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Abstract
Health economic evaluation seeks to guide priority setting by generating evidence on the

relative efficiency of alternative policy choices. Yet, the volume and quality of economic
evaluations are insufficient to inform the vast array of policy choices, especially in low- and
lower-middle-income countries. This thesis aims to inform policy choices regarding strategies
to tackle malaria and to improve methods to transfer economic evaluation evidence across

contexts.

A bibliometric analysis of the applied economic evaluation literature frames the thesis. Two
economic evaluations were conducted sequentially alongside two cluster-randomized
controlled trials in approximately the same population of over 500,000 people in four districts
of central Senegal. The first evaluation explored the financial and economic costs of equipping
community health workers to deliver seasonal malaria chemoprevention (SMC) door-to-door
to children under 10 years of age. It revealed substantial economies of scale, with the largest
primary healthcare facility catchment areas (by population) incurring the lowest average costs
per child treated. The second evaluation assessed the costs and cost-effectiveness of several
multi-component, geographically targeted, malaria strategies in a low transmission context.
Building on the analysis of SMC, the data collected in the second trial was used to develop and
populate a simple, transparent, flexible, and intuitive cost model, which projects how the costs
of four interventions may be expected to vary outside the study setting, in other contexts, and
with certain changes to the interventions themselves, as well as with input prices and

epidemiology.

Drawing on the two economic evaluations and a critical review of wide-ranging literatures
relevant to transferability, the thesis concludes by proposing guidance for the design and
conduct of economic evaluations alongside trials or pilots in ways that promote transferability.
In particular, it recommends efforts from the outset of the evaluation to identify and narrow
the “transferability gap” between planned implementation within the trial or pilot and the

intended decision contexts.
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Chapter 1. Introduction to the thesis

1.1. Background

Achieving universal health coverage (UHC) globally will require explicit priority setting
processes informed by evidence on policy choices relevant to each context. Health economic
evaluation seeks to guide priority setting by generating evidence on the relative efficiency of
alternative policy choices. It has been defined as “the comparative analysis of alternative
courses of action in terms of both their costs and consequences.” (Drummond et al., 2008) The
use of health economic evaluations in decision processes for public health systems became
institutionalized in Canada, Australia, the United Kingdom (UK) and several other European
countries in the 1990s (Hjelmgren et al., 2001, Briggs et al., 2006, Drummond and Banta,
2009). In the last twenty years, the number of economic evaluations conducted globally each
year has grown dramatically, as has the number of economic evaluations conducted in low-
and middle-income countries (LMICs) (Neumann et al., 2018). More recently, efforts to
institutionalize health technology assessment (HTA) in LMICs including Thailand (Tantivess et
al., 2009), South Africa, China (Hofman and Tollman, 2010, Butt et al., 2019, MacQuilkan et al.,
2018), and Ghana (Hollingworth et al., 2020) as well as in decision-making processes at the
World Health Organization (WHO) (Brunetti et al., 2013, Rehfuess et al., 2019), have begun to
draw on this growing body of literature and to generate further demand for economic
evaluation evidence (Li et al., 2016). This increased focus on the role of economic evaluation in
LMICs has led to the development and growth of various international initiatives, including the
International Decision Support Initiative (iDSI) and various iterations of the Disease Control

Priorities Project.

Yet, despite this increase in interest and in the numbers of economic evaluations produced,
scarcity of economic evaluation evidence remains a challenge for decision-making in all
contexts. At every level, policy makers face constant decisions about whether to maintain the
status quo or to adopt a new course of action. Either choice risks substantial opportunity costs
if the alternative turns out to be the more efficient choice. As LMICs have fewer resources for
health interventions and higher burdens of ill health than high-income countries (HICs), the
opportunity costs they face in terms of both resources and health forgone from inefficient

policy choices are even greater.
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To inform these myriad choices, decision-makers can only rarely draw on robust evidence from
an empirical evaluation conducted to inform the exact decision problem they face in their own
decision context. While they may sometimes commission empirical research, such investment
is not feasible for every decision in every context and takes time. Instead, especially for new
interventions, any potentially relevant evidence is often drawn from small-scale pilots or trials
and/or larger-scale implementation in another context of interventions that may not precisely
reflect the ones under consideration. Policy makers must then consider whether and to what

extent such evidence is relevant to their particular decision problem.

Judgments about the relevance of economic evaluation evidence are challenging because the
cost, effectiveness, and cost-effectiveness of a given intervention may vary across contexts;
however, both overly wide and overly narrow definitions of “relevant evidence” risk sub-
optimal policy choices (Drummond et al., 2009). The degree to which evidence regarding
interventions in one context may be appropriately used to inform decisions regarding another
context is known as “transferability”. Evidence may be considered not transferable to a given
decision problem, fully transferable, or transferable with modifications to the analysis or
interpretation (Barbieri et al., 2010). As discussed further in Chapter 6, numerous, wide-
ranging literature streams have offered insights for how to improve the transferability of
economic evaluations conducted alongside trials and pilots, but their solutions have remained

piecemeal.

More economic evaluation evidence is therefore needed regarding key health priorities and
areas of investment in LMICs, but just producing a greater volume of economic evaluations
cannot effectively inform the vast and constantly evolving array of health policy decisions
across the diverse range of LMICs. In addition to expanding the empirical evidence base by
evaluating more interventions in more LMIC contexts, research is also required to increase the
usefulness of those evaluations by facilitating evidence transfer beyond the specific evaluation

context.

Prioritizing subjects and contexts for economic evaluation research in LMICs is challenging
because so many countries lack relevant evidence to guide their priority-setting decisions
across so many areas of health (Neumann et al., 2016, Pratt et al., 2018, Woods et al., 2018).
However, there is consensus that malaria control is a priority in many settings. It remains one
of the leading causes of death in low- and lower-middle-income countries (LLMICs), especially
in children and in Sub-Saharan Africa (GBD Collaborative Network, 2018), and imposes a

substantial economic burden on households, health systems, and countries (Gallup and Sachs,
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2001, Alonso et al., 2019, Arrow et al., 2004, Azemar and Desbordes, 2009, Fink et al., 2013,
Holding and Snow, 2001, Klejnstrup et al., 2018, Onwujekwe et al., 2013, Ameme et al., 2014,
Larsen et al., 2017). This burden, in turn, hinders the improvements in living conditions which
could reduce malaria’s spread and impact (Degarege et al., 2019). The literature on the costs
and cost-effectiveness of malaria interventions is relatively large compared with other health
issues in LLMICs (except HIV), and has generally found that the main malaria interventions are
amongst the “best buys” (Tediosi et al., 2017, White et al., 2011). The economic evidence base
remains small, however, relative to the diversity of countries and contexts with ongoing risk of
malaria, the wide range of new interventions and possible combinations of interventions now

available or emerging, and the global resources invested in tackling malaria (WHO, 2019d).

The epidemiology of malaria has shifted in recent years, with some countries eliminating
malaria, others recording dramatic declines in malaria incidence, and a remainder continuing
to face a very high and (in some cases) increasing disease burden (WHO, 2019d). Some of the
global declines in malaria incidence and deaths have been achieved through substantial global
investment in expanding coverage of proven preventive interventions, notably insecticide-
treated bed nets, and in expanding access to prompt treatment with artemisinin combination
therapies (ACTs) (WHO, 2019d). New products and strategies are at various stages in the
development process and aim to “maintain the gains” and to achieve further progress both in
countries and regions approaching malaria elimination and in those still facing a high burden.
Yet, donor funding for malaria has plateaued, its future is uncertain, and LLMICs, by definition,
have especially scarce domestic resources. The push towards UHC may also call into question
the global and national prioritization of malaria over the last fifteen years in favour of other
health priorities. Evidence on the efficiency of new strategies to tackle malaria is therefore

urgently needed to inform decisions regarding their adoption.

Senegal’s entire population of nearly 16m is considered at risk of malaria; WHO estimated
there were 884,000 cases (618,000 to 1,163,000) and 4,480 malaria deaths (4,260 to 4,780) in
2018 (WHO, 2019d). As with other Sahelian countries, malaria transmission is highly seasonal,
which affects the types of malaria interventions that may be appropriate. Seasonal malaria
chemoprevention (SMC) emerged more than a decade ago as a highly efficacious strategy in
such highly seasonal settings, reducing malaria incidence by up to 75% in children who
received it in clinical trials (Wilson, 2011). Informed in part by economic evidence produced
within this thesis, SMC has been scaled up in Senegal and across 11 other countries (WHO,

2019d). As described in Chapter 4, the epidemiological context in central Senegal has changed
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in the last 20 years from a relatively high transmission setting to one with overall low, but
locally heterogenous transmission in which elimination was considered potentially feasible if
additional interventions were implemented. This shifting epidemiological and policy context
created new evidence gaps, necessitating evidence to inform decision-making on the

implementation of geographically targeted interventions in malaria “hotspots”.

While more politically stable than many neighbouring countries in West Africa, Senegal’s
income group classification has switched several times in recent decades between lower-
middle-income (1987-1993, 2009-14, 2018) and low-income (1994-2008, 2015-17) status
(World Bank, 2020a). In 2018, gross national income averaged $1,410 per capita (Atlas
method) (World Bank, 2020b). As of 2011, the most recent year for which estimates are
available, 38% of the population lived on less than $1.90 per day (2011 purchasing power
parity) and 88% lived on less than $5.50 per day (World Bank, 2020b). Despite rapid
urbanization, more than half (53%) of Senegal’s population still lived in rural areas in 2018, and
57% of the rural population lived in poverty (based on the national threshold in 2010),
compared with 33% of the urban population (World Bank, 2020b). The WHO estimated that
international donors provided nearly all financing for Senegal’s malaria programme up to 2015,
and ten times more than the domestic government in 2018, when a combined total of $52m in
expenditure was reported (WHO, 2019d). However, as WHO’s malaria financing estimates
include only direct expenditure on malaria-specific programmes and commodities, they
exclude the substantial contributions of health workers’ time and existing health infrastructure
to malaria control, and so underestimate both total and domestically-financed expenditure on

malaria control.

The priority-setting space regarding malaria interventions in Senegal is therefore complex and
evolving. Choices must be made domestically within Senegal and other countries about the
relative prioritization of health in general, of malaria in particular, of specific malaria
interventions, and regarding how to allocate resources across different areas of the country
with heterogeneous needs. Analogous choices must also be made in the donor agencies that
provide most of LLMICs’ malaria funding, and these choices include prioritization across
recipient countries with very different health needs and economic circumstances.
Furthermore, WHO plays an important role in issuing policy guidance through formal
processes based on reviews of available evidence and is therefore a significant, additional

decision-maker. Economic evidence on the relative efficiency of new malaria intervention
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strategies is therefore needed to inform these decision-makers both in Senegal and elsewhere

so as to contribute to improving health.

1.2. Aim and objectives

This thesis aims to provide evidence to inform policy choices regarding strategies to tackle
malaria and to improve methods to facilitate transfer of (economic) evaluation evidence more

generally.
The specific objectives are:

1) To examine the size, scope, and distribution (geography, disease burden, authorship)
of the recent, applied, economic evaluation literature;

2) To analyse the costs of delivering seasonal malaria chemoprevention (SMC) to children
under 10 on a large scale in central Senegal;

3) To assess the costs and cost-effectiveness of various combinations of intensive malaria
interventions geographically targeted at a local level using data from a trial in central
Senegal;

4) To develop and apply methods for the analysis of cost data in ways that promote
evidence transfer, and develop general guidance on designing economic evaluations

for transferability.

1.3. Structure

The thesis is composed of seven chapters. In this chapter, Chapter 1, | briefly introduce the
thesis as a whole. | provide a short background to the thesis; present its aims, objectives, and
structure; detail my specific contributions to each element of the research included within the

thesis; and summarize ethical considerations and funding for the thesis.

Chapter 2 responds to the first objective of the thesis. It examines the size, scope, and
distribution of the recent economic evaluation literature, with an emphasis on those issues

and challenges most salient for LLMICs. It identifies the need for more and better-quality
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evidence on key health priorities in LLMICs and for greater focus on improving the methods for

transferring economic evaluation findings across contexts.

Chapters 3, 4, and 5 present two economic evaluations conducted alongside cluster-
randomized controlled trials of public health interventions to tackle malaria in central Senegal.
Chapter 3 provides background to and an overview of the two economic evaluations, which
are presented in subsequent chapters. Chapter 4 responds to the second objective of the
thesis in presenting an analysis of the costs of SMIC. Chapter 5 responds to the third and fourth
objectives of the thesis in presenting a cost and cost-effectiveness analysis of geographically
targeted strategies in malaria hotspots. Both economic evaluations provide important
evidence to inform malaria policy, while demonstrating how data can be collected and
analysed alongside a trial in ways that explicitly promote the transfer of findings to real-world

settings and across geographies.

Chapter 6 completes the response to the fourth objective of the thesis. It presents a critical
review of 10 wide-ranging literature streams, which offer insights for understanding how to
improve the transferability of economic evaluations conducted alongside trials and pilots.
Drawing on this literature and my experience conducting economic evaluations, | propose a
practical “designing for transferability” guide. This guide proposes some initial methodological
guidance on how to make economic evaluations conducted alongside trials and pilots more

transferable in future.

Chapter 7 concludes the thesis. It summarizes the thesis’ empirical and methodological
contributions to knowledge and discusses the strengths and limitations of the thesis as a

whole.

1.4. Contributions of the candidate

This thesis brings together research from three projects. Three articles are included in full
within the thesis, one from each of the three projects. These are articles for which | conceived
the idea, collected and analysed the data, wrote the initial draft, and implemented revisions in
response to feedback from co-authors, peer reviewers, my thesis supervisors, and attendees at
conferences and workshops at which | presented the work. The first two of these articles have

been published in Health Economics and Health Policy & Planning, respectively, while the third
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will be submitted for publication in conjunction with a manuscript reporting the trial’s

effectiveness results.

The first project on which this thesis draws is a supplementary issue of Health Economics,

entitled Economic evaluations in low- and middle-income settings: Methodological issues and

challenges for priority setting. | initiated and led this supplementary issue, as highlighted in the

editorial by Andrew Briggs and Rachel Nugent (2016). The foreword to the supplement (Pitt et
al., 2016b), which | drafted with support from co-authors, outlines the supplement’s 12
research articles, including the bibliometric analysis included in full in Chapter 2 (Pitt et al.,
2016a) and two further articles (Vassall et al., 2016b, Griffiths et al., 2016), which | co-
authored. In Chapter 2, | cite findings regarding variations in methods used in economic
evaluations across low-, middle-, and high-income countries from the article | co-authored
with Ulla Griffiths and Rosa Legood (Griffiths et al., 2016). In Chapter 6, | locate work on the
integration of supply and demand constraints in economic evaluations in an article | co-
authored with Anna Vassall and colleagues (Vassall et al., 2016b) within literature streams

which have addressed transferability and economic evaluations.

The second project on which this thesis draws is an evaluation of SMC in Senegal. | joined at
the start of the final implementation year, when | took over from Lesong Conteh, who
continued to provide advisory support after taking up a new role at Imperial College London. |
designed data collection tools; supervised data collection in collaboration with Mouhamed
Ndiaye, a physician working as part of the trial team; supervised data entry and management;
and conducted the economic evaluation. As part of this work, | drafted sections of a technical
report on the economics of SMC for WHO's Technical Expert Group, which subsequently
recommended SMC for implementation. | conducted the analysis and wrote the economic
evaluation of SMC (Pitt et al., 2017), which is presented in full in this thesis in Chapter 4. | also
contributed substantially (as second author) through both analysis and writing to an article on
the coverage, equity, and delivery of SMC (Ba et al., 2018), and contributed as a co-author on

the trial’s main effectiveness paper (Cissé et al., 2016).

The third project on which this thesis draws is an evaluation of geographically targeted
strategies in malaria hotspots in Senegal. | contributed to the original grant proposal and the
protocol for this trial, including drafting the economic evaluation component and contributing
to the wider framing and communication of the study. | worked with a Senegalese research
assistant in epidemiology, Fassia Tairou. She supervised data collection in the field with my

guidance as part of her wider duties on the trial. | conceived and conducted the economic
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analyses, including the development of a mechanistic cost model, which are presented in the
article included in full in Chapter 5 of this thesis. | also contributed to the analysis and framing

of the overall trial results, which are in preparation (Diallo et al., 2020).

1.5. Ethics

Ethical approval was obtained for the thesis as a whole (Appendix 1) and for two of the three
empirical components within it (Appendix 2). For the bibliometric analysis in Chapter 2, ethics
approval was neither sought nor required because only publicly available data were analysed
and there were no human subjects involved. The two economic evaluations in Chapters 4 and
5 were listed amongst the objectives and methods in the approved protocols for each of their
respective trials and were covered in the ethical approvals obtained for each trial. A sub-group
of LSHTM'’s Research Governance Committee reviewed the plans for this thesis and the ethics
approvals in place and were satisfied that appropriate ethical approvals had been obtained for
the individual components of the thesis. Further information on ethical considerations is

included within each of the economic evaluations and in Appendix 2.

1.6. Funding

| received a PhD studentship from the Economic and Social Research Council through the
Bloomsbury Doctoral Training Centre to undertake this thesis. In addition, work on the SMC
trial was supported by the Bill & Melinda Gates Foundation and work on the hotspot trial was
supported by a Joint Wellcome Trust / Medical Research Council / Department for

International Development Global Health Trials grant.
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Chapter 2. Analysis of the applied economic evaluation literature

2.1. Introduction to Chapter 2

In this second part of the thesis, | systematically analyse the recent, applied economic
evaluation literature and identify key gaps and challenges for this growing research field. My
overall objective was to examine the size, scope, and distribution (geography, disease burden,
authorship) of the recent, applied economic evaluation literature. Specific research questions

were as follows:

e What is the size and scope of published, full, applied economic evaluations globally?

e How does the distribution of economic evaluations across health areas and country
income groups relate to disease burden and resources for health?

e Who is producing this research in terms of institutional and geographic affiliations and
where is it being published, and how does this relate to where the countries are being
done?

e What are the implications for using economic evaluations to inform decision-making,

especially in LLMICs?

| present an article published in Health Economics, in which | report a bibliometric analysis of
all cost-effectiveness, cost-utility, and cost-benefit analyses of health interventions published
globally over a recent 28-month period. The bibliometric analysis evaluates what is studied,
where, and by whom in economic evaluations, as well as where they are published and how to
develop sensitive and specific search strategies. These analyses highlight, amongst other
challenges, the dearth of economic evaluation evidence in LLMICs to which subsequent

chapters of the thesis seek to respond.
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2.2. Economic Evaluation in Global Perspective: A Bibliometric Analysis

of the Recent Literature
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BIBLIOMETRIC ANALYSIS OF THE RECENT LITERATURE
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ABSTRACT

We present a bibliometric analysis of recently published full economic evaluations of health interventions and reflect critically
on the implications of our findings for this growing field. We created a database drawing on 14 health, economic, and/or
general literature databases for articles published between 1 January 2012 and 3 May 2014 and identified 2844 economic
evaluations meeting our criteria. We present findings regarding the sensitivity, specificity, and added value of searches in
the different databases. We examine the distribution of publications between countries, regions, and health areas studied
and compare the relative volume of research with disease burden. We analyse authors’ country and institutional affiliations,
journals and journal type, language, and type of economic evaluation conducted. More than 1200 economic evaluations were
published annually, of which 4% addressed low-income countries, 4% lower-middle-income countries, 14% upper-middle-
income countries, and 83% high-income countries. Across country income levels, 53, 54, 86, and 100% of articles, respec-
tively, included an author based in a country within the income level studied. Biomedical journals published 74% of economic
evaluations. The volume of research across health areas correlates more closely with disease burden in high-income than in
low-income and middle-income countries. Our findings provide an empirical basis for further study on methods, research
prioritization, and capacity development in health economic evaluation.
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1. INTRODUCTION

In 2012, Wagstaff and Culyer published a high-profile bibliometric analysis that set out to characterise the
entirety of the health economics field, updating and extending prior work by Rubin and Chang (2003). Their
ambitious work examined publications across 42 years (1969-2010) and generated much discussed rankings
of the leading authors, institutions, and topics of health economics research over time. By restricting their
analyses to journals indexed in EconLit, however, they omitted the substantial body of health economics
research published in the medical literature, including many economic evaluations of health interventions. This
important and growing area of health economics examines the relative efficiency of alternative courses of
action in improving health (Drummond et al., 2005).

To address this gap, we present a bibliometric analysis of recently published, full health economic evalua-
tions (Drummond et al., 2005) and reflect critically on the implications of our findings. Bibliometric analysis is
defined as the quantitative study of written communication in forms such as journal articles and books
(Pritchard, 1969). It sets out to characterise a literature, rather than examine the findings of that literature, which
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is the approach of a systematic review. We stratify our analyses of the economic evaluation literature by the
income group classification of the countries studied (World Bank, 2015). This stratification ensures that
findings regarding low-income and middle-income countries (LMICs) receive due attention, given that they
are home to 84% of the world’s population and bear 89% of the global burden of disease (GBD) (World Health
Organization (WHO), 2014). In light of the growing interest in global health and priority setting, this contribu-
tion to the evidence base is also timely.

A previous bibliometric analysis of cost-effectiveness analyses (CEAs) was limited to studies reporting
outcomes as cost per quality-adjusted life-year (QALY) up to 2006 published in English in journals indexed
in Medline (Greenberg ef al., 2010). As QALYs were infrequently used in LMICs up to 2006, this restriction
biased Greenberg et al.’s findings towards studies undertaken in HICs and omitted nearly half of full economic
evaluations (as we will show). Much has also changed since 2006, with a rapid expansion in the literature, in-
cluding in LMICs.

By 1984, just a handful of economic evaluations of health interventions had been conducted in LMICs
(Mills and Thomas, 1984) and even in 2000, Walker and Fox-Rushby (2000) were still able to review critically
the 107 economic evaluations of interventions to address communicable diseases in LMICs published between
1984 and 1997. In the past decade, however, the body of work has expanded such that it has been possible for
reviews to focus on specific disease areas, for example non-communicable diseases (Mulligan et al., 20006);
road traffic injuries (Waters et al., 2004); malaria (Goodman and Mills, 1999, White et al., 2011); various as-
pects of HIV/AIDS (Creese et al., 2002, Galarraga et al., 2009, Walensky et al., 2010, Johri and Ako-Arrey,
2011) and tuberculosis (Fitzpatrick and Floyd, 2012, Chavan et al., 2011); vaccination for Haemophilus
influenzae type b (Griffiths and Miners, 2009), seasonal (Ott ef al., 2013) and pandemic influenza (Perez
Velasco et al., 2012); human papilloma virus (Natunen et al., 2013, Fesenfeld et al., 2013); cardiovascular dis-
eases (Suhrcke ef al., 2012); surgery (Chao et al., 2014); and strategies to improve the demand and supply of
maternal and neonatal care (Mangham-Jefferies ef al., 2014). Reviews of economic evaluations in LMICs have
also narrowed their focus by geography, for example to Meso-America (Valencia-Mendoza et al., 2011), Latin
America and the Caribbean (Augustovski et al., 2009), Thailand (Teerawattananon et al., 2007), Nigeria
(Gavaza et al., 2010), Tanzania (Mori and Robberstad, 2012), and Ghana (Odame, 2013). In adopting a more
constrained perspective, these reviews have allowed important insights into the economic evidence for specific
disease areas or geographies, but have not provided a wider perspective on the overall economic evaluation lit-
erature in LMICs, nor been able to compare this literature with the far larger body of economic evaluations in
high-income countries (HICs).

We aim to provide a recent snapshot of the state of the economic evaluation field. In the following sections,
we describe the methods for generating and analysing our data, present our results, and reflect on the state of the
field and the implications of our findings for research priority setting and capacity development.

2. METHODS

We began by developing a comprehensive database of peer-reviewed research articles reporting a primary, full
economic evaluation. Following Drummond et al. (2008), we defined ‘full economic evaluation’ as studies
which evaluate the efficiency of alternative interventions or courses of action by combining data on the costs
and effects on human health of the alternatives in CEA, cost-utility analysis (CUA), or cost-benefit analysis
(CBA). Further, we aimed to restrict our database to articles which went beyond simple reporting of some cost
and effect data, and instead included only articles which either (i) produced a summary measure of efficiency,
such as a ratio (e.g. incremental cost-effectiveness ratio), probability (e.g. that an intervention is cost-effective
given a defined threshold), difference (e.g. incremental net benefit), and/or graph, such as a cost-effectiveness
plane or cost-effectiveness acceptability curve as recommended in International Society for Pharmacoeconomics
and Outcomes Research guidelines (Ramsey et al., 2005), or (ii) which demonstrated strict dominance (i.e. that
one intervention is both more costly and less effective than the other). We defined ‘primary research’ to include

© 2016 The Authors. Health Economics published by John Wiley & Sons Ltd. Health Econ. 25(Suppl. 1): 9-28 (2016)
DOI: 10.1002/hec
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the production of a novel estimate (i.e. to include modelling studies) and to exclude reviews which only cite pre-
viously published estimates.

Our analysis was restricted to articles published from 1 January 2012 to the date of our searches, 3 May
2014, comprising a period of 28 months. This restriction reflects both our aim to provide a recent snapshot
of a rapidly changing field and also practical considerations, since even this restricted timeframe required
screening, cleaning, and coding large volumes of data. In the following sections we describe the process of con-
structing the database and our analytical methods.

2.1. Data

Search strategies. Figure S1 illustrates our search strategy in a flow diagram adapted from the PRISMA
guidelines for systematic reviews.(Liberati et al., 2009) We identified 17 potential databases for our search
by consulting recent systematic reviews of economic evaluations and a health sciences librarian to identify
databases which seemed, prima facie, to be potentially useful or used by researchers.

Based on preliminary searches in all databases and a review of their content and functionality, we selected
14 databases for our final search: two health economics databases (the National Health Service Economic
Evaluations Database (NHS EED) and the Health Economic Evaluations Database (HEED)), one economics
database (EconLit), one general literature database (Scopus), two broad databases (the Science Citation Index
Extended (SCI), and the Social Science Citation Index, which were searched simultaneously), and eight health
sciences databases (Embase, Medline including in-process, Latin American Health Sciences Literature
(LILACS), Global Health, PsycInfo, Scielo, Biosis, and Cinahl). We excluded Google Scholar because Google
prohibits bulk downloading of citations; Pubmed because we were able to obtain the same set of articles
(Medline, Medline-in-process, and Pubmed-not-Medline) in our search using the Ovid SP interface, which
we also used to access EconLit, Embase, Global Health, and PsycInfo, and the Tufts Cost-Effectiveness
Analysis Registry because its coverage was limited to articles published in English which report outcomes
as QALYs and it charges substantial access fees.

Search strategies were optimised individually for each database, taking into account the scope of each
database and the features of its user interface. Careful checks were performed to ensure that the initial search
was as sensitive as possible and that any restrictions increased specificity without compromising sensitivity.
Each time we considered an additional restriction to increase the specificity of the search, such as excluding
all articles with the word ‘protocol’ in the title, we first reviewed the first 100 excluded records, and revised
the search strategy if any excluded records were found to meet our inclusion criteria. Full details of the final
search strategy employed in each database are provided in Table S1 and further discussion of the reasons for
not using controlled vocabulary indexing terms (e.g. MeSH terms) is available in Text S1.

Merging and screening. Search results were exported to Excel. We identified duplicate records to produce a set
of unique records linked to the bibliographic data in all of the databases in which they were found. By
comparing multiple databases and carefully reviewing data, we corrected many of the errors within the biblio-
graphic data. Titles and, if necessary, abstracts and in some cases full text were screened by one author (CP) to
determine whether they met our inclusion criteria. Although only English-language search terms were used, no
language restrictions were applied. Keyword searches of all text fields were used to facilitate identification of
articles for exclusion (using terms such as ‘review’ and ‘protocol’) and inclusion (using terms such as ‘domi-
nant’ and ‘cost-utility’).

We excluded articles which described themselves as CEA, CUA, or CBA but did not meet our inclusion
criteria. For example, self-proclaimed ‘cost-benefit analyses’ which only compared the costs of interventions
with cost savings resulting from reduced subsequent health care use were excluded as they did not measure
health benefits. Cost-minimization analyses were similarly excluded (Dakin and Wordsworth, 2013), as were
the many articles declaring an intervention ‘cost-effective’ which did not analyse both costs and effects.

© 2016 The Authors. Health Economics published by John Wiley & Sons Ltd. Health Econ. 25(Suppl. 1): 9-28 (2016)
DOI: 10.1002/hec
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2.2. Analyses

All analyses are disaggregated by country income group and were conducted in Microsoft Excel.

Databases. For each of the 14 databases, we provide estimates of the sensitivity! and specificity® of our
search. Given the substantial overlap between databases and to allow us to identify the minimum number
of databases required to achieve a given overall sensitivity, we also assessed the added value of each
database firstly, by identifying the database yielding the greatest number of economic evaluations, and
secondly, by ranking the remaining databases in descending order according to the number of additional
economic evaluations they identified beyond those already identified by a more highly ranked database.

Geographical areas studied. Key term searches were developed to classify articles by country (or countries)
studied, which were then mapped onto World Bank income groups and regions (World Bank, 2015).% All
potentially ambiguous country names were reviewed,* as were all articles not classified by any search term
or classified as analysing multiple income groups. Articles which described themselves as studying a region
or set of countries (such as ‘malaria endemic countries’ (WHO Global Malaria Programme, 2014)) were
classified according to all the countries within that region. A single article could be classified as belonging
to multiple income levels or regions.

Health areas. We developed a classification of 25 health areas so as to allow comparability with the global
burden of disease (GBD) estimates (WHO, 2014), to be implementable with an electronic key term search,
and to permit meaningful analysis. In Table S2, we show how our 25 health areas map onto the GBD and onto
the WHO'’s International Classification of Disease, version 10 (WHO, 2011). A set of up to 49 search terms was
developed for each of our health areas through an iterative process.

As with countries studied, a single article could be classified as belonging to multiple health areas. For
example, we counted economic evaluations of interventions for gestational diabetes as both ‘maternal and
newborn health’ and ‘diabetes’, and interventions to address HIV and tuberculosis co-infection (Pawlowski
et al., 2012) as addressing each disease. While this could be considered double-counting, we argue that
interventions addressing multiple areas do not contribute any less to each area than those interventions address-
ing only one disease. Further information is available in Text S2.

We then compared the distribution of health areas studied in economic evaluations to the GBD. Comparisons
are presented graphically with scatter plots comparing the volume of economic evaluations and burden of dis-
ease by (i) ranking and (ii) proportion of total, disaggregated by income group and in total, which allows us both
to assess the correlation and to identify health areas which are outliers meriting deeper exploration.

