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Abstract
Introduction: Malawi is rapidly closing the gap in achieving the UNAIDS 95-95-95 targets, with 90% of people living with HIV
in Malawi aware of their status. As we approach epidemic control, interventions to improve coverage will become more costly.
There is, therefore, an urgent need to identify innovative and low-cost strategies to maintain and increase testing coverage
without diverting resources from other HIV services. The objective of this study is to model different combinations of facility-
based HIV testing modalities and determine the most cost-effective strategy to increase the proportion of men and youth
testing for HIV.
Methods: A data-driven individual-based model was parameterized with data from a community-representative survey (socio-
demographic, health service utilization and HIV testing history) of men and youth in Malawi (data collected August 2019). In
total, 79 different strategies for the implementation of HIV self-testing (HIVST) and provider-initiated-testing-and-counselling
at the outpatient department (OPD) were evaluated. Outcomes included percent of men/youth tested for HIV in a 12-month
period, cost-effectiveness and human resource requirements. The testing yield was assumed to be constant across the sce-
narios.
Results: Facility-based HIVST offered year-round resulted in the greatest increase in the proportion of men and youth tested
in the OPD (from 45% to 72%–83%), was considered cost-saving for HIVST kit priced at $1.00, and generally reduced
required personnel as compared to the status quo. At higher HIVST kit prices, and more relaxed eligibility criteria, all sce-
narios that considered year-round HIVST in the OPD remained on the cost-effectiveness frontier.
Conclusions: Facility-based HIVST is a cost-effective strategy to increase the proportion of men/youth tested for HIV in
Malawi and decreases the human resource requirements for HIV testing in the OPD—providing additional healthcare worker
time for other priority healthcare activities.
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1 INTRODUCT ION

Among Malawian people living with HIV, 90% knew their sta-
tus, 87% of those who knew their status were on treat-
ment and 92% of those on treatment had achieved viral
suppression—rapidly closing the gap in achieving the UNAIDS
95-95-95 by 2025 targets [1]. However, these successes are
inconsistent across sub-populations with groups like men and
youth showing disparities in the treatment cascade [2, 3].

Innovative strategies are needed to address these dispari-
ties; however, effective interventions become more costly as
we approach epidemic control [4]. There is an urgent need
to identify strategies to maintain and increase testing cover-
age to close the final testing gap for men and youth without
diverting resources from other HIV services.

Routine HIV testing often misses men and youth in Malawi
[5]. Men are often missed as their frequent entry point
into health facilities—outpatient departments (OPDs)—rarely
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results in routine provider-initiated-testing-and-counselling
(PITC), unlike family planning or antenatal entry points fre-
quented by women [6, 7]. Thus, for men, accessing testing
often requires more effort and greater indirect costs (e.g.
through missed income) [8]. One novel strategy to improve
testing coverage in OPD is HIV self-testing (HIVST), whereby
individuals conduct and interpret their own HIV test [9].
Clients who disclose a reactive HIVST result are then referred
for professional-use testing following the national testing algo-
rithm. HIVST is a promising strategy for scale-up in Malawi
and across similar settings due to its simple procedure, low
staffing requirements, high uptake and acceptability among
men and youth, and low risk for adverse events [10]. Among
outpatients in Malawi, facility-based HIVST has proven to
increase testing coverage compared to PITC [11]. Facility-
based HIVST may also be less costly and more effective
than community-based self-testing strategies, as both men
and youth do attend health facilities, and more specifically,
OPD [6, 12]. Thus, a combination of HIVST and PITC within
OPD could vastly increase testing coverage in Malawi and
other similar settings, without incurring substantial additional
cost.

Only a handful of studies have evaluated the impact of
facility-based HIVST, and most are implemented over a brief
time period [13, 14]. It is possible that there is a reduc-
tion in the effectiveness of a facility-based HIVST strategy
as the population to be tested saturates. Additionally, these
trials did not assess the proportion of community members
likely to benefit from a facility-based HIVST strategy, leaving
a critical gap in understanding the potential reach of facil-
ity HIVST at the population level. Fortunately, our recent
community-representative survey of men and youth in Malawi
has demonstrated that, while the proportion of men and
youth who tested for HIV in the past year is relatively low
(45%), the majority of those surveyed had visited a health
facility in the past year (82%) as either a client (61% of vis-
its) or a guardian (to support the healthcare of others) (39%
of visits) [6]. Most attended OPD (84% of visits) [6]. This
indicates that a facility-based testing strategy, with sufficient
coverage of attendees, would improve community-level testing
among men and youth since most individuals regularly attend
facilities.

