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Potential population-level effects of HIV self-test
distribution among key populations in Céte d’lvoire, Mali,
and Senegal: a mathematical modelling analysis

Romain Silhol, Mathieu Maheu-Girou, Nirali Soni, Arlette Simo Fotso, Nicolas Rouveau, Anthony Vautier, Clémence Doumenc-Aidara,
Olivier Geoffroy, Kouassi Noel N'Guessan, Younoussa Sidibé, Odé Kanku Kabemba, Papa Alioune Gueye, Pauline Dama Ndeye,

Christinah Mukandavire, Peter Vickerman, Abdelaye Keita, Cheikh Tidiane Ndour, Joseph Larmarange, Marie-Claude Boily, on behalf of the
ATLAS Team*

Summary

Background During 2019-21, the AutoTest VIH, Libre d’accéder a la connaissance de son Statut (ATLAS) programme
distributed around 380000 HIV self-testing kits to key populations, including female sex workers, men who have sex
with men, and their partners, in Cote d'Ivoire, Mali, and Senegal. We aimed to estimate the effects of the ATLAS
programme and national scale-up of HIV self-test distribution on HIV diagnosis, HIV treatment coverage, HIV
incidence, and HIV-related mortality.

Methods We adapted a deterministic compartmental model of HIV transmission in Cote d'Ivoire, parameterised and
fitted to country-specific demographic, behavioural, HIV epidemiological, and intervention data in Céte d'Ivoire,
Mali, and Senegal separately during 1980-2020. We simulated dynamics of new HIV infections, HIV diagnoses, and
HIV-related deaths within scenarios with and without HIV self-test distribution among key populations. Models were
separately parameterised and fitted to country-specific sets of epidemiological and intervention outcomes (stratified
by sex, risk, age group, and HIV status, if available) over time within a Bayesian framework. We estimated the effects
on the absolute increase in the proportion of people with HIV diagnosed at the end of 2021 for the ATLAS-only
scenario and at the end of 2028 and 2038 for the HIV self-testing scale-up scenario. We estimated cumulative numbers
of additional HIV diagnoses and initiations of antiretroviral therapy and the proportion and absolute numbers of new
HIV infections and HIV-related deaths averted during 2019-21 and 2019-28 for the ATLAS-only scenario and during
2019-28 and 2019-38 for the HIV self-testing scale-up scenario.

Findings Our model estimated that ATLAS could have led to 700 (90% uncertainty interval [UI] 500-900) additional
HIV diagnoses in Cote d'Ivoire, 500 (300-900) in Mali, and 300 (50-700) in Senegal during 2019-21, a 0-4 percentage
point (90% UI 0-3-0-5) increase overall by the end of 2021. During 2019-28, ATLAS was estimated to
avert 1900 (90% UI 1300-2700) new HIV infections and 600 (400-800) HIV-related deaths across the three countries,
of which 38-6% (90% UI 31-8-48 - 3) of new infections and 70-1% (60-4-77 - 3) of HIV-related deaths would be among
key populations. ATLAS would avert 1-5% (0-8-3-1) of all HIV-related deaths across the three countries during this
period. Scaling up HIV self-testing would avert 16-2% (90% UI 10-0-23-1) of all new HIV infections during 2019-28
in Senegal, 5-3% (3-0-8-9) in Mali, and 1-6% (1-0-2-4) in Cote d’Ivoire. HIV self-testing scale-up among key
populations was estimated to increase HIV diagnosis by the end of 2028 to 1-3 percentage points (90% UI 0-8-1-9)
in Cote d'Ivoire, 10-6 percentage points (5-3-16-8) in Senegal, and 3 -6 percentage points (2-0-6-4) in Mali.

Interpretation Scaling up HIV self-test distribution among key populations in western Africa could attenuate
disparities in access to HIV testing and reduce infections and deaths among key populations and their partners.

Funding Unitaid, Solthis, the UK Medical Research Council Centre for Global Infectious Disease Analysis, the EU
European & Developing Countries Clinical Trials Partnership programme, and the Wellcome Trust.
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Introduction

HIV testing is the first stage of the HIV prevention and
care cascade; UNAIDS established a target of less than
5% of people living with undiagnosed HIV by 2025.!
However, a third of people living with HIV in western
Africa were undiagnosed in 2020,” hindering progress
towards HIV elimination. This large gap has been partly
attributed to low rates of diagnosis among key

populations, including female sex workers and men who
have sex with men** Key populations who are
disproportionally affected by HIV regularly experience
stigma and discrimination, which can result in less
frequent use of HIV-testing services than in the general
population.* HIV self-testing is a relatively new,
confidential testing method that has been proposed as
a possible solution to reduce diagnosis gaps® and as
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Research in context

Evidence before this study

Almost a third of people living with HIV in western Africa were
undiagnosed in 2020, yet the extent to which HIV self-testing
might improve coverage of HIV diagnoses and reduce new HIV
infections and HIV-related deaths in this region has not been
evaluated. We searched PubMed from database inception to
June 28, 2023, with the terms (“HIV” AND “self-test*") AND
"Africa*” and no language restriction; we identified no studies
estimating the population-level epidemiological effects of HIV
self-testing in western Africa. Several modelling analyses
suggest that HIV self-testing might have an important
epidemiological effect, but all focus on eastern and southern
Africa.

Added value of this study

We made the first evaluation of HIV self-testing in Cote d'lvoire,
Mali, and Senegal with a detailed and carefully calibrated
mathematical model. Our analysis provides novel evidence of

effective in reaching people who have never been tested
for HIV.® However, because of the anonymous nature,
characterisation of people who use self-testing Kkits,
measuring linkage to care, and evaluation of direct (ie, to
users) and indirect (ie, to non-users by averting chains of
transmission) effects of HIV self-testing on transmission
and morbidity are challenging.’

