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Abstract

Background This study evaluates the implementation and running costs of an HIV self-testing (HIVST) distribution
program in Eswatini. HIVST kits were delivered through community-based and workplace models using primary

and secondary distribution. Primary clients could self-test onsite or offsite. This study presents total running economic
costs of kit distribution per model between April 2019 and March 2020, and estimates average cost per HIVST kit
distributed, per client self-tested, per client self-tested reactive, per client confirmed positive, and per client initiating
antiretroviral therapy (ART).

Methods Distribution data and follow-up phone interviews were analysed to estimate implementation outcomes.
Results were presented for each step of the care cascade using best-case and worst-case scenarios. A top-down incre-
mental cost-analysis was conducted from the provider perspective using project expenditures. Sensitivity and sce-
nario analyses explored effects of economic and epidemiological parameters on average costs.

Results Nineteen thousand one hundred fifty-five HIVST kits were distributed to 13,031 individuals over a 12-month
period, averaging 1.5 kits per recipient. 83% and 17% of kits were distributed via the community and workplace
models, respectively. Clients reached via the workplace model were less likely to opt for onsite testing than clients

in the community model (8% vs 29%). 6% of onsite workplace testers tested reactive compared to 2% of onsite com-
munity testers. Best-case scenario estimated 17,458 (91%) clients self-tested, 633 (4%) received reactive-test results,
606 (96%) linked to confirmatory testing, and 505 (83%) initiated ART.

Personnel and HIVST kits represented 60% and 32% of total costs, respectively. Average costs were: per kit distrib-
uted US$17.23, per client tested US$18.91, per client with a reactive test US$521.54, per client confirmed positive
US$550.83, and per client initiating ART US$708.60. Lower rates for testing, reactivity, and linkage to care in the worst-
case scenario resulted in higher average costs along the treatment cascade.

Conclusion This study fills a significant evidence gap regarding costs of HIVST provision along the client care cascade
in Eswatini. Workplace and community-based distribution of HIVST accompanied with effective linkage to care strate-
gies can support countries to reach cascade objectives.
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Background

With an estimated HIV prevalence of 27% in 2019,
Eswatini has the highest HIV prevalence in the world [1].
In 2020, an estimated 210,725 persons in Eswatini lived
with HIV, of whom 63.4% were female [2]. The number
of new HIV infections have significantly declined over
the last decade, with annual incidence rates decreasing
from 17.24 per 1000 in 2011 to 4.9 per 1000 in 2019 [1].
With a population close to 1.1 million people [2], a robust
national implementation of “Test and Treat’, and targeted
prevention for young populations, Eswatini edges closer
to achieving UNAIDS' 95-95-95 targets, and by exten-
sion, epidemic control. As of 2019, an estimated 93% of
people living with HIV (PLHIV) knew their status, 86% of
PLHIV in Eswatini were on treatment, and 80% of PLHIV
on treatment were virally suppressed [2]. The country’s
immediate goal is to identify the remaining portion of
PLHIV who are unaware of their status and link them to
care.

For case identification of both undetected and new
infections, innovative approaches must be exploited.
HIV self-testing (HIVST) is one such approach, recom-
mended by the World Health Organization (WHO) [3].
Demonstrated as both feasible and acceptable across
various research settings [4—9], HIVST may help remove
common barriers known to provider-delivered HIV
testing services (HTS) such as stigma, discrimination,
and distance to testing centres [10]. HIVST have been
adopted in Eswatini as a supplementary approach to
standard HTS in order to improve case finding among
hard-to-reach populations, specifically men, young peo-
ple, and key populations [3]. Both assisted and unassisted
approaches have been adopted, and different models
are currently being investigated in-country by various
implementing partners. Since 2017, Population Services
International (PSI), along with the technical support and
funding of the HIV Self-Testing AfRica Initiative (STAR),
has been distributing HIVST across Eswatini, using both
community and workplace distribution models.

The combination of HIVST technology and different
distribution strategies may generate a significant public
health impact and support Eswatini in closing the 95-95-
95 gap. However, at its lowest average kit cost of US$2
ex works (price not including delivery, distribution, taxes
or commission charges) in the public sector for low- and
middle-income countries (LMIC) [11], the HIVST kit
remains twice as expensive as a standard HIV rapid diag-
nostic test (RDT) [12]. In a context of scarce resources,
policymakers and funding partners need further evidence
on the costs of distributing HIVST. This costing study
aims to fill this gap, by estimating total and average costs
of the community-based and workplace HIVST distribu-
tion models, and present costs along the HIV cascade of
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care, i.e. per person tested for HIV, per person identified
positive, and per person effectively linked to care. Each of
these steps moves closer to achieving the ultimate health
outcome of healthier and longer lives for PLHIV.