Languages and journals. Journals were classified as follows: (i) biomedical; (ii) health economics, services,
policy, and/or social sciences; or (iii) other (Table S3). We analysed the proportion of health economic
evaluations published in each journal type, the top 20 journals, and the concentration of economic evaluations
by income group and in total.

The language of the full text was also analysed. Where the full text was available in English and another
language, the article was categorised as English to permit analysis of what would be missed if only

'Sensitivity = (number of economic evaluations identified by our search of the given database) / (total number of economic evaluations
identified in our final economic evaluation database).

2Speciﬁcity = (number of economic evaluations identified by our search of the given database) / (total number of records identified by our
search of the given database).

3Macao, Hong Kong, and Taiwan, which are all classified as high-income countries by the World Bank, were analysed separately from the
mainland of the People’s Republic of China, an upper-middle-income country.

4F‘otentially ambiguous country names included for example, ‘Congo’, ‘Korea’, ‘Niger’, and ‘Guinea’, each of which is contained within
more than one country name; ‘China’, which is often used in reference to Taiwan, Hong Kong, and Macao; ‘Japan’, which appears within
the bibliographic data of studies of Japanese encephalitis; and ‘England’, which may refer to the United Kingdom, to New England in the
USA, or to studies published in the New England Journal of Medicine.

© 2016 The Authors. Health Economics published by John Wiley & Sons Ltd. Health Econ. 25(Suppl. 1): 9-28 (2016)
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English-language publications were considered. As there were many errors in the language data in the biblio-
graphic databases, these data were also compared with the journal name and country studied, and in some cases
the full text or journal website examined, to arrive at a final language classification.

Types of economic evaluation. We used key term searches to disaggregate studies by self-reported type: CBA,
CUA, and other CEAs. We further disaggregated cost-utility studies between those employing disability-
adjusted life-years (DALYs) and those employing QALYSs. Search terms are listed in Table S4.

Institutional and geographical affiliations of authors. We analysed data on the institutional affiliation of all
authors to develop a comprehensive picture of the institutions and countries contributing to health economic
evaluations.

We identified the top 10 institutions within each income group by volume of economic evaluations produced.
As in previous work (Wagstaff and Culyer, 2012, Rubin and Chang, 2003), schools, colleges, and institutes were
aggregated with the university to which they belonged, with the exception of the highly federal Universities of
London, California, Texas, and other similar university systems, whose constituent members were analysed
separately.

We considered a number of possible approaches for analysing articles with more than one institutional
affiliation, including assigning a fractional value (and even weighted fractional values reflecting author order)
to each institution based on the number of authors or institutions represented on a given article (Aksnes ef al.,
2012, Hagen, 2013, Retzer and Jurasinski, 2009). However, we rejected such approaches because using zero-
sum metrics, in general, establishes a perverse incentive against collaboration between institutions and against
the crediting of collaborators. We therefore assigned one point per institution per article, regardless of the
number of institutions or authors on a given article. This has the disadvantage of weighting the analysis towards
articles from multiple institutions, as these articles are counted multiple times in the analyses of institutional and
country affiliations. More information on how we classified health areas and institutional affiliations is available
in Text S2.

3. RESULTS

3.1. Search results

In total, our searches of the 14 databases identified 47 407 records (Figure S1). After duplicate removal, 15 057
unique records remained, and after screening, a total of 2844 unique, full economic evaluations were retained for
analysis.

3.2. Databases

Our search of Scopus identified the largest number of economic evaluations (n =2409), 85% of our total, followed
by NHS EED, which identified 80% of the articles we identified (Table S5). Together, these two databases iden-
tified 96% of articles, and adding the Medline search increased this to 98%. With each additional database, the
incremental gains were diminishingly small, and one database, Lilacs, failed to identify any additional articles be-
yond those identified by other databases. Econlit identified just 42 economic evaluations, 1% of the total. If we
exclude NHS EED from consideration as it ceased to update records from March 2015 and exclude Wiley HEED
as it ceased to be available from the end of 2014, our searches of a combination of Scopus, Medline, and Global
Health would identify 91% of the economic evaluations, but a remaining 7% of economic evaluations in our da-
tabase were only identified by NHS EED and Wiley HEED and not by our searches of other databases (Table S6).
If we restrict the analysis to articles studying LMICs and exclude NHS EED and Wiley HEED, our searches of
Scopus, Medline, and Global Health would together identify 93% of economic evaluations in LMIC settings,
while 4% were only identified in NHS EED and Wiley HEED (Table S7).

© 2016 The Authors. Health Economics published by John Wiley & Sons Ltd. Health Econ. 25(Suppl. 1): 9-28 (2016)
DOI: 10.1002/hec
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3.3. Subjects studied

Geographical areas studied. At least one country, region, and income group studied was assigned to all
economic evaluations identified. Of these, 83% studied HICs, 14% upper-MICs, 4% lower-MICs and 4% LICs.
These sum to more than 100% because 2% of articles reported studies set in multiple countries in more than one
of the four income groups. As expected, most articles reported findings from Europe and Central Asia (44%)
and/or North America (34%) (Table I).

Table II and Figure 1 present the individual countries most frequently studied. The United States (USA) was
the subject of 813 studies, followed by the United Kingdom (UK) (n=478) and six further countries which were
each studied in at least 100 articles. While China, South Africa, and Brazil were studied in a relatively large num-
ber of articles, only 10 upper-MICs were studied in at least 20 articles each. Led by Uganda, India, Kenya, and
Zambia, all of the top 20 LICs and lower-MICs were studied in more than 20 economic evaluations, in part
because 61 of the 184 articles (33%) studying at least one LIC or lower MIC examined more than one country

Table I. Number of economic evaluations by income group and region of study

Income group(s) of countries studied

Region(s) studied Low Lower-middle Upper-middle High Multiple® Total % of total
East Asia and Pacific 22 43 165 229 25 405 14%
Europe and Central Asia 11 16 44 1210 20 1243 44%
Latin America and Caribbean 13 18 116 16 19 129 5%
Middle East and North Africa 14 20 43 27 20 62 2%
North America 1 1 1 960 1 960 34%
South Asia 27 49 20 15 25 56 2%
Sub-Saharan Africa 92 64 78 22 46 158 6%
Multiple® 27 35 31 85 38 102 4%
Total 104 121 391 2350 63 2844 100%
% of total 4% 4% 14% 83% 2% 100%

*Articles studying at least two countries of differing income levels or regions are categorised as ‘Multiple’.

Table II. Top 20 countries most frequently studied in economic evaluations by income group

High income Upper-middle-income Low and lower-middle-income
Rank  Country N % Country N % Country N %
1 USA 813 35%  China 116 30%  Uganda 49  27%
2 UK 478 20%  South Africa 71 18%  India® 41 22%
3 Netherlands 183 8%  Brazil 56 14%  Kenya® 41 22%
4 Canada 162 7%  Thailand 36 9%  Zambia 39 21%
5 Spain 136 6%  Iran 31 8%  Malawi 35 19%
6 Germany 109 5%  Colombia® 28 7%  Nigeria® 34 18%
7 Australia 100 4%  Mexico® 28 7%  Tanzania® 34 18%
8 Italy 98 4%  Turkey 24 6%  Zimbabwe 33 18%
9 Sweden 74 3%  Botswana® 23 6%  Congo, Dem. Rep. 30 16%
10 France 57 2%  Namibia® 23 6%  Ethiopia 29 16%
11 Japan 45 2%  Angola 18 5%  Lesotho" 28 15%
12 Belgium 42 2%  Gabon 17 4%  Mozambique® 28  15%
13 Denmark 33 2%  Mauritius® 14 4%  Rwanda® 28 15%
14 Korea, Rep.* 31 1%  Peru” 14 4%  Vietnam® 28 15%
15 Norway* 31 1%  Seychelles” 14 4%  Ghana 27 15%
16 Greece 29 1%  Bulgaria 13 3%  Central African Republic 26 14%
17 Ireland 27 1%  Argentina® 12 3%  Burundi® 25 14%
18 Switzerland® 24 1%  Hungary" 12 3%  Cameroon® 25 14%
19 Finland® 24 1%  Maldives 11 3%  Eritrea® 25 14%
20 Taiwan 23 1%  Serbia 10 3%  Burkina Faso 24 13%
High-income 2350 100%  Upper-middle-income 391  100%  Low- and lower-middle-income 184  100%
countries countries countries

“Equal ranking with country above and/or below.

© 2016 The Authors. Health Economics published by John Wiley & Sons Ltd. Health Econ. 25(Suppl. 1): 9-28 (2016)
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Figure 1. Number of economic evaluations set in each country. The intensity of shading reflects the number of economic evaluations
analyzing each country over the 28-month period from 1 January 2012 to 3 May 2014

and 33 LIC and lower MIC articles (18%) studied more than 10 countries. In upper-MICs and HICs, only 14%
(n=54) and 7% (n=169) of studies, respectively, examined more than one country and 8% (n=32) and 1%
(n=27) examined more than 10 countries.

Health areas studied and the global burden of disease. At least one health area was assigned to 2829 (99.5%)
articles. The mean number of health areas per article was 1.4 and the maximum 7. Whereas 71% of articles
were assigned a single health area, 21% addressed two health areas and 8% addressed three or more. In LICs,
three health areas dominate: HIV/AIDS (30% of classified LIC articles), neonatal and maternal conditions
(16%), and malaria (15%) (Table III). In lower-MICs, HIV/AIDS again dominates (23%), but the remaining
health areas are more evenly distributed; malaria comes second (11%), and is followed by other infectious
diseases (8%) and mental health (8%); half of the latter focused on HIV treatment and prevention amongst
injection drug users. In upper-MICs, HIV/AIDS (12%) falls to second place, while cancer and other neoplasms
(19%) occupy the top spot with cardiovascular (11%) and respiratory diseases (10%) in third and fourth respec-
tively. As HICs are studied in 83% of economic evaluations, the disease areas addressed in economic evalua-
tions in HICs drive the distribution of all economic evaluations conducted worldwide, with cardiovascular
diseases (19% in HICs), cancer and other neoplasms (18%), mental health (10%), and musculoskeletal diseases
(10%), the leading areas of study in HICs and overall (Table III).

The distribution of articles across health areas corresponds substantially but by no means perfectly
with the global disease burden. The degree of correlation varies by income level, but also depends on
whether rankings or proportions are compared. By either metric, the health areas studied in HICs
correlate surprisingly well with disease burden and substantially better than economic evaluations in other
income groups, which feature more numerous and extreme outliers (Figure 2). The correlation between
the health focus of economic evaluations and disease burden is also substantially stronger in studies of
HICs than globally, because most economic evaluations (83%) address HICs and are well correlated with
HICs’ disease burden, whereas most of the GBD (89%) affects LMICs.

HIV/AIDS is studied in a greater proportion of economic evaluations at every income level than its share of
the disease burden; however, the gap is much smaller in HICs than in LICs and lower-MICs, where it is an

© 2016 The Authors. Health Economics published by John Wiley & Sons Ltd. Health Econ. 25(Suppl. 1): 9-28 (2016)
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E Endocrine, blood, and immune
disorders (other than diabetes
or HIV)

F Digestive disorders
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contraception & fertility
H HIV/AIDS

I Other infectious diseases
(including encephalitis,
hepatitis, other parasitic and
vector-borne diseases, and
nematode infections)

J  Congenital anomalies

K Musculoskeletal diseases
(including back pain)

L Malaria
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behavioural disorders
(including self-harm and
substance disorders)
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conditions
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Figure 2. Economic evaluations versus burden of disease by income group. Results are presented in two ways: the lefthand column com-

pares the proportion of the total number of economic evaluations examining each of the 25 health area with the proportion of the total bur-

den of disease accounted for by each health area and the righthand column compares the ranking of the health areas by the volume of
economic evaluations and by burden of disease

extreme outlier. Other such ‘winners’ across all income levels include ‘other infectious diseases’; ‘genitouri-
nary diseases, contraception, and fertility’; and ‘sexually transmitted diseases (excluding HIV)’. By contrast,
interventions to address wounds and injuries and, to a somewhat lesser extent, neurological conditions, appear
to be substantially under-researched relative to disease burden at every income level.
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Table III. Number of economic evaluations by health area and income group
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Income group studied

Health area Low Lower-middle Upper-middle High World
Cancer and other neoplasms 7 8 73 416 492
Cardiovascular diseases 3 7 44 448 490
Mental health, cognition, and developmental and behavioural disorders 1 10 21 243 268
(including self-harm and substance disorders)
Musculoskeletal diseases (including back pain) 2 3 18 240 262
Respiratory diseases 6 8 39 188 228
Genitourinary diseases, contraception & fertility 4 4 18 180 203
Other infectious diseases (including encephalitis, hepatitis, other 6 10 38 111 159
parasitic and vector-borne diseases, and nematode infections)
Digestive disorders 3 3 21 127 152
Neonatal and maternal conditions 17 7 23 102 142
HIV/AIDS 31 27 46 61 136
Diabetes 1 3 22 102 125
Malnutrition (including obesity and exercise) 6 4 9 98 113
Wounds and injuries (including violence) 4 7 13 91 109
Endocrine, blood, and immune disorders (excluding diabetes or HIV) 0 1 12 86 99
Neurological conditions 1 3 16 81 98
Skin and oral conditions 0 3 5 67 75
Sense organ diseases 2 3 11 56 68
Tuberculosis 8 9 28 34 62
Sexually transmitted diseases (excluding HIV) 2 1 10 39 49
Diarrhoeal diseases 6 7 9 29 46
Communicable childhood diseases 2 5 9 24 40
Malaria 16 13 8 1 24
Congenital anomalies 0 1 2 20 23
Anaemia 0 1 1 9 11
Meningitis 2 2 3 3 9
TOTAL 104 120 390 2337 2829

A single economic evaluation may address more than one health area in countries of more than one income group. The totals exclude the 15

articles (0.5%) in our data set which could not be classified by health area.

High-income countries
Upper-middle-income countries
Lower-middle-income countries

Low-income countries

Multiple income groups

0% 10% 20% 30% 40%

50% 60% 70% 80%

W Biomedical  OHealth economics, services, and policy @ Other

90% 100%

Figure 3. Proportion of economic evaluations by journal type and income group. The classification of journals by type is provided in Web
appendix 6. Articles are disaggregated by the income group(s) of the country or countries studied

3.4. Journals and languages

Economic evaluations were published in a total of 967 different journals (Table S8). Five hundred fifty-nine
journals published only one economic evaluation each in the entire 28-month period we analysed and 165
journals published only two. Whereas 802 different journals published HIC articles, only 44 published
LIC articles. The proportion of articles published in the top 20 journals for each income group increased

© 2016 The Authors. Health Economics published by John Wiley & Sons Ltd.
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steeply down the income groups: 29% of articles studying HICs were published in the top 20 journals
publishing HIC evaluations, while 38, 66, and 77% of articles studying upper-MICs, lower-MICs, and LICs,
respectively, were published in the top 20 journals publishing evaluations set in each of the respective
income groups.

Overall, 74% of articles were published in biomedical rather than health economics, systems, and policy
journals (22%) or other journal types (5%) (Figure 3). In HICs, 6 of the top 10 journals were health economics,
systems, or policy journals, compared with only 3 of the top 10 journals publishing articles about LICs and
lower-MICs (Table IV). The top outlet for economic evaluations across all income levels was PLoS ONE, an
open-access journal publishing ‘primary research from any scientific discipline’, which ranked amongst the
top three journals for all income groups. Vaccine ranked fourth overall (n=66) and in the top five for all income
groups. Yet overall, journals tended towards segregation by income group; 6 of the top 10 journals publishing
economic evaluations about HICs did not publish a single LIC or lower MIC study and two of the remaining
published only one each.

All articles addressing LICs and lower-MICs were published in English, while 4% of HIC articles (n=89)
were published in other languages, as was a striking 22% (n=_87) of all articles addressing upper-MICs. In
upper-MICs, Chinese was the leading non-English language (n=48, 12%), followed by Spanish (23, 6%),
Portuguese (n=13, 3%), Turkish (n=2, 1%), and Farsi (n=1, 0%), while in HICs, Spanish was the language
of full-text for 46 articles (2%), followed by German (n=13, 1%), and 10 other languages.

3.5. Types of economic evaluation

Although the term is widely (mis)used in the literature, genuine cost-benefit analyses are very rare; we
excluded many articles from our database which described themselves as CBAs of health interventions
but did not value health or welfare outcomes. Of the 147 (5%) articles in our database which described
themselves as CBAs, some do not in fact place a monetary value on health outcomes and should probably
be described as CEAs or CUAs; however, for consistency and feasibility, our analysis of evaluation type is
based on key term searches, and therefore reflect the authors’ classification (Table S4). Cost-utility analyses
accounted for at least half of economic evaluations across all income levels, ranging from 50% (n=52) in
LICs to 62% (n=1448) in HICs. The proportion of CUAs employing DALYs decreases from 87%
(n=45) in LICs to 2% (n=35) in HICs, while the proportion employing QALYs increases from 13%
(n=T7) in LICs to 35% (n=23) in lower-MICs, 68% (n=123) in upper-MICs, and 96% (n=1385) in HICs.
A very small proportion of studies described themselves as CUAs but did not contain any search terms for
DALYs or QALYs (Figure 4 and Table S9).

Upper-middle-income countries 3 | 3 |
Lower-middle-income countries if 33 2 I 2 I
]

Low-income countries 42

Multiple income groups 44 Z|2| 35 |
T T

— —

0% 25% 50% 75% 100%

W CUA (unspecified) DOCUA (DALY) MCUA(QALY) DOCUA&CBA [OCBA DOCEA (other)

Figure 4. Proportion of economic evaluations by analytical type and income group studied. In this figure, ‘cost-effectiveness anal-

ysis” refers to articles meeting our definition of a full economic evaluation but not containing any keywords to define it more

specifically as a cost-utility or cost-benefit analysis. Articles can be classified as both cost-utility and cost-benefit analyses if they

contain keywords for both. Articles are disaggregated by the income group(s) of the country or countries studied. CBA: cost-benefit

analysis, CEA: cost-effectiveness analysis, CUA: cost-utility analysis, DALY disability-adjusted life-year, QALY: quality-adjusted
life-year
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Table V. Most frequent countries of institutional affiliation of authors

High-income

Upper-middle-income

Low-income and lower-middle-income

Rank  Country N Country N Country N
1 USA 1145  China 116  India 22
2 UK 619  Brazil 51  Uganda 20
3 Netherlands 267  South Africa 49  Kenya 13
4 Canada 238  Thailand 37  Vietnam 11
5 Australia 191  Colombia 32 Ghana" 9
6 Germany 151  Mexico 26  Zambia® 9
7 Spain 147 Iran 25  Nigeria 8
8 Switzerland 104  Turkey 18  Indonesia® 5
9 France 103 Argentina 14 Burkina Faso® 5
10 Italy 99  Malaysia 12 Bangladesh® 4
11 Sweden 98  Peru 9  Pakistan® 4
12 Belgium 78  Bulgaria® 7  Tanzania® 4
13 Japan 53 Serbia® 7  Philippines® 4
14 Denmark 45  Hungary 5  Egypt* 4
15 Ireland 39  Venezuela 3 Ethiopia® 2
16 Norway 32 Romania® 2 Malawi® 2
17 Taiwan 28  Lebanon® 2 Congo, Dem. Rep.* 2
18 Finland 27  Costa Rica® 2 Benin® 2
19 Korea, Rep.* 25  Jordan® 2 Myanmar® 2
20 Austria® 25  Tunisia® 2 Zimbabwe" 2
21 Greece 23 TIraq® 1 Cameroon® 2
22 Hong Kong 21  Botswana® 1 Senegal® 2
23 Singapore 21  Cuba® 1 Sri Lanka® 1
24 New Zealand” 19  Kazakhstan® 1 Cambodia® 1
25 Poland” 19  Panama® 1 Niger* 1
26 Portugal 15 Jamaica® 1 Afghanistan® 1
27 Israel 12 Dominican Republic* 1 Nepal* 1
28 Russia 9 Rwanda® 1
29 Chile 8 Sierra Leone® 1
30 Czech Republic 7 Somalia® 1
31 Slovenia® 5 Syria® 1
32 Qatar® 5 Bolivia® 1
33 Croatia® 2 Guyana® 1
34 Saudi Arabia® 2 Uzbekistan® 1
35 Estonia® 2 West Bank and Gaza® 1
36 Iceland®, Liechtenstein®, Lithuania®, Macao®, 1

Malta®, Puerto Rico®, Trinidad and Tobago®

The table ranks countries of institutional affiliations of authors by the number of economic evaluations including at least one author
affiliated with that country. All countries affiliated with at least one author of at least one economic evaluation are listed.
“Equal ranking with country above and/or below.

Table VI. Income group studied versus income group of author affiliations

Income group of authors’ country affiliation(s)

Income group of countries studied Low Lower-middle Upper-middle High Total

Low 55 (53%) 7 (7%) 16 (15%) 98 (94%) 104 (100%)
Lower-middle 8 (7%) 65 (54%) 15 (12%) 99 (82%) 121 (100%)
Upper-middle 11 (3%) 11 (3%) 338 (86%) 175 (45%) 391 (100%)
High 4 (0%) 12 (1%) 51 (2%) 2345 (100%) 2350 (100%)
Total 59 (2%) 80 (3%) 394 (14%) 2601 (91%) 2844 (100%)

Row percentages are presented and reflect the proportion of articles addressing a given income level, which include authors affiliated with
institutions based in a country of the given income level.

3.6. Authors’ geographical and institutional affiliations

Author affiliation data were obtained for all articles. At least one author was affiliated with an institution in the
USA or the UK on 1145 (40%) and 619 (22%) of articles respectively (Table V). China-based authors
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contributed to 4% (n=116) of all articles, making it the ninth largest contributor to economic evaluations, while
Brazil (51, 2%) and South Africa (49, 2%) also ranked within the top 20 country affiliations. With 22 articles
(1%), India was the highest ranking lower MIC and ranked 29th overall, just ahead of Hong Kong and
Singapore. Uganda was the largest contributor to economic evaluations amongst LICs with 20 articles (1%)
and ranked 32nd overall just ahead of New Zealand. In general, the lists of leading country affiliations of authors
within each income group strongly resemble the leading countries studied. Even for Uganda, however, the largest
LIC contributor, 30 of the 49 articles about the country did not include any Uganda-based authors; of these, 25
were studies set in at least 15 countries each, but 5 articles focused on 3 or fewer countries.

On 91% of articles, at least one author was based in a HIC (Table VI). All but 5 of the 2350 articles studying
HICs included at least one author based in a HIC and most articles studying upper-MICs included at least one
upper MIC-based author (n=338, 86%). By contrast, only 53 and 54% of articles studying LICs and
lower-MICs, respectively, included any author based in an institution in the respective income group. Authors
based in upper-MICs contributed to a relatively small proportion of articles analyzing LICs (n=16, 15%) or
lower-MICs (n=15, 12%), and in nearly half of these articles, upper-MICs were also studied. Authors based
in HIC institutions contributed to 94% (n=98) of articles analyzing LICs and 82% (n=99) analyzing lower-
MICs, compared with fewer than half of evaluations in upper-MICs (n=175, 45%). Of the 65 articles studying
LIC and lower-MIC which did not include an author from those income levels, 44 articles included at least one
author based in the USA (68%). At least one author listed a major pharmaceutical company amongst the insti-
tutional affiliations on 9% of articles (n=246) overall, varying from 9% (n=221) of articles studying HICs, to
12% (n=46) studying an upper-MIC, 7% (n =8) studying a lower-MIC and 4% (n=4) studying a LIC. English
is an official language in four of the top five HICs and LICs and lower-MICs contributing to economic evalu-
ations, compared with just one of the top five upper-MICs (Table VII).

Harvard University, including its affiliated hospitals, was by some distance the institution contributing to the
largest number of economic evaluations (n=152). The top institutions producing economic evaluations in LICs
and lower-MICs are notable for their low individual and collective output, as well as for including many
ministries of health or (semi-)autonomous research institutes (Table VII). The leading LIC or lower MIC insti-
tution, Makerere University, was listed amongst the author affiliations of 14 economic evaluations over the
2.3 years we studied. The WHO was listed amongst the author affiliations on 25 articles, while the World Bank
and United Nations’ Children’s Fund contributed to only four economic evaluations each.

4. DISCUSSION

Our analysis provides an evidence base from which to discuss the current state of the economic evaluation field
and has generated many questions which warrant further investigation. Some of these issues are examined in
other papers in this special issue. For example, Griffiths et al. (2016) compare the methods used in economic
evaluations in countries of differing income groups in a representative sample of articles from the database we
created, while other authors examine costing methods (Sweeney et al., 2016, Cunnama et al., 2016), outcome
metrics (Greco et al., 2016), and issues around capacity to produce and to use economic evaluations (Kal6
et al., 2016). Our analysis also offers insights to strengthen the process of prioritising, conducting, publishing,
and developing capacity for economic evaluation research. Here, we discuss the state of the field and the im-
plications of our findings for research priority setting and capacity development.

4.1. The state of health economic evaluation

We identified a large volume of economic evaluations—2844 over 28 months—including 1273 in 2013 alone.
The principal economics database, EconLit, contains 5483 publications with ‘Health’ JEL codes for 2012 and
2013, but captured just 1% of economic evaluations published in those years. A large majority of economic
evaluations were published in biomedical journals and even many of the journals we categorised as ‘health eco-
nomics, services, and policy’ are not indexed in EconLit. Adding the 2413 economic evaluations we identified
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for 2012 and 2013 to the EconLit health records would increase the volume of ‘health economics’ research by
44%. Further, these publications still do not include the many other health economic analyses of, for example
equity, demand, markets, and incentives, which are published in journals outside the economics literature as
defined by the EconLit database.

Despite important analytical differences and the lack of overlap between the body of literature addressed in our
analysis and Wagstaff and Culyer’s analysis of health economics within the EconLit database, our findings share
some commonalities. Both our analyses (along with Greenberg et al. (2010)) identified Harvard as the leading
institution and the USA as by far the most prolific contributor to health economic (evaluation) research, followed
by the UK, and then the Netherlands, Canada, and Australia. China and South Africa also rank highly in both our
analyses. Nonetheless, our findings also differ in important ways. As expected, our lists of leading journals share
very little in common, as economic evaluations are predominantly published in biomedical journals, which are
not indexed in EconLit. Some contributors, such as the World Bank and Taiwan, which ranked very highly in
Wagstaff and Culyer’s analysis, contribute far less to economic evaluations, while institutions with a stronger
focus on health (rather than only economics) tend to rank more highly in our analysis. There are also substantial
differences with respect to our estimates of the volume of research. Whereas Wagstaff and Culyer find that
‘economic evaluation . . .[shows] no clear trend’, our analysis has highlighted the substantial size of the applied
health economic evaluation literature relative to the health economics literature within EconLit and indicates
that with just 1% of the applied economic evaluation literature, the EconLit database is unlikely to provide a
representative indication of trends over time in the size or relative importance of health economic evaluation.

As previously highlighted (Wagstaff and Culyer, 2012), identifying health economic literature in the
biomedical databases was not straightforward. We found the use of economic vocabulary and article classifica-
tions in biomedical journals and databases to be so poor and inconsistent as to render simultaneously sensitive
and specific searching impossible (Text S1). The NHS EED database, while incomplete, was by far the most
sensitive and specific source of economic evaluations, which makes the decision to cease to update it from
March 2015 particularly lamentable. The ongoing work to add DALY-based cost-utility analyses to the existing
QALY-based Tufts Economic Evaluation Registry is a welcome development; however, it will still omit half of
economic evaluations conducted in LMICs and currently charges for access.

Our findings paint a picture of a research community that is simultaneously highly concentrated in a few
countries and institutions and highly fragmented. A very small number of journals publish economic
evaluations from both high-income and low-income settings and a large proportion of articles appear in
journals which only very rarely publish economic evaluations. The fact that so many biomedical journals
now publish economic evaluations (if only rarely) is a positive sign of the acceptance and integration of
economic evaluation within health research. It is also perhaps unsurprising, as economic evaluations are usually
oriented towards health sector decision makers. This fragmentation may, however, also explain some of the
problems of quality highlighted elsewhere (Griffiths ef al., 2016), as biomedical journal editors may not only
lack specialist knowledge of economic evaluation methods but also lack familiarity with pools of suitably
qualified reviewers. In this way, the small number of journals publishing economic evaluations about LMICs
may present an opportunity to engage with the editors of these journals to help improve standards where
necessary, whereas the vast array of authors, institutions, and journals associated with economic evaluations
set in HICs presents a greater challenge. In any case, the lack of scholarly dialogue between those focusing
on countries of differing income levels seems likely to be detrimental to all.

We hope that recognition of the size, importance, and fundamental interdisciplinarity of health economic
evaluation will lead to an evolution in research culture within the field, and also, on a practical level, to
improvements in existing databases or creation of a new one that will better reflect and serve the needs of health
economics researchers. Of course, authors themselves, reviewers, and editors could already do far more to
facilitate the efficient identification of health economic evaluations. For example, an initial step could include
ensuring that all articles include the study design in their title, as is already required by Plos Medicine, and that
those that are not economic evaluations avoid economic terminology, such as ‘cost-effective’ in their titles,
abstracts, and keywords.
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4.2. Research priority setting

Our findings also raise a number of questions about the health and geographical areas that are and are not prioritised
for health economic evaluation. Burden of disease is not and should not be the sole determinant of the volume of
economic evaluation research. It seems difficult to argue, however, that the differences between the number of
economic evaluations conducted across LICs, MICs, and HICs are equitable or efficient. HICs account for 16%
of the world’s population, 11% of the GBD (WHO, 2014), and 83% of all economic evaluations conducted, while
LICs account for 12% of the world’s population, 19% of the GBD, and 4% of economic evaluations. There are 139
different LMICs (World Bank, 2015), which have very diverse epidemiological and economic characteristics, and
also, in many cases, weak(er) health systems with substantial and diverse constraints on the supply and demand for
health care; this diversity likely contributes to greater heterogeneity in the cost-effectiveness of interventions and
necessitates more, not less, research (Vassall et al., 2016). Further, the health benefits foregone by incorrect priority
setting decisions may be substantially higher in low-income settings than in high-income settings.