In western Africa, estimated prevalences of HIV-1 and
HIV-2 among adults in 2022 were relatively low in
Mali (0-9%) and Senegal (0-4%), but higher in
Cote d’Ivoire (2-2%). However, prevalences among key
populations are about ten times higher than national
averages in Senegal and Mali* and three times higher
than the national average in Cote d'Ivoire,” with clients
and partners of key populations estimated to have
acquired 28% of all new HIV infections in western and
central Africa in 2021.° These countries progressively
included outreach HIV prevention and testing
programmes, including point-of-care rapid testing,
among female sex workers early in their national plans
and among men who have sex with men from the
mid-2000s.™" Rates of HIV diagnosis are lower among
most key populations, particularly men who have sex
with men, than among the general population in these
countries.” Addressing the unmet testing needs of key

populations could increase population-level viral
suppression and reduce HIV infections and HIV-related
mortality.

In 2019, the global health initiative Unitaid"

implemented the AutoTest VIH, Libre d’accéder a la
connaissance de son Statut (ATLAS) programme through
a partnership with the non-governmental organisation
Solthis and the French National Research Institute for
Sustainable Development to address the diagnosis gap
and evaluate the potential effects of HIV self-testing in

the effects of the AutoTest VIH, Libre d'accéder a la connaissance
de son Statut programme, which distributed around

380000 HIV self-testing kits to female sex workers, clients of
female sex workers, and men who have sex with men during
2019-21. In all three countries, distribution of HIV self-tests to
key populations and their partners was estimated to improve
HIV diagnosis and to reduce new HIV infections and HIV-related
deaths.

Implications of all the available evidence

HIV self-testing can help meet prevention and treatment needs
of key populations, reduce inequities across population groups,
and reduce HIV morbidity and mortality. Distribution of HIV
self-testing kits among female sex workers, clients of female sex
workers, men who have sex with men, and their partners should
be scaled up in western Africa, where three-quarters of new HIV
infections occur in these populations.

Cote d’Ivoire, Mali, and Senegal.® The ATLAS programme
emphasised secondary distribution of HIV self-testing,
whereby key populations directly reached by the
programme could redistribute some of their HIV self-
testing kits to their sexual partners, clients, and peers.*
In addition to the distribution of around 380000 HIV
self-testing kits to people at increased risk of HIV during
2019-21 (of which 340000 were distributed through
activities focusing on female sex workers and men who
have sex with men) the programme included different
work packages to understand the practicality, costs, and
population-level effects of HIV self-testing, combining
population studies,”” qualitative studies,"*"* and economic
analyses,” and mathematical modelling.

Because of the challenges in empirically measuring the
effects of HIV self-testing due to its anonymous nature,
the potential population-level effects of HIV self-testing
on HIV infections in western Africa have not been
quantified.® We aimed to estimate the effects of the
ATLAS programme and of national scale-up of HIV self-
test distribution on HIV diagnosis, HIV treatment
coverage, HIV incidence, and HIV-related mortality
among key populations and the overall population in
Cote d'Ivoire, Mali, and Senegal.

Methods

Model design

For this modelling analysis, we adapted a deterministic
compartmental model of HIV transmission in
Cote d’Ivoire,” parameterised and fitted to country-
specific demographic, behavioural, HIV epidemiological,
and intervention data in Céte d’'Ivoire, Mali, and Senegal
separately during 1980-2020. The models were then used
to simulate the dynamics of new HIV infections, HIV
diagnoses, and HIV-related deaths within scenarios with
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and without HIV selfttest distribution among key
populations. Intervention effects were estimated by
comparing outcomes in scenarios with and without HIV
self-testing.

The models simulated an open, increasing population
stratified into eight groups: female sex workers, clients of
female sex workers, men who have sex with men who
reported sex only with male partners, men who have sex
with men who reported sex with male and female
partners, non-key-population female individuals at low
risk of HIV (ie, no or one partner per year), non-key-
population female individuals at intermediate risk of HIV
(ie, more than one partner per year), non-key-population
male individuals at low risk of HIV (ie, no, one, or two
partners per vyear), and non-key-population male
individuals at intermediate risk of HIV (ie, more than two
partners per year; appendix pp 1-8). We included four age
groups: 15-19 years, 20-24 years, 25-49 years, and
50-59 years. Individuals entered the sexually active
population at age 15 years and left it at age 59 years; they
could also leave the sexually active population
via background or HIV-related mortality. Immigration in
the age 25-49 years group was informed by demographic
data from 1998.2 HIV transmission could occur during
heterosexual non-commercial and commercial sex and
non-commercial sex between men (appendix pp 9-11).
We modelled HIV-1 and HIV-2 combined as most studies
do not differentiate between them and because data
suggest that more than 90% of people currently living
with HIV in western Africa live with HIV-1.?

People acquiring HIV progress through five infection
stages, from acute HIV to AIDS. We explicitly modelled
HIV diagnosis and linkage to treatment, including self-
testing, conventional testing, and confirmation tests after
reactive self-tests (appendix p 29). Diagnosed people
living with HIV could initiate antiretroviral therapy and
have reduced HIV-related mortality; the majority of
treated people living with HIV achieve viral suppression
and cannot transmit HIV.

HIV acquisition rates per person depended on annual
number of new partners and sex acts with or without
condoms, sexual mixing by risk or age group, HIV
prevalence, coverage of viral suppression among sexual
partners, and per-sexual-act probabilities of HIV trans-
mission (appendix pp 14-27). The model estimated
changes in intervention rates (ie, condom use, HIV
testing, and antiretroviral therapy) over time by risk and
age groups with available data from 1991 to 2020
(appendix pp 23-33). Future intervention rates remained
the same as the most recent data estimates, whereas
proportions of people living with HIV taking anti-
retroviral therapy with a suppressed viral load slowly
increased over time.

Data sources and model fitting
The models were separately parameterised and fitted to
country-specific sets of epidemiological and intervention

outcomes (stratified by sex, risk, age group, and HIV
status if available) over time within a Bayesian framework
(appendix pp 38-52). The fitting outcomes were age
distribution, HIV prevalence, annual number of new
HIV infections, annual number of HIV-related deaths,
incidence rate of HIV, proportion of people ever tested
for HIV, proportion of people ever diagnosed with HIV,
coverage of antiretroviral therapy and viral suppression,
annual number of conventional tests, and proportion of
conventional tests that were positive (appendix pp 64-98).
Most fitting outcomes were available for all countries and
risk groups, except for clients of female sex workers,
particularly in Mali.