Methods

Setting and intervention

Between April 2019 and March 2020, Population Services
International (PSI) distributed oral fluid-based HIVST
kits (OraQuick HIV-1/2 Rapid Antibody Test) across
Eswatini to youth, defined as persons between 16-24
years of age, adult men and women, defined as 25-49
years, and key populations, including sex workers (SW),
men who have sex with men (MSM), and injection drug
users (IDU). Note that in 2019, the age of consent for
HIVST was 16 and above. In this period, PSI used the fol-
lowing distribution models:

Community-based model: This model consisted
of multiple approaches, including kit distribution at
community-wide events, popular community spots,
and through door-to-door campaigns. Targeting
large communal venues, this model aimed to rapidly
increase testing coverage among adult and adolescent
women and men (16—49 years) who may not present
to health facilities for conventional HIV testing with
a health provider. This model targeted areas with
reported high prevalence, covering key population
hotspots for female and male SW, MSM, and IDU.
Workplace model: Kits distribution took place in
courtyards of industrial worksites with employees
numbering up to 300 individuals. This approach
targeted industrial areas populated by manufactur-
ing plants in the city and aimed to increase test-
ing coverage among population subgroups typically
neglected by conventional HTS due to work commit-
ments. Target populations included adult men and
women aged 16 to 49 years and their sexual partners
and families. This model aligned to the Ministry of
Health's strategy for HIVST which included distribu-
tion in male-dominated workplaces.

HIVST distributors comprised of PSI-salaried offic-
ers and volunteer health workers typically engaged in
the community model, as well as wellness officer nurses
dedicated to the workplace model. Distributors received
training on the mechanics of oral HIVST Kkits, assessing
clients’ HIV risk profile, screening for intimate partner
violence, responding to frequently asked questions, and
conducting telephone follow-up calls with HIVST kit
recipients.

In both models, clients were screened by HIVST dis-
tributors using a Ministry of Health-prescribed risk
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assessment tool comprising of seven clinical and behav-
ioural questions to evaluate clients’ HIV status, date of
last HIV test, and recent risk exposure. Clients could
choose to self-test onsite, take a kit for offsite self-testing,
and/or take a kit to a partner or friend (secondary dis-
tribution). For onsite-testing, clients were provided with
pre-test counselling before choosing to self-test with or
without assistance. Testing took place in a private room
or gazebo, pre-equipped with an instructional video
and materials. Clients were encouraged to disclose test-
ing results and, if tested reactive, referred to HIV con-
firmatory testing and services. To confirm test results,
the HIV diagnostic algorithm in Eswatini entails two
provider-administered blood-based HIV antibody tests;
should both tests be reactive, the client is diagnosed HIV
positive. Clients choosing to self-test offsite received
pre-test counselling and a screening for risk of intimate
partner violence before being offered a self-test kit and
an instructional video shared through WhatsApp, along
with a flyer for further information. Offsite clients were
encouraged to call a toll-free hotline for support. In
case of a reactive or inconclusive test result, clients were
advised to link to a healthcare facility for confirmatory
testing and treatment. Clients who tested negative were
directed towards HIV prevention services. Clients were
additionally offered self-test kits to distribute to a person
of their choosing, such as a sexual partner, IDU partner,
family member, or friend. In such cases, clients were
provided with an instructional video and hotline num-
ber via WhatsApp to share with a secondary client. The
video contained key messages regarding linkage to care
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for both reactive and non-reactive clients. A client flow-
chart illustrating various service options is presented in
Fig. 1, Additional file 1.

Study design and data collection

We conducted a top-down incremental cost analysis of
HIVST kit distribution in Eswatini across community
and workplace models. This study estimates the pro-
gramme’s economic costs over 1 year, from April 2019
to March 2020, from the provider perspective. We esti-
mated the total costs of HIVST kit distribution per
model, and average cost per HIVST kit distributed along
the client care cascade.

In this study, the provider was principally PSI/Eswatini.
PSI-salaried officers distributed the majority of kits
(89%), while volunteers (9%) and government nurses (2%)
distributed remaining kits. Volunteers were compen-
sated SZL 100 (US$6.66) a day, and nurses were paid a
monthly salary of SZL 22,639 (US$1,508.26) by private-
sector companies. Public health facilities covered the
ensuing costs of confirmatory testing and anti-retroviral
therapy (ART) initiation. These additional contributions
were included in the analysis to reflect the program’s total
economic costs. Due to limited data on the average costs
of confirmatory testing and ART initiation in Eswatini
and other low-income countries, these were estimated
at US$6 and US$55 respectively, as recently evaluated in
South Africa [13, 14].