One of our most surprising findings is how well the health areas studied in HICs correlate with the burden of
disease in those settings. In LMICs, however, the picture is much more mixed, with many more economic eval-
uations conducted about health areas accounting for lower proportions of the burden of disease. There are sev-
eral reasons why such discrepancies may not be inequitable or inefficient. First, the GBD estimates themselves
are highly contested (Nord, 2013, Byass et al., 2013); intended to reflect only a very narrow definition of health,
the newest disability weights used in the GBD estimates exclude wider individual or social welfare conse-
quences (Salomon et al., 2012). In the case of HIV/AIDS, for example, the many and varied stakeholders could
therefore conclude that it is right that HIV should be studied more than health areas accounting for a larger bur-
den of disease because of its wider social and economic consequences or because its health consequences are
only lower than other diseases because of ongoing and expensive control efforts. Second, some health areas
may have a low value of additional information relative to the costs of generating the information, especially
if extensive research has already been conducted in that area. Third, so little may be understood about some
health problems at a clinical level that economic evaluation of interventions may be premature. Fourth, eco-
nomic evaluations may be conducted not to consider adding another more effective and more costly interven-
tion, but rather to consider divestment from costly interventions, and therefore economic evaluations in health
areas that contribute very little to the disease burden may be warranted. Finally, as economic evaluations are
conceptualised around a (package of) interventions, which may not map neatly onto specific conditions, cate-
gorization of economic evaluations by health areas also has some conceptual limitations, which could weaken
their correlation with disease burden; we found this to be particularly true for surgical procedures, pain manage-
ment and palliative care, and health systems and intersectoral interventions.

On the other hand, the four health areas accounting for the largest burden of disease in LICs are as follows:
(i) neonatal and maternal conditions; (ii) respiratory diseases; (iii) wounds and injuries; and (iv) diarrhoeal
diseases. While further biomedical advances, such as a point-of-care test for bacterial infections would help
(Zumla et al., 2014), the bulk of the impact of all four of these health areas needs to be addressed through health
systems, multi-sectoral, and/or social interventions such as prompt access to high-quality health facilities (Kerber
et al., 2007), road safety measures (WHO, 2013), and improved water and sanitation (Bartram ez al., 2005). Such
solutions offer little potential for pharmaceutical company profits and instead require complex interventions. Re-
cent systematic reviews of economic evaluations of cardiovascular disease interventions in LMICs similarly found
that evaluations of pharmacological interventions dominated and a greater focus on evaluation of non-clinical
strategies were needed (Shroufi et al., 2013, Suhrcke et al., 2012). Financing such evaluations is unlikely to appeal
to private for-profit companies, and so domestic and international research funders, as well as researchers them-
selves, should concentrate on producing research in these areas, and thereby correct this market failure.

4.3. Capacity development
Several of our findings have important implications for thinking about how to increase capacity to produce and

to use high-quality and policy-relevant health economic evaluations. Large upper-MICs, especially China but
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also South Africa, Brazil, and Iran, produce substantial numbers of economic evaluations and far more than
many smaller HICs. This is in some ways unsurprising, as the costs of research are independent of the size of
a country’s population or economy and so the relative costs of research are lower in large economies. Capacity
development is important for all countries, but particularly challenging for LMICs and for small HICs as well
(Kal6 et al., 2016). A large gap between the numbers of economic evaluations conducted and what is needed
for priority setting persists in all but a few countries (Geroy, 2012, Odame, 2013, Mori and Robberstad, 2012).

Our analysis has identified some clear institutional leaders in LMICs, but also highlighted that many
countries produce few, if any, economic evaluations. We propose the development of strong regional or
sub-regional networks, which bring together existing capacity in health economic evaluation and build on
centres of strength in health intervention research, even where substantial economic evaluation capacity
may not yet exist. A multi-stakeholder report on how to strengthen health economics more generally
in Africa highlighted the importance of international networks as well as local institutional support
(Mclntyre et al., 2008). In addition to training and ongoing technical support, a well-funded regional
network could also offer scope for deeper collaboration in producing multi-country evaluations and assessing
transferability of findings across the region. Such a regional approach could be more efficient in generating
economic evidence and assessing its relevance to a wider range of settings more systematically.

The leading contributors to economic evaluations from LICs and lower-MICs tend to be research
institutions, often within or associated with ministries of health, rather than universities. Such embeddedness
should be an advantage in ensuring that research both reflects and informs a country’s health priorities. It also
means, however, that there may be no pre-existing link between those who conduct health economic evaluation
research and those who teach and train undergraduate and postgraduate students in these countries. This
marked difference from HICs and even upper-MICs may require new approaches to capacity development,
rather than replication of strategies that have achieved successes in upper-MICs and HICs.

At the same time, further work is needed to generate demand for economic evaluation both at national level,
through the institutionalization of priority setting (Odame, 2013, Mori and Robberstad, 2012), and globally,
through transparent priority-setting initiatives at global funding bodies and continuing efforts to strengthen
the role of economic evaluation in policy making at the WHO (Wiseman et al., 2016), whose policy recommen-
dations play a particularly large role in LICs and lower-MICs (WHO, 2012).

Finally, nearly half of economic evaluations studying LICs and lower-MICs do not include any authors from
LMIC institutions. Some of these were desk-based modelling studies; however, many involved data collection
in LMICs. Some may have included authors from LMICs affiliated with a HIC institution, for example as
doctoral students; however, such cases cannot explain the full magnitude of the discrepancy. It is unclear
whether this discrepancy reflects a lack of opportunities for participation from fellow researchers or funders,
lack of skills or incentives, or some combination of these and other factors, but the results are clearly inequi-
table (Chu et al., 2014). The situation also suggests a failure to recognise the wider potential of research
capacity development to improve health in LMICs and the more immediate impact that real partnership with
LMIC researchers and policy makers can have in ensuring that the research is policy-relevant and informs
policy decisions. Both funders and researchers in all countries must examine and address these inequities.

We hope that the findings of this analysis will be useful for those conducting (systematic) reviews of the
economic evaluation literature and that they will encourage and provide an empirical grounding for debate
on the current state and future directions for this growing field.
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2.3. Evidence gaps and challenges

While the bibliometric analysis highlighted numerous research gaps and challenges, the most
salient issue that emerged was the lack of economic evaluations on which to base priority-
setting decisions in LLMICs. This evidence gap is not unique to LLMICs, but data scarcity, the
disproportionately high burden of disease, and scarcity of resources for health research and
interventions make the challenge more acute (Pitt et al., 2016b). Nearly six years have passed
since the period covered by the bibliometric analysis; however, it is unlikely that that an
updated analysis would reach substantially different conclusions. To respond to the evidence
gap, more economic evaluations are needed in LLMICs and these economic evaluations need

to inform decision-making across a wide range of contexts.

The bibliometric analysis indicated some of the most neglected countries and health areas
within LLMICs. While malaria emerged as the second- and third-most-studied health area in
economic evaluations in lower-middle-income and low-income countries, respectively,
francophone Africa and West Africa emerged as regions in which economic evaluations were
particularly scarce. This gap is especially problematic because malaria was estimated to be the
leading cause of death in francophone Africa in 2017, the historical development of
francophone countries’ health systems differed from that of anglophone countries, and
malaria epidemiology in West Africa differs from other regions (El Bcheraoui et al., 2020, Boum
and Mburu, 2020). In the following chapters, | respond to this research gap by presenting two
new economic evaluations of malaria interventions in Senegal, which | conducted in ways that
seek to maximize the transferability and thus usefulness of the evidence generated for other

settings.

The bibliometric analysis also demonstrated that a substantial proportion of economic
evaluations in LLMICs already explicitly seek to guide decision-making across many countries.
While vastly fewer economic evaluations addressed LLMICs (n=184) than UMICs (n=390) or
especially HICs (n=2337), the numbers of economic evaluations examining more than 10
countries were highest in LLMICs (n=33), followed by UMICs (n=32) and HICs (n=27). Yet, other
research in the same Health Economics supplement raised important questions about the
degree to which large, multi-country modelling studies — which most of these were —
appropriately account for contextual variation, including health system constraints, which may
lead to sub-optimal decision recommendations (Vassall et al., 2016a). In Chapter 6, | identify

and respond to gaps in the methodological literature on transferability of economic
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evaluations and offer guidance on how to conduct economic evaluations alongside trials and
pilots in ways that allow them to inform decision-making across a range of contexts, especially

in LLMICs, where economic evaluation evidence is so scarce.
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Chapter 3. Introduction to the economic evaluations

3.1. Overview

In this third chapter, | respond to some of the key evidence gaps identified in Chapter 2 with
two economic evaluations, both of which examine malaria interventions in central Senegal.
These economic evaluations make important contributions to a scarce evidence base in an
area of major public health importance and investment in many LLMICs. In recognition of the
need to make potentially far-reaching policy decisions with relatively scarce evidence on these
topics, | sought to facilitate evidence transfer and make the economic evaluations as
informative as possible for a wide range of settings and decision-makers. To do this, | began by
exploring cost variation in the first economic evaluation using econometric techniques
(Sculpher et al., 2004, Drummond et al., 2005) and found that the scale of delivery at the level
of the health post — rather than a wide range of other variables considered — accounted for
most of the cost variation observed. In that first economic evaluation, | also developed a
simple approach to disaggregating costs and thinking about how costs might be expected to
vary outside the trial context. In the second evaluation, | extend and implement more fully this
mechanistic approach to cost modelling and demonstrate the value of this approach in
enhancing the transferability of economic evaluation findings from the trial to real-world
settings, across geographies, and with changes to the interventions. Before presenting the
economic evaluations in Chapters 4 and 5, | first summarize in this chapter the global burden
of and investments in tackling malaria, the interventions evaluated and their contexts, and give
a brief overview of the methods used in the two economic evaluations, with a focus on the

links between them.

3.2. Malaria epidemiology and burden

Malaria remains one of the leading causes of death in LLMICs, especially in children and in Sub-

Saharan Africa (WHO, 2018a). In francophone Africa, malaria is the leading cause of death (El

Chapter 3. Introduction to the economic evaluations - Page 47 of 216



Bcheraoui et al., 2020). Usually presenting initially as a fever, it can result in permanent
disability or death without prompt treatment. A parasitic infection transmitted by female
anopheles mosquitoes, it disproportionately affects the poorest people in the poorest
countries (Degarege et al., 2019, de Glanville et al., 2019, Barat et al., 2004). The WHO
estimated that there were 228 (95% confidence interval, Cl: 206 to 258) million malaria cases
and 405,000 (384,000 to 452,000) deaths from malaria in 2018, of which 93% and 94%,
respectively, occurred in the WHO Africa region (WHO, 2019d). Children under 5 accounted for
67% of global malaria deaths in 2018 (WHO, 2019d), while malaria accounted for 6.9% of
deaths in children under 5 in Africa in 2017 (WHO and MCEE, 2018). Globally, 84 countries
experienced malaria cases in 2018, of which 43 were in the WHO African region (WHO, 2019d).
Across Africa, malaria remained the fifth largest cause of death in all ages (WHO, 2018b) and in

children under 5 (WHO and MCEE, 2018).

Malaria imposes a substantial economic burden on households, health systems, and countries.
Households in endemic areas bear the direct costs of any preventive tools they purchase and
of seeking treatment whenill, as well as the indirect costs of lost income and productivity
when a member of the household falls ill or dies. Public health services — often with donor
support — bear the costs of publicly-provided preventive activities, such as bed net distribution
or indoor residual spraying (IRS) campaigns, as well as the costs of providing treatment
through public facilities with health service staff and other resources. Malaria has been shown
to have negative effects on child development (Fink et al., 2013, Holding and Snow, 2001,
Klejnstrup et al., 2018), the quality of the labour force (Arrow et al., 2004, Cole and Neumayer,
2006), and foreign investment (Azemar and Desbordes, 2009), all of which are thought to
contribute to reductions in overall economic growth — once estimated at 1% per year (Gallup

and Sachs, 2001) — and in turn reduce the tax base for public services.

The epidemiology of malaria has shifted in recent years, with some countries eliminating
malaria, others recording dramatic declines in malaria incidence, and a remainder continuing
to face a very high (and in some cases, growing) burden (WHO, 2019d). In Senegal, malaria
incidence has decreased dramatically in the last twenty years and malaria now ranks as only
the 10" most common cause of death nationally (GBD Collaborative Network, 2018, PNLP.,
2018). IHME estimates indicate a monotonic decline from 210 cases per 1,000 person-years at
risk in 2000 to 116 in 2005, 99 in 2010, 64 in 2015, and 44 in 2017 (GBD Collaborative Network,
2018). Throughout the country, as in countries across the Sahel, malaria is highly seasonal,

with most cases occurring in a three- to four-month period beginning just after the start of the
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annual rainy season, and peaking in October or November. As across West Africa, virtually all
cases in Senegal are attributable to the plasmodium falciparum species of the parasite (WHO,

2019d).

Within Senegal, malaria transmission is also highly heterogeneous. The north and west of the
country, including Dakar, are the driest parts of the country and have consistently had the
lowest malaria incidence (PNLP, 2014) (Figure 1). The south of Senegal, which surrounds
Gambia and borders Guinea-Bissau, Guinea, and Mali, is the poorest and most remote area of
the country and has the highest rainfall and malaria incidence, which has seasonal peaks but is
year-round. The centre of the country, where the two economic evaluations were conducted,
averages slightly higher malaria incidence and prevalence than the north and west, but with
substantial local-level variation, especially in recent years, when overall incidence and
prevalence have been generally low. On various social, economic, and other health indicators,
the population of the study districts tends to be somewhat worse off than those in the north
and west, but better off than the south (ANSD and ICF, 2018). Malaria incidence and

Figure 1 The four health districts involved in both economic evaluations: Mbour, Bambey, Fatick, and Niahkar

The map presents Senegal with its 14 regions (in beige) and the four health districts (in bright colours) in which the
evaluations were conducted.
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prevalence are lower, on average, in urban areas, while a wide range of socio-demographic
variables indicate generally worse living conditions and health status in rural areas (ANSD and

ICF, 2018).

Both trials were undertaken in the four health districts of Niakhar, Fatick, Bambey, and
Mbour.(Figure 1), where malaria has declined substantially in the last twenty years (Trape et
al., 2012). In Niakhar, a demographic surveillance system (DSS) — the oldest in Africa — provides
longterm data on morbidity and mortality and has facilitated the conduct of numerous clinical
trials (Trape et al., 2012). In a previous clinical trial of the efficacy of SMC in Niakhar in 2002,
children under 5 in the reference arm averaged 2.3 malaria episodes each during the 13 weeks
of follow-up in the high transmission season (Cissé et al., 2006) (Figure 2). According to DSS
estimates, the prevalence of malaria parasitaemia among children under 5 in Niakhar was
estimated to have fallen from 31% in December 2003 to just 2% in December 2008. Malaria
prevalence in children under 5 was similarly low at 5.1% (2.3% - 7.9%) in December 2008
across the control areas of the SMC study — which included zones of Niakhar and the other
three health districts (Cissé et al., 2016). In the Niakhar DSS, the rate of child deaths from
malaria fell from 10.5 per 1000 person-years in 2000-3, to 7.6 in 2004-5, 6.6 in 2006-7, and 2.0
in 2008-10, when the SMC effectiveness trial was conducted (Trape et al., 2012). Reasons for
the dramatic 81% decline in child malaria mortality are thought to include the mass
distribution of long-lasting insecticide-treated bed nets (LLINs), and the introduction of both
rapid diagnostic tests (RDTs) and artemisinin combination therapies (ACTs), as well as climatic

and other factors (Trape et al., 2012).

3.3. Malaria financing

To respond to the immense global burden of malaria, both endemic country governments and
international donors have invested substantially in tackling malaria in recent years. In 2018,
their contributions amounted to $0.9b and $1.8b, respectively (WHO, 2019d). While this
combined $2.7b investment fell substantially short of the $5.0b estimated to be needed to
meet global targets, the $1.8b donor contribution to malaria remained one of the largest areas
of global health investment (OECD, 2019). In the decade to 2010, donor funding for malaria
increased dramatically (WHO, 2011b, OECD, 2019), but both donor and domestic financing has

stagnated since, and future financing is uncertain (WHO, 2019d).
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Like many of its neighbours, Senegal’s malaria programme is thus highly donor-dependent,
which has important implications for policy making in Senegal and for understanding the global
context in which resources for new malaria interventions are allocated. In Senegal in 2018, the
National Malaria Control Programme reported expenditure of $4.9m from domestic
government resources, and nearly ten times as much from donors, including the United States’
President’s Malaria Initiative (PMI, $24.0m), the Global Fund ($11.6m), and other bilateral
donors ($11.6m) (WHO, 2019d). This ratio of (low) domestic government to (substantial) donor
expenditure equalled the West African average. Over 2016-18, Senegal’s combined donor and
domestic malaria funding ranked 11" of the 17 countries in West Africa, at $2.6 per person at
risk (WHO, 2019d). More of Senegal’s donor funding for the health sector targeted malaria
than any other health area over the period 2009-18 (OECD, 2020).

3.4. Economic evaluations of malaria interventions

To maximize the health impact of these investments, decision-makers must understand the
relative efficiency of alternative intervention packages and prioritise interventions accordingly.
In the period covered in the bibliometric analysis in Chapter 2 (Pitt et al., 2016a), malaria was
the second most-frequently studied health area in cost-effectiveness analyses in lower-middle-
income countries (behind HIV), and the third most-studied health area in low-income countries
(behind HIV and maternal and neonatal conditions). White and colleagues’ (2011)
comprehensive review of both cost and cost-effectiveness studies of malaria interventions
identified 55 and 43 studies, respectively (of which 33 overlapped). The studies evaluated
distribution of insecticide-treated bed nets, IRS, intermittent preventive treatment of malaria
in infants (IPTi) and in pregnancy (IPTp), seasonal malaria chemoprevention (SMC), diagnosis,
and treatment of uncomplicated and complicated cases. An update of White and colleague’s
review for the Disease Control Priorities project identified 83 cost and 64 cost-effectiveness
studies up to 1 April 2015 (Levin and Brouwer, 2015, Brouwer et al., 2015). More recently, a
systematic review of cost-effectiveness analyses of malaria interventions that used DALYs as
the effectiveness metric identified 40 studies published between 1996 and 1 June 2016 (Gunda

and Chimbari, 2017).

These reviews found that “[all] of the major preventive interventions and ACT treatment were
consistently cost-effective against a threshold of $150 per DALY averted” (White et al., 2011),

and that “most interventions proved cost-effective” (Gunda and Chimbari, 2017). The DCP3
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synthesis argued that “[the] cost of malaria control interventions is relatively low in all
countries, but varies widely” and that “[most] of the studies available indicate rather low cost-
effectiveness ratios” (Tediosi et al., 2017). The reviews criticized the inconsistent
methodological quality — as did a methodological review of transmission dynamic economic

evaluations (Drake et al., 2016) — to which they attributed some of the variability in estimates.

The malaria cost and cost-effectiveness literature is thus relatively large compared with
economic evaluation literatures for other health areas in LLMICs (except HIV), but small
relative to the diversity of countries and contexts with ongoing risk of malaria and the global
resources invested in tackling malaria. Further, the growing resistance to insecticides (Hancock
et al., 2020) and antimalarials (Uwimana et al., 2020), the wide range of new interventions and
possible combinations of interventions now available or emerging (Kyrou et al., 2018, Tusting
et al., 2017, Protopopoff et al., 2018, Rogier et al., 2019), and the plateau and uncertainty in
future funding create new contexts and policy options requiring new economic evidence to

inform decision-making.

Within each of the two economic evaluations in this thesis, the most relevant economic
evaluation literature is reviewed and used both to inform the analysis and to contextualize the
findings. For both economic evaluations, the relevant empirical literature extends beyond

malaria to include interventions for other health conditions involving similar delivery systems.

3.5. Two malaria intervention trials in central Senegal

The two economic evaluations presented in Chapters 4 and 5 were conducted alongside
consecutive cluster-randomized, controlled trials (Figure 2Error! Reference source not found.).
Both trials were designed to assess interventions involving door-to-door mass administration
of malaria drugs by an existing cadre of community health workers (CHWs). The different
strategies evaluated in the two trials reflected the area’s changing malaria epidemiology, as
well as changes in the policy context. In 2002, an individually-randomized efficacy trial was
conducted in 11 villages in central Senegal; it made the breakthrough finding that SMC (called
“seasonal intermittent preventive treatment” at the time) led to an 86% (95% Confidence
Interval: 80%, 90%) reduction in episodes of clinical malaria (Cissé et al., 2006). This dramatic
result spurred further trials elsewhere in West Africa (Wilson, 2011) and efforts to understand

the safety, feasibility, and effectiveness of large-scale, routine implementation of SMC. A large-
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scale effectiveness trial of SMC evaluated door-to-door administration of a full treatment
course of antimalarial drugs to all children in the intervention areas (with a few small
exceptions), regardless of parasite burden or symptoms, at monthly intervals for three
months. The first economic evaluation included in this thesis (presented in Chapter 4) was
conducted alongside the final year of this step-wedge trial in 2010, when SMC was delivered to
approximately 180,000 children under 10. In 2012, WHO recommended SMC for children
under 5 in areas of highly seasonal transmission in the Sahel (WHO, 2012), informed in part by
evidence from the large-scale SMC trial and associated economic evaluation. The evaluation
may also inform future deliberations of the WHO Malaria Policy Advisory Committee (WHO,
2020b) on whether to recommend expansion of the age range for SMC, as it remains the only

evaluation to date of SMC in children up to age 10.

The second economic evaluation included in this thesis is presented in Chapter 5 (Error!
Reference source not found.). The economic evaluation was conducted alongside a three-arm
cluster-randomized trial which sought to assess the effectiveness of implementing IRS and
either mass drug administration (MDA) or mass screening and treatment (MSAT) in higher
incidence (or “hotspot”) villages in reducing malaria incidence compared to a reference
strategy, which very closely resembled standard malaria control measures in the area. Unlike
SMC, these interventions encompassed all age groups, but were targeted at hotspot villages
within the study area. The intervention packages thus involved combinations of four different
main interventions: classification of hotspot and non-hotspot villages; house-to-house visits to
spray insecticide on the interior walls of all consenting households in hotspot villages; and
either door-to-door delivery of MDA to people of all ages in the hotspot villages or door-to-
door delivery of mass screening (with a rapid diagnostic test) and treatment of those with
positive test results by CHWSs. The hotspot strategies were implemented in a population of
approximately 444,000 people of whom approximately 239,000 lived in villages designated as
hotspots in 2014 and were therefore targeted to receive IRS and either MDA or MSAT. The
hypothesis was that implementing such a combination of chemotherapy and vector control in
hotspot villages could reduce malaria incidence both in hotspot and non-hotspot villages, and
in doing so, “virtually eliminate” malaria in the intervention arms, across both hotspot and

non-hotspot villages.

The decision to conduct the hotspot trial (Figure 2) and associated economic evaluation
reflected changes in the local epidemiology and in the wider policy context. In the early 2000s,

much of the malaria world was deeply sceptical about MDA for malaria, which for many
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recalled the failures of the Global Malaria Eradication Programme of the 1950s and raised
fears of resistance to antimalarials (WHO Evidence Review Group, 2015a, Cissé et al., 2006).
However, with the intensification of the push to eliminate malaria by “shrinking the malaria
map” (Feachem et al., 2010) —i.e. seeking to eliminate malaria first outside of and on the
periphery of Africa — new, intensified control efforts were increasingly considered plausible
global policy options. By 2015, WHO had convened an evidence review group on MDA, MSAT,
and focal screening and treatment (FSAT) (WHO Evidence Review Group, 2015a). Evidence
review groups are time-limited expert groups tasked with reviewing a specific area of work and
providing “evidence-based information and options for recommendations” to the Malaria
Policy Advisory Committee (WHO, 2020a), an “independent advisory group bringing together
the world’s foremost experts on malaria . . . [to provide] strategic technical guidance to WHO
Director-General” (WHO, 2020c). Both MSAT and MDA were thus receiving serious

consideration for global policy.

3.6. Methods overview

The economic evaluation of SMC (Figure 2) was designed to respond to the WHO’s Global
Malaria Program’s concerns at the time regarding the affordability of SMC, rather than its cost-
effectiveness. A dramatic drop in malaria incidence across the study area in 2009 had also led
researchers to expect at the start of the third year of the trial, when the cost data collection
was conducted, that the trial would be underpowered to detect an effect of SMC on malaria
incidence, and that a cost-effectiveness analysis would not be meaningful or useful. | therefore
led in-depth cost data collection and analysis aimed at understanding variation in the cost per
course of SMC delivered. Guidelines on improving the transferability of economic evaluation
evidence at the time recommended statistical analysis of heterogeneity within a trial as a
means of improving transferability of findings outside of a trial (Sculpher et al., 2004,
Drummond et al., 2005). Through careful collection and disaggregation of the costs of
delivering SMC, | was able to generate a dataset of the costs of SMC delivery for each of the 46
health posts implementing SMC. This dataset was large compared with other such datasets of
costs by facility, but small compared with the number of variables that we hypothesized could
explain the variation in costs across facilities. Using econometric approaches, as recommended
(Sculpher et al., 2004, Drummond et al., 2005), | found that the size of the catchment area

alone —i.e. the local scale of delivery — explained most of the variation in average costs across
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this set of facilities. This finding led me to explore other approaches to understanding cost
variation, which could exploit the in-depth understanding we had gained of cost drivers and
how the intervention worked in practice. In this analysis of SMC, | began by simply
disaggregating costs by administration round and by whether they could be expected to vary
with the number of districts, health posts, CHWs, or children involved in the administration. In
the following economic evaluation, described below, | developed this mechanistic approach to

understanding and predicting cost variation more fully.

The economic evaluation of geographically targeted strategies in malaria hotspots (Figure 2)
built on and extended the analysis of SMC. Firstly, the cost data collection processes and tools
from the SMC costing were re-used with minor adaptations for MDA, MSAT, IRS, and the
identification of malaria hotspot villages. Secondly, | extended what was done in the SMC
analysis by developing a mechanistic cost model, which | used to estimate how intervention
costs would vary if the interventions were implemented in the entire study area or with
changes to the interventions. The modelled costs were used in a cost-effectiveness analysis in
which | modelled the incremental cost-effectiveness of 7 intervention packages relative to one
another. Work on the economic evaluations of SMC and of the hotspot strategies informed the
development of new guidance to promote the design and analysis of economic evaluations in

ways that promote transferability, presented in Chapter 6.

In both economic evaluations, | assess incremental costs — that is, the difference in costs
between two clearly defined comparators — and carefully distinguish between financial and
economic costs, as recommended by key guidelines (Vassall et al., 2017). Financial costs reflect
payments, and are therefore important for assessing affordability or “budget impact”. While
there are no strict thresholds for assessing affordability, comparing the financial costs of an
intervention with the size of relevant budgets can give a useful indication of the extent of
additional resource mobilisation that would be required or the proportion of existing activities
that would need to be displaced to implement the intervention. Financial costs exclude
donated resources, such as volunteers’ time, or the repurposing of existing resources — such as
infrastructure or staff time — where no additional payments are made. They also reflect the
time point at which a cost is incurred, which is important for interventions requiring
substantial up-front payments. Economic costs reflect the full opportunity cost of all resources
used, that is, their value in the next-best alternative use. Economic costs thus include the value
of both paid-for and donated resources, making them the appropriate metric for assessing

economic and allocative efficiency.
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Abstract

Seasonal Malaria Chemoprevention (SMC) is recommended for children under 5 in the Sahel and
sub-Sahel. The burden in older children may justify extending the age range, as has been done ef-
fectively in Senegal. We examine costs of door-to-door SMC delivery to children up to 10 years by
community health workers (CHWSs). We analysed incremental financial and economic costs at dis-
trict level and below from a health service perspective. We examined project accounts and pro-
spectively collected data from 405 CHWs, 46 health posts, and 4 district headquarters by introduc-
ing questionnaires in advance and completing them after each monthly implementation round.
Affordability was explored by comparing financial costs of SMC to relevant existing health expend-
iture levels. Costs were disaggregated by administration month and by health service level. We
used linear regression models to identify factors associated with cost variation between health
posts. The financial cost to administer SMC to 180 000 children over one malaria season, reaching
~93% of children with all three intended courses of SMC was $234 549 (constant 2010 USD) or
$0.50 per monthly course administered. Excluding research—participation incentives, the financial
cost was $0.32 per resident (all ages) in the catchment area, which is 1.2% of Senegal’s general
government expenditure on health per capita. Economic costs were 18.7% higher than financial
costs at $278922 or $0.59 per course administered and varied widely between health posts, from
$0.38 to $2.74 per course administered. Substantial economies of scale across health posts were
found, with the smallest health posts incurring highest average costs per monthly course adminis-
tered. SMC for children up to 10 is likely to be affordable, particularly where it averts substantial
curative care costs. Estimates of likely costs and cost-effectiveness of SMC in other contexts must
account for variation in average costs across delivery months and health posts.

Keywords: Seasonal malaria chemoprevention (SMC), intermittent preventive treatment, malaria, cost function, cost variation,
primary health care, community health workers, mass drug administration, campaigns, Sub-Saharan Africa

©The Author 2017. Published by Oxford University Press in association with The London School of Hygiene and Tropical Medicine.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits
unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited. 1256

0202 UoLel 0 Uo 3senb Aq £720€0%/95Z L/6/2€A0eNSqE-0IE/|0desy/Wwoo dno-olwapede//:sdjy Woly papeojumo(



Health Policy and Planning, 2017, Vol. 32, No. 9

1257

Key Messages

tion in our study.

¢ OQOur estimates of the costs of SMC are lower than previous studies, which may be attributed to the wider age range
(0-10 vs 0-5years), much larger overall scale of delivery, and more limited involvement of researchers in implementa-

* We observed substantial economies of scale in the size of the catchment area of health posts; the average cost curve
was L-shaped, consistent with the limited existing empirical literature on provider costs.

¢ The financial costs of providing SMC for children under ten represent 12% of combined government and international
spending on malaria in Senegal and 1.2% of Senegal’s general government expenditure on health per capita, making
SMC potentially affordable especially if it were to avert substantial curative care costs.

Introduction

In 2012, the World Health Organization (WHO) recommended
Seasonal Malaria Chemoprevention (SMC) for children under 35 liv-
ing in areas of the Sahel and sub-Sahel with highly seasonal malaria
transmission (World Health Organization 2012). Previously known
as intermittent preventive treatment of malaria in children (IPTc),
SMC consists of providing a treatment dose of an effective antimal-
arial on a monthly basis for three or four consecutive months of the
year in order to maintain therapeutic levels of antimalarial drugs
during the period of greatest malaria risk. SMC with sulfadoxine
pyrimethamine (SP) plus amodiaquine (AQ) is a highly efficacious
intervention, which clinical trials showed to reduce the incidence of
malaria by 75% or more amongst children under five who received
it in areas of highly seasonal transmission (Bojang et al. 2011; Dicko
et al. 2011; Konate et al. 2011; Sinclair et al. 2011; Wilson 2011).
A large-scale, stepped-wedge, cluster-randomized trial in Senegal
found that delivering SMC to children under 10 reduced malaria in-
cidence by 60% (95% CI 54-64) amongst children under 10 and by
26% (95% CI 18-33) in adults and children older than 10 who did
not receive SMC, through indirect effects (Cisse ez al. 2016).
Preliminary findings regarding feasibility, safety, effectiveness and
costs from this large-scale study were requested and reviewed by
WHO’s Technical Expert Group on Preventive Chemotherapy in
2011 (World Health Organization/Global Malaria Program
Technical Expert Group on Preventive Chemotherapy 2011), which
subsequently recommended SMC.

