reimbursement • Per HIVST kit distributed US$0.15

(MWK 100)

• Monthly US$78 (ZMW 750) inde-

pendent of performance.Later

changed to:

• Per HIVST distributed US$0.52

(ZMW 5) and per used HIVST kit

returned US$0.21 (ZMW 2)

• Per ward campaign (four to

six weeks) US$50 with a maxi-

mum of 100 kits per distributor

• Per HIVST client linking to any

PSI outreach service: $0.20 in

half of the evaluation clusters

HIVST, HIV self-testing; CBDA, community-based distribution agent; PSI, Population Services International; MWK, Malawi Kwacha; ZMW, Zambian
Kwacha.
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per HIVST kit distributed. We varied the discount rate used
to annualize costs from the base case of 3% to 0% and 15%
to capture the impact of not discounting or using a higher
local central bank discount rate. Prevailing discount rates dur-
ing the study period were 15% in Malawi, 12.5% in Zambia
and 7% in Zimbabwe [13-15]. We further evaluated the
impact of applying alternative allocation factors that is swap-
ping % of kits distributed and % of CBDAs per site. We varied
annualization (economic life years) time frames: training & sen-
sitization was varied between one and three years (base case
is two years) and project start-up life between 2.5 and
7.5 years (base case is five years) to assess impact if the pro-
ject goes on for shorter or longer than assumed.

2.4 | Scenario analysis

In anticipation of planned programme scale-up by respective
country ministries of health, we conducted scenario analysis vary-
ing salaries �10% to assess the impact of integration into public
health services, and variation in kit distribution by�10%.We also
modelled the impact of HIVST kit price between the observed
average kit price (US$3.40), a recent Bill and Melinda Gates
Foundation subsidized price (US$2) and a hypothetical price
approximately equal to current rapid finger prick test price (US
$1) [16]. Finally, we estimated a best- and worst-case scenario,
the point where all the parameters yield the lowest/highest unit
cost per kit distributed. To generate estimates that are compara-
ble with the costs of ongoing facility HTS in the same communi-
ties in Malawi, Zambia and Zimbabwe [16], we also present costs
without above site-level costs and start-up.

2.5 | Ethics

The study did not involve patient-level data collection; we did,
however, obtain permission from ministries of health in the three
countries to collate data from administrative, M&E records at
facility level for cost allocation. Ethical approvals for the parent
study were obtained from the Medical Research Council of Zim-
babwe, Malawi College of Medicine Research Ethics Committee,
University of Zambia Biomedical Research Ethics Committee,
London School of Hygiene and Tropical Medicine Ethics Commit-
tee and University College London Ethics Committee. The trials
are registered under the Clinical Trials Network (ClinicalTrials.
gov) under registration numbers NCT02793804; NCT02718274;
Pan African clinical trials registry PACTR201607001701788 for
Malawi, Zambia and Zimbabwe.

3 | RESULTS

3.1 | Community-based distribution model
programme outcomes

During the costing period, 152,671, 103,589 and 93,459
HIVST kits were distributed in Malawi, Zambia and Zimbabwe
against the approximate targets of 62,500, 416,294 and
224,116 through a total of 138, 139 and 1009 CBDAs
respectively. The average number of HIVST kits distributed
was 12,538 (range: 4556 to 42,134) across 11 sites in
Malawi, 7206 (range: 1758 to 20,450) across 16 sites in Zam-
bia and 2124 (range: 319 to 4201) across 44 sites in Zim-
babwe, where distribution was intentionally restricted by

campaign duration (Table S2). Nearly half (49%, 51% and
43%, respectively) of the HIVST kits were distributed to men.

3.2 | Total HIVST costs and cost composition

Table 3 summarizes the findings of the cost analysis. The total
distribution costs were calculated as US$1,243,940.66, US
$1,700,730.45 and US$1,293,135.00 in Malawi, Zambia and
Zimbabwe respectively. Capital costs accounted for 3%, 4%
and 2% of the total costs with start-up costs accounting for
15%, 10% and 6% in Malawi, Zambia and Zimbabwe respec-
tively. Within recurrent costs, personnel costs accounted for a
significant portion of total costs, at 26%, 52% and 42% of
costs in Malawi, Zambia and Zimbabwe respectively. Although
the price of kits was centrally negotiated and thus the same
across countries, kits contributed to the largest portion of
total costs in Malawi (34%) and the second largest proportion
in both Zambia and Zimbabwe (14% and 17% respectively).

3.3 | Unit costs

The country-level costs per HIVST kit distributed were US$8.15
for Malawi, US$16.42 for Zambia and US$13.84 in Zimbabwe.
The cost per HIVST kit distributed across the sites ranged from
US$7.20 to US$17.04 in Malawi, US$7.90 to U$50.00 in Zambia
and from US$10.19 to US$54.44 in Zimbabwe. Figure 1 shows
the unit cost per HIVST kit distributed plotted against the scale
of HIVST kits across the three countries. Unit costs were gener-
ally lower at sites that were distributing a larger number of self-
test kits, suggesting a spreading of fixed costs across variable
numbers of kits. When above site-level and start-up costs are
removed our estimates were comparable to the facility HTS unit
costs estimated in the same communities [16]: US$6.67, US
$10.42 and US$10.18 for the CBDA model, compared with facil-
ity HTS unit costs of $5.03 ($2.96 to $9.24), $4.24 ($2.49 to
$6.24) and $8.79 ($3.38 to $21.51) in Malawi, Zambia and Zim-
babwe respectively.

3.4 | Sensitivity and scenario analysis

Figures 2a,b,c show results from the univariate sensitivity and
scenario analyses by country. Our unit costs per HIVST kit dis-
tributed remained robust when key cost parameters were var-
ied. Varying life of start-up training and sensitization between
one and three years resulted in costs of US$7.85 and US
$16.42 versus US$9.07 and US$15.05 in Malawi and Zambia
respectively. For Zimbabwe, however, there was no change to
the base case cost of US$13.84 as training and sensitization
costs were classified as recurrent due to the sequential and
short-term nature of distribution across the eight districts,
requiring training of CBDA who distribute for just four to
six weeks. Varying life of start-up life or development phase
between 2.5 and 7.5 years resulted in costs of US$8.23, US
$15.40 and US$14.42 compared to US$8.13, US$14.28 and US
$13.63 in Malawi, Zambia and Zimbabwe respectively.
Varying HIVST kit price between US$1 and US$3.40

yielded costs of US$6.44, US$15.15 and US$12.25 versus US
$8.87, US$17.60 and US$14.99 in Malawi, Zambia and Zim-
babwe respectively. Varying salaries by �10% yielded costs of
US$7.94, US$15.57 and US$13.24 versus US$8.37, US$17.27
and US$14.43 respectively. Varying kit quantity by �10%
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yielded costs of US$7.41, US$15.63 and US$12.83 versus US
$9.06, US$17.60 and US$15.07 respectively. The best-case
scenario was US$6.14, US$13.99 and US$12.32 per kit dis-
tributed, whereas the worst-case scenario was US$10.27, US
$20.12 and US$21.85 per kit distributed.

4 | DISCUSSION

This is the first published study to present costs of door-to-
door CBDA delivery of HIVST kits in Malawi, Zambia and

Zimbabwe. Costs ranged from as low as US$7.20 at a very
large distribution site where CBDA distribution of HIVST kits
was integrated with the delivery of other health products, to
US$54.55 with campaign-style delivery in a very small com-
munity in Zimbabwe that would otherwise not have access to
testing. Staff costs contributed a substantial portion of the
costs highlighting potential opportunities for lower cost mod-
els from reconfiguring distribution to rely on unpaid volun-
teers within door-to-door community-led distribution models.
Additionally, economies of scale can clearly be optimized. In
this analysis, we showed how unit costs fall as the number of

Table 3. HIV self-test kit distribution cost breakdown and key cost contributors (in 2017 US$)

Input type

Malawi

Kits distributed: 152,671

12 months: June 2016

to May 2017

Zambia

Kits distributed: 103,589

11 months: July 2016

to May 2017

Zimbabwe

kits distributed: 93,459

10 months: August 2016

to May 2017

Intervention cost % Intervention cost % Intervention cost %

Start-up

Training $11,313.34 1% $31,000.73 2% $3,149.10 0%

Sensitization $58,485.72 5% $58,306.80 3% $2,694.30 0%

Start-up other $108,409.87 9% $84,745.15 5% $75,942.83 6%

Capital costs

Building and storage

Central $16,755.33 1% $54,077.43 3% $3,266.62 0%

Warehouse $– – $– – $– –

Site level $– – $– – $– –

Equipment

Central equipment $28,026.91 2% $13,597.20 1% $14,759.28 1%

Site level $– – $– – $7,621.29 1%

Vehicles and bicycles $3,162.38 0% $– – $– –

Other capital $– – $– – $35.14 0%

Total costs (capital and start-up) $226,153 18% $241,727 14% $107,468 8%

Recurrent costs

Personnel $318,129.23 26% $880,688.56 52% $555,187.86 42%

HIV self-test kits $418,584.61 34% $237,303.53 14% $219,627.52 17%

Supplies

T-shirts, bags, flipcharts $35,611.73 3% $78,569.63 5% $67,757.98 5%

Other supplies $– – $– – $142,543.96 11%

Vehicle operation, maintenance

and transport

$109,240.41 9% $148,117.37 9% $57,396.14 4%

Building operation/maintenance

Central $2,204.87 0% $19,416.76 1% $18,602.17 1%

Warehouse $– – $– – $13,141.39 1%

Site level $– – $– – $– –

Recurrent training $13,409.18 1% $19,235.49 1% $90,440.92 7%

Waste management $– – $– – $554.89 0%

Other recurrent $120,607.08 10% $75,671.83 4% $20,414.02 2%

Total costs (recurrent) $1,017,787 82% $1,459,003 86% $1,185,667 92%

Total CBDA HIVST costs $1,243,940 100% $1,700,730 100% $1,293,135 100%

Cost per kit distributed $8.15 $16.42 $13.84

Note that totals have been rounded to the nearest US$.
HIVST, HIV self-testing; CBDA, community-based distribution agent.
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kits distributed increases. As all modes of testing are scaled
up and testing coverage increases, it will be critical to target
populations efficiently, with special focus on communities
underserved by facility-based HTS.
Although costs are presented from a provider’s perspective,

door-to-door community HIVST distribution relieves users
from substantial direct and indirect costs of attending health
facilities. A study in these same communities in Malawi
showed the mean costs of accessing HIV testing among
women and men as US$1.83 and US$3.81, respectively, with

men reporting significantly higher opportunity costs (i.e. lost
income) [17]. Community HIVST distribution reduces these
costs to nearly zero, as kits are delivered in the home with no
waiting times. We can, therefore, estimate the societal costs
of facility-based HIV testing in Malawi as US$6.86 for women
and US$8.84 for men (the user costs reported above and the
provider costs as reported by Mwenge et al. [16]). This is
comparable with our observed HIVST societal costs (excluding
start-up and above service level costs: US$6.67) in Malawi.
Thus, HIVST may provide for unmet testing needs among

Figure 1. HIV self-testing (HIVST) costs per HIVST kit distributed by site and quantity in 2017 US$.