This study evaluated costs from April 2019 to March
2020, capturing the implementation costs across a period
of 12 months, but excluding the program’s start-up costs
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Fig. 1 HIV self-testing care cascade results per best-case and worst-case estimates
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incurred in 2018. From October 2018 to March 2019,
PSI-Eswatini suffered a 6-month program interrup-
tion, and from March 2020 onwards, field activities were
adapted to respond to COVID-19. Furthermore, the pro-
gram’s start-up period was marked by high staff turnover
and alternating distribution models, thus confounding
analysis. To facilitate generalizability of study findings,
the period of analysis was selected to reflect best the pro-
gram’s routine costs.

Using a top-down costing approach, project expendi-
tures were collated from PSI’s financial reports, comple-
mented by interviews with key project personnel. Each
line item was categorized according to input category and
then apportioned to each model using predefined alloca-
tion factors (Table 1, Additional file 2), such as number
of tests distributed, number of persons trained, or staff
time dedicated per each model. Research costs such as
researcher salary costs were excluded. Costs incurred in
local currency (Swazi Lilangeni or SZL) were inflated to
2020 using the gross domestic product (GDP) deflator
in local currency [15], and then converted to US dollars
using the 2020 exchange rate [16]. Training and sensitiza-
tion were annualized using 2 years of assumed useful life,
other capital costs 5 years, and a 3% discount rate was
applied, following international costing guidelines [17].

Based on PSI headquarters’ procurement reports. the
average cost per kit, including purchasing and freight
costs, was US$3.11. Economic costs (other costs not
reflected in PSI's expense reports), such as person-
nel costs paid for by local partners, were collected from
interviews with the HIVST project manager.

Program outcomes were directly collected from PSI’s
monitoring and evaluation (M&E) data. Field agents
prospectively collected data via paper-based tools, then
entered into Microsoft Access by data clerks. Tools devel-
oped for data collection, quality assurance, and training
of field agents were revised and endorsed by Eswatini’s
National AIDS Programme. Field agents received start-
up and routine training and supervision from PSI's M&E
manager and HIVST manager. PSI maintained two
databases to track project outcomes. The Distribution
Tracker monitored the number of kits distributed across
models and geographic regions and recorded demo-
graphic information and testing results of onsite test-
ing clients. Onsite test results were only recorded when
voluntarily disclosed by clients. Clients who opted to
test offsite were offered telephonic follow-up services by
PSI. Clients were asked for their phone number and their
consent for follow-up calls. Non-consenting individuals
were not contacted. Within 1 month of distribution, PSI
selected one-third of consenting clients and attempted
to contact each client up to three times to collect infor-
mation on testing results and follow-up care. Clients
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were also asked to report if they provided kits to sec-
ondary recipients and disclose secondary testing results
if known. Project data was collected and maintained by
PSI's M&E team and then shared with this study’s author
after removing data identifying specific individuals.

To estimate average costs, total program costs were
disaggregated by model and then divided by program
outcomes. This study estimates the average cost per kit
distributed, per client tested, per client tested reactive,
per client confirmed positive, and per client initiating
ART. Total kits distributed were directly calculated from
reported M&E data. All other outcomes, such as total
tested, total reactive, total confirmed positive, and total
initiating ART, were estimated using respondents’ self-
reported rates in follow-up interviews.

Sensitivity and scenario analyses

One-way sensitivity analysis was used to assess the
impact of key cost assumptions on average costs. The 3%
discount rate used to annualize costs was varied from 0%
to 6.5%, to capture the effects of either using no discount
rate or using Eswatini’s national interest rate during pro-
ject implementation (6.5% in 2019) [18]. To evaluate
the effects of assumed life years on capital costs, annu-
alization was varied between 1 and 3 years for training
and sensitization (base case of 2 years), and 2.5 and 7.5
years for equipment costs (base case of 5 years). Costs
per HIVST kits were varied to a minimum of US$1 to
reflect the current price of a finger-prick rapid diagnostic
test [12], and a maximum of US$3.46 ex works to reflect
the kit’s most expensive unit cost during the project life.
Finally, headquarter and field personnel costs were varied
by £10% to assess the impact of salaries on overall distri-
bution costs.

