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Abstract

This thesis aims to gain understanding of current methods used to forecast the costs at scale for a new
technology in low- and middle-income countries (LMIC) and to propose improved methods for cost
predictions at scale, using community-based HIV self-testing (HIVST) kits distribution programmes in

southern and western Africa as a case study.

Following the review of ~8,000 studies through seven databases on quantitative analyses of costs for
informing the scale-up of an intervention in LMIC, | propose a framework to guide the decision process
of fitting cost functions by study objective. | then conduct costing studies for implementing
community-based HIVST distribution models in southern and western African regions. | also explore
potential efficiency gains arising from the addition of HIVST to HIV testing services (HTS) and from
continuous programme development in Lesotho, and the importance of distinguishing between full
and incremental HIVST costs for country financial planning. | deepen our understanding of the
variation of HIVST costs at scale up by fitting an empirical econometric costs function using data from
Malawi, Zambia, Zimbabwe, South Africa, and | test it against the observed HIVST scale-up in Lesotho
to inform on its external validity. In western Africa, | use an accounting cost function to quantify the
expected returns on investment of adding HIVST to civil society organisation-led HTS programmes in

Cote d’lvoire, Senegal and Mali.

This research provides insights into the economic considerations for integrating and scaling up the
community-based HIVST distribution programmes in southern and western Africa. These findings
inform costing studies design for data collection and analysis, encourage the use of cost functions that
are the most relevant to the policymaker research questions, ultimately to guide the scale-up of the

most promising health interventions in LMIC.
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Chapter 1 — Introduction

This chapter aims to present the scope and an outline of the thesis, and also provides background
information on HIV self-testing programmes scale-up in southern and western Africa which is my case
study. | then present the thesis aim and objectives, as well as the study timelines and intellectual

ownership.

Scope of the thesis

This thesis adopts a research paper style and is composed of seven chapters with appendices including
four research papers. This thesis was conducted as a part-time PhD while | was working as a research
fellow at the LSHTM on the STAR (HIV Self-Testing AfRica) and ATLAS (HIV Self-Testing: Free to know
your status) projects. In a nutshell, this thesis is an evaluation of methods used to predict health care
costs at scale in low- and middle-income countries (LMIC), with applications using community-based
HIV self-testing (HIVST) programmes scale up in southern and western Africa as a case study. An

overview is presented in the thesis framework (Figure 1).
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Figure 1. Thesis framework

Aim: To gain understanding of methods used to estimate the costs at scale for a new technology in LMIC and to propose new simplified
methods for cost estimation at scale, using community-based HIV self-testing programmes in southern and western Africa as a case study

Case study of community-based HIV self-testing programmes in southern and western Africa
Objective 4 - Tt h
Objective 1 - To conduct — = = jec WF‘“ 0 assess how
a scoping review of the OBIECHIEZ — To.carF Objective 3 — To fit an econometric cost community-based HIV self-
methods used to o aJn sl sl Zis function to estimate the cost drivers of testing implementation costs
etifrate thaicostssat e -bade community-based HIV self-testing provision vary at scale using accounting
scale of health rogramme fzr HIV in Malawi, Zambia, Zimbabwe, South Africa, cost functions in Céte d’lvoire,
2 S PIrog S and use Lesotho observed scale-up costs over Mali, and Senegal to guide
interventions in low- testing and self-testing in g ST .
g ; two years to inform on the external validity of programme national scale-up,
and middle-income Lesotho L . : il
: our empirical cost function and inform on the sustainability
countries (Chapter 4/Paper 2)
(Chapter 3/Paper 1) (Chapter 5/Paper 3) of these models
¢ ¥ (Chapter 6/Paper 4)

Objective 5 = To synthetize and critically appraise the above research to provide recommendations about the choice of methods
to forecast scale-up costs, taking into consideration the scope of its application (Chapter 7)

Outline of thesis

Chapter 1 is the introduction and presents the background to the thesis. It sets the context and
presents our case study used for the application of methods used to estimate costs at scale: the
implementation and scale up of HIV self-testing programmes in southern Africa (Malawi, Zambia,
Zimbabwe, South Africa, and Lesotho) with the STAR Initiative, and in west Africa (Cote d’lvoire,
Senegal, and Mali) with the ATLAS project. | provide an overview of the HIV epidemic in these
countries, and the role that HIVST can potentially play as a prevention strategy to control the

epidemic. | also present the thesis aims and objectives, as well as the intellectual ownership.

Chapter 2 summarises the literature on HIV prevention programme costs and cost drivers. | then

present the theory of production for the purpose of scaling-up health interventions in LMIC.

Chapter 3 builds upon the theory discussed in chapter 2 and presents a scoping review of cost
functions used to predict costs at scale of health interventions in LMIC. | synthesise the various

12



methods applied and | propose different frameworks to guide the decision process of fitting the cost
function by study objective (Paper 1). | also summarise the research gaps related to operational and
economic considerations for scaling up HIVST in sub-Saharan Africa, introducing the research papers

2-4.

Chapter 4 provides a micro-costing analysis of HIVST integration into HTS services using longitudinal
data from a real-world intervention over two-years of implementation in Lesotho (Paper 2). | find that
adding HIVST to community-based HTS improves its overall affordability regarding HIV-positive case
finding. | also highlight how the reporting of both full and incremental cost estimates can increase
transparency for use in priority setting, budgeting and financial planning for scale-up. This analysis is

published in the AIDS journal (August 2020).

Chapter 5 identifies the drivers of costs of community-based HIVST interventions in southern Africa
(Paper 3). An empirical cost function is estimated using cost and programme data from Malawi,
Zambia, Zimbabwe, and South Africa and then modelled for Lesotho to project costs over a two year
scale up period. The cost function scale up predictions are then compared with observed scale up
costs to assess the external validity of this cost function for out-of-sample countries. | published this

work in BMJ Global Health (May 2021).

Chapter 6 presents a costing study of HIVST implementation through civil society organisations (CSO)-
led models for key populations in Cote d’lvoire, Mali and Senegal (Paper 4). | also model costs for
programme transition and early scale-up using accounting cost functions to inform the budgeting of
country national HTS plans. | explore the potential returns on investment of a progressive integration
of the HIVST programme to CSO activities and contextual challenges (COVID-19 pandemic, country
safety concerns). | also assess how, in transition to scale-up and integration of the HIVST programme
into CSO activities, this model is likely to exhibit substantial economies of scale. This study is published

in Frontiers in Public Health (May 2021).
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Chapter 7 provides a general discussion of the key findings from the results chapters 5-8. | synthetise
the contribution to new knowledge from this thesis. | then present the limitations and strengths of
these findings. Finally, | discuss the implications of these findings for research and for policy making,

followed by a general conclusion.

The importance of HIV self-testing programmes scale-up to control the HIV epidemic in

southern and western Africa

Epidemiological contexts of HIV in southern and western Africa

In December 2013, the Joint United Nation Programme on HIV/AIDS (UNAIDS) developed a narrative
to end AIDS as a public health threat with access to antiretroviral treatment (ART) central to its success.
New operational targets were defined - the 90-90-90 targets (' 2. These targets refer to 90% of all
people living with HIV (PLHIV) knowing their HIV status, 90% of all people with diagnosed HIV infection
receiving sustained ART, 90% of all people receiving antiretroviral therapy being virally suppressed by
2020. These targets are now set for 95-95-95 by 2030. Despite these laudable targets, in 2019, there
were globally 38 million people living with HIV, of which 25.4 million had access to ART and every year
an estimated 1.7 million people become newly infected . The two regions most affected by the
epidemic are east and southern Africa (20.7 million PLHIV) and west and central Africa (4.9 million

PLHIV) in 2019 B!,

The eastern and southern Africa region is estimated to be the most affected region with 730,000 new
infections in 2019 (44% of new infections)!?. At the end of 2019, 87% of PLHIV were aware of their
status in this region (Figure 2). The gap to achieving the first 95 of the 95-95-95 targets in 2019 was

a total of 530,000 PLHIV B,
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Figure 2. HIV testing and treatment cascade, eastern and southern Africa, 2019, Source: UNAIDS Data

report, 2020 (p. 40)

There is wide variation in HIV prevalence between countries, with an estimated adult (aged 15-49
years) prevalence among the general population ranging between 9% in Malawi and 23% in Lesotho

in 2019 (Table 1) 12,

Table 1. Overview of key HIV data by case study countries for the adult population aged 15-49 years

in 2019
% of HIV Number of Number of new HIV % PLHIV who know their
Country
prevalence PLHIV infection yearly status (first target)

Malawi 8.9 790,000 29,000 90
Zambia 11.5 950,000 43,000 90
Zimbabwe 12.8 1,000,000 33,000 90
South Africa 19.0 5,900,000 170,000 92
Lesotho 22.8 250,000 9,500 93
Cote d’lvoire 24 290,000 9,200 73
Senegal 0.4 27,000 1,100 71
Mali 1.2 110,000 Unknown 43

Source: UNAIDS, AidsIinfo, 2021: https://aidsinfo.unaids.org/
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In western and central Africa region, we are further away from reaching UNAIDS’ first 95 with an
estimated 68% of PLHIV knowing their status, with a remaining PLHIV who do have not yet been
identified of 1.1 million (Figure 3). As in most countries of the region in 2019, the HIV epidemic is
mixed in Cote d’lvoire, Senegal, and Mali, with national prevalence ranging between 0.4% and 2.4%
and much higher prevalence at 5% to 30% in key populations (KP) including female sex workers (FSW),
men who have sex with men (MSM), and people who use drugs (PWUD) B!, In 2019 in western and
central Africa, HIV prevalence was 9% for FSW, 13% for MSM, and 3% for PWUD. In 2019, seven out

of ten new HIV infection were among these key populations and their sexual partners (Figure 4).

6000000
5000000 —
=
é Gap to
T 4000000 — reaching Gap to
g the first 90: reaching Gap to
2 2000000 — 1.1 million the first and reaching
ol second 90s: the three 90s:
2 1.1 million 1.4 million
T 2000000
[}
Q
E
z 1000000 —
[54-87%]) [44-75%] [36-58%]
0 —
People living with HIV who People living with HIV who People living with HIV who
know their status are on treatment are virally suppressed

Figure 3. HIV testing and treatment cascade, western and central Africa, 2019, Source: UNAIDS Data

report, 2020 (p. 100)
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Figure 4. Distribution of new HIV infections by population (aged 15-59 years), western and central

Africa, 2019, Source: UNAIDS Data report, 2020 (p. 95)

The potential of HIV self-testing using community-based approaches to reach the first UNAIDS 95

target in Sub-Saharan Africa

HIV self-testing (HIVST), where an individual collects their own oral fluid or blood sample, conducts
the test and interprets results!, is an additional testing modality introduced in Sub-Saharan Africa in
2015 P, According to the World Health Organization (WHO) guidelines, a reactive HIVST result should
be followed by further confirmatory testing by a trained provider .. In 2016, WHO released a
supplement to the “Consolidated guidelines on HIV testing services” on HIV self-testing and partner
notification!* °!. They highlighted the potential of HIVST to increase HTS access, especially among men,
key populations and young people and aimed to support the implementation and scale-up of effective,

and evidence based approaches to HIVST P,

STAR was the first and largest implementation project to introduce HIVST in sub-Saharan Africa,
funded by the donor UNITAID ©. The first phase (2015-2017) delivered almost 650,000 HIVST kits in
three countries: Malawi, Zambia, Zimbabwe, the largest global assessment of HIVST. Strategies for
distribution were mainly community-based with distribution of HIVST kits at home door-to-door ..

STAR has generated important information about efficient and ethical ways to distribute HIVST Kkits,
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including post-test tips to respond to questions about the feasibility, acceptability and impact of
interventions in Sub-Saharan Africa. These data were used for the development of new
recommendations, and the development of national public policies on self-testing of HIV. The second
phase of the STAR Initiative (2018-2020) extended this programme to three additional countries
(South Africa, eSwatini and Lesotho) and distributed over 4.8 million HIVST kits in six countries.
Following STAR, UNITAID supported the ATLAS project that aimed to introduce HIVST in western
Africa, coordinated by the non-governmental international organisation Solthis. ATLAS supported HIV
self-testing implementation in three west African countries (Cote d'lvoire, Mali, Senegal) . Up to
December 2020, in close collaboration with the national AIDS programmes/councils, over 150,000
HIVST kits were distributed across the three countries through ten delivery channels combining fixed

and advanced strategies of primary and secondary distribution & 9!,

Decentralisation of HTS has proven effective for reaching UNAIDS targets, for instance with the
universal HIV testing and treatment strategy of the PopART trials in South Africa and Zambia %
Decentralisation of HTS can also be supported by HIVST. Bringing HIVST to the community has the
potential to reduce societal costs for accessing HIV testing, increase efficiency gain by only incurring
costs for skilled providers to conduct confirmatory testing, and is has shown able to reach people who
would otherwise not test, in particular men and young groups ** 2. Community-based HIVST
distribution models use agents (community-based agents, peer distributors, peer educators,
volunteers) to deliver HIVST either at people’s homes or within the community with mobile outreach
(13,141 potential users consider this model convenient, reducing long waiting times at health facilities
and helping them avoid transport fees '>*7], Although community-based approaches incur additional
costs for transport and outreach from a provider perspective, they decrease users’ costs in accessing

HIV testing, in particular among working men whose time might be more expensive 114 1& 19,
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Resource availability for HIV in southern and western African regions

To end AIDS as a public health threat by 2030, UNAIDS estimates that US$26.2 billion are required for
the global HIV response in 2020 alone ?%. This means that the amount of resources available for HIV
should have increased by USS1.5 billion each year between 2016 and 2020, a situation that did not
happen 2%, A shared commitment to the HIV response among the region’s governments and the
international community has translated into levels of funding that are in line with the 2020 target in
southern Africa whereas the resources available for HIV responses in western and central Africa in

2019 were only 46% of the 2020 target (Figure 5).

Resource availability for HIV by source, 2010-2019, and estimated Fast-Track resource
needs in 2020, eastern and southern Africa

12000 —
10000 — ]
8000 —

6000 —

US$ (million)

4000 —

2010 20M 2012 2013 2014 2015 2016 2017 2018 2019 2020

Domestic (public and private) Global Fund @ Resource needs (Fast-Track)
United States (bilateral Other international
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Resource availability for HIV by source, 2010-2019, and estimated Fast-Track resource
needs in 2020, western and central Africa

4500 —

4000 — o
3500 —
3000 —
S 2500 —
= 2000 —

f

1500 —
1000 —
500 —
0 —

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Domestic (public and private) Global Fund @ Resource needs (Fast-Track)
United States (bilateral) Other international

Figure 5. Resource availability for HIV by source, 2010-2019, and estimated Fast-Track resource needs
in 2020, eastern and southern Africa (top), western and central Africa (bottom), Source: UNAIDS Data

report, 2020 (p. 47 and 103)

In 2012, the African Union endorsed the ‘Roadmap on Shared Responsibility and Global Solidarity for
AIDS, TB and Malaria in Africa’, and highlights the need for country ownership, efficiency and
sustainable financing of the HIV response and reflects increasing political commitment %, In recent
years, high-income countries have reduced funding for the HIV response in LMIC, with a 7% decrease
reported between 2015 and 2016 22, The Fast-Track approach proposed by UNAIDS requires a rapid
increase in funding for HIV over the next few years to have a decisive impact on the epidemic and
ensure the long-term sustainability of the HIV response 23!, With increasingly scarce funds to fight the
HIV epidemic in LMIC, priority setting for HIV testing programmes becomes critical. The decision to
scale-up a promising programme such as community-based HIVST relies, among other factors, on the
estimation of the intervention’s its cost-effectiveness as well as its affordability when introduced at
scale. There is a need to better understand how costs evolve with scale and how to best project costs

at scale for both budgeting and assessing affordability.
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Thesis aim

To gain understanding of current methods used to forecast the costs at scale for a new technology in
LMIC and to propose improved methods for cost estimation at scale, using community-based HIVST

distribution programmes scale-up in southern and western Africa as a case study.

Research objectives

Objective 1 — To conduct a scoping review of methods used to date to estimate the costs at scale of
health interventions in LMIC and describe the relationship between the choice of the estimation

method and the intended use of the costs projections — Chapter 3/Paper 1

Objective 2 — To carry out a cost analysis of the community-based programme for HTS and HIVST with
the highest level of testing coverage in Lesotho over a two-year observation period - Chapter 4/Paper

2

Objective 3 — To estimate the costs drivers of community-based HIVST distribution in Malawi, Zambia,
Zimbabwe and South Africa, using econometric methods and, based on the model outputs, project
costs at scale using community-based HIVST national scale-up in Lesotho as a case study - Chapter

5/Paper 3

Objective 4 — To apply accounting approaches to estimate costs at scale using the case of community-

based HIVST national scale-up in Cote d’lvoire, Senegal, and Mali - Chapter 6/Paper 4

Objective 5 — To synthetize and critically appraise the above research to discuss recommendations
about the choice of methods for predicting scale-up costs, taking into consideration the scope of its

application, whether it is priority setting, budgeting, or financial planning - Chapter 7

We present below the specific objectives of each chapter 3 to 6 corresponding to the research papers

1-4.
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Chapter 3: Objectives - Research paper 1: Estimating health care costs at scale: A review of cost

function applications in low- and middle-income countries

1. Tosynthetize the literature on methods used to estimate costs of health interventions at scale
in LMIC,

2. To propose new algebraic formula for cost functions based on the synthesised literature,

3. To summarize key factors considered by researchers for the fitting of cost functions using
gualitative methods,

4. To critically review the studies’ quality and validity of cost projections,

5. Considering the above findings, to propose frameworks on the use of cost functions for the
estimation of costs at scale for health interventions in LMIC based on the intended use of

these cost estimates

Chapter 4: Objectives — Research paper 2: Using HIV self-testing to increase the affordability of

community-based HIV testing services: A longitudinal analysis in Lesotho

1. To estimate the costs of community-based HTS implementation in Lesotho before and after
integration of HIVST,
2. Toinvestigate potential efficiency gains from the addition of self-testing and from continuous

programme development

Chapter 5: Objectives — Research paper 3: Modelling costs of community-based HIV self-testing

programmes in Southern Africa at scale: An econometric cost function analysis across five countries

1. Tofitan econometric cost function to estimate the cost drivers of the community-based HIVST
programmes in Southern Africa using data from Malawi, Zambia, Zimbabwe, and South Africa,
2. To inform the use of econometric cost functions to predict costs at scale by comparing

econometric cost function models with different level of data requirements,
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3. Toassess the validity of our empirical econometric cost function by comparing projected costs

with observed costs at scale in Lesotho

Chapter 6: Objectives — Research paper 4: Costs and scale-up costs of integrating HIV self-testing into

civil society organisation-led programmes for key populations in Céte d’lvoire, Senegal, and Mali

1. To estimate the costs of implementing HIVST through civil society organisations-led
programmes for key populations in Cote d’lvoire, Senegal, and Mali,
2. To assess the costs of scaling up this model to guide project national scale-up, propose costed

operational plans, and inform on the sustainability of this distribution model

Intellectual ownership

As staff member of LSHTM, | should justify that the proposed research arises from my own
independent research alongside the research project | am professionally involved with. | highlight

below and in the Figure 6 my role and responsibilities for this research.

Scope of work related to the STAR project

Between 2016 and 2019 | have been working as a full-time research fellow on the STAR research
project. Between 2016 and 2018, | supported the design of discrete choice experiments in Malawi,
Zambia and Zimbabwe to understand potential user's preferences for various models of HIVST
distribution and linkage to care following a positive self-test. To a lesser extent, | also contributed to
the costing studies in these countries as a coordinator for cross-country weekly review of progress
during the cost data collection, cleaning, and analysis. | am a co-author on the publication of this
costing study (Appendix 1), from which | use data for the econometric cost function analysis in Paper
3. In addition, | collected data with the local economist for one model of HIVST distribution in Malawi

(Private health facility).
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During STAR phase 2 (2018 and 2019), the STAR consortium grew to cover South Africa, Lesotho and
eSwatini (six countries in total). | supported the coordination of costing studies in Malawi, Zambia,
Zimbabwe, South Africa with a similar role as in phase 1. | led the costing studies in Lesotho where |
am the only researcher involved. | wrote the costing research protocol, collected, cleaned and

analysed data.

Scope of work related to the ATLAS project

Following the STAR initiative, a sister intervention —the ATLAS project —was funded by the same donor
UNITAID to inform the design of HIVST programmes in West Africa. Since September 2019, | work full-
time on the ATLAS project where | am the field coordinator for the economics work package. | wrote
the costing protocol (Appendix Il) and led the design of the cost data collection and analysis with the
support of two research assistants (one based in Céte d’lvoire, and the other in Senegal). | supervised
the cost data collection and analysis conducted by the research assistants. | fully designed the scale-

up cost modelling approach.

Scope of work related to my PhD

Because of the successful introduction of HIV self-testing in southern and western Africa in the first
phase of the STAR initiative and the ATLAS projects, interest in evidence to inform the scale-up of this
new technology has been growing. It has been mentioned in my research costing protocols that |
would be looking at costs at scale, for which | received ethical approval. The PhD research aims to
explore and compare various methods used to estimate costs at scale is my own original idea. Given
the large scale of these research programmes, a significant amount of primary cost data has been
collected, and the aim of this PhD is to take full advantage of these data. However, the scope of this
PhD is distinct from the STAR and ATLAS project deliverables in that | am focusing on methods and
the projects focus on the policy-relevant results of the evaluation. Nevertheless, my findings are
relevant to explain the STAR/ATLAS recommendations and, therefore, of interest to the research

teams.
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2016 2017 2018 (registration) 2019 (upgrading) 2020 2021
PhD-related Activities Q2 | a3 | aa | a1 | a2 a3 as | a1 |a|a3]|]a|a |[a|]a3|a|a]|]a|[a]a|a | a] a3
IVICI/GWI, Zamb/a, Zimbabwe - Cost data collection Cost data cleaning and analysis R w.ritir.lg e
CB HIVST costs publication
Lesotho - CB HTS/HIVST costs Research protocol writing Cost data | Data cleaning and analysis " o
. L . N Paper writing and publication
(pape,- 2} and ethics application collection for costing study
Determinants of CB HIVST costs )
Data collection
(Paper 3)

Scoping Review (Paper 1)

Scale up costs in Céte d'lvoire,
Senegal, and Mali (Paper 4)

Thesis writing up

Training
Econometrics for Health- UCL

Roles and responsibilities

STAR team and PhD candidate

PhD candidate for STAR+PhD research

Figure 6. Timelines and intellectual property
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| presented in this chapter the background to the thesis. It sets the context and presents our case
study used for the application of methods used to estimate costs at scale: the implementation and
scale up of HIV self-testing programmes in southern Africa (Malawi, Zambia, Zimbabwe, South Africa,
and Lesotho) with the STAR Initiative, and in west Africa (Cote d’lvoire, Senegal, and Mali) with the
ATLAS project. | provided an overview of the HIV epidemic in these countries, and the role that HIVST
can potentially play as a prevention strategy to control the epidemic. In line with the scope of this
thesis, | focus on community-based HIVST distribution models as opposed to facility-based distribution
models. The following chapter provides background information of the economics of scaling up health
care interventions in LMIC. | also present in this chapter the existing literature on HIV Testing Services

(HTS) and HIVST costs of implementing these programmes in preparation for scale-up.
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Chapter 2 — Economics of scaling up health interventions in low- and middle-
income countries: The case of HIV programmes in Sub-Saharan Africa

This chapter reviews the costs and cost drivers of HTS and HIVST programmes in sub-Saharan Africa. |
then present the theory of production and the concept of returns to scale with its application for the
scale up of health interventions in LMIC. Finally, | discuss the various applications of cost estimation

at scale in LMIC and we highlight the research gaps in this area.

Costs of HIV testing and HIV self-testing programmes in sub-Saharan Africa

A systematic review conducted in 2021 by Ahmed and colleagues reports 169 costs per HIV test from
65 studies in sub-Saharan Africa published between 2006 and 2020 (Appendix Ill). The authors
explored variations in incremental cost estimates by different testing modalities: health facility-based
(n=57), home-based (n=29), mobile services (n=13), self-testing (n=19), campaign-style (n=4), and
stand-alone (n=3). They also presented costs by primary or secondary/index HTS and by type of
population tested (general population, people living with HIV, antenatal care male partner, antenatal

care/postnatal women and key populations).

In this analysis, as the distributions of cost estimates across the studies was quite skewed, | report the
median costs instead of mean costs. The main findings are, for facility-based testing the median cost
per person tested was US510 (interquartile range (IQR): $6-28) for negative test and $140 (IQR: $67-
414) for positive test. For home-based testing, the median cost was US513 (IQR: $8-23) and US$247
(IQR: $141-382) for HIV negative and positive test respectively. For self-testing the median cost was

USS12 (IQR: $9-14) per person tested, and the cost for positive result was US$113 (IQR: $78-516).
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Because costs per test were largely comparable ($10-$13), this review concludes that the choice of
one testing modality over another should be driven by which HIV testing approach is most feasible to
implement and most likely to reach their untested groups. It should also encourage policymakers to
consider delivering a mixture of testing modalities. Self-testing services, attracting harder-to-reach
groups such as men, young groups, and key populations, play a key role in the HIV response and are
being added to national HTS programmes across sub-Saharan Africa. Nevertheless, with increasingly
scarce resources to sustain HIV programmes, there is a need to accurately estimate the costs of scaling

up HIVST programmes for the purpose of budgeting and financial planning.

Costs drivers of HIV preventions programmes globally

Understanding the drivers of costs is essential for implementers to run HIV testing models that are
both effective and efficient ™ 2. Costs functions can help monitoring programme efficiency and
identify drivers of costs. They can help to identify areas where the allocation of resources is not
optimal and take corrective actions > #. | conducted a narrative review of economic evaluations
alongside multi-country HIV testing and treatment programmes and we present here the cost drivers

of HIV prevention programmes identified in these large scale studies.

Given the significant amount of data required to conduct such analysis, only a few studies have been
able to analyse the determinants of costs for HIV prevention programmes using econometrics
methods > ®. To my knowledge, no study has focused on HIV testing services only but rather on a
package of HIV prevention services. Well-known applications of costs functions to HIV prevention

programmes include the PANCEA, ORPHEA, Integra, and Avahan research projects 7,

The PANCEA (Prevent AIDS: Network for Cost-Effectiveness Analysis) project assessed the efficiency
of HIV prevention programmes by collecting 2003 and 2004 cost and output data from 206 HIV

prevention programmes in five countries (Uganda, South Africa, India, Mexico, and Russia). They
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assessed the direction, shape, and strength of association between scale and efficiency for each
country by fitting bivariate regression lines to scatter plots of output levels and unit costs. Overall, the

authors found efficiency gains with scale, with variation across countries and interventions .

The ORPHEA (Optimizing the Response in Prevention: HIV Efficiency in Africa) project, built on PANCEA
and other past work, is one of the most comprehensive studies on the cost and technical efficiency of
HIV prevention interventions and looked at over 300 delivery sites in Kenya, Rwanda, South Africa,
and Zambia between 2012 and 2013 . The research team assessed the cost, cost structure, cost
variability, and the determinants of efficiency for major HIV interventions including: HIV testing and
counselling, prevention of mother-to-child transmission, voluntary medical male circumcision, and
HIV prevention for sex workers. Using the ORPHEA data, Gallaraga et al. applied multivariate
regression methods to analyse predictors of log-transformed average costs and found that HIV
prevention costs could be contained by using task shifting, outside of hospital sites, service integration

and bringing services to the community 19,

The Integra Initiative evaluated the costs and benefits of integrating HIV and sexual and reproductive
health services in Kenya, Swaziland and Malawi. To determine the existence of economies of scale and
scope, Obure et al. used a quadratic cost function using data collected between 2008 and 2011 from
40 health facilities in Kenya and Swaziland ©°!. They found that efficiency gains from the integration of
HIV and other services are likely to be modest or in sites operating at a low scale with high levels of

fixed costs.

Finally, an example of estimating cost functions has been done by Lepine et al. to examine a public
health programme for HIV prevention using data from 138 non-governmental organisations over four
years in India (Avahan — The India AIDS Initiative) ). Using a fixed-effect panel estimator and a
random-intercept model, they find that the NGO scale, the community involvement, and the

organisation of clinical services are the major determinants of average costs.
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Production function, short and long run, returns to scale and scale economies

Healthcare’s goal is to maximize health and the analysis of health production processes and supply
presents two challenges: one is that the outputs — the goods produced — are health outcomes. The
health outcomes aim to increase the patient utility — happiness or satisfaction gained from consuming
a good — but its assessment can be highly subjective between individuals and cultural settings. The
second one is that the production function (i.e. the relationship between inputs and outputs) needs to
be defined in terms of intermediate outputs (e.g. vaccinations carried out, or HIV self-testing kits

distributed) and not outcome (“good” health) 4,

The production process in healthcare has two distinct timeframes, differentiating the variability of
inputs to production. In the short run, some fixed inputs (e.g. hospital building) will not vary with the
level of output (e.g. number of patients seen) while other inputs (e.g. number of nurses) will vary. In
the long run, all inputs to production will vary. When considering alternative methods to estimate
costs at scale, the timeframe of costs projections (short or long run) will be critical. The relationship
between inputs and outputs defines the production function and is characterised by the output
elasticity (the percentage change of output divided by the percentage change of an input) used to
estimate returns to scale 'Y, In situations where a percentage increase in inputs leads to the same
percentage increase in output, we observe constant returns to scale. When a given percentage
increase in input leads to either a larger or a smaller percentage increase in output, we are in the case
of increasing or decreasing returns to scale, respectively *2. The concept of increasing/decreasing
returns to scale is closely linked to that of economies/diseconomies of scale. Whereas returns to scale
focuses on how output changes in proportion to the quantity of input used in production, economies
of scale looks at how costs change in proportion to the output produced. Economies of scale happen
when increasing the scale of production leads to a lower cost per unit of output, and vice-versa 2.,

When considering costs of production, the variation in the level of production of output or scale, will

be associated with varying marginal benefits (or intermediate outcome in healthcare) and marginal
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costs in the short and the long run. This relationship between costs and output is explored to achieve
scale efficiency (Figure 1). In the short run, as output increases, fixed costs are spread across more
units of output and the average cost per output is decreasing, exhibiting economies of scale. After a
certain point in scale, average costs start increasing, related to either the law of diminishing marginal
return (short run), or theoretical diseconomies of scale such as management challenges at large scale
(long run) 234 The law of diminishing marginal return states that when one or more factors of
production are held fixed (short run), there will come a point beyond which the extra output for
additional units of the variable factor will diminish [*?. The evaluation of the impact of (dis)economies
of scale on costs implies that the analyst adopt a perspective from the provider (health system,

implementer).

Costs

Average costs |

Marginal costs

ECONOMIES | DISECONOMIES
OF SCALE | OF SCALE

Scale efficiency .
Output

Figure 1. Average, marginal cost curves and (dis)economies of scale, Source: Guinness L, Wiseman V.

Introduction to Health Economics. 2nd edition ed: Open University Press; 2011
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Although the short and long run average costs curves are commonly presented as “U-shaped” [1# %,
with initial economies of scale followed by diseconomies of scale for higher levels of inputs, there are
many reasons for (dis)economies of scale to happen: they can be context specific and its nonlinear
effects are still subject of debate today among economists !® 7], The literature on cost functions
usually agree on a L-shaped average cost curve versus scale, rather than the theoretical U-shaped

curve as diseconomies of scale are rarely empirically observed 718 %9,

Research on the scale-up of health interventions in LMIC

The concept of scaling up an intervention can be defined either as an intrinsic characteristic or as a
process. The former refers to “the ability of a health intervention shown to be efficacious on a small
scale and/or under controlled conditions to be expanded under real world conditions to reach a greater
proportion of the eligible population, while retaining effectiveness” ?%; while the latter refers to the
“deliberate efforts to increase the impact of successfully tested health interventions so as to benefit
more people and to foster policy and programme development on a lasting basis” ?*). These deliberate
efforts, in certain situations, can also include the successful integration of new interventions into

existing programmes 22,

Research on scale-up of intervention has described frameworks for scaling health interventions as a
process, the majority of which have an explicit focus on LMIC 39, The constraints to scale-up can be
different between high-income countries (HIC) and LMIC, in terms of human resources,
infrastructures, or health system organisation!?® 2% 24 27, 33,36, 41481 £ rthermore, the scarcity, quality

and accessibility of data in LMIC explain the development of costing methods specific to LMIC 9,

Two reviews have looked at conceptual frameworks for scaling up health interventions in LMIC.
Subramanian et al., in a systematic review published in 2011, identified six conceptual models B3
Most models highlighted the importance of organisational, functional, and political capabilities

through experimentation and adaptation of strategies in addition to increasing the coverage and
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range of health services. They suggested that approaches such as a “learning by doing” would allow
for engagement of key stakeholders, used data to address constraints, and incorporated results from
pilot projects. A second review, a narrative review conducted in 2015 by Milat et al., identified eight
scale-up frameworks %, where the key factors for success included the importance of establishing
monitoring and evaluation systems, strong infrastructure to support implementation, costing and
economic modelling of interventions, engagement of implementers and the target community, the
systematic use of evidence, and a well-defined strategy tailored to local context with strong leadership
and political will. Although these two reviews compared different frameworks (except one framework
which was present in both reviews [“Y), both suggested an adaptive strategy for the successful scale-
up of health interventions in LMIC, with a “learning by doing” approach i.e. the systematic use of
evidence throughout the scale-up process. Both reviews also highlighted the evaluation of resource
needs as a major constraint to scale-up *>°%. Milat et al. ranked the appropriate costing and economic

modelling as the second most important success factor based on the literature review citations.

Estimating costs at scale for health interventions in LMIC: for what purpose?

Costs estimated at scale have various applications for budgeting, planning using projections from
budgetary expenditures, priority setting using cost-effectiveness analysis, or the
(global/regional/national) estimation of resource needs for the introduction of packages of priority
health interventions . Depending on the purpose of the estimation, there are different needs for
precision and accuracy. Precision and accuracy will be more relevant for budgeting purposes in order
to avoid the risk of under-funding a programme while a cost-effectiveness analysis can accommodate
larger uncertainty that can then be taken into account. Therefore, the intended use (or purpose) of
the cost estimate will influence the selection of the appropriate method to use in order to minimize

data requirements while improving accuracy when critical.
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Appropriate estimation of costs at scale is needed to inform policies aiming to expand or introduce
new interventions. Various methods have been applied to estimate costs of health interventions at
scale in LMIC. However, the relationship between the choice of the method and the intended use of
the estimates produced is unclear. This chapter presented that the theory of returns to scale is often
not, or partially, accounted for in cost projection methods. As it is increasingly relevant to account for
decreasing returns to scale for the application of cost functions to epidemic such as HIV, malaria where
it costs more to reach the last percentage of the target population (remote areas, groups harder to
reach, etc.), | will explore how to account for decreasing return to scale with cost functions. The
following chapter is a scoping review of methods used to estimate the costs at scale of health
interventions in LMIC, their ability to include the theory of returns to scale, and the purpose for which
those estimates have been produced. The focus of this review is to assess how the choice of methods
used and the purpose of the cost estimate are related. More specifically, | present a review of existing
frameworks to inform the intervention scale-up in these countries and the importance of estimating
accurate resource needs. | then present the different methods usually applied to estimate costs of
scaling up, namely accounting methods, and econometric (or statistical) methods. Finally, | present
the main areas where estimated scale-up costs can be applied: for budgeting, for the estimation of
global resource needs for financial planning, or for priority setting with economic evaluation of cost-
effectiveness. This chapter is presented in a paper format as submitted to the Health Economics

journal on August 2021.
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Chapter 3 — Paper 1: Estimating health care costs at scale: A review of cost
function applications in low- and middle-income countries

Overview of Paper 1

As presented in chapter 2, the appropriate estimation of costs at scale is needed to inform policies
aiming to expand or introduce new interventions. This paper reviews methods used in LMIC to
estimate the costs at scale of health interventions. Furthermore, this paper assesses how the choice

of methods used and the purpose of the cost estimate are related.

In total, forty research articles are included in this review and critically assessed. Accounting and
econometric cost function frameworks are developed based on the intended use of these cost
estimates. These proposed frameworks also include ways to account for variable returns to scale in

cost estimation methods at scale.

Additional details on methods and findings are presented in the supplemental material. Appendix Al
presents in details the search strategy for each data base. Appendix A2 provides an overview of the
data extracted from each paper. Appendix A3 presents the qualitative methods used for the themes
identification for the classification of factors considered by authors when fitting a cost function.
Appendix A4 presents methodological approach taken to conduct the qualitative data extraction and
classification by study objective. Appendix A5 provides a summary of study characteristics by year,
outlet of publication, world region, country, and intervention sector. Appendix A6 presents a synthesis
of estimators used for econometric cost functions, based on healthcare cost data features (adapted
from Mihaylova et al, 2011). Appendix texts present factors considered by authors when fitting a cost
function, examples of application of cost functions to economic evaluations, and further details on the
choice of statistical method for cost data analysis. Finally, Appendix Figure Al shows the factors

considered when fitting a cost function by type of cost function.

Data extraction and analysis is conducted following the guidelines from the Preferred Reporting Items

for Systematic Review and Meta-Analysis Protocols (PRISMA) - Scoping Review Extension.
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This review was submitted to the Health Economics journal in August 2021.

This paper fulfil research objective 1 by reviewing methods used to date to estimate the costs at scale
of health interventions in LMIC and describing the relationship between the choice of the estimation

method and the intended use of the costs projections.
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Abstract (193/200 words limit)

Appropriate costing and economic modelling are major factors for the successful scale-up of health
interventions. Various cost functions are currently being used to estimate costs of health interventions
at scale in low- and middle-income countries (LMIC) potentially resulting in disparate cost projections.
The aim of this scoping review is to gain understanding of current methods used and provide guidance

to inform the use of cost functions that is fit for purpose.

We reviewed seven databases covering the economic and global health literature to identify studies
reporting a quantitative analysis of costs informing the projected scale-up of a health intervention in

at least one LMIC between 2003 and 2019 without language restrictions.

Of the 8,725 articles identified, 40 met the inclusion criteria. We classified studies according to the
type of cost functions applied — accounting or econometric and described the intended use of cost
projections. Our critical review finds reporting issues related to sampling approach, reporting of
uncertainty measure, and selection of the right estimator based on sample size and cost data features.
Building on the review results, we proposed a framework to guide the fitting of cost functions by study

objective including mathematical notations.

Key words:

Health Economics, Microeconomics, Econometrics, Production costs, Cost functions, Low- and middle-

income countries
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Introduction

The research in implementation science for intervention scale-up in low- and middle-income countries
(LMIC) is gaining interest in the field of health economics [I. Whether it is related to changes of the
donor landscape where LMIC are transitioning to more reliance on domestic funding (e.g. HIV
epidemic), or an evolution to decentralised health services delivery systems aiming to increase access
to care (or in response to the COVID-19 pandemic), stakeholders need robust estimates of programme
costs at scale to better inform decisions. Two recent systematic reviews have looked at conceptual
frameworks for the successful scale-up of health interventions in LMIC > 3], both highlighted the
misevaluation of resource needs as a major challenge to scale-up. Milat and colleagues ranked the
appropriate costing and economic modelling as the second most important success factor, after

establishing monitoring and evaluation systems, based on the literature review citations 1.

The constraints to scale-up differ between high-income countries (HIC) and LMIC, in terms of human
resources, infrastructures, and health system organisation. In LMIC, these constraints are often
related to data scarcity (relying solely on routine cost accounting systems and patient-information
systems), shortages of human resources, the health financing system in countries with high out-of-

pocket expenditures, and weak governance 47,

According to the World Health Organisation, scaling up in the health sector means “doing something
in a big way to improve some aspect of a population’s health” !], This broad definition encompasses
multiple dimensions including inputs/resources (mobilising more funds), outputs (providing more
services), outcomes (reaching more people), and/or impact (reducing morbidity or mortality). We
distinguish “costs at scale’” — assessing resource needs at various quantities of outputs, from “costs of
scaling-up”’ - estimating all costs incurred in the process of increasing the quantity of outputs of an

intervention.

Originally, the production function, developed by Cobb and Douglas in 1927, describes the relationship

between outputs and factors of productions (inputs) . Cost functions are derived then from the
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production function and estimate the total cost of production given a specific quantity of output
produced. The simplest cost function multiplies a single unit cost by a quantity - the commonly used
“simple cost multiplier” (SCM) 2%, Accounting cost functions (ACF) - also called accounting identity
cost functions 2! - are broad in nature because they aim to follow step-by-step the intervention
production process as close as possible to the reality 2> 2Y, ACF identify fixed and variable costs,
typically assumed to vary linearly with the scale of output produced such as that used in input-output
analysis as originally developed by Leontief 2% (e.g. total costs of scaling up HIV testing = cost of a HIV
testing site (fixed cost) + HIV testing session cost*number of person to test (variable cost*scale)) 23!,
In contrast to accounting approaches, econometric cost functions (ECF) do not follow the production
process and apply statistical inference to project costs. The challenge of ECF is to reflect the complexity
of real-world production process with a relatively simple statistical model of dependent (costs) and

independent variables.

The applications of cost functions have developed largely independently in the context of budgeting,
medium- and long-term financial planning, technical efficiency analyses, and priority setting. These
applications differ regarding their economic assumptions, complexity and data requirements

ultimately resulting in disparate cost projections.

In 2005, as part of the WHO CHOICE project (CHOosing Interventions that are Cost-Effective), Johns
and colleagues systematically reviewed factors affecting costs as coverage increased. The authors
outlined various methods used and identified accounting methods, projections from budget
expenditures, and econometric models from thirty-seven studies 4. In 2008, Kumaranayake
systematically reviewed methods used in thirty-four studies to estimate costs at scale for HIV/AIDS
interventions and identified that the majority of methods were using either an ACF where costs were
modelled with or without adjustment for scale, empirically estimated, or using econometric models

(251, Studies were used for cost-effectiveness analysis or resource needs estimates.
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We conducted a scoping review of methods used to estimate the costs at scale of interventions in
LMIC and the purpose for which those estimates have been produced. This review aims to update and
expand previous works to identify potentially innovative approaches for projecting costs at scale,
better accounting for variable returns to scale 12* 2, Since the relationship between the choice of cost
function and the intended use of the estimates produced is unclear, we also aim to assess how the
choice of methods used and the purpose of the cost estimate are related to draw lessons on the
suitability of different methods for each purpose. Specifically, the objectives of the review are: (1) to
synthetize the literature on methods used to estimate costs of health interventions at scale in LMIC,
(2) to propose new algebraic formula for cost functions based on the synthesised literature, (3) to
summarize key factors considered by researchers for the fitting of cost functions using qualitative
methods, (4) to critically review the studies’ quality and validity of cost projections, (5) considering the
above findings, to propose a mathematical framework on the use of cost functions for the estimation

of costs at scale for health interventions in LMIC based on the intended use of these cost estimates.

Methods

2.1. Search strategy

Research questions in scoping reviews are broad in nature as the focus is on summarizing breadth of
evidence %), We followed the Arksey and O’Malley methodological framework for scoping studies
revised by Levac et al. and the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) Extension for Scoping Reviews 2528, Seven databases covering the economic and global
health literature were reviewed (Pubmed, Embase, Global Health, Econlit, The Cost-Effectiveness
Analysis Registry, Global Health Cost Consortium unit cost database and the Latin American and
Caribbean Health Science Literature database). We included studies reporting a quantitative cost
analysis, using a provider perspective, and informing the scale-up of an intervention in at least one

LMIC between 2003 (corresponding to the end of Johns’ review %) and 2019 without language
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restrictions. Eligible studies in other development economic sectors than health, such as agriculture
and education, were also included in the search to capture the broader scale-up literature available

across economic fields, allowing for cross fertilization across disciplinary foci.

The intended readers of this review are researchers or planners tasked with generating information
for financial planning decisions, conducting economic evaluations at scale and technical efficiency
analyses for estimating costs at scale. Therefore, program budgeting methods used by health
managers for routine health services, funding application, price setting methods (e.g. in the insurance
sector), patient cost analysis, and technical efficiency analyses not used for estimating costs at scale
(performance analysis such as frontier models, data envelopment analysis or stochastic frontier

approach) - are judged beyond the scope of the review.

We excluded the SCM method from the search because it is commonly found in the literature, and
our focus was on innovative approaches. However, we include this method as a comparator with new
approaches identified in the review. We looked at the first fifty hits (i.e. results in Google) of our search
in additional key economics sources such as the World Bank (WB), and sources for health research in
developing countries, including the World Health Organisation, The Joint United Nations Programme
on HIV/AIDS, Clinton Health Access Initiative, Médecins Sans Frontiéres, with the aim of including
approaches not captured with our database search. No additional studies were found with the grey

literature search.

The concept of costing at scale is broad, therefore the search strategy covered a wide range of
research areas, these can be found in Appendix Table Al. The search strategy was composed of three
dimensions: (1) costs: including economic evaluations, econometric cost functions, programme
financing, expenditure analysis, efficiency analysis, cost sharing analysis; (2) scale: related to
implementation sciences, programme organization/evaluation, health service
assessment/monitoring, health planning, management of health resources, delivery of care,

operational and organizational research; and finally (3) setting: low- and middle-income countries as
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per the 2020 WB classification ?°!. We validated our search strategy using a list of fourteen pre-
identified research articles applying diverse cost projection methods that we knew should be included

in the review to ensure our search strategy was capturing studies of interest.

2.2. Data extraction and analysis

We conducted two types of data extraction (Appendix Table A2). One approach was more descriptive,
related to the article information (e.g. name of first author, year of publication), the intervention
setting and scale-up (e.g. countries, study objectives), and the cost projection method (e.g. accounting

or econometric, fixed/variable costs, uncertainty measure).

The second data extraction phase was more analytical and synthetized the factors, explicitly presented
by the authors, that were considered when fitting the cost functions. The approach taken extracted
text and summarized data as bullet points then identified themes of analysis (Appendix Tables A3 and

Ad).
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Results

3.1. Search results

The screening process is presented in Figure 1. The database searches identified 8,725 published

studies for screening. A total of 40 articles were included for the complete methods review [2% 30-68],

Databases:
Pubmed —2,509 hits
Embase — 2,624 hits
Global Health — 368 hits

Econlit— 1,782 hits
The Cost-effectiveness Analysis Registry — 680 hits
Global Heath Cost Consortium database— 386 hits

Latin American and Caribbean Health Sciences
Literature Database — 376 hits

1
8,725 citations identified through database searches 725 duplicates removed
¥
8,000 citations screened 7,853 citations excluded after screening title or abstract
¥

107 studies excluded:
¢ Cost analysis without projection at scale as per definition (e.g.
patient costs analysis, data envelopment analysis)
* Article of a same first author whose most recent article presents

147 full-text articles assessed for eligibility

! the same cost projection method and is already included in the
. o ] . review
40 empirical studies included in the review + Authors use the same publicly available tool as another more

recent study already included in the review (e.g. OneHealth tool)
* Article not in a language that the authors can analyse (Chinese —
1 article)

Figure 1. Database search and screening process

3.2. Study characteristics

Study characteristics are presented in Table 1. and Appendix Table A5. We observe an increasing
number of relevant studies over time, and half of the studies (48%) are published in the five most
recent years. Studies are published in a wide range of journals in the fields of health economics (n=7,
19%); health management, policy, and planning (n=5, 13%); health service delivery (n=27, 65%); and
waste management research (n=1, 3%). The most common publication journals are PloS one (n=6,

12%), Cost Effectiveness and Resource Allocation (n=4, 11%), Health Policy and Planning (n=3, 7%) and
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The Lancet journals (n=3, 7%). Most studies are conducted in Sub-Saharan Africa (n=19, 48%), followed

by South Asia (n=10, 23%), multiple regions (n=6, 15%), East Asia & Pacific (n=4, 11%), and Latin

America & Caribbean (n=1, 3%). Many studies are multi-country analyses ranging from 2 to 188

countries (n=9, 20%) and a high number of studies are conducted in India (n=9, 20%). Although we

included other development economics sectors in our review, most studies are in the health sector

(n=39, 97%) and one study is related to waste management research (n=1, 3%). Finally, a third of

studies are related to HIV (n=16, 38%), followed by health-related expenditure analysis (n=5, 12%),

packages of primary health care services (n=6, 14%), and maternal and childcare (n=3, 7%).