Figure 2. (a, b, c) Tornado diagrams of findings from deterministic sensitivity analysis (univariate and scenario analyses) in Malawi, Zambia
and Zimbabwe.
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remotely or never-tested individuals, or others with high user
costs of accessing facility-based testing.
HIVST costs reflected across all three countries are not dis-

similar to those reported previously in Malawi ($8.78 in 2016
US$) [18]. We also found the cost of door-to-door community
HIVST distribution to be comparable to standard community-
based HIV testing in sub-Saharan Africa (range: US$7.37 to US
$36.93) [19,20]. While we did find that CBDA delivered HIVST
under this early demonstration and research programmes were
more costly than facility-based HIV testing [16,18], we also
found HIVST reached many more individuals. During the period
of this costing study, health facilities serving the study commu-
nities provided HIV testing to approximately 17,000, 28,000
and 45,000 people, while the HIVST service distributed approxi-
mately 152,671, 104,000 and 94,000 kits in Malawi, Zambia
and Zimbabwe respectively. Importantly, half of the HIVST kits
were distributed to men, while only 26% to 37% of facility HIV
testing clients were men [8-10], the population group primarily
contributing to the HIV testing gap.
We anticipate potential for substantial economies of scale

as HIVST programmes scale-up and mature. The door-to-door
community HIVST distribution model costed for this current
study was implemented by a non-governmental organization,
under a research protocol, using paid and incentivized CBDAs
and delivered to predominantly rural communities with no
previous knowledge of, or experience with, HIVST. Interven-
tions delivered in a research context tend to be associated
with higher costs, as the primary objective is achieving effec-
tiveness. Large-scale implementation through door-to-door
community-led HIVST distribution with ordinarily paid govern-
ment providers or community residents is likely to be signifi-
cantly less costly. There are additional potential costs savings.
First, we found costs were lower in high kit distribution sites
suggesting economies of scale and ability to deliver at lower
costs in more densely populated communities. Second, 10% to
20% of the costs were start-up and initial capital costs, which
would decrease as services mature. Third, as general popula-
tions and providers gain a better understanding of HIVST as a
screening technology, we would expect less intense need for
CBDAs (and therefore, less intense need for training work-
shops) and community sensitization activities.
Additionally, CBDAs could incorporate HIVST delivery into

other health service activities thereby delivering cost savings to
providers through economies of scope in services delivered by
the CBDAs. Finally, as the HIVST market grows, technology
advances and newer manufacturers enter, the price of HIVST kits
will likely fall to prices comparable to blood-based kits currently
used in health facilities and in-person support requirements
could, in theory, could become cheaper than provider-supervised
testing. In this case, HIVST could save costs and allow providers
to focus on confirmatory testing and strengthening linkage to
ART [21,22]. To identify this, it will be important to take a full sys-
tem costing approach. Such data have been collated and will be
analysed jointly to inform cost-effectiveness modelling.
From a research perspective, the wide cost variations high-

light the importance of evaluating costs across a variety of
settings in order to generate means and confidence intervals.
Future analyses of these data may generate useful insights
into efficiency and provide key inputs into modelled cost-
effectiveness analyses. It would also be important to expand
conventional sensitivity analyses to assess unit costs when

these observed ranges are included or when unit costs are
incorporated as a function of scale. Furthermore, considering
that our analysis only shows the costs of implementing CBDA
model for a non-governmental perspective and that these
costs can vary if the kits were distributed differently, an
important next research question will be to explore the costs
of possible HIVST distribution modalities such as secondary
distribution and social marketing models among others.

4.1 | Limitations

The findings of our cost analyses are limited to unit costs per
kit distributed as the private nature of the HIVST did not
allow us to estimate the costs of identifying new HIV-positive
individuals or those HIV-positive individuals linked to treat-
ment through HIVST. In addition, our results are borne out of
a research trial setting and may not truly reflect a real-world
situation: for example, site fixed transport costs are likely
higher due to the distances between the trial communities,
while in routine scale-up, all communities would receive HIVST
kits and transport would be shared across far higher scale.
Additionally, as HIVST was a new product, distribution was

conservative, restricting the numbers of kits that each CBDA
could distribute in Zimbabwe, and so constraining opportuni-
ties to operate at larger scale. Consequently, costs were likely
higher than future routine implementation. The benefits of
HIVST distribution may also be restricted by test performance
characteristics such as sensitivity, specificity and ability of the
user to read the test as well as rates of linkage to care. An
important consideration would be the optimal, setting-specific
incentive structure for door-to-door community-based distri-
bution of the kits. It is important to highlight that for purposes
of this analyses authors had not collated and analysed data on
self-test kit utilization. However, previous work has not only
shown high uptake of HIVST but also high levels of kit utiliza-
tion by recipients [4]. Key strengths of this cost analysis are
the estimation of costs across seventy-one sites in three
Southern African countries. The costing teams used standard-
ized costing guidelines and collaboratively analysed data
ensuring consistency of methods across countries and applica-
tion of a range of sensitivity and scenario analyses exploring
the impact of our assumptions.

4.2 | Implications

Countries keen to achieve impact and meet the global testing
and treatment targets will likely need to invest in a mixture of
HIV testing approaches, including door-to-door community
delivered HIVST targeted at populations with financial or
other barriers to obtaining HIV testing in health services, that
is people living in settings with high undiagnosed HIV or
remote communities, and groups such as men and adoles-
cents. Reducing costs during short-term scale-up and imple-
mentation of this model should focus on economies of scope
and scale and ensure efficiencies in personnel and transporta-
tion costs. Alternative cost-minimization approaches also need
to be explored for acceptability, impact and affordability, aim-
ing to provide affordable access to HIVST nationally, for exam-
ple integrating HIVST within the existing facility and
community health services, secondary distribution from facili-
ties including partner delivered and peer-network approaches.
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5 | CONCLUSIONS

Staff costs were a substantial cost contributor highlighting the
potential for lower cost models if distribution relied on unpaid vol-
unteers within door-to-door community-led distribution models.
Economies of scale can also be optimized with our costs

showing reductions when kits are distributed in higher num-
bers. Across all three countries, our HIVST cost estimates
were not dissimilar to previous door-to-door community-based
HIVST and standard community-based HIV testing models
costed in sub-Saharan Africa. Although the costs of CBDA
delivered HIVST were higher than facility-based HIV testing
the evidence shows HIVST reaches many more individuals. A
significant portion (almost half) of HIVST kits were distributed
to men (key contributors to the HIV testing gap) compared to
only 26% to 37% for facility HIV testing.
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Abstract
Introduction: The prevalence of undiagnosed HIV is declining in Africa, and various HIV testing approaches are finding lower
positivity rates. In this context, the epidemiological impact and cost-effectiveness of community-based HIV self-testing (CB-
HIVST) is unclear. We aimed to assess this in different sub-populations and across scenarios characterized by different adult
HIV prevalence and antiretroviral treatment programmes in sub-Saharan Africa.
Methods: The synthesis model was used to address this aim. Three sub-populations were considered for CB-HIVST: (i)
women having transactional sex (WTS); (ii) young people (15 to 24 years); and (iii) adult men (25 to 49 years). We assumed
uptake of CB-HIVST similar to that reported in epidemiological studies (base case), or assumed people use CB-HIVST only if
exposed to risk (condomless sex) since last HIV test. We also considered a five-year time-limited CB-HIVST programme. Cost-
effectiveness was defined by an incremental cost-effectiveness ratio (ICER; cost-per-disability-adjusted life-year (DALY)
averted) below US$500 over a time horizon of 50 years. The efficiency of targeted CB-HIVST was evaluated using the number
of additional tests per infection or death averted.
Results: In the base case, targeting adult men with CB-HIVST offered the greatest impact, averting 1500 HIV infections and
520 deaths per year in the context of a simulated country with nine million adults, and impact could be enhanced by linkage
to voluntary medical male circumcision (VMMC). However, the approach was only cost-effective if the programme was limited
to five years or the undiagnosed prevalence was above 3%. CB-HIVST to WTS was the most cost-effective. The main drivers
of cost-effectiveness were the cost of CB-HIVST and the prevalence of undiagnosed HIV. All other CB-HIVST scenarios had
an ICER above US$500 per DALY averted.
Conclusions: CB-HIVST showed an important epidemiological impact. To maximize population health within a fixed budget,
CB-HIVST needs to be targeted on the basis of the prevalence of undiagnosed HIV, sub-population and the overall costs of
delivering this testing modality. Linkage to VMMC enhances its cost-effectiveness.
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1 | INTRODUCTION