Scenario analysis was conducted to explore the impact
of key epidemiological assumptions made when estimat-
ing health outcomes on our results. Clients who were not
contacted for follow-up interviews (n=7,719), otherwise
considered as lost-to-follow-up (LTFU), and clients con-
tacted for follow-up but declined to respond (n=562),
henceforth referred to as non-responders, were assumed
to adopt the same testing behaviours as respondents.
Best-case scenario estimated health outcomes assum-
ing all clients, including non-responders and persons
LTFU, shared similar testing behaviours as responders.
The worst-case scenario assumed non-responders did
not self-test or further engage in care, resulting in lower
estimates of testing uptake, reactivity rate, and linkage to
care. Best-case estimates may be affected by responder
and social-desirability bias, while worse-case estimates
are affected by a substantial non-responder bias of over
28%. The true estimates, while remaining unknown, are
assumed to lie in between both scenarios.
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Table 1 Summary of distribution, onsite testing, and offsite interview outcomes

HIVST Distribution and Primary Client Data per Distribution Model, April 2019 to March 2020

Community Workplace Total
N (%) N (%)
Total # of tests distributed 15,864 (83%) 3291 (17%) 19,155
Total # of clients reached 11,091 (85%) 1932 (15%) 13,031
Average # of tests per client 143 1.70 147
Onsite HIV Self-Testing Results per Distribution Model, April 2019 to March 2020
Community Workplace Total
N (%) N (%) N (%)
Total # of clients reached 11,091 1932 13,023
On/offsite Testing
Did not test on site 7929 (71%) 1784 (92%) 9713 (75%)
Tested on site 3162 (29%) 148 (8%) 3310 (25%)
Onsite Testing Results
Reactive 67 (2%) 9 (6%) 76 (2%)
Non-reactive 3055 (97%) 136 (92%) 3191 (96%)
Results non-disclosed 40 (1%) 3 (2%) 43 (1%)
Results of Follow-up Calls with HIVST Primary Clients
Community Workplace Unknown Total
N (%) N (%) N (%) N (%)
Total # of primary clients followed-up 687 234 1073 1994
Reported use of HIVST kit (n=1994)
Yes 572 (83%) 196 (84%) 591 (55%) 1359 (68%)
No 29 (4%) 7 (3%) 37 (3%) 73 (4%)
NA/No Response 86 (13%) 31 (13%) 445 (41%) 562 (28%)
Reported HIVST result (n=1395)
Reactive 24 (4%) 4 (2%) 37 (6%) 65 (5%)
Non-reactive 541 (95%) 186 (95%) 537 (91%) 1264 (93%)
Unknown/No Response 7 (1%) 6 (3%) 17 (3%) 30 2%)
Confirmed testing (n=65)
Yes 15 (63%) 1 (25%) 15 (41%) 31 (48%)
No 1 (4%) - 1 (3%) 2 (3%)
Unknown/No Response 8 (33%) 3(75%) 21 (57%) 32 (49%)
Confirmed HIV result (n=31)
Positive 14 (93%) 1 (100%) 13 (87%) 28 (90%)
Negative - - - -
Unknown/No Response 1(7%) - 2(13%) 3(10%)
Initiated ART (n=28)
Yes 9 (64%) 1 (100%) 7 (54%) 17 (61%)
No 2 (14%) - 2 (15%) 4 (14%)
NA/No Response 3(21%) - 4 (31%) 7 (25%)
Total # of Secondary clients 344 135 324 803
Reported use of HIVST kit (n=803)
Yes 205 (60%) 80 (59%) 228 (70%) 513 (64%)
No 40 (12%) 25 (19%) 60 (19%) 125 (16%)
NA/No Response 99 (29%) 30 (22%) 36 (11%) 165 (21%)
Reported result of HIVST (n=513)
Reactive 2 (1%) 1(1%) 7 (3%) 10 (2%)
Non-reactive 185 (90%) 63 (79%) 207 (91%) 455 (89%)
NA/No Response 18 (9%) 16 (20%) 14 (6%) 48 (9%)

Confirmed HIV result (n=10)
Positive 1 (50%) - 2 (29%) 3(30%)
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Table 1 (continued)
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Negative

NA/No Response
Initiated ART (n=3)

Yes

No

NA/No Response

1 (50%)

1 (100%)

1(100%) 5(71%) 7 (70%)

2 (100%) 3 (100%)

In consideration of the often fluctuating and gener-
ally declining yields seen across HIV testing programs as
higher coverage is reached, an additional scenario analy-
sis was conducted exploring the effects of alternative
reactivity rates on average costs. Reactivity rates were
varied from 6%, reflecting PEPFAR’s reported average
testing yield in Eswatini in 2018 [2] to an-assumed mini-
mum of 1%.

Results

HIVST kits distribution and follow-up survey

From April 2019 to March 2020, PSI distributed a total
of 19,155 HIVST Kkits to a total of 13,023 primary clients,
averaging 1.5 kits distributed per recipient. Kits were
nationally distributed, 83% by the community model, and
17% by the workplace model. Most primary clients were
female (53%), mean age was 29 (Standard Deviation 8.9),
and 28% reported having not tested for HIV in a year
(See Table 1 for summary results, see Additional file 3 for
additional demographic details).