Table 1. Overview of individual study characteristics (N=40)

Study
First author, year Cost function |Intervention field World region Country
objective
Kerr, 2015 Econ. Eval.t  |Accounting HIV Multiple regions |Not reported
Sub-Saharan
Turner, 2016 Econ. Eval. Accounting Parasitology - Helminthiasis Uganda
Africa
Sub-Saharan
Winskill, 2017 Econ. Eval. Accounting Malaria Unknown
Africa
Sub-Saharan
Marseille, 2012 Econ. Eval. Econometric |HIV Zambia
Africa
Basic Package of Health
Abdullah, 2012 Fin. Plan. Accounting East Asia & Pacific|Indonesia
Services
Sub-Saharan
Barasa, 2012 Fin. Plan. Accounting Maternal and Child Care Kenya

Africa
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Basic Package of Health

Cantelmo, 2018 Fin. Plan. Accounting East Asia & Pacific|Cambodia
Services
Castaneda-Orjuela, Latin America &
Fin. Plan. Accounting Vaccination Colombia
2013 Caribbean
Sub-Saharan
Deghaye, 2006 Fin. Plan. Accounting HIV South Africa
Africa
Deo, 2019 Fin. Plan. Accounting Tuberculosis South Asia India
Basic Package of Health
Ensor, 2012 Fin. Plan. Accounting East Asia & Pacific|Indonesia
Services
Basic Package of Health|Sub-Saharan
Marschall, 2008 Fin. Plan. Accounting Burkina Faso
Services Africa
Prinja, 2018 Fin. Plan. Accounting Maternal and Child Care  [South Asia India
Rodrigues, 2014 Fin. Plan. Accounting HIV South Asia India
Terris-Prestholt, Sub-Saharan
Fin. Plan. Accounting Adolescent Health Tanzania
2006 Africa
Verguet, 2015 Fin. Plan. Accounting Surgery Multiple regions |88 countries
Castro, 2016 Fin. Plan. Econometric |Health Care Expenditures |Multiple regions |156 countries
GBD Health
Financing
Fin. Plan. Econometric |Health Care Expenditures |Multiple regions |188 countries
Collaborator
Network, 2018
Basic Package of Health|{Sub-Saharan
Berman, 2018 Fin. Plan. Mixed Ethiopia
Services Africa
Adam, 2003 Fin. Plan. Econometric |Hospital Expenditures Multiple regions |6 countries
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Basic Package of Health

Ameli, 2008 Tech. Eff. An.§ [Econometric South Asia Afghanistan
Services
Bautista- Sub-Saharan
Tech. Eff. An. |Econometric |HIV Nigeria
Arredondo, 2018a Africa
Bautista- Sub-Saharan
Tech. Eff. An. |Econometric |HIV 4 countries
Arredondo, 2018b Africa
Sub-Saharan
Bollinger, 2014 Tech. Eff. An. |Econometric |HIV 6 countries
Africa
Chandrashekar,
Tech. Eff. An. |Econometric |HIV South Asia India
2010
Dandona, 2005 Tech. Eff. An. |Econometric |HIV South Asia India
Sub-Saharan
Galarraga, 2017 Tech. Eff. An. |Econometric |HIV Kenya
Africa
Guinness, 2007 Tech. Eff. An. |Econometric |HIV South Asia India
Sub-Saharan
Johns, 2013 Tech. Eff. An. |[Econometric |Maternal and Child Care Malawi
Africa
Lepine, 2015 Tech. Eff. An. |Econometric |HIV South Asia India
Lepine, 2016 Tech. Eff. An. |Econometric |HIV South Asia India
Menzies, 2012 Tech. Eff. An. |Econometric |HIV Multiple regions |6 countries
Sub-Saharan
Meyer-Rath, 2012 |Tech. Eff. An. |Econometric |HIV South Africa
Africa
Pharmaceutical Sub-Saharan
Muijasi, 2015 Tech. Eff. An. |Econometric Uganda
Expenditures Africa
Sub-Saharan
Obure, 2016 Tech. Eff. An. |Econometric |HIV 2 countries

Africa
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Parthan, 2012 Tech. Eff. An. |Econometric |Solid Waste Management |(South Asia India

Sub-Saharan
Pitt, 2017 Tech. Eff. An. |Econometric |Malaria Senegal
Africa

Sub-Saharan
Schneider, 2007 Tech. Eff. An. |Econometric |Health Insurance Rwanda
Africa

Weaver, 2004 Tech. Eff. An. |Econometric |Hospital Expenditures East Asia & Pacific|Vietnam

Sub-Saharan
Ahanhanzoa, 2015 |Tech. Eff. An. |Econometric [Vaccination 2 countries
Africa

+ Economic Evaluation, # Financial Planning, & Technical Efficiency Analysis

3.3. Cost functions — Algebra and description of terms

We classify studies by type of cost functions — accounting and econometric and we propose a formula
for each cost function that encompass all reported methods. We further account for variable returns
to scale in our notations beyond what is done in most studies. We also report the simple cost multiplier
approach to allow for comparison between methods. The algebra is presented in Table 2 and applied

examples are provided in Appendix Table A6.

56




Table 2. Cost functions — Derived mathematical notations

Simple cost multiplier (comparator)

Accounting cost function

Econometric cost function

C=s-UC

Sk
c= 20+ ) o] e 2
- K
j k 1
full _
+ Z Sm <<Sf““> - (Ch Cm) + cm>

with ¢; = f(P]-, Q;) in the short run,
with ¢ = f(Py, Qi); ¢ = f(P1, Q1) cm = f(Pm, Q).
with [;—ﬂ, where [ ]is the rounded-up value to the nearest higher

integer and is >0

CZZCV with CV=80+ZBVW'XVW
v w

OR

C:ZUCV'SV Wlth UCV=BO+ZBVW.XVW
v w

Where:

C: Total cost

Where:

Where:

Bo: Model intercept
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s: Scale variable to reach desired number of
outputs

UC: Unit cost per output

i input (building, personnel, supplies, etc.)
differentiated by intervention level (health
facility, district office, central, etc.)

Pi: Price of an input i

Qi: Quantity of input i required for one output

c: Cost by type of input (building, personnel, supplies, etc.)
differentiated by intervention level (health facility, district office,
central, etc.)

s: Scale is defined as a number of outputs

c and s vary by type of input. We differentiate the type of inputs into
i, k, I, m defined by their behaviour at scale (j = fixed, no variation to
scale; k = semi-variable, increasing return to scale; | = variable,
constant return to scale; m = variable, decreasing return to scale)

P: Price of an input

Q: Quantity of input required for one output

Dk: Maximum capacity per input k

Cn™": Input cost m when outputs are produced at full scale-up

Sm™": Number of outputs at full scale-up for an input m

x: Scale factor - varies typically from 2to 5

v: Unit of analysis: district, facility, catchment area
of health facility

w: Number of regressors introduced in the model
Bw: Model coefficients computed using empirical
dataset

Xw: Regressors introduced in the model - quality
variables, organisational characteristics of the unit
v, characteristics of the population reached by v,
environmental characteristics, and observed scale

variable
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3.3.1. Simple cost multiplier

The SCM approach estimates total costs at scale (C) using a unit cost per output (UC) multiplied by the
scale variable (s) to reach desired number of output (e.g. number of HIV test to conduct). The unit cost
per output is the sum of the multiplied input prices (P:) by the input quantities (Q;) for one output, for
each cost input i, identified at different intervention levels - national, regional, district, health facility,

community, etc.

3.3.2. Accounting cost functions

The costs (C) are total programme costs at scale for one or more interventions, regardless of whether

scale-up happens at sub-national, national, or international level.

The cost inputs j, k, I, and m are defined by their behaviour as scale changes, where: j = fixed cost, no
variation with scale; k = semi-variable cost, exhibiting increasing return to scale; | = variable cost,
exhibiting constant return to scale; m = variable cost, exhibiting decreasing return to scale; as
illustrated in Figure 2. Inputs k are categorised as ‘semi-variable’ because they are fixed costs for a set

level of production, that become variable after a certain production level is reached.

The inputs are identified at various intervention level and differentiated between: (1) service delivery:
health facility — primary health centre % 39 40,5462, 64] or secondary hospital health centre 3% 39 the
entire site or part of it related to the intervention (e.g. operating room) ¢; outreach (community,
village) 3% 3% 61 and (2) above service delivery: government/central or health system level 1340 62
state 1 district 466164 plock ¥, ward ¥, department %, municipality *®, community council, etc.

- depending on the country’s administrative structure.

Fixed cost inputs j are identified at different intervention levels. Fixed costs include a broad range of
costs related to intervention start-up phase 3% 2 sensitization *°!, production of information,

education, and communication material *> 62 %% training 3% %%, meetings, workshops 134, capital goods
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[46]
7

(building, vehicle, equipment) administrative central cost, central/national/sub-national

Joverheads [ 46 € personnel (management/programme, supervision, monitoring, data
management) at sub-national level, health facility level 3% 44-46:54.62,65] Fixed costs can be a total cost

(e.g. initial set up of a hotline at national level) or an average cost (average capital costs at primary

care health facility level for a specific intervention).

Almost all variable costs from these studies are assumed to exhibit constant return to scale (input I)
and include a broad range of inputs. These costs can be varied depending on the intervention and
magnitude of scale-up. Most commonly, these costs include medical personnel costs 4% 5% 64681 gnd
medical supplies such as drugs or biological tests 3% 3% 40,44, 46,54, 64,65 'Qn|y two studies account for
variable returns to scale, for instance related to delivery costs, increasing with scale to account for

diminishing marginal returns associated with a higher unit cost at high levels of coverage 6> %8,

Scale variables (s) can be classified in the following areas:

Inputs (or resources): hospital bed, per field officer, lab reagent, diagnostic test (4!

Outputs:

per service (e.g. dose of vaccine delivered or administered, hospital visit with/without admission,
home visit, medical consultation, screening or diagnostic test for HIV or tuberculosis, treatment

administered, surgical operation, long-lasting insecticide-treated net delivered) [3* 40 46, 54, €5, 66, 68]

per health intervention as a package or not (e.g. primary health care: health promotion, sanitation

and environment health, maternal and child health and family planning, nutrition, immunization and

communicable diseases control, and treatment of common illness) 3% 54

Outcomes: per beneficiary/target individual (e.g. general population, patient, pregnant woman, child

under five years old, fully vaccinated child, school child) 3040 44 61, 62, 64, 68]
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Impact: per disease to prevent/treat, health expenditure (e.g. HIV infection averted) 3% 4°!

Setting: per administrative structure (e.g. village, district, block, ward, health centre) [30 6% 64 66l

These variables are used as a combination of variables in half of the studies to follow closely a

production process (e.g. input/setting/outcome or setting/output) 3% 64,

$2,500
Fixed input j
—— Semi-variable input k exhibiting increasing return to scale
$2,000 — Variable input | exhibiting constant return to scale
— Variable input m exhibiting decreasing return to scale
«n
g — Sum of average cost inputs
£ $1,500
]
o
o
Q
o
g
Z  $1,000
$500
S0
0% 20% 40% 60% 80% 100%

Population coverage (in %)

Figure 2. Average cost of inputs j, k, I, m, and sum of inputs by % population coverage

The following three parameters need to be defined by the analyst (observed or arbitrarily): Dy
(maximum capacity per input k), Cn™" (input cost m when outputs are produced at full scale-up), and

Sm" (number of outputs at full scale-up for an input m).

Finally, the scale factor x applied for cost inputs m defines how steep the curve slope is, i.e. the lower

the power, the stronger is the assumed effect of decreasing return to scale (e.g. transport costs are
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rapidly increasing at scale-up if roads are in a bad state and require 4*4 with high petrol consumption)

(Appendix Figure Al).

3.3.3. Econometric cost functions

The costs are represented by total programme costs (C) or total cost at the unit of analysis v (C,) 3% 3%
41,43, 48-50, 58, 671 o ynit costs per unit of analysis (UC,) 21 31, 35-38, 42,47, 52,53, 55, 56, 59, 60, 63] gjngle or a set of

cost dependent variables 3¢ 41,47, 48,52, 55,57, 63] ‘3nd |og transformed or not [21,33, 42,43, 48, 50, 55, 57:59]

The selection of w regressors (Xw) includes environmental characteristics and organisational
characteristics specific to the intervention production function, aiming to include measures such as
quality. The functional form is normal, quadratic (assuming U-shaped following the economic theory),
log transformed (L-shaped), or cubic, and several forms are sometimes included in the equation 5% 3%
41, 47,52, 531 The scale variable is a combination of variables defining scale-up of simultaneous
interventions or a single variable in the equation 21 3133 35 41-43, 47, 48,52, 53, 55,57, 59] The functional form
of the scale variable(s) is either normal, squared, cubic, or log transformed, and sometimes, several
forms are included in the same equation [36-38 49,50.56,58,60,67] The c|assification of scale variables follows
the one proposed for ACF. The most common categories of scale variables are related to outcomes
(e.g. number of clients tested) [35-38 42 43,47, 49, 50,52, 53, 55-57, 601 o g tpuyts (beneficiaries or coverage of
eligible population) 131,32 38.43,57, 58,60, 63, 67 Qther scale variables related to inputs, impact, and setting
are less commonly used. Only one category of scale variable is used in each cost function, with one

exception 7.,

The unit of analysis v is broad, the most commonly observed units are health facility [2*3% 33,35 36,38, 47,
50,55, 56, 58, 60, 63,671 NGO [4349.52.53] country [*+ 4% 48] The unit of analysis is sometimes time-dependent,

affecting the choice of estimator for time series and/or panel data models 4148 52,53, 58]

62



3.4. Understanding factors considered when fitting a cost function

Several themes are identified through qualitative data analysis and are presented by projection
approach in Appendix Figure A2. The intended use of cost projections is the major factor considered
and is discussed here. Other motivators are scope of analysis, complexity of cost function, data-related
considerations, method being easy to use, transparent, replicable, or whether the analysis tool is
available online (Appendix Text Al). ACF have a broader range of motivators suggesting its wider range
of applications, the main motivators are the intended use of the cost projection, scope of analysis, and

the complexity of the cost function.

Intended use of cost projections

The reported uses of costs are the estimation of resource needs to inform budget preparation or
funding application, to assess affordability of an intervention (feasibility study before investing
resources) or to conduct scenario analyses of various strategies to inform planning. The focus can also
be on the methodological approach for further institutionalisation to ensure regular update of
resources projections for multi-year operational planning or mid-year review of strategic plan

(integration to routine financial activities).

Studies also explore technical efficiency to optimize an existing programme, quantify potential
economies of scale and scope, identify, and estimate determinants of cost variation between
intervention sites, and identify variables that predict health care needs between sites and use them

to develop weights for allocating resources between geographical areas.

Other studies aim to promote a new intervention by generating information on its scale-up and
present the costs of scaling-up to higher coverage levels as a secondary analysis of a costing analysis.

Finally, some studies conducted a cost-effectiveness analysis at scale.

A synthesis of study objectives by cost projection approach is presented in Figure 3 and follow the

classification proposed by the Global Health Costing Consortium reference case 2%, Data extraction

63



methods are presented in Appendix Table A4. In summary, most studies informing short- and medium-
term financial planning use ACF with one exception Y, Long-term financial planning present nuanced

approaches with either accounting, econometric or mixed approaches 137 4% 48661,

For technical efficiency analyses, a few studies specifically explore how to measure the efficient scale
of operation [2% 384953, 671 \while other studies analyse drivers of technical efficiency between sites

more broadly, and all use ECF.

Only a few studies conduct an economic evaluation at scale using cost functions as per our inclusion
criteria (excluding SCM) 5% 5565681 '\We report a descriptive analysis of these applications in Appendix

Text A2.

3.5. Critical review of studies included

Our critical review assesses the reporting of a list of key information related to the method used to
project costs. This list of items can potentially provide guidance on how to assess the study quality
and validity of projection results (Tables 3.a. and 3.b.). The list of reported information is not

exhaustive and only capture the most critical criteria that should be reported.

For ACF, we find that most studies report in detail the composition of fixed costs (n=12, 80%) and
variable costs (n=14, 93%), intervention levels (n=11, 73%) and scale variable (n=10, 67%). However,
the sampling approach is not often representative (n=6, 40%) and uncertainty measures on cost

projections are not always reported (n=7, 47%).

For ECF, several studies do not appropriately justify the choice of the estimator based on sample size
and cost data features (n=5, 20%). When applicable (n=9), only a few studies assess the effect of the
allocation method of costs incurred above the unit of analysis to sites (n=3, 33%). In most studies, the
choice of the relevant scale variable is discussed (n=23, 92%). However, only a minority are reporting
results of standard statistical tests of heteroscedasticity (n=7, 28%), endogeneity (n=5, 20%) and

multicollinearity (n=7, 28%).
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Conduct a cost-effectiveness analysis at scale (3) p

Optimisation (1)
Support long-term financial planning (4) 1

Economic
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(n=4)

Financial
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(n=16)

Inform national budget for medium-term planning (12)
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T r_g Analyse drivers of technical efficiency between sites (15)
©

15

0 2 4

W Accounting O Econometric

Figure 3. Synthesis study objectives by type of cost function (N=40)
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Table 3.a. Accounting cost functions - Critical review of studies using key criteria for the assessment of transparency identified throughout the review process (N=15)

Criteria area

Abdullah,

Barasa, | Cantelmo, | Castaneda-

Accounting cost function method

2012 2012 2018 Orjuela, 2013

Cost data

Composition of fixed costs is clearly reported and

consistent with objectives of analysis

Cost data

Composition of variable costs are consistent with the

scale variable applied

Intervention levels

Intervention levels for scale-up projection estimates

are clearly presented

Scale

Scale variables are selected to follow as closely as

possible the production function

Sampling approach

Sampling strategy is likely to be representative

Uncertainty

Measure of uncertainty on cost projections is

reported (including sensitivity analysis)

Criteria area (continued)

Marschall, Rodrigues, | Terris-Prestholt,

Turner, Verguet, | Winskill,

Accounting cost function method (continued)

2008 2018 2014 2006

2016 2015 2017
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Composition of fixed costs is clearly reported and
Cost data

consistent with objectives of analysis

Composition of variable costs are consistent with the
Cost data
scale variable applied

Intervention levels for scale-up projection estimates
Intervention levels
are clearly presented

Scale variables are selected to follow as closely as
Scale
possible the production function

Sampling approach Sampling strategy is likely to be representative

Measure of uncertainty on cost projections is
Uncertainty
reported (including sensitivity analysis)

t Not Applicable
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Table 3.b. Econometric cost functions - Critical review of studies using key criteria for the assessment of transparency identified throughout the review process (N=25)

Bautista- Bautista-
Adam, Ahanhanzoa, Ameli, Berman, Bollinger,
Criteria area Econometric cost function method Arredondo, | Arredondo,
2003 2015 2008 2018 2014
2018a 2018b
Estimator Choice of the estimator is appropriately justified given
Yes No No Yes Yes Yes Yes
sample size and cost data features
Cost data Effect of allocation method of costs incurred above the unit
No NAt No NA NA NA NA
of analysis is assessed
Scale Choice of the most relevant scale variables is discussed Yes Yes Yes Yes Yes No Yes
Statistical tests Test of heteroscedasticity is reported No Yes No No Yes No Yes
Statistical tests Test of endogeneity is reported No No No No No No No
Statistical tests Test of multicollinearity is reported Yes No No No Yes No No
GBD Health
Criteria area Castro, Chandrashekar, | Dandona, | Galarraga, Guinness, | Johns,
Econometric cost function method (continued) Financing
(continued) 2016 2010 2005 2017 2007 2013

Collaborator
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Choice of the estimator is appropriately justified given

Estimator

sample size and cost data features

Effect of allocation method of costs incurred above the unit
Cost data

of analysis is assessed
Scale Choice of the most relevant scale variables is discussed

Statistical tests

Test of heteroscedasticity is reported

NA

No

No

Network,

2018

Statistical tests Test of endogeneity is reported - No No No
Statistical tests Test of multicollinearity is reported No No No No No
Criteria area Lepine, Marseille, | Menzies, Meyer-Rath,

(continued)

Econometric cost function method (continued)

2015

Estimator

Choice of the estimator is appropriately justified given

sample size and cost data features

Lepine, 2016

2012

2012

2012

Mujasi,

2015
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Cost data

Effect of allocation method of costs incurred above the unit

of analysis is assessed

Scale

Choice of the most relevant scale variables is discussed

Statistical tests

Test of heteroscedasticity is reported

Statistical tests

Test of endogeneity is reported

Statistical tests

Test of multicollinearity is reported

No

Criteria area

(continued)

Econometric cost function method (continued)

Parthan,

2012

Choice of the estimator is appropriately justified given

Not

Estimator
sample size and cost data features available
Effect of allocation method of costs incurred above the unit

Cost data
of analysis is assessed

Scale Choice of the most relevant scale variables is discussed

Statistical tests

Test of heteroscedasticity is reported

Statistical tests

Test of endogeneity is reported

Statistical tests

Test of multicollinearity is reported

T Not Applicable

Pitt, 2017

No No

No No No No No
No No No No No
Schneider, | Weaver,

2007 2004
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Discussion

In their review, Johns et al. provide general guidance on factors to consider when adjusting costs to
account for scale including : calculating separate unit costs for urban/rural setting; identifying
(dis)economies of scale, separating the fixed and variable components of the costs; assessing the
availability and capacity of health human resources; and including above service level costs 4. We
identified similar factors through the classification of fixed/variable costs at various intervention levels
for ACF or, the classification of regressors for ECF. We further explore how to consistently apply these
factors by proposing frameworks for each cost function based on the intended use of the cost
estimates. We propose an approach to estimate variable returns to scale in cost projection methods,
which is currently ignored in most studies. The development of these frameworks is based on the
synthesis of cost function algebra from our study sample, the qualitative analysis of authors’
motivators guiding the fitting of a cost function, and complemented by the methodological literature
on healthcare cost data analysis. The following sections propose a framework to guide the decision

process of fitting the ACF and ECF by study objective (Figures 4.a. and 4.b.).

As the review is broad in nature, and the aim is to synthesize information on the most innovative
approaches, we excluded the commonly found SCM method from the search. However, we recognize
the usefulness of this simplified approach for two reasons: (1) its simplicity and transparency,
desirable for certain types of analysis, and (2) although intuitively less accurate as it assumes constant
return to scale, there is no method obviously superior to another, i.e. no defined gold standard for

each study objective.

1. Application of cost functions in the short and long run, implications for returns to scale

The analysis of costs at scale should account for the notion of time and application of economic

concepts related to short and long run situations. In the short run, at least one input is fixed, whereas,
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in the long run, all inputs can vary [%°!. Based on the algebra, SCM is therefore applied only in the long
run, ACF in both the short run (if some inputs are fixed) and the long run, and ECF ignores the notion

of time because it does not use inputs in the regression model to project costs at scale.

SCM, following our definition, always uses linear relationship between variable inputs and output
guantities, a given percentage increase in inputs leads to the same percentage increase in output.
Therefore, SCM only accounts for constant returns to scale, and (dis)economies of scale are not

measured.

In the short run, ACF identifies fixed input costs. As output increases, fixed costs are spread across
more units of output and the average cost per output is decreasing, exhibiting increasing returns to
scale. After a certain point in scale, average cost increases related to either the law of diminishing
marginal return (short run), or theoretical diseconomies of scale such as management challenges at
large scale (long run) *71 However, the literature on cost functions usually agrees on a L-shaped
average cost curve versus scale, rather than the theoretical U-shaped curve as diseconomies of scale

are rarely empirically measured 4% 72,

As it is increasingly relevant to account for decreasing returns to scale for the application of cost
function formula to epidemics such as HIV, malaria where it costs more to reach the last percentage
of the target population (remote areas, groups harder to reach, etc.), we identified how to account
for decreasing return to scale with ACF. Winskill and colleagues applied a fixed delivery cost of malaria
prevention technologies per person reached at a baseline amount, then after a given threshold,
derived a logarithmic relationship between coverage and the delivery costs to account for higher costs
of reaching the last percentage of the population ®8. Therefore, because of the flexibility in fitting
non-linear relationship between output and input costs, ACF can account for variable (increasing then

decreasing) return to scale contrary to SCM.

For ECF, the relationship between inputs and outputs is specific to each unit of analysis. Observed

constant or variable returns to scale are identified by looking at the entire sample of sites. The values
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of scale can be transformed to improve the goodness of fit in the regression model — in theory, log-
transformation provides the best fit as it accounts for some increasing return to scale (economies of
scale), and is often observed in the literature 3>37:3% 521 A combination of transformed scale variables
is sometimes found (e.g. logarithmic and quadratic), potentially accounting for increasing then
decreasing returns to scale. The sign and value of the scale variable coefficient allow to measure
(dis)economies of scale, other things being equal. Other cost determinants in the model (e.g.
percentage of hard-to-reach group tested) can be varied as scale is increasing to account for variable

returns to scale.

2. Accounting cost functions — Application for medium- and long-term financial planning, economic

evaluation at scale

2.1. Fixed and variable costs

As a rule of thumb, most capital costs can be considered as fixed costs whereas recurrent costs usually
compose the variable costs (Figure 4.a.). However, the treatment of costs as fixed or variable will
depend on the type of intervention (costs that are considered fixed in a study can be considered
variable in another study), the magnitude of intervention scale-up (high coverage of the population),
the intervention level (more variable costs at service delivery level than above service delivery level),
the intervention phase (development, start-up, and implementation), and whether the analysis is

conducted in the short- or long-run 2%,

Fixed costs can be both related to health programme costs and cross-cutting health system costs
following the OneHealth costing tool classification . Consideration of fixed costs depends on the
intervention, some interventions have a small proportion of fixed costs compared to overall
intervention costs %2, or considered insignificant 3% 3% 6% 661 A major assumption with ACF using

average fixed/variable costs is that for each intervention levels, we assume similar costs between units
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(e.g. health facility, district) ignoring efficiency considerations (economies of scale and scope). Another
issue relates to the consideration of joint costs and methods to allocate them to average costs, this is
further explained in the Global Health Cost Consortium reference case 2% This formula also assumes
that average costs are constant over time, which might be acceptable in the medium-term but a
limitation in long-term planning. Meyer-Rath and Over showed with the modelling of antiretroviral
treatment costs at scale in South Africa that delivery costs can significantly change depending on how
services are delivered and the rate of scale-up ?*. A measure of variability such as range or standard

deviations should be reported, which is currently not done in most studies.

2.2. Intervention levels

Intervention levels are context-specific and consideration of costs and resources at each level depends
on data availability, and the level of planning (e.g. national or district level). There is a need to
acknowledge the considerable data challenges in LMIC because of the lack of routine cost data
collection through accountancy systems or a simple way to extract this data. Consideration of different
intervention levels also reflect the degree of integration of an intervention within the existing
healthcare system. One should note that the composition of fixed and variable costs will depend on

the intervention level.

2.3. Scale variables

Following the World Health Organisation classification, we classify scale variables into areas related
to inputs, outputs, outcomes, and impact 8. We also identify in this review, a new area related to
setting. Scale variables correspond mostly to input, output and outcome variables at the service
delivery level but might be less intuitive for above service levels where setting is more commonly used.
The diversity of variables used implies a necessary choice from the authors on the selection of variable

that replicate as realistically as possible a scale unit that follows the production process.
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However, one should note that multiple output variables can act as proxies for scale. The choice of
output variables also defines the composition of the relevant average variable cost and might lead to
wide variation in the estimation of total costs. It also ignores the concept of quality of health care

services which influences both scale and costs 2% 731,
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Type of costs: usually financial costs, specify whether total or incremental cost analysis is being
conducted, additional health system costs are considered, normative or positive approach to costing

Perspective should be defined (government, NGO, public/private sector, etc.)

Intervention phase: development, start-up, and implementation phases might treat costs differently
based on analysts’ assumptions

Sample characteristics: sample representativeness, amount of missing data should be discussed

Cost projection time frame > 5 years (long-run): Strong assumption on stability of unit costs over
time should be discussed

Composition of fixed costs: usually include capital costs and above service
level costs but will depend on the type of intervention

Low proportion of fixed costs in total intervention costs: are sometimes
treated as variable costs for simplicity, if low impact on total costs projections

High magnitude of scale-up: some fixed costs can vary, and thresholds to
identify when an additional unit is needed should be reported (treated as
semi-variable costs)

Cost projection time frame > 5 years (long-run): some cost inputs (fixed in
the short-run) are treated as variable costs; some above service level costs
are treated as fixed

R oo

Choice of the scale variable(s):
» Above service delivery level: as transparent as

S g X possible, can be based on assumptions on factors
_ E E k E E m full (e.g. geography), interview with key informants,
¢= Cj ¥ [D_] "k * 14 4 Sm * Sfull ) (Cm - Cm) + Cm expenditure records, etc. Usually use scale
j k k m m variables related to setting

T T > Service delivery level: use scale variable(s) related

Level of planning:

» Above service level: needs careful planning of study for identification and collection of costs at each
level — for further institutionalization of the methodology applied (e.g. integration to routine financial
activities), all levels should be captured. If the analysis is secondary and aiming to broadly inform
potential scale-up of an intervention, only most relevant intervention levels should be considered

» At the service level: proportion of variable costs over total costs are usually higher

Emphasis on method simplicity - Research study timelines, skills of analyst, transparency, replicability:

» Simple : only include service level costs and report exclusion of above service level costs.

» Complex: identify key intervention levels with major costs. Use existing country-specific health system
tools (e.g. WHO OneHealth costing tool), intervention-specific tools (e.g. ProVac CostVac Tool)

to inputs, outputs, outcomes, impact or setting
categories following as closely as possible the
production function

Composition of variable costs: usually include recurrent costs but will
depend on the type of intervention

Variable costs at each intervention level: specify which of the overhead
costs at various health system levels are permitted to vary

Variance of average variable costs: should be reflected in measure of
uncertainty of projected costs (range, standard deviation)

Figure 4.a. Framework — Fitting of accounting cost functions
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3. Econometric cost functions — Application for technical efficiency analysis for estimating costs at

scale, economic evaluation at scale

3.1. Choice of statistical method for cost data analysis

Challenges in finding the right specifications for regression models are well documented in the
literature and choosing the best estimator for health care cost analysis is not simple 434 (Figure 4.b.).
Several literature reviews and comparative studies exist to guide the choice and specification of a
regression model ®°Y, we find the review by Mihaylova and colleagues particularly useful ©2, We
summarise in Appendix Text A3 the features of cost data to consider for model selection and in
Appendix Table A7 the different estimators that can be used based on Mihaylova’s review and
empirical applications from our study sample °2. However, in LMIC, most of studies are conducted on
relatively few sites where data access is sometimes limited, posing a major challenge for the validity
of statistical methods applied in this context. Apart from a few exceptions [2¥ 31 36 37,41, 48,52, 53, 59, 67],
most econometric analyses in our review are conducted with a sample below one hundred. The
feature of cost data is guiding the choice and specification of the regression models. Cases where
there is a need to back transform to produce inferences on the original cost variable, rather than on

the transformed cost variable are complex, and are out of the scope of this review.

3.2. Treatment of the dependent cost variable (total/average costs, inclusion/exclusion of above

service level costs)

In studies included this review, researchers are either using total costs or dividing it by total output in
a specified time period to obtain average costs. The choice of using average or total cost need to
account for several factors. The choice to use average costs might be made to avoid the higher error
terms due to heteroscedasticity in the estimated regression. Sometimes, standardised unit costs can

be used across studies, such as cost per bed-day 5% %, |n other cases, an average cost function on
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cost per sexual health consultation at a clinic could use cost per HIV test conducted or cost per sexually
transmitted disease treated as the dependent variable. However, average cost functions depend on
which of many outputs used in the denominator is arbitrarily chosen and might lead to ambiguous
results. For instance, an average cost function can ignore the effect of economies of scope associated
with the chosen output variable. The Breusch-Pagan test of heteroscedasticity can potentially help to
assess whether to use total or average costs as a dependent variable 5% or a heteroscedastic robust

estimator can be applied.

The inclusion of programme cost should also be considered carefully. As many above service level
costs are intuitively fixed such as management, information system set up, and invariant with the scale
of production, their inclusion or exclusion might have a big impact in the estimation of economies of
scale, as discussed by Lepine and colleagues in the Avahan HIV prevention programme in India 2.
Their results highlight the importance of ensuring that above service level costs are considered when
examining optimal operational size. In cases where the proportion of above service level costs is
substantial, the allocation method to the unit of analysis should also be clearly reported. In these

cases, two cost functions can be estimated, with and without inclusion of above service level costs 2.

3.3. Selection of variables including scale

A challenge in developing cost prediction models is the presence of many covariates. Therefore,
variable selection methods should be applied to achieve a balance of prediction accuracy and avoid

84,86, 921 However, in economics, independent variable selection should be

over fitting the model
based on theory and not on fit, making model fitting challenging. In LMIC, the availability of good proxy
variables is sometimes limited due to data scarcity and may require a less than optimal choice of

covariates, for instance, when assessing quality proxied by a share of supervisory team or how well a

site reached target groups of an intervention (e.g. sex workers for HIV care services).
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Broadly, several groups of independent variables are identified in this review, including scale, quality,
and organizational variables, following the classification proposed by Lepine and colleagues ©2: (1)
quality: share of management staff in total staff, proportion of drugs out of stock during observation
period ; (2) unit organizational characteristics: type of hospital, cost inputs (labor, drug costs),
experience of medical staff/NGO; (3) environmental time-variant factors: GDP, target population size
within unit of analysis; (4) environmental time-invariant factors: country, urban/rural setting,
geographical characteristics (e.g. distance to nearest health facility); (5) characteristics of population
targeted: socio-economic status, clinical characteristics (e.g. proportion of high-risk population
reached). The purpose of this exercise can also guide the choice of explanatory variables. For instance,
when the aim is to estimate average costs for countries where the data are not available, the chosen
explanatory variables must be available in the out-of-sample countries 5. Efficiency, or “economies
of scope’ parameters can be included as an independent variable to assess their impact on site-level

costs. Ideally, incentives for increasing service efficiency should also be captured in the cost function.

When there is no commonly agreed measure as a proxy of scale (e.g. dose of vaccine delivered), the
choice of variable(s) defining scale can sometimes be arbitrary (as for accounting methods) and can
use wide range of variables related to outputs or outcomes. The economic theory can guide the choice
of how to transform the scale variable. A number of studies have shown that, when using average cost
as dependent variable, the cost function may be more consistent with an L-shaped curve in practice
(49521 " rather than the theoretical U-shape 2. In addition, the scale can be tested whether a
logarithmic form versus a quadratic, cubic functional form, or normal form explains a larger share of
the variance. The issue of endogeneity for the estimation of unbiased economies of scale also needs
to be addressed. It can arise from key independent variable omission, simultaneous relationship
between scale and costs, and random measurement error, and has been described empirically by

Lepine and colleagues B3,
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Choice of estimator:
» Sample size: if hundreds to thousands of observations, assumption of
near-normality hold — use normal distribution-based models

» Cost data feature: skewness, heavy tails, excess zeros, and multimodality —
if present and sample size is a few hundred or less; use alternative
distributions models, transformations, generalised linear models, two-part
or hurdle models

» Time component: use panel data models and control for time-invariant
unobservable individual effects, examples include generalized method of
moments, panel data fixed effects model, generalized least squares
random effects model

See Appendix Table A7 for more details (adapted from Mihaylova and
colleagues, 2011)

Treatment of cost variable: Use of total or average cost function can be
guided by a test of heteroscedasticity, total cost functions are sometimes
preferred as less arbitrary and less ambiguous when thinking of the choice of
the output variable to use for average cost functions. Type of costs,
standardisation of data collection and analysis methods across units should
be reported

Above unit of analysis level costs:
» Account for a big proportion of total costs: Fit two cost functions with and
without these costs and report allocation method to unit of analysis

» Account for a small proportion of total costs: Report allocation method to
unit of analysis

Sample characteristics: sample representativeness, amount of missing data
should be reported

Application of standard tests: Tests of endogeneity, heteroscedasticity and
multicollinearity should be reported

Selection of scale variable(s): range of variables related to outputs or outcomes of the intervention, or
a vector of variables produced in the unit of analysis

Scale variable functional form:

» Guided by the economic theory on returns to scale: in average cost function, the theoretically sound
U-shaped curve of scale is suggested, while in practice, L-shaped curve are more often observed

» Explain larger share of the variance: R-squared and other measures of goodness of fit

» Forms: quadratic form, logarithmic, cubic transformation are used

Composition of scale variables: if explain a larger share of the variance, a combination of transformed
functional form is sometime used

L C=ZCV with CV=BO+ZBVW'XVW
- w

Selection of regressors (except scale):

» Guided by the economic theory of production: cost determinants such as quality,
organizational and environmental variables, characteristics of the population
reached, etc. The selection should also inform on returns to scale

» Sample size: follow standard practices and use test of goodness of fit, selection
on balance of prediction accuracy and model simplicity

» Study objective: can also guide selection (e.g. estimate unit costs for countries
where the data are not available)

Figure 4.b. Framework — Fitting of econometric cost functions
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4, Conclusion

The proposed notations and frameworks can offer a more consistent use of cost functions in LMIC by
guiding the choice of the relevant approach based on the intended use of the cost estimate. We hope
to facilitate the analysts’ decision process of balancing simplicity versus accuracy when critical and

increase the overall transparency in the reporting of methods.

Our study has a few limitations. First, the review is in majority based on the published peer-reviewed
literature potentially missing other innovative methods. However, the aim was to select studies which
already passed a peer-review process. Second, for ECF, the interpretation of coefficient of cost
determinants, including scale, can be challenging (related to issues of back transformation), and is not
discussed in this review because it is specific to each study. Third, because we almost never have
information on observed costs at scale to compare with projected costs, the validation of cost
projection approach in each study cannot be done, therefore only method reporting transparency,

and expected validity of cost projections were assessed in our critical review.

Areas of future research include comparative analysis of these various cost function based on
empirical data to further characterise similarities and differences between approaches, further
integration of cost functions into economic evaluations, the development of a validated reporting
checklist for study transparency and validity, and the development of econometric approaches that
can address the issues specific to LMIC including working on a small sample of sites and restricted

access to routine information and financial data.
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Appendices — Chapter 3

Appendix Table Al. Search strategy — Research data bases

Data base

Search (06/02/2020)

Pubmed

Search (((((((((("Costs and Cost Analysis"[MeSH]) OR "Economic Development/organization and administration"[Mesh]
OR "Economic Development/statistics and numerical data"[Mesh] OR "Economics, Hospital"[MeSH] OR "Economics,
Medical"[MeSH] OR "Economics, Pharmaceutical"[MeSH] OR "Financial Management"[MeSH] OR "Financial
Support"[MeSH] OR "Financing, Organized"[MeSH] OR "Health Care Sector"[MeSH] OR "Public Expenditures"[MeSH] OR
"Models, Econometric"[MeSH] OR "cost function"[tiab] OR "cost functions"[tiab] OR "cost analysis"[tiab] OR "cost
analyses"[tiab] OR "cost analyzis"[tiab] OR "cost analyzes"[tiab] OR "cost-effectiveness"[tiab] NOT "Cost Sharing"[MeSH]
NOT "Drug Costs"[MeSH] AND ("2003/01/01"[PDat] : "2019/12/31"[PDat]))))))))) AND ({(((((((((((((("Implementation
Science"[Mesh] OR "Program Evaluation/economics"[Mesh] OR "Program Evaluation/methods"[Mesh] OR "Program
Evaluation/organization and administration"[Mesh] OR "Program Evaluation/statistics and numerical data"[Mesh] OR
"Health Plan Implementation"[Mesh] OR "Health Priorities"[Mesh] OR "Health Resources"[Mesh] OR "Health Services
Needs and Demand"[Mesh] OR "Needs Assessment'[Mesh] OR "Single-Payer System"[Mesh] OR "State
Medicine"[Mesh] OR "Regional Health Planning"[Mesh] OR "Delivery of Health Care, Integrated"[Mesh] OR "Population
Health Management"[Mesh] OR "Program Development"[Mesh] OR "Operations Research"[Mesh] OR "Efficiency,
Organizational "[Mesh] OR "Linear Models"[Mesh] OR "Logistic Models"[Mesh] OR "Models, Economic"[Mesh] OR
"Nonlinear Dynamics"[MeSH] OR "cost function"[tiab] OR "cost functions"[tiab] OR "mathematical modelling"[tiab] OR
"mathematical modeling"[tiab] OR "mathematical model"[tiab] OR "mathematical models"[tiab] AND
("2003/01/01"[PDat] : "2019/12/31"[PDat]))))))MN))))) AND ((((Afghanistan[tiab] OR Benin[tiab] OR "Burkina
Faso"[tiab] OR Burundi[tiab] OR "Central African Republic"[tiab] OR Chad[tiab] OR Congo[tiab] OR Eritrea[tiab] OR
Ethiopia[tiab] OR Gambia[tiab] OR Guinea[tiab] OR Guinea-Bissau[tiab] OR Haiti[tiab] OR "North Korea"[tiab] OR
Liberia[tiab] OR Madagascar[tiab] OR Malawi[tiab] OR Mali[tiab] OR Mozambique[tiab] OR Nepal[tiab] OR Niger[tiab]
OR Rwanda(tiab] OR Sierra Leone[tiab] OR Somalia[tiab] OR "South Sudan"[tiab] OR Syria[tiab] OR Tajikistan[tiab] OR
Tanzania[tiab] OR Togo([tiab] OR Ugandaltiab] OR Yemen[tiab] OR Afghanistan[ot] OR Benin[ot] OR "Burkina Faso"[ot]
OR Burundi[ot] OR "Central African Republic"[ot] OR Chad[ot] OR Congo[ot] OR Eritrea[ot] OR Ethiopia[ot] OR
Gambia[ot] OR Guinea[ot] OR Guinea-Bissau[ot] OR Haiti[ot] OR "North Korea"[ot] OR Liberia[ot] OR Madagascar[ot] OR
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Malawi[ot] OR Mali[ot] OR Mozambique[ot] OR Nepal[ot] OR Niger[ot] OR Rwanda[ot] OR Sierra Leone[ot] OR
Somalia[ot] OR South Sudan[ot] OR Syria[ot] OR Tajikistan[ot] OR Tanzania[ot] OR Togo[ot] OR Uganda[ot] OR Yemen[ot]
OR "Afghanistan"[Mesh] OR "Benin"[Mesh] OR "Burkina Faso"[Mesh] OR "Burundi"[Mesh] OR "Central African
Republic"[Mesh] OR "Chad"[Mesh] OR "Democratic Republic of the Congo"[Mesh] OR "Eritrea"[Mesh] OR
"Ethiopia"[Mesh] OR "Gambia"[Mesh] OR "Guinea"[Mesh] OR "Guinea-Bissau"[Mesh] OR "Haiti"[Mesh] OR "Democratic
People's Republic of Korea"[Mesh] OR "Liberia"[Mesh] OR "Madagascar"[Mesh] OR "Malawi"[Mesh] OR "Mali"[Mesh]
OR "Mozambique"[Mesh] OR "Nepal"[Mesh] OR "Niger"[Mesh] OR "Rwanda"[Mesh] OR "Sierra Leone"[Mesh] OR
"Somalia"[Mesh] OR "South Sudan"[Mesh] OR "Syria"[Mesh] OR "Tajikistan"[Mesh] OR "Tanzania"[Mesh] OR
"Togo"[Mesh] OR "Uganda"[Mesh] OR "Yemen"[Mesh] OR "South Africa"[Mesh] OR Angola[tiab] OR Bangladesh[tiab]
OR Bhutan[tiab] OR Bolivia[tiab] OR "Cabo Verde"[tiab] OR Cambodia[tiab] OR Cameroon[tiab] OR Comoros[tiab] OR
Congoltiab] OR "Cote d'lvoire"[tiab] OR Djibouti[tiab] OR Egypt[tiab] OR "El Salvador"[tiab] OR Ghana[tiab] OR
Honduras[tiab] OR India[tiab] OR Indonesia[tiab] OR Kenyal[tiab] OR Kiribati[tiab] OR Kyrgyz*[tiab] OR "Lao PDR"[tiab]
OR Lesotho[tiab] OR Mauritania[tiab] OR Micronesia[tiab] OR Moldova[tiab] OR Mongolia[tiab] OR Morocco[tiab] OR
Myanmar|[tiab] OR Nicaragua[tiab] OR Nigeria[tiab] OR Pakistan[tiab] OR "Papua New Guinea"[tiab] OR Philippines[tiab]
OR "Sao Tome and Principe"[tiab] OR Senegal[tiab] OR "Solomon Islands"[tiab] OR Sudan[tiab] OR Eswatini[tiab] OR
Timor-Leste[tiab] OR Tunisia[tiab] OR Ukraine[tiab] OR Uzbekistan[tiab] OR Vanuatu[tiab] OR Vietnam[tiab] OR
Zambia[tiab] OR Zimbabwe[tiab] OR "South Africa"[tiab] OR Angola[ot] OR Bangladesh[ot] OR Bhutan[ot] OR Bolivia[ot]
OR "Cabo Verde"[ot] OR Cambodia[ot] OR Cameroon[ot] OR Comoros[ot] OR Congo[ot] OR "Cote d'lvoire"[ot] OR
Djibouti[ot] OR Egypt[ot] OR "El Salvador"[ot] OR Ghana[ot] OR Honduras[ot] OR India[ot] OR Indonesia[ot] OR Kenya[ot]
OR Kiribati[ot] OR Kyrgyz*[ot] OR "Lao PDR"[ot] OR Lesotho[ot] OR Mauritania[ot] OR Micronesia[ot] OR Moldova[ot]
OR Mongolia[ot] OR Morocco[ot] OR Myanmar[ot] OR Nicaragua[ot] OR Nigeria[ot] OR Pakistan[ot] OR "Papua New
Guinea"[ot] OR Philippines[ot] OR "Sao Tome and Principe"[ot] OR Senegal[ot] OR "Solomon Islands"[ot] OR Sudan[ot]
OR Eswatini[ot] OR Timor-Leste[ot] OR Tunisia[ot] OR Ukraine[ot] OR Uzbekistan[ot] OR Vanuatu[ot] OR Vietnam[ot] OR
Zambia[ot] OR Zimbabwe[ot] OR "South Africa"[ot] OR "Angola"[Mesh] OR "Bangladesh"[Mesh] OR "Bhutan"[Mesh] OR
"Bolivia"[Mesh] OR "Cabo Verde"[Mesh] OR "Cambodia"[Mesh] OR "Cameroon"[Mesh] OR "Comoros"[Mesh] OR
"Congo"[Mesh] OR "Cote d'lvoire"[Mesh] OR "Djibouti"[Mesh] OR "Egypt"[Mesh] OR "El Salvador"[Mesh] OR
"Ghana"[Mesh] OR "Honduras"[Mesh] OR "India"[Mesh] OR ‘"Indonesia"[Mesh] OR "Kenya"[Mesh] OR
"Micronesia"[Mesh] OR "Kyrgyzstan"[Mesh] OR "Laos"[Mesh] OR "Lesotho"[Mesh] OR "Mauritania"[Mesh] OR
"Moldova"[Mesh] OR "Mongolia"[Mesh] OR "Morocco"[Mesh] OR "Myanmar"[Mesh] OR "Nicaragua"[Mesh] OR
"Nigeria"[Mesh] OR "Pakistan"[Mesh] OR "Papua New Guinea"[Mesh] OR "Philippines"[Mesh] OR "Sao Tome and
Principe"[Mesh] OR "Senegal"[Mesh] OR "Melanesia"[Mesh] OR "Sudan"[Mesh] OR "Timor-Leste"[Mesh] OR
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"Tunisia"[Mesh] OR "Ukraine"[Mesh] OR "Uzbekistan"[Mesh] OR "Vanuatu"[Mesh] OR "Vietnam"[Mesh] OR
"Zambia"[Mesh] OR "Zimbabwe"[Mesh] OR "developing countries"[tiab] OR "developing country"[tiab] OR "Low- and
middle-income countries"[tiab] OR "Low- and middle-income country"[tiab] OR "developing countries"[ot] OR
"developing country"[ot] OR "Low- and middle-income countries"[ot] OR "Low- and middle-income country"[ot] OR
"Sub-Saharan Africa"[tiab] OR "South Asia"[tiab] OR "Middle East & North Africa"[tiab] OR "Latin America &
Caribbean"[tiab] OR "Europe & Central Asia"[tiab] OR "East Asia & Pacific"[tiab] AND ("2003/01/01"[PDat] :
"2019/12/31"[PDat])))))

Embase, Global Health

1. "program cost effectiveness"/ or "cost"/ or "nursing cost"/ or "hospital cost"/ or "health care cost"/ or "hospital
running cost"/ or "hospitalization cost"/ or "cost of reproduction"/

2. economic model/ or economic status/ or economics/ or finance/

3. economic development/ or financial management/ or health economics/ or informal sector/ or private sector/
or public sector/ or sustainable development/ or economic evaluation/

4, statistical model/ or econometric*.ti,ab.

5. cost function*.ti,ab.

6. lor2or3ordor5

AND

1. (low- and middle-income countries).mp. [mp=title, abstract, heading word, drug trade name, original title,

device manufacturer, drug manufacturer, device trade name, keyword, floating subheading word, candidate term word]
2. (Africa or Asia or Caribbean or West Indies or South America or Latin America or Central America).hw,ti,ab,cp.