Through the creation of a data-driven individual-based
model, parameterized with survey data of a community-
representative survey of men and youth in Malawi, we mod-
elled the impact of using facility-based HIV testing modalities
to determine the most cost-effective strategy to increase the
proportion of men and youth testing for HIV.

2 METHODS

2.1 Study population

This individual-based simulation model was parameterized
using the results of a community-representative survey of
1180 Malawian men (ages 15–64 years) and 300 young
women (ages 15–24 years). The survey was conducted from
August to October 2019 across 36 randomly selected villages
in Central and Southern Malawi using a multi-staged sampling
design. The parent study was designed to assess utilization of

facility-based health services over the past 2 years, offer and
uptake of HIV testing services, reasons for testing or not and
willingness to use an HIV self-test. Additional details regard-
ing the parent study have been published elsewhere [6].

Eligibility criteria included: (1) aged 15–64 years for men
or aged 15–24 for women; (2) current resident of the par-
ticipating village; and (3) spent >15 nights within the village
in the past 30 days. Those who self-reported as ever testing
HIV positive were excluded since they fall outside the target
population for HIV testing strategies. Random selection was
stratified by village (n∼45 per village, although some villages
had fewer than 45 men due to small village size) and age cat-
egories: young men (15–24 years, n = 300); middle-aged men
(25–39 years, n = 425); older men (40+ years, n = 425); and
young women (15–24 years, n = 300).

2.2 Model development

Characteristics were assigned to each individual in the model
using survey results (n = 1480). Characteristic variables
included age, sex and numerous questions regarding facil-
ity attendance history, such as the date and reason for the
visit, whether HIV testing was offered and/or accepted, and
whether the visit was as a client or a guardian. Therefore,
each simulation reflects the demographics, patient journey
and HIV testing history of individuals from this community
representative survey. This allows us to understand the likely
result of different facility-based HIV testing strategies at dif-
ferent times. The simulations were scaled by a factor of
100 to aid interpretability for a total simulated population of
148,000.

2.3 Facility attendance history

Survey data included facility attendance dates for the four
most recent visits within the past 4 years (whether as client
or guardian), as well as the total number of visits over a 24-
month period prior to the survey. Given likely recall bias for
visits >12 months ago, this analysis only included visits within
the last 12 months. For every visit date assigned, the visit
reason, whether the visit was as a client or a guardian, was
recorded and assigned to the individual in the model. The indi-
vidual simulations were programmed in MATLAB v9.7 (Natick,
MA).

2.4 Human resource calculations

We estimated the number of healthcare worker hours
required to implement each facility-based testing scenario
(time required per test reported in Table 1). Calculations were
based on the staff time required to complete all tests within
a given month, assuming an equal distribution of tests across
all weekdays. Using different algorithms for PITC and HIVST,
the total person time, and subsequent daily staff require-
ment, was determined for each scenario assuming 6 hours
of patient–provider interaction per day per staff member and
21.5 working days per month. The number of healthcare
workers required in the month of peak testing was then cal-
culated to ensure that the described staff requirements would
be sufficient for all months under consideration. The PITC and
HIVST staff time algorithms are described below.
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Table 1. Key HIV testing cost and resource assumptions [14, 15]

Resource Assumption

Key resource assumptions

Personnel (health diagnostic assistant) time

HIV-negative PITC 20 minutes

HIV-positive PITC 50 minutes

HIV-negative HIVST 3–6 minutesa

HIV-positive HIVST 53–56 minutesb

Key cost assumptions

Personnel cost Unit Unit cost

Health diagnostic assistant salary Monthy $117.30

HIV test kit costs Unit Unit cost

Determine (first PITC test) Test $0.80

Unigold (confirmation PITC test) Test $1.00

HIV self-test kit

Low Test $1.00

Medium Test $1.40

High Test $1.80

All-inclusive cost per testc

Provider testing (all-inclusive cost) Unit Unit cost

PITC positive Test $2.70

PITC negative Test $1.46

HIV self-testing (all-inclusive cost) Base case Medium Low

HIVST positive Test $4.56 $4.16 $3.76

HIVST negative Test $1.86 $1.46 $1.06

aDepending on the size of group for HIV self-test demonstration.
bTime for testing negative HIV self-test plus time for testing positive in the provider-initiated-testing-and-counselling algorithm.
cIncludes additional consumables, equipment and overhead [14, 15].