A quarter of clients chose to self-test onsite
(n=3310/13023, 25%), though 21 per 100 additional
persons opted for onsite self-testing in the community
model compared to the workplace model (n=3162/11091
or 29% vs. n=148/1932 or 8%). Among onsite testers, 76
recipients (2%) had a reactive self-test. Onsite workplace
testers had 4 additional reactive cases per 100 people
tested compared to onsite community testers (n=9/148
or 6% vs. n=67/3162 or 2%).

Among remaining clients who took a kit home for per-
sonal use and/or secondary distribution (#=9713), 1,994
(21%) were contacted by M&E officers. Non-response
rate was high at 28% (1=>562/1994). Among respond-
ents (n=1432), 1,359 (95%) clients reported self-testing,
among whom, 65 (5%) reported a reactive self-test result.
31 of 33 (94%) remaining responders confirmed seek-
ing confirmatory testing, and 17 of 21 (81%) responders
reported initiating ART.

Among clients who distributed their tests onwards
and reported on secondary distribution (n=638/1432,
45%), 513 (80%) reported secondary clients had used
their HIVST kit. 49% of secondary clients were sexual
partners, 23% friends, 16% family members, and 8% bio-
logical children. 10 secondary reactive cases were known

and reported by primary clients and three were known to
have sought confirmatory testing. No respondent knew
whether a secondary recipient of an HIVST kit had initi-
ated ART.

Total implementation results for onsite testers, offsite
primary clients, and offsite secondary clients were esti-
mated using best-case and worst-case assumptions. See
Additional file 4 for details on scenario estimates, meas-
urements, and assumptions. In the best-case, total testing
uptake was estimated at 91% (n=17,458/19155), reactiv-
ity rate at 3.62% (n=633/17458), linkage to confirmatory
testing at 96% (n=606/633), and ART initiation at 83%
(n=505/606). Due to high non-response rates, worst-
case estimated testing uptake at 72% (n=13,458/19155),
reactivity rate at 3.4% (1=469/13458), confirmatory
testing at 53% (n=250/469), and ART initiation at 66%
(n=166/250).

Cost analysis

Total program costs amounted to US$330,069.60, of
which 83% were allocated to the community distribution
model and 17% to the workplace model (Table 2). Aver-
age cost was US$17.23 per kit distributed, US$18.91 per
client tested, and US$521.54 per client tested reactive.
Including the costs of linkage to care in a facility, the
average cost per client confirmed positive was estimated
US$544.83 and per client initiating ART at US$653.60.
Local personnel and HIVST Kkits represented 41% and
32% of total costs, respectively.

Additional files 5 and 6 plot this study’s average cost per
HIVST kit distributed and average cost per person tested
along with number of tests provided. Furthermore, these
graphics compare this study’s results to other HIVST and
HTS costing studies conducted in sub-Saharan Africa.

Sensitivity and scenario analyses

Results of the univariate sensitivity and scenario analyses
are presented in Fig. 2. Average costs along the client care
cascade remained robust in the sensitivity analysis. Vari-
ations to assumed life years, discount rate, and HQ per-
sonnel costs resulted in minimal changes to results, while
variations of £10% to field personnel costs and changes to
average price per HIVST kit yielded stronger effects on
average costs.
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Table 2 Total HIV self-testing costs per model and average costs along the client care cascade (in 2020 USS)
Community Workplace Total
Costs % Costs % Costs %
Input types
Start-up
Training $366 0% $47 0% $413 0%
Sensitization $482 0% $482 1% $963 0%
Capital
Building & storage $2,852 1% $592 1% $3,444 1%
Equipment $502 0% $104 0% $606 0%
Start-up and Capital - sub-total 54,202 2% 51,225 2% $5427 2%
Recurrent
Personnel & Per diems $164,821 60% $34,181 13% $199,003 60%
Volunteers & Per diems $313 0% $200 0% $513 0%
HIVST Kits $86,373 32% $17,920 31% $104,293 32%
Other Supplies (excluding HIVST kits) $2,143 1% $445 1% $2,588 1%
Vehicle operation, maintenance & transport $6,158 2% $1616 3% $7.774 2%
Building operation/maintenance $1,877 1% $389 1% $2,266 1%
Other recurrent $6,796 2% $1,410 2% $8,206 2%
Recurrent - sub-total $268,482 98% 556,161 98% $324,643 98%
Total HIVST costs $272,684 $57,386 $330,070
Cost per kit distributed $17.19 $17.44 $17.23
Cost per client self-tested $18.77 $19.56 $18.91
Cost per client self-tested reactive $526.86 $497.69 $521.54
Cost per client confirmed HIV positive® $556.34 $526.10 $550.83
Cost per client initiating ART® $713.54 $685.04 $708.60