3. (Afghanistan or Albania or Algeria or Angola or Antigua or Barbuda or Argentina or Armenia or Armenian or
Aruba or Azerbaijan or Bahrain or Bangladesh or Barbados or Benin or Byelarus or Byelorussian or Belarus or Belorussian
or Belorussia or Belize or Bhutan or Bolivia or Bosnia or Herzegovina or Hercegovina or Botswana or Brasil or Brazil or
Bulgaria or Burkina Faso or Burkina Fasso or Upper Volta or Burundi or Urundi or Cambodia or Khmer Republic or
Kampuchea or Cameroon or Cameroons or Cameron or Camerons or Cape Verde or Central African Republic or Chad or
Chile or China or Colombia or Comoros or Comoro Islands or Comores or Mayotte or Congo or Zaire or Costa Rica or
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Cote d'lvoire or Ivory Coast or Croatia or Cuba or Cyprus or Czechoslovakia or Czech Republic or Slovakia or Slovak
Republic or Djibouti or French Somaliland or Dominica or Dominican Republic or East Timor or East Timur or Timor Leste
or Ecuador or Egypt or United Arab Republic or El Salvador or Eritrea or Estonia or Ethiopia or Fiji or Gabon or Gabonese
Republic or Gambia or Gaza or Georgia Republic or Georgian Republic or Ghana or Gold Coast or Greece or Grenada or
Guatemala or Guinea or Guam or Guiana or Guyana or Haiti or Honduras or Hungary or India or Maldives or Indonesia
or Iran or Iraq or Jamaica or Jordan or Kazakhstan or Kazakh or Kenya or Kiribati or Korea or Kosovo or Kyrgyzstan or
Kirghizia or Kyrgyz Republic or Kirghiz or Kirgizstan or Lao PDR or Laos or Latvia or Lebanon or Lesotho or Basutoland or
Liberia or Libya or Lithuania or Macedonia or Madagascar or Malagasy Republic or Malaysia or Malaya or Malay or Sabah
or Sarawak or Malawi or Nyasaland or Mali or Malta or Marshall Islands or Mauritania or Mauritius or Agalega Islands
or Mexico or Micronesia or Middle East or Moldova or Moldovia or Moldovian or Mongolia or Montenegro or Morocco
or Ifni or Mozambique or Myanmar or Myanma or Burma or Namibia or Nepal or Netherlands Antilles or New Caledonia
or Nicaragua or Niger or Nigeria or Northern Mariana Islands or Oman or Muscat or Pakistan or Palau or Palestine or
Panama or Paraguay or Peru or Philippines or Philipines or Phillipines or Phillippines or Poland or Portugal or Puerto Rico
or Romania or Rumania or Roumania or Russia or Russian or Rwanda or Ruanda or Saint Kitts or St Kitts or Nevis or Saint
Lucia or St Lucia or Saint Vincent or St Vincent or Grenadines or Samoa or Samoan Islands or Navigator Island or Navigator
Islands or Sao Tome or Saudi Arabia or Senegal or Serbia or Montenegro or Seychelles or Sierra Leone or Slovenia or Sri
Lanka or Ceylon or Solomon Islands or Somalia or South Africa or Sudan or Suriname or Surinam or Swaziland or Syria or
Tajikistan or Tadzhikistan or Tadjikistan or Tadzhik or Tanzania or Thailand or Togo or Togolese Republic or Tonga or
Trinidad or Tobago or Tunisia or Turkey or Turkmenistan or Turkmen or Uganda or Ukraine or Uruguay or USSR or
Uzbekistan or Uzbek or Vanuatu or New Hebrides or Venezuela or Vietnam or Viet Nam or West Bank or Yemen or
Yugoslavia or Zambia or Zimbabwe or Rhodesia).ti,ab.

4. ((developing or less* developed or under developed or underdeveloped or middle income or low* income or
underserved or under served or deprived or poor*) adj (countr* or nation? or population? or world)).ti,ab.

5. ((developing or less* developed or under developed or underdeveloped or middle income or low* income) adj
(economy or economies)).ti,ab.

6. (low* adj (gdp or gnp or gross domestic or gross national)).ti,ab.

7. (low adj3 middle adj3 countr*).ti,ab.
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8. (Imic or Imics or third world or lami countr*).ti,ab.
9. transitional countr*.ti,ab.

10. Developing Country.sh.

11. south africa.mp. or South Africa/

12. lor2or3ord4or5or6or7or8or9o0ri10orill

AND

1. resource allocation/ or organizational efficiency/ or organizational structure/ or planning/

2. implementation science/

3. planning/

4, health care management/

5. health care management/

6. program development/

7. system analysis/

8. program evaluation/

9. process control/ or process design/ or process development/ or process model/ or process monitoring/ or

process optimization/

10. health care distribution/

11. lor2or3ord4or5or6or7or8or9orl0
AND

Date: 01/01/2003 to 31/12/2019




Econlit

1

(low- and middle-income countries).mp. [mp=title, abstract, heading word, drug trade name, original title, device
manufacturer, drug manufacturer, device trade name, keyword, floating subheading word, candidate term word]

00:01

2
(Africa or Asia or Caribbean or West Indies or South America or Latin America or Central America).hw,ti,ab,cp.

00:01

3

(Afghanistan or Albania or Algeria or Angola or Antigua or Barbuda or Argentina or Armenia or Armenian or Aruba or
Azerbaijan or Bahrain or Bangladesh or Barbados or Benin or Byelarus or Byelorussian or Belarus or Belorussian or
Belorussia or Belize or Bhutan or Bolivia or Bosnia or Herzegovina or Hercegovina or Botswana or Brasil or Brazil or
Bulgaria or Burkina Faso or Burkina Fasso or Upper Volta or Burundi or Urundi or Cambodia or Khmer Republic or
Kampuchea or Cameroon or Cameroons or Cameron or Camerons or Cape Verde or Central African Republic or Chad or
Chile or China or Colombia or Comoros or Comoro Islands or Comores or Mayotte or Congo or Zaire or Costa Rica or
Cote d'lvoire or Ivory Coast or Croatia or Cuba or Cyprus or Czechoslovakia or Czech Republic or Slovakia or Slovak
Republic or Djibouti or French Somaliland or Dominica or Dominican Republic or East Timor or East Timur or Timor Leste
or Ecuador or Egypt or United Arab Republic or El Salvador or Eritrea or Estonia or Ethiopia or Fiji or Gabon or Gabonese
Republic or Gambia or Gaza or Georgia Republic or Georgian Republic or Ghana or Gold Coast or Greece or Grenada or
Guatemala or Guinea or Guam or Guiana or Guyana or Haiti or Honduras or Hungary or India or Maldives or Indonesia
or Iran or Irag or Jamaica or Jordan or Kazakhstan or Kazakh or Kenya or Kiribati or Korea or Kosovo or Kyrgyzstan or
Kirghizia or Kyrgyz Republic or Kirghiz or Kirgizstan or Lao PDR or Laos or Latvia or Lebanon or Lesotho or Basutoland or
Liberia or Libya or Lithuania or Macedonia or Madagascar or Malagasy Republic or Malaysia or Malaya or Malay or Sabah
or Sarawak or Malawi or Nyasaland or Mali or Malta or Marshall Islands or Mauritania or Mauritius or Agalega Islands
or Mexico or Micronesia or Middle East or Moldova or Moldovia or Moldovian or Mongolia or Montenegro or Morocco
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or Ifni or Mozambique or Myanmar or Myanma or Burma or Namibia or Nepal or Netherlands Antilles or New Caledonia
or Nicaragua or Niger or Nigeria or Northern Mariana Islands or Oman or Muscat or Pakistan or Palau or Palestine or
Panama or Paraguay or Peru or Philippines or Philipines or Phillipines or Phillippines or Poland or Portugal or Puerto Rico
or Romania or Rumania or Roumania or Russia or Russian or Rwanda or Ruanda or Saint Kitts or St Kitts or Nevis or Saint
Lucia or St Lucia or Saint Vincent or St Vincent or Grenadines or Samoa or Samoan Islands or Navigator Island or Navigator
Islands or Sao Tome or Saudi Arabia or Senegal or Serbia or Montenegro or Seychelles or Sierra Leone or Slovenia or Sri
Lanka or Ceylon or Solomon Islands or Somalia or South Africa or Sudan or Suriname or Surinam or Swaziland or Syria or
Tajikistan or Tadzhikistan or Tadjikistan or Tadzhik or Tanzania or Thailand or Togo or Togolese Republic or Tonga or
Trinidad or Tobago or Tunisia or Turkey or Turkmenistan or Turkmen or Uganda or Ukraine or Uruguay or USSR or
Uzbekistan or Uzbek or Vanuatu or New Hebrides or Venezuela or Vietnam or Viet Nam or West Bank or Yemen or
Yugoslavia or Zambia or Zimbabwe or Rhodesia).ti,ab.

4

((developing or less* developed or under developed or underdeveloped or middle income or low* income or
underserved or under served or deprived or poor*) adj (countr* or nation? or population? or world)).ti,ab.

5

((developing or less* developed or under developed or underdeveloped or middle income or low* income) adj (economy
or economies)).ti,ab.

6

(low* adj (gdp or gnp or gross domestic or gross national)).ti,ab.
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(low adj3 middle adj3 countr*).ti,ab.

8

(Imic or Imics or third world or lami countr*).ti,ab.

9

transitional countr*.ti,ab.

10

Developing Country.sh.

11

south africa.mp. or South Africa/

12
lor2or3ord4or50r6or70or8or9o0rl0orll
AND

1

econometric*.ti,ab.

89



2

(cost™ adj3 analy*).ti,ab.

3

(cost™ adj3 estimat™*).ti,ab.

4

(cost* adj3 evaluat*).ti,ab.

5

cost* function*.ti,ab.

6

economic* model*.ti,ab.

7

economic* development*.ti,ab.

8

economic* evaluation*.ti,ab.
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9

lor2or3ordor5or6or7or8

AND
1

scale-up.ti,ab.

2

scaling-up.ti,ab.

3

(financial* adj3 planning*).ti,ab.

4

(organi#tational* adj3 efficienc*).ti,ab.

5

(program* adj3 evaluat*).ti,ab.
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6

(process* adj3 optimi#ation*).ti,ab.

7

(process* adj3 control*).ti,ab.

8

(process* adj3 develop*).ti,ab.

9

(process* adj3 model*).ti,ab.

10

(process* adj3 monitor*).ti,ab.

11

(program* adj3 implement*).ti,ab.

12

(process* adj3 implement*).ti,ab.
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13

(intervention* adj3 implement*).ti,ab.

14

(system* adj3 implement*).ti,ab.

15

(process* adj3 analyS*).ti,ab.

16

(program* adj3 analyS*).ti,ab.

17

(intervention* adj3 analyS*).ti,ab.

18

(project* adj3 implement*).ti,ab.

19
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(project* adj3 analy$*).ti,ab.

20

(resource* adj3 allocat*).ti,ab.

21
lor2or3ordor5or6or7or8or9orl10orllorl2orl13orldorl5orl1l6orl7orl18or19or20
AND

Date: 01/01/2003 to 31/12/2019

The Cost-effectiveness
Analysis Registry,
Global Health Cost
Consortium unit costs
database

All data extracted

Latin American and

Caribbean Health
Sciences Literature
database

Subject descriptors: “Costs and Cost Analysis” OR “Economies of Scale” - ~ 370 results (after removed duplicates and
filtered after 2003) — no restriction to LMIC because limited with filters and no proper mesh term for this. Given the
reasonable # of ouputs, we did not restrict to the “scale” dimension
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Search strategy — Grey literature

We reviewed the first 50 documents that result from the algorithm used in Google for different websites starting with tables of content and summary.

Search algorithm in google +

Web page Organization Documents reviewed Notes
e . filter by date (after 2003)
Many reports — mostly nutrition (health filter), cost multipliers,
site:worldbank.org (cost AND y . P . ‘y ( ) . P F++
. sometimes consider fixed costs and scale economies, one author
worldbank.org World Bank (scale OR scale-up OR scaling- Y )
i comes back “Shekar” — no added value of these reports to our | 5 included
up) AND health) filetype:pdf _ u
current selection of papers
site:who.int (cost AND (scale OR ;
. World Health ( ( i Simple cost multiplier approach or published in academic 50 hits
who.int Oreanisation scale-up OR scaling-up)) literature
& filetype:pdf O included
) ) site:clintonhealthaccess.org . . . . . 47 hits
clintonhealthacc |Clinton Health Access They have plenty of tool to guide budgeting and financial planning,
ess.or Initiative (cost AND (scale OR scale-up OR but use simple cost multiplier
o8 scaling-up)) filetype:pdf P P 0 included
By Johns: incremental cost multiplier — accounting for some fixed
The Joint  United | site:unaids.org (cost AND (scale | costs and economies of scale — in academic literature 42 hits
unaids.org Nations Programme |OR scale-up OR scaling-up)) i o o . .
Costing guidelines — cost multiplier based on population size ;
on HIV/AIDS filetype:pdf &8 P pop 0 included
Catch up plan - unit cost approach (Stover et al.)
Medecins Sans site:msf.org (cost AND (scale OR | Reasons for exclusion were: papers from journals already covered | 1190 hits,
msf.org . scale-up OR scaling-up)) | in academic database, or out of scope of review (cost analysis
Frontieres . 0included
filetype:pdf only)
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Appendix Table A2. List of data extracted for review

Field

Type of
extraction

Extracted variable

Article information

Descriptive

Name of first author(s)

Year of publication

Name of the journal featuring the study

Title

Intervention setting and scale-up process

Descriptive

Intervention sector and sub-classification (health, others)

World region(s)

Country(ies)

Whether the study is conducted on LMIC only (yes/no)

Primary study objective

Secondary study objective(s)

Health system level(s)

Definition of the “scale” variable(s)

Cost projection method

Descriptive

Category of cost projection method (accounting, econometric, mixed, others)

Definition of costs (total/average costs and financial/economic)

Year(s) of cost data collection

Year(s) of cost data analysis

Time frame of analysis

Cost variable in sample — highest value - (in USD — year of analysis)

Cost variable in sample — standard deviation of highest value - (in USD — year of analysis)

Cost variable in sample — lowest value - (in USD — year of analysis)

Cost variable in sample — standard deviation of lowest value - (in USD — year of analysis)

Cost variable projected — highest value - (in USD — year of analysis)

Cost variable projected — standard deviation of highest value - (in USD — year of analysis)

Cost variable projected — lowest value - (in USD — year of analysis)

Cost variable projected — standard deviation of lowest value - (in USD — year of analysis)

Uncertainty measure (standard deviations retrieved)

Whether a sensitivity analysis on scale-up costs is conducted (yes/no)
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Estimator(s) (econometric approach only)

Algebraic formula

Independent variables except for scale (econometric approach only)

Sample size(s) of cost variable (min-max) (mostly econometric approach)

Analytical

Determinant(s) of the choice of the cost projection method

Advantage(s) of the cost projection method

Limitation(s) of the cost projection method
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Appendix Table A3. Factors considered when fitting a cost function — Data extraction and theme identification

First
author, Full text extractions Bullet points Theme 1 Theme 2 Theme 3 Theme 4 Theme 5
year
Differentiate costs
between facility- and
community-based
delivery of intervention.
. . Simple tool (excel) allow
A key strength of the model is the capacity to accommodate g ( . )
. . . . . . managers to adjust the
these differences in costs and also in the way in which services o
. . . model to suit differences
are delivered (e.g., proportion of outreach and facility | . .
. . o . . in costs and in program
provided) in different localities. The relatively simple Excel- -
. characteristics for
based model also enables managers to adjust the model to | .
. . . L different areas and thus | Scope of
suit differences in costs and in program characteristics for . .
. - makes more explicit and | analysis — Intended
different areas and thus makes more explicit and transparent . . | Ease  of | Transpare
. . . L transparent the | differenti use -
Abdullah, | the differences in costs to reach populations in different | . . use —|{nt — for|.
- . differences in costs to | ate . inform
2012 contexts. In addition, the key strength of the model is the . . simple health
. - —_ reach populations in | between budget
transparency of the linkage between inputs, activities and key | . . . | tool managers .
. . . different contexts. | interventi allocation
outputs, in terms of population targets. This enables health .
Transparent links | on levels

service managers to better see and understand these linkages
and the implications for funding requirements and budget
preparation. It also provides potentially a powerful advocacy
tool to explain to district governments the linkage between
budget allocations and expected outputs.

between inputs/outputs
- enables health service
managers to better see
and understand these
linkages and the
implications for funding

requirements and
budget preparation.
Useful  for  funding
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application/budget
preparation.

Advocacy tool to district
government for linkage

Adam,
2003

between budget
allocation and expected
outputs.

Econometric models explain how total costs change in | Allow cost and

response to differences in service mix, inputs, input prices,
and scale of operations. They allow cost and production
functions to be specified with sufficient flexibility that a non-
linear relationship can be demonstrated between costs and
quantity of inputs: total costs can rise at a lower rate than
prices.

As the relationship between unit costs and the explanatory
variables are expected to be non-linear, the Cobb-Douglas
transformation was used to approximate the normal
distribution of the model variables. Natural logs were used.
The choice of explanatory variables is partly related to
economic theory and partly determined by the purpose of the
exercise, which is to estimate unit costs for countries where
the data are not available.
There are other possible uses of this model such as estimating
the possible costs of scaling-up health interventions for the
poor, which is receiving increasing attention with the activities
of such bodies as the Global Fund to Fight AIDS, Tuberculosis
and Malaria. This can be done in many ways, according to the
objectives of the analysis. It may be used, for instance, to
estimate:

- unit costs at different capacity levels for purposes of
efficiency analysis or economic evaluation of health
interventions; - the "hotel" component of average cost per
bed-day;

production functions to
be specified with
sufficient flexibility that a
non-linear relationship
can be demonstrated
between costs and
guantity of inputs.
Choice of explanatory
variables is partly related
to economic theory and
partly determined by the
purpose of the exercise.
Application to estimating
costs of scaling up health
intervention in  many
ways according to the
objectives of the
analysis. Application for
use in cost-effectiveness
analysis, cost estimates
can be generated,
including the costing of
various coverage levels
as well as the scaling-up
of costs to the level of

Complexit
Yy - non
linearity
costs/inp
uts,
economic
theory

Intended
use - cost
of scaling
up / CEA
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- unit costs, excluding specific items such as drugs or food
costs.

Application for use in CEA (Baltussen, 2004): generate these
cost estimates, including the costing of various coverage levels
as well as the scaling-up of costs to the level of the
epidemiological subregions.

the epidemiological
subregions.

Results from this type of analysis can support development of
more targeted interventions to improve immunization

Can support the

- . development of more | Intended
program efficiency. These data should allow countries in the P . .
. . . targeted interventions to | use -
region to make some assessment of the impact of various imbrove rogram | imorove
Ahanhanz | strategies on overall costs. In terms of future research, these eff?cienc prog rg ram
oa, 2015 results also highlight the importance of full costing approaches V- P .g.
. . . o N The model can assess the | efficiency
in economic evaluations due to the significant contribution of | . . X
impact of  various | / scenario
human resource costs to total cost. The use of all resources . .
. . . .| strategies on overall | analysis
(full costing) has been underestimated or not considered in
. costs.
other studies.
Estimate determinants
We were interested in seeing if there were any predictors of | of costs, utilization and
the relative cost, utilization and quality of services at the | quality of services at | Intended
supported facilities, which provided nearly universal access in | health facilities. | use -
these provinces, as preparations began for renewing contracts | Identify optimal costs of | determina
. with NGOs in 2008. This research reflects a priority policy issue | implementing basic | nts of
Ameli, . .
5008 for the Afghan health system. The optimal cost of | package of health | costs/opti
implementing the BPHS is unknown and has been disputed | services taking into | mal
since the programme began in 2003. In addition, little | account environmental | implemen
information is available about how expenditure on the BPHS | factors and various | tation
is affected by environmental factors and various aspects of | aspects of healthcare | strategy
healthcare provision (e.g. inputs, outputs and quality). provision (e.g. inputs,
outputs and quality).
We estimated the cost ofscaling up this intervention with a | Can differentiate | Complexit
Barasa, number of assumptions: (1) Development costs do not vary | between fixed costs, and | y - | Scope of
2012 with scale-up; given that they are only incurred once, they are | other costs such as | fixed/vari | analysis
not a function of the scale of the intervention; (2) That | training, supervision, | able costs
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training, supervision, and follow-up costs (implementation)
vary as a function ofthe number of hospitals; (3) That
treatment costs vary as a function of the number of pediatric
admissions; (4)That the intervention would reach all 121
hospitals when at scale.

and follow-up  costs
(implementation)
varying as a function
ofthe number of
hospitals; treatment
costs varying as a
function of the number
of pediatric admissions
Can define the scale of
the intervention (121
hospitals here)

Bautista-
Arredond
0, 2018a

Our study is the first to rely on a relatively large and
representative sample of  facilities in Nigeria.
through this type ofanalysis we can learn what makes small
facilities with lower costs different from other comparably
small facilities providing services more efficiently (at lower
costs), and implement interventions or programs that ensure
or at least facilitate this result.
A second implication is that programs should be aware ofthe
higher costs per patient that inevitably will be observed in
smaller facilities and budget appropriately for that.
Results from this study support this service delivery model and
show that task shifting is associated with lower unit costs.
In terms ofmethods, studies can vary in the elements ofthe
service provision included in the measurement of cost (staff,
drugs, laboratory tests, capital, utilities, training, supervision,
etc.). Some studies collected data on health care utilization at
the facility level to estimate costs (patient charts, electronic
data sets, pharmacy and other records), whereas others use a
normative approach based on guidelines, or a combination
ofboth.

Our study aims to provide a reference point by reporting
extensively on the methods used, including the largest sample

Can measure efficiency
between facilities
because can learn what
makes small facilities
with lower costs
different from other
comparably small
facilities providing
services more efficiently
(at lower costs).
Can measure eco/diseco
of scale and budget
appropriately for that.
Can show task shifting
effect on wunit costs.
Flexibility regarding the
elements of service
provision included in the
measurement of costs
(staff, drugs, laboratory
tests, capital, utilities,

Intended
use -
measure
efficiencie
S, eco.
scale, task
shifting

Scope of
analysis -
flexible
regarding
inputs
included
in
measure
ment  of
costs
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size thus far in a costing study in Nigeria, and relying on
microcosting methods as much as possible.

training,
etc.).

supervision,

This method allowed for more flexibility in the assumption of
the error variance distribution. We assumed an identity link
function and a Gaussian probability distribution, following the
results of the modified Park test

We explored the role ofscale by estimating three

Bautista- . . Lo Flexibility in the
specifications of the model; we began without adjusting for . Scope of
Arredond . . .| assumption of the error .
o 2018b scale and then sequentially added the linear and quadratic of variance distribution analysis
’ terms of the log of VMMC clients. In all specifications, we ’
tested for heteroskedasticity applying the Breusch-Pagan test
and applied robust standard errors when appropriate. We also
examined the Variance Inflation Factor (VIF) to assess the
presence of multicollinearity.
Though we found no ideal way to project future costs of | Combination of cost
government primary care in Ethiopia, we feel that the two cost | projection methods to
approaches (HSTP or cost function approach) likely represent | estimate high and low
high or low estimates of future resources needed to deliver | estimates. Complexit
primary care services. The HSTP cost estimates are potentially | Cost multiplier based on y -
overestimates of the resource need because they are based | standards to provide Intended method
on normative costs and standards to provide primary care. The | primary care and Use can
cost function approach is an underestimate of the resources | normative unit costs of . .. | include
R . . . - Estimate Combinati
needed due to limited inclusion of capital investments, future | services multiplied by local
Berman, . . . e N future on of cost
changes in services offered among primary care facilities to | planned utilization . o sources of
2018 . . . scenarios | projection .
meet changes in health needs, and future improvements that | overestimate costs funding as
. . . . . . of health | methods
may be made in quality of services provided. We believe that | The cost function care well as
the best estimate value probably lies between these two | approach is based on spendin developm
projections. actual spending on P & ent
These two approaches are likely to give different results. The | services adjusted for assistance
cost function approach is based on actual spending on services | increases in coverage, for health

adjusted for increases in coverage, scope, and time-varying
factors. This estimate incorporates any underspending from
existing gaps in utilization, quality differences, and scale and

scope, and time-varying
factors. The cost
function approach is an
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scope efficiencies in delivery. In addition, the woreda-based
costs probably suffer from data quality problems. Data quality
concerns consist of possible reporting errors in the HMIS (e.g.,
due to multistep aggregation from paper-based records
before data are entered electronically) and incomplete
woreda data on spending because of off-budget spending or
in-kind provisions either from community contributions or
external support. The HSTP estimates are based on normative
unit costs of services multiplied by planned utilization.

underestimate of the
resources needed due to

limited inclusion of
capital investments,
future changes in

services offered among
primary care facilities to
meet changes in health
needs, and future
improvements that may
be made in quality of
services provided.

. . . s . Intended
Econometric analyses can contribute to identifying potential use i
cost savings associated with delivering HIV services. Various | Can estimate efficiencies measure
. methodologies have been utilized to estimate potential | (economies of L
Bollinger, . . . . . . . efficiencie
5014 efficiency gains for HIV prevention, including estimating | scope/scale) and .
efficiency frontiers and using a generalized linear mixed model | determinants of costs of d'etermina
to estimate the effect of cost determinants on annual per- | the intervention. nts of
patient HIV treatment costs.
costs
To estimate resource requirements for the strategic plan, the | The toold OneHealth | Scope of Complexit
Cambodian health ministry selected the OneHealth tool, a tool | incorporates many other | analysis - y - vary
developed to inform national strategic health planning. | disease or programme- | not paramete
To estimate costs of expanding public sector service provision, | specific  tools  used | disease- rs such as
the health ministry chose the OneHealth tool, which | previously in Cambodia, | specific, quality/uti
incorporates many other disease or programme-specific tools | is specifically designed to | flexible S lization of
Cantelmo, P y . p. g P . p y & j Availabilit | Ease  of .
used previously in Cambodia. | estimate resource | regarding public
2018 . . . . y - Free use
The tool is a freely available software platform, whose | requirements for a | inputs sector
development is overseen by the World Health Organization | strategic plan and inform | included services,
(WHO) and other agencies. | national health planning. | in public/pri
The health ministry, development partners and other | Freely available software | measure vate
stakeholders attended tool training and data validation | platform, whose | ment  of sector
workshops and a high-level consultation meeting to discuss | development is overseen | costs health
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investment strategies, targets, cost scenarios and funding
gaps. The health ministry formed the OneHealth tool costing
team, who used the tool to estimate approximately 74% of
total projected costs of the strategic plan; they calculated the
remaining costs using Excel spreadsheets.
The health ministry designed two scenarios for discussion due
to uncertainty in the percentage of people who will access
services in the public versus private sector. The first scenario
assumed that the proportion of total health services delivered
in the public sector remains constant. The secondassumed
that the quality of public sector service delivery would
improve under the strategic plan, resulting in a 25% increase
in public versus private sector health service utilization. The
health ministry selected the second scenario for inclusion in
the new strategic plan due to planned quality improvements.
The OneHealth tool was particularly useful for understanding
health system requirements, which we found to be either
lacking from costing exercises for vertical disease programmes
or could have been double-counted when estimated
separately by programme and then summed across
programmes.

Institutionalization requires further investment in health
ministry capacity to ensure that regular updates of resource
projections are made during multi-year operational planning
or during the mid-term review of the strategic plan.

by WHO
Can be institutionalized -
The health  ministry
formed the OneHealth
tool costing team, who
used the tool to estimate
approximately 74% of
total projected costs of
the strategic plan; they
calculated the remaining
costs using Excel
spreadsheets. The team
can ensure regular
update of resources
projections during multi-
year operational
planning or mid-year
review of strategic plan
Can vary parameters
such as
quality/utilization of
public sector services,
public/private sector
health service utilization.
OneHealth tool useful
for understanding health
system requirements
(either lacking from
costing exercises for
vertical disease
programmes or double-
counted when estimated
separately by

service
utilization
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programmes and then
summed across
programmes).

Castaneda
-Orjuela,
2013

provide comprehensive cost estimates for the entire EPI.
The newly developed ProVac CostVac Tool is a valuable tool
for collecting and estimating economic costs at different
administrative levels of the EPI. It provides users with a
detailed list of cost items that should be evaluated to generate
precise total cost estimates of the EPI and includes a
handbook that provides guidance to users on how to define
the number of health facilities that should be sampled to
conduct the exercise at local or lower administrative levels.
There is an important link between the sampling strategy used
and the extrapolation method and the relationship between
the two should be kept in mind in order to develop unbiased
estimates at the national level. Given the importance of
developing a robust sampling design, this issue will continue
to be explored in future pilots of the ProVac costing tool. The
choice of applying the average cost-per-dose method in the
Colombian setting, based on the empirical evidence from the
data, allowed us to extrapolate the costs for the items
captured in the lower level survey and generate reliable
national-level estimates (Table 4) despite the heterogeneity in
the unit cost per health facility.
A costing tool with a valid and transparent methodology will
be a useful instrument to generate EPI costs. Cost analysis of
the routine EPI is an important input for cost-effectiveness
analysis.

Tool (ProVac Costvac) is
valuable for collecting
and estimating economic
costs at different
administrative  system
levels of the expanded

program on
immunization
Includes handbook to

guide users on how to
define the number of
health facilities that
should be sampled to
conduct the exercise at
local or lower
administrative levels.
Possibility to discuss
impact of the sampling
strategy used for
estimating unit costs and
the extrapolation
method to national level
- risk of bias - robust

sample  design  will
continue to be explored
for this tool.
Valid and transparent
methodology to
generate expanded
program on

Scope of
analysis -
different
health
system
levels

Ease
use

of

Data-
related -
Can deal
with
missing
data

Transpare
ncy

Intended
use - use
in CEA
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immunization costs and
can input into cost-
effectiveness analysis.

Given the presence of individual effects, vi (country specific
effects), the model can be estimated assuming those effects
as fixed or random. However, the lagged value of the
dependent variable would be correlated with the error term
even if the latter is not serially correlated. This implies that OLS
estimates (random or fixed effects) will be biased and
inconsistent (Baltagi, 2013). The estimators that take into
account that bias can be grouped into: (i) bias-corrected
estimators; and (ii) instrumental variables estimators.
Bias-corrected estimators, like the one proposed by Bruno
(2005a, 2005b) — the bias-corrected least squares dummy

Can analyse
determinants of cost
using econometric
methods.

Generalized method of
moments is adequate

variable estimator (LSDVC) for dynamic panel data models — | when there is a clear Intended
Castro, . o . . use - costs | Data-
5016 are suitable when the number of individuals (N) is small (and | dominance of cross determina | related

T is not very large). Although T is not large in this study, the | sections (N) over time

number of individuals cannot be considered small (N= 156). | periods (T) in the sample nts

Hence, this estimator is not a suitable tool to solve the bias | and can solve the bias

problem caused by the inclusion of the lag of the dependent | problem, allowing to

variable in the list of regressors. | estimate future

According to the large sample properties of the generalized | scenarios of health care

method of moments (GMM), the dynamic estimator proposed | spending.

by Arellano and Bond (1991) is adequate when there is a clear

dominance of cross sections (N) over time periods (T) in the

sample. This is what happens in our panel, which means that

this estimator is a more appropriate procedure to solve the

bias problem.

Multivariate linear | Intended
Chandras | Multivariate linear regression analysis was used to give an | regression analysis can | use -
hekar, initial insight into the causes of the variation in average cost | provide initial insight | heterogen
2010 between local implementing NGOs. into the causes of | eity in
variation in average cost | costs
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between local | between
implementing non- | sites
governmental
organizations.
The outputs, cost and efficiency estimates, relationship of
. . o . Intended
efficiency with scale, and the unit incremental costs for each | The regression method use - can
Dandona, | of the major activities of the sex worker programmes, | can explore the
: . . . . - explore
2005 presented in this paper could be useful for planning sex | relationship of efficiency officienc
worker programmes and estimating the resources needed by | with scale. with scali
them in Andhra Pradesh and other states in India.
Determine the changing
resource requirements Complexit
of a programme as Yy - non-
Excel based model. This model is unique as it allows | patient numbers linear
researchers to determine the changing resource requirements | increase nonlinearly. relationsh
of a programme as patient numbers increase. The proportion | This model estimates Intended ip
of total staff time and facility time allocated to the programme | how per patient cost of use i between
Deghave is calculated for different patient numbers. This model | HAART changes with assess scale-up
2056 Y& 1 estimates how per patient cost of HAART changes with patient | patient numbers and resource and cost,
numbers and estimates at what point new investment in | estimates at what point . estimate
e . . .| requirem
facilities is needed. This is an advantage over other models | new investment in ents at  what
that assume a static cost per patient and do not allow for | facilities is needed - point new
economies of scale. Human resource costs of programmes are | advantage over other investmen
often neglected. This model focuses on human resource costs. | models that assume a t in
static cost per patient facilities is
and do not allow for required
economies of scale.
s s . Use real-world and .. | Intended
We used quantitative and qualitative programmatic data oo Complexit
. . . country-specific data to use -
ofthe three pilots from their respective launches (July to realistic  estimate the y - use estimate
Deo, 2019 | September 2014) until May 2016 to conduct a retrospective . real-world
. . . | budget required for a the
activity-based costing analysis. . and
. . . successful national scale budget
Realistic estimate of the budget required for a successful ) country- .
up using scale factors for required
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national scale up ofsuch models (use of various scale factors - | different  intervention | specific for scale-
in appendix). levels. data up
The main approach to resource allocation has been to identify | The main approach to
variables that explain need within a community and use them | resource allocation has
to develop weights for allocating resources between areas. | been to identify
In contrast, a low level of resources and intention to direct | variables that explain
them to priority needs mean that many Low and Middle | need within a
Income Countries (LMICs) aim to focus public funding for | community (bottom up
health care on a limited range of interventions that are of | approach) and use them
proven cost-effectiveness. A basic benefit package approach, | to develop weights for
focusing on a narrow range of mostly communicable disease | allocating resources
_ . Intended
and maternal and child health, has become a common feature | between areas - practical use i
of country sector strategies in many LMICs. The approach has | for the limited range of resource
been central to international initiatives advocating more but | services financed by the allocation
better targeted spending on health care [12,13]. A bottom up, | state in such countries Scone  of Complexit based on
approach to need for resource allocation may be practical for | and be more specific to P . y - o
o . . . analysis - . specific
Ensor the limited range of services financed by the state in such | needs than a general basic normative needs
! countries and be more specific to needs than a general | formula. . costs,
2012 ) . benefit i .| between
formula. A basic benefit package fixed/vari .
. . . package sites,
Methods used to establish the normative costs of the package | approach, focusing on a 20broach ables Indonesia
and the production of context specific scenarios. | narrow range of mostly PP costs
) . A . (geograph
A user friendly interface to enter data and undertake | communicable disease ical
simulations was constructed based on user forms in Visual | and maternal and child o
specificity

Basic.

Fixed overhead costs are permitted to vary across districts as
they are directly related to the number of acilities that are
required to serve a given population. Facility numbers are
influenced by geography and topology so that a sparsely
populated mountainous district will require, ceteris paribus, a
larger number of facilities to serve population need. Similarly,
while it is assumed that the proportion of patients with
disease j requiring referral is similar across districts, the cost
of referral (r) is influenced by proximity to referral facilities

health, has become a
common feature of
country sector strategies
in many LMICs and is
central to international
initiatives advocating
more but better targeted
spending on health care
Methods used to
establish the normative

)
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and SO will vary across districts.
The costing incorporates three types of fixed overhead
(facility, SPM, district)
Clearer costing that accounts for geographic differences in
need provides a basis both for establishing the overall cost of
SPMs over the entire country and indicate the level of
(considerable) variation in different provinces and districts.
The approach does not appear to be any more expensive or
time consuming than an approach using proxy variables
(based on application in Kenya and Timor Leste). In each
country, the approach took approximately two months to
develop and implement using available secondary data.
Diverse scale factors are applied depending on the type of cost
input.

costs of the package and
the production of

context specific
scenarios.

Costs are treated as
fixed/variable - Fixed

overhead costs are
permitted to vary across
districts as they are
directly related to the
number of facilities that
are required to serve a
given population - three
types of fixed overhead
(facility, minimum
package of health
services, district). The
cost of referral s
influenced by proximity
to referral facilities and
so will wvary across
districts

Method that accounts
for specific geographic
characteristics of this
country (Indonesia) and
its impact on costs.

Galarraga,
2017

Given the continued need for expanded services, while
resources are diminishing, the main objectives of this paper
are to document the costs of HIV prevention interventions,
explore the predictors of economic efficiency, and quantify
the potential economies of scale in the production of HIV
prevention services.

Explore the predictors of
economic efficiency, and
quantify the potential
economies of scale in the
production of HIV
prevention services.

Intended
use - costs
determina
nts,
quantify
economie
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The dependent variable (average costs) was log transformed | Can explore task-shifting | s of scale,

to more closely approximate a normal distribution, be able to | scenarios in cost | explore

apply linear regression methods, and to be able to interpret | projections. task

the scale coefficients as an elasticity. shifting

In addition, we included the following measures relevant to scenarios

evaluating costs and efficiency determinants. in cost

Examining predictors of HIV prevention costs at the national projection

level in sub-Saharan Africa s

Possibility to assess strength of relationships with R2.

Cost function can explore task shifting.

In brief, these methodological advances include the | Method can estimate

estimation of alternative (better and worse) future scenarios | future scenarios of

in addition to reference scenarios for each country; | expected future health

development of a structural framework to identify key | spending and pooled

covariates upon which to build our econometric models; and | health spending for 188

incorporation of several improvements to identify, rank, and | countries over 2016-

pool the models that ultimately compose our final ensemble | 2040 period, with Intended
Global model and estimates of uncertainty.18 We then used these | multiple financing | Scope of | use -
Burden of | financing projections to estimate UHC index performance for | sources (out-of-pocket, | analysis - | estimate
Disease each country-year through to 2040 using stochastic frontier | private insurance, | multi- alternativ
Health analysis (SFA). | development assistance, | country, e future
Financing | We estimated the annual growth rate of GDP from 2018 to | government spending), | multi- scenarios
Collaborat | 2040 using an ensemble modelling approach. Out-of-pocket | including transition from | years, of health
or and prepaid private health spending, as well as total | LMIC to HIC. | multiple spending
Network, | government spending were modelled as a share of GDP, | Estimate alternative | financing | based on
2018 whereas government health spending was modelled as a | (better and  worse) | sources key

share of total government spending. We used a three-step | future  scenarios in covariates

process to estimate the future development assistance for
health (DAH) disbursed to low-income and middle-income
countries. For sources of DAH that are countries or national
treasuries, we modelled DAH as a share of the source’s
government spending to make estimates of total DAH
provided from 2018 to 2040. For sources without an

addition to reference
scenarios for  each
country, develop a
structural framework to
identify key covariates
upon which to build the
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associated GDP time series, such as corporate donations and
private foundations, we estimated future DAH using
autoregressive integrated moving average (ARIMA) models
with no covariates. Second, we modelled DAH received for
each recipient country, measured as a share of the total
amount of DAH provided through 2040. Finally, we estimated
the transition of countries from middle-income to highincome
status on the basis of GDP per capita. This transition occurs
when GDP per capita surpasses $13 741 per capita, the point
of high-income transition defined by the World Bank.
In addition to generating a reference scenario for each country
from 2016 to 2040, we estimated two sets of alternative
health spending scenarios for total, government, prepaid
private, and  out-of-pocket spending and  DAH.
Our projections highlight the large differences in expected
future health spending and pooled health spending per capita
across the globe, with high-income countries projected to
spend 45-9 times (95% Ul 37-1-54-6) more on total health
expenditure per capita than low-income countries in 2040.

econometric models ;
and incorporation of
several improvements to
identify, rank, and pool
the models that
ultimately compose the
final ensemble model.
As advances are made to
guantify projections of a
wider range of factors
related to UHC, we aim
to incorporate them into
our models and
increasingly narrow our
estimates of uncertainty.

Guinness,
2007

In the case of scale, economic theory suggests that as output
increases average costs will first fall and then rise, resulting in
a'u'—shaped average cost curve. To test such a hypothesis for
HIV prevention services estimates of the marginal cost (the
change in total cost with each unit increase in scale) using a
cost function approach are required.
Expenditure data, for the financial year 2001/02, from 78 HIV
state-funded prevention projects in Andhra Pradesh were
analysed (the financial dataset) to explore the impact on costs
of scale, target group, institutional history and price. This large
sample allowed for statistically robust results.
The model has a flexible functional form with linear, squared
and cubed variables in output.
The Cook-Weisberg (Breusch-Pagan) test was used to test for

Cost function method
accounts for economies
of scale and is flexible
regarding choice of
functional form  of
output variables.

Intended

use -

quantify
economie
s of scale
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heteroscedasticity. Multicollinearity is also assessed.
In addition, differences between target groups are an
important influence on cost. Total cost of vulnerable group
projects are on average 11% higher than for the non-
vulnerable group. This change in the intercept in the
relationship between cost and coverage implies higher fixed
costs in the vulnerable group projects. This is likely to reflect
greater difficulty in reaching the more marginalized groups
represented in vulnerable group projects (e.g. CSWs, men who
have sex with men) and requiring greater investment in
initiating the project, in particular in establishing a relationship
with the community. When agency is included in the model,
the case study data also confirms a difference in the
production costs between funding agencies.

Intended
This analysis will help policymakers understand the cost | Baseline for determining | use -
Johns, structure of child health services and will provide a baseline | how costs change over | estimate
2013 for determining how costs change over time and as the new | time and as the new | determina
programme expands. programme expands. nts of
costs
To help national governments and other stakeholders | Help national
understand their HIV epidemics and allocate limited resources | governments and other
most efficiently, we developed Optima (formerly known as | stakeholders understand | Intended | Scope of
Prevtool). their HIV epidemics and | use - help | analysis -
A software toolbox that models (1) HIV transmission within | allocate limited | governme | various
and between population groups, (2) disease progression, (3) | resources most | nts/stake | levels of
Kerr, 2015 | the effects of HIV prevention and treatment programs, and (4) | efficiently. holders to | interventi
the economic effects of policy choices. We designed it to be | Designed to be flexible | allocate on, link
flexible and comprehensive enough to accommodate the | and comprehensive | resources | coverage/
regional, national, and epidemiological diversity of HIV | enoughtoaccommodate | more costs/imp
epidemics. This article outlines the methodology underlying | the regional, national, | efficiently | acts

Optima and compares Optima to other commonly used HIV
models, namely the Goals (Spectrum) Model, Epidemic Model

and epidemiological
diversity of HIV
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(AEM), Package (EPP), the AIDS the Estimation and Projection
and the Modes of Transmission (MOT) model.
For each HIV program, we derive one set of logistic curves that
relate funding to program coverage levels and another set of
curves (generally linear relationships) between coverage
levels and clinical or behavioral outcomes (ie, the impacts that
HIV strategies aim to achieve).

epidemics.

For each HIV program,
the authors derive one
set of logistic curves that
relate funding to
program coverage levels
and another set of curves
(generally linear
relationships) between
coverage levels and
clinical or behavioral
outcomes (ie, the
impacts that HIV
strategies aim to
achieve).

Lepine,
2015

Regarding the GMM model presented in equation (3),it is
important to point out that the lagged dependent variable was
not statistically significant, justifying the use of the GMM in a
nondynamic panel. The choice of the system GMM estimator
is motivated by the fact that it has been found to be more
efficient than the first-differenced GMM.
The longitudinal nature of our data allows the use of a panel
estimator with NGO fixed effects, which accounts for
unobserved NGO time-invariant characteristics that are likely
to be correlated both with the NGO size and its average cost.
Finally, we use an IV method estimated by the two-stage least
squares (2SLS) estimator, as presented in equations (4a) and
(4b),in order to test the robustness of the results obtained
from the system GMM - not the estimator of interest here.

Investigate the causal
effect of scale on
average cost and to
estimate unbiased
economies of scale: bias
arising from endogeneity
described in the paper:
omission of pertinent
variables in the analysis,
simultaneous
relationship between
NGO size and average
cost, and random
measurement error, as
well as another source of
bias: method of
allocation of above-level
costs.