The ambitious UNAIDS targets, set in 2014, of diagnosing
90% of people living with HIV, having 90% of those diagnosed
on antiretroviral treatment (ART) and having virological sup-
pression in 90% of those on treatment by 2020 has prompted
concerted programmatic efforts and review of progress
around these three indicators [1]. The annual volume of HIV

tests performed in sub-Saharan Africa (SSA) has more than
doubled over ten years.
Based on UNAIDS estimates, awareness of HIV status

among people living with HIV (PLHIV) continues to increase
rapidly, from 45% in 2014 [1] to 75% in 2017 [2]. Recent
population-based surveys (2015 to 2017) in Eastern and
Southern African countries found that between 52% and 85%
of PLHIV were aware of their status [3–7]. These may, indeed,
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be underestimates, as people tend to under-report HIV diag-
nosis [8]. Of concern though, despite increases in HIV testing,
challenges remain, as men, adolescents (10 to 19 years) and
key populations remain underserved by current testing strate-
gies [9,10] with lower proportions diagnosed than in the gen-
eral population [2]. To reach the first 90 target, and possibly
the even more ambitious future goals, it will be necessary to
implement approaches that reach those in need of HIV testing
and who are being missed.
Community-based HIV self-testing (CB-HIVST), defined as

the distribution of HIVST by approaches such as home distri-
bution, mobile outreach campaigns, distribution of HIVST at
workplaces, bars or educational establishments, is highly
acceptable, even to populations otherwise resistant to testing
[11]. It provides complementary coverage to other
approaches, including reaching people who have never tested
before, and is reasonably accurate [12]. CB-HIVST in urban
Malawi reached 68% of men aged ≥16 years and 89% of
young people (16 to 29 years) within the first year of imple-
mentation [13]. Similar levels of uptake were seen among men
and young people through CB-HIVST in rural Zimbabwe [14]
and slightly lower in a subsequent cluster randomized con-
trolled trial: 46.5% of men and 46.2% of people aged less than
25 [15]. In both Malawi and Zimbabwe, approximately a third
of those who accessed CB-HIVST reported never testing
before [13,15].
A measure of relevance for all HIV testing models is the

proportion of people tested in whom the test result is positive
(referred here as the test positivity rate). CB-HIVST models
report test positivity rates of approximately 8% [15] (excluding
retesting while taking ART and studies that used late-read,
given the issues with the stability of the test results when
reread after 72 hours), while facility-based HIVST distribution
(excluding studies that used late-read) have found test positiv-
ity rates as high as 11% [16] and even higher rates with dis-
tribution of HIVST among female sex workers (FSW): 27% in
Malawi [16] and 30% in Zimbabwe [17]. However, the positiv-
ity rate may not correspond to the proportion of tests that
actually result in a first diagnosis because retesting among
those previously diagnosed is common in all these studies,
albeit that this occurs also with standard HIV testing services
(HTS) [18]. The proportion of tests resulting in a first diagno-
sis has been shown to be an important driver of whether
HIVST distribution is cost-effective [19]. As countries get clo-
ser to reaching the first “90,” the prevalence of undiagnosed
HIV will decline further and test positivity rates of HIV testing
models will fall, potentially impacting on whether different
HIV testing approaches remain cost-effective.
The HIV Self-Test AfRica (STAR) project recently estimated

the unit cost per individual tested across health facilities test-
ing services [20] and CB-HIVST sites in Zimbabwe, Malawi
and Zambia [21]. Using a mathematical model previously used
to evaluate the potential cost-effectiveness of HIVST [19], we
aimed to identify which HIV epidemic and programmatic attri-
butes and in which populations in SSA CB-HIVST would have
the greatest epidemiological impact, and whether CB-HIVST
could be cost-effective, using the costs per individual tested
estimated in STAR. This builds on another piece of work using
the same mathematical model aimed at estimating the cost of
HIV testing per diagnosis at which HIV testing programmes
are cost-effective [22].

2 | METHODS

2.1 | Synthesis model

We used an individual-based stochastic model of HIV transmis-
sion, progression and the effect of ART in adult populations in
SSA. More detailed description of the model can be found in
previous papers [19,22,23] and in the S1. Each time the model
program is run, it samples values of variables including the num-
ber of short-term condomless sex partners, whether they have
a long-term condomless sex partner, HIV testing, HIV acquisi-
tion, and additionally, for people with HIV, viral load, CD4 count,
use of specific ART drugs, adherence to ART, resistance to
specific drugs and risk of HIV-related death, each updated in
three-month time steps from 1989.
The model provides means by which we can quantify the

health effects of testing which occur via increases in the pro-
portion of PLHIV on ART, with the consequent beneficial
effects on both individual health and onward transmission.
This allows estimation of the overall number of disability-
adjusted life years (DALYs) averted in the whole adult popula-
tion as a result of these effects. Possible linkage to pre-expo-
sure prophylaxis for people tested negative is not included.
Parameters intrinsic to biological properties of HIV trans-

mission and progression and effects of ART have been
informed by data from European cohorts and confirmed by
data from Africa, where available, and are kept fixed. We sam-
pled parameter (see distributions in the Table S1) values relat-
ing to sexual behaviour, HIV transmission, HIV testing
(including proportion of the population who is willing to test
only if symptomatic or if HIVST is available), linkage to care
and retention in care and on ART in order to generate a range
of scenarios applicable to different settings in SSA (hereafter
referred to as setting-scenarios) in terms of HIV epidemic,
HIV testing and ART programme characteristics.
We track a population of approximately 20,000 living adults

(15 to 64 years old; increasing over time) which is then scaled
up to obtain estimates relevant for a population of around nine
million (in 2018, Zimbabwe 7.8 million [24], Malawi 9.8 million
[25], Zambia 8.2 million [26]). We excluded simulations where
in 2004 there was an HIV prevalence among women below 5%
or above 30% and in 2016 a number of women having condom-
less transactional sex (defined as having had more than three
condomless sex partners in a three-month period in the last
year) below 1460 or above 146,000. These were deemed
implausible given the estimates from sentinel antenatal clinics
[27] and on the percentage of women who are women having
transactional sex (WTS) in SSA [28]. In total, 150 setting-scenar-
ios were obtained. Table 1 shows the characteristics of the 150
setting-scenarios in 2017, along with examples of observed data
(see S1 for more information).

2.2 | Implementation options under consideration

For each setting-scenario, we projected forward for 50 years
from 2018 to 2068 under seven possible CB-HIVST imple-
mentation options (see Table 2). The reference option
assumed that the current pattern and level of testing contin-
ues, including in WTS, in pregnant women (twice per preg-
nancy), in people presenting with potential HIV symptoms and
in men presenting for voluntary medical male circumcision
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(VMMC), but that no CB-HIVST is available. In the other six
implementation options, HIVST is introduced through commu-
nity-based distributors in addition to the current testing in one

of the following sub-populations: young people (15 to 24 years),
WTS and adult men (25 to 49 years). In these implementation
options, HIVST is assumed to partially replace standard HTS

Table 1. Characteristics of the HIV epidemic/ART programme setting-scenarios in 2017 in SSA countries with an adult population

age 15 to 64 years approximately nine million

Indicator

Median (90% range) across

Setting-scenarios (n = 150) Examples of observed data

Population size (in million)

Overall (15 to 64 years) 9.1 (8.2 to 9.9) Zimbabwe 15 to 64 (2018): 7.8 million [24]

Malawi 15 to 64 (2018): 9.8 million [25]

Zambia 15 to 64 (2018): 8.2 million [26]

Lesotho 15 to 64 (2018): 1.2 million [45]

Women (15 to 49 years) 4.1 (3.8 to 4.3)

Men (15 to 49 years) 3.9 (3.6 to 4.1)

Young (15 to 24 years) 3.2 (3.1 to 3.2)

Adult men (25 to 49 years) 2.3 (2.0 to 2.6)

WTS (15 to 64 years) 0.16 (0.07 to 0.25)

HIV prevalence

Overall (15 to 49 years) 12.8% (4.7% to 27.5%) Zimbabwe DHS 2015 [10]:14%

Tanzania DHS 2011 [46]: 5%

Uganda DHS 2011 [47]: 9%

Lesotho DHS 2014 [48]: 25%

Women (15 to 49 years) 13.0% (4.5% to 29.4%)

Men (15 to 49 years) 12.6% (5.0% to 23.3%)

Prevalence of undiagnosed HIV

Overall (15 to 64 years) 2.1% (0.7% to 4.8%) Malawi PHIA 2016 [4]: 2.9%

Zimbabwe PHIA 2016 [6]: 3.8%

Zambia PHIA 2016 [5]: 4.0%

Rwanda [38]: approximately 0.3%

(Survey estimates could be overestimates due to

undisclosed diagnosed HIV [8])

Women (15 to 49 years) 1.2% (0.4% to 3.5%)

Men (15 to 49 years) 3.3% (1.0% to 7.0%)

HIV incidence (age 15 to 49 years)

per 100 person years

0.91 (0.23 to 2.19) Malawi PHIA 2016 [4]: 0.37%

Zimbabwe PHIA 2016 [6]: 0.45%

Zambia PHIA 2016 [5]: 0.66%

Swaziland [7]: 2.4%

Lesotho [3]: 1.5%

Mbongolwane and Eshowe published

in 2014 (KZN) [49]: 1.2%

Number of HIV tests in year

Overall (15 to 64 years) 2,300,000 (1,293,000 to 3,327,000) Zimbabwe 2.2 million (2015) [50],

Malawi 1.9 million (2014) [51]Women (15 to 49 years) 1,485,000 (708,000 to 2,271,000)

Men (15 to 49 years) 796,000 (461,000 to 1,072,000)

ANC services 721,000 (96,000 to 1,595,000)

WTS (15 to 64 years) 78,000 (30,000 to 142,000)

Symptomatic (PLHIV)a 22,000 (8,000 to 47,000)

Symptomatic (HIV–) 181,000 (160,000 to 200,000)

VMMC services 150,000 (114,000 to 189,000)

Percentage of tests resulting in

new HIV diagnosisb

Overall (15 to 64 years) 3.2% (1.1% to 8.3%) Observed data estimates are susceptible to bias

due to rediagnosis of people who do not report

previous diagnosis. 6% to 55% depending

on group [52]

Malawi first quarter 2016 [53]: 5%

Women (15 to 49 years) 2.4% (0.7% to 6.3%)

Men (15 to 49 years) 5.1% (1.6% to 11.3%)

Young (15 to 24 years) 2.2% (0.4% to 5.7%)

ANC services 2.9% (0.6% to 17.5%)

WTS (15 to 64 years) 18.0% (3.3% to 35.1%)

Symptomatic 9.4% (3.5% to 18.2%)

VMMC services 3.2% (0.6% to 6.9%)
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(see Table 2). In our base case, CB-HIVST implementation
options involved continuous CB-HIVST availability for the entire
timeframe (50 years). We based assumptions on accuracy of
CB-HIVST on the overall results for oral fluid HIVST in a sys-
tematic review and meta-analysis of HIV self-test performance
in field settings, including low- and middle-income countries
(sensitivity of 93.9% and specificity of 99.2%) [12]. However, we
made the conservative assumption that neither the standard

HTS nor the CB-HIVST in SSA can detect HIV within three
months of infection (the time step in the model). In addition, we
assumed that a positive result using a CB-HIVST is not suffi-
cient to make an HIV diagnosis but that a confirmatory test per-
formed by a trained healthcare worker is required for the
person to be diagnosed with HIV and be able to be linked to
care and treatment. The main assumptions related to HIVST are
summarized in Table 3 (and Table S2).