HIVST HIV self-testing, ART Antiretroviral treatment

? Includes estimated $6 cost of facility-based confirmatory testing with rapid tests [13]

b Includes estimated $55 cost of an ART initiation visit [14]

Scenario analyses yielded the greatest changes on aver-
age costs. The worst-case scenario, resulted in higher
average costs per client tested (US$23.96), per client
tested reactive (US$542.91), per client confirmed positive
(US$573.15), and per client initiating ART (US$735.20).
Decreasing reactivity rates resulted in significant
increases to the average costs per client tested reactive
(US$315.10-US$1,890.60), per client confirmed positive
(US$335.17-US$1,981), and per client initiating ART
(US$450.26-US$2,426.57).

Discussion

Distribution of HIVST kits across community and work-
place models resulted in high testing coverage and case
identification. The community model served as an expan-
sive approach dispensing kits to targeted areas of high
HIV prevalence and populations at higher risk of HIV
infections. The workplace model targeted populations
assumed to be likely neglected by conventional HTS
approaches. Neither model distinctly helped to reach
men, young people and key populations as stipulated in

program goals: over half of clients were female (53%),
over 60% were over the age of 25, and 99% were recorded
as general population, indicating further effort is needed
to reach these target demographics. Testing behaviours
of each population were different, with clients reached
through the community model more likely to opt for
onsite testing than clients reached through the work-
place model. Workplace clients may be more reluctant to
choose onsite HIV testing due to fear of stigma from co-
workers and potential loss of employment, echoing previ-
ous findings documenting the role of stigma in deterring
conventional HTS uptake [10]. Among workplace clients
who tested onsite, 6% tested reactive compared to 2% of
community clients, indicating the model may be a prom-
ising approach for case-identification, targeting popu-
lations otherwise neglected by standard services due to
work commitments. Preliminary data from South Africa
on workplace HIVST distribution found high HIVST
uptake among a male population that had never previ-
ously tested for HIV [19]. Combined, these two studies
reveal workplace distribution of HIVST may effectively
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Cost per HIVST kit distributed (2020 US dollars)
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$17.23
HIVST Cost $1, $3.75 $13.54 — $17.84
. Personnel Local (PSI, Volunteers, Nurses) + 10% $16.52 I $17.94
2 Personnel HQ + 10% $16.90 TooEEE $17.56
'g Start Up Life Years £ 1 $17.21 W $17.30
< Equipment Life Years + 2.5 $17.22 | $17.26
Discount rate -0%, 6.5% | $17.24
$12.00 $13.00 $14.00 $15.00 $16.00 $17.00 $18.00 $19.00
Cost per client tested (2020 US dollars)
$18.91
g%&o Worst Case I $23.84
HIVST Cost $1, $3.75 $14.85 . $19.58
Personnel Local (PSI, Volunteers, Nurses) + 10% $18.13 N $19.68
g Personnel HQ + 10% $18.54 M $19.27
2 Equipment Life Years £ 2.5 $18.90 | $18.94
e Start Up Life Years + 1 $18.88 | $18.98
Discount rate -0%, 6.5% $18.90
$12.00 $14.00 $16.00 $18.00 $20.00 $22.00 $24.00 $26.00
Cost per client with a reactive HIV self-test (2020 US dollars)
$521.54
Reactivity Rate -6%, 1% $315.10 I — $1,890.60
'g Reactivity Rate -5%, 2% $378.12 I $945.30
g Worst Case I $703.77
Reactivity Rate -4%, 3% $472.74 "EEE  $630.20
HIVST Cost $1, $3.75 $409.74 1 $540.09
Personnel Local (PSI, Volunteers, Nurses) + 10% $500.07 "R $543.02
j‘g Personnel HQ + 10% $511.50 11 $531.59
2 Equipment Life Years £ 2.5 $521.25  $522.43
. Start Up Life Years + 1 $520.84  $523.65
Discount rate -0%, 6.5% $521.37  $521.75
$- $400.00 $800.00 $1,200.00 $1,600.00 $2,000.00
Cost per client confirmed positive (2020 US dollars)
$550.83
Reactivity Rate -6%, 1% $335.17 I $1,981.00
2 Worst Case —— $1,326.28
g Reactivity Rate -5%, 2% $401.00 I $993.50
Reactivity Rate -4%, 3% $499.75 EEE $664.33
HIVST Cost $1, $3.75 $434.03 1 $570.21
Personnel Local (PS, Volunteers, Nurses) + 10% $528.39 1 $573.27
g Personnel HQ *+ 10% $540.34 | $561.33
g Equipment Life Years + 2.5 $550.52  $551.76
< Start Up Life Years + 1 $550.10  $553.03
Discount rate -0%, 6.5% $550.65  $551.05
$- $500.00 $1,000.00 $1,500.00 $2,000.00 $2,500.00
Cost per client initiating ART (2020 US dollars)
$708.40
Reactivity Rate -6%, 1% $450.26 I $2,426.57
-§ Worst Case I $2,043.37
§ Reactivity Rate -5%, 2% $529.31 . $1,240.78
Reactivity Rate -4%, 3% $647.89 "EEE $845.52
HIVST Cost $1, $3.75 $568.49 1 $731.85
Personnel Local (PSI, Volunteers, Nurses) + 10% $681.69 1 $735.52
;g Personnel HQ + 10% $696.01 I $721.19
g Equipment Life Years + 2.5 $708.23  $709.72
7 Start Up Life Years + 1 $707.72 $711.24
Discount rate -0%, 6.5% $708.38  $708.86
$- $500.00 $1,000.00 $1,500.00 $2,000.00 $2,500.00 $3,000.00