Data informing demography were sourced from the
UN Population Division World Prospects,* whereas data
on most sexual behaviours (including sexual mixing),
trends in condom use, and HIV prevalence among non-
key populations were sourced from population-based
surveys from each country (appendix p 19). The relative
size of each key population and clients of female sex
workers varied across simulations to reflect hetero-
geneities in country-specific estimates (appendix p 10),
but were constant over time within simulations. The
sizes of the client population were estimated by trian-
gulating the estimated sizes of the population female sex
workers and the number of paid sex acts reported by both
clients and female sex workers.” As no client data were
available for Mali, we used estimates of the number of
sex acts paid for by clients in Cote d’Ivoire. Sexual
behaviours, trends in condom use, and HIV prevalence
among key populations were based on local surveys in
each country (appendix pp 19-20, 23-24, 4041, 45, 49).

Annual HIV testing rates and proportions of people
with HIV who had ever tested were mostly obtained from
secondary analyses of local population-based and key-
population surveys by age, sex, and HIV status, if
available (appendix pp 38-52). Proportions of all people
living with diagnosed HIV over time were based on
national UNAIDS Shiny90 model-based estimates,*
whereas self-reported knowledge of HIV status among
key populations was sourced from local surveys (appendix
pp 42, 47, 52). UNAIDS and key-population surveys
(appendix pp 42, 47, 52) informed annual numbers of
new HIV infections and HIV-related deaths, HIV
incidence-rate estimates, antiretroviral-therapy coverage
by sex, proportion of treated people living with HIV with
a suppressed viral load by sex over time, and annual
number and positivity of conventional tests. Biological
parameters and efficacy parameters for condom use and
antiretroviral therapy were sourced from published
literature (appendix pp 21-22).

We retained all simulations from original samples of
50 million parameter sets, sampled with Latin hypercube,
which agreed with prespecified data prior constraints
(ie, fitting targets obtained by expanding uncertainty
intervals around data points; appendix p 38). Subse-
quently, the 100 fitted simulations with the highest
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likelihood were identified for each country via the study
sample size in the likelihood calculation. The resulting
posterior parameter sets were used to simulate the
counterfactual scenario (ie, no HIV self-testing) and the
two HIV self-test distribution scenarios, which repre-
sented the most likely HIV self-testing distribution and
use during the modelled period (figure 1; appendix
pp 57-59). The ATLAS-only scenario represented HIV
self-testing distribution through ATLAS activities that
prioritised female sex workers and men who have sex
with men during 2019-21 only (appendix pp 52-61), with
no HIV self-testing distribution after January, 2022. The
HIV self-testing scale-up scenario represented the
ATLAS programme during 2019-21 plus further national
scale-up of HIV self-test distribution to female sex
workers and men who have sex with men, increasing
from January, 2022, onwards and assuming constant
numbers of kits distributed each year from 2025 on-
wards. The validity of each model was tested through
comparisons with country-specific empirical data.

Modelling analysis

We used ATLAS programmatic data on the number of
HIV self-ttesting kits distributed through activities
focusing on female sex workers and men who have sex
with men during 2019-21 and specific surveys estimating
the number of HIV self-testing kits received by risk

Distribution of HIV self-tests

Counterfactual
scenario: no HIV
self-tests distributed

ATLAS-only scenario:
programmatic data
during 2019-21, no

HIV self-testing
scale-up scenario:
programmatic data

during 2019-38 HIV self-test during 2019-21,
distribution during followed by increase
2022-38 then plateau of

distribution during
2025-38

Assumed use of HIV self-tests

« Secondary distribution—approximately 40% of kits were redistributed to
non-key populations

« 80% of self-test kits were used

« HIV self-test uptake was independent of history of testing and diagnosis;
people living with HIV taking antiretroviral therapy did not use self-tests

« 20-40% of self-tests replaced conventional tests

« HIV self-tests had 92% sensitivity and 99% specificity

v

Assumed linkage to care if HIV self-test was reactive
50% of reactive self-tests were followed by confirmatory tests
(ie, linkage to care)

If linked to care:
2 months from reactive self-test to confirmatory test
1 month from confirmatory test to initiation of antiretroviral therapy

Figure 1: Model assumptions of the counterfactual scenario, ATLAS-only
scenario, and HIV self-testing scale-up scenario

Assumptions were established via ATLAS programmatic data (appendix

pp 52-61), ATLAS studies,*”” and the literature (ie, proportion of tests used and
the sensitivity and specificity of tests; appendix pp 57-59).® ATLAS=AutoTest VIH,
Libre d'accéder a la connaissance de son Statut programme.

groups through secondary distribution and linkage to
care after a reactive self-test (appendix pp 52-61).”
Following current WHO guidelines,* a reactive HIV self-
test needs to undergo confirmatory testing through
conventional testing to be considered an HIV diagnosis.
The HIV self-testing scale-up scenario assumed that HIV
self-test distribution would reach our predefined target of
two self-tests distributed to 95% of eligible female sex
workers or men who have sex with men (ie, people
without HIV or untreated people living with HIV,
regardless of their awareness of HIV status, on the basis
of WHO recommendations of testing members of key
populations twice a year)” from 2025 onwards. This
plateau in number of tests distributed corresponded to
medians of 365000, 89000, and 103000 kits distributed
annually through female sex workers and men who have
sex with men in 2025 in Cote d’Ivoire, Mali, and Senegal,
respectively. After accounting for secondary distribution,
these data indicated that 0-8 kits were received per
eligible female sex worker in 2025 and 1-6 kits were
received per man who has sex with men in 2025
(appendix p 61). HIV self-tests among key populations
would comprise 48-7-86-9% of all tests (ie, HIV self-
testing and conventional tests) done by key populations
across countries in 2025, whereas HIV self-testing
among key populations and non-key populations
combined would comprise 6-9-15-2% of all HIV tests
done across countries in 2025.

We assumed that 80% of HIV self-tests distributed
were used with uniform use across population groups®
and, on the basis of ATLAS survey data, that 50% of
reactive self-tests were confirmed with conventional
testing and linked to care.” From programmatic data
from HIV testing services in Cote d’Ivoire and Senegal,
we assumed that 20% of ATLAS HIV self-tests replaced
conventional tests in Céte d’Ivoire, 30% replaced conven-
tional tests in Mali, and 40% replaced conventional tests
in Senegal.” HIV self-testing was assumed to have
92% sensitivity and 99% specificity.”