Intended

use -

quantify

unbiased
economie
s of scale
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Method investigates into
the drivers of cost of the

Intended
Avahan programme
. . . . . ; use -
Lebine Panel data. Statistical tests to determine functional form, fixed | during scale-up in order drivers of
pIne, or random panel estimator, etc. | to inform programme
2016 . . . . costs,
panel estimator with NGO fixed effects. managers to design -
. . efficiency
economically  efficient analvsis
HIV prevention services 4
using panel data.
The health planners of this district asked us to support them | _. .
. . . . Simplicity of methods
in assessing the impact on budgetary needs for primary care . .
e . guided the choice of
facilities if the needs of the population were covered as they .
. deterministic approach | Intended Ease  of
>ee It to be necessary. using fixed, step-fixed, | use - | use -
Marschall, | Simplicity of methods have guided the choice of cost & Tixed, P ' . S
. and variable costs, to | budgeting | simplicity
2008 multiplier. . .
. . guide health planners' | by health | of
Can show the important difference between average costs L .
. . . . decision in assessing the | planners approach
and marginal costs in order to convince policy-makers to base | .
) . ) . impact on budgetary
their decisions on marginal costs instead of average costs.
. . . needs.
fixed, step-fixed, variable costs.
Examine the correlates | Intended
These estimates can be used by policy makers to gauge the | of variation in unit-costs | use - cost
Marseille, | likely impact of scale-up on total ART expenditure depending | and  cost-effectiveness | determina
2012 on whether they primarily expand treatment in the types of | across the 45 health | nts and
facilities that have higher or lower estimated costs centers. Inform policy | impact on
makers. CE
Understanding the costs of HIV treatment serves two | Analysis of determinants Data-
important functions. The first is to plan for future expenditure | of cost can help to plan related -
requirements: as HIV treatment requires lifelong care, | for future expenditure | Intended source of
Menzies, initiation of patients on treatment implies a resource | requirements: as HIV | use - costs | data:
2012 commitment both in the present and future. | treatment requires | determina | sufficient
Gaining greater certainty about resource requirements puts | lifelong care, initiation of | nts sample
funders in a better position to make long-term commitments | patients on treatment size  for
about program targets. The second function is to suggest | implies a resource regression
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strategies for improving the efficiency of HIV treatment | commitment both in the analysis
programs. present and future. and
Big sample of facilities with consistent methodologies across | Analysis of determinants standardiz
countries - multi-country project. suggest strategies for ed
improving the efficiency methods
of HIV treatment across
programs. countries/
Big sample of facilities sites
with consistent
methodologies  across
countries - allows to use
regression analysis
methods
Most existing cost projections assume a single constant unit | Proposition of a more
cost per patient-year, or per patient-year on a certain | nuanced approach to
regimen, across large populations and often extended | estimate costs at scale,
projection periods. A somewhat more complex approach is to | using flexible cost Data-
assume a single unit cost for each of a set of services received | functions to better related -
by an HIV-positive patient, such as a unit cost for each type of | account for potential Intended source of
Meyer- Iabonfatory test Or outpatient visi'F or inpatient day, and then (dis).ec.onomies of sc.ale Use i Complgxit data i
Rath multiply these unit costs by an estimate of the number of each | (variation of assumption quantify y - flexible sufficient
’ of these services per patient-year and by the number of | on scale elasticity - how . cost
2012 . . . . . . economie . sample
patient-years delivered in a year. We call such an equation an | those services will be function )
accounting identity and designate a total annual cost so | delivered and how s of scale s1z€ .for
defined as an accounting identity cost function: TC = fixed | changes over time in the regres§|on
. . analysis
+X*variable determinants of cost and
flexible cost function where TC is function of p and Z - vectors | quality will affect that
representing, respectively, the set of relevant input prices and | delivery and estimated
all other policy and environmental determinants of cost. costs of scaling-up).
Andersen’s behaviour model of health services utilization as a | Andersen’s  behaviour | Intended
Mujasi, conceptual framework. | model of the demand for | use -
2015 This comprehensive model of the demand for health services | health services was used | analysis of
was used in this study to identify independent variables likely | in this study to identify | cost
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to influence essential medicines and health supplies utilisation
at the health facilities in the districts and hence expenditure.
The assumption is that since they determine utilisation of
health services by the population, the identified independent
variables influence the generated pharmaceutical expenditure
as a result of utilization of the health services.
Specifically, Andersen’s model assumes that individuals’ use of
services is a function of their predisposition to use services
(predisposing factors), factors that support or impede use
(enabling factors), as well as their need for health care (illness
level). According to Andersen, patients’ illness level
(representing the need factor) is considered as the major
determinant of health care utilization.
We run both linear-linear and loglinear models for each
definition of pharmaceutical expenditure in order to select the
model with the best fit. Table 2 shows the variables used in
the multiple linear regression analysis to determine variations
in pharmaceutical expenditure among the study districts.

independent variables

likely to influence
essential medicines and
health supplies

utilisation at the health
facilities in the districts
and hence expenditure.
The assumption is that
since they determine
utilisation of health
services by the
population, the
identified independent
variables influence the
generated
pharmaceutical
expenditure as a result of
utilization of the health
services. Specifically,
Andersen’s model
assumes that individuals’
use of services is a
function of their
predisposition to use
services  (predisposing
factors), factors that
support or impede use
(enabling factors), as
well as their need for
health care (illness level).

variation
between
sites

Obure,
2016

We estimate two specifications of the cost functions using the
measures of integration. The first specification includes the
individual measures of integration as covariates, while the

Use of cost function to
evaluate the existence of
economies of scale and

Intended
use -
determina
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second includes the functional index of integration - can | scope for integrated HIV | nts of
explore eco. scale/scope. | and sexual and | costs and
The quadratic functional form is chosen because unlike the | reproductive health | measures
trans-logarithm functional form, it accommodates zero values | service delivery in a | of
for outputs therefore allowing for straightforward | sample of health | scale/sco
identification of economies of scope. facilities in Kenya and | pe
Swatziland. efficiencie
s
Analysis of determinants
The variable coefficients are best estimated using regression | of costs for solid waste
analysis, a statistical technique. Porter (2002) in his engaging | management - variable
book on the economics of waste shows how cost functions can | coefficients are best
be used by society to make decisions that are economically | estimated using
efficient. regression analysis and
Stepwise regression was used to evaluate correlation. This | can be used by society to
method involves finding the best predictive variable, then | make decisions that are | Intended
controlling for its effect, and finding the next best predictor, | economically efficient. | use -
Parthan and.so o.n. This has the a(?lve?ntage .of reducing the impa.ct. of | Stepwise regression was | determina
5012 ’ co-linearity between predictive variables. A pre-set condition | used to evaluate | nts of
in stepwise regression procedure was that those variables | correlation. This method | costs and
below a significance level of 0.05 (p value associated with the | involves finding the best | efficiency
t-test) would not be considered as statistically significant and | predictive variable, then | analysis
would be automatically excluded from the model (Field, | controlling for its effect,
2009). and finding the next best
Inferences from costs correlated with population and costs | predictor, and so on. This
correlated with waste quantity could be different - so 2 cost | has the advantage of
functions. reducing the impact of
Stepwise regression was used to evaluate correlation. co-linearity between
predictive variables.
As our observations (health posts) were nested within a small | Comprehensive analysis | Intended | Data-
Pitt 2017 number of clusters (districts), we fit a linear model with fixed | of cost drivers, the | use - | related -
! effects at the district level (Mo™ hring 2012) to account for this | distribution of costs | determina | source of
clustering. across the 3 months of | nts of | data:
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Scatter plots of all pairwise variable combinations were used | administration and | costs, observati
to assess the linearity of relationships; logarithmic | across health system | variation | ons
transformations were performed on skewed data and a | levels, variation in costs | of costs | nested
guadratic term was added for any independent variables | between health posts, | between | within
exhibiting a curvilinear relationship with costs. and economies of scale. | sites, small
As the observations | economie | number of
(health posts) are nested | s of scale | clusters
within a small number of (choice of
clusters (districts), the estimator)
authors fit a linear model
with fixed effects at the
district level to account
for this clustering.
Only two blocks (level of
Y . ( Intended
. . . subnational Data-
Detail account expenditures to allow for progressive cost .. . - use -
. administrative division) . related -
multiplier approach . .. | estimate
. . as unit - econometric sample
- Only two blocks as unit - econometric approach would not be costs of | .
Prinja, . approach would not be size  too
feasible. . scale-up
2018 . . . . . feasible. . small for
Approach is relevant from a fiscal planning point of view. . . from fiscal
. . . % .| This  cost  multiplier . economet
Annualized unit cost for relevant cost inputs * number of units . planning .
. approach is relevant . ric
for scaling-up. ) . point  of
from a fiscal planning | ™, approach
. . view
point of view.
Costs for the mHealth intervention were studied from the | Estimate cost of national | Intended
perspective of the Indian NACP. Costs were collected based on | deployment of mHealth | use - costs
the concept of avoidable costs specific to the mHealth | interventions from the | of scale-
intervention. The concept of avoidable costs refers only to the | perspective  of  the | up from | Scope of
Rodrigues | inclusion of costs that are contingent on the mHealth | National AIDS Control | the analysis -
,2014 intervention, and all other costs were considered as sunk | Programme of India. | perspectiv | increment
costs; that is, costs incurred even if the intervention was not | Design of the costing | e of the | al costing
undertaken. Sunk costs (e.g. costs of buildings) were not | study - Costs were | National
included in the study. The costs that were assessed were | collected based on the | AIDS
onetime costs as well as recurrent costs (the latter included | concept of avoidable | Control
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fixed and variable costs).
These costs were calculated as a function of fixed and variable
costs using the formula: total cost for deployment of the IVR
call plus SMS-programme-level costnumber of centrescentre-
level costnpatient-level cost; where n- the number of patients.

costs specific to the
mHealth  intervention.
The concept of avoidable
costs refers only to the
inclusion of costs that
are contingent on the
mHealth intervention,
and all other costs were
considered as sunk costs;
that is, costs incurred
even if the intervention
was not undertaken
(incremental costing
approach). Sunk costs
(e.g. costs of buildings)
were not included in the
study.

Program
of India

Schneider
, 2007

Objective is to compare the effect on provider cost of two
payment mechanisms: (1) user fees for drugs and services paid
by the uninsured, and (2) capitation payment paid by MHI for
the insured.
To identify scale effects on payer-specific costs, the health
centre cost structure is examined across different patient
output levels.

The study objective is to
compare the effect on
provider cost of two
payment mechanisms:
(1) user fees for drugs
and services paid by the
uninsured, and (2)
capitation payment paid
by micro health
insurance for the
insured.

The authors also
examined the health
centre cost structure
across different patient
output levels to identify

Intended
use -
determina
nts of
costs and
scale
effects on
costs
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scale effects on payer-
specific costs.

Estimation of the
additional budget
required to fund the 4-

district  scale-up  of Comblexit
Mema kwa Vijana within P cost
an integrated public | Intended y -~
sector model. | use multiplier
Terris- Scale-up is geographical to other districts/wards - cost . L . . approach
L . - Scale-up is geographical | estimatio Transpare
Prestholt, | multiplier is transparent and can provide sufficient level of . can
. . . . . to other districts/wards - | n of . nt
2006 details. Unit cost per level (district, ward, facility, unit). . provide
cost multiplier approach | budget .
) . . sufficient
can provide sufficient | required
. . level of
level of details by using .
. details
unit cost per level
(district, ward, facility,
unit) - transparent and
applicable for budgeting.
Need to rapidly scale up
mass drug
In view of this need to rapidly scale up MDA,1-4 | administration
understanding how the cost and cost-eff ectiveness of MDA | programme  targeting Scone  of
programmes might be affected by these reported economies | Ascaris lumbricoides, ana? is Combinati | Complexit
of scale, and assessment of the potential eff ect of ignoring | understanding how the natu»;e of | ON of cost | y -
them on policy recommendations, is important. | cost and cost- | Intended projection | account
Turner, s e e . . costs
This finding is particularly relevant to NTDs because of the | effectiveness of mass | use - CEA | . methods - | for
2016 . . . ) (importan . .
nature of the costs of MDA—many of which are fi xed, because | drug administration | at scale t share of comparati | potential
the drugs themselves are often donated or inexpensive—but | programmes might be fixed ve economie
is also relevant to other large-scale control programmes. | affected by reported costs) analysis s of scale

Formula is fixed costs + variable costs*number persons to
treat.

economies of scale, and
assessment  of  the
potential  effect of
ighoring them on policy
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recommendations, is
important.

Compare use of a cost
function (cost multiplier:
fixed costs + variable
costs*number persons
to treat) to take into
account economies of
scale to the standard
method of assuming a
constant cost per
treatment (simple cost
multiplier) when
investigating the cost
and cost effectiveness of
scaling up a soil-

transmitted  helminths
mass drug
administration
programme.

This finding is

particularly relevant to
because of the nature of
the costs of mass drug
administration—many of
which are fixed.

Verguet,
2015

The analysis also broadly suggests the kind of fi nancial
resources needed to enable surgery scale-up and health
system strengthening in those countries, with the objective of
mobilising country policymakers and the global health
community towards committing such necessary investments.
Target date of 2030 refers to the internationally adopted end
date for the SDGs.

Estimation of financial
resources needed for a
large sample (88 LMIC
countries) based on
target of 5000 surgical
operations per 100 000
population per year by

Intended
use
estimate
resource
needs

Scope of
analysis -
multi-
country,
global
targets for
scale-up

Transpare
nt -
encourag
e policy
makers
and global
health
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Our analysis highlights the signifi cant fi nancial investments
that scale-up of surgical services represents. Despite these
required large investments, improving surgical capacity is a
critical component of health system development, especially
in the context of UHC. According to our analysis, a large
number of low-income and middle-income countries will not
be able to reach the target of 5000 surgical operations per 100
000 population per year by 2030 based on current rates of
improvements. Hence, increased attention and commitment
from the international community is essential for improving
surgical services, a critical step for increasing access to basic
health-care services.
Unit cost per operating room construction*number of
operating rooms to be built + unit cost per surgical procedure
as given per income grouping*target (5000 surgical operations
per 100 000) for the period.

2030 - format of the
study objectives might
have guided the choice

of deterministic
approach: unit cost per
operating room

construction®*number of
operating rooms to be
built + unit cost per
surgical procedure as
given per income
grouping*target (5000
surgical operations per
100 000) for the period
Objective of mobilising
country policymakers
and the global health
community towards
committing such
necessary investments -
transparency might play
a role in the choice of
projection method.

communit
ies
towards
committin
g
investmen
ts

Weaver,
2004

Big and representative sample of hopsitals in Vietham - 654
out of 815 public hospitals in Vietnam.
The question about scope is whether or not it is efficient to
combine outpatient and inpatient care at the same facility.
Physicians often need to see patients on both an inpatient and
an outpatient basis; an outpatient who receives diagnostic
exams may later be admitted or an inpatient that is discharged
may need follow-up visits. In some cases, it may be more
efficient for physicians to provide both types of care from a
single office at the hospital. In other cases, it may be more

Big and representative
sample of hopsitals in
Vietnam - 654 out of 815
public hospitals in
Vietnam.

The study objectives are
to measure economies
of scale and scope for the
Six categories of
hospitals in Vietnam -

Intended
use -
determina
nts of
costs,
scale/sco
pe
efficiencie
s

Data-
related -
big and
represent
ative
sample
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efficient to reduce the daily flow of a large volume of
outpatients at the hospital by having separate facilities. These
guestions may be answered with estimates of a hospital cost
function that shows the relationship between cost and output.

These questions can be
answered with estimates
of a hospital cost
function that shows the
relationship between
cost and output.

Winskill,
2017

In areas in which coverage of these interventions is not yet
universal, it is important to understand the relative cost-
effectiveness of the full suite of interventions and where the
RTS,S malaria vaccine could contribute. Importantly, this
needs to take into account the diminishing marginal returns
associated with the scale-up of interventions that may lead to
a higher wunit cost at high levels of coverage.
In the absence of detailed country-level data for all
interventions, we adopted a unit costing approach. These
were derived from the literature.
The total cost (P) of delivering an intervention to an individual
is assumed to consist of two components: the commodity cost
(U) and the delivery cost (D): P = U + D.
The commodity cost remains fixed per person (under the
assumption that economies of scale have been reached) with
respect to coverage (C). The delivery cost per person is fixed
at a baseline amount, N, until coverage reaches a given
threshold, Ct, above which the delivery costs increase
logarithmically. fixed + variable costs.

The study objective is to
estimate the cost and
impact of  different
malaria prevention
intervention packages at
varying levels of scale-
up. In particular, to
understand the relative
cost-effectiveness of the
full suite of interventions
and where the RTS,S
malaria vaccine could
contribute. It needs to
take into account the
diminishing marginal
returns associated with
the scale-up of
interventions that may
lead to a higher unit cost

at  high levels of
coverage.

In the absence of
detailed  country-level

data for all interventions,
we adopted a unit
costing approach
(identifying

Intended
use - CEA
at scale

Complexit
y -
accountin
g for
diminishin
g marginal
returns
associate
d with
scale-up

Data-
related -
source of
data:
absence
of
detailed
country-
level data
- sourced
from the
literature
and used
cost
multiplier
approach
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fixed/variable costs).
These were derived from
the literature.

Appendix Table A4.

Classification of study objectives — Data extraction and classification of intended use of cost estimates

First
year

author,

Full text extractions — Study objectives

Classification following the
GHCC reference case

Study primary objective

Abdullah, 2012

to develop a simple and transparent costing tool that enables health planners
to calculate the unit costs of providing basic health services to estimate
additional budgets required to deliver services in accordance with national
targets.

Financial planning

Inform national budget
for medium-term
planning

costs. This is an important limitation as previous studies have demonstrated
wide variation in facility cost that would contribute to national program costs
and performance. The current manuscript seeks to address this issue by
analyzing determinants of RI costs at facility level.

Adam, 2003 The purpose of the work described in this paper, a modelling exercise, was to | Financial planning Inform national budget
use the data collected across countries to predict unit costs in countries for for medium-term
which data are not yet available, with the appropriate uncertainty intervals planning
The specific objectives of this paper are to:
¢ explain the observed differences in hospital inpatient cost per bed-day across
and within countries; and
¢ use the results to predict cost per bed-day for countries for which these data
are not yet available.

Ahanhanzoa, Existing tools to assess routine immunization (RI) costs (such as | Technical efficiency analysis | Analyse drivers of

2015 the comprehensive multi-year plan) do not capture heterogeneity in facility technical efficiency

between sites

124




Ameli, 2008

To research the effects of changes in health service utilization and quality on
the costs of the Basic Package of Health Services (BPHS) in 13 provinces of
Afghanistan. The main study guestions were:
e How can NGO expenditure on the BPHS be explained by health service
delivery inputs? ¢ How do the local security situation and the geographical
remoteness of the health facilities in the contract area of operation affect NGO
expenditure? ¢ What factors are related to patient satisfaction? ¢ What does
the evidence tell us about service delivery contracts with NGOs?

Technical efficiency analysis

drivers of
efficiency

Analyse
technical
between sites

Barasa, 2012

We also present an assessment of the costs of scaling up the intervention to

Financial planning

Inform national budget

the national level. for medium-term
planning

Bautista- 1) to estimate the average annual cost per patient on antiretroviral treatment | Technical efficiency analysis | Analyse drivers of
Arredondo, (unit cost) per facility in Nigeria, and 2) to describe the variation in costs across technical efficiency
2018 facilities and identify factors associated with this variation. We are particularly between sites

interested in exploring the relationship between cost variation and supply-side

and service delivery model characteristics.
Bautista- Examine unit cost variation across facilities, and investigate key facility-level | Technical efficiency analysis | Analyse drivers of
Arredondo, characteristics associated with cost variation using an econometric approach. technical efficiency
2018 between sites
Berman, 2018 | To explore the implications of future trends in external funding on Ethiopia’s | Financial planning Support long-term

primary health care spending and the potential for domestic resources to
sustain the growth of Ethiopia’s primary health care system.

financial planning

Bollinger, 2014

Estimating a cost function for HIV prevention services to calculate the potential
economies of scale associated with VMMC as well as the impact of other
factors. With the increasing importance of and investment in VMMC, it is
important to understand the main cost drivers associated with providing
VMMC services, and also any possible efficiency gains that might be achieved
by adapting the service provision to each country setting. Results of this
analysis could assist countries in planning scale-up of VMMC service delivery.

Technical efficiency analysis

Identify efficient scale of
operation

Cantelmo,
2018

describe how the health ministry used the tool to inform development and
prioritization of the strategy and its targets, how much it will cost to implement
the plan, and if there are sufficient financial resources available to cover costs.

Financial planning

Inform national budget
for medium-term
planning
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Castaneda-
Orjuela, 2013

describes the ProVac CostVac Tool and presents results from a pilot exercise
with the tool to estimate the total costs of the Expanded Program on
Immunization (EPI) in Colombia. The tool described here is intended to help
countries carry out immunization program costing consistent with WHO
guidelines, and to provide a transparent framework for collecting and
analyzing the cost data. The tool is particularly useful for measuring costs that
generally are not visualized in EPI budgets at the central level, for example
shared labor costs across public health programs at the service provision level.
In addition, it will help countries develop standardized program costing
estimates for the WHO-UNICEF Joint Reporting Form on Immunization, among
other reporting purposes. Finally, the tool aims to provide countries with up-
to-date costing data by allowing updates for part of the data in subsequent
years while carrying over other data.

Financial planning

Inform national budget

Castro, 2016

In our study, we move a step forward and analyse whether the increase in
sugar availability/intake is causing health care expenditure to rise.
To proceed with this study, we build our analysis upon the standard literature
on the determinants of health care expenditure and estimate a dynamic panel
data model over a sample of 156 countries for the period 1995-2014.
Accounting for the traditional determinants of health care expenditure —
income, population structure, medical/technological progress, urbanization,
female participation in the labor force, share of public health expenditure,
hospital beds, air pollution, among others — we find that an increase in sugar
availability leads to a significant rise in diabetes expenditure (per capita and
per diabetic) and in the growth rate of total health care expenditure per capita.
This trend is observed in both developed and developing countries.

Financial planning

for medium-term
planning
Support long-term

financial planning

Chandrashekar,
2010

This paper explores the cost of Avahan activities during the first 2 years of its
activity (financial years 2004/ 2005 and 2005/2006) as it moves from start-up
to rapid scale-up. It documents the costs of implementation of HIV prevention
for female sex workers, men who have sex with men and transgenders in 62
districts of the four Southern states where Avahan was operational, calculates
the cost per person registered and the cost per sexually transmitted infection
clinic visit and analyses the causes of cost variation across the NGO projects.

Technical efficiency analysis

drivers of
efficiency

Analyse
technical
between sites
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Dandona, 2005

As part of a study to assess the cost-efficiency of various HIV prevention
strategies in Andhra Pradesh, we report data on the outputs, cost and
efficiency of HIV prevention programmes for female sex workers.

Technical efficiency analysis

drivers of
efficiency

Analyse
technical
between sites

Deghaye, 2006

This study aims to provide a comprehensive costing of highly active
antiretroviral therapy (HAART) to health care workers, which goes beyond the
estimation of drug and testing costs.

Financial planning

Inform national budget
for medium-term
planning

Deo, 2019

A critical success factor to ensure the scale-up ofsuch pilots and their
successful integration into Revised National TB Control Program is to ensure
that their cost is not significantly higher than the cost of providing TB care in
the public sector, as is typically assumed. In this paper, we address this issue
and estimate the operating costs of these pilots at various levels of population
coverage and estimate the budget required to scale them at a national level.

Financial planning

Inform national budget
for medium-term
planning

Ensor, 2012

The focus of the study is on the estimation of the funding required in order to
achieve the minimum SPM (minimum package of health services) coverage
level defined politically for each service across different regions of the country
taking into account variations in demography and epidemiology.

Financial planning

Inform national budget
for medium-term
planning

Galarraga,
2017

Lastly, the methods to measure cost and scale have developed slowly in the
HIV field over the past decade with innovations still necessary to optimize
program scale and economic efficiency (Kumaranayake 2008). Mathematical
modelling in costing has played an important role, but the mathematical
models can only predict accurately if there is empirical measurement of costs
at various scales. Most of the literature has explored costs and scale in HIV
prevention relying on modelling, with only few recent exceptions (Lepine et al.
2015); thus, the technical issues of documenting costs and their relationship
with scale of HIV prevention services production remain as fertile areas of
research with important policy implications.

Technical efficiency analysis

drivers of
efficiency

Analyse
technical
between sites

Global Burden
of Disease
Health
Financing
Collaborator
Network, 2018

We used historical health financing data for 188 countries from 1995 to 2015
to estimate future scenarios of health spending and pooled health spending
through to 2040. Additionally, we assessed past relationships between pooled
health spending and performance on a measure of universal health care
service coverage. Last, we quantified the magnitude by which changes in
health financing, as projected into the future, could lead to changes in
universal health care by 2030 and 2040.

Financial planning

Support long-term
financial planning
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Guinness, 2007

The paper presented here goes beyond the simple regressions used in this
previous research to estimate an econometric cost function for HIV prevention
services. It uses the commercial sex worker cost data presented in Guinness et
al [28] and a new set of data from 78 HIV prevention projects for vulnerable
groups collected for the present analysis. Marginal costs for different levels of
coverage are calculated to measure the degree of scale economies in HIV
prevention projects targeted at high risk populations. The impact of other key
contextual factors on total and average costs is also assessed.

Technical efficiency analysis

Identify efficient scale of
operation

Johns, 2013 In this paper, we examine the costs of delivering child health services in 4 | Technical efficiency analysis | Analyse drivers of
districts of Malawi at the start of the community-based case management technical efficiency
programme for U5s. Also explore determinants of costs with cost functions. between sites

Kerr, 2015 Optima can be used to (1) estimate epidemiological trends to produce long- | Economic evaluation Optimisation

term forecasts, including for counterfactual scenarios; (2) calculate program
cost-effectiveness, returns on investment, and other economic and HIV-
related health outcomes; (3) determine the allocation of resources and
associated coverage levels that minimize any of several objectives, including
the number of new infections, HIV-related deaths and disease burdens, current
and future HIV-related costs, or combinations thereof; and (4) determine the
minimal resources required to achieve specific targets regarding those
objectives.

Lepine, 2015

This study aims to investigate the causal effect of scale on average cost and to
estimate unbiased economies of scale (for the reasons of endogeneity
described in the paper).

Technical efficiency analysis

Identify efficient scale of
operation

Lepine, 2016

We therefore present here an investigation into the drivers of cost of the
Avahan programme during scale-up in order to inform programme managers
to design economically efficient HIV prevention services and to inform the
design of HIV programmes that provide grants to NGOs more generally.

Technical efficiency analysis

drivers of
efficiency

Analyse
technical
between sites

Marschall, We would like to demonstrate the impact of increased access to primary care | Financial planning Inform national budget

2008 on total and average costs in the rural health district of Nouna, Burkina Faso. for medium-term
planning

Marseille, 2012 | In this article, we assess the cost and cost-effectiveness of the program for | Economic evaluation Conduct a cost-

individual health centers and as a whole. Additionally, we examine the

effectiveness analysis at
scale
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correlates of variation in unit-costs and cost-effectiveness across the 45 health
centers.

Menzies, 2012

Understanding the determinants of HIV treatment costs will help improve
efficiency and provide greater certainty about future resource needs.

Technical efficiency analysis

drivers of
efficiency

Analyse
technical
between sites

Meyer-Rath,
2012

PLoS Medicine Collection, “Investigating the Impact of Treatment on New HIV
Infections” analyse the sensitivity of the projected population-level incidence
reductions to the structure and assumptions of an epidemiological projection
model [7-9]. This paper focuses on the cost side of such projection models. We
begin with a general discussion of cost accounting identities versus flexible cost
functions. Then we review the available literature on modelled estimates of
the projected cost of ART provision, including ART for prevention, with a focus
on identifying determinants authors have included, implicitly or explicitly, in
their assumed cost function for ART service delivery. We then discuss the
evidence for a number of such cost determinants. Finally, we present an
example of a flexible cost function used to explore how economies of scale
might affect the costs of scaling up ART in South Africa.

Technical efficiency analysis

Identify efficient scale of
operation

Mujasi, 2015

Using regression analysis, this paper examines various models to explain
observed variations in pharmaceutical expenditure at the district level in
Uganda; with recommendations for models to be used for rough national
pharmaceutical budget estimation, setting and allocation to the districts.

Technical efficiency analysis

drivers of
efficiency

Analyse
technical
between sites

Obure, 2016

The objective of this study is therefore to estimate a multi-output cost function
for integrated HIV and sexual and reproductive health service delivery to
evaluate the existence of economies of scale and scope in a sample of health
facilities in Kenya and Swaziland.

Technical efficiency analysis

drivers of
efficiency

Analyse
technical
between sites

Parthan, 2012 | The objective of this paper was to arrive at cost functions for a typical | Technical efficiency analysis | Analyse drivers of
developing country dataset while stepping through the method previously technical efficiency
used to arrive at cost functions for developed countries. between sites

Pitt, 2017 We provide an economic analysis of the costs of administering three monthly | Technical efficiency analysis | Analyse drivers of
courses of seasonal malaria chemoprevention in 2010 to a population of over technical efficiency

180,000 children aged 3 months to 10 years in central Senegal in the context
of the step-wedge trial previously described.
Extending the preliminary findings reviewed by WHO, we provide a

between sites

129



comprehensive analysis of cost drivers, the distribution of costs across the 3
months of administration and across health system levels, variation in costs
between health posts, and economies of scale. We aim to inform decisions on
whether to extend the recommended age range for seasonal malaria
chemoprevention and draw conclusions of wider relevance to the
implementation of other large scale health campaigns and the organization of
the health system.

Prinja, 2018

In this paper, we specifically report the cost of ReMiND program in district
Kaushambi. Also, we estimated the scale up cost of this program in Uttar
Pradesh state which is relevant from the fiscal planning point of view.

Financial planning

Inform national budget
for medium-term
planning

Rodrigues, In this paper, we present the costs that the National AIDS Control Programme | Financial planning Inform national budget
2014 in India would incur to deploy mHealth interventions on a national scale for for medium-term
antiretroviral treatment-adherence support. planning
Schneider, The analysis employs an econometric cost function to compare the effect of | Technical efficiency analysis | Analyse drivers of
2007 user fees and micro health insurance with capitation payment plus a small co- technical efficiency
payment on provider cost and efficiency in health centres. Payer-specific between sites
marginal and average costs are estimated. Scale measures are derived to
identify resource capacity in health centres.
Terris- This paper presents the annual costs of implementing the Mema kwa Vijana | Financial planning Inform national budget
Prestholt, 2006 | trial intervention by project phase (development, startup, implementation), by for medium-term
component, by nature of inputs (capital and recurrent costs), and by year planning
(1997-2001); unit costs are presented over 3 years. Estimates of the additional
budget required to fund the 4-district scale-up of Mema kwa Vijana within an
integrated public sector model are presented.
Turner, 2016 We aimed to use a soil-transmitted helminths transmission model to compare | Economic evaluation Conduct a cost-

use of a cost function to take into account economies of scale to the standard
method of assuming a constant cost per treatment when investigating the cost
and cost effectiveness of scaling up a soil-transmitted helminths mass drug
administration programme targeting Ascaris lumbricoides.

effectiveness analysis at
scale

Verguet, 2015

We aimed to model what volume of surgical services could potentially be
achieved in low-income and middle-income countries by the year 2030, at
various rates of scale-up, and to estimate the associated costs.

Financial planning

Support long-term
financial planning
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Weaver, 2004

After a brief background section on hospital reforms in Vietnam, we report
estimates of the hospital variable cost function using the data from the survey
of hospitals in Vietnam. These estimates were used to calculate marginal costs,
short-run returns to the variable factor, economies of scale, and economies of
scope for the six categories of hospitals.

Technical efficiency analysis

Identify efficient scale of
operation

Winskill, 2017

Here, we use a well-established transmission model for Plasmodium
falciparum malaria and its associated interventions to estimate the cost and
impact of different intervention packages at varying levels of scale-up. We
evaluate these packages over a wide range of transmission settings and use
the estimates to derive the most cost-effective pathways for scaling-up malaria
interventions in order to inform decisions about the introduction of the RTS,S
malaria vaccine.

Economic evaluation

Conduct a cost-
effectiveness analysis at
scale

Appendix Table A5. Summary of study characteristics by year, outlet of publication, world region/country, and intervention sector (N=40)

Frequency | %
Year of publication
2003-2008 [6 years] 9 22%
2009-2014 [6 years] 12 30%
2015-2019 [5 years] 19 48%
Publication outlet — research areas and journals
Health Economics 7 19%
Cost Effectiveness and Resource Allocation 4 11%
Health Economics 2 5%
The European Journal of Health Economics 1 3%
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Health Management, Policy, and Planning 5 13%
Health Policy and Planning 3 7%
Journal of Health Systems & Reform 1 3%
The International Journal of Health Planning and Management 1 3%
Health Service Delivery 27 65%
BMC Health Services Research 1 3%
BMC Pregnancy and Childbirth 1 3%
BMC Public Health 1 3%
BMJ Global Health 1 3%
Bulletin of the World Health Organization 2 5%
Journal of the International AIDS Society 2 5%
PLoS medicine 2 5%
PloS one 6 12%
Sexually Transmitted Diseases 1 3%
Sexually Transmitted Infections 2 5%
Social Science & Medicine 2 5%
South African Medical Journal 1 3%
The Lancet 1 3%
The Lancet Global Health 1 3%
The Lancet Infectious Diseases 1 3%
Vaccine 2 5%
Waste Management 1 3%
Waste Management & Research 1 3%
World region and countries

East Asia & Pacific 4 11%
Cambodia 1 3%
Indonesia 2 5%
Vietnam 1 3%
Latin America & Caribbean 1 3%
Colombia 1 3%

132



South Asia 10 23%
Afghanistan 1 3%
India 9 20%
Sub-Saharan Africa 19 48%
Burkina Faso 1 3%
Ethiopia 1 3%
Kenya 2 5%
Malawi 1 3%
Nigeria 1 3%
Rwanda 1 3%
Senegal 1 3%
South Africa 2 5%
Tanzania 1 3%
Uganda 2 5%
Zambia 1 3%
6 countries 1 3%
4 countries 1 3%
2 countries 2 5%
Unknown 1 3%
Multiple regions 6 15%
188 countries 1 3%
156 countries 1 3%
88 countries 1 3%
6 countries 2 5%
Unknown 1 3%
Intervention sector

Health 39 97%
Adolescent Health 1 3%
Basic Package of Health Services 6 14%
Health Care Expenditures 2 5%
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Health Insurance 1 3%
HIV 16 38%
Hospital Expenditures 2 5%
Malaria 2 5%
Maternal and Child Care 3 7%
Parasitology - Helminthiasis 1 3%
Pharmaceutical Expenditures 1 3%
Surgery 1 3%
Tuberculosis 1 3%
Vaccination 2 5%
Waste Management 1 3%
Solid Waste Management 1 3%
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Appendix Table A6. Cost function mathematical notations: Applied examples

Simple cost multiplier

Total costs of the HIV testing programme to reach desired scale

Building such as HIV testing centre, equipment such as laptop, personnel at health facility such as a nurse, HIV test supply

Cost for conducting one HIV test corresponding to building, equipment, nurse time, price of one HIV testing kit

Quantity of building and equipment allocated to one HIV testing session, nurse time for conducting one HIV test, one HIV testing kit

Total cost

C:
s: Number of HIV test to conduct
uc: Unit cost per HIV test conducted
i:
Pi:
Qi:
C s uc
0 0 29.5
29.5 1 29.5
59 2 29.5
88.5 3 29.5
118 4 29.5
147.5 5 29.5
177 6 29.5
206.5 7 29.5
236 8 29.5
265.5 9 29.5
295 10 29.5
324.5 11 29.5
354 12 29.5
383.5 13 29.5
413 14 29.5
442.5 15 29.5
472 16 29.5
501.5 17 29.5
531 18 29.5
560.5 19 29.5
590 20 29.5
619.5 21 29.5
649 22 29.5
678.5 23 29.5
708 24 29.5
737.5 25 29.5

30

25

20

15

10

i Pi (in US$) Qi

Building: HIV testing centre 100 0.1
Equipment: laptop 20 0.75

Personnel: Nurse at HIV testing centre 5 0.3

Supply: HIV testing kit 3 1

uc 29.5
Simple cost multiplier - Total cost function
200 300 400 500 600 700 800
Scale

Unit cost

35

30

25

20

15

10

Simple cost multiplier - Unit cost function

15

Scale

20

25

30
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full
S“’I

< sk Dk ck sl el sm Sfullm cm Chullm
maximum number
| numberofHiv | oftestconducted |Yearly $ of running a| number of HIV tests numbar of iy | MUMBSTETHIV | e of raaching| average $ of reaching rural site at full ( Sm
central § $ of HIV test tests to conduct N
tests to conduct | per local facility per local facility to conduct tests to conduct rural site scale-up
at full scale-up
year
5000 5000 5000
6000 6000 6000
7000 7000 7000
8000 8000 8000
9000 9000 9000
10000 10000 10000
11000 11000 11000
12000 12000 12000
13000 13000 13000
14000 14000 14000
15000 1000 $300,000 15000 $200 15000 25000 $300 $900
16000 16000 16000
17000 17000 17000
18000 18000 18000
19000 19000 19000
20000 20000 20000
21000 21000 21000
22000 22000 22000
23000 23000 23000
24000 24000 24000
25000 25000 25000
Year total §
2021 5000 54,124,000 $1,500,000 36% 1,000,000 24% $1,524,000 37%
2022 6000 $4,949,766 $1,800,000 36% 1,200,000 24% 41,849,766 37%
2023 7000 $5,792,198 $2,100,000 36% $1,400,000 24% $2,192,198 28% $40,000,000
2024 8000 $6,657,286 $2,400,000 36% $1,600,000 24% $2,557,286 38% 435,000,000
2025 9000 $7,551,942 $2,700,000 36% $1,800,000 24% $2,951,942 39%
2026 10000 $8,484,000 $3,000,000 35% $2,000,000 2a% 43,384,000 0% $30,000,000
2027 11000 $9,462,214 $3,300,000 35% $2,200,000 23% $3,862,214 1%
2028 12000 10,496,262 $3,600,000 34% $2,400,000 23% 44,396,262 42% $25,000,000
2029 13000 11,596,742 $3,900,000 34% $2,600,000 22% $4,996,742 43% © $20,000000
2030 14000 12,775,174 4,200,000 33% 52,800,000 22% 45,675,174 4% =
2031 15000 $14,044,000 4,500,000 32% 3,000,000 21% 46,444,000 6% $15,000,000
2032 16000 $15,416,582 $4,800,000 31% $3,200,000 21% 47,316,582 a7%
2033 17000 $16,907,206 $5,100,000 30% $3,400,000 20% $8,307,206 49% $10,000,000
2034 18000 $18,531,078 $5,400,000 29% $3,600,000 19% $9,431,078 51%
2035 15000 $20,304,326 $5,700,000 28% $3,800,000 19% $10,704,326 53% §5.000.000
2036 20000 $22,244,000 $6,000,000 27% 4,000,000 18% $12,144,000 55% -
2037 21000 $24,368,070 $6,300,000 26% $4,200,000 17% $13,768,070 57% o 000
2038 22000 $26,695,430 6,600,000 25% $4,400,000 16% $15,595,430 58%
2039 23000 $29,245,894 $6,900,000 24% $4,600,000 16% $17,645,894 60%
2040 24000 $32,040,198 $7,200,000 22% $4,800,000 15% $19,940,198 62%
2041 25000 $35,100,000 | 100,000 $7,500,000 21% $5,000,000 1a% $22,500,000 64%

Scale-up (HIV testing targets) of HIV testing programme

x
) (T - ew) Hem

$305
s3o8
$313
$320
$328
$338
$351
$366
$384

15000

HIV tests conducted
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Accounting cost function

sk Dk ck sl cl sm Sfullm cm Cfullm
number of new
number of new . . average $ of building a vaccine x
o . maximum number _ B S of one number of new |vaccine centre to L N . s,
district office o ) Yearly $ of running a| number of child to . . y average $ of building | centre in the most remote setting m | ccfull _ +
: of district office per y>obrun ' vaccination |vaccine centreto|  build for full ; 1ne " ® s | c(Cm — cm) o
required for scale- . district office vaccine ) . o a vaccine centre (assuming increasing building $ S
district session build (¥5/district) scale-up B
up o between urban and rural settings)
% coverage (~5/district)
30% 5 25000 25 $1,040
40% 10 50000 50 $1,160
50% 10 75000 50 $1,160
£0% = 1 $30,000 100000 s1 © 125 $1,000 $2,000 $1,360
70% 15 125000 75 $1,360
80% 20 150000 100 $1,640
90% 20 175000 100 $1,640
100% 25 200000 125 $2,000
Scale-up (% coverage) of child immunisation programme
SCALE-UP = increase in
Year total $ $1,400,000
% pop
2021 30% $301,000 $150,000 50% $25,000 8% $26,000 9% 1,200,000
2022 40% $508,000 $300,000 59% $50,000 10% $58,000 11%
2023 50% $533,000 $300,000 56% $75,000 14% 458,000 1% $1,000,000
2024 60% $752,000 $450,000 60% $100,000 13% $102,000 14%
2025 70% $777,000 $450,000 58% $125,000 16% $102,000 13% o $800,000
2026 80% $1,014,000 $600,000 59% $150,000 15% $164,000 16% =
2027 90% $1,039,000 $600,000 58% $175,000 17% $164,000 16% $o00,000
2028 100% $1,300,000 $750,000 58% $200,000 15% $250,000 19% $400,000
$200,000
so
0% 20% 40% 60% 830% 100%

% coverage

120%
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Econometric cost function
Adapted from d'Elbée et al. BM/ Global Health , 2021

HIVST: HIV self-testing kits

We assume the same UC across all sites v

C=uC, s, with UC, =By + ) o X,

C: Total costs of the HIV self-testing programme to reach desired scale
v: community-based HIV self-testing kit distribution site

UCv: Unit cost per HIV self-testing kit distributed at the site

sv: Target number of HIV self-testing kits to distribute

Table - Xww: Regressors introduced in the model

Variable category Variable name

Quantities Scale

HIVST distributors

Site organisational characteristics Campaign-style

Efficiency

% HIVST kits distributed to men

Characteristics of population targeted
% never tested for HIV

Distance

Catchment population

Environmental characteristics — —
% positivity at health facility

HTS average cost at health facility

C =¥y UC, -sy, with Log(UC,) = By + fi*Scale,+ B-*Scale?, + fs*Scale’, +

\Ba*Distributor site, + Bs*Campaign, + fs*Log(Efficiency, )+ f-*Perc_men, +
\BsPerc_never._testedy + So*Distances + fio*Population. + fir*Positivityy + [iz*Cost_facility. +
313 *Price level,

Where:
C: Total programme cost
: Unit of analysis: community-based site
Log(UC.): Natural logarithm of the unit cost per scale variable s, for unit v
Scale: Average number of HIVST kits distributed per month
Distributor_site: Average number of distributors per site
ICampaign: Type of intervention (campaign style (= 0) versus fixed distributors (= 1))
Log(Efficiency): Natural logarithm of the number of HIVST kits distributed per agent monthly
Perc_men: Percentage of HIVST kits distributed to men out of total distribution volumes
Perc_never_tested: Percentage of HIVST kits distributed to people who never tested before out of
total distribution volumes
Distance: Distance of site from implementer’s central warehouse (in kilometres)
Population: Size of total population at the site
Positivity: Positivity of rapid HIV testing (number of HIV-positive case found out of total number of
persons tested) at nearby health facilities
ICost_facility: Unit cost per facility-based HIV testing session at nearby health facilities
Price_level: Proxy for input price level variation across countries based on per capita GDP
Bo: Model intercept
(31-B13: Model coefficients computed using empirical dataset
s, scale target: number of HIVST kits to distribute

Input price level Price level
Values
Parameters Estimate (parameters Beta) 2021 2022 2023
Constant 3.153
Scale (in thousands) -1.578 2820 2079 4184
Scale”2 (in millions) 0.553 7952400 4322241 17505856
Scalen3 (in billions) -0.056 22425768000 8985939039 73244501504
Campaign-style 0.174 0 0 0
Efficiency (log) -0.049 16.4 9.2 15.4
% HIVST kits distributed to men 0.511 0.57 0.57 0.57
% HIVST kits distributed to people who -0.097 0.02 0.02 0.02
Distance (in thousands) 0.603 381.5 381.5 381.5
% Positivity 0.177 0.03 0.03 0.03
HTS average cost -0.004 4.3 4.3 4.3
Price_level (in thousands) 0.139 1118.1 1118.1 1118.1
log(UC) 2.45 2.37 2.73
uc $12 $11 $15
Vear SCALE-UP: Number of HIVST kits to | SCALE-UP: Number of HIVST Ucy c
distribute across all units v kits to distribute monthly
2021 33840 2820 $12 $32,622
2022 24948 2079 511 522,351
2023 50208 4184 $15 564,436

138



Appendix Table A7. Synthesis of estimators based on healthcare cost data features (adapted from Mihaylova et al, 2011)

. T Alternative Two-part or hurdle
Analytical Normal distribution- | . =~ . . .
distributions Transformations. Generalised linear models models (out of | Panel data models
approach based methods
models scope?)
Type of . . . . . -
analysis Cross sectional Cross sectional Cross sectional Cross sectional Cross sectional Longitudinal
Samole size > hundreds to | < hundreds to|< hundreds to < hundreds to thousands < hundreds to
P thousands thousands thousands thousands
Skewness Yes Yes +++ Yes +++ Yes +++ Yes +++
Heavy tails Yes Yes +++ Yes +++ Yes +++ Yes +++
Excess zeros NA NA NA NA Yes
Multimodality | Yes Yes +++ Yes +++ Yes +++ Yes +++
1/ Logit or probit
model to estimate
the probability of
incurring any | Generalized method of
Ordinary Least resource use or costs | moments
linear regression | Squares with | Ordinary Least . . 2/ (a) Log-linear, GLM | linear mixed models
. Generalized linear models (Gamma, .
. approaches - | Inverse gamma or | Squares  with log . . . . or OLS models to | Panel data fixed effects
Estimator . . Poisson or negative binomial
Ordinary Least | lognormal (Cobb— | transformation of cost specification) evaluate mean costs, | model
Squares Douglas) variable P and (b) truncated-at- | Generalized least
distributions zero Poisson, | squares random effects
negative binomial , or | model
truncated  Poisson-
lognormal models to
evaluate resource use
1/ assumption of | Sensitivity to | Essential that an | Attractive approach when we have The overall goal is to
Quotes near-normality of | alternative choices | appropriate ‘back | covariates. GLMs offer some of the control for
sample means | of distribution | transformation’ is | benefits of alternative distributions unobservable
depends on the | should be | used to produce | and/or transformation without the (longitudinal)
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degree of skewness
and also on the
complexity of the
covariate adjustment
or subgroup analysis
that is to Dbe

performed
2/ number of large
costs should be

sufficient for the
answers not to be
unduly influenced by
a few very Ilarge
outlying costs

assessed  (Nixon
and  Thompson,
2004).

In the case of the
lognormal
distribution  the
results may be
non-robust to
outliers in the
data.

The log-logistic
distribution may
be too heavy
tailed to often be
realistic in
practice.

inferences on the
original cost scale,
rather than on the

transformed scale.
Checking sensitivity to
the choice of
transformation is
recommended.

In the case of the
lognormal distribution
the results may be
non-robust to outliers
in the data.

need to back transform. Limitations
of GLMs is that they are based
implicitly on assuming a particular
distributional form (and so there is
again a recommendation to check
for sensitivity to this choice), and

that the frequentist inferences
involve approximation.
Also, unless the identity link

function is used (which may not
always be realistic) there is still a
back transformation issue that can
lead to substantial loss of precision
from ignoring the fuller
characteristics of the data
generating process.

individual effects
constant over time.
A Hausman test should
be conducted to
choose between a
panel estimator with

fixed effects and
random effects.
Should be further

developed - these are
examples found papers
included in the review

Sources

Mihaylova, 2011

Mihaylova, 2011

Mihaylova, 2011

Mihaylova, 2011

Mihaylova, 2011

Lepine, 2015; Castro,
2016; Arellano & Bond,

1991; Windmeijer,
2005

Global Burden  of
Disease Health

Financing Collaborator
Network, 2018
Lepine, 2016
Obure, 2016
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Appendix Text Al. Other factors considered when fitting a cost function

1. Scope of analysis (geography, type of intervention, intervention levels, time frame)

The scope of analysis also guide the choice of the method for both accounting 3% 34 39,40, 46, 51, 62, 65, 66]

and econometric approaches 3% 48 93],

It considers whether the evaluation is for a multi-country analysis, world region, country selection by

income groups or adjusted to country-specific characteristics (e.g. Indonesia archipelago), or a single
country [30, 34, 35, 39, 40, 46, 62, 65]'

The scope of analysis can be related to the type of intervention, whether it is disease specific or not
(35 62,95 related to a health area (e.g. vaccination, maternal health) B% %% or for an entire health
package of basic universal health coverage (e.g. World Health Organization OneHealth tool) 3% 461,

It assesses whether the analysis can differentiate costs at different levels of the intervention (e.g.
central, district, health facility, community, etc.) %340 estimate total versus incremental costs 62,
can include additional health system costs (either lacking or double-counted when estimated
separately by programmes and then summed across programmes) 3% 4% be carried out within a
framework of overall health system capacity assessment (financial sustainability, identification of
financial gap, etc.) 3% 3%, differentiate between public and private sector health provision 5% % or
account for environmental factors 481,

Finally, the possibility to include a time frame (for medium- or long-term projections) 3% 3% 62 65, 661,
application to longitudinal data to answer specific research questions also matters 48,

2. Complexity of cost function (flexibility in the treatment of cost data, inclusion of complex measure
and economic concepts, measure of uncertainty)

The level of complexity that can be achieved with a specific method also influences the choice of cost
projection method. For instance, the method can use real-world and country specific data to provide
realistic cost estimates 3% *°!. The treatment of costs as fixed or variable, whether overhead costs at
various health system levels are permitted to vary, the possibility of inclusion/exclusion of specific
cost categories or focus on a specific one (e.g. human resource needs) [3% 3% 44-46,64,65 68] The method
can account for local sources of funding as well as development assistance for health &7,

The method can explore measures traditionally difficult to include in the analysis: supply and demand
side constraints such as availability of skilled workers [+ ¢!, quality of services %, economies of scale
or scope and can be flexible regarding choice of functional form of output variables 7:5> 8] geographic
factors impacting costs (e.g. distance to health facilities) [*> %4, or provide an analysis adjusting for
different target groups with various health-related risks ¢,

The method can include additional economic concepts such as the diminishing marginal returns
associated with the scale-up of interventions (e.g. higher costs at high level of coverage for hard-to-
reach groups) 18,
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A measure of uncertainty can be included (standard deviation, confidence interval, etc.). The method
can assess assumptions of the error variance distribution and allow the application of standard tests
for heteroscedasticity and multicollinearity (regression models) 2% 31,

3. Data-related (data source and collection method, sample representativeness)

Specific sample characteristics influence the choice of the cost projection method. The source of data
and collection method matters, for example whether data is empirical or modelled, country-specific
or not, cost data collected through bottom-up or top-down costing approaches, and whether data
collection and analysis methods are standardized across sites/countries [2% 41,56, €0, 68, 971,

Additional consideration is on sample representativeness, whether the method can handle significant
amount of missing data or omitted variables in regression analysis, provide a proxy when specific data
is missing (e.g. variable to assess quality of service delivery), work effectively on small study samples

or if the effect of the sampling strategy can be varied to assess the risk of bias of estimated costs 2%
40, 41, 56, 61, 67]

4. Other themes identified — Method being easy to use, transparent, replicable, and the analysis tool is
available online

Emphasis is sometimes put on using a method that is simple enough to allow for non-experienced
researchers to use the method and conduct the cost projection exercise in a short time period. In this
case, the authors report a participatory approach with health service planners and experts from
central and local governments, capacity building from the research team members, the possibility of
training through workshops, on a user-friendly interface (e.g. Excel, OneHealth) 3%, Some studies
report the development of handbook to guide users, therefore, facilitating adoption %, In one case,
the authors choose a simplified method on purpose to remain as closely aligned with the assumptions
in national health plans as possible ¥, Other themes identified less frequently but important
nonetheless are method transparency and the possibility of replicating results 3% 4% 64 681 | stly, the
use of a tool freely available on the internet or from the authors, validated by international
organization such as the WHO influences the choice of method B

Appendix Text A2. Application of cost functions to economic evaluations — A few examples

3.1. Econometric cost function used for cost-effectiveness analysis

Marseille and colleagues estimate the costs of providing antiretroviral treatment provision in forty-
five health facilities in Zambia and fitted a cost function to assess predictors of costs and cost per DALY
averted at health facility level. The authors apply a simple linear model using normal and log
transformed average total cost per DALY averted as dependent variables, and use dummy predictors
to indicate whether a facility falls above or below a threshold of cost-effectiveness >,
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3.2. Accounting cost functions used in dynamic transmission models for cost-effectiveness analysis
applying a comparative approach with simple cost multiplier

To describe how the total cost per year of mass drug administration for the control of soil-transmitted
helminths changes with the number of person treated, Turner and colleagues use a accounting cost
function and compare with using the standard method assuming constant returns to scale [%°. They
identify fixed costs at above service delivery level, invariant with scale, and incremental cost per
treatment (variable cost), accounting for some economies of scale. They find that the accounting
approach account well for the noted patterns in the cost data compared to the standard method and
increase the cost-effectiveness in terms of preventing infections by over 70%, highlighting the
limitation of using constant cost per treatment in dynamic transmission models.