2.5 PITC staff time

It was assumed that each negative and positive HIV test
requires 20 and 50 minutes of staff time, respectively [15].
Overall, PITC staff time was taken as the summation of
person-time for the number of positive and negative PITC
tests assigned to the cohort across the 12 months. From the
community representative survey, 15% of individuals refused
PITC HIV testing when offered. This was assigned during sim-
ulations where it was assumed that individuals of this group
would not be successfully tested by PITC [6].

2.6 HIVST staff time

Self-testing scenarios assumed an implementation through
group information sessions, each hosted by one staff member,
followed by self-test kit distribution. Sessions were assumed
to consist of a 30-minute HIVST demonstration, 10 min-
utes for questions and an additional 2 minutes of test kit
distribution per individual in the group [14]. We ranged the
number of HIVST demonstrations and question sessions per
day between 2 and 6, with their person-time divided by the
daily average number of people tested that respective month.
The test kit distribution time was multiplied by the average
number of people testing across the month. Those who tested
positive with HIVST were then assumed to enter the PITC
testing algorithm and, therefore, an additional 50 minutes of

testing person-time was required. For HIVST scenarios, 86%
of adult men, 88% of young men and 88% of young women
were assumed to accept an HIVST based on the community
survey. We assumed that HIVST refusers were offered a test
through PITC, with 96% of these individuals accepting PITC
[6].

2.7 Testing scenarios

We considered a set of scenarios to review the impact of
different facility-based testing interventions. These scenar-
ios were based on implementation practices of both PITC
and facility-based HIVST pathways. A key limitation of rely-
ing on PITC for facility-based testing is severalfold: relying on
providers to implement PITC per guidelines (offer HIV test-
ing at every visit), and the personnel required to implement
these guidelines. Facility-based HIVST, as implemented to date
[16], has taken advantage of the long queues that are typi-
cally present to access health services in Malawi. While queu-
ing for healthcare, individuals can opt to self-test in private
areas of the healthcare clinic, and subsequently discuss their
test results with their providers. This method of facility-based
HIVST has shown high levels of linkage to care compared to
other HIVST methods [12, 14].

Therefore, the scenarios included variations of the
following:
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1. Varying coverage of standard (professional use) PITC and
HIVST from 5% to 90%

2. Targeted to OPD clients, guardians or both

3. Targeted to different periods (3 months with highest
OPD volume, 9 months with low OPD volume or full 12
months)

A set of 79 mutually exclusive intervention combinations
of the above three factors were considered (Table 2). Assign-
ment of tests at each coverage level was performed using ran-
dom number generation. For example, a baseline client cov-
erage of 50% PITC would be the percentage of all visits, at
random, that clients were offered PITC. Scenarios consider
how adapting testing from baseline may impact the number
of positive HIV individuals identified and the associated costs.
The final number of people tested is the number offered tests
multiplied by the uptake of testing at the individual level,
parameterized from the community survey. Scenarios where
just 3 months were targeted for intervention were evalu-
ated to test whether a more parsimonious testing algorithm
could result in a similar number of people being diagnosed. In
Malawi, there is typically a 3-month period each year with an
increase in OPD visits due to influenza infections or malaria,
and these HIV testing scenarios reflect implementation during
this time. For the full facility-based HIVST scenarios, where
HIVST is offered year-round, we also assessed different cri-
teria for eligibility to test (defined as no criteria and 12+
months, 6+ months and 3+ months since the last test). These
screening criteria limit or allow repeat testing for those who
previously self-reported a negative test result.

Within the model design and for each scenario, there are
noted elements which used randomization to assign tests to
visits. As such, to achieve a better overview of what a typical
implementation may look like, each scenario was iterated 100
times and the average results for all iterations were exported
for analysis.