We estimated the effects of ATLAS and scale-up of HIV
self-test distribution on the absolute increase in the
proportion of people living with HIV diagnosed at the
end of 2021 for the ATLAS-only scenario and at the end
of 2028 and 2038 for the HIV self-testing scale-up
scenario. We estimated the cumulative numbers of
additional HIV diagnoses and initiations of antiretroviral
therapy and the proportion and absolute numbers of new
HIV infections and HIV-related deaths averted during
2019-21 and 2019-28 for the ATLAS-only scenario and
during 2019-28 and 2019-38 for the HIV self-testing
scale-up scenario. All estimates were calculated compared
with the counterfactual scenario. We included reductions
in the distribution of HIV self-testing kits during April to
June, 2020, due to the COVID-19 pandemic. We estimated
the change in median time from HIV infection to
diagnosis, or death if before diagnosis, between the HIV
self-testing scale-up and the counterfactual scenarios by
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calculating the median time from January, 2020, when
half of undiagnosed people with HIV would have become
diagnosed, assuming no new infections during the
period (appendix pp 62—63). We report median estimates
and 90% uncertainty intervals (Uls) of model estimates
on the basis of 100 posterior parameter sets.

As a sensitivity analysis, we assessed the influence of
key assumptions (eg, proportion of confirmed reactive
self-tests) of our HIV self-testing scale-up scenario on
new HIV infections and HIV-related deaths during
2019-28.

We used R version 4.1.2 for all analyses.

Role of the funding source

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

Results

Our model reproduced available empirical demographic,
epidemiological, and intervention data across risk groups
in each country fairly well (appendix pp 64-98), with
between 579 and 1550 simulations of the 50 million
agreeing with all prespecified fitting targets across
countries. However, data triangulation indicated
discrepancies between relatively low proportions of
people living with HIV estimated as self-reporting ever
having tested for or being diagnosed with HIV, and high
coverages of HIV treatment and viral suppression for the
same populations.” Similar to UNAIDS estimates, our
modelled national HIV prevalence was highest in
Cote d’'Ivoire, whereas prevalent HIV infections were
estimated to be more concentrated among key popu-
lations in Mali and Senegal (table). Cote d’Ivoire had a
smaller median proportion of people living with undiag-
nosed HIV among key populations (6-9%, 90% UI
4-4-11-4) than Mali (7- 2%, 4-9-12-1) and Senegal (42-8%,
27-2-60-0; appendix p 99).

ATLAS could have led to 700 (90% UI 500-900)
additional HIV diagnoses in Cote d'Ivoire, 500 (300-900)
in Mali, and 300 (50-700) in Senegal during 2019-21
compared with the counterfactual scenario, 80-8%
(82-1-92-3) of which were among key populations across
all three countries (figure 2A: appendix p 100) and
a 0-4 percentage point (0-3-0-5) increase overall by the
end of 2021. Overall coverage of HIV diagnosis at the end
of 2021 due to ATLAS was about 1-0 percentage point
higher than in the counterfactual scenario in Mali and
Senegal, and less than 0-2 percentage points (0-2-0-3)
higher in Céte d’Ivoire. Estimated increases in the
coverage of HIV diagnosis (ie, the proportion of people
living with HIV who are diagnosed) were larger among
key populations than among non-key populations
(figure 2A; appendix p 99) and were highest among men
who have sex with men, with a 4-6 percentage point
(90% UI 3-1-8-3) increase compared with the
counterfactual scenario in Céte d’Ivoire, a 5-7 percentage

Cote d'lvoire Mali

Senegal

Relative size of populations

Proportion of FSWs among all female
individuals

1-4% (0-9-1.9)

Proportion of clients of FSWs among
all male individuals

13-9% (8:4-18-4)

Proportion of MSM among all male 1-3% (0-9-1-6)

individuals
HIV prevalence in 2019

All female individuals 31% (2-7-3-9)

Proportion of people living with HIV with a diagnosed infection in 2019
777% (74-5-81-7)
58-3% (53-3-63-5)

All female individuals

All male individuals

MSM=men who have sex with men.

0-6% (0-4-0-9)

10-8% (5-1-18-1)

0-4% (0-2-0-5)

0-8% (0-6-1.0)

( (
All male individuals 1.9% (1-5-2-3) 0-5% (0-4-0-7
FSWs 9:5% (6:7-127) 9-6% (8-4-13-2)
Clients of FSWs 2:8% (1-9-4-3) 2:2% (1-4-3-8)
MSM 9-4% (6-2-133) 15:0% (10-7-18-7)

53-1% (51-2-57°5)
40-1% (35-0-47-0)

( (
FSWs 647% (56-4-72-8)  54-1% (41-2-65-9
Clients of FSWs 58.5% (53-5-64-2)  40-6% (33-4-49-0)
MSM 51-4% (39-4-572)  60-6% (49-4-68.9)

0-6% (0-5-0-8)
42% (2-6-7-2)

0-5% (03-0-9)

0-4% (0-4-0-5)
0-3% (0-2-0-4)
45% (2:6-7-4)
1.9% (1-1-3-6)
21-4% (15-4-27.7)

87-2% (83-6-90-0)
61-2% (56-2-67-7)
70-8% (58:3-80-0)
74:3% (64-1-82-2)
40-9% (30-2-53-2)

Data are median (90% uncertainty interval) of posterior distributions in January, 2019. FSWs=female sex workers.

in2019

Table: Model-based estimates of relative sizes of key populations, HIV prevalence, and HIV diagnosis

point (1-0-17-2) increase in Senegal, and a 9- 3 percentage
point (3-9-14-7) increase in Mali (figure 2A; appendix
p 104). Effects of ATLAS on initiations of antiretroviral
therapy were similar to effects on new diagnoses
(appendix p 101).