Table 1. (Continued)

Indicator

Median (90% range) across

Setting-scenarios (n = 150) Examples of observed data

Proportion tested in past year

Women (15 to 49 years) 29% (15% to 41%) Zimbabwe DHS 2015 [10]: 49% women, 36% men

(age 15 to 49 years)

Namibia DHS 2013 [54]: 49% women, 38% men

(age 15 to 49 years)

Nigeria DHS 2013 [55]: 10% women, 10% men

Men (15 to 49 years) 19% (12% to 27%)

Women (15 to 24 years) 25% (11% to 38%)

Men (15 to 24 years) 17% (11% to 23%)

When symptomatic (PLHIV)a,c 16% (9% to 24%)

In pregnancy (15 to 49 years) 93% (30% to 98%)

WTS (15 to 64 years) 39% (22% to 52%)

Proportion of HIV-positive people diagnosed

Overall (15 to 64 years) 83% (73% to 90%) Malawi PHIA 2016 [4]: 73%; 76% in women, 67% in men

Zimbabwe PHIA 2016 [6]: 74%

Zambia PHIA 2016 [5]: 67%

Mbongolwane and Eshowe (KZN) published in 2014 [49]:

75%

District of Chiradzulu (rural Malawi) 2013 [56]: 77%

Botswana 2013 to 2015 [57]: 78%, higher in women

than men

Survey estimates likely to be over-estimates due to

undisclosed diagnosed HIV [8]

Women (15 to 49 years) 90% (79% to 95%)

Men (15 to 49 years) 74% (61% to 85%)

Women (15 to 24 years) 79% (56% to 88%)

Men (15 to 24 years) 43% (26% to 57%)

WTS (15 to 64 years) 75% (58% to 87%)

Proportion of diagnosed people on ART

Overall (15 to 64 years) 88% (59% to 92%) Malawi PHIA 2016 [4]: 89%

Zimbabwe PHIA 2016 [6]: 87%

Zambia PHIA 2016 [5]: 85%

Botswana 2013 to 15 [57]: 85%

Women (15 to 49 years) 89% (59% to 92%)

Men (15 to 49 years) 87% (56% to 91%)

Women (15 to 24 years) 89% (42% to 93%)

Men (15 to 24 years) 79% (33% to 91%)

WTS (15 to 64 years) 90% (50% to 94%)

Proportion of people on ART

with VL < 1000 copies/mL

Overall (15 to 64 years) 85% (81% to 89%) World Bank South Africa [58]: 60% to 88% over districts

Malawi PHIA 2016 [4]: 91%

Zimbabwe PHIA 2016 [6]: 87%

Zambia PHIA 2016 [5]: 89%

District of Chiradzulu (rural Malawi) 2013 [56]: 91%

Mbongolwane and Eshowe (KZN) published in

2014 [49]: 90%

Rural Uganda and Kenya [59]: 90%

Botswana 2013 to 2015 [57]: 94%

(among citizens of Botswana)

ANC, antenatal care; ART, antiretroviral therapy; DHS, Demographic and Health Surveys; KZN, KwaZulu-Natal; PHIA, Population-based HIV
Impact Assessment; PLHIV, people living with HIV; VMMC, voluntary male medical circumcision; WTS, women having transactional sex.
aSymptoms of a WHO Stage 3 or 4 condition; bThis is also referred to as yield. In our model, this is the same as test positivity rate as within the
Synthesis model people who received a diagnosis of HIV cannot test again, so this is the ratio between the number of new diagnoses and the
number of tests performed; cin this case is not in the past year but of those symptomatic/pregnant in a specific time period.
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In addition, we considered several sensitivity analyses around
the implementation option of CB-HIVST being available for
adult men aged 25 to 49 years: (1) five-year time-limited CB-
HIVST programme; (2) assuming that the increase in the
number of tests obtained by introducing CB-HIVST is

instead introduced with standard HTS (to understand, in
case CB-HIVST was not cost-effective, whether this was due
to characteristics intrinsic to CB-HIVST or whether any
increase in testing is not cost-effective regardless of mode
of testing); (3) assuming that 10% of men with negative CB-

Table 2. Description of implementation options

Core testing

Population in which

CB-HIVST is available

Possibility of using

CB-HIVST if no CLS

since last test

Replacement of

HTS with CB-HIVST

Ref Current level of testing continues,

in particular testing in:

• General population (including WTS)

• In pregnant women (twice per pregnancy)

• In people presenting with potential

HIV symptoms

• In men presenting for VMMC

None Not applicable Not applicable

1 Young people (15 to 24 years) Yesa 30%b

2 Adult men (25 to 49 years) 30%b

3 WTS (15 to 64 years) 50%d

4 Young people (15 to 24 years) Noc 30%b

5 Adult men (25 to 49 years) 30%b

6 WTS (15 to 64 years) 50%d

CB-HIVST, community-based HIV self-testing; CLS, condomless sex; HTS, HIV testing services; PLHIV, people living with HIV; VMMC, voluntary
medical male circumcision; WTS, women reporting transactional sex.
aThey can HIVST only once per year, but they can HIVST even if they had HTS in the last year (% self-tested per year indicated in Table 4). bStudy
offered standard HTS or HIVST and 30.9% men opted for HIVST [60]. cThey can use HIVST only if they had condomless sex since last test (HTS
or CB-HIVST) but they can test more than once per year if having CLS. d54% of women who attended a FSW clinic where provider initiated testing
and counselling was available (n = 604) and were offered HIVST opted for it [17]. Higher rate of substitution has been reported as well [61,62].

Table 3. Assumptions on CB-HIVST

Parameter Value assumed for base case Source

Sensitivity of CB-HIVST 93.9% [12]

Specificity of CB-HIVST 99.2% [12]

Sensitivity of HTSa 98% [63]

Specificity of HTSa 99.2% [64]

Confirmatory HTS following

positive CB-HIVST

50% by three months, 78% by

one year from positive CB-HIVSTb
At six weeks: 50% in the arm without incentive

after excluding those retesting on ART [15]

Evidence on disclosure from [13] and %

self-reported linking to care in STAR

Proportion initiated on ART of those

who had a positive

(not previously diagnosed) CB-HIVST

36% by three monthsc At six weeks: 30% in the arm without incentive

after excluding those retesting on ART [15]

Change in condomless sex

in those who are tested HIV

positive by HTS

With long-term partner: none,

with short-term partner: �17%

in the first six months, �9% after

[65,66]

Change in condomless sex

in those tested HIV negative by HTS

No change [67]

Among FSW no difference in condom use, but

reduction in number of partners following HIVST

at four months

[68]

Change in condomless sex

after CB-HIVST (and before

any confirmation with HTS)

No change Among FSW no difference in condom use, but

reduction in number of partners following HIVST

at four months [68]

ART, antiretroviral therapy; CB-HIVST, community-based HIV self-testing; HTS, HIV testing services.
aAssumed as facility-based rapid diagnostic test. bIt is assumed that people can have a confirmatory test as a consequence of a positive CB-HIVST only
within one year of the positive CB-HIVST. cThis is the median proportion initiated on ART at three months; the probability of initiating ART in people
engaged to care is 0.8 per three months; for people diagnosed with HIV not linked to care by three months since diagnosis, there is a probability of
linkage to care (or re-engaging into care if lost) per three months which is sampled from a distribution 0.1 (90% range: 0.03 to 0.32).
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HIVST and aged 25 to 50 link to VMMC; and (4) assuming a
discount rate of 10% for both costs and health benefits. In
the base case, we considered the conventional discounting rate
of 3.0% per annum [29].
To reduce stochastic variability, we performed two repeti-

tions of the projections of the population from 2018 for each
implementation option in each simulation, except for the
options involving WTS, where four repetitions were per-
formed due to the small sample size of this subgroup, or in
the 5-year CB-HIVST distribution implementation option, and
we calculated the mean across these repetitions.
We assumed that all people are eligible for ART at diagno-

sis from 2017 and that viral load monitoring was used from
mid-2016 (at six and twelve months, and then annually).
Disability weights to calculate DALYs were derived from a

comprehensive study (conditions included are: TB, WHO
Stages 4 and 3) [30].

2.3 | Costs and cost-effectiveness approach

We used the fully loaded average recurrent cost per CB-HIVST
estimated in STAR in Zimbabwe and Malawi, respectively, US
$10.18 and US$5.61 [21] (see further details in the S2), and a
cost per person tested for HIV testing performed by a health-
care worker (except for community-based), derived from [31],
of, respectively, US$8.66 for Zimbabwe (US$9.37 if positive)
and US$4.82 for Malawi (US$5.82 if positive). Other unit costs
are provided in the Table S3 but, in brief, the annual cost (in-
cluding 20% of supply chain costs) of the first-line regimen of
efavirenz, lamivudine, tenofovir is US$98 per person [32], pro-
gramme costs for clinic visits (not including drug or viral load
or CD4 count tests) are US$20 per three months [33,34] with
an assumed reduction to US$10 per three months when viral
load is measured to be <1000 copies/mL [20].
The cost-effectiveness analysis was undertaken from the

health provider perspective. Costs were estimated in 2016 US
dollars. Health outcomes were quantified in DALYs averted and,
as mentioned above, a discount rate of 3% was applied to both
costs and health outcomes [29]. We calculated incremental costs
and DALYs averted for the CB-HIVST implementation options
compared with the reference over a 50-year time horizon, in
order to capture all costs and effects relevant to this decision
problem. The CB-HIVST implementation option was deemed
cost-effective if the incremental cost-effectiveness ratio (ICER)
was below US$500 per DALY averted, or if it resulted in both
cost savings and DALYs averted. This use of the cost-effective-
ness threshold reflects the health foregone (opportunity costs)
due to resources committed to HIV testing consequentially being
unavailable to provide other interventions (i.e. so that US$500
reflects the cost-per-DALY-averted of these foregone activities
[35,36]). Severe constraints on overall healthcare spending in
low-income countries in the region, notably for Malawi [37] mean
that this cost-effectiveness threshold is only likely to be relevant
for resource allocation within the HIV programme, which is over-
whelmingly reliant on donor funds.