2.8 Scenario costing and cost-effectiveness
analysis

To calculate the total costs for each scenario, we accounted
for the full cost of test kits, including professional-use tests
prescribed by Malawi’s HIV testing algorithm, Determine HIV
1/2 (Alere), Uni-Gold HIV (Trinity Biotech) and OraQuick
HIVST (OraSure), staff time, consumables and overhead esti-
mated from previous work [14, 15]. The unit costs for posi-
tive and negative tests by modality are presented in Table 1.
To determine cost-effectiveness, we calculated the incremen-
tal cost-effectiveness ratio of each scenario at different HIVST
kit prices—given that the kit price can affect the order of sce-
narios on the cost-effectiveness frontier. To enable compara-
bility to the literature, we define effectiveness as individu-
als newly diagnosed with HIV [15, 16]. We have set a con-
stant 2.5% testing yield, as seen in the community survey and
facility-based HIVST trial, across scenarios to enable the use
of this outcome measure [14]. We considered standard PITC
costs and three different price points for HIVST kit to reflect
the shifting market: $1.80 (base case), $1.40 and $1.00 per
test kit. Testing scenarios that are on the cost-effectiveness

frontier are reported separately. Costs are reported in 2018
USD collected as part of a previous facility-based HIVST trial
in Malawi [14, 15].

2.9 Ethics

The National Health Sciences Review Committee of Malawi
(number 2338) and the University of California Los Ange-
les Institutional Review Board (number 20–001606) approved
the study activities. All eligible individuals completed a writ-
ten informed consent form immediately following screening
procedures. For individuals between 15 and 18 years of age,
guardians provided written consent.

3 RESULTS

Of the 79 scenarios tested, 61 increased the proportion of
men and youth tested in the past year compared to the base-
line PITC scenario (in which PITC is offered at approximately
50% of visits) (Table 3). The scenario that had the greatest
increase in the proportion of men and youth tested was sce-
nario 8, offering facility-based HIVST all 12 months to both
clients and guardians (and offering PITC to those who refuse
HIVST, regardless of time since the last HIV test), resulting
in as much as a 79% increase in those tested within the
past 12 months, from 46% baseline to 83% testing coverage.
The next most effective scenario (scenario 4) was PITC for
clients and guardians at high coverage levels (>40% cover-
age) for 9 months of the year combined with three high OPD
volume months of facility-based HIVST for men and youth
clients and their guardians—resulting in up to a 77% increase
in proportion tested (46% baseline to 81% tested within 12
months). High levels of PITC coverage (>40%) for both clients
and guardians year-round (scenario 2) can result in a simi-
lar proportion of men and youth tested—as compared to a
facility-based HIVST scenario (scenario 8); however, PITC-only
scenarios with high coverage also require large increases in
personnel cost to administer additional tests (up to a 174%
increase).

Among the HIVST-only scenarios, only testing those not
tested in the past 12 months (Ministry of Health guidelines)
would reduce testing coverage to 74% of individuals being
tested within a 12-month window (vs. 83% with no restric-
tions). The reduction is largely due to when individuals’ visit
health facilities and not returning after they would become
eligible for testing (i.e. >12 months since the last test). Lim-
iting testing to those who have not been tested in the past 6
months increased the proportion tested to 81% of individuals
getting tested within a 12-month window. There was limited
marginal gain when further loosening testing eligibility criteria
(82% and 83% of people tested when limiting testing to those
who have not tested in the past 3 months and with no time
restrictions on past testing, respectively).

At the highest HIVST kit price ($1.80), the only cost-saving
scenario was where PITC covers 10% of all OPD client visits
at random (for clients and guardians) and increases to 60%
of all visits receiving PITC at random during the highest vol-
ume 3 months of the year (scenario 3, Table 4 and Figure 1).
The subsequent four scenarios on the cost-effectiveness fron-
tier were all variations of scenario 8 (i.e. 12 months of HIVST
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Table 4. Testing scenarios that are on the cost-effectiveness frontier at different levels of HIVST kit price