Since the WHO recommendation, 12 countries have begun de-
livering SMC and 7 of these countries have been supported by a
$67 m grant from UNITAID to expand access to SMC (Malaria
Consortium 2016). While 11 of these countries provide SMC for
children up to 5years of age in accordance with the WHO recom-
mendation, on the basis of the large-scale study findings, Senegal’s
policy since 2013 has been to provide SMC to children up to age 10.
Policy makers and programme managers in other Sahel countries are
considering whether to extend the recommended age range for SMC
to address the increasing proportion of the malaria burden falling on
older children.

As SMC requires repeated contacts with the health system out-
side the existing schedule of vaccinations and health campaigns, the
feasibility and cost of reaching children in rural areas on a large
scale have been important factors in deliberations on SMC (World
Health Organization/Global Malaria Program Technical Expert
Group on Preventive Chemotherapy 2011). Studies which examined
potential delivery strategies concluded that community health work-
ers (CHWs) need to play an important role in implementation
(Kweku et al. 2009; Bojang et al. 2011; Patouillard et al. 2011).
Economic evaluations were conducted alongside several SMC

studies to explore which drug combinations and delivery strategies
were most cost-effective (Conteh et al. 2010; Bojang et al. 2011;
Patouillard et al. 2011), but these were relatively small-scale trials,
which may overestimate both the costs and feasibility of implement-
ing SMC at scale. Nonvignon et al. (2016) also examined the cost-
effectiveness of SMC implementation with intensified household vis-
its. As all economic evaluations published to date have been con-
ducted amongst younger children, however, they do not directly
address questions about whether to extend the recommended age
range.

We provide an economic analysis of the costs of administering
three monthly courses of SMC in 2010 to a population of over
180000 children aged 3 months to 10 years in central Senegal in the
context of the step-wedge trial previously described (Cisse et al.
2016). >93% of children in the target age range received all three
intended monthly courses of treatment (Ba ez al. 2017); delivery was
highly equitable (Ba ez al. 2017) and safe (N’Diaye et al. 2016) and
reduced the prevalence of molecular markers of resistance to SMC
drugs (Cisse et al. 2016). Extending the preliminary findings re-
viewed by WHO, we provide a comprehensive analysis of cost driv-
ers, 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 SMC and draw
conclusions of wider relevance to the implementation of other large-
scale health campaigns and the organization of the health system.

Methods

Study setting and design

Details of the step-wedge study design (Cisse et al. 2016) and study
setting (Ba et al. 2017) are provided elsewhere. In brief, following
two seasons of piloting in a neighbouring district, 54 rural and semi-
urban public health post catchment areas in 4 districts (Bambey,
Mbour, Fatick and Niakhar) were randomized to start implement-
ing SMC in 2008 (9 catchment areas), 2009 (18 catchment areas) or
2010 (18 catchment areas). Cost data were collected in 2010, when
45 catchment areas (comprising 45 public health posts and 1 mis-
sion facility) implemented SMC.

Senegal was classified as a low-income country until 2011, and
was reclassified as such in 2017 (World Bank 2017). In the imple-
mentation area, 32% of the population was under 10years old
(Cisse et al. 2016). The area’s rainy season runs from July to early
October and the climate is sudano-sahelian, leading to highly sea-
sonal transmission. While the malaria burden had been very high, it
had fallen by 2010, when malaria incidence in the study’s control
areas (confirmed by a rapid diagnostic test, RDT) was 4.3 cases per
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thousand children under 5 and 10.0 cases per thousand children
aged 5-10 (Cisse et al. 2016). In 2014, malaria continued to account
for 5.0% of deaths in children under 5 and 3.4% of all deaths in
Senegal (PNLP 2015).

SMC delivery strategy

The existing CHW network, which already delivered a variety of
interventions including twice yearly Vitamin A and anthelminthic
tablets for children under 5 through door-to-door strategies, was
identified as most appropriate for SMC distribution. Under the
supervision of the head nurse at each health post, CHWs travelled
door-to-door on designated days in September, October, and
November to administer the first dose of loose, crushable AQ and
SP tablets each month to children aged 3-119 months and to provide
AQ tablets for the child’s caregiver to administer using the house-
hold’s usual water supply on the subsequent 2 days. In 2010, imple-
mentation was organized primarily by the district health
management teams (DHMTs).

The head nurse at each health post trained CHWSs over the
course of several hours on the day before administration in
September, but did not repeat this full training in October and
November. For CHWs who missed this initial training, informal,
on-the-job training was provided, as is standard practice for cam-
paigns. Each head nurse was responsible for organizing the hiring of
CHWs and deciding the number of days they were hired for and
their payment. Health posts received a lump sum to cover CHW in-
centive payments, based on the estimated number of CHWs needed
and the estimated number of days work it would take the CHW's to
cover the target population of the health post. Some nurses chose to
divide the lump sum by the number of CHW's associated with their
health post and pay CHWs a fixed amount, while others paid a daily
rate (Ba et al. 2017).

Perspective and hierarchical boundaries

Detailed data on resource use associated with delivery of SMC were
collected to estimate the incremental costs of implementing SMC at
scale in 2010. All 45 government health posts that delivered SMC in
2010 were included, as was one mission health post which managed
SMC delivery within a defined portion of the official catchment area
of one of the 45 government health posts.

The study takes a health service perspective. The opportunity
cost for households to participate in SMC is expected to be low as
SMC is delivered door-to-door (Conteh et al. 2010).

Both financial and economic costs are included. Incremental fi-
nancial costs reflect the additional funding needed to pay for the
intervention. Incremental economic costs reflect the full value of the
additional resources used to implement SMC, including those which
did not incur an incremental financial cost to the health service,
such as the time required of the district health team and health post
staff, and items paid for by CHWSs or other organizations. The
economic value of individuals’ time was calculated as a fraction of
their salaries (including benefits) or, for CHWs, estimated earnings,
assuming 220 working days per year and an average 7.5-h
working day.

We focus on costs of implementation at the district level and
below. Costs incurred only at national level, such as those associated
with meetings amongst national-level representatives, are not
included because they only concerned research; implementation
questions were devolved to district managers. Nearly all the costs of
implementation from the district level and below were considered
recurrent, meaning that they would have to be repeated for each

year of implementation. The only capital costs (resources that last
over a year) associated with SMC implementation were those of the
research team vehicles, which were used in a few instances to sup-
port the distribution of SMC drugs and supervision. Straight line de-
preciation of the purchase price of vehicles was used with a 5-year
expected life of the vehicle (based on local usage) and an assumption
of 220 working days per year to estimate the daily economic value
of these vehicles, in addition to the financial costs of fuel.

Costs of research activities were generally excluded from the
analysis. In two cases, however, costs associated with research activ-
ities were very likely to have contributed directly to the success of
the administration and so they have been included and described in
detail. First, all costs of the demographic surveillance system (DSS)
set up to support the trial were excluded, however, some of the DSS
fieldworkers and supervisors provided supervisory support on the
administration days in September and October and transported
some of the drugs; the costs of their time and of drivers and vehicles
for these implementation activities have, therefore, been included
under supervision and supply chain, respectively. As it is standard
practice for districts and health posts to request the support of local
organizations such as NGOs or research institutes for health cam-
paigns, these costs are considered incremental economic costs, but
not incremental financial costs to the Ministry of Health. Second,
health staff at post, district, and regional levels received incentives
for participation in the research. These incentives were paid over
12 months and were intended to support participation in research
activities such as morbidity surveillance. While it is not anticipated
that such incentives would be paid if SMC were implemented out-
side a research context, these incentives may have contributed to
more assiduous implementation of SMC, and so they are also pre-
sented as a separate cost category.

Data collection

Tools were developed to collect data on costs and resource use at
four levels: the project, the district, the health post, and the CHW.
At the district, health post, and CHW levels, questionnaires were de-
veloped, introduced to all district medical officers, head nurses, and
CHWs at the SMC planning meetings before administration began
in 2010, and refined to incorporate their feedback. Trained field-
workers collected data from all 4 districts and all 46 health posts fol-
lowing each round of administration in September, October, and
November. They also administered questionnaires to a systematic
sample of CHWs each month. In total, 405 CHW interviews were
conducted, reflecting 48% of the average of 822 CHWs who admin-
istered SMC each month, or 13% of the CHW-months of adminis-
tration. District and health post questionnaires and health post and
CHW questionnaires covered similar questions regarding resource
use, activities, and payments so that data could be triangulated. In
addition, several key informant interviews were conducted with
local field coordinators and CHW's to compare the per diems paid to
CHWs with what they could otherwise have earned on the SMC ad-
ministration days.

In November, three health posts in Bambey District combined
administration of SMC with administration of Vitamin A and
mebendazole. For these three posts, and in some cases for Bambey’s
district-level costs, the cost of delivering SMC alone in November
was estimated based on the costs incurred in these health posts in
October.
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Data management and analysis

Questionnaire data were entered into an MS Access database.
Consistency checks were performed to ensure data validity and data
were exported to MS Excel for analysis. Data were carefully triangu-
lated between sources to maximize accuracy and avoid double-
counting. Costs are presented in United States Dollars (USD) based
on the average 2010 exchange rate with the West African Franc
(1 USD =495 XOF(OANDA)).

Costs were summarized according to the categories presented in
Table 1. These categories were identified to ensure comparability
with previous studies of SMC (Conteh ef al. 2010; Bojang et al.
2011) and to reflect the key cost centres. We present key cost drivers
and examine several aspects of the cost structure and cost variation.
To facilitate projections of how costs may vary if fewer or more

monthly rounds of SMC were implemented, we disaggregated costs
by the month in which they were incurred. To facilitate projections
of how costs may vary with different scales of delivery and in differ-
ent areas, we disaggregated costs by the health system level (district,
health post, CHW, child) with which they would be expected to
vary approximately linearly.

Costs are analysed with respect to several measures of output
described in detail elsewhere (Ba et al. 2017) (Table 2). Estimates of
the number of monthly courses administered were based on admin-
istrative data, which was triangulated from routine data in health
post reports and administration registers. Estimates of the number
of children in the target age range and all residents in the catchment
area were based on the DSS. The number of children receiving SMC
at least once and in all 3 months was estimated by applying survey

Table 1. Description of cost categories

Cost category

Description

SMC drugs

Drug transport/supply chain

Drug administration (CHWs)

Supervision

Training of CHWs

Training of head nurses

Meetings (evaluation & planning)

Sensitization

Drugs for side effects

Supplies

Research participation incentives

Reflects the cost of SP and AQ tablets supplied by National Pharmacy of Senegal and Kinapharma (Accra, Ghana),
respectively and actually used or wasted during SMC administration, including the costs of importation to the
Port of Dakar

Reflects the cost of transporting drugs from Dakar to the districts (via a local storage site) by the research team, and
from the districts to the health posts by district and health post staff. Additional economic costs include the value
of time and of vehicles used by the research team, districts, and health posts

Includes the cost of payments of per diems to and transport for CHWs to come to the health post, retrieve drugs
and registers, administer drugs to children, and return to the health post to return their reports and remaining
drugs on each day of the administration. Additional economic costs include transport costs paid by the CHW
and not reimbursed by the health facility

Reflects the cost of incentive payments to a head nurse, assistant, and in some cases trainee at each health post; to
each district health management team, region, and prefecture to supervise the implementation of SMC and to
manage any side effects or refusals; and the costs of any transport used for this supervision. Additional economic
costs include the value of time and transport for these health staff as well as the DSS supervisors and fieldworkers
for the days on which they helped districts to supervise the administration

CHWs attended a single training day at their health post before administration in September. The payment of per
diems, as well as the costs of any food or supplies provided or used during the training and any transport paid for
by the health post or district are included as financial costs. Additional economic costs include the value of health
staff time

Head nurses travelled to their district headquarters for a one-day training before administration in September.
Costs were incurred for the per diems paid to the head nurses, their transport, and the food and supplies pro-
vided. Additional economic costs include the value of participants’ time and of vehicles used

Prior to the training, head nurses attended one or more evaluation and planning meetings at their district during
which they evaluated results of the SMC implementation in 2009 and outlined plans and budgets for implementa-
tion of SMC in 2010. Costs include per diems, transport, and any food or materials provided specifically for the
meetings. Meetings were held for head nurses at district level and for district managers in Dakar and at one of the
districts

Both districts and health posts arranged activities such as travelling caravans, radio announcements, and commu-
nity meetings to promote awareness of SMC with regional or local authorities and within the community.
Additional economic costs include the value of participants’ time and vehicle use

The costs of the small stock of drugs and medical supplies with which to manage potential adverse events provided
to health posts were included regardless of the amount used, as these supplies would need to be provided in future
as a precaution. In addition, head posts were reimbursed the cost of treating children whose parents reported side
effects, in cases where the head nurse used medications other than those provided

Supplies used in the administration included hats, t-shirts, and polo shirts with SMC sensitization messages and the
MoH logo; registers of children and other monitoring tools; phone cards, etc. In addition, health posts also pur-
chased some supplies themselves, such as pencils and erasers, to complement those provided by the district.
Supplies purchased by CHW's are included as economic, rather than financial costs to the health service

Regional medical officers, district medical officers and their deputies, district supervisors, and head nurses all
received quarterly incentive payments throughout the year to support research activities such as morbidity sur-
veillance. The entire value of these payments over 12 months to the 3 regions, 4 districts, and 45 health posts that
implemented SMC in 2010 are included, as they are likely to have contributed to more assiduous implementation
of SMC in September, October, and November. It is not expected that this level of incentive payment would be
repeated outside a research context

This table provides a detailed description of the cost categories used in the analysis. Where economic costs are greater than financial costs, the source of add-

itional economic costs are mentioned explicitly.
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estimates of the proportion of children receiving 0, 1, 2, or 3 courses
of SMC to the administrative estimate of the number of monthly
courses administered. The latter was a conservative approach yield-
ing lower estimates of the number of children receiving SMC (and
thus higher costs per course and per child) than applying survey esti-
mates to the target population estimated in the DSS.

Affordability was explored by assessing the annual financial cost
of SMC per person (all ages) resident in the catchment area as a pro-
portion of three relevant, existing expenditure levels. These were:
(1) average annual expenditure for malaria control and elimination
per person at risk in Senegal (which includes both domestic expend-
iture on malaria prevention and treatment and donor funding ear-
marked for malaria control) in 2013-2015 (WHO Global Malaria
Programme, 2016); (2) Senegal’s general government expenditure
on health per capita in 2014 (World Health Organization 2017) and
(3) Senegal’s total health expenditure per capita in 2014 (World
Health Organization 2017). The most recent expenditure levels
available are used to explore affordability relative to current fund-
ing, but are presented in constant 2010 USD to allow comparison
with our cost estimates.

We sought to identify factors associated with variation between
health posts in the average cost of SMC administration per course
administered. We analysed average economic costs including re-
search participation incentives with the district-level costs divided
equally among the health posts within each district. We hypothe-
sized that the following observed variables could be associated with
cost variation across health posts: the number of courses adminis-
tered (i.e. output or scale), coverage, geography of the catchment
area (minimum, average, and maximum distances from health post
to catchment villages; catchment area; number of catchment vil-
lages), and the number of years of experience (of the head nurse
and, separately, at the health post) of delivering SMC (0, 1, or 2).
Coverage estimates (the number of courses administered as a pro-
portion of the target) were based on administrative, rather than sur-
vey data, because survey-based coverage estimates were not
available for each health post (Ba et al. 2017). As our observations
(health posts) were nested within a small number of clusters (dis-
tricts), we fit a linear model with fixed effects at the district level
(Mohring 2012) to account for this clustering. We used STATA 14.
All independent variables were centred. Scatter plots of all pairwise
variable combinations were used to assess the linearity of relation-
ships; logarithmic transformations were performed on skewed data

Table 2. Financial and economic cost of SMC per output

and a quadratic term was added for any independent variables ex-
hibiting a curvilinear relationship with costs. Possible interactions
between the number of courses administered, coverage, and catch-
ment area were explored. We began with a full model containing all
independent variables and interaction terms and sequentially
removed the variable from the model with the highest P-value.
Variables were retained in the model if they contributed to the fit of
the model with P < 0.05, if removal substantially altered coefficients
of other variables in the model, or if they were component variables
of retained interaction or quadratic terms. Once a parsimonious
model was reached, excluded variables were individually retested.
Standard regression diagnostics were performed (Chen et al. 2003).
Likelihood ratio tests were used to determine whether individual
variables and groups of variables improved model fit. We also de-
veloped a more parsimonious model based on a more stringent cri-
terion of P < 0.0032, which corresponds with a Bayes factor of 20
(Altman and Krzywinski 2017) (Supplementary Materials are avail-
able at HEAPOL online).

Results

Costs and affordability

The financial cost to administer SMC to a population of over
180000 children aged 3 months to 10years in four districts of
Senegal over one malaria season, reaching an estimated 93% (95%
CI 91-96) of children with all three monthly courses of SMC (Ba
et al. 2017) was $234 549 (Table 3) or $0.50 per monthly course ad-
ministered (Table 2). The economic costs were 19% higher at
$278922 or $0.59 per course administered. When the value of in-
centives intended for research is removed, the financial and eco-
nomic costs fall by $43424 to $0.41 and $0.50 per course
administered, respectively. This financial cost of $0.41 per course
administered excluding research participation incentives corres-
ponds to $1.22 per child receiving all three scheduled courses, $1.06
per child of target age in the catchment area, and $0.32 per resident
(all ages) in the catchment area (Table 2).

This cost per resident represented 1.2% of Senegal’s general gov-
ernment expenditure on health per capita, 0.6% of total health ex-
penditure per capita and 12% of combined government and
international spending on malaria in Senegal (Supplementary Table
S1 is available at HEAPOL online).

Denominator Number Cost of SMC per output (US$)
Financial Economic
Excluding research Including research Excluding research Including research
incentives incentives incentives incentives
Monthly courses administered® 471,283 $0.41 $0.50 $0.50 $0.59
Children receiving SMC at least once” 157,654 $1.21 $1.49 $1.49 $1.77
Children receiving SMC in all three months® 156,311 $1.22 $1.50 $1.51 $1.78
(i.e. "fully adherent")
Children of target age in the catchment area® 181,060 $1.06 $1.30 $1.30 $1.54
Residents (all ages) of the catchment area® 589,332 $0.32 $0.40 $0.40 $0.47

“Based on administrative data, which was triangulated from routine data in health post reports and administration registers (Ba e al. 2017).

bGenerated by applying survey estimates of the proportion of children receiving 0, 1, 2, or 3 courses of SMC to the estimate of the number of monthly courses

administered based on administrative data (Ba et al. 2017).
“Based on the DSS (Ba et al. 2017).
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Table 3. Total financial and economic costs of SMC

Financial costs Economic costs

Total costs Cost profile Total Costs Cost profile
US$ (2010) US$(2010)
Including research  Excluding research Including research  Excluding research
incentives (%) incentives (%) incentives (%) incentives (%)
TOTAL including research incentives $234 549 100.0 NA $278922 100.0 NA
TOTAL excluding research incentives $191125 NA 100.0 $235498 NA 100.0
SMC drugs (SP+AQ) $53010 22.6 27.7 $53010 19.0 22.5
Drug transport/supply chain $425 0.2 0.2 $3266 1.2 1.4
Drug administration (CHWs) $80651 34.4 42.2 $80651 28.9 34.2
Supervision $25156 10.7 13.2 $57563 20.6 24.4
Training of CHWs $6946 3.0 3.6 $8956 3.2 3.8
Training of head nurses $2283 1.0 1.2 $3813 1.4 1.6
Meetings (evaluation & planning) $2365 1.0 1.2 $3851 1.4 1.6
Sensitization $2519 1.1 1.3 $2962 1.1 1.3
Drugs for side effects $2491 1.1 1.3 $2491 0.9 1.1
Supplies $15279 6.5 8.0 $18935 6.8 8.0
Research participation incentives $43424 18.5 NA $43 424 15.6 NA
Table 4. Cost of activities by health system level and month of administration

Level Financial costs Economic costs
Sept (and earlier) Oct Nov Total costs Cost profile (%) Sept (and earlier) Oct Nov Total costs Cost profile (%)
District $7019 $4234  $5549 $16 801 8.8 $12235  $7028 $7010 $26274 11.2
Post $22456 $7311  $8809 $38576 20.2 $37521 $14987 $15416 $67924 29.1
CHW $6920 $16 $9 $6946 3.6 $6920 $16 $9 $6946 3.0
Child $43939 $42506 $42356 $128802 67.4 $45351 $43632 $43475  $132457 56.7
Total $80334 $54067 $56723 $191125 100.0 $102027 $65664 $65910 $233601 100.0

Cost profile (%) 42.0 28.3 29.7 100.0 43.7 28.1 28.2 100.0

Costs are attributed to the lowest level with which they would be expected to increase linearly. For example, if the number of CHW were doubled, but all else

held constant, the CHW-level costs would be expected to double while other levels would remain approximately constant. Similarly, adding an additional month

to the campaign would add 28-30% to total costs, assuming that this additional month’s campaign was conducted similarly to the October and November cam-

paigns, rather than the September campaign, which incurred additional start-up costs, especially for meetings and trainings. Research participation incentives are

excluded.

Cost drivers
The main cost drivers were door-to-door drug administration (42%
of non-research financial costs) and SMC drugs (28% of non-
research financial costs, Table 3). Per diems paid to CHWSs ac-
counted for most of the drug administration costs and 41% of total
non-research financial costs (Supplementary Table S2 is available at
HEAPOL online). AQ tablets alone accounted for 21% of non-
research financial costs, while SP tablets accounted for 7%.
Incentives paid to nurses and district staff for participation in the re-
search study increased the financial costs of the intervention by 23%
(from $191049 to $234462). While research incentives were in-
tended to support data collection rather than implementation and
are not normally provided for comparable distribution campaigns,
they may have contributed to the high coverage levels achieved, as
on average they represented a 7% increase in head nurses’ annual
salaries—or ~15 days’ pay assuming 220 days worked per year—
and a>10% increase in the salaries of district and regional staff
(Supplementary Table S1 is available at HEAPOL online). Publicity
campaigns and other sensitization activities played an important
role in achieving high coverage (Ba et al. 2017), although they ac-
counted for only 1% of financial and economic costs.

Economic costs were $43 945 greater than financial costs be-
cause they also included the value of the time MoH staff and others

spent in meetings, trainings, travel and supervision (74% of the add-
itional costs), as well as the economic value of vehicles used and the
cost of supplies paid for by CHWs while implementing the interven-
tion. Key informant interviews revealed that the payments made to
CHWSs (median: $7.49 per day, range $5.05-16.16) were compar-
able to or greater than the daily rate of pay for agricultural labour,
similar to rates paid by non-governmental organizations (NGOs) for
health activities, and somewhat higher than health districts pay for
other mass campaigns. While the qualifications and opportunities
amongst CHWs varied, many were illiterate and unskilled and
others were secondary school students (Ba et al. 2017). In addition,
distribution tended to begin on weekends to ensure both that fami-
lies were at home and that CHWs would be available without taking
them away from other activities (Ba et al. 2017). The economic
value of CHW time spent implementing the intervention was there-
fore considered to be fully reflected in the financial costs of the pay-
ments made to them, and so no additional economic costs of CHW
time were calculated.

Time allocation

Most CHWs worked in pairs, delivering SMC to a mean of 46 chil-
dren per CHW per day at each health post (range 25-78)
(Supplementary Table S3 is available at HEAPOL online). Some
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CHWs assisted with administrative duties in the health post for
some or all of the administration days and so administered few or
no courses directly; hence, for individual CHWs who administered
at least one course, the average number of courses administered per
day varied more widely, from 2 to 169. Health posts employed from
4 to 68 CHWSs and delivery each month took from 2 to 6 days per
post. CHWs worked a mean of 7 h per day, but this varied from 1 to
12 h across CHWs and the average number of hours per day per
CHW also varied substantially between health posts, from an aver-
age of just 4h per day in one health post to an average of 10 h per
day in another (Supplementary Table S3 is available at HEAPOL
online). CHW time spent on SMC was only moderately (22%)
higher in September (mean 665 cumulative CHW-hours per health
post) than in each subsequent month (543 h) (Supplementary Table
S4 is available at HEAPOL online). Head nurses spent a median of
75 cumulative hours on SMC over the 3 months (range 7-156),
more than two-thirds of which was spent on the September round
(Supplementary Table S4 is available at HEAPOL online).

Across the four districts, district medical officers spent a median
78h (range 12-116) on SMC, while their deputies spent substantially
less time (Supplementary Table S4 is available at HEAPOL online).
District supervisors spent a median 209 h per district (range 42-376)
on SMC. Supervisors and fieldworkers from the DSS supported

supervision in September and October, spending the largest amount
of time in the district whose supervisors and senior officers spent the
least time on SMC. The additional time district and health post staff
spent in September relative to the two subsequent months was largely
spent in meetings and trainings at both the district and health post
level. Several separate meetings/trainings on SMC were held at the dis-
tricts involving head nurses in August and September; discussions of
SMC did not appear to be combined in other district meetings.

Cost structure

The first of the three monthly SMC rounds accounted for 42% of fi-
nancial costs (Table 4). Adding a fourth monthly SMC round would
be expected to increase total costs by ~28-30%, assuming that the
additional month’s campaign were conducted similarly to the
October and November campaigns.

Two-thirds of financial costs (67%) were expected to vary with
the number of children, while 20% were expected to vary with the
number of health posts (Table 5). Only 9% of financial costs were
expected to vary with the number of districts, while <4% of costs
were expected to vary with the number of CHWSs. Thus, for ex-
ample, if a new health post were created to serve half the catchment
population of the largest health post in our study, we could assume
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Figure 1. Total and average costs by health post with cost drivers. Health posts are ordered (left to right) in both graphs from largest to smallest total economic
costs, including research participation incentives. District-level costs have been divided evenly across the health posts within each district. As total costs
decrease, the average cost per course administered tends to increase, although there is some variation in this trend.
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that the number of districts, CHWs and children in our analysis
would remain constant, but the number of health posts (and thus
the costs expected to vary with the number of health posts) would
increase by 2% (1/46). Holding all else constant, the addition of this
new health post could then be projected to increase the total finan-
cial costs of SMC implementation by 0.4%.

Cost variation and economies of scale across health
posts

The total economic cost varied substantially across the 46 health
posts, from $3223 to $15 946 when district-level costs were appor-
tioned equally across health posts within each district and research
participation incentives were included (Figures 1 and 2). Costs
incurred only at the health post level and below varied from $1558
to $14 573. The average economic cost varied from $0.32 to $2.10
per course administered and from $0.30 to $1.38 when considering
only costs incurred at the health post level and below
(Supplementary Table S5 is available at HEAPOL online). The cost
of SMC tablets and the cost of per diems for CHWs were relatively
constant with respect to the number of courses administered (Figure
1). In contrast, the remaining significant cost centres, notably super-
vision, the additional economic value of health worker time, and the
research participation incentives, were relatively fixed with respect
to the number of health posts and thus account for most of the vari-
ation in average cost per course between health posts.

Average costs displayed a strong L-shape when plotted against the
number of courses administered (Figure 3). In this sample, there was
no evidence of a point at which health posts had such high levels of
output that they displayed diseconomies of scale. Average costs
increased steeply for health posts administering fewer than ~8000
courses of SMC (~10000 residents), while above 10000 courses
(~12500 residents), average costs declined, but more gradually
(Figure 3). In exploring factors associated with this variation, we
found that using the more stringent, Bayesian criterion of P < 0.0032
led to a parsimonious log-log model of average economic costs as a
quadratic function of the number of courses administered (including
fixed effects at the district level); this model described nearly all the

20,000
o
w
=2
o +
= 15,000
o~
z
o *
“w
g 2
5 10,0001
o A
g 60644 - "’«
S 5000 A‘. .
[
E L
2
04
0 10,000 20,000 30,000 40,000 50,000

Number of courses of SMC administered

Figure 2. Total economic cost vs the number of courses administered at each
health post. The figure illustrates the variation in the total costs incurred for
SMC administration between health posts. Costs incurred at the district level
are allocated equally across health posts in that district. Research participa-
tion incentives paid directly to head nurses and district health staff for trial
participation are included as they are likely to have led to more assiduous
implementation. The 46 health posts are presented with a different marker for
each of the 4 districts. Dashed line: mean total economic cost per health post
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Figure 3. Economies of scale: average economic cost per course adminis-
tered vs the number of courses administered at each health post. The figure
illustrates the variation in the average economic cost per course of SMC
administered between health posts. The upper figure presents data on a
standard arithmetic scale and the lower figure illustrates the same data with
both the x-axis and y-axis presented on a logarithmic scale. Costs incurred at
the district level are allocated equally across health posts in that district.
Research participation incentives paid directly to head nurses and district
health staff for trial participation are included as they are likely to have led to
more assiduous implementation. The 46 health posts are presented with a
different marker for each of the 4 districts. Dashed line: mean economic cost
per course administered across the entire implementation area.

variation in the data (adjusted R*>=0.94). The more traditional, fre-
quentist threshold of P < 0.05 led to a more complex model (adjusted
R? = 0.95), which also included variables for the interaction between
coverage and size of catchment area and between size of catchment
area and the logarithm of the number of courses, as well as the cover-
age and size of catchment area levels. While the likelihood ratio test
indicated that this set of additional variables improved model fit
(P=0.020), the large number of variables relative to data points sug-
gests that the more complex model may be overspecified.
(Supplementary Table S6 are available at HEAPOL online)

Discussion

From an economic perspective, delivering SMC to children up to
10 years of age appears both affordable and sustainable, even within
the highly constrained budgets of West African health systems and
before accounting for savings from reductions in malaria cases. A
cost-effectiveness analysis would provide further information on the
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value-for-money of extending the recommended age range for SMC
from children under 5 to children under 10 and on decisions regard-
ing where to implement SMC. Two analyses of the cost-effectiveness
of SMC in children under 5 have been based on findings from small-
scale trials: one trial-based analysis used “cost per case averted” as
its outcome metric (Conteh et al. 2010), making its findings difficult
to compare across health conditions, while a later analysis employ-
ing a dynamic transmission model concluded that SMC in children
under 5 is likely to be cost-effective or highly cost-effective relative
to the arbitrary, but fairly conservative thresholds of $150 and $25
(1993 USD) per disability-adjusted life-year averted (Ross et al.
2011). A third analysis estimated the cost per case averted of SMC
for children under 5 for a strategy requiring CHWSs to visit each
household on five consecutive days in each of four consecutive
months (Nonvignon 2016). The cost-effectiveness of SMC in chil-
dren under 10 is likely to be highly dependent on the coverage
achieved and the age-specific incidence of malaria, both of which
can be expected to vary significantly between countries, between re-
gions within a country, and over time. We have shown that costs
also vary substantially across health posts and across distribution
rounds; this variation must also be considered in estimating the
likely costs and cost-effectiveness of SMC in other settings. In disag-
gregating SMC costs by the health system level with which they are
expected to vary, we offer a preliminary step towards taking cost
variation into account in future estimates.