Going further, Winskill and colleagues consider two approaches for costing increasing coverage of four
interventions for Malaria prevention 8. The first approach assume increases in coverage are
associated with linear increases in cost. The second approach identifies: the commodity cost (fixed
per person with respect to coverage) and the delivery cost fixed at a baseline amount, until coverage
reaches a given threshold above which the delivery costs increase logarithmically therefore
accounting for diminishing marginal returns when increasing the coverage leading to a closer picture
(according to economic theory) of the cost-effective scale-up pathway.

3.3. Accounting cost functions used in software package for optimisation, CEA, etc. (Optima)

Kerr and colleagues developed Optima, a software designed to assist national decision-makers,
programme managers, and funding partners to achieve maximum impact with the funding available
for the country’s HIV response Y. Optima uses cost functions, which associates program expenditure
with coverage levels using a logistic function to model cost—coverage curves. Whilst results are
sensitive to uncertainty in the slopes of the cost— coverage—outcome relationships, relying on often
sparse data available, this model present an innovative approach to the application of cost functions.

3.4. Combination of accounting and econometric approaches for range estimate (Berman)

To estimate future resource needs of the Ethiopia government primary care, Berman and colleagues
develop an average cost function using the natural log of annual spending per capita in primary health
care units at district level. The model specification are primary care per capita costs, key coverage
indicators, socioeconomic status, and control for regional variations. This model is used to project
future costs based on changes in key parameters forecasted over 20 years.

The cost function estimates for primary care are compared to a recent government costing exercise
that was produced for Ethiopia’s 2015—2020 Health Sector Transformation Plan, developed using the
WHO'’s OneHealth costing tool. The accounting cost function projections are about 58% higher on
average than econometric cost estimates for primary care between 2015-2016 and 2019-2020.

Because they are based on normative costs and standards to provide primary care, the OneHealth
cost estimates are potentially overestimating the resource need. On the other hand, the econometric
cost function approach might underestimate the resources needed due to limited inclusion of capital
investments for instance. Consequently, the authors suggest that the two approaches likely represent
high or low estimates of future resources needed to deliver primary care services. Although a
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accounting approach is indeed likely to project higher estimates than an econometric one, it does not
necessarily mean these are low and high estimates of the true value, nevertheless, the innovative
approach taken can provide an informative range of cost projections. The distinction between
normative and positive approaches to cost estimation is further explained by Scitovsky and Over %,

Appendix Text A3. Choice of statistical method for cost data analysis

Basically, the more flexible the function is, the more accurate it becomes, but the more statistically
complex it is to specify, and the choice of the appropriate estimator will need to balance this.
Challenges in finding the right specifications for regression models are well documented in the
literature in high income countries and choosing the best estimator for health care cost analysis is not
simple 484 Several literature reviews and comparative studies exist to guide the choice and
specification of a regression model #°%, we find the review by Mihaylova and colleagues particularly
useful 2, The authors propose a selection of analytical approach based on four features of cost data:
skewness, heavy tails, excess zeros, and multimodality. They recommend using simple methods in
large samples (hundreds to thousands of observations) where the assumption of near-normality of
sample means hold. In smaller samples, simple methods able to deal with one or two of the four
criteria, are preferred but checking sensitivity to assumptions is necessary. For more complex dataset,
some methods exist, but are not always validated and require good statistical knowledge 2. We
summarise in Appendix Table A6 the different estimators that can be used based on Mihaylova’ review
and empirical applications from our study sample 2.
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Appendix Figure Al. Implication of powers for the scale factor x applied to cost inputs m

Cm S3
Cmfull $9
Scale (#) | Scale (%) |x=1 (linear) - CRS x=2 x=3 x=4 x=5
0 0% $3 $3 $3 $3 $3 Decreasing return to scale - Curve slope
2000 7% $3 $3 $3 $3 $3 $10
4000 13% $3 $3 $3 $3 $3 $9
6000 20% $3 $3 $3 $3 $3 s8
8000 27% $3 $3 $3 $3 $3 §7
10000 33% $3 $4 $3 $3 $3 $6
12000 40% $3 $4 $3 $3 $3 s5
14000 47% $3 $4 $4 $3 $3 4
16000 53% $3 $5 $4 $3 $3 $3 ——0=0—80o—0—0—0—0—0—o
18000 60% $3 $5 $4 $4 $3 $2
20000 67% $3 $6 $5 S4 S4 $1
22000 73% $3 $6 $5 $5 $4 0
24000 80% $3 S7 S6 S5 S5 0% 20% 40% 60% 80% 100% 120%
26000 87% $3 8 57 6 6 —@— x=1 (linear) - CRS x=2 x=3 x=4 x=5
28000 93% $3 $8 $8 $8 57
30000 100% $3 $9 $9 $9 $9
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Appendix Figure A2. Factors considered when fitting a cost function by type of cost function

90% 87%
80%
70%
il 60%
¢
53%
50%
40%
30% 27% 27%
21% 20%
20%
13% 13%
10% 8%
. 0% 0% 0%
0%
Intended use of  Scope of analysis Complexity of Data source Method Method Availability
cost projection cost function and collection ease of use transparency and  of analysis tool
method replicability
W Econometric (N=24) Mechanistic (N=15)
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Conclusions from Paper 1

The results presented in this paper can guide the more consistent use of cost functions in LMIC using
the relevant approach based on the intended use of the cost estimate. In particular, it can help the
analysts’ decision process of balancing simplicity versus accuracy when critical, and increase the

overall transparency in the reporting of methods.

Research gaps

| presented in chapter 1 that HIVST can play a crucial role in the HIV response and attainment of the
first UNAIDS 95 target. However, some important research gaps still exist related to operational
considerations for effectively implementing and scaling up HIVST. These include the need to assess
whether the addition of HIVST to existing community-based HTS can potentially generate economies
of scope regarding HIV-positive case finding, as clients are encouraged to self-test for HIV, allowing

HTS providers to conduct other HIV prevention activities. This question is explored in the Paper 2.

Another important consideration relates to the approach taken to integrate HIVST into existing HTS
services. More specifically, some HTS provision channels targeting traditionally hard-to-reach
criminalised and/or stigmatised groups such as FSW, MSM, PWUD and their sexual partners, are often
run by civil society organisations (CSO) as we have seen with the ATLAS project. CSO working with
these populations have an established relationship based on trust and years of experience working
with these vulnerable groups. Implementing and scaling up a promising new technology such as HIVST
requires an operational approach tailored to this context. With the ATLAS project, the non-
governmental organisation Solthis was working with an umbrella of CSO differing regarding the scale
of operation, the key populations they work with and the approach taken to respond to their specific
needs, the challenges encountered including social stigma, or sometimes, CSO functioning with

restricted administrative capacity, etc. The international partner organisation Solthis did require
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progressive development and start-up phases to create and strengthen their collaboration with these
CSO in Cote d’lvoire, Senegal, and Mali. Paper 4 aims to explore the impact of developing sustainable
approaches for adding HIVST to existing CSO activities, and to shed light on the potential long term
economic benefits of fully integrating HIVST capacity into local CSO-led HTS programmes in these

countries.

In addition, this thesis aims to fill research gaps, discussed in chapter 2, related to economic
considerations of implementing and scaling up a new technology in LMIC using the case of HIVST
implementation and scale-up in southern and western Africa. First, this thesis will cover some of the
gaps related to costing community-based HIVST and HTS programmes for the general population in
Lesotho, as well as for key populations and their sexual partners in Cote d’lvoire, Senegal and Mali

(Papers 2 and 4).

As previously mentioned, | will estimate potential efficiency gains from adding HIVST to HTS
programmes by comparing the unit cost per HIV-positive case identified before and after the addition
of HIVST to community-based HTS programmes in Lesotho over an observation period of two years.
This analysis of efficiency gain will also raise important questions regarding costing methods, more
specifically on adopting a full versus an incremental costing approach and its implications on the

estimation of HIVST costs (Paper 2).

Beyond costing the observed interventions, there is a need to inform HIVST scale-up by further
understanding how average cost per HIVST kit distributed are likely to vary when the programme is
being scaled up from pilot evaluations to national programmes. | will conduct in Lesotho a cost analysis
observing HIVST programme scale-up over two years of implementation (Paper 2). Using both
accounting and econometric scale-up cost methods, | will estimate cost functions based on empirical
data to estimate HIVST costs at scale. These cost functions will be applied for community-based

provision of HIV self-testing services in five countries (Malawi, Zambia, Zimbabwe, South Africa, and

154



Lesotho) in southern Africa (Paper 3), and three countries (Cote d’lvoire, Senegal, and Mali) in western

Africa (Paper 4).

Finally, another important consideration is the application of our empirical econometric cost function
to inform HIVST implementation and scale-up in southern African countries where there were no
costing studies conducted (non-STAR countries). Paper 3 will aim to fit an econometric cost function
with potential application to out-of-sample countries for the budgeting and financial planning of HIVST

provision to the general population in southern Africa.
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Chapter 4 — Paper 2: Using HIV self-testing to increase the affordability of
community-based HIV testing services: A longitudinal analysis in Lesotho

Overview of Paper 2

As presented in chapters 1 and 2, there are economic and operational considerations for
implementing and scaling up HIVST. This paper estimates the costs of implementing HIVST and
explores potential efficiency gains arising from the addition of HIVST to conventional community-

based HTS programmes in Lesotho.

This work was reviewed and approved by the National Health Research Ethics Committee of Lesotho
and the London School of Hygiene and Tropical Medicine Ethics Committee (Appendix IV). Full

informed consent was obtained from all participants for the time and motion study data collection.

Further information on the study methods and findings can be found in the supplementary material.
Appendix figures Al and A2 provide an overview of the client flow on the community-based HTS model
(mobile outreach and index model). Appendix text Al provide additional information on the allocation
of personnel costs between HTS and HIVST activities. Appendix table Al describes the composition of
economic costs for the full costing of HTS and HIVST and assumptions on HIVST costs composition for
an incremental cost analysis. Appendix tables A2 and A3 provide additional information on the time
and motion study methods and findings. Finally, Appendix table A4 presents the detailed HTS and

HIVST cost analysis over the two-year implementation period.

| conducted a micro-costing study alongside programme implementation between May 2017 and April

2019 from a provider’s perspective following the Global Health Cost Consortium guidelines.

This paper is presented as accepted in the AIDS journal in August 2020. This paper fulfils the research
objective 2 to carry out a cost analysis of the community-based programme for HTS and HIVST with

the highest level of testing coverage in Lesotho over a two-year observation period. These results are
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also used in the paper 3 to compare observed versus projected costs at scale using an econometric

cost function analysis in Lesotho, so this paper also contribute to the research objective 3.
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Abstract (250 words max)

Objectives: This study estimates the costs of community-based HIV testing services (HTS) in Lesotho
and assesses the potential efficiency gains achieved by adding HIV self-testing (HIVST) and then self-

testing booths.

Design: Micro-costing analysis using longitudinal data from a real-world intervention.

Methods: We collected data prospectively on provider’s costs and programmatic outcomes over three
time periods of approximately eight months each, between May 2017 and April 2019. The scope of
services was extended during each period as follows: 1) HTS only, 2) HTS and HIVST, 3) HTS and HIVST
with individual HIVST booths where clients were encouraged to self-test on-site followed by on-site
confirmative testing for those with reactive self-test. For each implementation period, we estimated
the full financial and economic implementation costs, the incremental costs of adding HIVST onto

conventional HTS and the cost per HIV positive case identified.

Results: Costs per HIV-positive case identified increased between period 1 (US$956) and period 2
(USS1,249) then dropped in period 3 (US$813). Full versus incremental cost analyses resulted in large
differences in the magnitude of costs, attributable to methods rather than resource use: e.g. in period
3, the average full and incremental cost estimates for HTS were US$34.3 and US$23.5 per person

tested, and for HIVST were USS$37.7 and USS$14.0 per kit provided, respectively.

Conclusions: In Lesotho, adding HIVST to community-based HTS improves its overall affordability
regarding HIV-positive case finding. The reporting of both full and incremental cost estimates increase

transparency for use in priority setting, budgeting and financial planning for scale-up.
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Introduction

Lesotho has the second highest HIV burden in the world at a prevalence of 25.6% (30.4% among
women and 20.8% among men) and an annual incidence of 1.1% among adults in 2017 ™. In recent
years, the country made considerable progress towards the United Nation’s 90-90-90 targets (by 2020,
90% of all people living with HIV will know their HIV status, 90% of all people with diagnosed HIV
infection will receive sustained antiretroviral treatment (ART), and 90% of all people receiving ART will
have viral suppression) 1. In 2017, among the estimated 306,000 people living with HIV (PLHIV), 81%
reporting knowledge of status, 92% of those are on ART, and of those who are on ART, 88% are virally

suppressed .

Nationally, the total number of people tested for HIV increased from 221,616 in 2009 to 1,109,345 in
2017, while the proportion of new HIV-positive diagnosed out of all those tested (HIV yield rate)
decreased from 18% to 4% over the same period B!, Population Services International (PSl), a global
non-governmental health organisation (NGO), provides most community-based HIV testing services
(HTS) in Lesotho ™, including door-to-door and mobile outreach services. In 2015, community-based
index testing, which is HTS for sexual partners and biological children of people diagnosed with HIV,
was added to PSl services under the CID-LINK project, achieving an average HIV yield rate of 4.2% with

79% of linkage to care among those diagnosed between May 2015 and November 2017 B,

Yet, reaching the first 90 target called for innovative methods to reach undertested groups, notably
men and young people (aged 15-24) among whom awareness of HIV positive status was only 76.6%
and 67.6% respectively ¥ &7 Following demonstrated success elsewhere in southern Africa, the
Lesotho Ministry of Health (MOH) added HIV self-testing (HIVST) to the HTS strategy in 2017 with

technical support and funding provided by the STAR (HIV Self-Testing AfRica) Initiative &3,

Provision of multiple services delivered jointly alongside conventional HTS has the theoretical
potential to achieve economies of scope * ', through efficiency gains that reflect sharing of

overheads, common fixed costs or through joint learning by staff for services provision or demand
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creation!*® 7], In particular, HIV self-testing can increase total testing numbers, but may also increase
the programme’s technical efficiency when provided alongside standard testing services if more
people are diagnosed at a given cost 8. However, relatively few data exist on how costs change over
time during implementation of national HTS %! or whether new testing modalities have succeeded

in increasing a programme’s efficiency.

The objective of this study was to estimate the costs of community-based HTS implementation in
Lesotho before and after integration of HIVST. We aim to investigate potential efficiency gains from

the addition of self-testing and from continuous programme development.

Methods

Setting and intervention

In Lesotho, the community-based HTS programme was expanded in five districts over two years
starting in May 2017 . The programme was offering community-based HTS. HIVST was added as an
alternative option to conventional HTS in December 2017. Finally, from September 2018, individual
HIVST booths were introduced at mobile outreach sites and clients were encouraged to self-test on-

site (Figure 1). These are defined as period 1, 2 and 3, respectively.

Two community-based HTS interventions were assessed: 1) mobile outreach with tents providing HTS,
and 2) index testing where counsellors travel to the index case household and offer testing door-to-
door to all those in the area, so avoiding stigmatisation. At the mobile outreach site, the client was
offered the option to receive HTS or to self-test on-site at the HTS tent (with or without the HTS
provider supervision) with immediate confirmatory testing available, or to take the kit away for use
off-site. All HIV-positive clients were offered a home visit by a counsellor for index testing. If the client
refused a home visit, HIVST kits were offered to their sexual partner(s). If the client accepted a home

visit, the contact details of the sexual partners (index cases) were recorded. The index cases were
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contacted by the provider by telephone and offered HIV testing either at the nearby health facility, or
during a home visit by the providers. During home visits, index cases who refused conventional testing
by the providers could opt for HIVST. A more detailed presentation of the community-based HTS is
published elsewhere . Client flows for the mobile outreach and index testing models are presented
in Appendix Figures S1 & S2. When individual HIVST booths were introduced, the revised strategy
allowed multiple clients to self-test at the same time and encouraged clients with a reactive self-test
to get immediate confirmatory testing and referral for linkage to care. Because the same team and
resources are used to provide these two HTS interventions (single provider potentially conducting
these two activities in the same day), we analyse costs of this intervention as one and use the term

“community-based HTS” to cover the two testing approaches.

The analysis is divided in three time periods corresponding to major changes in the HTS strategy

presented in Figure 1.
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2017 2018 2019

Dec 2017 Sep 2018
Introduction of HIVST Introduction of HIVST booths

May 2017 - Apr 2019

24 months

Aug 2017 - Nov 2017 Dec 2017 - Apr 2019

4 months 17 months
May 2017 - Nov 2017 Dec 2017 - Aug 2018 Sep 2018 - Apr 2019
7 months 9 months 8 months

Figure 1. Timelines of the community-based HIV testing services, major changes in strategy and analysis periods
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Study design and data collection

We conducted a micro-costing study alongside programme implementation over two years (May 2017
— April 2019) from a provider’s perspective (PSl). We collected data on costs and programmatic

outcomes prospectively following guidelines 420211,

We conducted two types of cost analysis for HTS and HIVST. A full cost analysis where we estimated
the financial and economic (e.g. donated goods and services) costs of all resources used in running the
HTS and HIVST programmes independently from each other, including PSI Lesotho headquarter costs
(141 Because HIVST is added onto the existing HTS as an alternative option within community-based
HTS, we also estimated incremental costs where shared costs (such as operational costs) are fully
allocated to the full package of community-based HTS, thus accounting only for the new inputs that
were required by the new intervention Y. The composition of cost categories in the full versus

incremental cost analysis for each activity is presented in Appendix Table S1.

Firstly, we analysed PSI financial reports, referred as top-down costing, collating all financial
expenditures from financial reports and categorising each line item by cost category allocating them
to distribution model 22, Based on these reports, the average purchasing cost per HIVST kit, including
freight costs, was US$2.71. Costs were allocated to community-based activities following predefined
allocation factors. A more detailed description of this costing method is described elsewhere 31, We
estimated quarterly cost averages to allow for comparison between periods. Secondly, a time and
motion study (TMS) was conducted to observe staff providing both HTS/index testing and HIVST
services and allocate personnel costs based on the time spent on each activity ?* %!, The TMS
differentiates between supervised and unsupervised (provider is absent at least while the client waits
for the self-test results) HIVST episodes on-site. This study also estimates provider’s indirect time
which corresponds to the personnel time spent not seeing any clients, travel time and administrative
work. In the case of the incremental HIVST costing analysis, providers’ indirect time is allocated fully

to conventional HTS, while in the full HIVST cost analysis, indirect time is shared between HTS and
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HIVST, following time allocations from the TMS. Methods and results for the TMS are presented in
Appendix text document S1 and Table S3. Thirdly, we used a bottom-up costing approach through
site observations and interviews with senior staff to include the economic costs not captured in
financial reports. All local goods costs were adjusted for inflation over time using the gross domestic
product deflators in the local currency, then all costs were converted to 2019 United States dollars
(USS) using the Central Bank of Lesotho exchange rate for each year!**. Start-up, training and other
capital costs were annualized over the assumed years of useful life of each item using a 3% discount
rate, which was varied in sensitivity analysis '%. Research costs were excluded. We calculated the
average costs per person tested with HTS, per HIVST kit distributed, and per HIV-positive identified as
the conventional HTS and HIVST costs respectively, by dividing the relevant total costs by the relevant

outcomes for each period.

Output data were collected from paper-based monitoring and evaluation (M&E) forms filled by HTS
providers, compiled in an excel database, cleaned using consistency checks, and analysed by PSI M&E
officers. Confirmed yield rate was defined as the proportion of new HIV-positive cases out of all clients

tested with HTS, including confirmatory testing following a reactive self-test.

Sensitivity and scenario analysis

We conducted a series of univariate sensitivity analyses to assess the impact of key cost assumptions
on the average incremental costs per HIVST kit distributed and costs per HIV-positive case identified
for the latest costs data (period 3). For the costs per HIVST kit distributed and per HIV-positive case
identified, the sensitivity analysis assessed the impact of the discount rate used to annualize capital
costs to capture the influence of not discounting or using a higher local central bank discount rate
(base: 3%; 0%; 15%), the years of useful life of start-up costs (base: 2 years; 1 year; 3 years). For the
costs per HIVST kit distributed only, the durations of sessions for providing HTS and HIVST services

estimated from the TMS (+/-20%) — TMS results were not affecting costs per HIV-positive case
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identified because all personnel members were involved in HIV testing only and the TMS only affects
the allocation between the types of testing. For the costs per HIV-positive case only, we also assessed
the years of useful life of vehicles (base: 15 years; 10; 20) — absent for the incremental cost per HIVST

kit distributed.

We also added a scenario analysis to inform the scale-up of the programme to the other districts. In
the scenario analysis, we assessed headquarter and field-based personnel costs (+/-10%) reflecting
variation of headquarter costs and the shift of HIVST distribution by lay providers rather than
professional counsellors; the volume of HIVST kits distributed (+/-10%) which could vary according to
the personnel capacity to provide unsupervised on-site HIVST or to the effect of HIVST stock-outs; the
market price of HIVST kits to reflect a hypothetical price approximately equal to the current cost of a
rapid kit (USS1) ¢, For HIVST costs only, we also varied the proportion of unsupervised HIVST session
on-site, allowing for more clients to self-test with the same number of staff available. For costs per
HIV-positive case detected only, we varied the number of HIV-positive test to reflect the variation of
yield (+/-10%). Variations in individual parameter values informed our best/ worst case scenario in

which all the parameters were combined to yield the lowest/ highest average costs.

Ethical approval was obtained from the National Health Research Ethics Committee of Lesotho and
the London School of Hygiene and Tropical Medicine Ethics Committee (protocol numbers: ID64-2018

and 14887 respectively).
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Results

Outcomes of the community-based HTS and HIVST activities

In period 1, HTS activities are gradually increasing and reach a peak of 11,000 tests conducted monthly
(Figure 2. a.). In period 2, mainly on-site HIVST is provided by HTS counsellors who, consequently,
reduce their HTS activities both at the mobile outreach and index testing. In period 3, we observe an
increase of the number of HIVST kits used on-site, and kits provided for off-site use, with the addition
of individual booths. The number of HIV-positive case finding is increasing and is driven by index
testing activities (Figure 2.b.). Yield is constant in periods 1 and 2 (at 3%), until the introduction of

HIVST booth in period 3 where it gradually increases to an average of 5%.
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Figure 2.a. Outcomes of the community-based HTS and HIVST provision between May 2017 and April 2019: Volume of HTS and HIVST

171



700

600

500

400

300

200

Mew HIV-positive case identified

100

[T HIV-positive cases -
M HIV-positive cases -

Index

Maobile outreach

—Yield - Mobile outreach & Index

Introduction
of HIVST

May. 17| Jun. 17 | Jul. 17 |Aug. 17| Sep. 17 | Oct. 17 |Nov. 17 |Dec. 17 | Jan. 18 | Feb. 18 |Mar. 18| Apr. 18 |May. 18| Jun. 18 | Jul. 18 |Aug. 18|Sep. 18 | Oct. 18 |Nov. 18| Dec. 18 [ Jan. 19 | Feb. 19 |Mar. 19| Apr. 19

Period 1

Introduction of
HIVST booth

Period 2

$

IAI

HIVST
stock-outs

il

Period 3

8.0%

6.0%

5.0%

w I~

o o

® £
Yield (in %)

Ing

0%

[y

0%

0.0%

Figure 2.b. Outcomes of the community-based HTS and HIVST provision between May 2017 and April 2019: Number of new HIV-positive case identified and

yield

172



Results from the time and motion study and implication for the estimation of full versus incremental

HIVST costs

There are two central findings from using the TMS to allocate shared costs (Appendix Table S3). First,
indirect time accounts for a significant proportion of the daily working hours of a provider. The way
this time is allocated in the calculation of personnel costs has a significant impact on total costs in both
the full and incremental costs analysis. Second, the difference between average observed time spent
on-site by counsellors to provide unsupervised and supervised HIVST services is important (mean

(standard deviation): 10.4 (3.2) minutes versus 24.1(5.2) minutes, respectively —t(53)=-8.6, p<0.01).

Costs analysis

For both HTS and HIVST, the main drivers of costs are personnel costs at headquarters and in the field,
followed by testing supplies and vehicle operation and maintenance (Figure 3). The average HTS cost
per test conducted is US$32.2 in period 1. In period 2 and 3, when an incremental costing method is
applied to HIVST, HTS average costs are US$35.0 and USS$34.3, and HIVST average costs are US$15.4
and USS14.0. In the case of a full costing approach, where joint costs are shared, HTS average costs
are USS$28.5 and USS23.5, and HIVST average costs are USS43.3 and USS37.7, in period 2 and 3,
respectively. HIVST incremental financial costs, which includes only directly STAR project financial
contributions for HIVST, were US$6.0 and USS5.6 in period 2 and 3, respectively. Total costs are
increasing over time and are driven by increasing personnel costs (Figure 3). Cost per HIV-positive case
identified increases between period 1 (US$956) and period 2 (USS$1,249), in the transition to
distributing HIVST, but is the lowest in period 3 (US$813), when booths allowed onsite self-testing
and immediate confirmatory testing, (Table 1). Detailed total and average costs for all three periods

for the full and incremental costs analysis are presented in Appendix Tables S4.a, S4.b and S4.c.
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Table 1. Quarterly averages of total and average costs per HIV-positive case identified with

community-based HTS during the period May 2017 — April 2019 (in 2019 USS)

Period 1 Period 2 Period 3

Total costs (HTS and HIVST services) 819,640 1,043,448 1,131,003
HIV-positive cases identified 858 836 1392
Yield (%) 3.4 3.1 5.0

Cost per HIV-positive case identified 956 1,249 813

Sensitivity and scenario analysis

Average costs per HIVST kit distributed and per HIV-positive case identified remained robust when key
cost parameters were varied (Figure 4.a. and Figure 4.b.). Start-up and capital costs account for a
small proportion of the community-based HTS, therefore, our assumptions on the life years of start-
up costs, vehicle life and discount rate applied have only a small impact on our results (ranges from
USS$14.0 - USS14.1 and USS$S808.6 - USS825.6 for cost per kit and cost per HIV-positive respectively).
The variation by 20% of the length of observed testing episodes used for personnel costs allocation

has a slightly stronger effect on average cost per kit (range: US$12.3 - US$15.7).

For both scenario analyses, we looked at factors potentially reducing average costs. The variation of
headquarter-based personnel costs only has a minor effect (ranges from US$14.0 - USS14.1 and
USS$808.0 - US$817.0) on cost per kit and cost per HIV-positive respectively. The reduction of the HIVST
kit price and increase of distribution volumes reduced average cost per kit distributed (US$12.3 and
US$12.8 respectively) but only had a minor effect on cost per HIV-positive (US$796.9 and US$810.0

respectively). As expected, a reduction of field-based personnel costs impacts on the average costs
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per HIV-positive (US$754.7) but the effect is less important on cost per kit (US$13.0). The yield strongly
affects cost per positive (US$738.6). A 50% reduction of the level of supervision by PSI staff for on-site
HIVST can also reduce costs per kit distributed (US$12.0) but is likely also to have effects on impact.
Finally, the best-worst case scenarios show ranges of US$8.5 - US$16.9 and US$668.6 - US$969.3 for

cost per kit and cost per HIV-positive respectively.
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Best & worse case scenario
% supervision by PS| staff for onsite self-testing (base: 90%; 100%; 50%)

HIVST kit price (base:$2.71; 1)

Scenario

Volume of HIVST kits distributed (+/-10%)

Field-based personnel costs (+/-10%)

Headquarters-based personnel costs (+/-10%)

Sessions average length from the time & motion study (+/-20%)

Life years of start-up costs (base: 2 years; 1; 3)

Sensitivity

Discount rate (base: 3%; 0%; 15%)

s7

$8.5 _$16.9
§12.0 I514.4
$12.3
$12.8 -515.6
$13.0 -$15.1
$14.o|$14.1
$12.3 -$15.7
$14.0 |s14.1
$14.0 |514.o low ® High
$8  $9  $10 $11 $12 %13 14 15 $16  $17  $18

Costs per HIVST kit distributed (2019 US dollars)

Figure 4.a. Results from the sensitivity and scenario analysis on the costs per HIVST kit distributed in period 3 (in 2019 USS)
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Best & worse case scenario $668.6 _ $969.3
Number of HIV-positive cases identified (+/-10%) 5738.6 _ $902.8

2 Field-based personnel costs (+/-10%) $754.7 - $870.3
g
A HIVST kit price (base:$2.71; 51) $796.9
Headquarters-based personnel costs (+/-10%) $808.0 I $817.0
Volume of HIVST kits distributed (+/-10%) $810.0 | $815.0
Life years of start-up costs (base: 2 years; 1; 3) $808.6 l $824.1
Z
>
L= Discount rate (base: 3%; 0%; 15%) $809.5 l $825.6
3
L W High
Life year of vehicles (base: 15 years; 10; 20) $810.8 I $816.0
S600 S650 $700 $750 $800 $850 $900 $950 $1,000

Costs per HIV-positive case identified (2019 US dollars)

Figure 4.b. Results from the sensitivity and scenario analysis on the costs per HIV-positive case identified in period 3 (in 2019 USS)
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Discussion

We found that the addition of HIVST increases the overall programme’s affordability for HIV-positive
case finding. The increase of HIV-positive case finding, and yield is driven by an increase in index
testing activities, thanks to the efficient introduction of self-testing and booths in period 3, allowing
more staff to conduct index testing instead of being mobilized at the mobile outreach. TMS data were
also used to value potential impact on costs of efficiency gains in services provision, particularly
regarding high personnel costs. As suggested by the scenario analysis, an increase of unsupervised on-
site HIVST could have a significant impact on HIVST average costs, allowing more staff to focus on

index testing or other activities.

Recent best practice guidelines on cost-effectiveness analysis recommend the use of quality-adjusted
life years gained (QALYs) and disability-adjusted life year averted (DALYs) for valuing health outcomes
(271 Previous work suggests that cost-per-diagnosis is strongly correlated with cost per disability-
adjusted life year averted when evaluating HTS and that it can be used as a metric to assess an
intervention’s cost-effectiveness [, Our micro-costing study, within its scope and timeframe, does
not capture all individual and population-based costs and benefit of the intervention, therefore, these

results should not be interpreted for cost-effectiveness analysis.

Our HIVST full economic average costs estimates are higher than recently published estimates by
Mangenah et al 23!, The authors published a full economic average cost per HIVST kit distributed at
USS$8.15, US$16.42 and USS$S13.84 in Malawi, Zambia and Zimbabwe, respectively. The HIVST model
was door-to-door only, where community-based agents were offering HIVST kits directly to
households without immediate confirmatory testing and the costs reported per HIVST kit distributed.
HIVST full costs are higher in Lesotho because HIVST volumes distributed were lower potentially
leading to diseconomies of scale, and HIVST kits were distributed in the communities by either
professional or lay counsellors resulting in higher field personnel costs. Because the test results were

not reported, results from Mangenah et al. are not comparable with average cost per positive case
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identified. In addition, our costs are higher to those reported in a recent studies on costs of HIV testing
in sub-Saharan Africa including Lesotho 2°32, This difference may be explained by several factors. We
included above service level costs, and our intervention is managed by an international NGO with high
quality of services and M&E reporting relative to public sector. Furthermore, HIV-positive case finding
in communities require additional staff time and equipment such as vehicles 4, Finally, the number of
positive cases identified was relatively low in a context where 81% of PLHIV already know their status
with a yield of 3% M. The differences in personnel cost allocation between full (personnel costs
associated with travel and administrative activities is shared between HTS and HIVST based on the
volume of activities?!) and incremental (personnel costs of time spent on indirect client activities is
allocated to the existing intervention HIVST is being added to) costing approaches have a significant
impact on costs. This is particularly relevant for community-based interventions in remote areas
where provider’s indirect time is significant 3> 3#. Budgeting of HIVST using incremental costs risks to
underestimate needs if HTS is not running well. Incremental HIVST costing, only considering financial
costs, assumes that the existing intervention has the capacity (particularly human resources) to absorb
the new intervention. They may be applicable in a case of low HIVST distribution where the staff has
the capacity to absorb the added testing modality and the effect on the services it is being added to is
minor. This was not the case in Lesotho but is shown to highlight how incremental costs can potentially

vary between interventions.

Programme costs and cost per HIV-positive identified tend to increase over time !, The increase in
total costs over time is mainly explained by an increase of the team size in the field. Integration of
HIVST improved the HTS efficiency as defined by increased rates of HIV positive case finding which is
a great achievement in the current HIV testing landscape, where increasing HIV testing coverage

makes it increasing harder to identify new HIV positive cases.

Cost and cost-effectiveness studies for HIVST need to account for capacity to improvement over time

in order to avoid over-estimating costs (period 2 to 3). New programmes should encourage
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implementation research and use early results to inform programme strategy. For instance, we
applied this strategy with the ATLAS project on HIV self-testing in West Africa to identify opportunities

for task shifting from medical doctors to less scarce health care workers .

As well as guiding sustainable national scale-up for Lesotho, these data have relevance to other
countries considering the addition of self-testing to community-based HTS B¢, First, HIVST can be
added to improve community-based program efficiency and allow a reallocation of scarce human
resources to other key activities in the HIV response. Second, community-based interventions can
incur important indirect personnel costs such as travel time to sites, other costing analyses should be
transparent and report their inclusion/exclusion. Third, full and incremental costing approaches can
provide a range to estimate health system needs for scale-up. The risks of using costs not fit for
purpose or setting can lead to under-budgeting and depleting health system through cross-
subsidization from core health services, or rejecting potentially cost-effective intervention seen as too

expensive.

Our study has limitations. First, because HIVST was introduced in all sites of the intervention at the
same time, there were no control sites against which to evaluate the effect of HIVST introduction.
Second, only new positive cases detected are reported, the volume of known seropositive clients
retesting was not reported and cannot be estimated. Third, stock-outs happened in period 3, limiting
the number of kits distributed and potentially impacting on our costs, this might overestimate our

average costs per kit distributed and per positive case identified.

To our knowledge, this is the first cost analysis using longitudinal data from a real-world intervention
on HTS efficiency gains before and after introduction of HIVST. We showed that adding HIVST to
community-based HTS can improve its overall affordability regarding HIV-positive case finding. We
also highlighted the importance of transparency in reporting methods for priority setting, budgeting

and financial planning.
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Figure 1. Timelines of the community-based HIV testing services, major changes in strategy and

analysis periods

Figure 2. Outcomes of the community-based HTS and HIVST provision between May 2017 and April

2019: Volume of HTS and HIVST (2.a.), number of new HIV-positive case identified and yield (2.b.)

Figure 3. HTS and HIVST costs drivers, average costs and volumes per analysis period (in 2019 USS)

Figure 4. Results from the sensitivity and scenario analysis on (4.a.) the costs per HIVST kit distributed

in period 3 and (4.b.) on the costs per HIV-positive case identified in period 3 (in 2019 USS)

Table 1. Quarterly averages of total and average costs per HIV-positive case identified with

community-based HTS during the period May 2017 — April 2019 (in 2019 USS)
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Supplemental Digital Content

Figure S1. Client Flow at the “New Start” mobile outreach model with the option of HIV self-testing
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Figure S2. Client Flow for the community-based index testing model with the option of HIV self-testing
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Text document S1. Estimation of personnel costs allocation factors between HTS and HIVST activities
for periods 2 & 3

a. Description of the intervention

The first HIVST distribution started in December 2017 (period 2) promoting HIVST for use off-site or
on-site using the HTS gazebos. These gazebos were specifically designed to provide HTS, and if a HIVST
session was conducted in it, it led to the incapacity of a counsellor to conduct HTS. It is worth noting
that a HTS session takes much less time than a HIVST session when the HIV test result is negative.

In period 3, individual booths were introduced in addition to the HTS gazebos. Consequently, people
wanting to self-test in private could use these booths while the gazebos were reserved for counsellor
who could provide HTS and confirm results of a reactive or inconclusive self-test. As a result, the
outreach team could reorganize their activities where some counsellors or interpersonal
communication agents could conduct community mobilization or provide support as needed to client
self-testing in the booths while the rest of the counsellors were based in the gazebos to provide
conventional HTS and confirm HIVST reactive test.

This change meant that TMS data collected in period 2 allocated an important percentage of staff time
to HIVST activities while the period 3 allowed to better use the staff time and provide services more
efficiently, rebalancing the allocation of staff time between activities.

b. Time and Motion study (TMS) - Methodology

A time and motion study (TMS) was conducted to observe staff providing both HTS/index testing and
HIVST services and allocate personnel costs based on the time spent on each activity ?* 2, The TMS
differentiates between supervised and unsupervised HIVST episodes on-site. An HIVST episode is
defined as supervised when the provider is with the client during the entire testing process (pre-test
counselling, instruction for self-testing, oral sampling, waiting for results and post-test counselling)
and unsupervised if the provider is absent at least while the client waits for the self-test results. This
study also estimates provider’s indirect time which corresponds to the personnel time spent not
seeing any clients, travel time and administrative work. In the case of the incremental HIVST costing
analysis, providers’ indirect time is allocated fully to conventional HTS, while in the full HIVST cost
analysis, indirect time is shared between HTS and HIVST, following time allocations from the TMS.
M&E, administrative, and programme level staff were charging either CIDLINK or STAR projects and
the allocation of costs between projects was based on their timesheets or with individual interviews
for senior staff. Field based personnel costs providing both HTS and HIVST services were only charging
CIDLINK project. The TMS was conducted as part of the costing exercise to observe staff providing
both HTS and HIVST services and allocate personnel costs based on the time spent on each activity.
The TMS only used results from observations at the mobile outreach and not the index testing
activities which were provided alongside and accounted for 4% to 7% of total community-based HTS
and for 2% to 4% of total HIVST index activities. The TMS results also helped to value efficiency gains
with the introduction of on-site HIVST.

The TMS used external observers conducting continuous observations of health providers during their
normal working day which is considered as the gold standard method 2. We conducted continuous
observation with paper-based tools to record the start and stop times of observed tasks with a detail
of minutes. We used a duration measurement for a series of pre-defined episodes based on our
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understanding of the intervention. We also aimed to capture the effect of the HIV test results and the
supervision level by the provider (for self-testing) on the length of the conventional and self-testing
episodes.

The TMS was conducted between September-November 2018 by two data collectors. In total, 16
providers (interpersonal communication agent, lay counsellors, professional counsellors or nurses)
gave written consent and were observed either the morning or afternoon, in a rural or urban setting.
Some days of observation, provision of HTS/HIVST could be as low as two episodes or up to eighteen
per provider in more busy areas.

Data collected included: date, district, name of site, data collector ID, distributor ID, distributor grade,
direct patient time (time at the outreach and available to provide HIV testing), driving time to get to
the outreach, time to provide HTS to a client, information on HIVST without distribution, HIVST
distribution for off-site testing (differentiated between primary and secondary distribution),
supervised and unsupervised on-site HIVST, test result for HTS and HIVST. The categories are
presented in Table S2.

Since the time of the day and the type of provider, did not affect the length of the testing session, we
estimated average time for each episode on the overall sample.

c. Application of results from the TMS to estimation field-based personnel costs allocation factors

Because direct client time was varying significantly between mobile outreach (e.g. outreaches in rural
setting could have very low direct client time because of travel time), we did not use the results from
the TMS.

Instead, we estimated the average number of episode per provider, per day and per mobile outreach
for each episode of HTS (with a positive or negative test result) and HIVST (off-site, on-site/supervised
and on-site/unsupervised) based on the M&E data. The method to estimate the % of unsupervised
HIVST episodes in period 3 is described in the section c.

We then multiplied the average number of episodes with the corresponding times from the TMS to
estimate a proportion of time spent on HTS and on HIVST then used to allocate personnel costs.

For a full costing approach, the denominator was the direct client time estimated as the sum of total
HTS and HIVST activities . For an incremental costing approach, the costs of time spent on activities
such as travel, administrative activities, and any other activities with provider’s indirect time should
not be included as they are indirect costs. Therefore, the denominator was the average total daily
working hours of the employees.

d. Estimation of on-site supervised and unsupervised HIVST episodes in period 3

While efficiency gains were observed during the TMS with the introduction of individual booths in
period 3 allowing for more episodes of unsupervised on-site HIVST sessions, the M&E data reported
whether the client self-tested on-site or off-site, but the information on whether it was a supervised
or unsupervised on-site HIVST episode could not be used.

The M&E results shows an increase of direct client time (expressed by the number of testing/self-
testing episodes provided) between period 2 and 3, even after adjusting for the field-based team size
over time. We assumed that the team was working at full capacity in period 2, therefore, the estimated
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total direct client time per provider per day per outreach should be the same between period 2 and
3. The increase of direct client time is due to unsupervised on-site HIVST activities.

Based on the above assumptions and the following algebraic equations with two unknowns, we
estimated that 7% of on-site HIVST were unsupervised and that 93% were supervised by a health
provider.

Algebraic equation with two unknowns:

X3+Y3=123

X3* Tx +ys*Ty = Tz3

X3: Average number of on-site supervised HIVST per provider per day in period 3 (unknown)
ya: Average number of on-site unsupervised HIVST per provider per day in period 3 (unknown)
z3: Average number of on-site HIVST per provider per day in period 3

Tx: Average time spent by a provider on an on-site supervised HIVST episode

Ty: Average time spent by a provider on an on-site unsupervised HIVST episode

Tzs: Average total time spent on on-site HIVST per provider per day in period 3

The results from these exercises are presented in Table S3.
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Table S1. Composition of economic costs for the full costing of HTS and HIVST and assumptions on HIVST costs composition for an incremental cost analysis

Cost category

Composition of conventional HIV testing
(HTS) costs

Composition of full HIVST costs

Incremental HIVST costs -

Assumptions

Start-up

S1: Training

Fin.: Expenditure report for training venue
and per diems, catering, etc. (annualised
costs)
Eco.: Annualised and discounted financial
costs

Fin.: Expenditure report for training venue and per
diems, catering, etc. (annualised costs)
Eco.: Annualised and discounted financial costs

All start-up costs are included in the
incremental costs

S2: Sensitisation

Fin.: Advert production, printing of flyers,
sensitization meetings with stakeholders
(annualised costs)
Eco.: Annualised and discounted financial
costs

Fin.: Advert production, printing of flyers, sensitization
meetings with stakeholders (annualised costs)
Eco.: Annualised and discounted financial costs

All start-up costs are included in the
incremental costs

S3: Start-up other

Fin.: Expenditure reports for all other costs
incurred during the start-up period
(annualised costs)
Eco.: Annualised and discounted financial
costs

Fin.: Expenditure reports for all other costs incurred
during the start-up period (annualised costs)
Eco.: Annualised and discounted financial costs

All start-up costs are included in the
incremental costs

Capital

A: Building & storage

Fin.: Proportion of the rent of PSI HQ
office, storage warehouse and New Start
fixed sites where the staff is based for
activities not in the field (planning
outreaches, storage of equipment, etc.)
(annualised costs)
Eco.: Annualised and discounted financial
costs

Fin.: Programme costs allocated to rent of PSI central
warehouse for storage of HIVST kits only. Storage costs
at New Start fixed site are negligible. (annualised costs)
Eco.: Annualised and discounted financial costs

Except for HIVST kits storage, all
other building costs are excluded.

B: Equipment

Fin.: Furniture purchase and other
equipment at PSI headquarters and New
Start sites (tables, gazebos, chairs, booth,

Fin.: individual booth only (annualised costs)
Eco.: Include donated goods such as a proportion of
equipment used for HTS allocated to HIVST programme

Except for the individual booth, all
other equipment costs are excluded.
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Cost category

Composition of conventional HIV testing
(HTS) costs

Composition of full HIVST costs

Incremental HIVST costs -

Assumptions

etc.) (annualised costs)
Eco.: Annualised and discounted financial
costs

based on programmes' activities, then, all costs are
annualised and discounted

C: Vehicles Fin.: New vehicle bought in period 1 Fin.: None since all HIVST activities are attached to Excluded since all HIVST activities are
(annualised costs) existing HTS added to existing HTS activities.
Eco.: Includes donated goods such as costs  Eco.: Includes donated goods such as costs of vehicles However, at scale-up, supply chain
of older vehicles then, all costs are allocatedto HIVST based on programmes' activities, then costs will be considered
annualised and discounted all costs are annualised and discounted
Recurrent
E: Personnel & Per Fin.: Proportion of personnel costs at HQ Fin.: Proportion of personnel costs at HQ in Maseru Included in the incremental cost
diems - HQ in Maseru (M&E, finance, admin, etc.) (M&E, finance, admin, etc.) under PSI common costs analysis
under PSI common costs allocation allocation
Eco.: Financial costs Eco.: Financial costs
E: Personnel & Per Fin.: Personnel at New Start fixed site Fin.: Costs of personnel at New Start fixed site (senior Costs allocation based on the results

diems

(senior HTS counsellor, M&E assistant,

team leader, drivers) based on time
tracking  reports, and field-based
professional, assistant and lay HTS
counsellors 100% on CIDLINK

Eco.: Financial costs

HTS counsellor, M&E assistant, team leader, drivers)
based on time tracking reports. Interpersonal
communication agents (HIVST distributors) 100% on
STAR

Eco.: Includes donated services such as field-based
professional, assistant and lay HTS counsellors working
for CIDLINK and providing HIVST, and financial costs

of the time and motion study.
Incremental HIVST costs exclude
indirect costs of staff spent on travel
time, time spent on administrative
tasks, etc. One should consider the
potential effect of significant HIVST
kits shortages on field-based
activities (HIVST kit shortages lead to
reduced field-based HIVST activities
and reduced % allocation of
personnel costs to HIVST activities -
but this can be justified with a task
shifting back to conventional HTS in
the situation of HIVST shortages.
Additional M&E and management
charges (directly charged to STAR are
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Cost category

Composition of conventional HIV testing
(HTS) costs

Composition of full HIVST costs

Incremental HIVST costs -

Assumptions

kept to STAR in the incremental

costing analysis to reflect this
additional charge)
F: Supplies Fin.: PSI office supplies such as stationery Fin.: PSI office supplies such as stationery (under Included in the incremental cost
(under common costs allocation) common costs allocation) + HIVST kits costs analysis
Eco.: Includes donated goods such as HTS Eco.: Financial costs
supplies (e.g. rapid test kits Determine,
Unigold, etc.) and financial costs
G: Vehicle operation, Fin.: Costs such as fuel, insurance, repair Fin.: Costs such as fuel, insurance, repair and Excluded since all HIVST activities are

maintenance & and maintenance (oil, etc.) allocated tothe maintenance (oil, etc.) allocated to the programme added to existing HTS activities.
transport programme under PSI common costs under PSI common costs allocation However, at scale-up, supply chain
allocation Eco.: Financial costs costs will be considered
Eco.: Financial costs
H: Building Fin.: Costs such as office/warehouse Fin.: Costs such as office/warehouse reparation and Included in the incremental cost
operation/maintenance reparation and maintenance, utilities, maintenance, utilities, equipment repair/maintenance, analysis
equipment  repair/maintenance, and and insurance allocated to the programme under PSI
insurance allocated to the programme common costs allocation
under PSI common costs allocation Eco.: Financial costs
Eco.: Financial costs
I: Recurrent training Fin.: Hiring of venue, hotel, per diem for N/A N/A
participants. Training every 2 years so the
costs were annualised
Eco.: Annualised and discounted financial
costs
J: Waste management Fin.:  Contracting with an external Fin.: Contracting with an external company. Costs Included in the incremental cost
company. Costs allocated to the allocated to the programmes under PSI common costs analysis

programmes under PSI common costs
allocation
Eco.: Financial costs

allocation
Eco.: Financial costs
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Composition of conventional HIV testing Incremental HIVST  costs -

Cost category Composition of full HIVST costs

(HTS) costs Assumptions
K: Other recurrent Fin.: Bank fees, subscriptions, postage, etc. Fin.: Bank fees, subscriptions, postage, etc. Costs Included in the incremental cost
Costs allocated to the programmes under allocated to the programmes under PSI common costs analysis
PSI common costs allocation allocation
Eco.: Financial costs Eco.: Financial costs
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Table S2. Description of the pre-defined activities used in the time and motion study

Code

Activity description

HTS_negative

HIV testing episode which can include individual, couple or group pre-test counselling; individual
HIV rapid testing with a negative result and post-test counselling

HTS_positive

HIV testing episode which can include individual, couple or group pre-test counselling; individual
HIV rapid testing with a positive result and post-test counselling

On-site
HIVST_supervised

HIV self-testing kit primary distribution, which can include pre-test counselling, demonstration
on how to self-test, self-testing, waiting for the results and post-test counselling. This account for
the time spent by the provider with the client during the entire session

On-site
HIVST_unsupervised

HIV self-testing kit primary distribution, which can includes pre-test counselling, demonstration
on how to self-test, self-testing, waiting for the results and post-test counselling. The provider is
not with the client during the session, in particular when waiting for and reading the test result
and this time is not included

Off-site_HIVST

HIV self-testing kit secondary distribution which can include pre-test counselling and
demonstration on how to self-test

Other_DPS

Other Direct Patient Services: time allocated to services that are not related to HTS and HIVST
(e.g. family planning, PrEP, ART initiation etc.) provided by the health care worker to a client

Non_DPS

Any time spent not facing clients (breaks, lunch, waiting for clients, etc.)