Fig. 2 Sensitivity and Scenario analyses (2020 US dollars)



McGee et al. BMC Infectious Diseases (2022) 22:976

target underserved populations and unidentified HIV
cases.

This study’s estimated HIVST distribution costs along
the treatment cascade must be discussed in the con-
text of Eswatini’s achievements and the remaining work
necessary towards ending the country’s AIDS epidemic.
Despite having the greatest prevalence rate in the world,
Eswatini has surpassed its first 90-target, leaving a small
albeit hard-to-reach population of remaining cases. In
such context, where testing volumes continue to decline,
costs per test, per person tested positive, and per per-
son initiated to ART will respectively increase. Targeted
approaches, including workplace and recurring HIVST
community-distributions, are essential to help comple-
ment Eswatini’s national strategies.

At an average cost of US$17.23 per kit distributed and
US$18.91 per person self-tested, this study found HIVST
distribution costs comparable to other HIVST cost-
ing studies. Community HIVST distribution in Malawi,
Zambia, and Zimbabwe has been estimated (adjusted
to 2020 US dollars) at US$6.56, US$13.46, and $14.23
per kit distributed, respectively [20], US$9.21 in Zambia
[21], US$14.00 in Lesotho [22], and US$4.30-US$4.35 in
South Africa [19]. As seen in other contexts [22], HIVST
distribution efficiency may improve over time, potentially
leading to lower average costs per kit distributed. Gen-
eralizability of study findings to different contexts and
HIVST programs should be approached with considera-
tion for local circumstances and adapted appropriately.
Costs of field personnel, which account for 42% of run-
ning costs in our study, may dramatically vary across pro-
grams, with volunteer distributors costing significantly
less than professional HTS counsellors. In some studies,
HIVST distribution was integrated into the delivery of
HTS services [22]. In South Africa, some distribution tar-
geted high-traffic hotspots (e.g., taxi and train stations),
reaching economies of scale [23]. Indeed, prior studies
reporting lower unit costs had distributed upwards of
100,000 kits [20, 21, 23], representing over five times the
distribution volume seen in Eswatini (Additional file 5).
Indeed, countries with higher distribution volumes
bear greater number of new annual HIV infections, fur-
ther intimating that the smaller and more targeted the
demand the greater the unit cost.

At US$18.91, the average cost per person tested is com-
parable to community-based HIV testing services in sub-
Saharan African countries. A recent systematic review of
the costs of HT'S across sub-Saharan Africa has estimated
the average cost per person tested in 2020 between
US$16.47 in home-based HTS and $27.64 in campaign-
style HTS (Ahmed N, Terris-Prestholt F, Ong J], et al. A
systematic literature review of costs and cost-effective-
ness analyses of HIV testing services in sub-Saharan
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Africa, forthcoming). In Eswatini, estimates have ranged
from US$7.96-US$9.65 per person tested in health facili-
ties to US$19.68 per person tested via community-based
HTS [24-26]. In any given year, HTS services typically
reach only a fraction of the numbers reached via HIVST,
as evidenced in Additional file 6. Albeit slightly more
expensive than the standard of care, HIVST remains an
attractive supplementary approach to expanding test-
ing coverage, reaching populations less likely to present
at facilities and possibly earlier in the disease stage. As
the WHO recommends countries transition to a 3-test
strategy in facilities to ensure accurate diagnosis and to
achieve high positive predictive value, HIVST may play a
new role supporting countries to implement verification
testing efficiently, while maintaining quality, and saving
costs [27, 28].