Our estimates are lower than those reported in previous analyses
of SMC, which may be attributed to our study’s extended age range,
far larger target population, delivery strategy involving only one
household visit per month, and more limited involvement of re-
searchers in implementation. Previous studies of SMC examined the
costs of delivery only to children up to 5 (or in one case 6) years of
age (Conteh et al. 2010). In our study, increasing the age range for
SMC from under-3s to under-10s virtually doubled the target popu-
lation, however, it only increased the target number of households
to visit by 13%, from 80 to 90% of all households in the area, and
high coverage was maintained in both groups (Ba er al. 2017).
However, the degree to which the lower costs we observed can be
attributed to the extended age range rather than the far larger over-
all target population or other factors remains uncertain. Since our
study, co-blister packs of dispersible SP+AQ have become available,
which may increase tablet costs while potentially reducing CHW
time on administration; these and any other changes to the distribu-
tion strategy would need to be accounted for in estimates of the
likely costs of SMC in other settings.

While we have focussed on the cost per monthly course of SMC
administered as our key outcome measure, other studies of the costs
of SMC have reported the cost per “fully adherent child,” defined as
a child receiving all three (or more) intended courses of treatment.
At $1.50 excluding research incentives (Table 2), the economic cost
per fully adherent child in our study was lower than reported esti-
mates from all other studies, and even somewhat lower than projec-
tions made of the likely costs of delivering SMC at scale. Inflating
costs to 2010 USD to allow some comparison (Bureau of Labor
Statistics 2013), the lowest previously reported cost per fully adher-
ent child of a three-course SMC regimen was $1.66 using CHW's to
deliver SP and AQ in Basse, Gambia (Bojang et al. 2011; Pitt ez al.
2011). A study in trial conditions in Hohoe, Volta Region, Ghana
reported the cost per fully adherent child of delivering three bi-
monthly courses of SP alone through CHW's at $8.30, but projected
a cost of $1.74 if distribution were scaled up to the district level
(Conteh et al. 2010; Pitt ez al. 2011). In a wide-ranging overview of
malaria control strategies, Goodman et al. (2000) estimated the cost

of seasonal fortnightly chemoprevention with dapsone and pyri-
methamine at $1.79 (90% range $1.40-2.20) using an existing
CHW network, but requiring parents to take their children to the
health centre. Estimates were substantially higher for the four-
course strategies studied in Jasikan, Volta Region, Ghana
(Patouillard et al. 2011; Pitt et al. 2011) and in Ghana’s Upper West
Region (Nonvignon 2016), and for the three- and six-course strat-
egies employing artesunate (AS) with AQ in Hohoe (Conteh et al.
20105 Pitt et al. 2011). The “fully adherent child” metric includes
the full cost of all the doses of SMC which were administered, but
not the benefits derived by children who were protected from mal-
aria with fewer than the intended number of courses of SMC. Given
the highly mobile nature of populations both in the study area and
in other areas where SMC is likely to be of benefit, children may
have missed doses because they were away from the area and there-
fore either not exposed to malaria or potentially able to receive
SMC elsewhere if it were more widely available (Ba et al. 2017).

Although the transferability of costs across contexts depends on
many factors (Vassall ef al. 2016), our financial cost estimate of
$1.22 per fully adherent child ($1.50 including research participa-
tion incentives) is within the range of costs associated with deliver-
ing other malaria prevention interventions. A systematic review
reported a median financial cost per year of protection with ITNs at
$2.20 (range $0.88-9.54, constant 2009 USD), with IRS at $6.70
(range $2.22-12.85), with IPT in infants at $0.60 (range $0.48-
1.08), and with IPT in pregnant women at $2.06 (range $0.47-3.36)
(White et al. 2011). The financial cost of school-based IPT has
been reported at $1.20 (constant 2006 USD) per child per year
(Temperley et al. 2008) and school-based intermittent screening and
treatment has been reported to cost $6.61 per child per year (con-
stant 2010 USD) (Drake ez al. 2011).

Our findings of substantial economies of scale represent an im-
portant contribution to a very limited evidence base on cost vari-
ation in health service delivery in low- and middle-income countries,
particularly at the primary health care and community level and out-
side the HIV field (Brooker ez al. 2008; Fiedler et al. 2014; Siapka
et al. 2014). Consistent with previous studies of HIV prevention in
India (Guinness et al. 2007; Lépine et al. 2015; Lépine et al. 2016)
and of school-based albendazole distribution in Uganda (Brooker
et al. 2008), we found that average costs exhibited an L-shape, and
found no evidence in our sample of a point at which average costs
would begin to increase, generating the U-shape predicted in eco-
nomic theory. While our statistical analysis remains descriptive and
was limited by the small number of data points and possibly by the
trial context and other factors, the 46 health facilities we analysed
constitute a relatively large dataset in the context of health facility
costings. Our findings may be particularly relevant for other CHW
mass distribution campaigns, such as deworming tablets and vitamin
A, and for integrated community case management programmes, for
example. They also have wider implications for the organization of
the health system; many factors, such as accessibility, must be con-
sidered in deciding on the location and catchment size of health
facilities, however, our findings demonstrate the substantially higher
costs per person reached incurred by health posts with very small
catchment areas.

Although appropriate to our study, the incremental nature of
our analysis means that the existence of a functioning health system,
including a network of CHWs, is assumed. In contexts where, for
example, head nurses cannot easily call upon a group of CHW's for
distribution campaigns, where the head nurses themselves are ab-
sent, or where districts lack the capacity to coordinate training and
distribution of incentives, medicines, and materials, additional
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resources would need to be invested to address or circumvent these
gaps. In this way, SMC could provide an opportunity to strengthen
health systems and especially CHW networks, but doing so would
involve greater costs than reported here.

Furthermore, we have not included the costs of pharmacovigi-
lance, ongoing programme evaluation, and national-level coordin-
ation, which are important aspects of SMC implementation and will
need to be included in programme budgets. As in all such analyses,
our data may also include errors or omissions, however, our exten-
sive triangulation and comparisons across health facilities allowed
us to correct discrepancies which might not have otherwise been de-
tected. Nonetheless, collecting data on health worker time use,
which accounted for most of the additional economic costs, is par-
ticularly challenging, and may have been subject to bias or
misreporting.

Finally, while we adhered to standard practice in calculating the
economic costs of health worker time based on their salaries, it is very
unlikely that any health worker’s salary represents their value to soci-
ety, especially where they are so exceedingly scarce. Valuable health
worker time should be used as efficiently as possible, taking into ac-
count the negative effects of nurses frequently absenting themselves
from health posts to attend meetings at district level and to supervise
CHWs in door-to-door campaigns. Strong national and district-level
leadership is therefore required to bring together national child health
and disease control teams to limit the total number of off-site training
and campaign days each year. Similarly, the availability and supply of
CHWs is not infinite. In our context, the value of incentive payments
to CHWs were higher than what many CHWSs could otherwise have
earned, but that does not mean that they would necessarily continue
to be willing to implement many more additional campaigns each
year. Opportunities may exist to achieve economies of scope by com-
bining SMC with delivery of other interventions, such as mass distri-
bution of ITNs, health communication, or neglected tropical disease
programmes; however, careful consideration and discussion with all
levels of health workers will be required to ensure that additional
interventions are genuinely compatible and do not cause diseconomies
of scope by unduly increasing complexity.

Conclusion

Even in the context of a highly constrained health system, door-to-
door delivery of SMC by CHWs to children under ten is likely to be
affordable, especially if it averts substantial costs of curative care.
We identified substantial variation in the cost of delivering SMC to
children in Senegal, which contributes to a very limited evidence
base on variation in provider costs. Both cost variation and the com-
parability of local health system characteristics must be accounted
for in assessing the transferability of our findings to other settings.
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5.1.1. Abstract

Introduction: In areas of generally very low malaria transmission, incidence tends to be
patchy, with highly localised “hotspots”. We compared the costs and effects of geographically
targeted strategies using dihydroartemisinin-piperaquine in hotspot villages for two rounds of
either mass screening and treatment (MSAT) or mass drug administration (MDA), both with

and without the addition of indoor residual spraying (IRS) with Actellic 300CS.

Methods: We conducted an economic evaluation alongside a three-arm cluster-randomized
controlled trial conducted over two years in a population of ~577,000 persons in rural, central
Senegal, where malaria is highly seasonal. Prospective micro-costing was used to inform a
model, which estimated costs of implementation across the entire study area (base case) and
with different degrees and levels of targeting and number of implementation rounds (cost
scenarios). Using a decision tree, we modelled the cost-effectiveness of seven alternative
intervention strategies from a societal perspective over a lifetime horizon with a 3% discount
rate, accounting for impacts in both hotspot and non-hotspot villages. We used probabilistic
and deterministic sensitivity analysis and identified the cost-effectiveness frontier and

expansion path.

Results: Average economic costs per recipient per round were $1.99 for targeted IRS, $0.82 for
targeted MSAT, and $1.57 for targeted MDA (constant 2018 United States Dollars). Per 10,000
population (across hotspot and non-hotspot villages), total annual costs of targeted IRS
(57,135) were highest, followed by MSAT ($5,368), MDA ($10,048), and hotspot identification
(S75). Compared to the reference strategy, which closely resembled standard practice,
targeted MSAT alone cost an additional $9,839 (95% Cl: $4,939 to $34,054) per disability-
adjusted life-year (DALY) averted; compared to targeted MSAT, targeted IRS+MSAT cost a
further $10,221 ($5,597 to $32,423) per DALY averted; and compared to targeted IRS+MSAT,
targeted IRS+MDA cost a further $36,203 ($13,084 to $121,785) per DALY averted. The
remaining three strategies evaluated were dominated. Plausible changes in drug, test, and
insecticide prices would alter the expansion path, as would inclusion of side effects of MSAT

and MDA in analysis.

Conclusions: In comparable contexts, the specific combinations of hotspot interventions
evaluated in this trial are unlikely to lead to elimination in the near term and are not cost-
effective as disease control measures. Our cost model demonstrates economies of scale and
diseconomies of targeting and can inform decisions regarding the deployment of IRS, MDA,

and MSAT in different contexts.
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5.1.2. Introduction

In areas where malaria transmission is generally low, transmission also tends to be patchy,
with highly localised “hotspots” and other areas with minimal or virtually no transmission. In
such transmission contexts, malaria elimination is considered possible if standard malaria
control activities are supplemented with additional, intensive interventions (WHO, 2017a). If
no more than a few cases per week are reported at each health facility, the World Health
Organization (WHO) recommends investigation of each malaria case and reactive
interventions, such as indoor residual spraying (IRS), focal screening and treatment, or focal
drug administration, in the immediate vicinity of the incident case (WHO, 2017a). In other
areas, where malaria incidence is low but not low enough for reactive interventions to be
feasible, WHO recommends ensuring universal coverage of core interventions (e.g. bed nets)
and considering additional, intensive, population-wide control measures, such as mass drug
administration (MDA), mass screening and treatment (MSAT), and/or intensified vector control
to accelerate reductions in transmission (WHO, 2017a). Spatial and temporal clustering of
cases means, however, that timely case investigations may not be feasible even in areas
broadly classified as “very low transmission”, while population-wide intensive interventions in
such settings may be inefficient and expose many people to unnecessary risks and discomfort.
In these patchy, low transmission settings, geographical targeting at a local level (in localised
“hotspots”) of MDA or MSAT, potentially in combination with IRS, may be an effective and

efficient approach to reduce transmission.

A WHO Evidence Review Group identified only one randomized trial of a strategy in which
MDA or MSAT were focused on malaria hotspots (WHO Evidence Review Group, 2015a, Newby
et al., 2015, Bousema et al., 2016). Conducted in a low-transmission setting in highland Kenya,
the trial found that combining targeted MSAT, IRS, bed nets, and larviciding in hotspots
reduced parasite prevalence within but not outside hotspots and did not interrupt
transmission (Bousema et al., 2016). More recently, evidence has emerged from a three-arm,
cluster-randomized trial in a highly seasonal, low transmission setting in central Senegal. In
that trial, two different hotspot strategies reduced malaria incidence substantially both in the
hotspot villages in which they were implemented and in non-hotspot villages in which they
were not implemented (Diallo et al., 2020). Nonetheless, the incidence reductions — which
averaged 43% (95% Cl: 35%, 50%) for MSAT with IRS and 48% (95% Cl: 40%, 54%) for MDA with
IRS across the hotspot and non-hotspot villages — did not achieve the original aim of “virtual

elimination”. The trial team concluded that hotspot strategies may have the potential to
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contribute to elimination if implemented more intensively than in the trial, with more rounds

of MDA, possibly in combination with MSAT and IRS.

Maximizing the impact of resources to tackle malaria requires understanding the efficiency of
alternative policy choices; however, no empirical evidence on the efficiency or costs of a
hotspot strategy involving MDA or MSAT has previously been published. Even empirical
evidence on the costs of MDA and MSAT delivered as blanket strategies is scarce. When WHO
reviewed the costs of (targeted and blanket) MDA for malaria, cost data were identified in only
one published study (regarding 720 people in Vanuatu) and two unpublished studies
(regarding Sierra Leone during the Ebola emergency and the Comoros islands) (WHO Evidence
Review Group, 2015b). Cost estimates for related interventions, including seasonal malaria
chemoprevention (effectively MDA restricted to children under 10) in central Senegal (Pitt et
al., 2017) and MDA for various neglected tropical diseases in India (Krishnamoorthy et al.,
2002), Sudan (Kolaczinski et al., 2011), and Kenya (Pullan et al., 2019), vary widely. For MSAT
for malaria, three dry-season rounds in a moderate transmission area in Zambia were
estimated to cost $804 (2012 USD) per disability-adjusted life-year (DALY) averted, which the
authors judged “highly cost-effective” (Silumbe et al., 2015). Evidence on the costs and cost-
effectiveness of IRS is more extensive (Conteh et al., 2004, Goodman et al., 2001, Guyatt et al.,
2002, Faraj et al., 2016, Yukich et al., 2008), but does not address IRS’s added value when
combined with MDA or MSAT and older studies do not address the higher costs of next

generation insecticides.

While empirical evidence is scarce, a modelling study predicted how the efficiency of different
combinations of malaria interventions, including MDA, MSAT and IRS, may vary across Africa,
and the savings that could be achieved by targeting intervention packages to provinces or
5km? land areas (Walker et al., 2016). Other researchers have proposed a geographic resource
allocation framework based on cost-effectiveness (Drake et al., 2017). And IRS (Protopopoff et
al., 2007), like larviciding (Worrall and Fillinger, 2011) and many other malaria interventions
(Carter et al., 2000), is usually targeted to areas considered at higher risk, so economic
evaluations of such vector control strategies nearly always assess geographically targeted
interventions. None of these malaria studies, however, nor others we are aware of, have
described or accounted for how the average cost per person reached may vary with the type
and extent of targeting. Studies of the efficiency of targeting social interventions (Dutrey,
2007), vitamin A supplementation (Loevinsohn et al., 1997), and HIV prevention (Wilson et al.,

2005) emphasize the costs of the targeting process itself, as well as the imperfect sensitivity
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and specificity of targeting. The reductions in scale of targeted relative to blanket interventions
also mean that intervention costs incurred at regional, district, and health facility level may be
divided across fewer recipients than a blanket intervention. This combination of additional
costs of identifying the target and diseconomies of reduced scale mean that there are likely to
be diseconomies of targeting malaria interventions, that is, higher average costs per person
reached than blanket strategies. These diseconomies of targeting may have important
implications for understanding the efficiency of targeted and blanket strategies, especially
when considering targeting interventions at increasingly fine spatial scales (Stresman et al.,

2019, Kabaghe et al., 2018).

To address some of these research gaps and inform malaria policy, we conducted an economic
evaluation alongside the hotspot trial in Senegal. For our economic evaluation, we first sought
to inform the design and planning for other geographically targeted intervention packages by
developing a flexible cost model, populated with data from the trial and secondary sources, to
estimate how the costs of geographically targeted MSAT, MDA, and IRS could be expected to
vary with implementation choices and context. Secondly, given the substantial relative
incidence reductions achieved, we sought to determine whether the intervention packages
implemented in the trial could be considered cost-effective as disease-burden reduction

interventions, since virtual elimination was not achieved.

5.1.3. Methods

Setting
The trial population comprised the ~587,000 people (in 2014) living in the catchment areas of

the 46 rural health posts in Mbour, Fatick, Bambey and Niakhar districts. When baseline data
were collected in 2012, parasitaemia prevalence (1.9% by microscopy) and annual malaria
incidence (11 cases per thousand person-years at risk) were low, having fallen dramatically in
the preceding decade, and malaria was also highly seasonal, with 86% of cases occurring from
September to December each year (Diallo et al., 2020). From 2008 to 2012, 80% of all malaria
cases were concentrated in <40% of villages each year, indicating substantial geographical

heterogeneity in local malaria transmission (Diallo et al., 2020).

Health posts are the key primary health care facilities throughout Senegal; they are led by a
head nurse, who also supervises a network of community health workers (CHWs), and reports

to a district health management team. Both testing and treatment with artemisinin
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combination therapy are meant to be free of charge in public facilities; however, the initial
consultation costs ~$0.17 (100 XOF) for children or $0.34 (200 XOF) for adults, with fee waivers
intended for the poorest. Standard malaria control measures in central Senegal at the time of
the trial included requiring parasitological confirmation in health facilities before treatment
with artemisinin combination therapy (artemether-lumefantrine as first-line treatment),
intermittent preventive treatment of malaria in pregnancy, mass LLIN distribution campaigns
(in Fatick, Bambey, and Niakhar in 2011 and in Mbour in 2013), free LLIN top-ups for pregnant
women at antenatal clinics, and subsidised LLINs available for purchase at health facilities
(JHBSPH, 2015). In the 2012 baseline survey, 61% of the study population surveyed had slept
under a bed net the previous night (Diallo et al., 2020). Senegal’s life expectancy at birth was
estimated at 67 years for 2016 (WHO, 2019b). With a gross domestic product of $1,522 per
capita in 2018, Senegal is a lower-middle-income country (World Bank, 2019) whose malaria
budget is financed primarily by the United States’ President’s Malaria Initiative and the Global
Fund (WHO, 2018d).

Study design and comparators
The trial was designed to compare two multi-component, village-based targeting strategies

(n=15 clusters each) and a reference strategy (n=10 clusters), over two malaria seasons (2013-
14) (Figure 3) (Diallo et al., 2020). Clusters had a mean population (in 2014) of 14,682 people.
Most clusters comprised a single health post catchment area, but 6 health posts with smaller
catchment populations were merged with an adjacent catchment area to form clusters. As

villages varied widely in population size, clusters comprised between 6 and 69 villages.

In the reference strategy, which closely resembled standard practice, in addition to standard
malaria control measures described above, radio messages encouraged care-seeking for fever
and the small number of people confirmed to have malaria in public health facilities was
provided with a long-lasting insecticide-treated bed net (LLIN) to top up coverage. Intervention

strategies comprised all elements of the reference strategy plus additional activities.

Hotspot villages were identified by tallying by village the number of RDT-confirmed malaria
cases passively detected in health facilities in the previous malaria season. To ensure balance
between hotspot and non-hotspot villages within each cluster for research purposes, clusters
were stratified by incidence. Geospatial analysis was used to develop an algorithm by which
hotspots were defined as villages with 3 or more cases in the previous June-September (for
villages associated with health posts in the slightly higher incidence stratum), or 4 or more

cases in the previous June-December (for villages associated with health posts in the lower
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incidence stratum). Researchers reviewed the health facility records to identify hotspots in the
trial; however, the algorithm was designed to be straightforward to implement by head nurses
in collaboration with district staff based on data in existing clinical registers. In 2013 and 2014,

55% and 56% of study area residents, respectively, lived in villages declared “hotspots”.

Figure 3 Trial structure
Population figures and numbers of villages are estimates for 2014, the second year of the trial. The classification of

hotspot and non-hotspot villages was redone each year, so the number of hotspot and non-hotspot villages within
each arm (and their associated populations) were different in 2013. Case management in the trial encompassed
both standard diagnosis with parasitological confirmation, and also additional radio messages to encourage care
seeking and provision of a LLIN if needed for anyone diagnosed with malaria. LLIN: Long-lasting insecticide-treated
bed net; IPTp: Intermittent preventive treatment of malaria in pregnancy; MDA: Mass drug administration; MSAT:
Mass screening and treatment; IRS: Indoor residual spraying.

Trial structure Intervention packages
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In July and August each year, residents of hotspot villages were meant to receive IRS with
Actellic 300CS, a non-pyrethroid “next generation” insecticide. In September and October,
CHWs conducted two rounds of door-to-door visits in hotspot villages to offer either MSAT or
MDA depending upon the trial arm. In MSAT clusters, the CHWs offered RDTs to all persons
aged over three months and treated anyone with a positive test result with DP, except for
pregnant women and those with a known allergy, who were referred to a health facility. In
MDA clusters, the CHWs offered DP to all persons aged over three months except pregnant
women and those who were ill, taking other medications, or known to be allergic to
antimalarials. The trial was thus designed to compare the effects in both hotspot and non-
hotspot villages of implementing IRS+MDA in hotspots, IRS+MSAT in hotspots, and the
reference strategy, without determining the added value of IRS as part of the intervention

strategies. In 2013, however, logistical problems in obtaining the insecticide meant that only
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23% of households in the hotspot villages received IRS (i.e. 12% of all households in the
intervention clusters), and the quality of spraying was low, with a 24-hour mosquito mortality
rate of just 37% after four months (Diallo et al., 2020); we refer to this as “LowlIRS”. In 2014,
IRS reached 66% of households in hotspot villages in the two intervention arms, and additional
training improved the quality of spraying, resulting in mosquito mortality rates of 82% after

four months.

For our cost-effectiveness analysis, we assumed that policy makers would want to consider
implementing either MSAT in hotspots or MDA in hotspots, either with IRS at the 66%
coverage that was achieved in our study (“IRS”) or without any IRS (“NolIRS”). While we assume
policy makers would not choose to implement LowlIRS, we include it in our analysis because
the trial produced robust estimates of the effectiveness of this combination of interventions,
whereas “NolRS” strategies had to be modelled from trial data on implementation of LowIRS
and IRS. Inclusion of LowlIRS strategies also provides valuable information on the consequences
of failure to achieve good IRS coverage and of the relative contribution of IRS to the
effectiveness achieved by IRS+MSAT and IRS+MDA. We therefore compared seven alternative
hotspot intervention strategies: the reference strategy (i.e. none of the intensive hotspot
interventions, close to standard practice), IRS+MSAT, IRS+MDA, LowIRS+MSAT, LowIRS+MDA,
NolRS+MSAT, and NolRS+MDA (Figure 4Error! Reference source not found.).

Figure 4 Decision tree
For simplicity, the full decision tree is only shown for the reference strategy. The pathway is identical for each of the

other strategies. Created using Simple Decision Tree toolbar 1.4 Add-In for Excel.
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Costs
We first estimated costs to the provider of each intervention (hotspot identification, IRS,

MSAT, and MDA) and the societal costs (i.e. costs to the provider and to households) of
passively detected cases. We assumed that receipt of interventions (at home or nearby) would
not incur meaningful household costs. We then combined the intervention costs to estimate
the societal costs of each of the seven strategies (Figure 4Error! Reference source not found.).
We focus on economic costs, which reflect the full value (opportunity cost) of resources used,
even if they did not require direct payment, such as donated drugs or the time of existing
health workers; however, we also estimate financial costs to the provider, which represent

expenditure and are useful for budgeting and assessing affordability.

The costs of identifying hotspots and of implementing targeted IRS, MSAT, and MDA were
estimated through prospective micro-costing of the activities in 2014. We gathered data on
resource use, costs, and outputs from project accounts, project administrative records,
Ministry of Health records, international reference price lists, and a series of questionnaires.
These questionnaires were administered after the single IRS round and each round of MSAT
and MDA to districts, health posts, and IRS coordinators; data were entered in MS Access and
analysed in Excel. For internationally traded goods (Hutton and Baltussen, 2005), notably
insecticide, RDTs, antimalarials, and LLINs, international market prices were used, even where

goods were donated for research purposes or subsidized.

Research costs were excluded. We included the costs of health worker time needed to identify
hotspots but excluded the development and validation of the algorithm as a research cost.
While data on the previous year’s malaria cases were gathered and analysed in the entire
study area to identify hotspots, the costs of hotspot identification in the reference arm were
excluded as a research cost. Where research staff contributed directly to the implementation
of interventions, such as supervision or participation in planning meetings, the value of their
time has been included; similar external support would be expected outside a trial context.
Separately, we also report on the incentive payments made to health service staff, which were
intended to support research but likely contributed to more assiduous implementation of the

interventions.

We developed a simple, flexible, and transparent mechanistic cost model to predict how
provider costs for the four interventions could be expected to vary with changes to

intervention characteristics and context, as well as input prices. This model reflected the cost
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data collected and our understanding of how the interventions were implemented in the trial
and could be implemented in future. We disaggregated costs by round and by the level of the
health system (country, district, health post, CHW) or output (persons reached per round) with
which those costs would be expected to vary approximately linearly (see Section 5.2). As a
base case, we modelled the costs of implementing each intervention in the entire study area
(which comprises all rural catchment areas of the 4 districts). This modelling remained close to
what was observed in the trial, but reduced differences in costs between strategies that were
driven by differences in contextual factors and removed the inherent inefficiencies of

implementation in a trial context. For the base case, we also estimated the costs of “LowlIRS”.

In further scenarios, we used a somewhat stylised version of our population to model how
costs of implementing the interventions could be expected to vary with the degree of targeting
(proportion of the study area population targeted: 100%, 50%, 20%), with the level of the
targeting unit (village-based targeting as implemented in the trial or district-based targeting),
and with the number of consecutive implementation rounds (2, 4). Such modifications to the
intervention could be considered to respond to different epidemiological contexts, to reduce

costs, and/or to increase effectiveness relative to the strategies implemented in our trial.

In the cost-effectiveness analysis, the societal cost of illness and case management was
estimated by combining primary and secondary data on the cost per case (based on local
protocols and practice) with the number of uncomplicated and severe cases estimated in the
cost-effectiveness model (Table 2). We assumed that the cost per case treated, whether
uncomplicated (requiring only outpatient treatment) or severe (requiring hospitalisation),

would be the same across study arms.

Costs were inflated to 2018 values using the consumer price index for the relevant currency
(Kumaranayake, 2000) and converted to United States dollars (USD) using the average 2018
exchange rate (World Bank, 2019, Hutton and Baltussen, 2005). Economic costs to the provider
in the base case scenario are presented for each intervention by activity and by cost driver,
and for each strategy by intervention. Total economic and financial costs of each intervention
in the base case, actual implementation in the trial, and ten further scenarios are presented
per 10,000 population —including both residents of hotspot and non-hotspot villages and
those who did and did not receive the interventions — to provide a more useful basis of
comparison than the total study population. For each intervention, average economic costs
per recipient of that intervention per round are also presented in the base case, actual

implementation, and ten further scenarios to explore diseconomies of targeting. To indicate
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potential budget impact, we compared total financial costs per capita with average per capita

public expenditure on malaria (WHO, 2018d) and on health in Senegal (WHO, 2019a).

Cost-effectiveness analysis
We developed a decision analytic model to combine trial and secondary data to estimate

economic costs and effects of each of the seven strategies for the entire study area from a
societal perspective. We modelled implementation over a 1-year period and included the
consequences of any malaria episodes in that year over a lifetime horizon. This short-term
approach was considered appropriate because the pre-elimination strategies evaluated are
not intended as a policy to be implemented indefinitely (and are not expected to be
considered socially or politically acceptable if continued long-term), but rather as interim
measures to reduce incidence sufficiently for case investigation and reactive interventions to
become feasible. Further, they were not found to involve any “start-up” costs; all activities
would need to be repeated each year. Our analysis was conducted and reported in accordance
with the CHEERS checklist (Husereau et al., 2013) and reference cases for economic evaluation

(Wilkinson et al., 2016) and for costing (Vassall et al., 2017).

We plotted the costs and effects of each of the seven strategies on the cost-effectiveness
plane, identified the cost-effectiveness frontier and expansion path, and calculated
incremental cost-effectiveness ratios (ICERs) between adjacent points on this path. The cost-
effectiveness frontier is defined by the set of economically efficient strategies; it excludes
inefficient strategies, which are said to be “dominated” because they are less effective and
more costly than a single alternative strategy (“strict dominance”) or a combination of
alternative strategies (“extended dominance”). The expansion path connects strategies on the
cost-effectiveness frontier from least to most effective and costly. The expansion path
therefore indicates the order in which strategies should be considered for adoption given
increasing availability of resources. To facilitate interpretation, we present all findings per

10,000 population.

To explore the robustness of our finding to uncertainty and heterogeneity, including plausible
variation in other relevant contexts, we conducted both deterministic and probabilistic
analyses. One-way deterministic sensitivity analyses are presented on separate cost-
effectiveness planes for each parameter explored. Unlike tornado diagrams, which can only
compare two strategies, use of cost-effectiveness planes allow illustration of the sensitivity or
robustness of the expansion path —i.e. the order in which strategies should be considered for

adoption — to plausible variation in each parameter (Table 1, Table 2).
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We used Monte Carlo simulation to reflect the combined impact of uncertainty in stochastic
parameters on our ICER estimates. Distributions were selected to be consistent with our
understanding of the logical bounds and shape of each parameter: beta distributions for
proportions; gamma distributions for durations and costs, which are non-negative and right-
skewed; and normal distributions for rates, rate ratios, and discounted YLLs. While the latter
parameters cannot take on negative values, which a normal distribution may allow, the very low
standard deviations made negative draws very unlikely in practice and normal distributions have
the benefit of reflecting the symmetrical shape of the distributions and the potential to take on
values >1. We calculated mean costs and effects for each of the seven strategies across 10,000
iterations and used percentiles to generate 95% confidence intervals for each ICER estimate. To
centre our plot on the cost-effectiveness plane at the origin and reflect uncertainty relative to the
reference strategy, we calculated the incremental costs and effects of each intervention strategy
relative to the reference strategy for each of the 10,000 iterations and generated scatter plots.
We present cost-effectiveness acceptability curves (Fenwick et al., 2001) to indicate the
probability of each strategy being cost-effective at plausible and widely used cost-effectiveness
thresholds (Ochalek et al., 2018, Marseille et al., 2015) (also see Section 6.1.7. Annex 2). Analyses

were conducted in Microsoft Excel with Visual Basic for Applications.