During 2019-28, ATLAS might avert 1900 (90% UI
1300-2700) new HIV infections and 600 (400-800) HIV-
related deaths across the three countries, of which 38-6%
(90% UI 31-8-48-3) of new infections and 70-1%
(60-4-77-3) of HIV-related deaths would be among key
populations and 17-8% (9-4-26-7) of new infections and
12-1% (8-6-19-2) of HIV-related deaths would be among
clients of female sex workers (figure 2B, C; appendix
p 100). Most new HIV infections and HIV-related deaths
averted by ATLAS in Senegal would be among men who
have sex with men (figure 2C). ATLAS was estimated to
avert 3-3% (90% UI 1-7-6-3) of all new HIV infections
in Senegal during 2019-28, 2-1% (1-1-3-7) in Mali,
and 0-4% (0-3-0-6) in Cote d'Ivoire. Furthermore,
ATLAS would avert 0-4% (0-3-0-6) of all HIV-related
deaths across the three countries during this period
(figure 2B). For the period 2019-28, the proportion of
new HIV infections and HIV-related deaths averted was
higher among men who have sex with men than in other
groups in all three countries, but also high among clients
of female sex workers in Mali (figure 2) due to a higher
number of kits having been distributed to their sexual
partners.

HIV self-testing scale-up among key populations was
estimated to increase HIV diagnosis by the end of 2028
to 1.3 percentage points (90% UI 0.8-1-9) in
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Figure 2: Estimated effects of the ATLAS-only scenario compared with the counterfactual scenario
(A) Coverage of HIV diagnoses at the end of 2021. (B) Estimated new HIV infections averted by ATLAS. (C) Estimated HIV-related deaths averted by ATLAS. Points
show the median of model estimates; error bars show the 90% uncertainty interval. ATLAS=AutoTest VIH, Libre d'accéder a la connaissance de son Statut

programme. FSW=female sex workers. MSM=men who have sex with men.

Cote d’Ivoire, 10-6 percentage points (5-3-16-8) in
Senegal, and 3-6 percentage points (2-0-6-4) in Mali.
Compared with the counterfactual scenario, the
estimated overall proportion of people living with
diagnosed HIV at the end of 2038 with HIV self-testing
scale-up increased more in Senegal (13-6 percentage
points, 90% UI 6-3-21-4) than in Mali (4-8, 2-5-9.7)

and Cote d’Ivoire (1-2, 0-7-2-0; figure 3; appendix
pp 99-104). The estimated proportion of men who have
sex with men living with diagnosed HIV at the end
of 2038 increased to 92-4% (88-4-95-2) with inter-
vention versus 59-0% (42-6-75-7) without intervention
in Mali, 91-3% (89-4-93-3) with intervention versus
62.9% (43-9-75-9) without intervention in Cote d’Ivoire,
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Figure 3: Estimated effects of the HIV self-testing scale-up scenario compared with the counterfactual scenario
(A) Estimated coverage of HIV diagnoses. (B) Estimated new HIV infections averted by scale-up of HIV self-tests. (C) Estimated HIV-related deaths averted by scale-up of
HIV self-tests. Points show the median of model estimates; error bars show the 90% uncertainty interval. FSW=female sex workers. MSM=men who have sex with men.

and 82-5% (79-6-86-3) with intervention versus
47-8% (25-9-62-6) without intervention in Senegal.
Among female sex workers, the estimated proportion
living with diagnosed HIV at the end of 2038
increased to 83-1% (76-7-87-7) in Coéte d'Ivoire
(vs 77-0% [66-8-84-0] in the counterfactual scenario),
74-0% (64-0-79-7) in Mali (vs 59-7% [44-5-74-0] in the
counterfactual scenario), and 80-0% (72-3-85-6) in

Senegal (vs 76-3% [62-7-83-4] in the counterfactual
scenario).

Overall median estimated time from infection to death
for people acquiring HIV in January, 2020, was longer for
male individuals than female individuals (figure 4) and
was longest for men who have sex with men. Scaling up
HIV self-testing was estimated to reduce time to
diagnosis by about 2 years among men who have sex
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with men in all three countries and 1-5 years among
female sex workers in Mali and Céte d’Ivoire (figure 4).
There was no estimated change for female sex workers in
Senegal due to high rates of conventional testing and the
low number of HIV self-testing kits distributed to them.

Scaling up of HIV self-testing was estimated to
avert 16-2% (90% UI 10-0-23-1) of all new HIV
infections during 2019-28 in Senegal, 5-3% (3-0-8-9) in
Mali, and 1-6% (1-0-2-4) in Cote d’'Ivoire. We predicted
20-28% of infections averted among men who have sex
with men and 2-5% among female sex workers. Effects
were two-fold larger among clients of female sex workers
because of greater increases in viral suppression among
their female partners (figure 3B; appendix pp 102-06).
2700 (90% UI 1600-4500) new HIV infections were
estimated to be averted during 2019-28 in Senegal,
2400 (1500-3400) in Céte d’Ivoire, and 1700 (900-3100) in
Mali, with approximately three-times more infections
estimated to be averted during 2019-38 (figure 3B).

HIV self-testing scale-up was estimated to avert less
than 5-5% (90% UI 3-2-9-4) of HIV-related deaths in
Senegal, 1-5% (0-8-2-7) in Mali, and 0-7% (0-4-1-3) in
Cote d’Ivoire during 2019-28 (figure 3C; appendix p 106).

Among men who have sex with men, scale-up was
estimated to avert a median of 13.2-18-4% of HIV-
related deaths in 2019-28 (appendix p 106); 2-7-8-8% of
deaths were averted mong female sex workers; less
than 1-5% were averted among clients of female sex
workers. Two-fold to three-fold more HIV-related deaths
were averted during 2019-38 (figure 3C; appendix p 106).

Substantial proportions of HIV infections were
estimated to be averted during 2019-38 among non-key
populations: 73-0% (90% UI 58-4-83-4) in Céte d'Ivoire,
71-6% (51-8-82-1) in Mali, and 40-4% (28-5-52-1) in
Senegal; and 12-59% of HIV-related deaths were averted
(appendix p 103). Sensitivity analysis (appendix
pp 107-09) showed little influence of variations in our
assumptions on the estimated proportions of new HIV
infections and HIV-related deaths averted by a scale-up
of HIV self-testing among key populations.