Scenario

Percent of

visits

covered

with PITC

Person

targeted

PITC

HIVST

Number of

months

implemented

Person

targeted

HIVST Total cost

Total

positives

identifieda

Incremental

cost-

effectiveness

ratio

Price of HIVST

kit= $1.80

3 10%/60% Both – – $1,67,741 2095 Cost-saving

1 50% Client – – $1,72,407 2011 Baselineb

8 0% N/A 12 Bothc $2,13,407 3269 $39

8 0% N/A 12 Bothd $3,03,550 3591 $262

8 0% N/A 12 Bothe $4,11,443 3646 $1983

8 0% N/A 12 Bothf $17,69,456 3662 $84,592

Price of HIVST

kit= $1.40

7 5% Both/

Guardian

3 Client $1,49,131 2073 Cost-saving

1 50% Client – – $1,72,407 2011 Baselineb

8 0% N/A 12 Bothc $1,75,794 3269 $22

8 0% N/A 12 Bothd $2,49,355 3591 $228

8 0% N/A 12 Bothe $3,37,161 3646 $1614

8 0% N/A 12 Bothf $14,38,165 3662 $68,583

Price of HIVST

kit= $1.00

8 0% N/A 12 Bothc $1,38,181 3269 Cost-saving

1 50% Client – – $1,72,407 2011 Baselineb

8 0% N/A 12 Bothd $1,95,160 3591 $177

8 0% N/A 12 Bothe $2,62,878 3646 $1245

8 0% N/A 12 Bothf $11,06,874 3662 $52,573

aAssuming 2.5% positivity.
bNot on the cost-effectiveness frontier.
cOnly can access a self-test if have not reported an HIV test in the last 12 months.
dOnly can access a self-test if have not reported an HIV test in the last 6 months.
eOnly can access a self-test if have not reported an HIV test in the last 3 months.
fSelf-test provided at all OPD visits regardless of the last time tested.

offered at the health facility): year-round HIVST offered, lim-
ited to those who have not tested in the last 12 months
($39/additional positive identified), limited to those who have
not tested in the last 6 months ($262/additional positive iden-
tified), the last 3 months ($1983/additional positive identified)
and not limited by time since the last test ($84,592/additional
positive identified).

At the second highest HIVST kit price ($1.40), the sce-
nario in which PITC covers 5% of all visits at random during
the year for both clients and guardians and provides HIVST
to clients only during the highest volume 3 months of the
year for clients only (not guardians) (scenario 7) is considered
cost-saving compared to baseline PITC. Similarly to when the
HIVST kit price was $1.80, the subsequent four scenarios on
the cost-effectiveness frontier were all sub-scenarios of sce-
nario 8 (i.e. 12 months of HIVST offered at the health facility):
limited to those not tested in the last 12 months ($22/addi-
tional positive identified), the last 6 months ($228/additional
positive identified), the last 3 months ($1614/additional pos-

itive identified) and not limited by time since the last test
($68,583/additional positive identified).

At the lowest HIVST kit price ($1.00), the scenario in
which HIVST is offered for 12 months (limited to those not
tested for HIV in the previous 12 months, scenario 8) was
considered cost-saving compared to baseline PITC, result-
ing in a 20% reduction in total costs compared to the cur-
rent coverage of PITC alone. The subsequent three scenar-
ios on the cost-effectiveness frontier were the remaining
versions of scenario 8: limited to those not tested in the
last 6 months ($177/additional positive identified), the last 3
months ($1245/additional positive identified) and not limited
($52,573/additional positive identified).

4 D ISCUSS ION

In this data-driven, individual-based model, we assessed the
cost-effectiveness of multiple implementation strategies at
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Figure 1. Cost-effectiveness frontiers for all modelled scenarios at three different levels of HIVST test cost. All scenarios on the cost-
effectiveness frontier are further described in Table 4.

different HIVST price points for HIV testing in OPD settings
in Malawi that would increase testing coverage among men
and youth. We found that almost all facility-based HIVST sce-
narios increase community-level HIV testing coverage among
men and youth when implemented in OPD settings. Men
and youth are historically underserved by current PITC pro-
grammes, as standard PITC achieves poor coverage within
busy OPD settings [6, 17]. The overall increase in community-
level testing coverage is possible due to the high frequency
in which men and youth visit health facilities either as clients
or guardians, but have not typically been offered testing ser-
vices [18]. Implementing year-round HIVST in OPD settings
was highly cost-effective in most scenarios- and cost-saving
compared to the baseline PITC (as much as a 19.7% reduc-
tion in cost compared to baseline) when the price of the
HIVST kit is reduced to $1.00. Modelled costs per positive
client identified in these scenarios (at the $1.00 test cost)

ranged between $42 and $302 for all year-round HIVST
scenarios which encompasses some of the mean costs seen
in other facility-based HIVST studies ($80/positive identified
[19], $97.50/positive identified [20] and $100–$200/positive
identified). Further, it is worth noting that in scenarios which
limit testing (based on the last test), the modelled costs range
between $42 and $72, which is notably lower than in other
studies.