Effects
Our primary cost-effectiveness analysis is of the incremental cost per DALY averted, which allows

our findings to be compared with alternative uses of these resources to address any health
condition. We also estimate the incremental cost per malaria case averted to permit comparison
with existing malaria literature and with epidemiological data, in which incidence is a common

endpoint and subject to less uncertainty than DALY estimates.

The number of malaria cases expected under each strategy is estimated as the product of the
simulated population size, the incidence in the reference arm of the trial, and the incidence rate
ratio of the relevant intervention arm relative to the reference arm. Because incidence data were
not available for 2015, incidence measures were restricted to the 4-month malaria seasons
(September — December) in 2013 and 2014. This restriction assumed that the interventions did
not affect incidence in the following 8 months, which may slightly underestimate the number of
cases averted. The approach also assumes that the incidence rate ratios of each intervention
strategy relative to the reference strategy were independent of the incidence in the reference
arm, within the range seen in our study of 14.3 (in 2014, used as base case) to 29.4 (in 2013, used
in sensitivity analysis) cases per thousand person-years at risk within the malaria season. In

reality, lower relative impact would be expected at higher transmission intensity. To estimate the
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incidence rate ratios for NoIRS+MSAT and NolRS+MDA relative to the reference strategy, which
were not measured in the trial, we took a simple but conservative approach, which assumed that
they would be less effective than LowIRS+MSAT and LowlRS+MDA, respectively. We assumed that
this loss of effectiveness would be a linear function of the product of efficacy and coverage based

on data for 2013 and 2014, as detailed in Annex 1 (Section 5.1.6.).

Every one hundred malaria cases were assumed to generate the same number of DALYs, on
average, regardless of study arm (Table 1, Section 5.1.6.). Total years of life lost (YLLs) and years
of life with disability (YLDs) were summed to generate the DALY estimate for each strategy. The
number of confirmed malaria cases, severe cases, and malaria-related deaths were obtained from
passive surveillance data from all health facilities and CHWs providing malaria treatment across
the study area. The proportion of all confirmed cases that became severe and the proportion of
all severe cases that result in death were estimated across the entire study area because of the
small numbers involved. For each of the 15 people who died from malaria in our study area across
both years, we used life tables and age at death to estimate the individual’s remaining life
expectancy, which we discounted at 3% (in the base case) with no age weighting to generate the
discounted YLLs for each death. We then used the mean and s.d. of discounted YLLs per death to
generate a distribution for the number of YLLs associated with each death in our model.
Remaining life expectancy at death was taken from life tables for Senegal, which represent the
real opportunity cost in this context, and sensitivity analysis presented results based on Japanese
life expectancy, which represents a theoretical maximum (WHO, 2019b). As is standard for
malaria interventions, YLDs comprised only 1.3% of DALYs in our model. They were calculated
separately for uncomplicated and severe cases as the product of the number of cases of malaria
in each arm, the probability of becoming severe, the average duration of a case, and the disability
weight (Salomon et al., 2015) for infectious disease (moderate or severe). Long-term sequelae

were not included but were not expected to substantially alter overall DALY estimates.

In deterministic sensitivity analysis, we considered how including in DALY estimates the adverse
events associated with receipt of MSAT and MDA by persons who were not ill affected relative
effectiveness and cost-effectiveness. Adverse events included widespread minor complaints, such
as dizziness (MDA) and finger pain (MSAT), and a child’s death following MDA in 2013 (Section
6.1.7. Annex 2).
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Ethics
The study protocol was approved by the Observational and Interventional Ethics Committee of

the London School of Hygiene & Tropical Medicine (ref 6387) and Senegal’s Comité National

d’Ethique pour la Recherche en Santé (ref 171).

5.1.4. Results

Effects
Our probabilistic base case cost-effectiveness model indicated that the reference strategy would

result in the most malaria cases, 48 per 10,000 residents in the malaria season (95% Cl, 46 to 50),
followed in descending order by NolIRS+MSAT (39, 35 to 42), LowIRS+MSAT (35, 31 to 39),
NolRS+MDA (32, 29 to 35), LowIRS+MDA (30, 26 to 33), IRS+MSAT (27, 23 to 31), and IRS+MDA
(25, 21 to 29), the most effective strategy (Table 3Error! Reference source not found.). As disease
progression parameters were assumed constant across intervention strategies, the numbers of
cases and DALYs averted displayed the same relationships across the seven strategies (Table

3Error! Reference source not found.).

Table 3 Deterministic and probabilistic estimates of total effects and total costs of the 7 strategies
DA: Deterministic analysis. Mean probabilistic estimates and deterministic estimates are virtually identical

Cases per 10,000 DALYs per 10,000 Economic costs per 10,000

Probabilistic Probabilistic DA Probabilistic
Strategy Mean 95% Cl Mean 95% Ci Mean 95% ClI

Reference 48 48 (46, 50) 279 278 (0.9,4.7) 1,185 1,186 (958, 1,448)
NoIRS+MSAT 39 39 (35,42) 2.26  2.25 (0.74,3.84) 6,404 6,401 (5,122, 7,833)
LowlRS+MSAT | 35 35 (31, 39) 2.05 2.05 (0.67,3.49) 9,287 9,286 (7,826, 10,886)
IRS+MSAT 27 27 (23,31) 159 1.58 (0.52,2.72) | 13,253 13,254 (11,093, 15,566)
NolIRS+MDA 32 32 (29, 35) 1.88 1.87 (0.61,3.19) | 10,920 10,928 (8,588, 13,593)
LowIRS+MDA 30 30 (26, 33) 1.75 1.74 (0.57,2.98) | 13,837 13,846 (11,392, 16,563)
IRS+MDA 25 25 (21, 29) 1.46  1.46 (0.47,2.5) 17,878 17,889 (14,965, 21,060)

Costs

Costs of implementing geographically targeted interventions
Our base case mechanistic modelling of intervention costs throughout the study area indicated

that the total economic costs of MDA were the highest of the geographically targeted
interventions at $10,048 (constant 2018 USD) per 10,000 residents, followed by IRS at $7,135,
MSAT at $5,368, LowlIRS at $2,972, and the identification of hotspots at just $75 per 10,000
residents (Figure 5, Table 4). The average costs of MDA and MSAT were $1.57 and $0.82 per
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recipient per round, respectively, while IRS and LowIRS cost $1.99 and $2.39, respectively, per

person living in a household that was sprayed (Table 4).

Figure 5 Total intervention costs by activity and driver
Total economic costs per 10,000 population are presented for the base case scenario. Costs of case management reflect

incidence in the reference arm. IRS: Indoor residual spraying; MDA: Mass drug administration; MSAT: Mass screening
and treatment.
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[ Training
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W Personnel

W Transport

M Drugs for side effects
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Table 4 Total economic costs of Hotspot ID, IRS, MSAT, and MDA: as implemented in trial and base case analysis
In the trial, 36% of intervention arm residents received IRS, 33% of MSAT arm residents received MSAT, and 32%

received MDA, which is reflected in the “Implementation in trial” and base case. The 10 cost scenarios indicate the
proportion of people targeted, and the proportion of people targeted who are reached matches the trial: 66% IRS, 55%
MSAT, and 66% MDA. HP: Health post.

HOTSPOT INTERVENTIONS

otal economic costs per 10,000 population Hotspot ID IRS MSAT MDA
Implementation in trial S73 $7,326 $5,935 $11,183
CEA BASE CASE: 2 rounds targeted MSAT/MDA across all health posts S75 $7,135 $5,368 $10,048
CEA BASE CASE (LowlRS): As above except lower IRS coverage S75 $2,972 $5,368  $10,048
Average economic cost per recipient per round Hotspot ID ) MSAT MDA
Implementation in trial NA $2.05 $0.91 $1.75
CEA BASE CASE: 2 rounds targeted MSAT/MDA across all health posts NA $1.99 $0.82 $1.57
CEA BASE CASE (LowlRS): As above except lower IRS coverage NA $2.39 $0.82 $1.57

Mean number of intervention recipients (per 10,000

e Hotspot ID ) MSAT MDA
Implementation in trial NA 159,135 70,231 73,236
CEA BASE CASE: 2 rounds targeted MSAT/MDA across all health posts NA 210,247 191,692 187,532
CEA BASE CASE (LowlIRS): As above except lower IRS coverage NA 72,930 191,692 187,532
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Differences in MDA and MSAT costs were driven primarily by differences in the costs of RDTs, DP,
and CHWs (Figure 5). The DP tablets ($8,619) accounted for 86% of MDA costs, while RDTs
(52,118) and DP ($112) together accounted for 42% of MSAT costs. Total payments to CHWs were
3.3 times greater for MSAT ($1,800) than for MDA (S551) primarily because far more CHW-days
were required; pairs of CHWs provided MDA to a mean of 132 people per day, compared with 48
people per day for MSAT. CHWs providing MSAT were also paid 17% more per day than CHWs
providing MDA to account for their more complex tasks. MSAT took substantially longer to deliver
because of the additional time necessary to administer and wait for the results of each person’s
test and then treat positive cases, and because people had greater concerns about MSAT and
therefore required more time for discussion. Coverage of MSAT (55% of people targeted) was also
lower than of MDA (66%), which reduced the total costs of consumables. The insecticide, Actellic
300CS ($4,441), accounted for 62% of IRS costs, while other resources used in door-to-door

delivery, including spray teams and local transport, accounted for 25% ($1,793).

Scenario analyses with our cost model (Figure 6) indicated that reducing the proportion of the
population targeted would decrease total costs of IRS, MSAT, and MDA, but increase the average
cost per person reached. Under the district-based targeting, the increase in average costs per
person reached when moving from 50% to 20% of the population targeted was almost
imperceptible; however, for the finer scale, village-based targeting strategy, the increase in
average costs per person reached was substantial. For a given intervention and number of rounds,
village-based targeting always costs more than district-based targeting in total and on average;
however, the differences become wider as the proportion of the population targeted decreases.
Furthermore, in devising an intervention strategy, the costs of identifying hotspot villages —
though very low in our context — would need to be added to any village-based targeting strategy,
whereas no additional resources would be needed in our context to identify higher incidence
districts for a district-based targeting strategy, because these data are already routinely collected
and analysed. Increasing the number of implementation rounds would increase total costs, but
slightly reduce the cost per person reached because subsequent implementation rounds cost less
than the first, which requires additional meetings and trainings. The difference in costs between
village-based and district-based targeting was smaller for MDA than for either MSAT or IRS
because a greater proportion of the costs of MDA varied with the number of people reached,

meaning that MDA showed lesser economies of scale, and thus lesser diseconomies of targeting.
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Figure 6 Total and average economic costs of Hotspot ID, IRS, MSAT, and MDA: modelled scenarios
The figures illustrate that village-based targeting is always more expensive than district-based targeting and the

differences widen as the proportion of the population targeted narrows. The proportion of people targeted in the 10
cost scenarios are shown on the x-axis in both figures. The proportion of people targeted who are reached matches the
trial: 66% IRS, 55% MSAT, and 66% MDA. Costs of identifying hotspot villages would need to be added to any village-
based targeting strategy (except where 100% of the population is targeted). District-based targeting would not occur
any incremental costs in this context because the necessary information is already collected and analysed sufficiently. In
the lower figure, “village” and “district” indicate whether village-based or district-based targeting are assumed. Colour-
coding on both figures are identical. Hotspot village identification is not shown on the lower figure because there are no
direct “recipients” of this information-gathering activity.
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The financial costs to Senegal’s health service of implementing these four interventions are
estimated to be $63 per 10,000 population for hotspot identification (if head nurses and district
staff complete the task without additional per diems), $6,418 for IRS, $4,842 for MSAT, and
$9,745 for MDA (Table 5). These financial costs would represent 0%, 24%, 18%, and 37%,
respectively, of average combined domestic government and external expenditure on malaria per
10,000 population across Senegal, and 0%, 3%, 2%, and 5%, respectively, of Senegal’s average
general government expenditure on health per 10,000 population. While these targeted intensive
strategies would not be expected to be implemented in the entire country, these ratios give a
broad indication of the magnitude of costs relative to existing expenditures.

Table 5 Total financial costs and budget impact of Hotspot ID, IRS, MSAT, and MDA: as implemented in trial and base

case analysis
“public malaria expenditure”: domestic government expenditure and external donor expenditure combined; GGHE:

General government expenditure on health (from all financing sources).

INTERVENTIONS
Total financial costs per 10,000 population Hotspot ID IRS  MSAT MDA
Implementation in trial S$63 $6,538 $5,310 $10,825
CEA BASE CASE: 2 rounds MSAT/MDA across all health posts S63 $6,418 $4,842 $9,745
CEA BASE CASE (LowIRS): As above except lower IRS coverage $63  $2,495 $4,842 $9,745
Financial costs as % public malaria expenditure Hotspot ID IRS  MSAT MDA
Implementation in trial 0% 25% 20% 41%
CEA BASE CASE: 2 rounds MSAT/MDA across all health posts 0% 24% 18% 37%
CEA BASE CASE (LowlIRS): As above except lower IRS coverage 0% 9% 18% 37%
Financial costs as % GGHE Hotspot ID IRS  MSAT MDA
Implementation in trial 0% 3% 3% 5%
CEA BASE CASE: 2 rounds MSAT/MDA across all health posts 0% 3% 2% 5%
CEA BASE CASE (LowlIRS): As above except lower IRS coverage 0% 1% 2% 5%

Treatment costs
The economic cost to providers of each uncomplicated or severe malaria case was estimated to

be $4 or $46, respectively, on average. Including the opportunity cost to households of illness
increased estimated costs to $21 and $85, respectively, per case. When combined with the
proportion of all malaria cases detected by the health service that resulted in hospitalisation, we
found that severe cases accounted for 22% of the economic costs to the provider of case
management and 43% of the societal cost of malaria cases. In the deterministic analysis (which,
unlike the probabilistic analysis, allowed breakdown of each strategy’s costs by intervention),
treatment of malaria cases cost $1,185 per 10,000 population with the reference strategy, and
$620 with IRS+MDA (), the most effective strategy, resulting in a maximum savings of $565 in

treatment costs averted per 10,000 population (Figure 7).
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Figure 7 Total economic cost of strategies by intervention component
Total economic costs per 10,000 population are presented for the base case scenario. Research participation incentives

are included in this graph (and not in any other graphs or tables) to indicate their magnitude, as they may have
contributed to more assiduous implementation; however, they cannot be attributed to individual interventions, and as
they were paid in all strategies, they do not represent incremental costs in any of the intensive strategies relative to the
control. IRS: Indoor residual spraying; MDA: Mass drug administration; MSAT: Mass screening and treatment.

Reference ||
NoIRS+MSAT |
NoIRS+MDA |
LowIRS+MSAT |
LowIRS+MDA | [ |
IRS+MSAT | I
\

IRS+MDA ||

0 2,000 4,000 6000 8000 10,000 12,000 14,000 16,000 18,000
Constant 2018 United States Dollars

m Hotspot identification IRS
H MSAT MDA
Enhanced case management M Research participation incentives

Combined costs of each multi-component strategy
When the base case estimates of individual intervention costs were combined in the probabilistic

sensitivity analysis with estimates of the number of cases occurring with each strategy, the
reference strategy was the least expensive at $1,186 ($958 to $1,448) per 10,000 population,
followed by NolRS+MSAT ($6,401, $5,122 to $7,833), LowIRS+MSAT (39,286, $7,826 to $10,886),
NolRS+MDA ($10,928, $8,588 to $13,593), IRS+MSAT ($13,254, $11,093 to $15,566),
LowIRS+MDA ($13,846, $11,392 to $16,563), and IRS+MDA (517,889, $14,965 to $21,060), the

most expensive strategy (Table 3Error! Reference source not found.).

In addition, research participation incentives of $562 per 10,000 population were provided to
health post, district, and regional staff under all strategies (Error! Reference source not found.).
While intended to support research, these payments likely encouraged more assiduous
implementation; however, they were not specific to any of the four interventions and did not
generate incremental costs for any of the intervention strategies relative to the reference
strategy. They are therefore shown in Error! Reference source not found., but not in other

results.

Cost-effectiveness
In the base case analysis, LowIRS+MSAT, LowIRS+MDA, and NolRS+MDA were dominated,

meaning that they were both less effective and more costly than alternatives (Figure 8). Relative
to the control, the first strategy on the expansion path, NoIRS+MSAT, cost an additional $9,839
(95% Cl: $4,939 to $34,054) per DALY averted and was both the least costly and least effective of
the targeted strategies. Relative to NoIRS+MSAT, the next strategy on the expansion path,
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IRS+MSAT, cost an additional $10,221 (55,597 to $32,423) per DALY averted. Relative to
IRS+MSAT, IRS+MDA cost an additional $36,203 ($13,084 to $121,785) per DALY averted and was
both the most effective and most costly strategy. At all plausible cost-effectiveness thresholds,
the reference strategy was most likely to be the most cost-effective (but least effective) strategy
based on the short-term disease burden reductions achieved (Figure 9).

Figure 8 Probabilistic sensitivity analysis on the cost-effectiveness plane
Points on the expansion path are labelled in black with black borders. Dominated strategies are labelled in

grey. DALY: Disability-adjusted life-year; IRS: Indoor residual spraying; MDA: Mass drug administration;
MSAT: Mass screening and treatment; USD: United States dollars.
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Figure 9 Cost-effectiveness acceptability curves
Thresholds are described further in Section 6.1.7. DALY: Disability-adjusted life-year; IRS: Indoor residual spraying; LICs:

Low-income countries; MDA: Mass drug administration; MICs: Middle-income countries; MSAT: Mass screening and
treatment; PCGDP: Per capita gross domestic product; USD: United States dollars.
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In a series of one-way sensitivity analyses, the expansion path changed to include NoIRS+MDA
when DP costs decreased; if DP costs were 50% lower than in our base case, all MSAT strategies
and LowIRS+MDA would be dominated and the expansion path would include only the reference
strategy, NoIRS+MDA and IRS+MDA (Figure 10). When RDT costs or CHW per diem costs
increased, NoIRS+MDA became the first point on the expansion path, followed by IRS+MSAT and
IRS+MDA. When insecticide costs decreased by half and when the effectiveness of each of the
strategies were at the upper bound of their confidence intervals, all MDA strategies and
NolRS+MSAT were dominated, and the expansion path extended directly from the reference
strategy to IRS+MSAT and then IRS+MDA (Figure 10). If the effectiveness of MDA strategies were
at the upper bounds of their 95% confidence intervals and the effectiveness of MSAT strategies at
their lower bounds, the expansion path would extend from the reference strategy to NoIRS+MDA
and IRS+MDA. In the reverse situation, with MDA strategies at their lower bounds of plausible
effectiveness and MSAT strategies at their upper bounds, the expansion path would extend from

the reference strategy to NoIRS+MSAT and IRS+MSAT.
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The expansion path would also exclude the MDA strategies if DALY estimates were adjusted for
adverse events associated with MDA and MSAT. The brief finger pain reported by 42% of MSAT
recipients only added 0.004 DALYs per 10,000 population to the MSAT strategies. Accounting for
the smaller proportion (19%) of MDA recipients who experienced non-serious side effects, such as
headache and dizziness, added 0.3 DALYs to MDA strategies, while accounting for the child who
died following MDA administration added 0.5 DALYs per 10,000 population. The non-serious
adverse events alone would have caused IRS+MDA to be dominated, while inclusion of the single
death (out of nearly 300,000 courses of MDA in the 2-year trial) more than halved the DALYs
averted by IRS+MDA relative to control and nearly eliminated the DALYs averted by NoIRS+MDA

relative to control.

Plausible variation in incidence (within our very low incidence context), the proportion of cases
becoming severe, and the discount rate all led to substantial changes in ICERs, but did not alter
the expansion path from the base case. The incremental cost per DALY averted of NoIRS+MSAT
relative to the reference strategy fell substantially in these three analyses to $4,559 (higher
incidence), $4,902 (higher proportion progressing to severe), and $6,320 (lower discount rate);
however, these values remain far above all plausible cost-effectiveness thresholds. While they are
near three times Senegal’s per capita GDP ($4,566), this threshold is now recognized to be
unaffordably high (Ochalek et al., 2018, Marseille et al., 2015). Using Japanese instead of
Senegalese life expectancy values only slightly decreased ICERs and did not change the expansion

path.
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Figure 10 Deterministic sensitivity analysis on the cost-effectiveness plane
The deterministic base case is shown with 11 deterministic sensitivity analyses, ordered (approximately)

from largest to smallest impact on the expansion path and ICERs. Solid colour points and black lines show

the base case and associated cost-effectiveness frontier, respectively, and are identical on all 12 panels. The

slope of each line is the incremental cost-effectiveness ratio. Points not on a line are dominated by more
cost-effective alternatives. Hollow points and light blue dashed lines show strategies at the lower
parameter value. Points with black centres and purple dotted lines show strategies at the higher parameter

value. Where the expansion path differs from the base case, strategies on the expansion path are labelled

in light blue boxes (for lower parameter value) or purple boxes (for higher parameter values). Square points
show MSAT-based strategies and triangular points show MDA-based strategies. DALY: Disability-adjusted
life-year; DP: Dihydroartemisinin-piperaquine; IRS: Indoor residual spraying; MDA: Mass drug
administration; MSAT: Mass screening and treatment; USD: United States Dollars.

Base case

—— Cost-Effectiveness frontier

Lower parameter value
== == Cost-effectiveness frontier

Higher parameter value
« » o « Cost-effectiveness frontier

Incremental DALYs Averted

Incremental DALYs Averted

@ Reference strategy @ Reference strategy @ Reference strategy
IRS+MSAT IRS+MSAT = IRS+MSAT
A IRS+MDA A IRS+MDA 4 IRS+MDA
B LowlRS+MSAT o LowlRS+MSAT ®  LowlRS+MSAT
A LowlRS+MDA A LowlRS+MDA A LowlRS+MDA
NoIRS+MSAT NolRS+MSAT = NolRS+MSAT
A NoIRS+MDA A NolRS+MDA 4 NolRS+MDA
Base case A DP cost+/-50% RDT cost+/-50%
20,000 20,000 . 20,000 4
.
W8 W5 A & (S0 ]
§£ 15,000 a 3§ 15,000 AA 'g% 15,000
ox LowIRS+MDA L® .‘__ o
52 52 A 22 [owuon], 4
g 3 10000 { NolRS+HDA % 10,000 7 @ & 100007 ¢
28  LowlRS+MSAT E 2 A E 2
o C o C — o c
£8 so S8 sy AL R B
Reference 7’
Reference Reference
0 @ ; - ! 0 - : . @ : : !
0 1 2 3 1 2 3 0 1 2 3
Incremental DALYs Averted Incremental DALYs Averted Incremental DALYs Averted
CHW per diem costs +100% Insecticide cost +/-50% Intervention effectiveness: 95% CI
20,000 20,000 4 20,000 (MDA & MSAT: positive covariance)
[IRs+MDA |
) Py =) DAL
88 15000 1 LRSISAT g £8 15.000 | ﬁ— ' g3 1000 ;
5 5 W IRS+MDA S
83 ; 83 [Rs=won] kE :
55 EJOIRS-*MDA 55 J 55 [Rs+usAT == =
g‘g 10,000 é"‘: RS+ MSAT E‘; 10,000 0/ e
o8 o8 o8
] g 5 NoIRS+MSAT 5g
=8 5000 =8 =8 5000
Reference ”' Reference
0 T T 1 T — 0 T T ]
0 1 2 3 0 1 2 3 0 1 2 3
Incremental DALY's Averted Incremental DALYs Averted Incremental DALYs Averted
Intervention effectiveness: 95% Cl Including DALYs from side effects Incidence increased to 2013 level
20,000 (MDA & MSAT: negative covariance) 20,000 20,000 4
w0 A LA w0 A wB A
» D 15000 IRS+MDA ® 92 15,000 9 15,000
2 B - 2 ’ 2 i
Sa 4 Sa 82 R
=2 AA A =2 A A o2 A A
o A RS+M [ [} A
£5 J:.o\«c*ﬁ DA o £9 £ Lo
g% 10,00 . £ 10,000 gy 10,000 Y
o8 a o8 o8 ! .
[ [ [
ek : ‘ e A NolRs s | g5 .
=38 5000 ." £38 5000 — =8 5000 - e’
Referente e * .e® M
Reference s
0 : : ! 0 @ . 0 : T !
0 1 2 3 0 1 2 3 0 1 2 3
Incremental DALY's Averted Incremental DALYs Averted Incremental DALYs Averted
% of cases becoming severe -50%/ 100% Discount rate (1%, 7%) Life expectancy: Japanese values
20,000 20,000 20,000
a A o A o
£9 15,000 e . £ 9 15000 | L f 29 15,000 .
8a Al oa A o 8 Coal oAt 82 :
5% : .. 55 4 - 55 .
5% w00 | A AT aS 000 & Jﬁ" 5 10000 e
58 o Ly 88 [ a] 85 "
g5 1 . eg i £3 =
=28 5000 L =8 5000, = P =8 5,000 L]
. . -~
o® L
°® .
.
‘4
0 : - ! 0 - ' . LY ; - T |
0 1 2 3 0 1 2 3 0 1 2 3

Incremental DALYs Averted

Chapter 5.

Local geographic targeting of malaria hotspot strategies - Page 101 of 216




5.1.5. Discussion

In the trial setting, the hotspot strategies evaluated successfully reduced both incidence and
transmission, but did not achieve “virtual elimination” as intended. Our cost analysis is valuable in
showing how the costs of geographically targeted MDA, MSAT, and IRS could be expected to vary
with changes in context or input prices, or with strategy modifications which decision-makers may
want to consider. We demonstrate the diseconomies of village-based targeting relative to district-
based targeting or blanket intervention. That is, the average costs per recipient increases as the
proportion of the population targeted in a village-based targeting strategy falls. The costs of
identifying hotspot villages were very low in our study relative to the costs of the interventions
themselves; however, such information costs may be much higher in contexts with weaker health
systems. In our study, the diseconomies of targeting were primarily driven by diseconomies of
reduced scale as costs incurred at health post, district, and higher levels were divided across a
decreasing proportion of the population. Targeting interventions to a fraction of the population
can substantially decrease total costs, but these cost reductions are not linear. For a given degree
of targeting (e.g. 20% of the population), employing district-based targeting rather than the
village-based targeting evaluated in our trial would reduce total costs, especially if <50% of the
population are targeted. Increasing the number of consecutive monthly rounds would
substantially increase total costs, while slightly decreasing the cost per recipient per round of
MSAT and, to a lesser extent, MDA. If implemented in a large proportion of the country, these
interventions would require substantial relative increases in donor and/or domestic government
expenditure, which would likely displace other activities, whether for malaria or other health
priorities in Senegal or elsewhere. Nonetheless, targeting interventions at villages rather than
higher-level units, such as districts, may prove more economically efficient in contexts where high

sensitivity and specificity of targeting at fine spatial scale can be achieved.

In contexts with comparably low incidence and case fatality rates and similar costs, neither two
rounds of targeted MDA nor two rounds of targeted MSAT, with or without the addition of
targeted IRS, can be considered cost-effective for short-term reductions in disease burden
because the same value of resources could avert substantially more DALYs if used for alternative
interventions in Senegal or other low- or lower-middle-income countries. These strategies would
become more cost-effective in contexts with higher incidence or rates of progression to severe
disease (e.g. where immunity and/or access to care were lower) than observed in our trial setting,
or if the costs of tests, drugs, and insecticides were substantially lower. The relative efficiency of

MDA and MSAT strategies was sensitive to the costs of DP, RDTs, and CHWSs, and to uncertainty in
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effectiveness estimates. While these targeted strategies are inherently equitable in that they
preferentially benefit people at greatest malaria risk within the implementation area (even if they
do not personally receive the interventions), they could also be viewed as an inequitable
prioritisation of malaria control amongst people at low overall risk when the same resources
could generate more substantial health benefits if used towards other health areas or populations

at greater risk.

Our development of a flexible and transparent cost model based on detailed primary data
collection is a particular strength of our research. It allowed us to generate findings of wider use
beyond the study setting to inform future intervention design and analysis. In particular, it
showed how to account for economies of scale and diseconomies of targeting, and how these
differed between IRS, MDA, and MSAT. Whereas Larson and colleagues’ approach recommended
calculating the average unit cost for each activity (e.g. cost per training) comprising an
intervention (Larson et al., 2016) and PMI’s approach involved identifying fixed costs of IRS at a
national level and considering all other costs variable (with the number of structures sprayed)
(Cico and Johns, 2018), our analysis recognized that some costs vary with the output level, but
other costs vary with the number of CHWs, health posts, or districts involved in the intervention.
Understanding this cost structure is particularly important in analysing geographically targeted
strategies, and also explains some of the variation in average costs across different health system

contexts.

The trial’s design allowed it to capture both the direct and indirect effects of intervention
strategies within and outside the targeted hotspot villages, and thus measure the impact on
transmission directly. It was not, however, designed to assess the incremental costs and effects of
adding targeted IRS to targeted MDA or MSAT, nor the effectiveness of targeted IRS alone. We
exploited the unintended variation in strength of IRS implementation between the first and
second implementation years to explore the value of adding targeted IRS to either targeted MSAT
or MDA. This exploration indicated that targeted IRS produced only small incremental gains when
added to targeted MDA, but that targeted IRS+MSAT produced more than twice the health
benefits of targeted NolRS+MSAT, possibly because the imperfect sensitivity of RDTs and higher
rates of MSAT refusal meant that MSAT alone missed cases that could have been averted by
either IRS or MDA. The many assumptions underpinning this modelling, however, mean that

these findings warrant further evaluation in field trials robustly designed for this purpose.