Due to the private nature inherent to HIVST, only one
other study has reported, to date, on the average costs of
HIVST-distribution along the remainder of the care cas-
cade. Measured across eleven different distribution mod-
els in South Africa, the average cost per client screened
reactive was estimated between U$24-US$2,258, per cli-
ent confirmed positive between US$52-US$7,345, and
per client initiating ART between US$104-US$7,883.
Eswatini’s cost estimates fall within those ranges, but
the high heterogeneity in those results and this study’s
scenario analyses demonstrate the importance of yield
rates and linkage to care (LtC). As Eswatini nears its
95-95-95 targets, finding unidentified cases will become
increasingly more challenging, raising total costs and
average costs along the client cascade. Costs will fur-
ther rise if LtC is not assured. In contexts like Eswatini,
where program goals are to expand testing coverage and
to diagnose and treat PLHIV, HIVST distribution must
be accompanied by effective LtC strategies. While this
study measures costs from the provider’s perspective, it
is important to note that community and workplace dis-
tribution of HIVST Kkits relieves clients’ from direct and
indirect costs of testing at a health facility [29]. However,
the societal costs for clients seeking confirmatory test-
ing and ART initiation remain, and programs seeking to
encourage LtC could explore various ways to reduce the
client’s financial burden, and by extension, barrier to care
by offering, for example, immediate and community-
based confirmatory testing and ART services [30-32].

Sensitivity analysis highlighted potential cost-saving
opportunities. When HIVST kits were valued at the same
price as a finger-prick test, costs per kit distributed fell
as low as $13.62, and subsequent cascade unit costs fell
by over 20%, a particularly encouraging finding as HIVST
kit costs decline. Field-based personnel contributed
over 40% of total costs, suggesting that local volunteers
may serve as a cost-saving alternative to professional
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distributors. This approach, however, may require addi-
tional expenses for monitoring, quality assurance, and
capacity building of the volunteer workforce. Other cost-
minimization approaches may explore integrating HIVST
into existing community health services [33], using exist-
ing infrastructures, resources, and personnel to deliver
HIVST. While this may help minimize costs, overly rely-
ing on existing HTS infrastructures may limit the strat-
egy’s potential in reaching underserved communities and
need careful considerations for budgeting [22].

This study has limitations. As previously discussed,
both best-and-worst-case scenarios are defined based on
assumptions. The worst-case scenario presents conserva-
tive results due to a high proportion of non-responders,
and the best-case scenario presents overly optimistic
results, compromised by potential social-desirability bias.
In presenting both scenarios, this paper attempts to over-
come these biases, assuming true results lie within sce-
nario estimates. Another study limitation is that reported
reactive cases were not necessarily newly diagnosed.
Moreover, a large portion of follow-up interviews did not
collect client’s data, prohibiting a potentially interesting
analysis on the demographic profile of reported reactive
cases. Neither health outcomes nor costs were analysed
at site level, and a geographic analysis of the data may
provide further insight on cost variances between rural
and urban areas. Due to the study’s selected time period,
the costing precludes intervention start-up costs and only
presents routine HIVST distribution costs. This study
utilizes estimates from South Africa to measure cost of
confirmatory testing and ART initiation due to lack of
existing data for Eswatini in the literature.

Further research is needed to identify cost-minimiza-
tion strategies without undermining health outcomes.
Implementers should continue to explore the workplace
model across various settings, populations, and preva-
lence-areas. Additional research is needed to compare,
evaluate, and identify effective LtC interventions. Dis-
tribution programs should explore ways to reduce barri-
ers to LtC including stigma, discrimination, and societal
costs. Despite additional costs, if LtC can be ensured for
HIVST clients, HIVST may likely become a more cost-
effective approach. Finally, HIVST distribution costs and
effects should be further studied under the lens of pre-
vention, particularly in such settings as Eswatini where
number of people with unknown status continue to
decline.

Conclusion

Study findings suggest that workplace and community-
based distribution of HIVST, when accompanied by
effective linkage to care strategies, can help countries
achieve their cascade objectives. Estimated costs per
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kit distributed and per person tested are comparable to
other studies and community-based HIV testing ser-
vices in sub-Saharan African countries. However, as
Eswatini achieves its 95-95-95 targets, the challenge of
finding unidentified cases may increase total and aver-
age costs along the client cascade, emphasizing the
importance of assuring effective linkage to care to miti-
gate rising expenses.
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