Discussion

Our modelling analysis suggests that the ATLAS pro-
gramme could have a sizeable effect on HIV infections,
HIV diagnoses, and HIV-related deaths in Céte d'Ivoire,
Mali, and Senegal considering the relatively small
number of HIV self-testing kits distributed. ATLAS could
have already resulted in hundreds of additional HIV
diagnoses among key populations during 2019-21 and
could avert around 4-9% of new HIV infections and HIV-
related deaths among men who have sex with men and
1-3% among female sex workers in the three countries
during 2019-38. In western Africa, national scale-ups of
HIV self-testing among key populations were estimated
not only to improve access to HIV testing, but also to
reduce inequity in coverage of HIV diagnosis and affect
HIV incidence in the overall population. Reduction of
current inequities in HIV response between key
populations and non-key populations was shown via the
estimated reduction in time from HIV acquisition to
diagnosis across key populations in all three countries,
especially in populations among whom diagnosis gaps
were the largest.

To our knowledge, ours is the first modelling analysis
to estimate the population-level effects of HIV self-
testing in western Africa. However, other modelling
analyses evaluated it in southern Africa,”** a region with
ten-fold higher HIV prevalence and where a lower
proportion of people with HIV are among key
populations. Our analysis shows differences in the
potential effects of an HIV self-test scale-up among key
populations across Cote d’'Ivoire, Mali, and Senegal due
to diversity in HIV epidemic contexts and existing
amounts of HIV diagnosis. The lower overall effect of
HIV self-test scale-up on HIV diagnosis, new infections,
and related deaths among key populations in Céte d’Ivoire
might be due to the higher overall HIV prevalence
among adults (2-2%) than in Mali and Senegal (<1-0%),
with many HIV infections occurring among non-key
populations and to smaller diagnosis gaps than in Mali
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(appendix p 99). This lower estimated effect in
Céte d’Ivoire contrasts with the highest estimated overall
effect of ATLAS in Senegal, where an increasing
proportion of all people living with HIV are estimated to
be men who have sex with men (16% in 2020 in our
study), who had suboptimal use of HIV testing and
could have benefited from substantial HIV self-test
distribution.

41-74% of averted HIV infections were estimated to
have occurred among non-key populations, despite these
populations receiving 40% of the HIV self-testing kits.
Estimated increases in HIV diagnosis among key
populations after HIV self-test distribution could also
have averted HIV-related deaths by lengthening life
expectancy due to a subsequent increase in coverage of
treatment and by averting HIV infections among key
populations and non-key populations as a result of
increases in population-level viral load suppression. The
estimated effects of HIV selftesting on new HIV
infections among men who have sex with men could
have been due to increases in their viral suppression that
translated to reductions in risk of acquiring HIV, as well
as their risk of transmitting it. By contrast, the effects
among female sex workers were around half that among
their  clients, potentially  because increasing
antiretroviral-therapy coverage among female sex
workers first needs to reduce HIV risk among clients
before subsequently preventing HIV among female sex
workers not living with HIV. Despite these differences,
the estimated effects of HIV self-testing were sizeable in
all three countries, suggesting that our conclusions are
generalisable to other countries in western Africa.

Our estimated time from HIV acquisition to diagnosis
of 4 years overall in Céte d’Ivoire, Mali, and Senegal was
similar to estimates published in 2021 for western Africa
(ie, 5 years).? However, variation across countries and
risk groups was large (ie, almost 2 years longer in Mali
than in Senegal and Cote d’'Ivoire and 1-1-2-3 times
longer among men who have sex with men than in non-
key populations across the three countries, especially
than among non-key-population women). These gaps in
HIV diagnosis support the need for alternative,
anonymous testing methods for key populations; scale-
up of HIV self-testing attenuated disparities in HIV
diagnosis by decreasing the time from infection to
diagnosis among men who have sex with men by up to
two-fold. However, ATLAS only reached clients of female
sex workers through secondary distribution of HIV self-
testing kits via female sex workers (appendix p 53),
which emphasises the need for specific HIV self-test
direct distribution strategies for clients of sex workers.

Our analysis has some limitations and highlights data
gaps in Céte d’Ivoire, Mali, and Senegal, especially
regarding clients of female sex workers, for whom no
population-size or HIV-prevalence estimates were
available in Mali and scarce data were available in the
other two countries. We addressed this lack of data for

clients of female sex workers by representing wider
uncertainty in HIV prevalence, diagnosis, and treatment
for this population and by using client sexual behaviour
data from Céte d’Ivoire. The number of HIV self-testing
kits distributed during scale-up were proportional to the
size of the key populations, thus our estimated effects of
HIV self-testing did not depend on uncertainties in size
estimates. ATLAS distribution data were available by
distribution channel, sex, and age, whereas data for
secondary distribution and linkage to care after
areactive self-test were characterised during anonymous
telephone surveys, from which participants might not
accurately reflect the population receiving the tests.””
However, our sensitivity analysis found a modest
influence of these possible biases on our estimated
effects. Furthermore, our model might have under-
estimated the total effects of ATLAS because we did not
include specific distribution channels focusing on
partners of people living with HIV, patients of clinics for
sexually transmitted infections (STIs), and people who
use drugs, who received only 12% of the kits distributed
(appendix p 52).* These populations are not necessarily
well characterised in terms of size or HIV prevalence
and diagnosis, and often overlap with our modelled key
populations (eg, the clients of female sex workers might
visit STI clinics). Moreover, our analysis relied on
mathematical models that simplify the dynamics of
transmission in populations but consider uncertainty in
data during their calibration. Although we included
reductions in the distribution of HIV self-testing kits
during April to June, 2020, due to the COVID-19
pandemic, changes in conventional testing during this
period were not modelled as routine programmatic data
from Cote d’Ivoire suggest that they might have been
few.”

Our analysis relied on comprehensive reviews of data
characterising past and current states of the HIV
epidemic and interventions in each of the three
countries, including integrated Dbiological and
behavioural surveillance surveys from 2020, while
integrating a comprehensive knowledge of HIV self-test
use in countries through programmatic and survey data
from the ATLAS programme and expertise from our
country partners and collaborators (appendix pp 110-12).
The number of kits distributed within our scale-up
scenario was based on WHO recommendations and
similar to country anticipated purchases during the
near future,” which allowed us to estimate the most
probable effects of HIV self-test distribution in each
modelled group. We triangulated information from
various outcomes and data sources, such as HIV testing
history or viral load suppression among people living
with HIV, and considered uncertainties in parameter
estimates and possible biases in data we wused
(eg, programmatic data), especially self-reported HIV
diagnosis, which is often under-reported due to social
desirability bias and HIV-related stigma.”? We believe
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these considerations increased the robustness of our
estimates. Increases in diagnosis coverage translated
into potential effects on onward transmissions, which
can only be estimated with mathematical models.
Finally, our sensitivity analysis explored the effects of
uncertainties in use of HIV self-testing and linkage to
care and suggested that our estimated effects were fairly
robust.