We did not model potential changes in effectiveness that could be expected from other possible

modifications to the strategies (i.e. changes in the degree and/or level of targeting or number of
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implementation rounds) because doing so would require highly complex and uncertain
transmission modelling, beyond the scope of existing models (Stresman et al., 2019). We
considered a range of discount rates; however, because PMI funds most of Senegal’s (and many
other countries’) NMCP activities, with additional support from other donors, a discount rate
representing donors’ opportunity costs (3%), rather than Senegal’s, seemed most appropriate for
the base case. The DALY weights used to calculate the years of life lived with disability for malaria
have many limitations; however, more accurate weights and accounting for long-term sequelae
are unlikely to substantially alter overall DALY estimates, which are driven almost entirely by the
years of life lost from deaths. The reference strategy comprised standard practice plus some
additional malaria control measures and research participation incentives paid to health workers,
which were also paid in the intervention strategies. The fact that the reference strategy did not
perfectly match usual practice may have either underestimated the effectiveness of the hotspot
strategies (by reducing scope for impact) or overestimated their effectiveness (if the extra nets
provided in the reference strategy had a synergistic effect with the hotspot strategies, as
predicted in transmission models, or if the incentives encouraged more assiduous implementation
of the interventions). Any such impact is, however, unlikely to have affected our overall
conclusions. By comparing financial costs per capita for each intervention scenario with relevant
national per capita budgets, we provided a useful indication of the scale of expenditure required
for implementation; however, we did not conduct a full budget impact analysis, which would
require identification of all districts in Senegal for which intensive strategies were recommended
and adaptation of the cost model to these districts. While we populated our decision analytic
model with best available evidence, including carefully collected primary cost and outcome data,
and selected plausible parameter distributions, our estimates may have been biased by missing
data, misclassification, and incorrect parameter distributions, and there is structural uncertainty

in our models.

This paper contributes to scant literature on the economics of MDA, MSAT, next generation IRS,
and geographical targeting of public health interventions. Our estimates of the financial costs of
delivering MDA (S0.21 per person-round excluding DP costs) were lower than the three
experiences of (blanket) MDA for malaria for which WHO collected retrospective financial data in
2015 (S0.36 per person-round in Sierra Leone, $11.05 in Comoros, and $0.53 in Vanuatu excluding
drug costs, constant 2015 USD) (WHO Evidence Review Group, 2015b). Two of these studies were
implemented on a relatively small scale on remote islands, which may partially explain their
higher costs. The enormous scale of delivery of malaria MDA to 2.5m people in Sierra Leone

during the Ebola emergency likely led to some economies of scale; however, the extremely
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challenging health system context may explain why we estimated lower costs in the stable,
relatively well-functioning health system context of central Senegal, where formal health workers,
CHWs, and families were already familiar with MDA for children under 10 (i.e. SMC). In virtually
the same context as our study, the economic costs of blanket (i.e. not geographically targeted)
SMC was estimated around $0.50 (constant 2010 USD) per child per round (Pitt et al., 2017),
which, given the low cost of the sulphadoxine-pyrimethamine and amodiaquine used (~$0.11)
reflects somewhat higher delivery costs than in our study. This is unsurprising, as while
geographical targeting and only having two administration rounds slightly increases the cost per
person per round, including all people in the household in drug distribution would be expected to

decrease average costs per recipient.

We only identified one previous empirical MSAT cost estimate; three dry-season rounds in Zambia
cost $4.39 (range: $1.62-13.96, constant 2012 USD) per person-round (Silumbe et al., 2015),
substantially more than our estimate of $0.91 per person-round. This difference may reflect the
far higher test positivity rate (13% vs. 1% in our study), higher coverage rates achieved, higher
transport costs, and inclusion of substantial overhead costs in the Zambian setting, as well as
other factors (Silumbe et al., 2015). While Silumbe and colleagues described MSAT as “highly cost-
effective” relative to WHO thresholds in their study’s moderate transmission setting, their
estimate of an incremental cost of $804 per DALY averted would not be considered cost-effective
relative to thresholds more recently proposed (Ochalek et al., 2018). An earlier modelling exercise
projected substantially higher MSAT costs than in our study, of $5 to $11 (constant 2007 USD) per
person-round plus the costs of treatment (Crowell et al., 2013), largely because it assumed that
CHWs could administer MSAT to far fewer people per day and that the costs of CHW per diems

and RDTs were more than twice as high as we observed in practice.

More recent modelling (Walker et al., 2016) used many of the same parameter estimates as
Crowell and colleagues and, like them, only considered outcomes as cases, and not deaths or
DALYs. For IRS, Walker et al used a median cost of $8.80 per person protected in 2012 across
countries receiving PMI IRS funding. This median was substantially higher than PMI’s estimate for
Senegal in 2017 of $6.57 (Cico and Johns, 2018), and more than four times our own estimate of
$1.99 per person protected in 2015. Our IRS cost estimates may have been lower than PMI’s
because we did not include the fixed national-level costs associated with the existence of an IRS
programme, and because our study was conducted in an easier-to-reach area than the four
southern Senegalese districts in PMI’s IRS programme. Further, Walker and colleagues’ model did

not account for the effects of interventions on neighbouring areas or account for economies of
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scale or the level at which interventions are targeted. Despite these differences, our findings
concur with modelling indicating that MISAT is unlikely to be cost-effective in low transmission
settings (Crowell et al., 2013) and questioning the added value of IRS in central Senegal if MSAT or
MDA are implemented (Walker et al., 2016). That our estimates may underestimate the costs of
these interventions further underscores our overall conclusion that these interventions, as

implemented in our study, cannot be considered cost-effective in comparable contexts.

Future research should explore the effects of strategies involving different combinations of
interventions, degrees and levels of targeting, and numbers of rounds of intensive interventions
in different contexts, and their associated costs. While additional field research is important, the
choice of which strategies to test in which contexts should be guided by analysis using both
transmission models and the cost model developed here. Further economic research should be
conducted to improve understanding of how cost data on new interventions from trials such as
this one can be used to develop models that accurately inform wider decision-making across

contexts.

Our findings are particularly relevant for policy making in low transmission settings and other
contexts where MDA, MSAT, and IRS are considered. While the NMCPs of Senegal and other
countries, as well as WHO, the Gates Foundation, and many other institutions and individuals
vociferously champion malaria elimination, the question of whether malaria elimination can be
achieved and is an equitable goal in the medium term remains highly contested (Lines et al., 2008,
Shah, 2010, McNeil Jr., 2008). The challenges in malaria elimination are not only technical and
economic, but social (Hausmann-Muela and Eckl, 2015), political, and ecological (Little, 2013).
One concern is that the push towards elimination, like the Global Malaria Eradication Plan of the
1950s to 1960s, may prove unsuccessful, in which case any resources used will carry a high
opportunity cost in terms of lives that could have been saved if the resources had been focused
on those areas with the greatest disease burdens. Others argue that malaria programme efforts
should focus on disease control (rather than elimination), with greater efforts focused on social
and economic development, including housing improvements, which could lead to sustainable
elimination and wider social benefits (Tusting et al., 2013). Elimination advocates counter that
elimination cannot wait, and must be achieved before drug and insecticide resistance and waning
global commitment lead to a deadly global resurgence, and that continuous, effective control is
not possible. Our findings provide important empirical evidence on the affordability, efficiency,
and trade-offs involved in several interventions expected to play a role in elimination efforts, and

thus make an important contribution to the elimination debate.
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5.1.6. Annex 1: Additional information on the effectiveness analysis

Projecting potential effectiveness of MISAT or MDA in hotspots without IRS
To estimate the incidence rate ratios for NoIRS+MSAT and NolRS+MDA relative to control, we

used the data collected in the trial to model the rate ratio for an intervention strategy relative to

the control as a linear function of the effective coverage of IRS, as follows:
RRgtrategy = m* Ef fectiveCoveragegs + b

Where RRstrategy denotes the incidence rate ratio for either the MDA or MSAT strategy relative to
control, m and b are constants, and EffectiveCoveragesis the product of the proportion of
targeted households that received IRS (IRS coverage) and the efficacy of that spraying (IRS
efficacy), expressed as the % of mosquitoes that die in a 24-hour knockdown test, performed 4

months after the spraying.

As the effectiveness of the MDA strategy was only slightly lower when combined with LowIRS
(RR=0.68) rather than IRS (RR=0.62), the model predicted only a slight further diminution in
effectiveness if MDA were to be combined with NoIRS (RR=0.71) (Table 6). For MSAT, however,
the effectiveness when combined with IRS (RR=0.65) was substantially higher than when
combined with LowIRS (RR=0.78), and so the model predicted a larger diminution in effectiveness
if MSAT were combined with NolIRS (RR=0.84). This analysis suggests that in the IRS+MSAT
strategy, roughly 54% of the malaria cases, deaths, and DALYs averted were attributable to the

use of IRS, whereas 46% were attributable to MSAT.

Table 6 Modelled estimates of the effectiveness of MDA and MSAT strategies with No IRS

IRS coverage scenario

Variable IRS LowlIRS NoIRS
(based on (based on (modelled)
2014 data) 2013 data)
IRS coverage 0.74 0.23 0
IRS efficacy 0.82 0.37 0
EffectiveCoveragegs 0.74 0.23 0.00
Effectiveness (rate ratio MDA strategy (RRvpa) 0.52 0.63 0.67
relative to control)
MSAT strategy (RRwsar) 0.57 0.74 0.81
Standard error (SE) for MDA strategy (SEwvpa) 0.037 0.034 0.034
effectiveness estimate
MSAT strategy (SEmsat) 0.037 0.037 0.037
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All four standard errors for the rate ratios that were empirically estimated based on IRS and
LowIRS combined with MDA or MSAT were very similar with one another. We therefore assumed
that the standard error for NoIRS combined with either MSAT or MDA would match the standard

error for either strategy combined with LowlIRS.

DALY calculations
We estimated DALYs as follows:

DALYs =YLDs + YLLs

To estimate YLDs for each strategy, the number of severe and uncomplicated cases of malaria
were estimated and multiplied by the average duration of each case and a disability weight

reflecting the severity of the case, as follows:

YLD = (Casessepere * DUrationgeyere * DisabilityWeightseyere) + (Casesyncomplicated

* Durationyncompiicated * Disabilityweightuncomplicated)

The number of malaria cases for each strategy in our model was estimated as the product of the
hypothetical population, the incidence in the reference arm, and the rate ratio of malaria

incidence in the relevant arm with respect to the reference arm:
Cases = Population * Incidenceconiro1 * RateRatio

To estimate YLLs for each strategy, we multiplied the number of deaths expected in each strategy
and an estimate of the number of years of life lost with each death. The number of deaths
expected was estimated as the product of the number of severe cases and the probability that a

severe case would result in death based on analysis of the passive surveillance data.

We estimated the number of YLLs associated with each of the 15 malaria-related deaths observed

in the entire study area in the 2-year period.
YLL = CaseSsepere * Probgegin * YLLS

We also used additional analyses of passive surveillance data from all health facilities and CHWs
providing malaria treatment across the study area to determine the proportion of severe malaria
cases that resulted in death and the age and sex of people who died of malaria. Across the entire
study area and two-year intervention period, only 15 malaria-related deaths were recorded. As
the number of YLLs associated with each death depends upon the person’s remaining life
expectancy, which in turn depends on their age at death and sex, we estimated the YLLs

associated with each death separately, using discounting but no age weighting. The discounting
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used reflected the overall discount rate for costs and effects used in our model, which was 3% in
the base case and varied in our sensitivity analyses. Based on the discounted YLLs estimated for
each of our 15 observations, we estimated the mean and standard deviation (s.d.) for the number

of YLLs per death in our setting, which were then used in probabilistic sensitivity analysis.

DALYs associated with side effects
In the deterministic sensitivity analysis, we examined the impact on effectiveness and cost-

effectiveness estimates of including DALYs associated with side effects, which are not usually

accounted for in malaria (or other) models (Table 7).

Table 7 Additional parameters: DALYs associated with side effects of MDA and MSAT

ADDITIONAL EFFECTS PARAMETERS Base case Source

Side effects of MSAT (only included in deterministic

sensitivity analysis)

Probability of finger pain 0.419 Trial estimates from Day 4 survey
Duration of symptoms (days) 0.083 Assumption

DALY weight pain (open wound, short term) 0.006 Salomon et al, 2015

Side effects of MDA (only included in deterministic

sensitivity analysis)

Risk of death per year from MDA across the Trial estimate from 1 death in MDA
population (hotspot and non-hotspot) 2.2E-06  arm across 2 administration years
Probability of non-fatal side effects from MDA 0.187 Trial estimates from Day 4 survey
Duration of symptoms (days) 2.000 Assumption

Probability headache 0.225  Trial estimates from Day 4 survey
Probability dizziness 0.250 Trial estimates from Day 4 survey
Probability diarrhea 0.168 Trial estimates from Day 4 survey
Probability fever 0.170 Trial estimates from Day 4 survey
Probability abdominal pain 0.115 Trial estimates from Day 4 survey
Probability nausea 0.107  Trial estimates from Day 4 survey
Probability vomiting 0.137  Trial estimates from Day 4 survey
DALY weight headache (tension-type) 0.037 Salomon et al, 2015

DALY weight dizziness (infectious disease moderate) 0.051 Salomon et al, 2015

DALY weight diarrhea (mild) 0.074 Salomon et al, 2015

DALY weight fever (infectious disease mild) 0.006 Salomon et al, 2015

DALY weight abdominal pain (mild) 0.011 Salomon et al, 2015

DALY weight nausea (mild) 0.011 Salomon et al, 2015

DALY weight vomiting (infectious disease moderate) 0.051 Salomon et al, 2015
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5.1.7. Annex 2: Additional information on thresholds used

As neither Senegal nor other countries that might want to consider these strategies have explicit
cost-effectiveness thresholds, two sets of thresholds were used because they were either widely

used or considered plausible.

The first set of thresholds, based on multiples of per capita gross domestic product (GDP) per
DALY averted, have long been referred to as “the WHO thresholds”, although they are no longer
supported by WHO and accepted to be too high (Marseille et al., 2015, Bertram et al., 2016).
Based on these thresholds, interventions costing less than per capita GDP per DALY averted were
considered “highly cost-effective”, while those costing less than three times per capita GDP per
DALY averted were considered “cost-effective.” This approach was applied using estimates of per

capita GDP in 2018 for Senegal, low-income countries, and lower-middle-income countries.

The second set of thresholds were based on work by Ochalek and colleagues (2018) to define
empirically supply-side cost-per-DALY thresholds for countries globally. They generated four
alternative estimates for each country based on different sets of assumptions. To update the
estimates for Senegal to 2018 values, we used the published estimates of the threshold as a
proportion of GDP in 2015, and then applied these same proportions to Senegal’s GDP in 2018.
While the proportions should be expected to vary with the per capita GDP level, this approach
appeared a sufficient approximation, especially as the ICERs generated were very distant from
these estimated thresholds. While these thresholds are relevant for provider costs and our ICERs
reflect societal costs, the societal perspective produces lower ICERs than a provider perspective
for our interventions, making it more likely that they would fall below the threshold. However,
even with this advantage, the societal ICERs we produced remained far above the supply-side

thresholds.

5.1.8. Annex 3: Additional results: Costs of hotspot identification, IRS, MSAT, and
MDA
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Table 8 Economic costs of Hotspot ID, IRS, MSAT, and MDA: as implemented in trial and for modelled scenarios
In the trial, 36% of intervention arm residents received IRS, 33% of MSAT arm residents received MSAT, and 32%

|u

and base case. The 10 cost scenarios indicate the

received MDA, which is reflected in the “Implementation in tria
proportion of people targeted, and the proportion of people targeted who are reached matches the trial: 66% IRS, 55%
MSAT, and 66% MDA. HP: Health post; S: Scenario. *Identifying hotspot health posts is assumed not to incur
incremental costs because incidence by health post is already reported to Dakar.

INTERVENTIONS
otal economic costs per 10,000 population Hotspot ID IRS MSAT
Implementation in trial S73 $7,326 $5,935 $11,183
CEA BASE CASE: 2 rounds MSAT/MDA across all health posts S75 $7,135 $5,368  $10,048
CEA BASE CASE (LowlRS): As above except lower IRS coverage $75 $2,972 $5,368  $10,048
S1: 2 rounds MSAT/MDA across all 4 districts, 46 HPs; 100% targeted SO  $12,566 $8,286  $20,035
S2: 2 rounds MSAT/MDA across all 4 districts, 46 HPs; 50% targeted (by village) S75 $6,664 $4,664 $10,411
S3: 2 rounds MSAT/MDA across all 4 districts, 46 HPs; 20% targeted (by village) S75 $3,122 $2,491 $4,637
S4: 4 rounds MSAT/MDA across all 4 districts, 46 HPs; 100% targeted (by village) S0 S$12,566  $15,828 $39,767
S5: 4 rounds MSAT/MDA across all 4 districts, 46 HPs; 50% targeted (by village) S75 $6,664 $8,696 $20,416
S6: 4 rounds MSAT/MDA across all 4 districts, 46 HPs; 20% targeted (by village) S75 $3,122 $4,416 $8,805

S7: 2 rounds MSAT/MDA across 2 districts, 23 HPs; 50% targeted (by district and HP)  $0* $6,294 $4,143  $10,018
S8: 2 rounds MSAT/MDA across 1 district, 9 HPs; 20% targeted (by district and HP) So* $2,544 $1,662 $4,013
S9: 4 rounds MSAT/MDA across 2 districts, 23 HPs; 50% targeted (by district and HP)  $0* $6,294 $7,914 $19,884
$10: 4 rounds MSAT/MDA across 1 district, 9 HPs; 20% targeted (by district and HP) ~ $0* $2,544 $3,168 $7,958

Cost per recipient per round Hotspot ID IRS MSAT MDA
Implementation in trial NA $2.05 $0.91 $1.75
CEA BASE CASE: 2 rounds MSAT/MDA across all health posts NA $1.99 $0.82 $1.57
CEA BASE CASE (LowlIRS): As above except lower IRS coverage NA $2.39 $0.82 $1.57
S1: 2 rounds MSAT/MDA across all 4 districts, 46 HPs; 100% targeted NA $1.90 $0.76 $1.51
S2: 2 rounds MSAT/MDA across all 4 districts, 46 HPs; 50% targeted (by village) NA $2.01 $0.85 $1.57
S3: 2 rounds MSAT/MDA across all 4 districts, 46 HPs; 20% targeted (by village) NA $2.35 $1.14 $1.75
S4: 4 rounds MSAT/MDA across all 4 districts, 46 HPs; 100% targeted (by village) NA $1.90 $0.72 $1.50
S5: 4 rounds MSAT/MDA across all 4 districts, 46 HPs; 50% targeted (by village) NA $2.01 $0.80 $1.54
S6: 4 rounds MSAT/MDA across all 4 districts, 46 HPs; 20% targeted (by village) NA $2.35 $1.01 $1.66

S7: 2 rounds MSAT/MDA across 2 districts, 23 HPs; 50% targeted (by district and HP)  NA $1.90 $0.76 $1.51
S8: 2 rounds MSAT/MDA across 1 district, 9 HPs; 20% targeted (by district and HP) NA $1.92 $0.76 $1.51
S9: 4 rounds MSAT/MDA across 2 districts, 23 HPs; 50% targeted (by district and HP)  NA $1.90 $0.72 $1.50
$10: 4 rounds MSAT/MDA across 1 district, 9 HPs; 20% targeted (by district and HP) NA $1.92 $0.72 $1.50

Mean number of intervention recipients per round Hotspot ID IRS MSAT MDA
Implementation in trial NA 159,135 70,231 73,236
CEA BASE CASE: 2 rounds MSAT/MDA across all health posts NA 210,247 191,692 187,532
CEA BASE CASE (LowIRS): As above except lower IRS coverage NA 72,930 191,692 187,532
S1: 2 rounds MSAT/MDA across all 4 districts, 46 HPs; 100% targeted NA 389,403 320,953 389,797
S2: 2 rounds MSAT/MDA across all 4 districts, 46 HPs; 50% targeted (by village) NA 194,702 160,477 194,899
S3: 2 rounds MSAT/MDA across all 4 districts, 46 HPs; 20% targeted (by village) NA 77,881 64,191 77,959
S4: 4 rounds MSAT/MDA across all 4 districts, 46 HPs; 100% targeted (by village) NA 389,403 320,953 389,797
S5: 4 rounds MSAT/MDA across all 4 districts, 46 HPs; 50% targeted (by village) NA 194,702 160,477 194,899
S6: 4 rounds MSAT/MDA across all 4 districts, 46 HPs; 20% targeted (by village) NA 77,881 64,191 77,959

S7: 2 rounds MSAT/MDA across 2 districts, 23 HPs; 50% targeted (by districtand HP) NA 194,702 160,477 194,899
S8: 2 rounds MSAT/MDA across 1 district, 9 HPs; 20% targeted (by district and HP) NA 77,881 64,191 77,959
S9: 4 rounds MSAT/MDA across 2 districts, 23 HPs; 50% targeted (by districtand HP) NA 194,702 160,477 194,899
$10: 4 rounds MSAT/MDA across 1 district, 9 HPs; 20% targeted (by district and HP) NA 77,881 64,191 77,959
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Table 9 Financial costs and budget impact of Hotspot ID, IRS, MSAT, and MDA: as implemented in trial and for modelled
scenarios
“public malaria expenditure”: domestic government expenditure and external donor expenditure combined; GGHE: General

government expenditure on health (from all financing sources).

INTERVENTIONS
Total financial costs per 10,000 population Hotspot ID IRS  MSAT MDA
Implementation in trial $63 $6,538 $5,310 $10,825
CEA BASE CASE: 2 rounds MSAT/MDA across all health posts S63 $6,418 $4,842 $9,745
CEA BASE CASE (LowlRS): As above except lower IRS coverage S$63 $2,495 $4,842 $9,745
S1: 2 rounds MSAT/MDA across all 4 districts, 46 HPs; 100% targeted S0 S$11,536 $7,759 $19,733
S2: 2 rounds MSAT/MDA across all 4 districts, 46 HPs; 50% targeted (by village) $63  $5,974 $4,137 $10,109
S3: 2 rounds MSAT/MDA across all 4 districts, 46 HPs; 20% targeted (by village) S$63 $2,637 $1,964 $4,334
S4: 4 rounds MSAT/MDA across all 4 districts, 46 HPs; 100% targeted (by village) S0 $11,536 $14,881 $39,250
S5: 4 rounds MSAT/MDA across all 4 districts, 46 HPs; 50% targeted (by village) $63 $5,974 $7,749 $19,898
S6: 4 rounds MSAT/MDA across all 4 districts, 46 HPs; 20% targeted (by village) $63 $2,637 $3,469 $8,287

S7: 2 rounds MSAT/MDA across 2 districts, 23 HPs; 50% targeted (by districtand HP) SO $5,774 $3,880 $9,866
S8: 2 rounds MSAT/MDA across 1 district, 9 HPs; 20% targeted (by district and HP) S0 $2,322 S$1,556 $3,952
S9: 4 rounds MSAT/MDA across 2 districts, 23 HPs; 50% targeted (by district and HP) SO $5,774 $7,441 $19,625
S10: 4 rounds MSAT/MDA across 1 district, 9 HPs; 20% targeted (by district and HP) S0 $2,322 $2,980 $7,855

Financial costs as % public malaria expenditure Hotspot ID IRS  MSAT MDA
Implementation in trial 0% 25% 20% 41%
CEA BASE CASE: 2 rounds MSAT/MDA across all health posts 0% 24% 18% 37%
CEA BASE CASE (LowlIRS): As above except lower IRS coverage 0% 9% 18% 37%
S1: 2 rounds MSAT/MDA across all 4 districts, 46 HPs; 100% targeted 0% 43% 29% 74%
S2: 2 rounds MSAT/MDA across all 4 districts, 46 HPs; 50% targeted (by village) 0% 22% 16% 38%
S3: 2 rounds MSAT/MDA across all 4 districts, 46 HPs; 20% targeted (by village) 0% 10% 7% 16%
S4: 4 rounds MSAT/MDA across all 4 districts, 46 HPs; 100% targeted (by village) 0% 43% 56% 148%
S5: 4 rounds MSAT/MDA across all 4 districts, 46 HPs; 50% targeted (by village) 0% 22% 29% 75%
S6: 4 rounds MSAT/MDA across all 4 districts, 46 HPs; 20% targeted (by village) 0% 10% 13% 31%
S7: 2 rounds MSAT/MDA across 2 districts, 23 HPs; 50% targeted (by district and HP) 0% 22% 15% 37%
S8: 2 rounds MSAT/MDA across 1 district, 9 HPs; 20% targeted (by district and HP) 0% 9% 6% 15%
S9: 4 rounds MSAT/MDA across 2 districts, 23 HPs; 50% targeted (by district and HP) 0% 22% 28% 74%
$10: 4 rounds MSAT/MDA across 1 district, 9 HPs; 20% targeted (by district and HP) 0% 9% 11% 30%
Financial costs as % GGHE Hotspot ID IRS MSAT MDA
Implementation in trial 0% 3% 3% 5%
CEA BASE CASE: 2 rounds MSAT/MDA across all health posts 0% 3% 2% 5%
CEA BASE CASE (LowlIRS): As above except lower IRS coverage 0% 1% 2% 5%
S1: 2 rounds MSAT/MDA across all 4 districts, 46 HPs; 100% targeted 0% 5% 4% 9%
S2: 2 rounds MSAT/MDA across all 4 districts, 46 HPs; 50% targeted (by village) 0% 3% 2% 5%
S3: 2 rounds MSAT/MDA across all 4 districts, 46 HPs; 20% targeted (by village) 0% 1% 1% 2%
S4: 4 rounds MSAT/MDA across all 4 districts, 46 HPs; 100% targeted (by village) 0% 5% 7% 19%
S5: 4 rounds MSAT/MDA across all 4 districts, 46 HPs; 50% targeted (by village) 0% 3% 4% 9%
S6: 4 rounds MSAT/MDA across all 4 districts, 46 HPs; 20% targeted (by village) 0% 1% 2% 4%
S7: 2 rounds MSAT/MDA across 2 districts, 23 HPs; 50% targeted (by district and HP) 0% 3% 2% 5%
S8: 2 rounds MSAT/MDA across 1 district, 9 HPs; 20% targeted (by district and HP) 0% 1% 1% 2%
S9: 4 rounds MSAT/MDA across 2 districts, 23 HPs; 50% targeted (by district and HP) 0% 3% 4% 9%
S10: 4 rounds MSAT/MDA across 1 district, 9 HPs; 20% targeted (by district and HP) 0% 1% 1% 4%
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5.2. Mechanistic cost modelling of intensive malaria strategies

5.2.1. Mechanistic cost model: Approach

The mechanistic cost model we developed generated estimates of how the costs of implementing
each intervention (IRS, MSAT, MDA, hotspot identification) would vary with specific aspects of the
implementation context and modifications to the interventions, as well as changes in input prices,

resource use, and epidemiology.

The model disaggregates the total costs of each intervention in the trial context in 2014 by
implementation round and by what we refer to as “variation unit”. We define “variation units” as
the level of the health system or output with which the costs would be expected to vary linearly.
This approach facilitates modelling of costs in another context based on relatively easily
obtainable data, while accounting for potential economies and diseconomies of scale and
targeting strategy. Costs were disaggregated by whether they were expected to vary with the
number of countries, districts, health posts, or CHWs involved in the intervention, or with the
output quantity. Output metrics differed between the interventions; for IRS, costs were identified
that were expected to vary with the number of households sprayed, while for MDA and MSAT,
costs were identified that were expected to vary with the number of people receiving the
interventions. In addition, for MSAT, costs were also identified which were expected to vary with
the number of people who tested positive, which is a function of the number of people screened
and the screening positivity rate (a function of local epidemiology and the test’s sensitivity and

specificity).

For each implementation round for each intervention in our trial setting, we generated the
average cost per variation unit for each of the variation units we identified (i.e. countries,
districts, health posts, CHWs, households or persons receiving the intervention). For example, we
divided the costs of implementing the first round of MSAT that were expected to vary with the
number of health posts (514,237) by the number of health posts in our trial context (n=18), to
generate an average cost per health post of implementation costs associated with the number of
health posts ($791). Rather than model this average cost as a constant, we structured our model
so that these average costs AC per health system or output level i and implementation round j,
were a function of input prices p, resource use g, and local epidemiology e, to permit further

modelling:
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ACij = fij(p.q.e)

We assumed that these average costs for each variation unit could be used to estimate the total
costs of implementing the given intervention in a different context, with a somewhat different
targeting strategy, and/or with a different number of implementation rounds. That is, we

assumed that for each intervention, the total costs could be modelled as:

y x
j: i=1

1
Where TC is total costs of implementation, i is a factor variable denoting x different variation units
involved in implementation, j is a factor variable denoting the y implementation rounds, AC is the
average cost of implementation per round per variation unit, and n is the number of variation
units i for round j in which the intervention is implemented. Drawing in part on the analysis of the
costs of three monthly rounds of SMC (Pitt et al., 2017), we assume that estimates of the costs of
subsequent implementation rounds can be modelled based on the costs of implementing the

second implementation round in the trial context.

This approach of disaggregating costs by variation unit is different from disaggregating costs by
the level at which they are incurred. For example, in our model, the costs of training health post
nurses at their district headquarters were broken down into those costs that could be expected to
vary with the number of districts, such as the costs of facilitators and room rental, and those costs
that could be expected to vary with the number of health posts, namely the costs of per diems,
food, travel, and time associated with attending the training for each health post’s head nurse.
This approach assumed that, for example, there would be one district-level training in each
district if and only if the intervention were implemented in at least one area in that district, but
that a nurse would only participate in the training if his or her health post were implementing the

intervention.

To model expansion of the interventions from one or two trial arms to the entire study area,
which we used for the base case, we changed the value nj for each variation unit i and
implementation round j, as necessary. While the number of countries (n=1) and districts (n=4)
remained the same as in implementation in the trial context, the number of health posts
increased to 46 and the population increased to 587,285. For the base case, we assumed that the
proportion of the total population (hotspot and non-hotspot villages) who received each of the
interventions remained the same as in the trial: 36% of intervention arm residents received IRS,

33% of MSAT arm residents received MSAT, and 32% of MDA arm residents received MDA. To
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estimate the required number of CHWs for each intervention, we assumed that the number of
households reached per CHW would remain the same as in the trial implementation. Populating
this model thus required only additional estimates of the number of districts, health posts, and

population across the area of interest.

In further analyses, we modelled the costs of potential changes to the interventions across our
study area. We modelled the costs of implementing the interventions with a more narrowly
targeted approach and compared the costs of targeted strategies with the costs of a blanket
approach (i.e. without geographical targeting) across our study area. We also predicted the costs
of extending to 3 or 4 rounds of MDA or MSAT and of targeting by district and health post instead
of by village. For these analyses, we defined a proportion of the population that was targeted
(100%, 50%, 20%), and then applied the coverage rates achieved in the trial (IRS: 66%, MSAT:
55%, and MDA: 66%) to estimate the number of people who would receive each intervention

under the given scenario.