The only PITC-based scenarios that can increase the pro-
portion of men and youth tested to the same degree as
year-round HIVST require a significant increase in person-
nel requirements. The reduction in healthcare worker time
required for HIVST compared to the current status quo is a
significant advantage to the HIVST scenarios, requiring up to
70% fewer personnel than the current standard of care. Saved
human resource capacity from HIVST implementation could
be used for other activities like patient linkage, treatment
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support, to provide support elsewhere in the facility or to
additional testing strategies, such as index testing or initial
HIV screening to increase testing yield.

Our findings contribute to a growing body of evidence
on how facility-based HIVST can contribute to achieving the
UNAIDS first 95 goals for those traditionally unreached by
HIV services. HIVST is consistently shown to increase testing
rates in comparison with standard PITC models, even in ran-
domized controlled trials where providers receive additional
support for implementing PITC [11, 12, 14, 21]. There is con-
sensus that HIVST is associated with a higher absolute num-
ber of patients on treatment for HIV, although linkage rates
differ based on the HIVST implementation [11, 14, 21] and
antiretroviral treament (ART) initiation has been lower among
those diagnosed through self-testing in comparison to PITC
[14, 22]. Hybrid facility-based PITC + HIVST strategies may
allow health facilities to maximize the benefits of both modal-
ities, increasing coverage and reducing personnel costs with-
out sacrificing quality of and linkage to care. It is important
to consider that for many of the hybrid strategies to be cost-
effective, there is often a necessity to reduce PITC cover-
age. This may be an implementation obstacle if it appears
as though there is backtracking on progress for the provi-
sion of HIV testing services. Further, if PITC were scaled back
and HIVST was poorly implemented, the overall test coverage
could drop. Feasible implementation of facility-based HIVST
would thus likely need a phased approach where it is initially
implemented alongside standard of care before being merged
into the cost-effective scenarios shown in our analysis.

Our study has several limitations. First, for different stan-
dard PITC coverage levels, we randomly assigned individuals
to be offered an HIV test, and the uptake of that test was
dependent on their survey response. In reality, PITC coverage
among outpatient visits is unlikely to be completely random.
Any selection in favour of someone at increased risk of HIV
infection would result in increased cost-effectiveness of any
scenarios, including PITC, through a reduced cost per positive
test. However, the sensitivity of any type of screening needs
to be weighed against the additional time required to admin-
ister it, which could increase human resource requirements
and offset the reduction in cost per positive test. Within
our test assignment, we also did not offer HIVST to PITC
refusers given our assumptions about implementation from
the facility-based HIVST trial [16]. Future work may need to
consider the impact of initial PITC refusal and implementa-
tion strategies for offering HIVST to those who decline PITC.
Second, the model was based on self-reported survey data.
Participants in the survey may have under or overestimated
the number of visits to the health facility. This may impact
the total estimated proportion of men and youth who would
receive an HIV test, but not differentially by scenario. Third,
we have assumed a uniform distribution of positive cases
across all scenarios to calculate a cost per positive identified,
to ensure comparability to the literature. While it is possible
that some scenarios are more/less likely to identify new pos-
itives with fewer tests, given that the target population is in
every instance identical (men and youth in the OPD), the yield
is unlikely to differ meaningfully. Finally, due to people report-
ing health facility visits retrospectively, it is likely that dates
of more recent visits are more precise as compared to visits

that were further in the past. This was circumvented by trun-
cating results to the past 12 months. Additionally, instead of
modelling specific months, we modelled low- and high-volume
OPD months to simulate coverage in either type of scenario.

5 CONCLUS IONS

Facility-based HIVST in the OPD is cost-effective and can sig-
nificantly increase access to HIV testing for men and youth in
Malawi. The feasibility of covering all OPD visits with HIVST
will depend on the available budget for test kits. Additional
investment in capacity to implement year-round facility-based
HIVST, limiting testing based on time-since-last-HIV-test and
introduction of lower-priced HIVST products should be prior-
itized to maximize the impact of facility-based testing strate-
gies.
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