HIV self-testing has promise to increase diagnosis
coverage among key populations and their partners; our
analysis shows that its scale-up could substantially
reduce disparities in HIV diagnosis in western Africa by
reaching and improving health outcomes of hard-to-
reach populations, especially male key populations.”
Although more informed recommendations would be
obtained from further cost-effectiveness analyses, the
modest overall estimated effects of HIV self-testing scale-
up on new HIV infections, especially in Cote d’Ivoire and
Mali, suggest that distributing self-test kits to male
populations at increased risk of transmitting HIV, such
as clients of female sex workers, could improve the effect
of HIV self-test distribution and accelerate the decrease
in HIV incidence.

Contributors

MM-G and RS co-developed the HIV transmission model used for this
analysis, with input from M-CB and JL. MM-G and NS conducted data
reviews for each country, with additional support from the
representatives of each country (AK and CTN). CD-A, AV, PV, and CM
contributed to additional data used in model parameterisation and
calibration. Data collection for the AutoTest VIH, Libre d’accéder a la
connaissance de son Statut programme (ie, programmatic and survey
data) was coordinated by AV, CD-A, OG, NR, OKK, ASF, and JL. RS and
MM-G accessed and verified the data. RS wrote the first version of the
manuscript. MM-G, M-CB, PV, and JL made substantial contributions to
the interpretation of the results and edited the manuscript. ASF and
AV provided further contributions to the analysis description and
interpretation of the results. All authors had full access to all the data in
the analysis, reviewed manuscript drafts, read and approved the final
version of the manuscript, and had final responsibility for the decision
to submit for publication.

Declaration of interests
We declare no competing interests.

Data sharing

The data and R code that support the findings of this analysis are
available from the corresponding author upon reasonable request.

The mathematical model that contains aggregated HIV self-testing
distribution data from the programme can be obtained from the
corresponding author after approval of a proposal, whereas the data used
for model fitting are detailed in the appendix (pp 38-51).

Acknowledgments

This analysis was supported by Unitaid (grant number 2018-23 ATLAS)
through a collaborative agreement with Solthis. RS and M-CB received
funding from the Medical Research Council (MRC) Centre for Global
Infectious Disease Analysis (reference MR/R015600/1), jointly funded by
the UK MRC and the UK Foreign, Commonwealth & Development
Office (FCDO) under the MRC-FCDO concordat agreement, and are
also part of the European & Developing Countries Clinical Trials
Partnership programme supported by the EU. PV, M-CB, and MM-G
received funding from the Wellcome Trust (226619/Z/22/Z).

MM-G’s research programme is funded by a tier 2 Canada Research
Chair, the Canada Research Chairs Program, and the Canadian
Institutes of Health Research. We thank all the participants and the
operational field workers in Cote d’Ivoire, Mali, and Senegal.

References

1

10

1

12

13

14

15

16

17

18

19

UNAIDS. Prevailing against pandemics by putting people at the
centre—World AIDS Day report 2020. 2020. https://
aidstargets2025.unaids.org/assets/images/prevailing-against-
pandemics_en.pdf (accessed Feb 12, 2022).

Gigueére K, Eaton JW, Marsh K, et al. Trends in knowledge of HIV
status and efficiency of HIV testing services in sub-Saharan Africa,
2000-20: a modelling study using survey and HIV testing
programme data. Lancet HIV 2021; 8: €284-93.

Ekouevi DK, Bitty-Anderson AM, Gbeasor-Komlanvi FA, Coffie AP,
Eholie SP. HIV self-testing: the key to unlock the first 90 in west
and central Africa. Int J Infect Dis 2020; 95: 162-66.

Stannah |, Dale E, Elmes ], et al. HIV testing and engagement with
the HIV treatment cascade among men who have sex with men in
Africa: a systematic review and meta-analysis. Lancet HIV 2019;

6: €769-87.

Witzel TC, Eshun-Wilson I, Jamil MS, et al. Comparing the effects
of HIV self-testing to standard HIV testing for key populations:

a systematic review and meta-analysis. BMC Med 2020; 18: 381.

Kra AK, Fotso AS, N’Guessan KN, et al. Can HIV self-testing reach
first-time testers? A telephone survey among self-test end users in
Cote d'Ivoire, Mali, and Senegal. BMC Infect Dis 2023;

22 (suppl 1): 972.

Fotso AS, Kra AK, Maheu-Giroux M, et al. Is it possible to recruit
HIV self-test users for an anonymous phone-based survey using
passive recruitment without financial incentives? Lessons learned
from a pilot study in Cote d’'Ivoire. Pilot Feasibility Stud 2022; 8: 4.
République du Sénégal. Enquete combinee chez les hommes ayant
des rapports sexuels avec des hommes (HSH). Dakar, Senegal:
Ministry of Health of Senegal, 2017,

République de Cote d'Ivoire. Enquéte bio-comportementale et
cartographique en direction des travailleuses de sexe dans cinq
localités de la Cote d’'Ivoire: Katiola, Yamoussoukro, Soubré,
Aboisso, Agboville. 2020. https://cdn.prod.website-files.com/63ff2c1
bed17e622bce9c2ea/648815b6d1c4f8eee12fb525_Rapport%20
IBBS%20TS%202019-2020.pdf (accessed Jan 7, 2022).

UNAIDS. In danger: UNAIDS global AIDS update 2022. 2022.
https://www.unaids.org/sites/default/files/media_asset/2022-
global-aids-update-summary_en.pdf (accessed Sept 12, 2022).
République de Cote d'Ivoire. Plan stratégique national de lutte
contre le VIH/SIDA 2006-2010. 2006. https://www.gouv.ci/
autresimages/programme_national_de_lutte_mssisa140507.pdf
(accessed Oct 18, 2020).