3 | RESULTS

Overall, the median (90% range) HIV prevalence across set-
ting-scenarios in 2017 was estimated to be 12.8% (4.7% to

27.5%), the prevalence of undiagnosed HIV (ratio between the
number of PLHIV who are undiagnosed and the entire popula-
tion) was 2.1% (0.7% to 4.8%) and the test positivity rate
(which in our model corresponds to the proportion of tests
resulting in a first diagnosis) was 3.2% (1.1% to 8.3%) (see
Table 1). As expected, the test positivity was higher for
women having condomless transactional sex (18.0%), adult
men 15 to 49 (5.1%) and symptomatic individuals (9.4%). We
modelled CB-HIVST introduction in three independent sub-
populations: young people (aged 15 to 24 years) amounting to
3.2 million people in 2017 (35% of people aged 15 to
64 years), adult men (aged 25 to 49 years) amounting to
2.3 million men (2.0 to 2.6; 25% of people aged 15 to
64 years) and WTS (160,000 women; 70,000 to 250,000;
1.8% of people aged 15 to 64 years).
Table 4 illustrates the scope of implementation and the epi-

demiological impact of the considered implementation options;
the highest average number of tests was required when CB-
HIVST was available continuously in the future; people self-
tested even if not exposed to risk of HIV acquisition (no sex
without condom) since last test; and CB-HIVST was available
for young people (3,744,000 additional test/year compared to
the reference option, +97%). Targeting adult men entailed
2,631,300 additional tests/year (+68%) and targeting WTS
resulted in 222,400 additional test/year (+6%). Of note, we
assumed that similar uptake of CB-HIVST could be achieved
nationally as reported for the STAR subnational demonstration
projects and cluster randomized trials: respectively, 87% in
young people, 73% in WTS and 71% in adult men.
In terms of epidemiological impact, in the base case for the

implementation options offering CB-HIVST to adult men had
the highest impact, with an average (across setting-scenarios)
of 1500 HIV infections averted per year, followed by targeting
of young people (1490 HIV infections averted per year) and
WTS (1430 HIV infections averted per year). Similarly, deaths
averted (in PLHIV and without HIV) were highest when CB-
HIVST was targeted at adult men (520 death averted/year),
followed by young people (360 death averted/year) and WTS
(330 death averted/year). Health benefits from CB-HIVST for
adult men were enhanced if 10% of men with negative HIVST
in the 25- to 50-year age group link to VMMC (1720 HIV
infections averted per year vs. 1500; 580 deaths averted/year
vs. 520). However, in terms of numbers-needed-to-test to
avert one new HIV infection, targeting WTS was by far the
most efficient strategy requiring 160 additional tests per HIV
infection averted, compared to 2500 for young people and
1750 for adult men. For deaths, the equivalent numbers of
additional tests was 670 per death averted for strategies tar-
geting WTS, compared to 10,460 for young people and 5060
for adult men. Numbers of additional tests needed were
almost halved for young people if CB-HIVST was taken up
only if they had condomless sex since their last test. Similarly,
the five-year time-limited CB-HIVST programme reduced the
number of additional tests per HIV infection averted and per
death averted to 180 and 710 respectively.
Figure 1 shows the cost per DALY averted (compared to

the reference option) using a 50-year timeframe and two sets
of costs for CB-HIVST and HTS for the base case scenarios
(assuming a maximum of one standards HTS annually, but
regardless of sexual risk-taking) and for several sensitivity anal-
yses. The cost per DALY averted using a 20-year timeframe is
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illustrated in Figure S1. In addition, variation in CB-HIVST
cost-effectiveness in different settings was considered by strati-
fying simulations by prevalence of undiagnosed HIV (quartiles).
The timeframe considered has a crucial impact on cost-
effectiveness: under the 50-year timeframe, introduction of
CB-HIVST is cost-effective if introduced among WTS (whether
the use is limited to when having condomless sex or not), for

a five-year programme among adult men (unless the preva-
lence of undiagnosed HIV is below approximately 1% and cost
per CB-HIVST is US$10.18) and among adult men provided
that the prevalence of undiagnosed HIV is relatively high
(>3% if cost per CB-HIVST is US$5.61, >5.5% if US$10.18).
However, when considering a 20-year time horizon, it was
cost-effective only when offered to WTS in setting with a

Table 4. Mean over 50 years (2018 to 2068) of intermediate measures describing the implementation and the epidemiological

impact of the options considered (across 150 setting-scenarios)

Implementation

option

Sub-

population

receiving

HIVST

Number of

HIV tests

(HTS or

HIVST)/year

– age 15 to

64 years

(additional test

compared to no

intervention,

relative

increase)

Number

of new

diagnoses

per year

(age 15 to

49 years)

Number

of new

diagnoses

per year in

the sub-

population

of interest

% tested in

the past

year (HTS or

HIVST; age

15 to 49

years)

% tested in

the past

year in the

sub-population

of interest

% self-

tested

in the

past year

(age 15 to

49 years)

% self-tested

in the past

year in the

sub-population

of interest

% ever

tested

(HTS or

HIVST; age

15 to 49

years)

% ever

tested

(HTS or

HIVST) in

the sub-

population

of interest

No Intervention NA 3,860,300 (-) 58,500 Young:

16,500

25% Young: 21% 0% Young: 0% 74% Young: 50%

WTS: 15,400 WTS: 39% WTS: 0% WTS: 85%

Adult men:

22,900

Adult men:

21%

Adult men:

0%

Adult men:

82%

HIVST is

available

– no

requirement

for CLS –

base

case

Young

people

7,604,300

(3,744,000,

+97%)

55,500 18,900 51% 91% 35% 87% 98% 99%

WTS 4,082,800

(222,400,

+6%)

55,000 16,300 26% 86% 2% 73% 79% 99%

Adult men 6,481,600

(2,621,300,

+68%)

57,800 24,700 42% 76% 24% 71% 81% 99.6%

HIVST is

available

– requirement

for CLS

Young

people

5,947,900

(2,087,600,

+54%)

55,300 17,900 30% 35% 10% 24% 78% 54%

WTS 4,088,400

(228,100,

+6%)

54,700 15,900 26% 58% 1% 39% 78% 86%

Adult men 6,150,400

(2,290,000,

+59%)

57,100 23,800 33% 47% 12% 35% 78% 90%

HIVST is

available,

next five

years

Adult men 4,082,800

(222,400,

+6%)

55,700 21,800 27% 27% 3% 7% 79% 93%

HIVST is

available

– as good

as HTS

Adult men 6,457,200

(2,596,900,

+67%)

58,200 25,200 42% 75% 24% 70% 81% 99.6%

HIVST is

available

– linkage to

VMMC

Adult men 6,485,800

(2,625,500,

+68%)

57,100 24,200 42% 76% 24% 71% 81% 99.6%

CB-HIVST, community-based HIV self-test; CLS, condomless sex; HTS, HIV testing services; NA, not applicable; VL, viral load; VMMC, voluntary
medical male circumcision; WTS, women having transactional sex.
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prevalence of undiagnosed HIV above 5.5% and if the cost of
CB-HIVST was relatively low ($5.61). The cost of delivering
CB-HIVST, not surprisingly, plays a crucial role in determining
the ICER. Applying higher discounting rates of 10% to addi-
tional costs and health benefits renders CB-HIVST among
adult men not cost-effective regardless of the prevalence of
undiagnosed HIV.

4 | DISCUSSION

CB-HIVST offers the opportunity to reduce the “testing gap”
in men, young people and WTS: subgroups that are hard to
reach with standard HIV testing services. Here, we show that,
when health benefits and costs are considered over a rela-
tively long time horizon, targeted CB-HIVST can be cost-

% who never

tested

before, out

of those

who use

HIVST

for the

first time

% of HIVST

resulting in a

diagnosis

(referred

to as positivity

rate; age

15 to

49 years)

% of HIV-

positive

people

diagnosed

(age 15

to 49 years)

% of

HIV-positive

people

diagnosed in

the sub-

population

of interest

% of people

with HIV

and VL > 1000

(out of the

entire

population;

age 15 to

64 years)

Number of

condomless

(short term and

long term)

infectious

partnership

Number of

people living

with HIV with

VL > 1000

copies/mL

Number of

deaths

per year

(averted

compared

to the no

intervention)

Number of

HIV infections

per year

(averted

compared to

the no

intervention)

Number of

additional

tests per

HIV infection

averted

(per death

averted)

NA NA 86% Young: 67% 3.2% 944,500 416,900 43,300 (-) 17,560 (-) - (-)

WTS: 74%

Adult men:

80%

97% 0.28% 89% 84% 2.8% 871,800 367,900 43,000 (360) 16,060 (1490) 2500 (10,460)

34% 2.92% 88% 81% 2.9% 875,900 380,700 43,000 (330) 16,130 (1430) 160 (670)

21% 0.80% 91% 94% 2.7% 876,800 351,700 42,800 (520) 16,060 (1500) 1750 (5060)

20% 0.61% 88% 77% 2.9% 882,700 376,800 43,000 (340) 16,160 (1400) 1490 (6070)

6% 3.42% 88% 81% 2.9% 866,700 380,500 43,000 (340) 16,040 (1520) 150 (660)

3% 1.03% 90% 91% 2.8% 884,200 361,000 42,900 (460) 16,100 (1460) 1570 (4960)

25% 1.31% 88% 84% 2.9% 907,700 384,000 43,000 (310) 16,340 (1220) 180 (710)

21% 0.92% 93% 96% 2.7% 874,400 346,900 42,800 (550) 15,970 (1590) 1640 (4760)

21% 0.78% 92% 94% 2.7% 879,300 348,700 42,800 (580) 15,830 (1720) 1520 (4530)
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effective using strategies that vary by the prevalence of undi-
agnosed HIV. The most efficient approaches are targeted to
WTS, which remain cost-effective at all levels of prevalence of
undiagnosed HIV in our setting-scenarios (approximately 1%
to 5.6%). A five-year time-limited CB-HIVST programme can
also be cost-effective for adult men, at all levels when using
cost for the CB-HIVST of US$5.61 and at levels of prevalence
of undiagnosed HIV above 1% when using CB-HIVST cost of
US$10.18. This is due to the fact that by considering an inter-
vention that lasts for only five years, the cost is reduced sub-
stantially and the HIV testing earlier in time is more beneficial
as the undiagnosed prevalence is declining over time. Indefi-
nite introduction of CB-HIVST for adult men is cost-effective
only at relatively high initial prevalence of undiagnosed HIV,
depending on the cost of CB-HIVST. When considering CB-
HIVST in WTS, it is important to note that we have assumed
the same cost per person tested as in the other populations.
Data on these costs have been collected as part of the STAR
project but final estimates are not available yet.
Current estimates of the prevalence of undiagnosed HIV

from national surveys range from 0.3% in Rwanda [38] to 4%
in Zimbabwe [6] and Zambia [5] with considerable variation
also within countries. For example, in Zimbabwe estimates
range from 2.9% in Manicaland to 5.8% in Matabeleland South
[6] and in Zambia from 1.9% in Muchinga to 5.3% in Lusaka
[5]. Thus, health benefits from investments at the national
level can be maximized through implementation of different
HIVST strategies in different geographical regions [39,40]. The
corollary of this argument is that implementers may need to
limit CB-HIVST efforts, potentially through periodic campaign

style implementation, in settings with very low HIV awareness,
as the benefits of testing people with very low probability of
being infected will be limited. Community-based distribution
of HIVST kits can take place in different ways and this partly
drives the differences in costs seen in Zimbabwe compared to
Malawi. The costs of government implementation CB-HIVST
may be lower than estimated in the STAR project [21] and we
anticipate that delivery costs will continue to fall due to econo-
mies of scale and efficiencies from increasing familiarity with
this concept. This would increase the likelihood of HIVST pro-
grammes being cost-effective. However, the issue of “diminish-
ing returns” will reduce the cost-effectiveness of all HIV testing
strategies as the prevalence of undiagnosed HIV falls. In the
context of declining undiagnosed prevalence, programme met-
rics such as the cost of testing per new HIV diagnosis have
potential use for monitoring programme cost-effectiveness and
in other work we have described approaches to link this metric
to programme cost-effectiveness [22].
Secondary distribution models, where HIVST kits are dis-

tributed to sexual partners of WTS or pregnant women,
which have high positivity rates and similar delivery costs
[41,42], are likely to offer cost-effective approaches to dis-
tributing HIVST [43]. Additionally, improving linkage of those
who test HIV negative to HIV prevention services may
improve cost-effectiveness. In our sensitivity analysis, we
explored the possibility that 10% of men with a negative
CB-HIVST result are linked into VMMC and show that this
would improve the benefits and cost-effectiveness of CB-
HIVST targeted to men (considering the additional cost of
VMMC). While not included in the scenarios modelled, the