Weekly_average_workin
g_hours

Regular working hours reported by the study participant
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Table S3. Results from the time and motion study and allocation factors of personnel costs between HTS and HIVST activities by period

Activities HTS HIVST

Sessions HTS-negative HTS-positive Off-site HIVST sOunp—(iirt\;eisel-;IVST ) S:;Zi;:rvli-ile\itls-r )
Results - Time and Motion Study®

Average time per session- Mean(StD®) - min 17.3(5.5) 32.3(10.7) 8.1(4.0) 24.1(5.2) 10.4(3.2)
# of observations 35 7 9 46 12

Daily working hours - min 480

Period 2 - M&E data and personnel costs allocation factors

Average # of session/provider/day 5.2 0.2 2.2 1.1 0.0

Total session time/provider/day - min 89.1 5.4 17.9 25.5 0.0

Total activity time/provider/day - min 94.6 43.3

Total direct client time/provider/day - min 137.9

:-I=Tl'sotal af':ivity tl:r:l:/.rTotal ;iirect::‘ljiltlent tinc;;ts analvets 68.6% 31.4%

HIVST - Incremental costs analysis

(=Total activity time/Working hours)* 91.0% 9.0%

Period 3 - M&E data and personnel costs allocation factors

Average # of session/provider/day 3.6 0.1 0.6 2.6 0.4

Total session time/provider/day - min 61.6 4.7 5.1 62.0 4.5
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Total activity time/provider/day - min 66.3 71.6

Total direct client time/provider/day - min 137.9
HTS & HIVST - Full costs analysis
T o VSIS 48.0% 52.0%
(=Total activity time/Total direct client time)
HIVST - Incremental costs analysis
¢ VS g5.1% 14.9%

(=Total activity time/Working hours)*

3|n total, 16 health providers and 109 episodes were observed °StD: Standard Deviation, “Formula applied to HIVST activities, the remaining % is allocated to
the existing HTS.
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Table S4.a. Quarterly averages of the full economic cost of HTS and ST during the period May 2017 — April 2019 (in 2019 USS)

Cost category Period 1 Period 2 Period 3

Full analysis Full analysis Full analysis

HTS HTS HIVST HTS HIVST

Fullcosts % Full costs % Fullcosts % Full costs % Full costs %
Start-up
S1: Training - - - - 120 0% - - 120 0%
S2: Sensitisation - - - - 14 0% - - 14 0%
S3: Start-up other 15,807 2% 15,807 2% 756 0% 15,807 2% 756 0%
Start-up - sub-total 15,807 2% 15,807 2% 890 0% 15,807 2% 890 0%
Capital
A: Building & storage 5,168 1% 16,544 2% 274 0% 18,526 3% 553 0%
B: Equipment 1,374 0% 4,400 1% 2,026 1% 1,446 0% 1,921 0%
C: Vehicles 12,470 2% 6,187 1% 6,187 2% 6,135 1% 6,135 1%
Capital - sub-total 19,012 2% 27,131 4% 8,486 3% 26,107 4% 8,609 2%
Recurrent
E: Personnel & Per diems - HQ 37,139 5% 90,166 12% 4,509 2% 55,303 8% 7,761 2%
E: Personnel & Per diems 546,031 67% 461,434 60% 225,273 83% 396,200 61% 408,716 85%
F: Supplies 115,657 14% 86,126 11% 17,396 6% 75,490 12% 34,510 7%
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G: Vehicle operation, maintenance & transport 59,099 7% 44,325 6% 15,056 6% 44,325 7% 16,119 3%
H: Building operation/maintenance 6,477 1% 12,326 2% 201 0% 9,830 2% 456 0%
I: Recurrent training 9,715 1% 9,715 1% 0 0% 9,715 1% 0 0%
J: Waste management 1,947 0% 1,932 0% 133 0% 1,915 0% 162 0%
K: Other recurrent 8,756 1% 21,977 3% 699 0% 17,522 3% 1,700 0%
Recurrent - sub-total 784,822 96% 728,001 94% 263,267 97% 610,300 94% 469,424 98%
Total costs 819,640 770,939 272,509 652,213 478,790

HTS session / HIVST kit distributed per quarter 25,433 27,045 6,300 27,780 12,687

Cost per HTS conducted / HIVST kit distributed 32.2 28.5 43.3 23.5 37.7
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Table S4.b. Quarterly averages of the full economic cost of HTS and incremental economic costs of HIVST during the period May 2017 — April 2019 (in 2019

Us$)

Cost category

Period 2

Period 3

Incremental analysis

Incremental analysis

HTS HIVST HTS HIVST

Full costs % Incr. costs % Full costs % Incr. costs %
Start-up
S1: Training - - 120 0% - - 120 0%
S2: Sensitisation - - 14 0% - - 14 0%
S3: Start-up other 15,807 2% 756 1% 15,807 2% 756 0%
Start-up - sub-total 15,807 2% 890 1% 15,807 2% 890 1%
Capital
A: Building & storage 16,570 2% 247 0% 18,832 2% 247 0%
B: Equipment 5,857 1% 569 1% 2,463 0% 905 1%
C: Vehicles 12,374 1% O 0% 12,270 1% O 0%
Capital - sub-total 34,802 4% 816 1% 33,564 4% 1,152 1%
Recurrent
E: Personnel & Per diems - HQ 90,166 10% 4,509 5% 55,303 6% 7,761 4%
E: Personnel & Per diems 614,262 65% 72,445 75% 674,713 71% 130,203 73%
F: Supplies 86,126 9% 17,396 18% 75,490 8% 34,510 19%
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G: Vehicle operation, maintenance & transport 59,099 6% 281 0% 59,099 6% 1,344 1%
H: Building operation/maintenance 12,326 1% 201 0% 9,830 1% 456 0%
I: Recurrent training 9,715 1% 0 0% 9,715 1% 0 0%
J: Waste management 1,932 0% 133 0% 1,915 0% 162 0%
K: Other recurrent 21,977 2% 699 1% 17,522 2% 1,700 1%
Recurrent - sub-total 895,604 95% 95,664 98% 903,588 95% 176,136 99%
Total costs 946,212 97,236 952,958 178,045

HTS session / HIVST kit distributed per quarter 27,045 6,300 27,780 12,687

Cost per HTS conducted / HIVST kit distributed 35.0 15.4 34.3 14.0

Table S4.c. Quarterly averages of the full economic cost of HTS and incremental financial costs of HIVST during the period May 2017 — April 2019 (in 2019

Us$)

Cost category

Period 2

Period 3

Incremental analysis

Incremental analysis

HTS HIVST HTS HIVST

Full costs % Incr. costs Full costs % Incr. costs %
Start-up
S1: Training - - 120 0% - - 120 0%
S2: Sensitisation - - 14 0% - - 14 0%
S3: Start-up other 15,807 2% 756 2% 15,807 1% 756 1%
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Start-up - sub-total 15,807 2% 890 2% 15,807 1% 890 1%
Capital

A: Building & storage 16,570 2% 247 1% 18,832 2% 247 0%
B: Equipment 6,417 1% 8 0% 2,853 0% 514 1%
C: Vehicles 12,374 1% 0 0% 12,270 1% 0 0%
Capital - sub-total 35,362 4% 256 1% 33,955 3% 762 1%
Recurrent

E: Personnel & Per diems - HQ 90,166 9% 4,509 12% 55,303 5% 7,761 11%
E: Personnel & Per diems 673,021 67% 13,686 36% 781,795 74% 23,121 33%
F: Supplies 86,126 9% 17,396 46% 75,490 7% 34,510 49%
G: Vehicle operation, maintenance & transport 59,099 6% 281 1% 59,099 6% 1,344 2%
H: Building operation/maintenance 12,326 1% 201 1% 9,830 1% 456 1%
I: Recurrent training 9,715 1% 0 0% 9,715 1% 0 0%
J: Waste management 1,932 0% 133 0% 1,915 0% 162 0%
K: Other recurrent 21,977 2% 699 2% 17,522 2% 1,700 2%
Recurrent - sub-total 954,363 95% 36,905 97% 1,010,669 95% 69,055 98%
Total costs 1,005,531 37,917 1,060,430 70,573

HTS session / HIVST kit distributed per quarter 27,045 6,300 27,780 12,687

Cost per HTS conducted / HIVST kit distributed 37.2 6.0 38.2 5.6
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Conclusions from Paper 2

The results presented in this paper offer important insights into efficiency considerations with the
addition of a new technology such as HIVST, to existing HTS programme. This longitudinal analysis
suggests that the addition of HIVST increases the overall programme’s affordability for HIV-positive
case finding. Another important finding relates to the scope of incremental and full costing methods.
This analysis highlights that budgeting of HIVST using incremental costs risks to underestimate needs
if the HTS programme is not running well. These two findings are particularly relevant when costing

the implementation of a new technology and estimating the costs of scaling up this programme.

The next paper presents an empirical econometric cost function analysis to estimate the drivers of

HIVST costs, including scale and efficiency, and uses this function to model costs at scale in the region.
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Chapter 5 — Paper 3: Modelling costs of community-based HIV self-testing
programmes in Southern Africa at scale: An econometric cost function analysis
across five countries

Overview of Paper 3

The economic analyses from paper 2 and from Mangenah et al (Appendix 1), provide insights into the
implementation costs of community-based HIVST programmes in various settings. An analysis of HIVST

cost drivers can inform programme planners for the scale-up of HIVST in the southern African region.

Paper 3 uses costs and programme data from Malawi, Zambia, Zimbabwe, and South Africa to fit a
cost function with determinants related to scale, locales organisational and environmental
characteristics, target populations, and per capita Growth Domestic Product. | then use this model to
project HIVST costs at scale. | also explore various models differing in data intensity for cost predictions
and compare projected costs with observed costs estimated in paper 2 over two years of

implementation in Lesotho.

This work was reviewed and approved by the local ethics committees in each country, as well as the
London School of Hygiene and Tropical Medicine Ethics Committee, University College London Ethics
Committee, and the Institutional Review Board of Boston University School of Public Health (Appendix
IV). Informed consent was obtained from all individual participants included in the time and motion

study.

The Appendix text presents a narrative description of the community-based HIVST distribution models
across countries. Appendix figure presents a correlation matrix of HIVST cost drivers considered for
the analysis. | include additional details on the costing methodology with a table of the factors used
to allocate costs from STAR expenditures to models, and from models to districts. Finally, | present

the findings from the observed incremental HIVST costs for each scale-up period in Lesotho.
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This paper is presented as accepted in the journal BMJ Global Health in May 2021. This paper fulfil
research objective 3 by estimating the costs drivers of community-based HIVST distribution in Malawi,
Zambia, Zimbabwe and South Africa, using econometric methods and, based on the model outputs,

projecting costs at scale using community-based HIVST national scale-up in Lesotho as a case study.
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Abstract (300/300 words max)

Background: Following success demonstrated with the STAR (HIV Self-Testing AfRica) Initiative, HIV
self-testing (HIVST) is being added to national HIV testing strategies in southern Africa. An analysis of
the costs of scaling up HIVST is needed to inform national plans, but there is a dearth of evidence on
methods for forecasting costs at scale from pilot projects. Econometric cost functions (ECF) apply
statistical inference to predict costs; however we often do not have the luxury of collecting large
amounts of location-specific data. We fit an ECF to identify key drivers of costs, then use a simpler

model to guide cost projections at scale.

Methods: We estimated the full economic costs of community-based HIVST distribution in 92 locales
across Malawi, Zambia, Zimbabwe, South Africa, and Lesotho between June 2016 and June 2019. We
fitted a cost function with determinants related to scale, locales organisational and environmental
characteristics, target populations, and per capita Growth Domestic Product (GDP). We used models
differing in data intensity to predict costs at scale. We compared predicted estimates with scale-up

costs in Lesotho observed over a two-year period.

Results: The scale of distribution, type of community-based intervention, percentage of Kkits
distributed to men, distance from implementer’s warehouse, and per capita GDP predicted average
costs per HIVST kit distributed. Our model simplification approach showed that a parsimonious model
could predict costs without losing accuracy. Overall, ECF showed a good predictive capacity, i.e.
forecast costs were close to observed costs. However, at larger scale, variations of programme
efficiency over time (number of kits distributed per agent monthly) could potentially influence cost

predictions.

Discussion: Our empirical cost function can inform community-based HIVST scale-up in southern
African countries. Our findings suggest that a parsimonious ECF can be used to forecast costs at scale

in the context of financial planning and budgeting.
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Summary box

What is already known?

Following success demonstrated with the STAR (HIV Self-Testing AfRica) Initiative, HIV self-testing is

being added to national HIV testing strategies in southern Africa.

Community-based models delivering HIV self-testing either at people’s homes or within the
community setting with mobile outreach are a convenient approach for reaching under-tested groups

such as young people (16-25 years old) and men.

There is little guidance or empirical evidence on methods for forecasting costs at scale for

programming and planning.

What are the new findings?

Our study developed an econometric cost function for scaling up community-based HIV self-testing

programmes for the general population in southern Africa, using data from five countries.

Our model simplification approach showed that we could use a more parsimonious model, including
scale, type of community-based intervention, percentage of men reached by the programme, distance
from implementer’s warehouse, and per capita Growth Domestic Product, to predict costs without

significantly losing accuracy.

What do the new findings imply?

The extrapolation of cost predictions to inform community-based HIV self-testing scale-up in southern

African countries is possible with our empirical cost function.

Our analysis adds to the literature on the trade-off between simplicity versus accuracy in cost

projection methods.

213



Introduction

The HIV burden remains concentrated in southern Africa, with estimated adult prevalence ranging
between 10.6% in Malawi and 25.6% in Lesotho in 2018 M. Expanding access to HIV testing services
(HTS) and ensuring linkage to prevention or timely antiretroviral therapy (ART) initiation for people
living with HIV (PLHIV) is vital to achieving epidemic control. HIV self-testing (HIVST) is an additional
testing modality where an individual collects his/her own oral fluid or blood sample, conducts the test,
and interprets results. HIVST has increased the uptake and frequency of testing among individuals
who would not test otherwise 3. The Unitaid-funded Self-Testing AfRica (STAR) Initiative led by
Population Services International (PSI) started implementing HIVST delivery models in southern Africa
in 2016 . Many HIVST distribution models were evaluated, including community-based, workplace,
public and private sector facility-based primary distribution strategies, and secondary distribution

strategies to sexual partners and peers among key populations®.

Community-based models delivering HIVST either at people’s homes or within the community setting
with mobile outreach were shown to be a convenient approach for reaching under-tested groups such
as young people (16-25 years old) and men ©1% Although community-based approaches are
expensive from a provider perspective, they decrease users’ costs in accessing HIV testing, in particular
among working men whose time might be more expensive 1 12 Following the success
demonstrated in the STAR Initiative, the Lesotho Ministry of Health added HIVST to its revised national
HTS strategic plan for 2018-2023!*3l. An analysis of the costs of scaling-up HIVST (increasing the
provision of HIVST kits) was needed by country planners to inform the HIVST national scale-up plans
and budget in Lesotho. However, there is little guidance or empirical evidence on methods for

projecting costs at scale for programming and planning 4 %%,

Cost functions can be derived from a production function to estimate the total cost of production
given a specific output produced. The simplest cost function multiplies a single unit cost by a quantity

- the commonly used “simple cost multiplier” (SCM). It is a practical costing method used for high level
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budgeting **!. Accounting cost functions (ACF) identify all the cost inputs to a production process
(equipment, personnel, etc.) over a defined costing period (usually one year), and categorize them as
fixed, semi-fixed, or variable costs in the short run, or all variable in the long run *+71, Econometric
cost functions (ECF) do not follow the production process but rather apply statistical inference to
predict costs. The challenge of ECF is to reflect the complexity of real-world production process with
a mathematical model of inputs and outputs * . |n most studies, we do not have the luxury of
collecting large amounts of location-specific cost data, and applications of ECF for cost predictions are

rare !4 18] |n the absence of detailed data, SCM is commonly used.

This study aims to fit an ECF to estimate the cost drivers of the community-based HIVST programmes
in Southern Africa using data from Malawi, Zambia, Zimbabwe, and South Africa. We then inform the
use of ECF to predict costs at scale by comparing ECF models with different level of data requirements.
Finally, we assess the validity of our empirical ECF by comparing projected costs with observed costs
at scale in Lesotho. We select Lesotho as our case study because we conducted in this country a
longitudinal micro-costing analysis of HIVST scale-up from a real-world intervention over two years of

implementation 9,

Methods

Setting — Data sources

We estimated the full economic costs of community-based HIVST distribution in 92 sites across
Malawi, Zambia, Zimbabwe, South Africa, and Lesotho (Table 1) [*>1% 20 \We collaboratively developed
cost analysis methods following standard guidelines and analysed data, ensuring consistency of
methods across countries > 21, Programme expenditures supplemented by on-site observation and
monitoring and evaluation data were used to estimate HIVST distribution costs 22, Costing studies in

Malawi, Zambia, Zimbabwe were conducted as part of larger randomized controlled trials 2. We also
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conducted time and motion studies. Cost data collection and analysis methods are described in detail
elsewhere 122324 Some variations of the “community-based” intervention were observed between
countries and are described in Appendix Text S1. For resources shared across different services,
models, or levels, we allocated expenditure using allocation factors summarised in Appendix Table

S1. Costs were adjusted for inflation using each country’s Consumer Price Index and presented in 2019

USS [15, 25].

For cost determinants (or cost drivers) presented in Table 2, data on scale, number of HIVST
distributors per site, efficiency, type of community-based intervention, percentages of HIVST Kkits
distributed to men and to those who never tested for HIV were collected through the PSI M&E
programme. Distance between distribution site and PSI headquarters, size of catchment population,
HTS costs and positivity rates at nearby health facilities, per capita Growth Domestic Product (GDP) in

2019 USS, were collected as part of the STAR costing studies 1% 24,

Study timelines

Cost data were collected between June 2016 and June 2019 across all countries (Figure 1). For the
analysis of observed costs at scale in Lesotho, costs were collected between August 2017 and April
2019 (17 months) in five districts (Berea, Leribe, Mafeteng, Maseru, Mohale’s Hoek) where HIVST kits
were distributed. We observed three scale-up phases of approximately 6 months each in Lesotho
(period 1: December 2017-April 2018; period 2: May 2018-October 2018; period 3: November 2018-

April 2019).
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2017 2018 2019

2016
Jun Oct Feb Jun Oct Feb Jun Oct Feb Jun
> Start-up »>Aug 17 - Nov 17
> Scale-upl »Dec17-Apris
Lesotho D Scale-up2 >May 18-0ct 18
> Scale-up3__ > Nov 18- Apr 19

Ma.,Za., zi. HIVSTIMPICMERtaton D Jun 16 - May 17

South Africa

Jun 18 - Jun 19 S HIVSTimpleMentation

Data sources:
[_] observed scale-up

- Econometric cost function

Figure 1. STAR costing period and data sources by country for each cost analysis (Ma.: Malawi, Za.: Zambia, Zi: Zimbabwe)
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Table 1. Overview of interventions by countries

Malawi Zambia Zimbabwe South Africa Lesotho Source
Per Capita Gross Domestic
$412 $1,305 $1,464 $6,001 $1,118 [26]
Product (2019 USS)
National HIV prevalence among
10.6 12.0 14.6 20.4 25.6 (27-31]
adults 15 to 59 years (%) - 2018
Mberengwa, Buhera
Blantyre, Machinga, Choma, Lusaka, Ndola, Masvingo, Chivi, City of Tshwane, City of Maseru, Berea, Leribe
Intervention district (32)
Mwanza, Neno Kapiri Gweru, Bulilima, Gutu, Johannesburg Mohale, Mafeteng
Mazowe
Catchment area of a
PSI fixed site (~one per
Catchment area of a Catchment area of a Ward
district) i.e. a district
Definition of site rural public primary rural public primary (subdivision of a District [12]
and across all five
health clinic health clinic district)
districts, for each
period 1-3
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Number of sites

11

16

44

18

[32]

Location: rural; urban or peri-

urban

11;0

8;8

44; 0

0;3

4;1

[32]

Analysis period

June 2016 — May 2017

(12 months)

June 2016 — May 2017

(12 months)

June 2016 — May 2017

(12 months)

June 2018 — June 2019

(13 months)

August 2017 — April

2019 (17 months)

[32]

Total number of HIVST Kkits

distributed in included

during observation period

sites

152,671

103,589

92,559

154,111

51,676

(12,

32]

19,
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Econometric analysis

Econometric model specification using data from Malawi, Zambia, Zimbabwe, and South Africa

We start our analysis with the conventional cost function where total costs are a function of quantity
and prices *”). We use a linear regression approach (Ordinary Least Squares) and use average cost per
HIVST kit distributed (arithmetic mean) as the dependent variable 3], We use average costs instead
of total costs as our sample is composed of sites at various administrative levels between countries
(district, catchment area of health facility), thus making comparison more intuitive, and because the
unit of output (HIVST kits distributed) is clearly defined (Equation 1). We included PSI central costs
(country and regional offices) in the average cost estimates to allow for comparison with observed
costs at scale. Because the cost data were highly skewed to the right with a heavy tail, we log-

transformed the dependent variable!®3,

Cost determinants were selected based on the economic theory of production function, through
programme observation, and the literature on cost functions for HIV care services [*4 3447 Cost drivers’
description, expected effect on costs and justification for inclusion in the model are presented in Table
2, following Lepine and colleagues’ approach for the categorisation of determinants “2. We used
multiple imputation for missing data although overall missingness was low, mean and standard
deviation were comparable before/after imputation. We checked model robustness with the

addition/removal of single regressors. The cost function was fitted using the R package &,
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Equation 1:

C =X ACy - Qx with Log(ACy) = By + P1*Scalex + [2*Scale?y + B3*Scale3y +
P+ Distributor sitex  +  fs*Campaigne  +  Ps*Log(Efficiencyi)+  fr*Perc meny — +
Ps*Perc_never._testedy + fo*Distanceix + [io*Populationy + [11*Positivityir + [12*Cost_facilityy +

L13*Price_levely

Where:

C: Total programme cost

k: Level of analysis: district, catchment area of health facility

Log(ACk): Natural logarithm of the average cost per scale variable Qi for level k

Scale: Average number of HIVST kits distributed per month

Distributor_site: Average number of distributors per site

Campaign: Type of intervention (campaign style versus fixed distributors)

Log(Efficiency): Natural logarithm of the number of HIVST kits distributed per agent monthly

Perc_men: Percentage of HIVST kits distributed to men out of total distribution volumes

Perc_never_tested: Percentage of HIVST kits distributed to people who never tested before out of

total distribution volumes

Distance: Distance of site from implementer’s central warehouse (in kilometres)

Population: Size of total population at the site

Positivity: Positivity of rapid HIV testing (number of HIV-positive case found out of total number of

persons tested) at nearby health facilities
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Cost_facility: Average cost per facility-based HIV testing session at nearby health facilities

Price_level: Proxy for input price level variation across countries based on per capita GDP

Bo: Model intercept

B1-B13: Model coefficients computed using empirical dataset

Qu«: Quantity of units for level k: number of HIVST kits distributed

Using the model to predict costs at scale in Lesotho

Coefficients in a log-linear model are the estimated percentage change — elasticity — in the dependent
variable for a unit change in the independent variable % > We used the ‘predict’ function in R
package to estimate average cost for various scale values. We used exponential function to back
transform estimated average costs as our error terms are normally distributed . We compare total
costs at “national” (all five districts) and district level to allow for comparison between observed costs
(scale-up periods 1,2 and 3) and predicted costs. The Likelihood Ratio test (LRT), comparing the
goodness of fit of two statistical models, was used to assess whether we could simplify the model (i.e.

reduce the number of parameters in our regression model) for cost projections.

Patient and Public Involvement

To conduct our costing study from a provider perspective, it was not appropriate to involve patients

or the public in the design, or conduct, or reporting, or dissemination plans of our research.
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Ethical approvals

Ethical approvals for the parent studies were obtained from the Medical Research Council of
Zimbabwe, Malawi College of Medicine Research Ethics Committee, University of Zambia Biomedical
Research Ethics Committee, London School of Hygiene and Tropical Medicine Ethics Committee, and
University College London Ethics Committee. The trials are registered under the Clinical Trials Network
(ClinicalTrials. gov) under registration numbers NCT02793804; NCT02718274; Pan African clinical trials
registry PACTR201607001701788 for Malawi, Zambia and Zimbabwe. Ethical approval was obtained
from the National Health Research Ethics Committee of Lesotho and the London School of Hygiene
and Tropical Medicine Ethics Committee (Ref. # ID64-2018 and 14887, respectively). Ethics approvals
for the costing work in South Africa were obtained from research ethics committees of the London
School of Hygiene and Tropical Medicine (Ref. # 15408), the Human Research Ethics Committee
(Medical) of the University of Witwatersrand (Ref. # M180379), and the Institutional Review Board of
Boston University School of Public Health (Ref. # H-37713). Informed consent was obtained from all

individual participants included in the time and motion study.
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Table 2. Variable categories, description, expected effect on costs and justification

Expected
Variable
Variable name Description effect on Justification Source
category
costs
Average costs per
Unit costs per HIVST kit distributed
Dependent HIVST kit distributed
including in-country central costs and NA NA (12]
variable including central
start-up costs in 2019 USD
costs
Number of HIVST kit distributed by site
Quantities Scale +/- (Dis)Economies of scale PSI
during the observation period
Site Increase your coverage and # of HIVST kits distributed (so
Number of full time equivalent HIVST
organisational HIVST distributors +/- lower average costs per kit distributed), but also increase PSI

characteristics

distributor in each site

personnel costs
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Variable coded 1 if the same distributors

travel from sites to sites (campaign style

In some countries, HIVST kits distribution was more

conservative and restricted by campaign duration in each

Campaign-style PSI
distribution) or 0 if they live within the site, so this approach could drive costs higher due to lower
community volumes of kits distributed and travel costs

The higher the number of HIVST kits distributed per agent,
Number of HIVST kits distributed per

Efficiency the more efficient they are, and the lower is the cost per kit  PSI

agent per month
distributed
Number of kits distributed to men — Also
% HIVST kits Men might be harder to reach and to convince to take a kit,
measure if programme is targeting well PSI
Characteristics distributed to men might lead to higher costs of provision
(proxy for quality)
of  population
Higher knowledge of HIV status might lead to lower demand STAR
targeted % never tested for
% of people who never tested for HIV for testing, including HIVST, leading to increased average household
HIV
cost per kit distributed surveys
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Environmental

characteristics

Distance from central warehouse to site Longer distance from the PSI headquarters and warehouse PSI, Google
Distance
in kilometres might lead to high costs of service provision Maps
Catchment Size of the catchment population of the Number of potential HIVST recipients affect levels of
PSI, MoH
population site regardless of eligibility distribution potentially leading to economies of scale
If the health facilities experience high positivity rates, the
Annual new HIV-positive identified over
Positivity at health demand for HIVST might be lower leading to increased
total tested at nearby health facility PSI, MoH
facility average costs (higher costs to reach the last % of target
(positivity rate)
population)
Although not a determinant, a significant correlation might
HTS average cost at Average cost per person tested with HTS
[12, 24]

health facility

at the nearest health facility

suggest the effect of other unobserved environmental

characteristics on costs

Input price level

Price level

Per Capita Growth Domestic Product

in 2019 USS

Proxy for input price level variation across countries

[26]
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Results

Descriptive statistics

Descriptive statistics (mean, standard deviation, min, max) of data are presented for the full sample
and for each country in Table 3. Sample mean of average cost per kit distributed was $14.58 (median:
$13.54). On average, each site had 26 (range: 2-272) distributors and distributed 993 (range: 160-
5,904) kits. Part of the strategy was to reach men, and those who had never tested before, these
groups made up, on average, 48%, and 12%, respectively of kit recipients. Average distance of site to
warehouse was 162 kilometres, population size of 672,429 inhabitants, finally, positivity rate of 8%

and the cost of provider-delivered HIV testing was $6.22 per person tested at nearby health facilities.

Determinants of HIVST average costs at programme level and model simplification

We retained a combination of three scale variables, normally distributed, quadratic and cubic, because
they explained the largest share of the variance (R? was the highest) % >3, We explored several
functional forms for other cost determinants, only efficiency was log-transformed as it improved
model fit. Other determinants were kept with a normal distribution. The correlation matrix showed
high correlation between population and scale, between distributors and campaign-style, and low or
no correlation otherwise (Appendix Figure S1); therefore, the variables population and distributors
were excluded. Multicollinearity was assessed on the remaining cost drivers using the variance
inflation factor (VIF) test and was acceptable (mean VIF: 2.94). We tested for heteroscedasticity using
the Breusch-Pagan test and failed to reject the null hypothesis (p>0.05), therefore heteroscedasticity

was not present in the model.
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We progressively added cost determinants to our model starting with scale, followed by organizational
characteristics, characteristics of the population reached, environmental factors, and price level
(Table 4). Major cost determinants were scale, campaign-style distribution, % of kits distributed to
men, distance from the implementer’s warehouse, and price level (Model 5). We found a negative
association between scale and average cost. If scale increases by 100 HIVST kits distributed, average
cost decreases by 0.16%. Campaign-style distribution increased costs by 19%. An increase in one
percent of kits distributed to men increased average cost by 0.67%. An increase of the distance
between the implementer’s warehouse and HIVST distribution areas by one kilometre increased costs
by 0.01%. Finally, an increase of per capita GDP (price_level) by $10, led to an increase of average cost

by 0.01%.

For the model simplification analysis, we removed % never tested, positivity and HTS costs at health
facility in Model 6, as these determinants were not significant (Table 5). Model 5 did not significantly
improve fit to the data than Model 6 (LRT: p-value: 0.82). Additionally, Model 7, where efficiency was

removed, did not significantly reduced goodness of fit than Model 6 (LRT: p-value: 0.67).
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Table 3. Descriptive statistics

Total sample Malawi Zambia
Number of sites (N) 92 11 16
Variables Mean Std Min Max Mean Std Min Max Mean Std Min Max
Average cost per HIVST kit

14.58 2.8 7.2 54.44 10.65 2.93 7.20 17.04 21.11 10.73 7.91 50.01
distributed (including central costs)
Average cost per HIVST kit

10.73 1.7 4.52 41.49 5.56 1.03 4.52 7.52 12.39 5.36 6.40 26.50
distributed (excluding central costs)
Scale 1,319 819 160 5,904 1,045 1,005 380 3,511 589 398 160 1,859
HIVST distributors 26 26 2 40 13 8 6 31 9 3 5 18
Campaign-style 0.56 0.5 0 1 0 0 0 0 0 0 0 0
Efficiency 109 56 13 486 75 22 48 113 64 23 27 103
% HIVST kits distributed to men 48 8 31 76 50 3 45 55 56 25 33 76
% HIVST kits distributed to people

12 2 0 22 18 3 11 22 18 3 13 21
who never tested for HIV
Distance 162 35 3 647 85 55 20 180 210 122 11 348
Catchment population 672,429 824,163 549 4,949,347 | 24,007 21,804 4,452 82,581 48,379 50,924 10,096 172,753
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Positivity 0.08 0.03 0 0.62 0.09 0.04 0.03 0.14 0.09 0.07 0.00 0.27
HTS average cost 6.22 2.5 2.3 34.78 3.97 1.09 2.64 5.81 4.45 1.41 2.49 7.17
Zimbabwe South Africa Lesotho
Number of sites (N) 44 3 18
Variables Mean Std Min Max Mean Std Min Max Mean Std Min Max
Average cost per HIVST kit
15.79 7.32 10.19 54.44 13.54 5.36 9.69 19.67 11.79 3.79 6.97 22.81
distributed (including central costs)
Average cost per HIVST kit
11.65 5.66 7.44 41.49 12.59 5.38 8.76 18.74 11.45 3.64 6.80 21.96
distributed (excluding central costs)
Scale 1,052 401 160 2,101 2,901 2,636 971 5,904 1,009 1,007 188 4,184
HIVST distributors 23 7 5 40 10 7 2 14 75 71 10 272
Campaign-style 1 0 1 1 0 0 0 0 0 0 0 0
Efficiency 47 14 13 80 346 155 130 486 15 7 5 40
% HIVST kits distributed to men 44 4 38 55 51 12 37 60 38 9 31 56
% HIVST kits distributed to people
12 4 5 21 11 8 3 18 2 1 0 2
who never tested for HIV
Distance 349 141 33 647 90 85 17 184 76 54 3 130
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Catchment population 8,023 24,453 549 165,590 2,989,107 2,117,801 742,822 4,949,347 | 292,627 144,458 165,590 519,186
Positivity 0.07 0.10 0.00 0.62 0.13 0.05 0.10 0.18 0.03 0.01 0.03 0.04
HTS average cost 7.15 5.74 2.30 34.78 11.21 6.94 5.02 18.71 4.30 1.32 2.49 6.15

Std: Standard deviation
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Table 4. Determinants of HIVST average costs at programme level

Model 1 Model 2 Model 3 Model 4 Model 5

Parameters Estimate Std. Error Estimate Std. Error Estimate Std. Error Estimate Std. Error Estimate Std. Error
Constant 3.501 *EE 0.125 3.428 *Hk 0.335 3.135 Ak 0.390 2.395 Ak 0.405 3.153 xRk 0.437
Scale (in thousands) -1.261 Hokk 0.250 -1.935 Hokk 0.316 -1.889 Hokk 0.319 -1.529 Hokk 0.314 -1.578 *kE 0.291
Scale”2 (in millions)  0.388 ok 0.132 0.684 e 0.149 0.656 rokk 0.150 0.492 rokk 0.146 0.553 *oxk 0.137
Scale”3 (in billions)  -0.036 ** 0.016 -0.068 *EK 0.018 -0.064 *Ek 0.018 -0.046 *Ek 0.017 -0.056 xRk 0.016
Campaign-style 0.364 *Ek 0.101 0.392 *Ek 0.104 0.169 0.108 0.174 * 0.100
Efficiency 0.050 0.095 0.071 0.093 0.171 * 0.095 -0.049 0.109
% HIVST kits

0.533 o 0.246 0.737 oAk 0.228 0.511 *x 0.221
distributed to men
% HIVST kits

-0.557 0.769 -1.236 * 0.722 -0.097 0.748

distributed to
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people who never

tested for HIV

Distance (in

1.062 *EX 0.279 0.603 *k 0.292
thousands)
Positivity 0.071 0.352 0.177 0.327
HTS average cost -0.001 0.006 -0.004 0.006
Price_level (in

0.139 *Ex 0.041

thousands)
No. of obs. 74 74 74 74 74
R2 0.51 0.63 0.66 0.74 0.78
R2-adjusted 0.49 0.60 0.62 0.69 0.74

**#%p<0.01, **p<0.05, *p<0.10
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Table 5. Model simplification approach

Model 5 Model 6 Model 7
Parameters Estimate Std. Error Estimate Std. Error Estimate Std. Error
Constant 3.153 *Hk 0.437 3.110 HAE 0.418 2.963 *xE 0.191
Scale (in thousands) -1.578 Hokk 0.291 -1.630 Hokk 0.271 -1.662 Hokk 0.257
Scale”2 (in millions) 0.553 oAk 0.137 0.575 Ak 0.129 0.585 roxk 0.126
Scale”3 (in billions) -0.056 *EK 0.016 -0.059 *EE 0.015 -0.060 *xE 0.015
Campaign-style 0.174 * 0.100 0.187 ok 0.093 0.205 ok 0.080
Efficiency -0.049 0.109 -0.037 0.092
% HIVST kits distributed to men 0.511 o 0.221 0.519 *x 0.216 0.542 o 0.208
% HIVST kits distributed to people

-0.097 0.748
who never tested for HIV
Distance (in thousands) 0.603 o 0.292 0.582 ok 0.245 0.623 ok ok 0.222
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Positivity 0.177 0.327

HTS average cost -0.004 0.006
Price_level (in thousands) 0.139 *Ex 0.041 0.133 kX 0.035 0.126 *Ax 0.029
No. of obs. 74 74 74
R2 0.78 0.77 0.77
R2-adjusted 0.74 0.75 0.75
Likelihood ratio test: Model 5 vs. Model 6, and Model 6 vs. Model 7
Difference of chi-squared values
0.93 (3) 0.18(1)
(degrees of freedom)
p-value 0.82 0.67

***¥p<0.01, **p<0.05, *p<0.10; degrees of freedom calculations: Model 5 vs. Model 6: 13-10=3, Model 6 vs. Model 7: 10-9=1
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Observed costs at scale in Lesotho

The cost analysis (Appendix Table S2) was conducted for each of the three costing periods at national
and district level. The main cost drivers identified were personnel costs at national level (9%, 12%, and
9% for period 1, 2, and 3 respectively), district level (29%, 29%, and 31%), and community outreach
(27%, 28%, and 21%), as well as HIVST kits costs (25%, 20% and 30%). Overall, HIVST distribution
volumes were decreasing between periods 1 and 2 (14,099 and 12,471 kits), then increasing between
period 2 and 3 (12,471 and 25,106 kits). Between districts, we observed wide variation in HIVST kit
distribution volumes ranging from 1,130 kits (Mohale’s Hoek, period 2) to 7,958 kits (Leribe, period 3).
At national level, average cost per kit distributed varied between periods: $10.69, $13.71, and $9.12
in period 1, 2, and 3, respectively. At district level, wide variation was observed with average cost

ranging from $6.97 (Leribe, period 3) to $22.81 (Berea, period 2).

Predicting costs at scale in Lesotho using the ECF with varying levels of complexity and comparison

with observed costs at scale

We present observed total costs for each scale-up period at national and district level in Lesotho,
against projected costs from Models 5-7 (Figure 2). Overall cost projections at given scale were close
to observed costs at district level and at national level in period 1, whereas we report some
discrepancies at national level in periods 2 and 3. The comparison of projected total costs also showed
that more parsimonious ECF (Model 7) were not less accurate than more data hungry ECF (Model 5).
Simplified models were more precise due to narrower 95% confidence intervals, but would sometimes

not include the observed costs in their range (Model 5 versus Model 7: all districts — period 2).
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Figure 2. National and district level observed and projected (Models 5-7) HIVST total costs by scale-up period in Lesotho (error bars: 95% Confidence intervals)
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Discussion

Our study developed an econometric cost function for scaling up community-based HIVST
programmes for the general population in southern Africa, using data from five countries. Our results
suggest that programme design characteristics, including the scale of HIVST distribution, type of
community-based intervention, characteristics of the population targeted with HIVST (men), distance
from implementer’s headquarter, and per capita GDP can be used to predict average costs. These
findings are consistent with previous studies on HIV prevention cost functions highlighting the role of
scale as the major cost determinant among other cost drivers 142434754 We also found that reaching
men was associated with higher average HIVST distribution costs. Previous studies have shown that
men’s uptake of community HIV testing is often lower than uptake in women, as men are less likely to
be present when mobile testing teams visit households, or might be more reluctant to take a kit,
therefore increasing provision costs > >> %, |n addition, it is increasingly relevant to account for
decreasing returns to scale for epidemics such as HIV or malaria where testing efforts have increased
over decades, making it more expensive to reach the last percentage of the target population — due
to the last remaining untested living in remote areas, or being part of harder to reach population

groups, etc.

Our model simplification approach showed that we could use a more parsimonious model to predict
costs without significantly losing accuracy. This is particularly relevant as in most studies, we have
scant opportunity to collect large amounts of location-specific cost data, and the necessary
background information (e.g. percentage of population who never tested at the community level)
might not exist. The per capita GDP variable showed that our cost function could potentially be applied
to other countries. This is in line with the study by Cerecero-Garcia and colleagues that used per capita
GDP as a determinant to predict HIV treatment average costs in out-of-sample countries ®”). The
extrapolation of cost projections to other southern African countries seems possible with our

parsimonious empirical cost function, however it would probably require additional or different
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variables in other settings such as in West Africa. The use of ECF to predict costs at scale in the context
of financial planning and budgeting is limited in the development economics literature (14185859 |n 3
study from 2018, Berman and colleagues used a combination of ECF and ACF (using the normative
costing approach incorporated in the World Health Organization’s OneHealth tool) to provide low and
high estimates of financial needs to plan Ethiopia’s primary health care system. The authors suggested
that ECF could provide a low estimate of resource needs due to limited inclusion of capital
investments, future changes in services offered to meet changes in health needs, and future
improvements potentially required for the quality of services provided 8. Their findings suggest that

our cost projections based on ECF could potentially underestimate the amount of resources needed.

Our findings in Lesotho for the observed cost analysis across scale-up periods are consistent, in terms
of average costs and cost composition, with the existing literature on HIVST costs in the region, ranging
from US$8.15 per kit distributed in Malawi to US$16.42 in Zambia % *%, This suggests that they can
be used as comparators with forecast costs analysis. Overall, ECF gave highly accurate and consistent
scale-up cost estimates compared to observed costs at district level, suggesting a good predictive
capacity of our empirical cost function. At higher scale (national level), cost predictions were close to
observed costs in period 1, but were slightly below observed costs in period 2, and above in period 3.
HIVST implementation and scale-up in Lesotho went through varying levels of efficiency (i.e. number
of HIVST kits distributed by agents monthly), and was explained by an HIVST implementation strategy
maturing over time with important impact on programme costs*®. HIVST scale-up went through an
inefficient phase in period 2 with limited HIVST distribution volumes because of the time spent by
providers to offer individual onsite counselling and supervision for self-testing at the mobile outreach.
Period 2 was then followed by a more efficient phase, when self-testing booth were introduced at the
mobile outreach (period 3) allowing staff to supervise onsite self-testing of many clients at the same
time. Although we account for efficiency as a cost determinant in our models 5-7, it was not significant,
maybe related to our relatively small sample size or the small role that distributor salaries play in

overall costs. Additionally, our ECF is highly sensitive to scale (strongest cost driver), explained by
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observed large economies of scale in our country sample (Malawi, Zambia, Zimbabwe)™?, which is
why the ‘efficiency’ effect is only observed at larger scale (national and not district level).
Consequently, during the inefficient period 2, our projected costs are underestimating observed costs

(predicting higher economies of scale than actually observed), and vice versa in period 3.

Our study has several limitations. First, although we use primary data and standardised cost data
collection and analysis methods, we have an unbalanced sample of sites. While some countries
contributed with a large sample of sites, others only included a few observations. We assume that
because the same implementer (PSI) is working in the region with similar financial reporting system,
this unbalance would not affect our modelling approach. Second, we use an observed scale-up period
in Lesotho which evolved over time as programme matures, limiting our assessment of cost
projections’ accuracy. Third, we do not have country-specific panel data, therefore, time-dependent
unobserved cost determinants are ignored for the econometric analysis. Fourth, while these estimates
provide some likely key drivers of costs and their direction, we do expect our cost projections to be
more accurate within settings where the main change relates to variations in scale. Fifth, our cost
analysis is limited to average costs per kit distributed as the private nature of the HIVST did not allow
us to estimate the costs of identifying new HIV-positive individuals or those HIV-positive individuals
linked to treatment through HIVST, limiting the applications of our findings by policymakers and

programme planners.

Our empirical analysis adds to the discussion on the trade-off between simplicity versus accuracy in
cost projection method. Further research should estimate health intervention costs at scale using the
three different cost function methods (SCM, ECF and ACF), and compare cost predictions at various
scales, ultimately to inform the choice of a cost projection method based on the intended use of the

cost estimates.
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Appendix Text - Narrative description of the community-based HIVST distribution models across
countries — PSI New Start programme in all countries (adapted from Mangenah et al., 2019; d’Elbée
et al., 2020)

Malawi

In Malawi, a randomised controlled trial (RCT) was conducted in rural areas of Blantyre, Machinga,
Mwanza and Neno districts in Southern Malawi and comprised a total trial population of
approximately 62,500 residents. Catchment populations of 22 public rural primary health clinics
(PHCs) were randomized 1:1 to either HIVST or standard of care. In the 11 HIVST intervention
communities, residents had access to community-based distribution agent’s (CBDA) delivered HIVST
(door-to-door) or the option to go to the CBDA’s home over a continuous 1-year period (June 2016 to
May 2017). CBDAs were paid an incentive of United States Dollar (US) $0.15 [100 Malawi Kwacha
(MWK)] per kit distributed. This was integrated into their regular activities distributing contraceptives
and other health products. In all sites, residents could access free HTS and ART if HIV-positive, through
the PHCs.

Zambia

In Zambia, residents across 16 rural community sites had access to CBDA delivered HIVST or the option
to go to the CBDA’s home over a continuous 1-year period (July 2016 to June 2017), reaching a total
target adult population of 416,294 across Ndola, Kapiri, Lusaka and Choma districts. In this hub and
spoke model CBDAs were linked to specific clinics and worked in their surrounding catchment
populations. CBDAs were initially paid a monthly allowance of US$78 [750 Zambia Kwacha (ZMK)]
independent of performance; this was later supplemented by a US$0.21 (2 ZMK) incentive per used
kit returned. Though only six sites were included in the RCT, costs were evaluated for all 16 sites.

Zimbabwe

In Zimbabwe, the RCT was conducted across eight rural district sites with a total trial population of
approximately 224,116 residents. Forty-four geographically defined wards were randomized 1:1 to
either linkage intervention (HIVST plus distributor incentive for linkage events) or control (HIVST with
fixed distributor allowance) clusters. HIVST was delivered across sites through one-off 4-6 week
campaigns, moving sequentially from one district to the other between August 2016, and May 2017.
In each district, new CBDAs were recruited and trained for three days. CBDAs then each distributed a
specific number of tests proportional to their confined catchment area. Each CBDA was equipped with
a tablet to demonstrate how to conduct a self-test through a video and to collate data on each self-
tester.

At one to two weeks following HIVST distribution, the routine PSI mobile outreach service offered HIV
confirmatory testing for individuals with reactive HIVST test result and HIV treatment referral to public
sector health facilities for individuals with confirmed HIV positive results, including other services such
as family planning and screening for non-communicable diseases. All CBDAs received a fixed allowance
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of USDS50, with an additional US$0.20 incentive for those in the linkage intervention arm per HIVST
positive tester who linked for post-test services at PSI mobile outreach services. There was no
compensation given to HIV negatives linking to post-test services. We estimated the cost of HIVST
distribution in both intervention and —control sites. The cost of providing confirmatory testing at
outreach services is not included in this study, for consistency across countries.

Lesotho

HIVST provision was done through PSI mobile outreaches or mobile team conducting door-to-door
HTS and HIVST distribution in five priority districts of Lesotho (Maseru, Berea, Leribe, Mafeteng, and
Mohale’s Hoek).

In the case of outreach based activities, the client is offered the option to self-test or to receive
provider delivered HTS at the mobile outreach. The HTS provider collects client data based on the
HIVST register. Clients who opt for self-testing have the choice of testing on site or taking the kit away
for testing at their convenience. Clients are encouraged to test at mobile outreach where possible to
maximize review of test result with HTS provider.

Clients who choose to self-test on-site are given a self-test package and access to testing tent where
they can self-test in private. If the result is positive, the client is offered confirmatory HIV Testing by
the HTS provider at the site. If confirmatory results are positive, the client is referred to the preferred
nearby health facility. All confirmed clients living with HIV are offered HIV self-test kit for secondary
distribution to their sexual partner(s) or home visit for index HIV testing.

If HIV self-test is negative, the client is counselled on HIV prevention and offered preventive methods
including VMMC for males, PrEP if eligible according to guidelines and consistent & correct condom
use. The clients with a negative HIV status are also counselled on need for subsequent repeat testing
according to risk profile outlined in the national guidelines. Clients who opt to do self-test off site also
follow similar processes for clients who test off site at New Start.

South Africa

Between Jan 2018 and Oct 2019, 158,997 HIVST kits were distributed by Society for Family Health -
SFH (PSI affiliate) in community-based models through fixed-point distribution in the districts of City
of Tshwane, City of Johannesburg, and Dr Kenneth Kaunda.