République du Mali. Cadre stratégique national de lutte contre le
VIH/SIDA 2006-2010. 2006. https://extranet.who.int/
countryplanningcycles/sites/default/files /planning_cycle_
repository/mali/hiv_plan_mali.pdf (accessed April 15, 2022).
Stannah J, Soni N, Lam JKS, et al. Trends in HIV testing, the
treatment cascade, and HIV incidence among men who have sex
with men in Africa: a systematic review and meta-analysis.

Lancet HIV 2023; 10: €528-42.

Unitaid. Introducing and promoting HIV self-testing in west Africa.
2022. https://unitaid.org/project/introducing-and-promoting-hiv-
self-testing-in-west-africa/#en (accessed April 15, 2022).

Rouveau N, Ky-Zerbo O, Boye S, et al. Describing, analysing and
understanding the effects of the introduction of HIV self-testing in
west Africa through the ATLAS programme in Céte d'Ivoire, Mali
and Senegal. BMC Public Health 2021; 21: 181.

Ky-Zerbo O, Desclaux A, Boye S, et al. “I take it and give it to my
partners who will give it to their partners”: secondary distribution of
HIV self-tests by key populations in Cote d’'Ivoire, Mali, and
Senegal. BMC Infect Dis 2023; 22 (suppl 1): 970.

Fotso AS, Johnson C, Vautier A, et al. Routine programmatic data
show a positive population-level impact of HIV self-testing: the case
of Cote d’Ivoire and implications for implementation. AIDS 2022;
36: 1871-79.

Boye S, Bouaré S, Ky-Zerbo O, et al. Challenges of HIV self-test
distribution for index testing when HIV status disclosure is low:
preliminary results of a qualitative study in Bamako (Mali) as part
of the ATLAS project. Front Public Health 2021; 9: 653543.

d’Elbée M, Traore MM, Badiane K, et al. Costs and scale-up costs of
integrating HIV self-testing into civil society organisation-led
programmes for key populations in Céte d’Ivoire, Senegal, and
Mali. Front Public Health 2021; 9: 653612.

www.thelancet.com/hiv  Published online July 8, 2024 https://doi.org/10.1016/52352-3018(24)00126-7



Articles

20

21

22

23

24

25

26

27

Cambiano V, Johnson CC, Hatzold K, et al. The impact and cost-
effectiveness of community-based HIV self-testing in sub-Saharan
Africa: a health economic and modelling analysis. J Int AIDS Soc
2019; 22 (suppl 1): €25243.

Maheu-Giroux M, Vesga JF, Diabaté S, et al. Changing dynamics of
HIV transmission in Céte d’Ivoire: modeling who acquired and
transmitted infections and estimating the impact of past HIV
interventions (1976-2015). | Acquir Immune Defic Syndr 2017,

75: 517-27.

Zanou B. Théme 2: migrations. In: Rapport d’analyse du
recensement général de la population et de I'habitation—1998.
Abidjan, Céte d'Ivoire: République de Céte d'Ivoire, 2001: 32-111.
Williams A, Menon S, Crowe M, et al. Geographic and population
distributions of human immunodeficiency virus (HIV)-1and HIV-2
circulating subtypes: a systematic literature review and meta-
analysis (2010-2021). J Infect Dis 2023; 228: 1583-91.

UN Population Division. World population prospects 2022. 2022.
https://population.un.org/wpp/ (accessed July 3, 2024).

Coté AM, Sobela F, Dzokoto A, et al. Transactional sex is the driving
force in the dynamics of HIV in Accra, Ghana. AIDS 2004;

18: 917-25.

Maheu-Giroux M, Marsh K, Doyle CM, et al. National HIV testing
and diagnosis coverage in sub-Saharan Africa: a new modeling tool
for estimating the ‘first 90’ from program and survey data. AIDS
2019; 33 (suppl 3): S255-69.

Larmarange J. Self-testing, empowerment and self-care:
perspectives from lessons learned in implementing HIV self-testing
in west Africa. 2022. https://www.solthis.org/wp-content/
uploads/2022/07/atlas_aids_2020_larmarange.pdf (accessed

Sept 29, 2022).

28

29

30

31

32

33

34

35

WHO. Consolidated guidelines on HIV testing services. 2019.
https://www.who.int/publications/i/item/978-92-4-155058-1
(accessed Oct 29, 2020).

WHO. Consolidated guidelines on HIV prevention, testing,
treatment, service delivery and monitoring: recommendations for

a public health approach. 2021. https://www.who.int/publications/i/
item/9789240031593 (accessed Jan 15, 2022).

Choko AT, MacPherson P, Webb EL, et al. Uptake, accuracy, safety,
and linkage into care over two years of promoting annual self-
testing for HIV in Blantyre, Malawi: a community-based prospective
study. PLoS Med 2015; 12: €1001873.

US Food and Drug Administration. Information regarding the
OraQuick in-home HIV test. 2020. https://www.fda.gov/vaccines-
blood-biologics/approved-blood-products/information-regarding-
oraquick-home-hiv-test (accessed Nov 4, 2021).

Soni N, Giguere K, Boily MC, et al. Under-reporting of known HIV-
positive status among people living with HIV: a systematic review
and meta-analysis. AIDS Behav 2021; 25: 3858-70.

Jamieson L, Johnson LF, Matsimela K, et al. The cost effectiveness
and optimal configuration of HIV self-test distribution in South
Africa: a model analysis. BM] Glob Health 2021;

6 (suppl 4): €005598.

Cambiano V, Ford D, Mabugu T, et al. Assessment of the potential
impact and cost-effectiveness of self-testing for HIV in low-income
countries. J Infect Dis 2015; 212: 570-77.

UNAIDS. End inequalities. End AIDS. Global AIDS strategy
2021-2026. 2021. https://www.unaids.org/en/Global-AIDS-
Strategy-2021-2026 (accessed Aug 27, 2021).

www.thelancet.com/hiv Published online July 8,2024 https://doi.org/10.1016/52352-3018(24)00126-7

11



	Potential population-level effects of HIV self-test distribution among key populations in Côte d’Ivoire, Mali, and Senegal: a mathematical modelling analysis
	Introduction
	Methods
	Model design
	Data sources and model fitting
	Modelling analysis
	Role of the funding source

	Results
	Discussion
	Acknowledgments
	References