 ICER, Mean Cost per DALY averted (Addi�onal cost in US$ million /DALYs averted in 1,000s) 
 High cost of CB-HIVST (US$10.18) and HTS  

(US$8.66 if nega�ve; US$9.37 if posi�ve) 
Low Cost of CB-HIVST (US$5.61) and HTS†  
(US$4.82 if nega�ve; US$5.82 if posi�ve) 

Overall Prevalence of undiagnosed HIV Overall Prevalence of undiagnosed HIV 
0.3 - 1.6% 1.6 – 2.4% 2.4 – 3.7% 3.7 – 7.4% 0.3 - 1.6% 1.6 – 2.4% 2.4 – 3.7% 3.7 – 7.4% 

HIVST is available – no 
requirement for CLS 
(base case) 

Young 2,000 
(943/483) 

5,400  
(965/177) 

2,800 
(947/339) 

1,700 
(950/574) 

1,100 
(913/837) 

1,100 
(528) 

3,100  
(545) 

1,600 
(529) 

930 
(535) 

600 
(504) 

WTS 120  
(51/412) 

380  
(75/201) 

220  
(64/290) 

100 
(53/517) 

20 
(12/638) 

60 
(27) 

260  
(53) 

140  
(40) 

50 
(28) 

-20 
(-13) 

Adult men 880  
(693/786) 

2,700 
(732/267) 

1,200 
(700/605) 

770 
(700/908) 

470 
(642/1,352) 

520 
(410) 

1,600 
(421) 

670 
(405) 

470 
(426) 

290 
(388) 

Sensi�vity analyses 

HIVST is available – 
requirement for CLS 

Young 1,200  
(515/419) 

3,000 
(488/161) 

1,700 
(492/282) 

980 
(487/498) 

810 
(590/730) 

680  
(286) 

1,700 
(282) 

970 
(274) 

560 
(277) 

430 
(311) 

WTS 110  
(45/410) 

370  
(72/196) 

210 
(62/293) 

70 
(36/525) 

20 
(10/622) 

50  
(20) 

260 
(51) 

130 
(38) 

20 
(13) 

-30 
(-20) 

Adult men 930 
(591/636) 

2,500 
(568/226) 

1,100 
(580/540) 

750  
(549/729) 

640 
(665/1,039) 

550 
(347) 

1,500 
(330) 

620 
(336) 

450 
(331) 

370 
(389) 

HIVST is available for the 
next 5 years  

Adult men 
 

230 
(115/502) 

690 
(142/205) 

310 
(121/388) 

220 
(122/559) 

90 
(77/851) 

150 
(74) 

470  
(95) 

200  
(78) 

150 
(83) 

50 
(40) 

HIVST is available - as 
good as HTS 

680  
(594/869) 

 1,800 
(612/335) 

970  
(602/621) 

560  
(605/1,091) 

390  
(560/1,420) 

410  
(359) 

1,100 
(354) 

580 
(358) 

350 
(379) 

240 
(346) 

HIVST is available – 
linkage to VMMC‡ 

780 
(693/887) 

2,000  
(739/367) 

1,100  
(705/665) 

660  
(693/1,052) 

440  
(634/1,455) 

460  
(410) 

1,200  
(427) 

620  
(411) 

400 
(419) 

260  
(379) 

Base case – 10% 
discoun�ng rate 

1,600  
(250/154) 

4,400 
(257/59) 

2,200 
(250/116) 

1,400 
(251/181) 

940 
(243/259) 

1,000  
(159) 

2,600 
(155) 

1,300 
(154) 

900 
(163) 

630 
(162) 

Figure 1. Cost per DALY averted of community-based HIVST by implementation option, prevalence of undiagnosed HIV (quartile) and cost
of testing in the sub-population indicated – 2018 to 2068.
Cost-saving; ICER $0-$249 per DALY; ICER $250-$499 per DALY; ICER $500-$999 per DALY; ICER $1,000-$2,499 per DALY; ICER

≥$2,500 per DALY; †DALYs averted not reported when showing the ICERs using the cost of CB-HIVST of $5.61 and HTS of $4.82, as the same
regardless of the costs assumed; ‡10% of men with negative HIVST and aged 25-50 link to circumcision; CB-HIVST: community-based HIVST;
DALY: disability-adjusted life years; HIVST: HIV self-test; HTS: HIV testing services; ICER: incremental cost-effectiveness ratio; VMMC: voluntary
medical male circumcision; WTS: women having transactional sex;
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addition of linkage to pre-exposure prophylaxis could also
enhance impact of HIVST.
Previous cost-effectiveness analysis of adding CB-HIVST to

existing testing services are available from urban Blantyre,
Malawi [44] and for secondary distribution models, delivering
self-testing kits to sexual partners of antenatal clinic attendees
in South Africa [43]. The Blantyre study was in a setting of
high HIV prevalence and high levels of undiagnosed and
untreated PLHIV and assumed constant HIV incidence. That
analysis concluded that over a 20-year time horizon adding
CB-HIVST to facility-based testing was cost-effective and was
suited to early ART initiation strategies. In the South African
study, secondary distribution of self-testing kits to partners of
pregnant women became cost-saving when considering the
total cost of the HIV programme, although expenditure by the
testing programme was increased. These findings concur with
our current analysis, that community-based strategies target-
ing a large group of the population, such as young people and
adult men, achieve the greatest population level-impact in
terms of proportion diagnosed, but are not very cost-effective,
unless the prevalence of undiagnosed HIV is relatively high.
This work has limitations. As for any economic evaluation

which takes an appropriately long-time horizon, we rely on a
mathematical model to give predictions of the long-term
impact of the alternative implementation options. We consider
the implementation in three specific groups, which are either
underserved by current testing approaches or characterized
by a high incidence, but we could have considered slightly dif-
ferent groups.

5 | CONCLUSIONS

CB-HIVST provides a new option for reaching relatively
underserved sub-populations and can provide health benefits
cost-effectively if targeted to WTS,as well as adult men for a
limited time. The prevalence of undiagnosed HIV, assumptions
relating to linkage to prevention post-HIVST and the cost of
CB-HIVST are then critical in determining whether or not
wider intervention strategies, which have not only higher
potential benefits but also much higher costs, should be intro-
duced.

RECOMMENDATIONS

• Targeting adult men with community-based HIV self-testing
(CB-HIVST) tends to allow aversion of a large number of
infections as this is a large group which is currently under
tested.

• Linkage to voluntary medical male circumcision (VMMC) fol-
lowing a negative HIVST should be considered as this can
enhance the impact.

• Providing CB-HIVST to women having transactional sex
(WTS) offers the best value for money and should be imple-
mented.

• The introduction of CB-HIVST among adult men is cost-
effective, provided that the undiagnosed HIV prevalence is

above 3% or the distribution programme is limited to 5
years duration. Shortening the intervention period improves
the cost-effectiveness because as we continue testing at
the same rate the test positivity rate declines while the cost
(except for discounting) remains the same.

• At its current cost, introduction of CB-HIVST among young
people does not offer value for money.

• When deciding whether to implement CB-HIVST the overall
cost of CB-HIVST (not only the kit cost) should be consid-
ered as well as the current prevalence of undiagnosed HIV.
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Abstract
Introduction: HIV self-testing (HIVST) was first proposed as an additional option to standard HIV testing services in the
1980s. By 2015, two years after the first HIVST kit was approved for the American market and the year in which Unitaid
invested in the “HIV Self-Testing AfRica (STAR) Initiative,” HIVST remained unexplored with negligible access in low- and mid-
dle-income countries (LMIC). However, rapid progress had been made. This commentary outlines the interlinked market, regu-
latory and policy barriers that had inhibited product development and kept HIVST out of LMIC policy. We detail the
components of STAR that enabled rapid HIVST scale-up, including critical investments in implementation, research, market
forecasting, and engagement with manufacturers and regulators.
Discussion: The STAR Initiative has generated crucial information about how to distribute HIVST products effectively, ethi-
cally and efficiently. Service delivery models range from clinic-based distribution to workplace and partner-delivered
approaches to reach first-time male testers, to community outreach to sex workers and general population “hotspots.” These
data directly informed supportive policy, notably the 2016 WHO guidelines strongly recommending HIVST as an additional
testing approach, and regulatory change through support for WHO prequalification of the first HIVST kit in 2017. In July
2015, only two countries had national HIVST policies and were implementing HIVST. Three years later, 59 countries have poli-
cies, actively implemented in 28, with an additional 53 countries reporting policies under development. By end-November
2018 several quality-assured HIVST products had been registered, including two WHO prequalified tests. STAR Initiative
countries have drafted regulations governing in vitro diagnostics, including HIVST products. With enabling policies, pre-qualifi-
cation and regulations in place, donor procurement of kits has increased rapidly, to a forecasted estimate of 16 million HIVST
kits procured by 2020.
Conclusions: The STAR Initiative provided a strong foundation to introduce HIVST in LMICs and allow for rapid scale-up
based on the wealth of multi-country evidence gathered. Together with sustained coordination and acceleration of market
development work, HIVST can help address the testing gap and provide a focused and cost-effective means to expand access
to treatment and prevention services.