HIVST was integrated with existing community-based HTS activity platforms where HIVST was offered
to individual clients after demonstration of how to use it as an HTS screening option. At the time of
receiving the package clients were shown an instructional video on a tablet or smartphone. Basic
information were collected from the client, including demographics and history of HIV testing; using
REDCap™. Clients could choose to self-test themselves onsite or with assistance of the counsellor.
Clients who chose to self-test onsite were given a HIVST kit with validated instructions and access to
a private space. Clients were encouraged to disclose their HIVST results to the counsellor. Clients who
self-tested negative were referred for prevention services and clients who had a reactive self-test were
confirmed and referred for further managed health care.
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Appendix Table S1. Allocation factors from STAR expenditures to model, and model to districts

STAR expenditure - Allocation of

STAR expenditure - Allocation factors - Model

Input types I
incremental HIVST costs to districts
Start-up
S1: Training Not applicable % of participants to the training

S2: Sensitisation

S3: Start-up other

Not applicable

Not applicable

Equally across districts

% of HIVST kits distributed

Capital

A: Building & storage

B: Equipment

Full: Direct
Incremental: Direct expenditure

expenditures

Full: % of HTS versus HIVST activities
Incremental: Direct expenditure

% of direct expenditure

% of direct expenditure

Recurrent

E: Personnel & Per diems — HQ (international and

national)
E: Personnel & Per diems — HQ (district)

E: Personnel & Per diems — HQ (field)

F: Supplies (including HIVST kits)

Full: Direct
Incremental: Direct expenditures

expenditures

Full: Direct
Incremental: Direct expenditures

expenditures

Equally across districts

% of HIVST distributors

% of HIVST distributors

% of HIVST kits distributed
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% of mileage (HQ to district HQ) and # of cars

G: Vehicle operation, maintenance & transport Full: Direct expenditures per site
i

H: Building operation/maintenance Full: Direct expenditures % of direct expenditure

Full: Direct expenditures

. . % of HIVST kits distributed
Incremental: Direct expenditures

K: Other recurrent
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Appendix Figure S1. Correlation matrix
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Appendix Table S2. Observed incremental HIVST costs for each of the three costing periods (period 1: December 2017 — April 2018, period 2: May 2018 -

October 2018, period 3: November 2018 — April 2019) at national and district levels in Lesotho (1/3)

5 districts

Dec 17 — Apr 18

May 18 - Oct 18

Nov 18 — Apr 19

Berea

Dec 17 - Apr 18

May 18 - Oct 18

Nov 18 — Apr 19

# of implementation month 5 6 6 5 6 6

Input types Costs % Costs % Costs % Costs % Costs % Costs %
Start-up

S1: Training $574.57 0%  $574.57 0%  $574.57 0%  $68.31 0%  $68.31 0% $68.31 0%
S2: Sensitisation $188.75 0%  $188.75 0%  $188.75 0%  $37.75 0%  $37.75 0% $37.75 0%
S3: Start-up other $4,039.27 3%  $4,039.27 2%  $4,039.27 2%  $786.35 3%  $786.35 2% $786.35 2%
Start-up - sub-total 54,802.59 3% 54,802.59 3% 54,802.59 2%  $892.41 3% $892.41 3% $892.41 2%
Capital

A: Building & storage $64.75 0%  $1,374.58 1%  $1,367.43 1% S$11.51 0%  $244.25 1% $242.98 1%
B1: Equipment - National $0.00 0%  $32.43 0%  $0.00 0%  $0.00 0%  $5.76 0% $0.00 0%
B2: Equipment - District $315.96 0%  $588.52 0%  $2,373.13 1%  $56.15 0%  $104.58 0% $421.69 1%
Capital - sub-total $380.71 0% $1,995.53 1%  $3,740.57 2%  567.65 0% $354.59 1% $664.68 1%
Recurrent

E1l: Personnel & Per diems - HQ - International $7,623.82 5% $7,166.08 4%  $3,502.23 2% $1,524.76 5% $1,433.22 4% $700.45 1%
E2: Personnel & Per diems - HQ - National $13,966.18 9%  $20,438.02 12% $20,469.76 9%  $2,793.24 9%  $4,087.60 12%  $4,093.95 9%
E3: Personnel & Per diems - HQ - District $43,608.84 29% $50,170.86 29% $70,638.18 31% $9,344.75 30% $10,750.90 31% $15,136.75  32%
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E4: Personnel & Per diems - Field $40,247.13 27% $48,296.56 28% $48,296.56 21% $8,624.39 28% $10,349.26 29% $10,349.26 22%
F1: Supplies $465.80 0% $165.28 0% $173.01 0%  $90.68 0% $32.18 0% $33.68 0%
F2: HIVST kits $38,255.60 25% $33,838.26 20% $68,121.51 30% $7,447.51 24% $6,587.55 19% $13,261.74 28%
G: Vehicle operation, maintenance & transport ~ $422.02 0% $1,311.18 1%  $3,802.08 2%  $67.17 0% $208.68 1% $605.11 1%
H: Building operation/maintenance $284.57 0% $656.66 0% $1,282.08 1%  $50.57 0% $116.68 0% $227.82 0%
K: Other recurrent costs $664.84 0% $2,080.78 1%  $4,250.60 2%  $129.43 0%  $405.08 1% $827.50 2%
Recurrent - sub-total $145,538.81 97% $5164,123.68 96% $220,536.00 96% $30,072.49 97% $33,971.16 96% 545,236.26 97%
Total HIVST costs $150,722.11 $170,921.79 $229,079.16 $31,032.55 $35,218.16 $46,793.34

HIVST kits distributed 14,099 12,471 25,106 3,656 1,544 4,258

Average HIVST costs $10.69 $13.71 $9.12 $8.49 $22.81 $10.99
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Appendix Table S2. Observed incremental HIVST costs for each of the three costing periods (period 1: December 2017 — April 2018, period 2: May 2018 -

October 2018, period 3: November 2018 — April 2019) at national and district levels in Lesotho (2/3)

Leribe

Dec 17 - Apr 18

May 18 - Oct 18

Nov 18 - Apr 19

Mafeteng

Dec 17 - Apr 18

May 18 - Oct 18

Nov 18 - Apr 19

# of implementation month 5 6 6 5 6 6

Input types Costs % Costs % Costs % Costs % Costs % Costs %
Start-up

S1: Training $130.58 0%  $130.58 0%  $130.58 0%  $88.40 0%  $88.40 0%  $88.40 0%
S2: Sensitisation $37.75 0%  $37.75 0%  $37.75 0%  $37.75 0%  $37.75 0%  $37.75 0%
S3: Start-up other $987.18 3%  $987.18 2%  $987.18 2%  $639.74 3%  $639.74 3%  $639.74 2%
Start-up - sub-total $1,155.52 3%  $51,155.52 3%  $1,155.52 2%  $765.89 4%  5765.89 3% 5765.89 2%
Capital

A: Building & storage $16.16 0%  $343.00 1%  $341.22 1%  $10.03 0%  $212.98 1%  $211.87 1%
B1: Equipment - National $0.00 0%  $8.09 0%  $0.00 0%  $0.00 0%  $5.02 0%  $0.00 0%
B2: Equipment - District $78.84 0%  $146.86 0%  $592.18 1%  $48.96 0%  $91.19 0%  $367.70 1%
Capital - sub-total $95.00 0%  $497.95 1%  $933.40 2%  558.99 0%  5309.19 1%  5579.58 2%
Recurrent

E1l: Personnel & Per diems - HQ - International $1,524.76 4%  $1,433.22 4%  $700.45 1%  $1,524.76 7%  $1,433.22 6%  $700.45 2%
E2: Personnel & Per diems - HQ - National $2,793.24 8%  $4,087.60 10% $4,093.95 7%  $2,793.24 13% $4,087.60 16% $4,093.95 12%
E3: Personnel & Per diems - HQ - District $10,760.62 30% $12,379.82 30% $17,430.20 31% $5,380.31 25% $6,189.91 25% $8,715.10 26%
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E4: Personnel & Per diems - Field $9,931.11 28% $11,917.33 29% S$11,917.33 21% $4,965.56 23% $5,958.67 24% $5,958.67 18%
F1: Supplies $113.84 0% $40.39 0% $42.28 0% $73.77 0% $26.18 0% $27.40 0%
F2: HIVST kits $9,349.54 26% $8,269.96 20% $16,648.67 30% $6,058.93 28% $5,359.31 22% $10,789.10 32%
G: Vehicle operation, maintenance & transport ~ $129.41 0%  $402.08 1%  $1,165.92 2%  $82.81 0%  $257.29 1%  $746.08 2%
H: Building operation/maintenance $71.01 0% $163.86 0%  $319.92 1%  $44.09 0%  $101.75 0%  $198.65 1%
K: Other recurrent costs $162.48 0% $508.53 1% $1,038.83 2% $105.30 0% $329.55 1% $673.21 2%
Recurrent - sub-total $34,836.02 97% $39,202.80 96% $53,357.56 96% $21,028.77 96% 523,743.47 96% $31,902.60 96%
Total HIVST costs $36,086.54 $40,856.27 $55,446.47 $21,853.65 $24,818.55 $33,248.06

HIVST kits distributed 3,270 3,064 7,958 1,411 2,866 3,625

Average HIVST costs $11.04 $13.33 $6.97 $15.49 $8.66 $9.17
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Appendix Table S2. Observed incremental HIVST costs for each of the three costing periods (period 1: December 2017 — April 2018, period 2: May 2018 -

October 2018, period 3: November 2018 — April 2019) at national and district levels in Lesotho (3/3)

Maseru

Dec 17 - Apr 18

May 18 - Oct 18

Nov 18 - Apr 19

Mohale

Dec 17 - Apr 18

May 18 - Oct 18

Nov 18 - Apr 19

# of implementation month 5 6 6 5 6 6

Input types Costs % Costs % Costs % Costs % Costs % Costs %
Start-up

S1: Training $245.10 1% $245.10 0% $245.10 0% $42.19 0% $42.19 0% $42.19 0%
S2: Sensitisation $37.75 0%  $37.75 0%  $37.75 0%  $37.75 0%  $37.75 0%  $37.75 0%
S3: Start-up other $1,150.76 3% $1,150.76 2% $1,150.76 2% $475.23 3% $475.23 2% $475.23 2%
Start-up - sub-total $1,433.60 3%  $1,433.60 3%  $1,433.60 2%  $555.17 3%  $555.17 3%  $555.17 2%
Capital

A: Building & storage $20.41 0%  $433.30 1%  $431.05 1%  $6.64 0%  $141.03 1%  $140.30 1%
B1: Equipment - National $0.00 0%  $10.22 0%  $0.00 0%  $0.00 0%  $3.33 0%  $0.00 0%
B2: Equipment - District $99.60 0%  $185.52 0%  $748.08 1%  $32.42 0%  $60.38 0%  $243.49 1%
Capital - sub-total $120.01 0%  5629.04 1%  $1,179.13 2%  $39.06 0%  5204.74 1%  $383.79 1%
Recurrent

E1l: Personnel & Per diems - HQ - International $1,524.76 3%  $1,433.22 3% $700.45 1%  $1,524.76 9%  $1,433.22 7%  $700.45 3%
E2: Personnel & Per diems - HQ - National $2,793.24 6%  $4,087.60 8%  $4,093.95 6%  $2,793.24 16% $4,087.60 20% $4,093.95 15%
E3: Personnel & Per diems - HQ - District $13,875.54 32% $15,963.46 32% $22,475.78 34% $4,247.61 24% $4,886.77 24% $6,880.34 25%
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E4: Personnel & Per diems - Field $12,805.91 29% $15,367.09 31% $15,367.09 23% $3,920.18 22% $4,704.21 23% $4,704.21 17%
F1: Supplies $132.70 0% $47.09 0% $49.29 0% $54.80 0% $19.45 0% $20.35 0%
F2: HIVST kits $10,898.74 25% $9,640.27 19% $19,407.31 29% $4,500.88 25% $3,981.17 19% $8,014.69 30%
G: Vehicle operation, maintenance & transport ~ $16.20 0%  $50.34 0%  $145.96 0%  S$126.43 1%  $392.80 2%  $1,139.01 4%
H: Building operation/maintenance $89.70 0%  $207.00 0%  $404.14 1%  $29.20 0%  $67.37 0%  $131.54 0%
K: Other recurrent costs $189.41 0%  $592.80 1%  $1,210.96 2%  $78.22 0%  $244.81 1%  $500.10 2%
Recurrent - sub-total 5$42,326.20 96% $547,388.85 96% $63,854.94 96% $17,275.32 97% $19,817.40 96% $26,184.65 97%
Total HIVST costs $43,879.81 $49,451.50 $66,467.67 $17,869.55 $20,577.31 $27,123.61

HIVST kits distributed 3,739 3,867 6,598 2,023 1,130 2,667

Average HIVST costs $11.74 $12.79 $10.07 $8.83 $18.21 $10.17
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Conclusions from Paper 3

The results presented in this paper offer important insights into key costs drivers of HIVST implementation
such as programme design characteristics, including the scale of HIVST distribution, type of community-based
intervention, characteristics of the population targeted with HIVST (men), distance from implementer’s
headquarter, and per capita GDP. The model simplification approach suggests that | could use a more
parsimonious model to predict costs and adds to the discussion on the trade-off between simplicity versus
accuracy in cost projection method. Finally, my comparative study with observed scale-up costs in Lesotho
suggests that this cost function could potentially inform analyses of scale-up costs in other countries of the

region.

The next paper presents the costs of implementing and scaling-up community-based HIVST programmes in

western Africa with a different epidemiology of HIV, using accounting cost function methods.
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Chapter 6 — Paper 4: Costs and scale-up costs of integrating HIV self-testing into civil
society organisation-led programmes for key populations in Cote d’lvoire, Senegal, and
Mali

Overview of Paper 4

As presented in chapter 1, in response to the concentrated HIV epidemic on key populations in western Africa,

HIVST is being added to HTS programme in Céte d’Ivoire, Senegal and Mali with the ATLAS research project.

This paper estimates the costs of implementing HIVST through civil society organisations-led models for KP in
Cote d’lvoire, Senegal, and Mali. A simple accounting cost function is also proposed to model the costs of

scaling up this intervention based on national country targets.

This work was reviewed and approved by the ethics committees from the London School of Hygiene and
Tropical Medicine, WHO Ethic Research Committee, Comité National d’Ethique des Sciences de la vie et de la
Santé de Cote d’lvoire, Comité National d’Ethique pour la Recherche en santé du Sénégal, Comité d’Ethique
de la Faculté de Médecine de Pharmacie et d’Odonto-Stomatologie de I'Université des Sciences et des

Techniques de Bamako in Mali (Appendix 1V).

Appendix table Al contains additional details on the methods taken regarding the selected allocation factors
for the top-down costing analysis by input types. Appendix table A2 presents the full observed total and
average intervention costs by CSO and key groups for all countries. Appendix table A3 reports total and average
intervention costs in transition and at scale-up by key group and scale-up year for all countries. Finally,
Appendix figures Al and A2 reports the tornado diagrams of findings from the deterministic sensitivity analysis
by country, and the estimated average cost at scale per HIVST kit distributed by key group and scale-up year

from the scenario analysis, respectively.

Cost data analysis was conducted following the Global Health Cost Consortium guidelines. The accounting cost

function used a simple model with the identification of fixed and variable costs at various intervention levels.
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This paper is presented as accepted in the journal Frontiers in Public Health in May 2021.

This paper fulfils research objective 4 by applying accounting approaches to estimate costs at scale using the

case of community-based HIVST national scale-up in Cote d’lvoire, Senegal, and Mali.
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Abstract (350/350 words)

Despite significant progress on the proportion of individuals who know their HIV status in 2020, Cote d’Ivoire
(76%), Senegal (78%), and Mali (48%) remain far below, and key populations (KP) including female sex workers
(FSW), men who have sex with men (MSM), and people who use drugs (PWUD) are the most vulnerable groups
with a HIV prevalence at 5%-30%. HIV self-testing (HIVST), a process where a person collects his/her own
specimen, performs a test, and interprets the result, was introduced in 2019 as a new testing modality through

the ATLAS project coordinated by the international partner organisation Solthis (IPO).

We estimate the costs of implementing HIVST through twenty-three civil society organisations (CSO)-led
models for KP in Céte d’lvoire (N=7), Senegal (N=11), and Mali (N=5). We modelled costs for programme
transition (2021) and early scale-up (2022-2023). Between July 2019 and September 2020, a total of 51,028,
14,472 and 34,353 HIVST kits were distributed in Cote d’lvoire, Senegal, and Mali, respectively. Across

countries, 64%-80% of HIVST kits were distributed to FSW, 20%-31% to MSM, and 5%-8% to PWUD.

Average costs per HIVST kit distributed were $15 for FSW (Céte d’Ivoire: $13, Senegal: $17, Mali: $16), $23 for
MSM (Céte d’Ivoire: $15, Senegal: $27, Mali: $28), and $80 for PWUD (Cote d’lvoire: $16, Senegal: $144),
driven by personnel costs (47%-78% of total costs), and HIVST kits costs (2%-20%). Average costs at scale-up
were $11 for FSW (Céte d’lvoire: $9, Senegal: $13, Mali: $10), $16 for MSM (Céte d’lvoire: $9, Senegal: $23,
Mali: $17), and $32 for PWUD (Céte d’lvoire: $14, Senegal: $50). Cost reductions were mainly explained by the

spreading of IPO costs over higher HIVST distribution volumes and progressive IPO withdrawal at scale-up.

In all countries, CSO-led HIVST kit provision to KP showed relatively high costs during the study period related
to the progressive integration of the programme to CSO activities and contextual challenges (COVID-19
pandemic, country safety concerns). In transition to scale-up and integration of the HIVST programme into CSO
activities, this model shows large potential for substantial economies of scale. Further research will assess the

overall cost-effectiveness of this model.
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Introduction

In Western and Central Africa, 5 million people are living with HIV, representing a prevalence of 1.4% in 2019
[ As in most countries of the region, the epidemic is mixed in Céte d’Ivoire, Senegal, and Mali, with national
prevalence in 2018 ranging between 0.4% and 2.6% and much higher prevalence at 5% to 30% in hard-to-reach
key populations (KP) including female sex workers (FSW), men who have sex with men (MSM), and people who
use drugs (PWUD) . In 2019 in Western and Central Africa, HIV prevalence was 10% for FSW, 14% for MSM,
and 5% for PWUD [, Because of the HIV prevention gap among these groups, KP contribute mostly to HIV

transmission 24,

UNAIDS has set targets for 95% of people living with HIV to know their status, 95% of known HIV-positive
individuals to be on antiretroviral therapy (ART), and 95% of those on ART to have their viral load suppressed
by 2030 /. Despite significant progress on the proportion of individuals who know their HIV status (increase
from 4% in 2000 to 67% in 2020), Western Africa remains far below the first 90 UNAIDS target, with disparities

observed between Cote d’Ivoire (76%), Senegal (78%), and Mali (48%) in 2020 ©!,

Conventional facility-based HIV testing services (HTS) does not adequately reach those KP due to stigma,
discrimination and health services not responding to needs specific to each group. Local civil society
organisations (CSO) providing mostly community-based HIV testing services using peer educators have proven

successful in reaching the core members of these populations, linking, and retaining them into care /8,

HIV self-testing (HIVST) is defined as a process where a person collects his/her own specimen (oral fluid or
blood), performs an HIV test and interprets the result, often in private.. Following promising demonstration
projects in Eastern and Southern Africa %%, HIVST was introduced in 2019 as a new testing modality in West
Africa with the ATLAS project (Auto Test VIH, Libre d’Accéder & la connaissance de son Statut) 1*®. The project
is led by the French non-governmental organisation Solthis - namely international partner organisation (IPO)

in this study - in consortium with the Institut de Recherche pour le Développement, Ministries of Health, and
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local implementing CSO in Cote d’lvoire, Senegal, and Mali. HIVST has the potential to overcome some of the
existing structural barriers to testing and to increase diagnosis coverage among KP (primary distribution) and

their peers, sexual partners and clients (secondary distribution) not reached by conventional HTS 17 8],

OraQuick® HIV self-tests have been subsidised by the Bill and Melinda Gates Foundation, then proposed by
Orasure Inc. at USS2 per kit in 50 low- and middle-income countries for public sector distribution **!. However,
HIVST is still around twice the price of standard HIV rapid diagnostic tests currently used for HIV testing in
Africa. In southern Africa, HIVST increased diagnosis coverage and showed potential value for money for key

populations as a complement to current testing approaches [ 1% 201,

In this study, we estimate the costs of implementing HIVST through CSO for KP in Cote d’lvoire, Senegal, and
Mali. We also assess the costs of scaling up this model to guide project national scale-up, propose costed

operational plans, and inform on the sustainability of this distribution model.

Material and methods

2.1. Intervention setting

HIVST kits were distributed through twenty-three CSO across Coéte d’lvoire (N=7), Senegal (N=11), and Mali
(N=5) from July 2019 to September 2020. Implementing partners’ key characteristics are presented in Table 1.
The deployment strategy identified three sequential intervention phases: 1) development phase (June 2018 —
March 2019): all activities that identify sustainable distribution models for each country, to fully integrate
HIVST into existing programmes; 2) start-up phase (April 2019 — July 2019 (Senegal/Mali), - October 2019 (Céte
d’lvoire)): adaptation of self-testing information materials to the local context, development of training
manuals, training of HIVST providers, sensitisation of key actors and building partnerships with local partners
(regardless of when the costs were incurred), and other start-up costs; and 3) early implementation phase (up
to September 2020): demand creation, HIVST kits distribution, and project supervision (Figure 1). In each
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country, all CSO did not start HIVST kits distribution at the same time, and this was accounted for in the cost
analysis by adjusting the length of the implementation period by distribution channel. We costed community-
based activities used by CSO for reaching KP and excluded facility-based costs corresponding to HIVST kits
provision through index testing and sexual health consultations, accounting for a small proportion of CSO
activities and outside the scope of this analysis. CSO1 (Senegal) is not technically a CSO but a public facility

included in the analysis because they provide community-based services to PWUD.
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2018 2019 2020
Jun Oct Feb Jun Oct Feb Jun

2y Start-up (6 months)

Development (11 months) b Implementation (12 months)

1t COVID - reduced activities
(April = May 2020)

Yy start-up (3 months)
b 4

Development (11 months) Implementation (15 months)

COVID - stopped activities
(March - May 2020)

D start-up (3 months)
b

Development (11 months) Implementation (15 months)

COVID - reduced activities
(March — May 2020)

HIVST kits distribution

Figure 1. Description of the ATLAS project’s three HIV self-testing (HIVST) deployment phases in Céte d’lvoire, Senegal, and Mali over 2018-2020
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Table 1. Overview of the ATLAS project’s implementing partners in Céte d’Ivoire, Senegal, and Mali

Number of districts

Civil

society Distribution

Number

of trained

HIVST kits distribution

Country Administrative region
covered organisation channel HIVST providers target
FSW 13 9,605
Gboklé, Nawa, San-Pédro 2 CSO1
MSM 4 4,172
Abidjan 1 2 CS02 FSW 29 9,175
FSW 20 15,944
Abidjan 2 2 CS0o3 MSM 6 6,812
PWUD 9 4,230
Cote
Mé, Abidjan 1 2 Cso4 MSM 7 2,177
d’lvoire
FSW 6 2,261
Sud Comoé 1 CS05
MSM 5 1,370
FSW 13 5,181
Mé, Sud Comoé 2 CSO6
MSM 8 2,511
FSW 8 7,044
Gboklé, Nawa, San-Pédro 2 CSOo7
MSM 3 4,406
Sub-total 131 74,888
Senegal Dakar, Thies 11 CSO1 PWUD 22 1,862
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FSW 25 1,540
Dakar, Thies, Ziguinchor 18 CSO-Associations
MSM 33 2,933
Dakar, Thiés 9 CSO-mobile clinics FSW 4 810
FSW 16 4,320
CSO-independent
Dakar, Thies, Ziguinchor 17 MSM 12 2,400
distributors
PWUD 4 160
Sub-total 116 14,025
Bamako, Sikasso, Koulikoro, Kayes, FSW 15 11,250
7 Cso1
Segou MSM 14 4,813
Bamako, Segou, Sikasso, Kayes, FSW 78 22,400
11 CS02
Koulikoro MSM 20 3,360
Mali
Bamako, Segou, Sikasso 5 CS03 FSW 31 20,910
Kayes, Koulikoro 12 CS0O4 MSM 19 12,321
FSW 7 4,623
Sikasso 2 CSO5
MSM 7 2,139
Sub-total 191 81,816
TOTAL 438 170,729

HIVST: HIV Self-Testing kit, FSW: Female Sex workers, MSM: Men who have Sex with Men, PWUD: People who use drugs
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2.2. Cost data collection and analysis

The costing teams followed the Global Health Cost Consortium guidelines and collaboratively analysed data,
ensuring consistency of methods across countries 223!, We used the provider’s perspective. We conducted an
incremental cost analysis, where only additional resources needed to introduce HIVST to existing service
provision were considered. These incremental costs were collated from the IPO and implementing partners’
financial expenditures and each line item was categorised by input type and distribution model (top-down
costing approach) 4. Inputs were categorised into start-up, capital, and recurrent costs. Inputs were allocated
to distribution sites following predefined allocation factors, based on project monitoring and evaluation data,
including the percentage of HIVST distributors in each site, estimated cohort size of HIV-positive patients
followed by the CSO, percentage of kits distributed, and percentage of direct expenditures, which is a weighted
average of the preceding allocation factors. Further details on the methods and allocation factors can be found
in Appendix Table 1, and elsewhere >?7], To estimate economic costs, the expenditure analysis was
complemented by a valuation, with market prices or financial data provided by the implementers, of all other
resources used in the delivery model (donated services such as personnel time at the CSO headquarters and
in the field, not paid by the ATLAS project). Finally, a time-motion study was conducted to observe staff
providing HIVST alongside other services and allocate personnel costs based on the time spent on each activity
(28,29 The HIVST kit cost was US$2.68 for Cote d’Ivoire and US$3.08 for Senegal and Mali. Start-up, training,
and all other capital costs were annualised using a discount rate of 3%. All costs were estimated in 2020 USD
dollars using annual exchange rates. Total costs and average cost per kit distributed were estimated at the

country level, at the CSO level and per channel.

2.3. Sensitivity analysis of costs

We conducted a series of one-way sensitivity analyses, using tornado diagrams, to assess the impact of key
cost assumptions on the average cost per HIVST kit distributed. We varied the discount rate used to annualised

costs to 0% and 16% (base case is 3%) to capture the impact of not discounting or using a higher local central
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bank discount rate such as in Mali B, We evaluated the impact of applying alternative allocation factors that
is swapping percentage trained distributors to percentage cohort size for IPO expenditures. We varied
annualisation (economic life years) time frames: training & sensitisation were varied between 1 and 3 years
(base: 2 years), project development life between 5 and 15 years (base: 10 years), and start-up life (training,
sensitisation and other costs incurred during this phase) between 2.5 and 7.5 years (base: 5 years) to assess
the impact of the assumed project life years on costs. For Senegal only due to data availability, we swapped
the allocation of field-based personnel costs from using percentage HIVST time observed during the time-
motion study to using percentage HIVST time reported by study participants. Finally, episodes of violence
against MSM occurred during the study period, and CSO had to suspend their activities in Senegal and Mali.
The COVID-19 pandemic also led to reduced/suspended activities (Figure 1), therefore we also estimated the

average cost per target HIVST distribution volumes.

2.4. Scale-up cost model and scenario analysis

We also modelled costs at scale-up when HIVST kit distribution volumes would increase following each
country’s National Strategic Plan for HIV testing to predict the variation of average cost between the
implementation and scale-up phases. The production function, developed by Cobb and Douglas, describes the
relationship between outputs and factors of productions (inputs)®*. Accounting cost functions follow step-by-
step the intervention production process as close as possible to reality 2> 3%, They identify fixed and variable
costs, typically assumed to vary linearly with the scale such as that used in input-output analysis as originally
developed by Leontief 3334, |t should be noted that with the exception of training costs (variable cost) and
sensitisation costs (fixed cost) considered in the scale-up model, all other costs incurred during the
development and start-up phases are considered one-off costs incurred at the start of the programme and
therefore, are excluded from the costs of scaling-up. The model algebra is presented here, the detailed model

structure listing fixed and variable costs is presented in Table 2.
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Where:

C: Total cost

j

with VCj= UG- S

j: inputs differentiating intervention levels — international, national, district, and community

FC;: Fixed cost (independent of S;) for fixed input j (e.g. building, personnel at central level)

VC;: Variable cost for input j (e.g. field personnel, HIVST kits)

UGC;: Unit cost per variable inputs j for one output (the type of unit depends of each category): new staff to

train, HIVST kits to distribute, etc.

S;: Scale variable for input j to reach desired number of outputs: number of new providers required for scale-

up, total number of providers at scale-up, number of HIVST kits to distribute

Table 2. Model structure — Accounting cost function

Intervention level

Type of costs

Cost inputs

Scale variable*

International

Fixed costs

S2. Sensitisation — Coordination
R1. Personnel & Per diems

Headquarters IPO coordination

Variable costs

None

National

Fixed costs

C1. Buildings and storage
C2. Equipment

C3. Vehicles
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C4. Other capital costs
S2. Sensitisation — IPO country
& Per

R2. Personnel diems -

Headquarters IPO country

S1. Trainings (start-up phase only)

Number of

providers to train

R6. Vehicle operation and | Total number of HIVST
maintenance/transportation providers
Variable costs
R7. Building operation and | Total number of HIVST
maintenance providers
Total number of HIVST
R8. Other recurrent costs
providers
Sub-national - | Fixed costs None
Implementing R3. Personnel & Per diems - | Total number of HIVST

Variable costs

partners Headquarters Implementing partner providers
Fixed costs None
R4. Personnel & Per diems — Field | Total number of HIVST
Local - HIVST

distribution areas

Variable costs

(HIVST distributors)

providers

R5. HIV self-testing kits

(implementation phase only)

Number of HIVST kits to

distribute

*The selection of scale variables was done in a way to account for the fact that the project is in early

implementation phase (HIVST kits distribution targets not always reached by CSO in early phase) and the

COVID-19 pandemic impact (reduced field activities), meaning CSO were not working at full capacity during

the observed costing period. Therefore, the model uses predominantly the number of providers as scale up

variable rather than the number of HIVST kits distributed during our observed period to limit the risks of bias.
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The number of kits to distribute is used to estimate projected costs based on HIVST volume distribution targets

for each year 2021-2023.

IPO: International Partner Organisation

In anticipation of planned project scale-up by respective country ministries of health and post-ATLAS transition,
we conducted a series of scenario analyses varying some of the key model parameters by country and by scale-
up year, considering 2021 as a transition year, 2022 partial scale-up, and 2023 as full scale-up. Four potential
scenarios are presented in Table 3. Logistical and contextual challenges with CSO-led delivery channels to
criminalised KP, and current donors’ commitments for funding, were noted to cause challenges leading to
uncertainty related to the timely attainment of targets. We therefore anticipate that those programmatic
objectives might not be reached. Accounting for this would provide more nuanced scale economies, and we
applied different percentages for reaching targets — higher percentages in Mali, where more funding is already
secured (scenario 1). IPO’s goal to progressively disengage to promote local project ownership overtime was
considered. Note that we still account for 15% of international costs in 2023 because we assume another
coordination component will still exist (and incur costs) within the local health system at central level. Year
2023 would then represent what it costs for the country to support HIVST post-ATLAS (scenario 2). We also
assessed the impact of optimising delivery channels by simplifying the model of partners/sub-partners and
decreased CSO headquarter costs by 20%, which is reasonable to assume when evaluating interventions
transitioning from pilot (ATLAS) to routine implementation phase (scenario 3) . Finally, we conducted
country-specific simulations to account for varying HIVST kit cost for each year considering factors such as bulk
buying, maritime provision instead of airways (except Mali), and integrating HIVST delivery chain with other
health supplies (scenario 4). Finally, we combined all scenarios above to assess the global impact on average

costs at scale per KP and scale-up year.

This study was approved by the London School of Hygiene and Tropical Medicine (n° 17141/RR/13198, 31%

March 2019) WHO Ethic Research Committee (n"ERC0003181, 7th August 2019), and by three national ethic
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committees: Comité National d’Ethique des Sciences de la vie et de la Santé de Céte d’lvoire (n°049-
19/MSHP/CNESVS-kp, 28th May 2019), Comité National d’Ethique pour la Recherche en santé du Sénégal
(n°SEN19/32, 26th July 2019), and Comité d’Ethique de la Faculté de Médecine de Pharmacie et d’Odonto-
Stomatologie de I’'Université des Sciences et des Techniques de Bamako au Mali (n°2019/88/CE/FMPQS, 14th

August 2019).
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Table 3. Selected parameters for the scenario analysis of costs at scale-up in Céte d’lvoire, Senegal, and Mali (baseline: all parameters at 100%)

Scenario 1 Scenario 2

Scenario 3

Scenario 4

Reaching HIVST  distribution

Progressive disengagement of IPO

volume targets (% of target
(% reduction of IPO costs)

Implementing

headquarter costs (% reduction of

partners

HIVST kit cost based on volumes (%

reduction of original kit cost)

achieved) IP costs)

2021 2022 2023 2021 2022 2023 2021 2022 2023 2021 2022 2023
Cote d’lvoire  -25% -25% -30% As in baseline  -50% -85% -20% -20% -20% -9% -9% -9%
Senegal -25% -25% -30% As in baseline  -50% -85% -20% -20% -20% -17% -17% -17%
Mali -20% -20% -25% As in baseline  -50% -85% -20% -20% -20% -13% -13% -13%

IPO: International Partner Organisation, IP: Implementing Partner
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Results

3.1. Programme outcomes in Céte d’lvoire, Senegal, and Mali

During the costing period, 51,028, 14,472 and 34,353 HIVST kits were distributed in Céte d’Ivoire, Senegal, and
Mali through a total of 161, 48, and 191 peer educators, respectively. These volumes corresponded to 68%
(Cote d’lvoire), 103% (Senegal), and 42% (Mali) of planned targets. The average number of HIVST kits
distributed was 7,290 (range: 1,295 to 16,513) across 7 CSO in Cote d’lvoire, 3,618 (range: 422 to 7,193) across
the main four models composed of 11 CSO in Senegal (CSO-Associations, CSO-Mobile clinics, CSO-independent
distributors, and the public partner working with PWUD only), and 6,871 (range: 2,688 to 17,891) across 5 CSO
in Mali. In Cote d’lvoire, 66% of kits (n=33,647) were distributed to FSW, 26% (n=13,250) to MSM, and 8%
(n=4,131) to PWUD. In Senegal, 64% of kits (n=9,338) were distributed to FSW, 31% (n=4,472) to MSM, and 5%

(n=662) to PWUD. In Mali, 80% of kits (n=27,528) were distributed to FSW, and 20% (n=6,825) to MSM.

3.2. Project total costs and average costs per kit distributed, distribution target

In Céte d’Ivoire, the total distribution costs were calculated as $440,648, $201,910, and $65,691 for FSW, MSM
and PWUD respectively (Table 4). Start-up phase accounted for 25%, 23%, and 26% of total costs for FSW,
MSM, and PWUD respectively, while the development phase only accounted for 2% across key groups.
Personnel costs at various intervention levels accounted for a substantial portion of total costs, at 47% for
FSW, and 50% for MSM and PWUD, followed by HIVST kits costs at 20%, 18%, and 17% (Figure 2). Average cost

per HIVST kit distributed were $13, $15, and $16 for FSW, MSM, and PWUD.

For Senegal, total intervention costs were $159,393, $120,374, and $95,091 for FSW, MSM, and PWUD (Table
4). Start-up phase costs were 17% for FSW and MSM, and 5% for PWUD, and at a mean of 5% for development
phase costs across groups. Personnel costs were 51%, 57%, and 78% of total costs while HIVST kits costs were
18%, 11%, and 2% for FSW, MSM, and PWUD, respectively (Figure 2). Average costs per kit were $17, $27, and

$144 for FSW, MSM, and PWUD.
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Finally, in Mali, total costs were $438,553 and $188,159 for FSW, and MSM (Table 4). Start-up phase and
development phase costs accounted on average for 13% and 3% of total costs across groups. Personnel costs
were 53%, and 61% of total costs, while HIVST kits costs were at 19% and 11% for FSW and MSM, respectively

(Figure 2). Average cost per kit were $16 and $28 for FSW and MSM.

While the share of start-up costs as percentage of total costs was comparable between target groups in Céte
d’lvoire and in Mali, it differed in Senegal because the CSO delivering to PWUD were small organisations, hence
being allocated a low share of start-up costs. Because the start-up period was longer in Cote d’lvoire (6 months)
compared to the one in Senegal and Mali (3 months), start-up costs as percentage of total costs were higher

in Cote d’Ivoire.

Wide variations of average costs per HIVST kit distributed were found between CSO (Appendix Tables 2.a.b.c).
In Céte d’Ivoire, average cost per kit distributed ranged $9-527 for FSW, $10-529 for MSM, and only one CSO
worked with PWUD. In Senegal, average costs were $13-532 for FSW, $25-528 for MSM, and $121-$156 for
PWUD. In Mali, average cost per kit distributed ranged $15-527 for FSW, and $17-559 for MSM. In Senegal,
CSO-Associations had lower average costs than CSO-Independent distributors (mean: $19 versus $23), but

overall distributed less HIVST kits (5,834 kits versus 6,953 kits) to FSW and MSM.

The major driver of these cost differences both between and within key groups for all countries was the
number of kits distributed per dispensing agent, except in Céte d’lvoire where the average number of kits
distributed per dispensing agent was comparable between groups. Another important driver of cost variation
between and within groups for all countries was the total number of HIVST kits distributed by a CSO. An

increase of any of these two drivers would lead to a reduction in average costs.
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Table 4. Observed total and average intervention costs by intervention phase and key group — Cote d’lvoire,

Senegal, and Mali

Cote d'lvoire - Global estimates

FSW MSM PWUD

S % S % S %
INTERVENTION PHASES
Development 7,612 2% 3,518 2% 1,118 2%
Start-up (start-up and other costs) 120,874 27% 52,238 26% 18,687 28%
Implementation 312,162 71% 146,153 72% 45,887 70%
TOTAL ANNUAL COSTS 440,648 201,910 65,691
HIVST kits distributed 33,647 13,250 4,131
Average cost per HIVST kit distributed 13 15 16

Senegal - Global estimates

FSW MSM PWUD

S % S % S %
INTERVENTION PHASES
Development 8,262 5% 5,684 5% 4,754 5%
Start-up (start-up and other costs) 35,628 22% 25,579 21% 9,648 10%
Implementation 115,502 72% 89,111 74% 80,689 85%
TOTAL ANNUAL COSTS 159,393 120,374 95,091
HIVST kits distributed 9,338 4,472 662
Average cost per HIVST kit distributed 17 27 144

Mali - Global estimates
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FSW MSM

S % S %
INTERVENTION PHASES
Development 11,544 3% 5,434 3%
Start-up (start-up and other costs) 74,345 17% 29,633 16%
Implementation 352,664 80% 153,093 81%
TOTAL ANNUAL COSTS 438,553 188,159
HIVST kits distributed 27,528 6,825
Average cost per HIVST kit distributed 16 28

HIVST: HIV Self-Testing kit, FSW: Female Sex workers, MSM: Men who have Sex with Men, PWUD: People who

use drugs
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3.3. Sensitivity analysis of costs results

Appendix Figure 1. presents results from the univariate sensitivity analyses by key groups for Céte d’lvoire
(1.a.), Senegal (1.b.), and Mali (1.c.). Our unit costs per HIVST kit distributed remained robust when key cost
parameters were varied. In Cote d’lvoire, varying life of start-up sensitisation and training between one and
three years had the strongest effect on costs ranging between $12-517, $14-519, and $14-$20 for FSW, MSM
and PWUD, respectively. The life year of development and start-up phases, allocation factor swapping (for FSW
and MSM) had a moderate effect with less than a dollar variation. The variation of discount rate almost had
no effect on costs. In Senegal, the discount rate applied had the strongest effect with average costs varying
between $17-$19, $26-$30, and $141-5163 for FSW, MSM and PWUD respectively due to higher proportion of
capital costs compared to Cote d’lvoire. Allocation factor swapping from trained distributors had an effect on
average costs for PWUD (reduction to $127), while swapping from time-motion study results had no effect. In
Mali, swapping of allocation factors has the strongest effect, but overall, average costs only varied by less than

two dollars suggesting our average costs were quite robust.

Reaching HIVST distribution targets greatly reduced costs (not presented in Appendix Figure 1). Average cost
per HIVST kit distributed were $9, $9, and $16 for FSW, MSM, and PWUD, assuming distribution targets were
reached in Cote d’Ivoire. In Senegal, average costs per kit were $24, $23, and $47 for FSW, MSM, and PWUD
assuming distribution targets were reached. Finally, in Mali, average cost per kit would be much lower if targets

were reached, at $7 and $8 for FSW and MSM, respectively.

3.4. Cost at scale-up following National Strategic Plans

Costs at scale-up for each year of the National Strategic Plans are presented by country, year, and key groups

in Figure 3, with details in Appendix Tables 3.a.b.c.

Over the period 2021-2023, costs per kit distributed are on average at $9 (FSW and MSM), and $14 (PWUD) in
Cote d’lvoire; $13 (FSW), $23 (MSM) and $50 (PWUD) in Senegal; and $10 (FSW), and $17 (MSM) in Mali. We
note the significant reduction of average costs at scale-up versus observed average costs for FSW and MSM in
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Cote d’lvoire, PWUD in Senegal, and all groups in Mali. Across countries, years, and key groups, the trend is an
overall increase in total costs as expected. Although we estimate variation between countries and key groups,
in transition and scale-up, overall cost drivers are fixed costs such as sensitisation activities, and headquarter-
based personnel costs at national and sub-national level, and variable costs such as training and HIVST kits
costs (varying with HIVST distribution targets). In Senegal, we estimate higher personnel costs at CSO level

(headquarter- and field-based).
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3.5. Scenario analysis of scale-up costs

As the scale-up model does not account for other contextual factors related to the transition post-ATLAS,

analyses of plausible scale-up scenario are presented in Appendix Figures 2.a.b.c..

For all countries and key groups, we find that HIVST volumes are the major determinants of costs per HIVST kit
distributed (economies of scale), followed by IPO withdrawal starting in 2022, reduction of implementers’
central costs, and the estimated reduction of HIVST kit price. Accounting for all these factors together would
increase estimated scale-up average costs between $9 (FSW —2023) and $18 (PWUD — 2021) in Céte d’lvoire,
from $12 (FSW — 2023) to $65 (PWUD — 2021) in Senegal, and from $9 (FSW — 2023) to $21 (MSM - 2021) in

Mali.

Discussion

In this study, we estimated the cost of implementing HIVST for KP and their partners in three West African
countries. Across countries, we found that costs ranged between $13-517 for FSW, $15-528 for MSM and $16-
$144 for PWUD. Note that PWUD channels distribute small quantities of HIVST kits, and average costs are
therefore highly sensitive to scale of operation between CSO. Major cost contributors were personnel costs at
central and regional intervention levels. Start-up costs across countries, corresponding to sensitisation of CSO
and other partners, and training costs contributed to 10%-28% of total costs. This is due to the complexity and
lengthy process of building partnerships with numerous local CSO and involving key stakeholders in an
intervention fully integrated with existing health care delivery services for KP. Costs per kit distributed were
lowest in Cote d’lvoire and highest in Senegal. Across countries, average costs per HIVST were lowest for FSW,
followed by MSM, then PWUD. These differences could be explained by HIVST volumes by channels with a
total of 70,513 kits distributed to FSW, 24,547 kits to MSM, and 4,793 kits to PWUD during our costing period.
However, it is likely that other factors played a role. For instance, in Senegal and Mali, several episodes of

violence against MSM were reported at different time points (unrelated to the programme), and CSO had to
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suspend their field activities for security reasons, contributing to an unstable, and therefore costly, delivery
system of kits for this group. In Mali, there were safety concerns due to the country’s Coup d’Etat in August
2020, and ongoing armed conflict with intermittent suspension of fieldwork activities. Indeed, estimated
average costs per kit would be as low as $7 (FSW) and $8 (MSM) assuming targets were reached in Mali. Finally,
the COVID-19 pandemic also led to reduced (Céte d’lvoire and Mali) or suspended (Senegal) activities during
two to three months, leading to high observed costs, although self-testing was shown to be a timely alternative

to provider-delivered HIV testing during periods of lockdown and reduced social interactions ¢!,

Important average costs variations between CSO were observed. High number of kits distributed per
dispensing agent led to a reduction in average costs and depended on the type of HIVST distribution activity
with high distribution in bars and brothels, and low distribution in small gatherings at KP’s house. CSO-specific
policy with monthly maximum targets of kits distribution per agent could potentially lead to higher average
costs. Small number of HIVST kits distributed per CSO was also driving average costs high and was explained
by the type of population reached (e.g. CSO working with PWUD only deliver small HIVST volumes), and the
CSO size. To a lesser extent in Mali, numerous HIVST delivery models per CSO (some not presented here such
as Index and STI services) could lead to higher spreading of central costs across models, and therefore, a

reduction of average costs.

Our costs were comparable to other community-based HIVST costing studies, many of them arising from the
STAR (HIV Self-Testing AfRica) project 5739, Across six southern Africa countries (Malawi, Zambia, Zimbabwe,
South Africa, Lesotho, eSwatini), costs per kit distributed ranged from $8 for door-to-door distribution in
Malawi to $18 for mobile integration (more similar to the ATLAS programme) in South Africa [2> 26 40, 41],
Although HIVST volumes were generally higher as targeting the general population and benefiting from
economies of scale, many of these models were highly vertical incurring significant above service level costs.
However, cost per kit distributed to South African FSW and MSM were lower than our observed costs at $4
and S6 respectively for 19,901 and 12,218 kits distributed. This is partly explained by the high number of HIVST

delivery models in South Africa and sharing of central costs across models %, Additionally, our costs were
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comparable to one study in Cote d’lvoire reporting HTS unit costs from the Ivorian Programme National de
Lutte contre le Sida (PNLS) for FSW and MSM at $16 and $21 respectively *2. However, one should consider
the reduced costs to the kit user (in terms of transportation cost or opportunity cost for example), and
therefore to society, when comparing community-based HIVST distribution and facility-based provider-

delivered HTS costs *3 44,

The scale-up model suggests that these early-stage CSO-led community-based HIVST distribution programmes
can exhibit economies of scale. When comparing year 2023 with observed costs, we estimated variable scale
economies between groups and countries, with about 56% (FSW), 63% (MSM), and 10% (PWUD) of average
cost reduction in Coéte d’lvoire, 19% (FSW), 12% (MSM) and 66% (PWUD) in Senegal, and 35% (FSW), 41%
(MSM) in Mali. Beyond scale economies, other contextual factors were considered, such as accounting for
progressive integration of the ATLAS project to existing CSO and withdrawal of the IPO. The scenario analysis
suggests that, overall, even if target were not reached, costs at scale would decrease in Cote d’Ivoire (except
PWUD) and Mali. However, results are more nuanced for Senegal with constant (FSW) or increasing average

costs (MSM, PWUD) due to high fixed costs at sub-national level.

Our study has several limitations. First, our outcome metric “per HIVST kit distributed” does not fully capture
the HIVST cascade. For example, there remain uncertainties related to the true percentage of kits use, the
actual final users of the kit (e.g. HIVST distribution through a FSW model could also be used by their clients),
and among those with a reactive HIVST the linkage rate to confirmatory testing. However, there is now large
evidence on high acceptability of HIVST kits in the general population and among KpP [ 13 14, 17, 18, 45-48]
Moreover, the ATLAS programme is currently trying to evaluate the impact of HIVST on HIV case finding and
ART initiation, these data will then feed in a modelling analysis to estimate cost-effectiveness. Second, total
and average costs are estimated across a diverse range of CSO for each country leading to inevitable cost
variation by distribution channel. Third, the COVID-19 pandemic led to reduced/suspended activities during a
trimester for some CSO, but also encouraged the use of HIVST by other actors as a timely alternative to HTS in

response to lockdown and social distancing, therefore, its impact on costs and project outcomes is difficult to
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assess 3. Fourth, scale-up costs and scenario analysis were conducted in collaboration with the implementer
to ensure model assumptions were close to reality, but these remain arbitrary and should be interpreted with

caution.

In three countries of West Africa, HIVST kit provision to KP through CSO had higher initial costs during the study
period, related to the progressive integration of HIVST to CSO activities, and a challenging implementing
environment (criminalised KP, pandemic COVID-19, security concerns). The analysis of costs at scale suggests
that, in transition to scale-up and further integration of the ATLAS project, this model shows large potential

for substantial economies of scale as programmes scale-up and mature.