Keywords: HIV testing; HIV self-testing; market shaping; scale-up; prevention; linkage to care; cost effectiveness
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1 | INTRODUCTION

HIV testing is the gateway to treatment and care and
expanded prevention coverage. The first of the United
Nations’ 90-90-90 Fast Track targets to end the HIV epidemic
calls for 90% of people living with HIV (PLHIV) to know their
HIV status by 2020 [1]. Access to and uptake of HIV testing
services (HTS) in low- and middle-income countries (LMICs)
has increased substantially over the last three decades due to
advances in treatment, rapid testing and greater availability of
HIV testing in facility and community. Despite these advances,
an estimated 25% of PLHIV globally still do not know their

status [2]. In eastern and southern Africa where the HIV bur-
den is greatest, it is estimated that 2.7 million PLHIV still do
not know their status [3,4].
To address these gaps, innovative and strategic approaches

to HIV testing are needed [5]. HIV self-testing (HIVST), has
been highlighted as an additional tool to increase access and
uptake of HIV testing in higher risk populations with low cov-
erage and particularly in environments with high rates of
stigma [6]. In addition, HIVST has the potential to improve
efficiency of the health system by triaging those without HIV
straight to prevention services and freeing up health workers’
time and could consequently reduce costs of HTS [6].
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HIVST was first proposed as an additional option to stan-
dard HTS in the 1980s [7]. By 2015, three years after the
first HIVST kit was approved for the American market [8],
HIVST remained unexplored with negligible access in LMIC.
By the end 2015, only two high-income countries were
actively implementing HIVST services as part of their public
health HIV response primarily in the private sector, and WHO
had yet to state an official position.
In 2013, WHO convened the first global consultation on

HIVST identified that development of the necessary normative
guidance for HIVST was largely hampered by lack of evidence
on safety, acceptability, feasibility and scalability; uncertain dis-
tribution methods for HIVST kits; unclear processes for linking
self-testers to care and treatment; and lack of clarity on meth-
ods for creating demand among target populations [9,10].
As with any new health technology, the introduction of

HIVST kits in LMICs faced several immediate policy, regula-
tory and market challenges [11].
First, because of the lack of WHO prequalified products for

self-test use, opportunities to generate evidence for the public
health benefit and to create demand were limited. Although
the first discussion of HIVST introduction dates back to 1986,
the first HIVST product only became available in 2012 when
OraQuick® In-Home HIV Test (OraSure Technologies, Bethlehem,
Pennsylvania USA) was approved by the US Food and Drug
Administration [8,12]. It was not until mid to late-2015 that
Conformit�e Europ�eenne-marked products autotest VIH® (AAZ
Labs, Boulogne-Billancourt France) and BioSURE HIV Self Test
(BioSURE UK Ltd., Essex, England UK) became available for
sale and use in the private sector in the United Kingdom and
France.
Before 2015, there were no HIVST products registered by

national regulatory authorities in Africa [11,13,14]. At that
time, while HIVST was being assessed through controlled
research studies in the region, the market for, and awareness
of, official HIVST in Africa, and LMICs more broadly, was
extremely limited. Without evidence, WHO normative guideli-
nes could not be made to support HIVST introduction – nor
guidance on how it should be implemented, limiting countries’
ability to take on or prioritize HIVST as part of a national
strategy. Furthermore, because of global and national level
policy barriers, there were no regulatory pathways nor clear
data collection systems to assure the quality of the HIVST
products or to monitor the most ethical, acceptable and effec-
tive ways to implement self-testing.
Second, a healthy HIVST market also requires solidified

demand from end-users and buyers including both national
governments and donors. Before 2015, investment from gov-
ernments and large-scale donors was constrained by a lack of
evidence that HIVST could be a safe and effective way to
increase testing rates. Because of this, the President’s Emer-
gency Plan for AIDS Relief (PEPFAR) and the Global Fund to
Fight AIDS, Tuberculosis and Malaria (Global Fund), two of the
biggest procures of HIV test kits globally, had yet to procure
HIVST outside of small quantities for research. At the same
time, little was understood about potential levels of consumer
demand for HIVST, including how consumers would want to
access HIVST and the HIVST product attributes likely to drive
uptake or impact outcomes.
Third, in the absence of HIVST guidelines and clearly

defined quality assurance pathways, governments and donors

had little ability to understand the degree by which various
products met minimum quality standards. Without evidence to
support paying a higher cost for self-tests as opposed to pro-
fessional use products, governments and donors signalled a
very low willingness to pay. As a result, public sector procure-
ment was largely frozen. A competitive market with several
manufacturers has driven down the cost of professional-use
HIV rapid diagnostic tests. While these issues apply to HIVST
kits, they also face further challenges as they must be
designed and packaged for self-test use, which incurs addi-
tional costs, and requires additional approvals and regulations.
Faced with the prospect of low margins, unclear approval
pathways, and limited concrete volumes, manufacturers
responded by minimizing investment and adapting professional
use products for self-testing. In addition, several suppliers with
promising products lacked deep experience operating in LMIC
markets [15].
Addressing the interlinked market, regulatory and policy

barriers that had inhibited HIVST product development
through a comprehensive approach was the goal of the Uni-
taid investment through the HIV Self-Testing AfRica (STAR)
Initiative.
This commentary provides a broad overview of the strate-

gies and achievements of the STAR Initiative in the introduc-
tion of HIVST in LMICs and the development of the HIVST
market and considers the remaining challenges for bringing
HIVST to scale.

2 | DISCUSSION

In 2015 Unitaid invested in a comprehensive effort to develop
the market for HIVST by:

1 Establishing the evidence for its safety, acceptability, feasi-
bility and scalability;

2 Creating an enabling environment with regards to norma-
tive guidelines, national policies, and regulatory frameworks
based on the foundation of research evidence;

3 Generating diverse demand through multiple distribution
channels adapted to the needs of priority populations and
create advocacy for additional financing; and

4 Accelerating market entry for suppliers at affordable and
sustainable prices.

This commitment resulted in the support of the five-year
“HIV Self-Testing in AfRica (STAR) Initiative” with Population
Services International (PSI) and a consortium of partners,
including London School of Hygiene and Tropical Medicine,
Liverpool School of Tropical Medicine, University College Lon-
don, and Society for Family Health (SFH) and the University of
Witwatersrand Reproductive Health and HIV Institute (Wits
RHI) in South Africa, initially in three Southern African countries
(Malawi, Zambia and Zimbabwe), expanding to include South
Africa, Lesotho and Swaziland in 2017 (Figure 1).

2.1 | Evidence framework for safety, acceptability,
feasibility and scalability

An increasingly strong set of evidence from a range of differ-
ent populations and settings, demonstrates that the
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implementation of HIVST is safe, acceptable and effective
when kits are used correctly, and can contribute to increased
HIV testing coverage [6,16,17].
The STAR Initiative partners worked collaboratively to iden-

tify, design and implement a research agenda to inform nor-
mative guidelines, the foundation upon which many national
health policies are based. This was a major turning point for
the creation of an enabling environment since most countries
would not adopt policies for HIVST and donors would not
invest in the product without these guidelines.
The agenda, which was in part funded by other partners,

included formative research and accuracy studies to establish
that HIVST was acceptable, safe, and could be correctly per-
formed by priority populations [18,19]. Further studies tested
user preferences and established simple distribution models
aimed at using HIVST for maximum public health impact
[18,20,21]. Data from these early distribution models
informed costing and cost-effectiveness studies to establish
the evidence for HIVST scalability and sustainability
[20,22,23]. This collaboration helped generate important
aspects of the evidence needed to inform WHO Guidelines on
HIVST and Partner Notification (i.e., HIVST normative guideli-
nes) published in December 2016, and the operational guid-
ance at country level that followed.

2.2 | Creating an enabling environment for national
policies, and regulatory frameworks

The STAR Initiative supported efforts to widely disseminate
the guidelines and contribute to national policy and strategy
development, informing HIVST roll-out across LMICs. As pol-
icy was being established, the STAR Initiative worked with
country governments in Southern Africa through technical
working groups (TWGs) to ensure that research was continu-
ously informing implementation. The TWGs were chaired by
MoHs and included representatives from the national regula-
tory bodies, WHO, in-country donors supporting national HIV
programmes, civil society and PLHIV advocacy and support
groups, as well as PSI and local research partners. To increase
knowledge-sharing across countries and stakeholders, and to
drive development of an enabling environment beyond STAR
countries, the STAR Initiative developed toolkits to guide
research design and HIVST implementation and met on a reg-
ular basis to share experiences. This included direct country
exchanges between STAR Initiative countries and other Afri-
can countries.
The STAR Initiative hosted a pivotal workshop in Nairobi in

April 2017, linked to a WHO regional guidelines workshop, to
share their HIVST implementation experience with MoH

The intervention logic: Impact of HIV Self-Testing

• In Southern and Eastern Africa only an estimated 76% of PLHIV know their status
• Inadequate testing coverage prevents PLHIV from receiving lifesaving treatments and risks further transmissions
• Current testing approach is low among certain population groups and slows down progress in closing the testing gap

Public 
health 
need

• Limited availability of quality assured HIVST products
• Lack of visibility on potential market size and concrete forecasts
• Lack of substantial demand at country level due to low awareness and limited knowledge to bridge gap between policy and 

implementation
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Figure 1. Unitaid-PSI HIV STAR Project: implementation for impact.
PSI, Population Services International; STAR, Self-Testing AfRica; PLHIV, people living with HIV; HIVST, HIV self-testing; LMIC, low- and middle-
income countries.
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representatives. This workshop provided the information nec-
essary to transform normative guidance into implementation
and led to a series of country implementation visits, catalysing
action across Africa such as MoH tours of STAR implementa-
tion projects to learn directly about challenges and successes
(e.g. eSwatini, Lesotho, Malawi, Uganda, and Zimbabwe). Bots-
wana and Mozambique HIVST policy adoption and/or pilots
were initiated as a result of this meeting. A number of West
African countries (e.g. Côte d’Ivoire, Mali, and Senegal) were
approved for funding by Unitaid through the ATLAS project to
pilot HIVST shortly after the workshop. Another workshop
was organised in Bangkok in collaboration with Unitaid, WHO
and UNAIDS in October 2018, to share evidence and experi-
ence with HIVST with governments and implementers from
13 countries in Asia and the Pacific including the launch of
the WHO strategic framework on HIVST [24] to accelerate
the introduction and scale-up of HIVST in this region [Meeting
report forthcoming].
To support the operationalization of policy, the STAR Initia-

tive provided technical assistance and held regional workshops
to clarify diagnostic regulatory frameworks and identify the
steps necessary to establish external quality assurance and
post-market surveillance systems for HIVST [25]. As a result,
targeted solutions were developed in each country and
included activities such as establishing medical device commit-
tees, defining responsibilities of regulatory bodies, introducing
laws to parliament for product oversight, and evaluating and
registering products. Harmonization of these regulatory pro-
cesses has been desired since the first diagnostic products
were introduced in Africa.
As a result of these efforts and advocacy, momentum

around HIVST is increasing and many additional countries
have indicated their interest in introducing HIVST.
As of July 2018, 59 countries now have policies explicitly
allowing HIVST, of which 28 are now fully implementing
[26]. In addition, 32 countries are actively piloting HIVST
[26].

2.3 | Generating diverse demand through multiple
distribution channels and advocacy for additional
financing

For a developed and sustainable market, demand for HIVST
products must be generated from end-consumers, MoHs and
donors. The STAR Initiative conducted in-depth research to
understand consumer preferences and provider perceptions
of HIVST and used this evidence to inform and refine the
design of eight facility- and community-based distribution
models in Malawi, Zambia and Zimbabwe [18,20]. In its first
two years, the STAR project showed that community-based
and partner-delivered HIVST can be an effective testing
approach with several advantages that complement conven-
tional options [26,27]. HIVST also demonstrated the ability to
reach those who are not currently accessing services, such as
first-time testers, and facilitated frequent re-testing, particu-
larly among those with high ongoing risk [28]. HIVST may also
improve efficiency and effectiveness of overburdened health
systems, by refocusing testing services and resources on
those with a reactive self-test result in need of confirmatory
testing, thereby increasing the efficiency of conventional test-
ing systems [29].

A concern about HIVST is the need to maximize rapid links
to confirmatory testing and antiretroviral therapy (ART) for
people with reactive tests, in addition to linking those with a
non-reactive test to appropriate and effective prevention ser-
vices, such as pre-exposure prophylaxis (PrEP) and voluntary
medical male circumcision (VMMC). Research and program-
matic data from STAR has demonstrated that HIVST offered
by community mobilizers can increase demand, motivation for
and uptake of VMMC [27]. In a community-based HIVST pro-
ject in Zimbabwe, demand for ART was significantly increased,
with survey data also showing that linkage to confirmatory
testing and ART initiation among those who tested positive
and were not previously on ART ranged between 30% and
46% six weeks after an HIVST campaign [30]. Assuming the
same level of ART initiation among those newly diagnosed,
HIVST is likely to result in additional 60,000 to 230,000
PLHIV receiving life-saving treatment annually from 2020 or
combined total of 110,000 to 460,000 (2019 to 2020), in
addition to significant linkage to appropriate prevention
options, including PrEP [28].
A review of evidence in sub-Saharan Africa, including evi-

dence from the STAR Initiative, indicates that delivery models
have had varying acceptability across different targets [29].
Additional evidence shows that the use of HIVST can be cost-
effective [31]. However, to maximize population health impact
within the budget available, HIVST needs to be targeted
based on the prevalence of undiagnosed HIV, likely HIV inci-
dence, and the overall costs of delivering this testing modality.
For example, with community-based HIVST likely to be cost-
effective if introduced for women having transactional sex and
adult men, provided that the undiagnosed HIV prevalence is
above 3% and when delivered through campaign distribution,
such as every five years [31].
Consistent engagement with MoH, Global Fund and PEP-

FAR through the routine dissemination of the STAR Initiative’s
findings allowed these key partners to integrate HIVST into
longer-term scale-up plans and funding, including within Global
Fund concept notes and PEPFAR country operational plans. In
2018, HIVST was included as a dedicated testing strategy in
PEPFAR country guidance and received a substantial funding
increase. Efforts are also underway to embed HIVST into
domestic health budgets and determine the most cost-effec-
tive way of delivering testing services, including HIVST. For
example, to enable the transition to domestic financing in
South Africa, the potential cost-savings of HIVST will be quan-
tified and incorporated into the HIVST investment case being
developed for the South African National Department of
Health.

2.4 | Accelerating market entry for suppliers at
affordable and sustainable prices

Without normative guidance, demand for HIVST kits was
weak, with uncertain forecasts ranging from 4 to 80 million
tests until 2016. To provide greater clarity on potential
demand, with funding from the Bill and Melinda Gates Foun-
dation (BMGF), PSI developed estimates of the size of the
HIVST market. PSI estimated that by 2020, the market would
reach either 3.3 to 5.7 million or 11 to 15 million tests per
year in nine African countries depending upon whether con-
servative or moderate assumptions were applied [15].
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Based on the “moderate scenario” of the Expanding Access
to HIVST report, which assumes that donors will invest to
support development of both public and private sector mar-
kets, the HIVST market size could be between 13 and 15 mil-
lion kits annually by 2020 [26]. Currently 99 countries had
included HIVST in procurement planning, representing more
than 85% of the global HIV burden. Preliminary estimates
based on these findings suggest HIVST is likely to result in at
least 200,000 to 500,000 additional PLHIV who will know
their status annually.
In order to ensure a high-quality supply of HIVST kits, regu-

lators and manufacturers needed to understand how HIVST
fits into the current regulatory structures. Under the STAR
Initiative, WHO worked to clarify the pre-qualification (PQ)
requirements with manufacturers. By leveraging the accuracy
and usability studies conducted in-country, PSI was able to
identify product and instruction changes needed to achieve
PQ or Global Fund/Unitaid Expert Review Panel for Diagnos-
tics (ERPD) approval and national registration for OraQuick®,
the only product with the evidence required to submit a dos-
sier at the time. Wits RHI simultaneously conducted studies in
South Africa to inform the WHO PQ submissions for several
HIVST products, including blood-based products. However, as
of 2016, significant gaps remained between the available evi-
dence for blood-based HIVST versus oral-fluid HIVST. This gap
had the potential to hinder diverse market supply. With the
support of BMGF, the STAR Initiative conducted consumer
usability studies on four blood-based HIVST products, optimiz-
ing instructions for use, and piloting the use of the most suit-
able blood-based HIVST products [32].
To improve the availability of information about the HIVST

market, Unitaid and WHO developed a series of HIVST land-
scape reports to inform demand, assist with product selection
and application, and incentivize supplier participation [26,33].
The landscape reports included a summary of the key evi-
dence to support the use of HIVST, the current state of
HIVST policy and regulation, and detailed information about
available and pipeline HIVST products. The landscape reports
also included information on HIVST demand.
Despite this progress towards international approvals, man-

ufacturers remain concerned that in some countries the regu-
latory process remains opaque, the responsible authorities for
the registration of HIVST products are still unclear, and even
with WHO PQ, in-country validation and registration are still
required. These complications add to the cost of doing busi-
ness for manufacturers and threaten the sustainability of
affordable prices for HIVST.

3 | REMAINING MARKET CHALLENGES

Despite this growing interest, however, the HIVST market is
still nascent and the current volumes are unlikely to be suffi-
cient to make the LMIC market healthy and attractive to mul-
tiple suppliers. Market conditions are further compounded by
continued ambiguity surrounding forecasting and regulatory
environments. High volumes of demand for HIVST kits, and
HIV testing in general, will be needed to establish the viable
market necessary for long term sustainability of HIVST.
Approximately 2.5 million HIVST kits were sold worldwide
between 2012 and 2017 [33]. In July 2018, the first global

HIVST forecast showed at least 5 million HIVST kits would be
procured by the end of 2018 and that with current donor and
private sector investments the market would reach nearly
20 million kits by 2020 [26].
Currently there are only two WHO prequalified HIVST

products, the INSTI HIV Self Test (bioLytical, Richmond,
British Columbia Canada) and the OraQuick HIV Self-Test
(OraSure Technologies), with others under review [34].
Through the Global Fund/Unitaid ERPD four other HIVST
products, all of which are blood-based, have also become avail-
able for use in the context of operational research and
demonstration projects [35].
While HIVST has been shown to be effective, the invest-

ment in additional testing is being scrutinized. In countries
where the first 90-90-90 target has been reached or nearly
attained, diagnosing the few people with HIV who do not
know their status may be challenging and costly. In countries
with slower progress towards achieving the first 90 target, a
major shift will be needed in the approach to testing to
improve effectiveness and efficiency in finding those with an
undiagnosed HIV infection. There is currently still lacking clar-
ity on how HIVST can fit and contribute to reaching the
remaining PLHIV in need of diagnosis and contributing to
uptake of prevention. Creating an investment case that is
country context specific is critical to the sustainability and
accelerated scale up of HIVST.
Notwithstanding these challenges, the prospects for the

HIVST market in LMICs have improved notably over the last
few years. This is due in no small measure to significant
investments committed by Unitaid and other partners, includ-
ing the BMGF and the Children’s Investment Fund Founda-
tion’s Charitable Support Agreement with OraSure (2017)
which reduced the price of the only WHO Prequalified pro-
duct to US$2 for 50 countries [36]. This agreement is only
valid for four years, and the price may increase if the requisite
volumes are not established and maintained by the end of the
term. An increase in demand and adoption as well as the pres-
ence of other affordable products will reduce this threat and
offer countries a choice in product selection based on the
preferences of different user populations.
Despite having a better understanding of how to deliver

HIVST and an increasing number of countries introducing it,
coverage remains low in comparison to the current need, and
this is due to limited awareness of users and providers. Both
the demand and supply for HIVST remain limited, hindering the
establishment of a healthy market with affordable products.
While the findings from the STAR Initiative have been suc-

cessful in motivating country governments and funding agen-
cies, the need for additional evidence of cost-effectiveness of
the different HIVST delivery models is critical to securing
increased scale-up funding. Likewise, there is the need to
demonstrate the impact of HIVST in enabling countries to
meet their HIV coverage targets as part of the UN 90-90-90
to make a compelling investment case. Increased effectiveness
of HIVST will require a balance between targeting delivery for
high testing coverage for new testers versus benefits from re-
testers. Such a balance is important to achieve efficiencies in
the health system because health services and resources will
be focused on confirmatory testing and linkage to treatment
while those with a negative test can be triaged to prevention
services [6].
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4 | CONCLUSIONS

The STAR Initiative has provided a strong foundation to
introduce HIVST, in LMICs, and allow for rapid scale-up
based on collection of multi-country evidence and rapid dis-
semination to inform policy and practice through national
TWGs, international workshops, and regulators and manufac-
turers fora. The increasingly strong evidence base has shown
that HIVST is preferred by many Africans to all other testing
modalities and can reach those who do not test and are at
high risk of HIV in LMICs. The market for HIVST is expand-
ing and national HIV programmes, with support from exter-
nal donors, are beginning to move beyond the policy and
pilot stage to scale up HIVST through multiple distribution
models. Ensuring an enabling environment with systems and
structures in place that are supportive of HIVST, having safe-
guards in place to keep inferior products out of LMIC mar-
kets, to prevent social harms, and effective targeting of low
cost models for HIVST distribution and linkage into preven-
tion and care services in high prevalence populations will
maximize the important potential for public health impact.
Together with sustained coordination and acceleration of
market development work outside of the Africa region,
HIVST can help address the testing gap and provide a
focused and cost-effective means to expand access to treat-
ment and prevention services.
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