Recent modelling studies in Cameroon, Senegal, Céte d’lvoire, and South Africa show that key populations and
their sexual partners, particularly FSW and their clients, can play an important role in HIV transmission in both
low and high HIV prevalence settings due to prevention gaps > % *°, HIV prevention and treatment strategies
targeting these groups are essential for controlling the HIV epidemic and are likely to provide good value for
money. The CSO-led HIVST delivery model is particularly relevant as it remains today the most promising
strategy for reaching KP, their sexual partners and clients of FSW not accessing HIV testing, so-called “hidden
populations”. Further research will assess the overall cost-effectiveness of the CSO-led HIVST delivery

programme.
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Appendix Figure 2.a. Average cost at scale per HIVST kit distributed by key group and scale-up year - Scenario

analysis — Cote d’lvoire (2.a.), Senegal (2.b.), and Mali (2.c.)
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Appendix Table 1. Allocation factors for the top-down costing analysis by input type

Allocation factors to site level

Input type Cote d’lvoire Senegal Mali
Start-up costs
S1. Trainings % trained distributors % trained distributors % trained distributors

S2. Sensitisation

% of cohort size

% of cohort size

% of cohort size

Capital costs

C1. Buildings and storage

% direct expenditure

% direct expenditure

% direct expenditure

C2. Equipment

% direct expenditure

% direct expenditure

% direct expenditure

C3. Vehicles

% HIVST kits distributed

% HIVST kits distributed

% HIVST kits distributed

C4. Other capital costs

% direct expenditure

% direct expenditure

% direct expenditure

Recurrent costs

R1. Personnel & Per diems — Headquarters IPO coordination

% trained distributors

Equally shared across sites

% trained distributors

R2. Personnel & Per diems — Headquarters IPO country

% trained distributors

Equally shared across sites

% trained distributors

R3. Personnel & Per diems — Headquarters Implementing partner

% trained distributors

% HIVST distributors

% trained distributors

R4. Personnel & Per diems — Field - HIVST distributors

% trained distributors

% HIVST distributors

% trained distributors

R5. HIV self-testing kits

% HIVST kits distributed

% HIVST kits distributed

% HIVST kits distributed

R6. Vehicle operation and maintenance/transportation

% HIVST kits distributed

% HIVST kits distributed

% HIVST kits distributed

R7. Building operation and maintenance

% direct expenditure

% direct expenditure

% direct expenditure

R8. Other recurrent costs

% direct expenditure

% direct expenditure

% direct expenditure

IPO: International Partner Organisation
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Appendix Table 2.a. Observed total and average intervention costs by CSO and key groups — Cote d’lvoire (1/2)

Ccso1 CS02 Cs0o3 Cso4

FSW MSM FSW FSW PWUD MSM MSM

S % S % S % S % S % S % S %
INTERVENTION PHASES
Development 1,327 2% 543 2% 1,766 2% 1,941 2% 1,118 2% 721 1% 634 3%
Start-up (start-up and other costs) 21,890 27% 8,887 31% 24,169 24% 33,812 33% 18,687 28% 13,436 26% 5,581 @ 23%
Implementation 58,166 71% 19,497 67% 74,030 74% 67,769 65% 45,887 70% 37,774 73% 18,337 75%
COST CATEGORIES
Start-up
S1. Trainings 7,379 9% 2,635 9% 10,541 11% 11,068 11% 6,324 10% 3,689 7% 3,689 15%
S2. Sensitisation 12,256 15% 5,290 18% 10,684 11% 19,479 19% 10,475 16% 8,493 16% 816 3%
Total Start-up 19,634 24% 7,925 27% 21,225 21% 30,547 30% 16,799 26% 12,183 23% 4,505 18%
Capital
C1. Buildings and storage 576 1% 187 1% 971 1% 462 0% 426 1% 239 0% 372 2%
C2. Equipment 145 0% 54 0% 285 0% 198 0% 147 0% 72 0% 86 0%
C3. Vehicles 34 0% 34 0% 11 0% 34 0% 23 0% 34 0% 11 0%
C4. Other capital costs 10 0% 4 0% 22 0% 14 0% 11 0% 5 0% 7 0%
Total Capital 766 1% 278 1% 1,289 1% 708 1% 606 1% 350 1% 476 2%
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Recurrent

R1. Personnel — Headquarters IPO coordination 4,408 5% 1,574 5% 9,347 9% 5,946 6% 4,455 7% 2,021 4% 3,128 13%
R2. Personnel — Headquarters IPO country 5,862 7% 2,093 7% 12,704 13% 7,845 8% 5,984 9% 2,671 5% 4,243 17%
R3. Personnel — Headquarters IP 15,686 19% 4,886 17% 19,094 19% 28,644 28% 19,665 30% 19,101 37% 3,826 16%
R4. Personnel — Field - HIVST distributors 5599 7% 1,756 6% 7,243 7% 3,230 3% 3,055 5% 1,638 3% 2,424 10%
R5. HIV self-testing kits 25,296 31% 8,076  28% 22,166 22% 21,730 21% 11,068 17% 11,446 22% 3,470 14%
R6. Vehicle operation and maintenance 1,276 2% 1,276 4% 653 1% 1,134 1% 1,019 2% 1,159 2% 622 3%
R7. Building operation and maintenance 2,080 3% 774 3% 4,586 5% 2,716 3% 2,224 3% 990 2% 1,364 6%
R8. Other recurrent costs 775 1% 288 1% 1,657 2% 1,024 1% 816 1% 372 1% 494 2%
Total Recurrent 60,983 75% 20,724 72% 77,450 77% 72,268 70% 48286 74% 39,399 76% 19,571 80%
TOTAL ANNUAL COSTS 81,383 28,928 99,964 103,523 65,691 51,931 24,552

HIVST kits distributed 9,441 3,014 8,273 8,110 4,131 4,272 1,295
Average cost per HIVST kit distributed 9 10 12 13 16 12 19

CSO: Civil Society Organisation, IPO: International Partner Organisation, IP:

Men who have Sex with Men, PWUD: People who use drugs

Implementing Partner, HIVST: HIV Self-Testing kit, FSW: Female Sex workers, MSM:
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Appendix Table 2.a. Observed total and average intervention costs by CSO and key groups — Cote d’lvoire (2/2)

CS05 Cso6 Cso7

FSW MSM FSW MSM FSW MSM

S % S % S % S % S % S %
INTERVENTION PHASES
Development 554 1% 466 2% 1,166 2% 729 2% 858 2% 424 2%
Start-up (start-up and other costs) 7,090 18% 5,240 17% 18,641 27% 10,576 25% 15,271 33% 8,518 35%
Implementation 31,650 81% 24,402 81% 50,042 72% 31,008 73% 30,505  65% 15,135 63%
COST CATEGORIES
Start-up
S1. Trainings 3,162 8% 2,635 9% 6,852 10% 4,216 10% 4,743 10% 2,108 9%
S2. Sensitisation 2,990 8% 1,811 6% 9,842 14% 5,133 12% 9,070 19% 5,670 24%
Total Start-up 6,152 16% 4,447 15% 16,694  24% 9,349 22% 13,813 30% 7,778 32%
Capital
C1. Buildings and storage 163 0% 130 0% 364 1% 219 1% 302 1% 146 1%
C2. Equipment 105 0% 84 0% 241 0% 144 0% 143 0% 69 0%
C3. Vehicles 11 0% 11 0% 11 0% 11 0% 23 0% 23 0%
C4. Other capital costs 9 0% 7 0% 20 0% 12 0% 11 0% 5 0%
Total Capital 287 1% 232 1% 636 1% 387 1% 479 1% 243 1%
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Recurrent

R1. Personnel — Headquarters IPO coordination 3,464 9% 2,887 10% 7,506 11% 4,619 11% 4,206 9% 1,869 8%
R2. Personnel — Headquarters IPO country 4,749 12% 3,957 13% 10,289 15% 6,332 15% 5,717 12% 2,541 11%
R3. Personnel — Headquarters IP 6,451 16% 4,938 16% 10,096 14% 6,306 15% 6,566 14% 3,017 13%
R4. Personnel — Field - HIVST distributors 9,682 25% 6,918 23% 11,359 16% 7,252 17% 2,710 6% 1,244 5%
R5. HIV self-testing kits 5,305 14% 3,990 13% 6,950 10% 3,957 9% 8,705 19% 4,563 19%
R6. Vehicle operation and maintenance 816 2% 816 3% 816 1% 816 2% 1,305 3% 1,305 5%
R7. Building operation and maintenance 1,759 4% 1,417 5% 4,054 6% 2,428 6% 2,302 5% 1,115 5%
R8. Other recurrent costs 629 2% 507 2% 1,450 2% 868 2% 832 2% 403 2%
Total Recurrent 32,855 84% 25,429  84% 52,520 75% 32,578 77% 32,343 69% 16,057 67%
TOTAL ANNUAL COSTS 39,294 30,108 69,850 42,314 46,635 24,078

HIVST kits distributed 1,980 1,489 2,594 1,477 3,249 1,703

Average cost per HIVST kit distributed 20 20 27 29 14 14

CSO: Civil Society Organisation, IPO: International Partner Organisation, IP: Implementing Partner, HIVST: HIV Self-Testing kit, FSW: Female Sex workers, MSM:

Men who have Sex with Men, PWUD: People who use drugs
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Appendix Table 2.b. Observed total and average intervention costs by CSO and key groups — Senegal

CSO — Mobile

CSO - Associations clinic CSO - Independent distributors Public partner

MSM FSW FSW MSM FSW PWUD PWUD

S % S % S % S % S % S % S %
INTERVENTION PHASES
Development 2,689 5% 2,644 5% 2,575 8% 2,996 5% 3,043 4% 2,176 7% 2,578 4%
Start-up (start-up and other costs) 12,097 22% 9,437 19% 7,154  22% 13,482 21% 19,037 24% 3,295 11% 6,353 10%
Implementation 41,122 74% 36,705 75% 23,056 70% 47,989 74% 55,742 72% 23,585 81% 57,104 86%
COST CATEGORIES
Start-up
S1. Trainings 3,800 7% 2,947 6% 1,022 3% 1,532 2% 1,532 2% 511 2% 2,240 3%
S2. Sensitisation 5,628 10% 3,939 8% 3,684 11% 9,209 14% 14,734 19% 614 2% 1,663 3%
Total Start-up 9517 17% 6886  14% 4,705 14% 10,741 17% 16,267 21% 1,125 4% 3,902 6%
Capital
C1. Buildings and storage 1,990 4% 1,450 3% 1,758 5% 3,886 6% 4,077 5% 1,211 4% 4,024 6%
C2. Equipment 64 0% 48 0% 59 0% 125 0% 131 0% 39 0% 124 0%
C3. Vehicles 61 0% 53 0% 19 0% 36 0% 36 0% 12 0% 34 0%
C4. Other capital costs 0 0% 0 0% 0 0% 0 0% 0 0% 0 0% 0 0%
Total Capital 2,115 4% 1,551 3% 1,836 6% 4,048 6% 4244 5% 1,262 4% 4,183 6%
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Recurrent

R1. Personnel — Headquarters IPO coordination 6,414 11% 5,231 11% 4,639 14% 6,414 10% 6,414 8% 6,414 22% 9,963 15%
R2. Personnel — Headquarters IPO country 11,275 20% 8,962 18% 7,805 24% 11,275 17% 11,275 14% 11,275 39% 18,216 28%
R3. Personnel — Headquarters IP 9,012 16% 6,759 14% 4,882 15% 11,716 18% 11,716 15% 3,905 13% 15,578 24%
R4. Personnel — Field - HIVST distributors 5,512 10% 4,134 8% 2,986 9% 7,166 11% 7,166 9% 2,389 8% 6,475 10%
R5. HIV self-testing kits 6,776 12% 11,176 23% 3,148 10% 6,985 11% 14,410 19% 739 3% 1,299 2%
R6. Vehicle operation and maintenance 3,105 6% 2,511 5% 885 3% 1,863 3% 1,863 2% 621 2% 1,955 3%
R7. Building operation and maintenance 788 1% 580 1% 707 2% 1,540 2% 1,615 2% 480 2% 1,572 2%
R8. Other recurrent costs 1,392 2% 996 2% 1,191 4% 2,719 4% 2,852 4% 847 3% 2,893 4%
Total Recurrent 44,275 79% 40,349 83% 26,243 80% 49,677 77% 57,311 74% 26,669 92% 57,951 88%
TOTAL ANNUAL COSTS 55,908 48,786 32,785 64,466 77,822 29,056 66,036

HIVST kits distributed 2,202 3,632 1,023 2,270 4,683 240 422

Average cost per HIVST kit distributed 25 13 32 28 17 121 156

CSO: Civil Society Organisation, IPO: International Partner Organisation, IP: Implementing Partner, HIVST: HIV Self-Testing kit, FSW: Female Sex workers, MSM:
Men who have Sex with Men, PWUD: People who use drugs
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Appendix Table 2.c. Observed total and average intervention costs by CSO and key groups — Mali (1/2)

Ccso1 CS02

MSM FSW MSM FSW

S % S % S % S %
INTERVENTION PHASES
Development 1,245 3% 1,330 2% 1,702 3% 6,813 3%
Start-up (start-up and other costs) 6,719 16% 11,499 20% 6,558 13% 33,270 14%
Implementation 34,512 81% 46,105 78% 42,588 84% 199,997 83%
COST CATEGORIES
Start-up
S1. Trainings 1,170 3% 1,253 2% 1,601 3% 6,243 3%
S2. Sensitisation 3,879 9% 8,462 14% 2,680 5% 17,865 7%
Total Start-up 5,049 12% 9,716 16% 4,280 8% 24,108 10%
Capital
C1. Buildings and storage 1,131 3% 1,311 2% 1,561 3% 6,002 3%
C2. Equipment 34 0% 38 0% 47 0% 179 0%
C3. Vehicles 9 0% 9 0% 20 0% 36 0%
C4. Other capital costs 0 0% 0 0% 0 0% 0 0%
Total Capital 1,174 3% 1,359 2% 1,627 3% 6,218 3%
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Recurrent

R1. Personnel — Headquarters IPO coordination 8,440 20% 9,724 16% 11,547 23% 45,035 19%
R2. Personnel — Headquarters IPO country 11,845 28% 13,748 23% 16,207 32% 63,206 26%
R3. Personnel — Headquarters IP 2,897 7% 3,386 6% 3,963 8% 15,456 6%
R4. Personnel — Field - HIVST distributors 6,073 14% 7,099 12% 1,643 3% 6,409 3%
R5. HIV self-testing kits 2,193 5% 8,444 14% 5,033 10% 49,840 21%
R6. Vehicle operation and maintenance 1,606 4% 1,739 3% 1,541 3% 15,257 6%
R7. Building operation and maintenance 1,264 3% 1,469 2% 2,335 5% 4,280 2%
R8. Other recurrent costs 1,935 5% 2,252 4% 2,671 5% 10,271 4%
Total Recurrent 36,253 85% 47,859 81% 44,940 88% 209,754 87%
TOTAL ANNUAL COSTS 42,476 58,933 50,848 240,080

HIVST kits distributed 715 2,753 1,641 16,250

Average cost per HIVST kit distributed 59 21 31 15

CSO: Civil Society Organisation, IPO: International Partner Organisation, IP: Implementing Partner, HIVST: HIV Self-Testing kit, FSW: Female Sex workers, MSM:
Men who have Sex with Men, PWUD: People who use drugs
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Appendix Table 2.c. Observed total and average intervention costs by CSO and key groups — Mali (2/2)

Cso3 Cso4 CS05

FSW MSM MSM FSW

S % S % S % S %
INTERVENTION PHASES
Development 2,833 3% 1,732 3% 754 3% 568 2%
Start-up (start-up and other costs) 24,581 22% 13,024 20% 3,331 11% 4,995 19%
Implementation 85,714 76% 50,009 77% 25,985 86% 20,849 79%
COST CATEGORIES
Start-up
S1. Trainings 2,481 2% 1,521 2% 560 2% 560 2%
S2. Sensitisation 18,285 16% 9,171 14% 1,706 6% 3,687 14%
Total Start-up 20,766 18% 10,692 17% 2,266 8% 4,247 16%
Capital
C1. Buildings and storage 2,399 2% 1,591 2% 646 2% 512 2%
C2. Equipment 72 0% 46 0% 19 0% 15 0%
C3. Vehicles 48 0% 29 0% 6 0% 6 0%
C4. Other capital costs 0 0% 0 0% 0 0% 0 0%
Total Capital 2,518 2% 1,666 3% 672 2% 534 2%
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Recurrent

R1. Personnel — Headquarters IPO coordination 17,899 16% 11,797 18% 6,153 20% 3,441 13%
R2. Personnel — Headquarters IPO country 25,120 22% 16,678 26% 5,672 19% 5,672 21%
R3. Personnel — Headquarters IP 6,143 5% 4,107 6% 1,387 5% 1,387 5%
R4. Personnel — Field - HIVST distributors 2,547 2% 1,703 3% 5,528 18% 5,528 21%
R5. HIV self-testing kits 23,092 20% 8,244 13% 5,462 18% 3,055 12%
R6. Vehicle operation and maintenance 8,258 7% 5,365 8% 1,101 4% 1,101 4%
R7. Building operation and maintenance 2,681 2% 1,782 3% 722 2% 572 2%
R8. Other recurrent costs 4,104 4% 2,732 4% 1,106 4% 876 3%
Total Recurrent 89,844 79% 52,408 81% 27,132 90% 21,632 82%
TOTAL ANNUAL COSTS 113,128 64,765 30,070 26,413

HIVST kits distributed 7,529 2,688 1,781 996

Average cost per HIVST kit distributed 15 24 17 27

CSO: Civil Society Organisation, IPO: International Partner Organisation, IP: Implementing Partner, HIVST: HIV Self-Testing kit, FSW: Female Sex workers, MSM:

Men who have Sex with Men, PWUD: People who use drugs
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Appendix Figure 1.a. Tornado diagrams of findings from deterministic sensitivity analysis in Cote

d’Ivoire
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Appendix Figure 1.b. Tornado diagrams of findings from deterministic sensitivity analysis in Senegal
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Appendix Figure 1.c. Tornado diagrams of findings from deterministic sensitivity analysis in Mali
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Appendix Table 3.a. Total and average intervention costs in transition and at scale-up by key group and scale-

up year — Cote d’lvoire

Cote d’lvoire

2021

FSW MSM PWUD
Intervention level and costs S % S % S %
International level - Fixed costs (52, R1) 62,455 8% 27,766 7% 8,946 5%
National level - Fixed costs (C1-C4, S2, R2) 88,073 11% 39,347 10% 12,574 7%
National level - Variable costs (S1) 111,930 14% 46,063 12% 17,407 10%
National level - Variable costs (R6-R8) 17,712 2% 9,720 3% 15,232 9%
Sub-national - Implementing partners (R3) 307,960 37% 144,216 38% 73,789 44%
Local - HIVST distribution areas (R4) 23,620 3% 12,130 3% 11,462 7%
Local - HIVST distribution areas (R5) 213,489 26% 98,398 26% 29,419 17%
Total costs 825,239 377,641 168,828
Scale 81,174 37,414 11,186
Average costs 10 10 15

2022

FSW MSM PWUD
Intervention level and costs S % S % S %
International level - Fixed costs (52, R1) 62,455 6% 27,766 6% 8,946 4%
National level - Fixed costs (C1-C4, S2, R2) 88,073 8% 39,347 8% 12,574 5%
National level - Variable costs (S1) 74,717 7% 28,690 6% 12,528 5%
National level - Variable costs (R6-R8) 26,213 2% 14,008 3% 23,273 10%
Sub-national - Implementing partners (R3) 455,768 43% 207,836 44% 112,741 48%
Local - HIVST distribution areas (R4) 34,956 3% 17,481 4% 17,512 8%
Local - HIVST distribution areas (R5) 315,954 30% 141,806 30% 44,949 19%
Total costs 1,058,137 476,935 232,523
Scale 120,135 53,919 17,091
Average costs 9 9 14

2023
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FSW MSM PWUD
Intervention level and costs S % S % S %
International level - Fixed costs (52, R1) 62,455 4% 27,766 4% 8,946 3%
National level - Fixed costs (C1-C4, S2, R2) 88,073 6% 39,347 6% 12,574 4%
National level - Variable costs (S1) 100,175 7% 52,436 7% 16,958 5%
National level - Variable costs (R6-R8) 37,611 3% 21,845 3% 34,157 10%
Sub-national - Implementing partners (R3) 653,937 45% 324,112 45% 165,468 50%
Local - HIVST distribution areas (R4) 50,155 3% 27,262 4% 25,702 8%
Local - HIVST distribution areas (R5) 453,332 31% 221,140 31% 65,970 20%
Total costs 1,445,738 713,908 329,775
Scale 172,370 84,084 25,084
Average costs 8 8 13

S1: Trainings, S2: Sensitisation, C1: Buildings and storage, C2: Equipment, C3: Vehicles, C4: Other capital costs,
R1: Personnel & Per diems — Headquarters International Partner Organisation (IPO) coordination, R2:
Personnel & Per diems — Headquarters IPO country, R3: Personnel & Per diems — Headquarters Implementing
partner, R4: Personnel & Per diems — Field - HIVST distributors, R5: HIV self-testing kits, R6: Vehicle operation

and maintenance, R7: Building operation and maintenance, R8: Other recurrent costs

HIVST: HIV Self-Testing kit, FSW: Female Sex workers, MSM: Men who have Sex with Men, PWUD: People who

use drugs
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Appendix Table 3.b. Total and average intervention costs in transition and at scale-up by key group and scale-

up year — Senegal

Senegal

2021

FSW MSM PWUD
Intervention level and costs S % S % S %
International level - Fixed costs (52, R1) 32,639 11% 23,681 6% 18,043 9%
National level - Fixed costs (C1-C4, S2, R2) 41,676 15% 32,696 8% 35,547 19%
National level - Variable costs (S1) 9,092 3% 26,630 7% 6,302 3%
National level - Variable costs (R6-R8) 35,020 12% 67,433 17% 27,543 14%
Sub-national - Implementing partners (R3) 61,964 22% 122,533 31% 64,128 33%
Local - HIVST distribution areas (R4) 37,900 13% 74,946 19% 29,174 15%
Local - HIVST distribution areas (R5) 65,761 23% 50,592 13% 11,165 6%
Total costs 284,051 398,511 191,902
Scale 21,351 16,426 3,625
Average costs 13 24 53

2022

FSW MSM PWUD
Intervention level and costs S % S % S %
International level - Fixed costs (52, R1) 32,639 11% 23,681 6% 18,043 9%
National level - Fixed costs (C1-C4, S2, R2) 41,676 14% 32,696 9% 35,547 17%
National level - Variable costs (S1) 1,026 0% 796 0% 1,229 1%
National level - Variable costs (R6-R8) 37,482 13% 69,108 18% 31,282 15%
Sub-national - Implementing partners (R3) 66,320 23% 125,577 33% 72,832 36%
Local - HIVST distribution areas (R4) 40,564 14% 76,808 20% 33,134 16%
Local - HIVST distribution areas (R5) 70,384 24% 51,849 14% 12,680 6%
Total costs 290,091 380,514 204,746
Scale 22,852 16,834 4,117
Average costs 13 23 50

2023
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FSW MSM PWUD
Intervention level and costs S % S % S %
International level - Fixed costs (52, R1) 32,639 11% 23,681 5% 18,043 8%
National level - Fixed costs (C1-C4, S2, R2) 41,676 14% 32,696 7% 35,547 16%
National level - Variable costs (S1) 988 0% 7,612 2% 1,299 1%
National level - Variable costs (R6-R8) 39,852 13% 85,122 18% 35,233 16%
Sub-national - Implementing partners (R3) 70,514 23% 154,677 33% 82,031 37%
Local - HIVST distribution areas (R4) 43,129 14% 94,607 20% 37,319 17%
Local - HIVST distribution areas (R5) 74,835 25% 63,864 14% 14,282 6%
Total costs 303,632 462,259 223,752
Scale 24,297 20,735 4,637
Average costs 12 22 48

S1: Trainings, S2: Sensitisation, C1: Buildings and storage, C2: Equipment, C3: Vehicles, C4: Other capital costs,
R1: Personnel & Per diems — Headquarters International Partner Organisation (IPO) coordination, R2:
Personnel & Per diems — Headquarters IPO country, R3: Personnel & Per diems — Headquarters Implementing
partner, R4: Personnel & Per diems — Field - HIVST distributors, R5: HIV self-testing kits, R6: Vehicle operation

and maintenance, R7: Building operation and maintenance, R8: Other recurrent costs

HIVST: HIV Self-Testing kit, FSW: Female Sex workers, MSM: Men who have Sex with Men, PWUD: People who

use drugs
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Appendix Table 3.c. Total and average intervention costs in transition and at scale-up by key group and scale-
up year — Mali

Mali

2021

FSW MSM
Intervention level and costs S % S %
International level - Fixed costs (52, R1) 116,572 12% 52,548 13%
National level - Fixed costs (C1-C4, S2, R2) 126,200 13% 58,366 14%
National level - Variable costs (S1) 34,350 3% 15,537 4%
National level - Variable costs (R6-R8) 225,175 23% 101,531 25%
Sub-national - Implementing partners (R3) 112,339 11% 51,918 13%
Local - HIVST distribution areas (R4) 91,938 9% 62,817 15%
Local - HIVST distribution areas (R5) 288,941 29% 70,674 17%
Total costs 995,515 413,392
Scale 93,812 22,946
Average costs 11 18

2022

FSW MSM
Intervention level and costs S % S %
International level - Fixed costs (52, R1) 116,572 10% 52,548 11%
National level - Fixed costs (C1-C4, S2, R2) 126,200 11% 58,366 12%
National level - Variable costs (S1) 10,917 1% 4,959 1%
National level - Variable costs (R6-R8) 279,940 24% 126,226 27%
Sub-national - Implementing partners (R3) 139,661 12% 64,546 14%
Local - HIVST distribution areas (R4) 114,298 10% 78,096 17%
Local - HIVST distribution areas (R5) 359,214 31% 87,863 19%
Total costs 1,146,802 472,604
Scale 116,628 28,527
Average costs 10 17

2023

319



FSW MSM
Intervention level and costs S % S %
International level - Fixed costs (S2, R1) 116,572 9% 52,548 10%
National level - Fixed costs (C1-C4, S2, R2) 126,200 10% 58,366 12%
National level - Variable costs (S1) 5,622 0% 2,554 1%
National level - Variable costs (R6-R8) 308,143 25% 138,943 27%
Sub-national - Implementing partners (R3) 153,731 12% 71,049 14%
Local - HIVST distribution areas (R4) 125,814 10% 85,964 17%
Local - HIVST distribution areas (R5) 395,404 32% 96,715 19%
Total costs 1,231,486 506,138
Scale 128,378 31,401
Average costs 10 16

S1: Trainings, S2: Sensitisation, C1: Buildings and storage, C2: Equipment, C3: Vehicles, C4: Other capital costs,
R1: Personnel & Per diems — Headquarters International Partner Organisation (IPO) coordination, R2:
Personnel & Per diems — Headquarters IPO country, R3: Personnel & Per diems — Headquarters Implementing
partner, R4: Personnel & Per diems — Field - HIVST distributors, R5: HIV self-testing kits, R6: Vehicle operation

and maintenance, R7: Building operation and maintenance, R8: Other recurrent costs

HIVST: HIV Self-Testing kit, FSW: Female Sex workers, MSM: Men who have Sex with Men, PWUD: People who

use drugs
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Appendix Figure 2.a. Average cost at scale per HIVST kit distributed by key group and scale-up year - Scenario analysis in Cote d’lvoire

Scenario 1: We anticipate that programmatic objectives might not be reached. Accounting for this would provide more nuanced scale economies, and
we applied different percentages for reaching targets

Scenario 2: International Partner Organisation’s goal to progressively disengage to promote local programme ownership overtime was considered. Note
that we still account for 15% of international costs in 2023 because we assume another coordination component will still exist (and incur costs) within
the local health system at central level. Year 2023 would then represent what it costs for the country to support HIVST post-ATLAS

Scenario 3: We assessed the impact of optimising delivery channels by simplifying the model of partners/sub-partners and decreased civil society
organisation’s headquarter costs by 20%, which is reasonable to assume when evaluating interventions transitioning from pilot (ATLAS) to routine
implementation phase

Scenario 4: We conducted country-specific simulations to account for varying HIVST kit cost for each year considering factors such as bulk buying,
maritime provision instead of airways (except Mali), and integrating HIVST delivery chain with other health supplies

All: We combined all scenarios (1 to 4) to assess the global impact on average costs at scale per key population and scale-up year

Baseline scenario: All parameters above are unchanged (100% of their original value)
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Cl-FSW -2021 Cl - FSW - 2022 Cl - FSW - 2023
All ——— 2.0 All = 39 4 All —— 9 2
sce. 4 $9.8 == sce. 4 $8.4 =m sce. 4 $8.0 mm
sce.3 $9.4 m— sce. 3 $8.0 sce. 3 $7.6 w—
sce.2 $10.2 1 sce.2 $8.2 sce.2 $7.6 w—
sce. 1 $18.6 sce. 1 —— $11.7 sce. 1 $12.0
$8 $9 $10 $11 $12 $13 $14 $6 $8 $10 $12 S14 $6 $8 $10 $12 $14
Cl - MSM - 2021 Cl - MSM - 2022 Cl- MSM - 2023
All ——— $711.9 All mmm $0 4 All —— S0 4
sce. 4 $9.7 mmm sce. 4 $8.5 mm sce. 4 $8.1 mm
sce. 3 $9.3 m— sce. 3 $8.1 mmmm sce. 3 $7.7 w—
sce. 2 $10.1 sce.2 $8.2 mmm sce. 2 $7.8 m—
sce. 1 $135 sce. 1 — $11.8 sce. 1 $12.1
$8 $9 $10 $11 $12 $13 $14 $6 $8 $10 $12 $14 $6 $8 $10 $12 $14
Cl- PWUD - 2021 Cl - PWUD - 2022 Cl - PWUD - 2023
All — $17.9 All m— $15.0 All — 15,2
sce. 4 $14.7 = sce. 4 $13.2 = sce. 4 $12.7 =
sce. 3 $13.8 m— sce. 3 $12.3 — sce. 3 $11.8 w—
sce. 2 $15.1 sce. 2 $13.0 mem sce. 2 $12.4 ==
sce. 1 $20.1 sce. 1 $18.1 sce. 1 $18.8
$9 $11 $13 $15 $17 $19 $21 $9 $11 $13 $15 $17 $19 $9 $11 $13 $15 $17 $19 $21

Cl: Cote d’lvoire, SN: Senegal, ML: Mali, HIVST: HIV Self-Testing kit, FSW: Female Sex workers, MSM: Men who have Sex with Men, PWUD: People who
use drugs
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Appendix Figure 2.b. Average cost at scale per HIVST kit distributed by key group and scale-up year - Scenario analysis in Senegal

Cl: Cote d’lvoire, SN: Senegal, ML: Mali, HIVST: HIV Self-Testing kit, FSW: Female Sex workers, MSM: Men who have Sex with Men, PWUD: People who

use drugs
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Appendix Figure 2.c. Average cost at scale per HIVST kit distributed by key group and scale-up year - Scenario analysis in Mali

Cl: Cote d’lvoire, SN: Senegal, ML: Mali, HIVST: HIV Self-Testing kit, FSW: Female Sex workers, MSM: Men who have Sex with Men, PWUD: People who

use drugs
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Conclusions from Paper 4

The results presented in this paper offer important insights into contextualising the results from a health
intervention cost analysis in early phase for informing scale-up. The findings showed relatively high costs
during the study period related to the progressive integration of the programme to CSO activities and
contextual challenges (COVID-19 pandemic, country safety concerns). In contrast, | also find that in
transition to scale-up and integration of the HIVST programme into CSO activities with the removal of the
international partner organisation Solthis, the CSO-led model can generate substantial economies of

scale.

329



Chapter 7 — General discussion

1. Key findings

Objective 1 — To conduct a scoping review of methods used to date to estimate the costs at scale of health
interventions in LMIC and describe the relationship between the choice of the estimation method and the

intended use of the costs projections - Paper 1

The first objective was addressed in Paper 1 with a scoping review of cost function applications in LMIC. |
reviewed seven databases reporting quantitative analysis of cost for informing the scale up of an
intervention between 2003 and 2019. The 40 studies identified were classified following two main families
of cost functions — namely accounting and econometric, and by the intended use of cost projections. |
conducted a critical review of these studies and reported issues with the current methods used related to
sampling approach, reporting of uncertainty measure, and selection of the right estimator based on
sample size and cost data features. | also assessed how to better account for variable returns to scale with
the application of these cost functions. Finally, applied frameworks were proposed for the fitting of cost
functions based on the intended use of these estimates. The development of these frameworks was based
on the synthesis of cost function algebra from the study sample, the qualitative analysis of authors’
motivators guiding the fitting of a cost function, and it was complemented by the methodological

literature on healthcare cost data analysis.

Major limitations of this review are that it is limited to the peer-reviewed literature and might be missing
other innovative approaches. | was also unable to assess the validity of cost projection methods from the
sampled studies because observed costs at scale-up are almost never reported, therefore the critical

assessment of studies is limited to method transparency.
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To my knowledge, this is the first study to develop frameworks that can guide the more consistent use of
cost functions in LMIC using the relevant approach based on the intended use of the cost estimate and
better accounting for variable returns to scale. | hope it can facilitate the analysts’ decision process of
balancing simplicity versus accuracy when critical, and increase the overall transparency in the reporting

of the methodological approach taken.

Objective 2 — To carry out a cost analysis of the community-based programme for HTS and HIVST with the

highest level of testing coverage in Lesotho over a two-year observation period - Paper 2

The second objective was addressed in paper 2 where | conducted a micro-costing analysis using
longitudinal data from a real-world intervention in Lesotho. Costs and outcomes data were collected over
two years observing the addition of HIVST, then HIVST booth to the existing HTS programme. | found that
costs per HIV-positive case identified increased with the addition of HIVST (from US$956 to USS$1,249)
then dropped with the addition of HIVST booths (US$813) due to the improvement of the HIVST
integration strategy to the existing HTS programme. So, the addition of HIVST increased the overall
programme’s affordability for HIV-positive case finding. Importantly, | found that full versus incremental
cost analyses resulted in large differences in the magnitude of costs, attributable to methods rather than
resource use and should be considered with caution. Indeed, incremental HIVST costing, only considering
financial costs, assumes that the existing intervention has the capacity (particularly human resources) to
absorb the new intervention. So, budgeting of HIVST using incremental costs risks to underestimate needs
if HTS is not running well. A major limitation of this work is that HIVST was introduced in all sites of the
intervention at the same time, therefore, there were no control sites against which to evaluate the effect
of HIVST introduction, and we know that uncontrolled before-after studies are not the most robust
approach to evaluate an intervention [l. However, it is recognised that this national change in HTS strategy
would otherwise go unevaluated and the results from this study can provide evidence of proof of concept

prior to more robust evaluation.

331



To my knowledge, this is the first cost analysis using longitudinal data from a real-world intervention on
HTS efficiency gains before and after introduction of HIVST. | showed that adding HIVST to community-
based HTS can improve its overall affordability regarding HIV-positive case finding. | also highlighted the

importance of transparency in reporting methods for priority setting, budgeting and financial planning.

Objective 3 — To estimate the costs drivers of community-based HIVST distribution in Malawi, Zambia,
Zimbabwe and South Africa, using econometric methods and, based on the model outputs, project costs

at scale using community-based HIVST national scale-up in Lesotho as a case study - Paper 3

Paper 3 addresses the third objective. The scale of distribution, type of community-based intervention,
percentage of kits distributed to men, distance from implementer’s warehouse, and per capita GDP
predicted average costs per HIVST kit distributed. In addition, the model simplification approach showed
that a parsimonious model could predict costs without losing accuracy. | sought to assess the validity of
ECF-based cost projections, comparing them with observed costs at scale in Lesotho. Findings suggest an
acceptable predictive capacity to out-of-sample countries of the southern African region. Major
limitations are a small magnitude of HIVST scale-up to compare observed and projected costs in Lesotho
because of the relatively small operating scale in this country. Since | did not have country-specific panel
data, time-dependent unobserved cost determinants were ignored for the analysis. To my knowledge,
this is one of the few study to use ECF for cost projections for the purpose of financial planning [, the first
to explore the trade-off between simplicity versus accuracy using ECF-based cost projection methods, and

a comparative approach of projected versus observed scale-up costs for validation purpose.

Objective 4 — To apply accounting approaches to estimate costs at scale using the case of community-

based HIVST national scale-up in Céte d’Ivoire, Senegal, and Mali - Paper 4

The fourth objective is addressed in Paper 4. | estimated the costs of implementing HIVST through civil

society organisations (CSO)-led models for KP in Cote d’lvoire (N=7), Senegal (N=11), and Mali (N=5), and
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| modelled costs for programme transition and early scale-up using a relatively simple accounting cost
function. Average costs per HIVST kit distributed were ranging between $13 and $80, driven by personnel
costs (47%-78% of total costs), and HIVST kits costs (2%-20%). Average costs at scale-up were estimated
between $9 and $50 per HIVST kit distributed, and cost reductions were mainly explained by the spreading
of IPO fixed costs over higher HIVST distribution volumes (economies of scale) and progressive IPO
withdrawal at scale-up. The main study limitation is the impact of the COVID-19 pandemic leading to
reduced/suspended activities during a trimester for some CSO, but also encouraged the use of HIVST by
other actors as a timely alternative to HTS in response to lockdown and social distancing, therefore, its

impact on costs and project outcomes is difficult to assess.

To my knowledge, this is the first large scale economic analysis of CSO-led HIVST distribution programme
to KP and their sexual partners in Africa. Interestingly, the findings suggests that the horizontal approach
taken by the ATLAS project for the integration of the HIVST programme into existing CSO-led HTS
programmes, shows large potential for substantial economies of scale and moderate above service level

cost reductions as programmes scale-up nationally and mature.

Objective 5 — To synthetize and critically appraise the above research to discuss recommendations about
the choice of methods for estimating scale-up costs, taking into consideration the scope of its application,

whether it is priority setting, budgeting, or financial planning.

The fifth objective is met with the discussion on the key findings of Objectives 1-4, the proposed

frameworks presented in Paper 1, and the discussion in this chapter.
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2. Contribution to knowledge

This thesis provides contribution to both empirical and methodological knowledge.

a. Contribution of empirical findings

A first contribution of this thesis relates to the review of cost function applications in LMIC with paper 1.
| report on the use of simple cost multipliers, accounting and econometric cost functions. As expected, |
identified that accounting cost functions are usually applied for medium- and long-term financial planning,
whereas econometric cost functions tend to be used for technical efficiency analyses. Sometimes, a
combination of both approaches could be used for low- and high-estimates of a range of projected costs
21| also found gaps in reporting of methods in particular related to the choice of the estimator and
reporting of standard statistical tests in econometric analyses. Finally, | present frameworks that can guide
how to fit these cost functions and encourage a more consistent use and reporting of these methods. In
particular, the proposed mathematical notations aim to inform any type of cost analysis at scale regardless

of the type of health intervention and intended use of the cost estimates.

The second contribution of this thesis relates to the generation of cost estimates for community-based
HIVST kits provision for the general population in Lesotho through mobile outreaches, and for key
populations and their sexual partners through CSO in Cote d’lvoire, Senegal, and Mali. | present in papers
2 and 4 that these incremental costs are at $15 per kit distributed in Lesotho, and between $13-$17 for
FSW, $15-528 for MSM, and $16-$144 for PWUD in Céte d’Ivoire, Senegal, and Mali. Compared to other
costing studies in sub-Saharan Africa for HIV self-testing services with a global estimate at $13 per kit
distributed ¥, our costs are slightly above. This is particularly true for west Africa costs where CSO work
with hard-to-reach criminalised and/or stigmatised key populations making implementation challenging,

and with low HIVST distribution volumes, leading to increased provision costs.

334



In paper 2, | present how HIVST can potentially play a role in improving HTS efficiency (as defined by the
cost per HIV-positive case identified). In Lesotho, the introduction of HIVST and onsite self-testing booth
increased the capacity of staff to provide more testing services. It allowed staff to reallocate their activities
to other strategies, in particular index testing, with known high positivity rate . As a result, the overall
costs of the HTS and HIVST programmes combined, led to reduced costs per HIV-positive case identified.
Paper 2 is the first study showing that in a high HIV prevalence country such as Lesotho, HIVST, beyond
reaching populations who would otherwise not test P!, can potentially play a role in improving HTS
efficiency. This is particularly relevant in a context where donors are significantly reducing funding for HIV

response in LMIC ¥, and it is becoming increasing costly to identify the remaining undiagnosed PLHIV "],

Another contribution from this thesis relates to the economic analysis of the large scale programme ATLAS
working with twenty-three CSO across Cote d’lvoire, Senegal and Mali presented in paper 4. As opposed
to many ‘vertical’ HIV programme stemming from international aid in Africa ® ), the integrated (or
‘horizontal’) approach taken by the international partner organisation Solthis in coordination with local
CSO for full integration of HIVST provision into the local health systems and CSO did result in a lengthy
process with development and start-up phases before effective HIVST implementation could start. In
paper 4, | attempted to estimate the possible returns on investment of such strategy illustrated by the
expected unit cost reductions (between 12% and 63%) from observed study costs to costs at scale-up once
the programme is fully integrated into existing services and run nationally. This study also highlight the
importance of contextualisation of findings from standard one-year observational costing studies during
pilot projects, and suggest that, when relevant, the estimation of costs at scale-up should always be

provided in all costing studies.

Beyond results from our costing studies, papers 3 and 4 estimate the costs at scale to inform HIVST scale-
up of HIVST programmes in southern and western Africa, using two distinct approaches: accounting cost

function (in Cote d’lvoire, Senegal, and Mali), and econometric cost function (in Malawi, Zambia,
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Zimbabwe, South Africa, and Lesotho). These costs can, therefore, be used in national HTS budgeting and
financial planning in these countries. In addition, they could potentially feed into mathematical models to

better inform cost-effectiveness at scale-up [,

Finally, the econometric cost functions presented in paper 3 identify key cost drivers of HIVST programmes
in southern Africa. Major cost drivers were the scale of HIVST distribution, the type of community-based
intervention, the percentage of kits distributed to men, the distance from implementer’s warehouse, and
the per capita GDP. These findings propose an alternative approach to programme costs estimation
methods based on programme characteristics rather than the more conventional input-based calculation
method. Although, this type of study will be limited to large scale programmes with a sufficient number

of sites to allow for a robust statistical analysis.

b. Contribution to methods

This thesis has also made several important contributions to methods. A first contribution relates to our
proposed frameworks for the fitting of cost functions based on the intended use of cost estimates (paper
1). Although these frameworks will go through a peer review before publication, and are therefore likely
to evolve, they constitute, to my knowledge, the first attempt to provide a typology, and increase
transparency in reporting, of cost functions in LMIC. | hope they can encourage the more consistent use
of cost functions for financial planning and priority setting, particularly, related to mathematical modelling
of cost-effectiveness, where the commonly used constant unit cost at scale has sometimes be found to
be a source of bias in cost-effectiveness predictions '3, Thus, variable returns to scale needs to be
accounted for in cost projection methods. | also discuss how this concept can potentially be incorporated
into cost functions, guiding the method selection based on the purpose of cost estimates with a focus on

whether or not to consider constant or variable returns to scale.
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A second contribution from this thesis is about raising the case for transparency related to the estimation
of full and incremental costs of implementing HIVST presented in paper 2. Because HIVST is added onto
the existing HTS as an alternative option to provider-delivered HTS, we estimated incremental costs where
shared costs (such as operational costs) are fully allocated to the HTS programme, thus accounting only
for the new inputs that were required by the new intervention [* 151. A full cost analysis estimates the
costs of all resources used in running the HTS and HIVST programmes independently from each other. As
| find significant difference in average HIVST costs (incremental: $14, full: $38), | stress the importance of
transparency in reporting and communicating costing methods. Incremental HIVST costing, only
considering financial costs, assumes that the existing intervention has the capacity (particularly human
resources) to absorb the new intervention, so there is a risk to under budget and deplete the health
system. On the other hand, if only presenting full costs, the intervention might be compared with other
intervention incremental costs, and potentially be rejected as an efficient intervention. This should be
carefully considered in similar studies and the scope of costing clearly presented in research papers and

when presenting results to policy makers and financial planners.

Finally, paper 3 assessed the application of econometric cost functions for estimating costs at scale in
southern Africa. | derived an empirical cost function for the estimation of HIVST costs at scale in our
sample and out-of-sample countries of the region. | tested this function against Lesotho observed HIVST
scale-up costs to inform on its external validity, with acceptable results. | also presented simplified models
with similar prediction capacity. To my knowledge, this is the first study of the like, assessing the external
validity of ECF-based cost projections and exploring simplified models for cost projections. These results
have important methodological implications for developing more parsimonious cost prediction models
less hungry of data that can, sometimes, be challenging to collect/estimate at site level. The review of
cost functions reports that on average across all studies, ECF models use eleven regressors for cost

predictions. Although the number of the regressors depends on many factors such as the type of statistical
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model, sample size, the availability of data and quality of proxies used, our results suggest that
considerations for model simplification can better extend the applicability of ECF findings to out of sample

countries. Finally, more studies are needed to assess the external validity of ECF-based cost projections.

3. Limitations of thesis approach

| present in this section the major limitations of this thesis. Research papers limitations are discussed in

more details in chapters 5 to 8.

Outcome measure for public health impact - HIVST kits distributed

The first limitation of the cost analyses presented in papers 2 and 4, is reporting unit costs per HIVST kit
distributed without (or with partially) observed data linking the unit costs to numbers of new HIV case
identified and those linked to care. As a result, | was unable to estimate the unit cost per person tested or
per HIV-positive individual tested or linked to care after self-testing or a negative person linked to
prevention in paper 4, thus limiting our assessment of the public health impact of HIVST. In paper 2, |
costed the entire HTS programme, allowing us to estimate the overall cost per HIV-positive case identified,
however there are some gaps in our understanding of the impact of HIVST, e.g. | do not know how many
of new HIV-positive identified had self-tested as this data was collected only at a later phase of the
programme. This is an inherent challenge with the evaluation of HIVST due to the private nature of this
testing modality and the need for confidentiality for specific end users such as key populations and their

sexual partners.
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Connecting the findings from the scoping review (Paper 1) with accounting cost function applications

(Paper 4)

Another limitation of this thesis relates to our accounting cost function presented in paper 4. The
development of the cost function review frameworks (paper 1) was not finalised by the time | was
estimating and publishing ACF-based costs at scale in paper 4. Thus, the relatively simple ACF model
presented in paper 4 could further consider variable returns to scale by cost input to improve the accuracy
of model predictions according to the production theory. For example, costs related to vehicle operation
and maintenance/transportation could be considered as inputs exhibiting decreasing returns to scale
rather than constant returns to scale (currently considered) as the programme is being scaled-up to more
remote areas. However, paper 4 found that the two main factors of cost variation at scale are the
spreading of fixed costs over higher number of HIVST volumes (economies of scale), and the progressive
withdrawal of the international partner organisation over time. Moreover, transport costs accounted for
a small proportion of total costs (between 1% and 7%). So, | could assume that, in this case, accounting
for decreasing returns to scale would have little impact on cost predictions. If | were to apply mathematical
notations from Paper 1, | would first classify cost inputs as fixed/semi-variable/variable and by their
expected ability to exhibit constant/variable returns to scale, estimate cost predictions, and run sensitivity

analysis on assumed returns to scale. This would need to be assessed in more details in future studies.

Lesotho as a case study for cost projections at scale - Issue for generalisability of our findings to countries

outside of sample

A third limitation of our analytical approach relates to using the country of Lesotho as a case study for
assessing the external validity of our econometric cost function in paper 3. Lesotho has a geographical

area just over 30,000 square kilometres and a total population of about 2 millions [*°!. Although it has the
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second highest HIV prevalence in the world at 22.3%, its estimated national population of PLHIV is among
the smallest in the southern African region with 340,000 adult in 2019"*”). Planned HIVST kits distribution
volumes in the country by the MoH National HIV Testing Strategy across all delivery models is around
521,000 kits for the period 2019-2022 18], Thus, the magnitude of scale-up might be more important in
other countries and lead to higher costs falling above the range of costs that our cost function might be
able to project. Although, this limitation is difficult to assess with the data we have, and is only speculative.
The complexity of the operational scale-up might also be important to consider. Lesotho is composed of
ten districts where the main implementer PSI had one to two fixed sites per districts. This model is,
therefore, relatively simple. Other countries, might operate with more complex administrative structures,
which might lead to lower or higher costs for HIVST intervention scale-up. As a result, although the cost
function from paper 3 showed an acceptable external validity in Lesotho, it should be interpreted with
caution if used for countries with radically different HIVST scale-up volumes, and different administrative
structures. Nevertheless, Lesotho’s relatively simple structure allowed good transparency on how the
system was operating and the sources of costs. Moreover, it is the only country where we had the
opportunity to observe HIVST scale-up over two years of implementation and access to detailed HIVST

and HTS programme data.

Further characterising accounting versus statistical approaches for cost projections

Another limitation is related to not better characterising differences/similarities in cost projections
obtained between accounting and econometric cost functions using the same data base. To my
knowledge, only one study did use a combination of both projection models to estimate scenarios
exploring Ethiopia’s ability to finance its primary health care system 2. One of their major assumption

was that accounting cost functions potentially overestimate resource need because they are based on
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normative costs and standards to provide primary care. Whereas, econometric cost functions
underestimate the resources needed due to limited inclusion of capital investments, future changes in
services offered among primary care facilities to meet changes in health needs, and future improvements
that may be made in quality of services provided. The authors conclude that the best estimate of projected
costs lies between these two projections. Possibly, health system demand side and supply side constraints
and absorption capacity to operate efficiency could also have an impact on predicted costs .. Further
research would be needed to further understand the functional forms for each methods, to better define
their respective a