While we explored the sensitivity of our cost-effectiveness model to plausible variation in key
parameters, we did not model explicitly how costs might vary outside our study area. Our model
is designed to facilitate such estimates with limited additional data in future, notably on the
numbers of each variation unit across which the interventions would be implemented, and any
changes in prices (e.g. salary levels), epidemiology (broadly, as the screening positivity rate is not
a major cost driver at low incidence levels), or aspects of intervention delivery that would be

expected to differ substantially in the new context.

In our scenario analyses, we assumed that coverage i.e. the proportion of people targeted to
receive the intervention who actually received it, remained constant and the same as observed in
the trial. The model is set up to allow the coverage rate to be varied; however, it only accounts for
the additional costs associated with greater outputs. For example, if the interventions were
implemented in a context in which the same approach to intervention delivery resulted in 95%
coverage, our model would account for the additional costs associated with the additional people
reached. Any additional efforts necessary to achieve higher coverage — such as additional
communication activities or extra visits to reach missed households or individuals — would need to

be costed separately.
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5.2.2. Mechanistic cost model: Implementation in Excel

In Figure 12, we illustrate the structure of the Excel workbook we developed to implement this
approach. In the left-hand two-thirds of the diagram, we illustrate (in blue) the cost model, and
on the right (in green), we show the additional elements necessary to implement the cost-
effectiveness model. Most of the worksheets are used to organize inputs and are illustrated in
the top third of the diagram. Cost model inputs are linked to a single cost model analysis
worksheet at the centre of the diagram. On the righthand side of the diagram, the numerous
worksheets required for the cost-effectiveness analysis (including probabilistic sensitivity analysis)
are illustrated. Products of the analysis (illustrated at the bottom of the diagram) are a set of
tables and figures with cost estimates, a table of parameters, and a set of tables and figures to

communicate the cost-effectiveness findings.

Four types of inputs are required for the cost model. Firstly, as a starting point, we generated a
set of resource descriptions to think through the model structure and information needs in the
trial and scenarios we modelled. We began by listing each intervention, for each intervention
listing the activities, and then breaking down each activity into cost categories. For each cost
category, we then identified the specific resources involved and formulated precise price and
guantity variable descriptions and identified sources for this information. This process was

iterative, beginning with an initial brainstorm, and refined over the course of the research.

Quantities of resources used were recorded in sheets organized to match the data collection
process. For example, we separated sheets by activity and in some cases by data source to match
our data collection tools, which, in turn, matched the source, timing, and topic for our data
collection, largely from the respondent’s perspective. For example, we administered
guestionnaires at the district, health post, and CHW levels and did so separately for IRS and for
each round of MDA and MSAT. Within these sheets, we ensured that data were disaggregated
sufficiently to be categorized according to the model structure. In some cases, only expenditure

data were available and so expenditure data were used instead.

Prices and assumptions were collated in a single sheet with multiple tables, generated from
primary and secondary sources. Within these tables, prices were converted into United States
dollars, and to a variety of appropriate units, such as the cost per hour and cost per minute of

health worker time, to match the quantities used in data collection.
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The intervention structure and outputs in both the trial context and scenarios of interest were
described in a set of sheets with quantitative data on each level of the (hierarchical) structure
involved in intervention delivery. These sheets included simple data, such as the number of
districts and health posts involved in each intervention in the trial, as well as more complex
data on the numbers of villages, households, and individuals who actually received each
intervention. For additional modelling to other contexts, further information could be added.
These data served as an important starting point for identifying the variation units used to

structure the model.

In Figure 13, we explain the cost data summary and modelled cost scenarios sheet in greater
depth. Six of the seven variables used to define the model structure were categorical, while
the resource description required free text. Each row of the worksheet reflected a resource,
sufficiently disaggregated that it could be categorized according to all the dimensions of the
model structure. While resources may be disaggregated in greater depth than required by the
model structure, this approach highlights how far disaggregation is actually necessary for the

intended analyses, which may avoid time spent in collecting data in unnecessary detail.

In the “observed in trial” section, two columns contain formulae linked to input worksheets
with data on the quantity and price of each resource. In a third column, price and quantity are
multiplied to generate a cost of that resource. This “long form” structuring of the data
facilitates flexible analysis along multiple dimensions through the use of pivot tables. The total
cost of a given intervention — the key product of the cost model — was generated by using pivot
tables to sum the “cost” column and to filter, stratify, and cross-tabulate the analysis by the

given intervention, activity, or other variables.

For each resource, the variation unit with which it was associated was indicated in the
“structure” section and the number of units at this variation level over which costs were
spread in the trial was indicated in the “observed in trial” section. For example, the cumulative
guantity of time of all head nurses to receive training was expected to vary with the number of

I”

health posts (as indicated in the “structure” section). In the “observed costs in trial” section,
the total costs of this resource in the trial were therefore divided by the 18 health posts in
which MDA was implemented to generate an average cost per health post of head nurse time

receiving training. This variable, in turn, was an input in subsequent scenario analyses.

Additional sets of columns were used to generate scenario analyses in the cost analysis and

deterministic sensitivity analyses for the cost-effectiveness analysis. The number and content
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of additional columns required for each scenario analysis depended on the complexity of the
changes made. At a minimum, each scenario analysis included three columns: one in which a
change is made to prices, quantities, or the number of variation units across which the
intervention is implemented; one indicating the sources and assumptions behind any such
changes; and one recalculating the total cost of that resource in the new scenario. All values in
the scenario and sensitivity analyses use formulae to link to other columns in the same
worksheet or in the input worksheets; values are not input directly into the “cost data

summary and modelled cost scenarios” sheet.

In our cost analysis, we evaluated all costs deterministically; probabilistic analysis was only
implemented in our cost-effectiveness analysis. It would, however, be possible to conduct a
probabilistic sensitivity analysis within the structure of this workbook by defining price,

guantity, or cost variables as distributions rather than fixed values.

5.2.3. Mechanistic cost model: Insights for understanding the costs of scale-up

and alternative approaches to targeting

This approach to cost modelling offers several insights for understanding the costs of “scale
up” and the costs of alternative targeting strategies. The term “scale-up” can mean many
things (Mangham and Hanson, 2010). Our model gives some insights into what economies may
be reasonable to expect, and how this may differ based on the cost structure of the particular
interventions. The degree to which economies of scale are likely depends on the proportion of
total intervention costs that are associated with variation levels higher than the output level,
which in turn depends on the degree and level of targeting and the number of implementation

rounds.

Our analysis shows that the total and average costs per person targeted or reached depend on
both the proportion of a total population targeted, i.e. the degree of targeting, and also the
structure of that targeting, i.e. the level at which the targeting takes place. In Figure 14, we
show how alternative approaches for reaching the same proportion of the population would
result in different costs. They involve different numbers of CHWs, health posts, and districts to

reach the same number of people.
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Chapter 6. Designing economic evaluations for transferability: A
critical review and practical guide

6.1. Preface to Chapter 6

Many important methodological questions emerge from the two economic evaluations, which
are worth exploring in greater depth. In this sixth chapter, | focus on how to improve the
transferability of economic evaluation evidence from trials and pilots beyond the particular
context of the trial or pilot itself. | focus on transferability — that is, the degree to which
evidence from one context may be appropriately used to inform decision-making in another
context - because of its broad relevance and importance to all economic evaluations and
especially to those conducted in LLMICs. Transferability emerged as a key challenge from the
bibliometric analysis presented in Chapter 2, which demonstrated the acute scarcity of
economic evaluation evidence, especially in LLMICs. The first economic evaluation in this
thesis, presented in Chapter 4, was conducted in accordance with standard guidance on
improving the generalizability or transferability of economic evaluations; however,
shortcomings were identified in the recommended statistical approach to improving
transferability. In both economic evaluations presented in Chapters 4 and 5, some progress
was made in addressing the shortcomings in methodological guidance by demonstrating how
mechanistic cost modelling can usefully inform understanding of how costs may be expected

to vary outside the trial context or with specific changes to the interventions.

This chapter aims to begin to respond more holistically to some of the shortcomings in current
methodological guidance on how to improve the transferability of economic evaluation
evidence, focusing especially on LLMICs. First, | conduct a critical review to identify insights
from wide-ranging literature, including research not framed as pertinent to transferability or to
economic evaluation. | then draw on both this literature review and my own experience
conducting economic evaluations to propose some initial methodological guidance regarding

how to make economic evaluations more transferable in future.

The critical review was conducted alongside and after the economic evaluations presented in
this thesis; it therefore informed some of the analyses previously presented, but could not
inform their study designs, which instead reflected standard guidance at the time when they
were done. The designing for transferability guide was developed after both the economic

evaluations and critical review were conducted, and so represents a proposal for how future
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economic evaluations should be conducted. As this guidance has not yet been tested, post-

doctoral research could seek to apply, evaluate, and refine it.
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6.2. Abstract

The costs, effects, and cost-effectiveness of interventions vary across contexts. Understanding
when and how to transfer evidence appropriately across geographies or jurisdictions and from
small-scale trial or pilots to much larger, real-world decision contexts is therefore challenging.
Nonetheless, such transfers are crucial for optimizing the efficiency of policy choices and the
value of evidence. This article aims to promote more efficient priority setting by increasing the
transferability of economic evaluation evidence generated from trials and pilots. A wide-
ranging critical review identified ten literature streams which contribute to understanding how
to make economic evaluations more transferable. Drawing on this review and experience
conducting economic evaluations, | propose guidance on how to design economic evaluations
alongside trials or pilots in ways that promote transferability. | argue that transferability is a
complex question requiring a complexity perspective, even for seemingly simple interventions.
Making economic evaluation evidence more transferable requires understanding and
communicating what an intervention is and the mechanisms of action through which it
interacts with context to produce changes in costs and effects. Model-based economic
evaluations alongside trials or pilots can facilitate the transfer of findings generated within
trials and pilots to relevant decision context(s). Questions are presented to guide researchers
through four iterative stages: |) Framing the economic evaluation, Il) Model identification
and/or development, 1ll) Data needs identification, and 1V) Analysis and reporting. Identifying
and closing — where possible — the transferability gap between planned implementation in the
study context and anticipated implementation in one or more decision contexts are important

first steps. Future research should pilot and further refine this guidance.
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6.3. Introduction

Policy makers at every level face constant decisions about whether to maintain the status quo
or to adopt a new course of action. Only rarely, however, can they draw on robust evidence
from an empirical economic evaluation conducted to inform the exact decision problem they
face in their own decision context (Drummond et al., 2015, Kalo et al., 2016, Pichon-Riviere et
al., 2012). While they may sometimes commission empirical research, such investment is not
feasible for every decision in every context and takes time. Instead, especially for new
interventions, any potentially relevant evidence is often drawn from small-scale pilots or trials
of interventions that may not precisely reflect the ones under consideration and may have

been carried out in in contexts that do not precisely match the decision context.

Judgments about the relevance of evidence to a particular decision context are challenging
because the effectiveness, costs, and cost-effectiveness of interventions vary across contexts.
Both overly wide and overly narrow definitions of “relevant evidence” risk sub-optimal policy
choices (Drummond et al., 2009). While maximizing the usefulness of empirical evidence is
important in any setting, the particularly acute scarcity of data in low- and lower-middle-
income countries (LLMICs) intensifies the need to ensure that opportunities for data collection

afforded by trials and pilots are fully exploited.

This article aims to promote more efficient priority setting by increasing the transferability —
and thus usefulness — of economic evaluation evidence generated from trials and pilots,
especially in LLMICs. In the following sections, | first define transferability and the associated
challenges. Second, | critically review wide-ranging literature pertinent to improving the
transferability of economic evaluation evidence. Third, | present initial guidance on how to
make economic evaluations conducted alongside trials and pilots more transferable, before

concluding with some final reflections.

6.4. Defining transferability and its challenges

| use the term “transferability” to refer to the degree to which evidence regarding
interventions in one context may be appropriately used to inform decisions regarding another

context, with or without modifications to the analysis or interpretation. Transferability is
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related to the term “generalizability” and sometimes (erroneously) used interchangeably.

Barbieri and colleagues usefully distinguish between the terms:

Studies may be considered generalizable if they can be applied . . . without any
adjustment needed for interpretation. In addition, some studies may be transferable if
they can be adapted to apply to other settings. Finally, some may be so specific to a
given jurisdiction that they are simply not transferable to any other jurisdiction. . . It is
probably best to think of the transferability of data as being represented by a
spectrum, with ‘generalizable’ being at one end and ‘not transferable’ at the other.
(Barbieri et al., 2010)

In this sense, which | adopt, the concept of generalisability is nested within a wider concept of

transferability.

| apply the term “transferability” both to the transfer of findings across geographies or
jurisdictions, as referenced above, as well as to the transfer of findings from small-scale trials
or pilots to much larger, real-world contexts. These two dimensions of evidence transfer often
occur simultaneously, as findings from a trial or pilot in one country may be used to inform
national policies in another country. While the transfer to real-world contexts is often
discussed in terms of “external validity” (Mantopoulos et al., 2015, Ramsey et al., 2015, Van
Staa et al., 2009) and “scale up” (Colbourn et al., 2015, Johns et al., 2005, Kumaranayake,
2008), | argue that using the term “transferability” usefully highlights the common challenges

faced in both dimensions of evidence transfer.

When transferring evidence across contexts, other “contexts” may include other geographical
areas, either within the same country or in another country, or they may include different
population groups, types of contact points, degrees of researcher involvement, or policy,
political, economic, or social contexts. For example, policy makers may seek to use an
evaluation of an intervention implemented nationally in hospitals to inform decisions about
whether to roll out a similar intervention in primary care or amongst a different patient group.
Secular trends, exogenous shocks, and policy changes may also change a local context, so that
an evaluation of past implementation may not reflect the future context even in the same

geographical location.

Both effects and costs may vary across contexts and thus change the incremental cost-
effectiveness ratio and the optimal adoption decision. Transferring evidence across
geographies even within the same jurisdiction raises numerous challenges, such as accounting

for differences in health service structures, epidemiology, population characteristics, or price
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levels. Transferring evidence across jurisdictions may raise additional challenges, such as

adapting to different decision-making processes, currencies, or laws.

The effects or benefits of an intervention as measured in trials, pilots, and small-scale studies
are often substantially greater than the benefits achieved in subsequent expansion, such as in
national roll-out (Blonde et al., 2018, Carls et al., 2017, Glasgow et al., 1999). This dilution of
effectiveness at scale occurs even when the initial evaluations are framed as “effectiveness”
rather than “efficacy” studies and may reflect a reduction in implementation effort, resource

inputs, fit of the intervention to the new context, and other factors.

Average costs in trial or pilot settings may also differ from the “real world” (Batura et al., 2014,
Johns et al., 2005, Kumaranayake, 2008, Ramsey et al., 2015). They may be higher than in the
“real world” because of diseconomies of small-scale production (e.g. of medicines) for a trial,
the involvement of more highly paid consultants and researchers, the smaller number of
recipients over which fixed costs may be spread, inefficiencies in implementation caused by
the research context, and the fact that evaluations are often conducted in the early stages of
implementation, before implementation has been optimized. Conversely, average costs from
trials and small-scale pilots may appear lower than at scale if national-level costs have not
been included or if the standard of care to which a new intervention is compared is

substantially different from standard practice.

Despite all these challenges in appropriately transferring cost, effectiveness, and cost-
effectiveness evidence across contexts, transfers happen whenever research evidence is used
to inform prospective decision-making. To help ensure that such transfers are appropriate and
to maximize the value generated from individual studies, primary studies must be designed

with the need to inform new contexts in mind.

6.5. A Critical review of transferability literatures

6.5.1. Critical review methods

To examine contributions to improving the transferability of economic evaluation evidence
from a far wider scope of literature than a systematic review would allow, a critical review was

conducted. In their typology of reviews, Grant and Booth write:
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“An effective critical review presents, analyses and synthesizes material from diverse
sources . . .. A critical review provides an opportunity to ‘take stock’ and evaluate what
is of value from the previous body of work. . .. [There] is no formal requirement to
present methods of the search, synthesis and analysis explicitly. The emphasis is on the
conceptual contribution of each item of included literature, not on formal quality
assessment. While such a review does serve to aggregate the literature on a topic, the
interpretative elements are necessarily subjective and the resulting product is the
starting point for further evaluation, not an endpoint in itself.”
| identified relevant literature through an iterative process of searches in databases, including
Web of Science, Scopus, Pubmed, and Google; review and selection of relevant publications;
review of publications cited by and citing each of these relevant publications; and suggestions
from reviewers. Initial searches combined the following terms: (“transferability” OR
“generalizability”) AND (“health economic evaluation” OR “cost-effectiveness analysis”).
Subsequent searches combined (“transferability” OR “generalizability”) with alternative terms
(“health intervention” OR “health system”), and then employed new terms (e.g. “scale-up

n o u

cost”,

” u

external validity”, “health system constraints”) to identify literature on themes relevant
to the research question, which were known to me or emerged as potentially relevant and had
not yet been captured. | therefore include work which omits the words “transferability” or
“generalizability” if | believe it contributes to answering the research question. The advantage
of this approach is that allows for a more holistic, multidisciplinary review of conceptual
contributions to the research question without restriction on the study design, type of

publication, or focus of the publication.

| include research from countries of all income levels about all types of health interventions,
but focus particularly on the degree to which findings are relevant to LLMICs and facilitate
comparison of a broad range of clinical and non-clinical interventions designed to improve or
maintain health. | focus on the transferability of findings, rather than on methodological
requirements or preferences of decision-makers, which vary between contexts. For example,
while some decision-makers specify a societal perspective and others a provider perspective, |
do not focus here on the need to adapt an analysis to meet such differences in decision-
makers’ expectations, which have been explored elsewhere (Welte et al., 2004, Knies et al.,

2010).
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6.5.2. Critical review findings

Many literature streams have made relevant contributions to understanding how to make
economic evaluations alongside trials and pilots more transferable, but these literature
streams have tended to run in parallel, with different vocabularies and framings and little
communication between them. | identified ten such literature streams emerging from four
wider (and somewhat overlapping) research areas (10, Figure 14). In the following sections, |
critically review the main contributions and limitations of each of these literature streams in

turn, with a focus on relevance for LLMICs, before summarizing findings and key research gaps.

1) Increasing the generalisability of economic evaluations alongside trials

The first literature stream is framed around making economic evaluations conducted alongside
trials more “generalisable”, especially to real-world settings. This literature underscores the
value of conducting economic evaluations alongside naturalistic, rather than highly artificial
trials (Ramsey et al, 2015); statistically analysing within-trial heterogeneity to allow adjustment
of findings for contexts outside the trial (Grieve et al., 2005, Sculpher et al., 2004, Manca et al.,
2005); separate reporting of resource use and unit costs (Ramsey et al, 2015); description of
the study setting (Drummond, 2005); and, using data from trials within decision analytic
models, which appropriately reflect the decision context, rather than conducting entirely trial-
based economic evaluations, which are restricted to the costs and outcomes measured in the

trial (Sculpher et al., 2006, Sculpher, 2015).

As this literature focused on clinical interventions in high-income countries, authors assume
that cost and outcome data are collected from individual patients through case report forms,
which may not be possible for public health interventions delivered at a community, rather
than individual level. Recommendations to improve generalisability through more
representative study sites (Gheorghe et al., 2013) may not be feasible, especially for public
health interventions, which may need to be conducted in a single geographic area to identify
and measure community (herd) effects and to evaluate the feasibility of delivery before
deciding to implement in multiple locations or on a very large scale. The analysis of the costs of
SMC presented in Chapter 4 used statistical methods to examine within-study heterogeneity,
as recommended; however, while this analysis yielded some useful findings regarding
economies of scale, it also revealed limitations to such an approach, which did not exploit

understanding of how the intervention worked and incurred costs.
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2) Transferability of economic evaluations across jurisdictions

A second literature stream focuses retrospectively on the transfer of existing economic
evaluation evidence. | identify three stages: assessment, comparison, and transfer. First,
economic evaluations may be assessed for their “potential transferability” (Nixon et al., 2009,
Boulenger et al., 2005) to determine whether they have employed adequate methods and
reported enough information for transferability to another context to be assessed. Many
economic evaluations fall at this first hurdle (Mandrik et al., 2015, Augustovski et al., 2009).
Second, relevance to another specific decision context may be assessed. Welte and colleagues
(Welte et al., 2004) provide the seminal guidance on these first two stages, describing three
“general knock-out criteria” (lack of comparability of intervention or comparator or insufficient
methodological quality) and 14 transferability factors on which the study and target decision
contexts should be compared (Goeree et al., 2011). Third, adjustments may be made to permit
evidence transfer. The ISPOR report on transferability across jurisdictions (Drummond et al.,
2009) recommended (in their order of preference): no adjustments; simple adjustments, such
as use of purchasing power parities to adjust prices, where appropriate; re-analysis of patient-
level data where multi-country studies have included the jurisdiction of interest; or adjustment

through decision analytic modelling.

This literature stream makes the important point that researchers should not to be too
restrictive in what evidence is considered transferable, nor too demanding in how much data
and effort is considered necessary to adjust existing evaluations to a sufficient degree to use
their evidence to inform decision-making (Essers et al., 2010). Limitations of this literature
stream include its narrow focus on clinical interventions — often “pricing and/or
reimbursement of health technologies” (Drummond et al., 2009) — and on Western Europe and
North America. There is little consideration of how the organization of the health system or
wider population characteristics may affect transferability, except as described by “practice
patterns” or “case mix” — large and complex concepts, which are not unpacked. While several
recommendations advocate the use of “expert opinion” in determining whether evidence is
transferable or which data or estimates to use, they do not specify what particular expertise is
necessary or how experts should assess the evidence. This gap is particularly problematic for
LLMICs, where economic evaluation expertise is scarce and economic evaluation experts may
lack knowledge of the specific aspects of the local health system most critical for the particular
decision. While considerable attention is paid to whether the “decision problem” is
transferable, little attention is given to understanding the intervention itself and how it may

interact with context to produce changes in health outcomes. Some (especially large) UMICs
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are discussed (Alshreef et al., 2018, Mandrik et al., 2015, Augustovski et al., 2009, Barbieri et

al., 2010, Drummond et al., 2009), but virtually no mention is made of LLMICs.

3) Synthesis of economic evaluation evidence across all LMICs

A third literature stream consists of initiatives addressing the transferability challenge in LMICs
by synthesizing — or facilitating synthesis of — economic evaluation evidence across all LMICs.
This literature underscores the scarcity of economic evaluation evidence in LMICs; the trade-
offs between precise contextualization and time, resources, and broad applicability; and the
importance of methodological quality, standardization, and aggregation of evidence in

promoting transferability.

Arguing that “one major factor limiting the transferability of [standard, incremental] . .. CEA
results from one population to another. . . [is the] different current mixes of interventions”
(Tan-Torres Edejer et al., 2003), WHO developed generalised cost-effectiveness analysis
(GCEA) (Murray et al., 2000), in which intervention packages are compared to a null set
representing the natural course of illness without preventive or curative interventions. By
decontextualizing analyses and requiring comparison of all options for a given disease or sub-
sector, however, GCEA is ill-suited for analysing evidence on new interventions and may lack

face validity for decision-makers seeking context-specific advice.

A second set of initiatives compiled and — to varying degrees — synthesized evidence. For
example, the Gates Foundation funded development of cost-per-DALY (CEVR, 2019) and
intervention cost databases (GHCC, 2019). The Disease Control Priorities project synthesized
evidence, including cost-effectiveness analyses; generated league tables; and combined league
tables with other evidence and expert opinion to recommend benefits packages (Jamison and
Mosley, 1991, Jamison et al., 2018, Horton, 2017). WHO-CHOICE used econometric analyses to
estimate outpatient consultation and inpatient bed-day costs for all LMICs (Stenberg et al.,
2018). Numerous United Nations agencies collaborated to develop the OneHealth Tool, which
models the costs and health impacts of various combinations of interventions in any LMIC
(WHO, 2019c). While recognizing the importance of context, this second set of approaches is
retrospective, relying on limited existing data, which constrain the accuracy and context-
specificity of their findings. Data underpinning WHO-CHOICE estimates, for example, are
drawn from only 30 countries, are of questionable quality and comparability, and are at least a

decade old (Stenberg et al., 2018).
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A third set of initiatives developed general reference cases for conducting economic
evaluations in LMICs (Wilkinson et al., 2016, Vassall et al., 2017), and guidance in specific areas
(Walker et al., 2010a) in order to improve comparability, quality, and reporting, but do not

address other aspects of how to make interventions more transferable.

4) Value of implementation

A small literature on “value of implementation” (Fenwick et al., 2008) does not use the term
“transferability”, but focuses on how to replicate the effectiveness achieved in clinical trials in
real-world implementation, or how to transfer findings from clinical trials to real-world settings
in ways that take into account the reduced uptake of a new technology outside a trial setting
(Kim and Basu, 2017). In doing so, it speaks to the scope of the alternative courses of action
that should be evaluated and potentially transferred. Specifically, it demonstrates the
importance of an integral (rather than sequential) assessment of the cost-effectiveness of a
new technology and “implementation activities” aiming to instigate and maintain its use
(Hoomans et al., 2009, Kim and Basu, 2017). In the sequential evaluation, which reflects
standard practice in HTA, interventions that appear less cost-effective under idealised
conditions of “perfect” implementation (Andronis and Barton, 2016b, Andronis and Barton,
2016a) may be eliminated from consideration at an initial stage, even where they are more
readily implementable and therefore potentially more cost-effective in practice than those

interventions that remain under consideration at a later stage (Hoomans et al., 2009).

Yet, the value of implementation literature (Fenwick et al., 2008, Willan and Eckermann, 2010,
Whyte et al., 2016, Faria et al., 2017, Kim and Basu, 2017, Hoomans et al., 2009) remains
narrowly focused on clinical interventions in Western Europe and North America and does not
engage meaningfully with implementation as a potentially complex process of behaviour
change whose effectiveness and costs require research. This gap is important because
incorporating implementation activities into integral cost-effectiveness estimates may raise
substantial challenges for transferability, as variations in human behaviour between contexts

are especially difficult to predict.
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5) Intervention reporting

A fifth literature stream grappled with identifying the essential features defining an
intervention, the interconnections between interventions and their context, and the potential
for interventions to require “tailoring” to work in similar ways in new contexts. Despite evident
relevance, few publications in this stream refer to “transferability” explicitly and none engage
meaningfully with questions of costs or cost-effectiveness. Hoffman and colleagues’ (2014)
“template for intervention description and replication (TIDieR) checklist and guide” extended
reporting guidelines for randomized trials (Schulz et al., 2010) and protocols (Chan et al.,
2013), but was “intended to apply across all evaluative study designs”, “with the objective of
improving the completeness of reporting, and ultimately the replicability, of interventions”. It
clarified that an intervention cannot be defined solely by “a label or the ingredients list” —as is
common in HTA — and must include the “why, what (materials), what (procedure), who
provided, how, where, when and how much”, as well as information on planned tailoring and
unplanned modifications to the intervention, which “can all influence efficacy and replicability
but are often missing or poorly described” (Hoffmann et al., 2014). While their 11 checklist
items are designed to apply both to an intervention and comparator and both to “apparently

simple drug interventions” and to all components of more complex interventions, they focus

on clinical decision-making.

While narrowly framed, two extensions to TIDieR appear useful for all interventions. One
extension makes an important contribution in arguing that “providing the underlying rationale
of the intervention enables readers to understand its essential components” (Campbell et al.,
2018). Another usefully promotes reflexivity by asking who filled out the checklist (Cotterill et
al., 2018).

Alternatives to TIDieR (Kagesten et al., 2017, Mohler et al., 2015, WHO, 2017b) emphasize the
usefulness of clear reporting at the early stages of intervention development as a means of
improving intervention design and implementation. One of these checklists features the only
reporting item focused on transferability, seeking somewhat simplistic “[reflections] on the
context-dependence of the programme and on the degree of effort that would be needed to

implement it in/adapt it to other settings” (Kagesten et al., 2017).
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6) Transferability of complex interventions

A sixth literature stream is framed around complex interventions. The key insight from this
literature is that understanding transferability requires understanding the mechanisms of
action through which an intervention interacts with context to produce changes in outcomes
(Grant et al., 2013, Moore et al., 2015, Bunce et al., 2014, Oakley et al., 2006). Theories of
change are important tools for understanding mechanisms of action; they can inform and, in
turn, be refined by process evaluations and “[provide] a comprehensive set of indicators to
evaluate all stages of the causal pathway through which an intervention achieves impact.” (De
Silva et al., 2014) Many authors justify including process evaluations in wider evaluations on
the basis that they achieve “deep understanding of the ‘how’ and the ‘why’ behind
intervention outcomes” (Bunce et al., 2014) or “greater explanatory power” (Oakley et al.,
2006), which are “crucial to understanding . . . how these effects might be replicated by similar
future interventions” (Moore et al., 2015); that is, process evaluations “[improve] the
credibility and transferability of study findings” (Bunce et al., 2014). Pawson and Tilley (2004),
leading proponents of one type of theory-based evaluation, explain that “[realist] evaluations
asks not, ‘What works?’ or, ‘Does this program work?’ but asks instead, “‘What works for whom

in what circumstances and in what respects, and how?’”

Whereas other literature streams tend to mention context vaguely, the complex intervention
literature specifies that the most important contextual features depend on the mechanisms of
action of the particular intervention. Context is “those features of the conditions in which
programmes are introduced that are relevant to the operation of the programme
mechanisms” (Pawson and Tilley, 2004) or “anything external to the intervention that may act

as a barrier or facilitator to its implementation, or its effects” (Moore et al., 2015).

The literature stream also emphasizes that complex interventions may require “tailoring” or
“adaptation” to work in similar ways in new contexts. Villeval and colleagues (2019) argue that
the key functions (or mechanisms) of a complex intervention may be transferable, but their
“specific form (i.e. concrete activities implemented)” must be adapted to local contexts by
“local actors [who] will decide on the form of the replicated intervention according to the
specificities of and the knowledge they have about the features of their context”. This insight
is important; however, the implications of changes in the “form” of an intervention for costs

are not mentioned (Villeval et al., 2019).

In fact, most of the complex intervention literature stream ignored costs (Villeval et al., 2019,

Burchett et al., 2018) or treated economic questions superficially, referring to costs, for
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example, as a characteristic of an intervention (Schloemer and Schroder-Back, 2018) or of the
context, rather than a dynamic product of the interaction between the intervention
components (which themselves require resource inputs) and the context. Authors therefore
failed to consider that an intervention that may be effective in or adaptable to another context
should not necessarily be implemented if it is not also an efficient use of resources in that

context.

The complex intervention literature largely frames its contributions as not relevant to “simple”
interventions, such as “drugs or surgical procedures” (Lewin et al., 2017, Rogers, 2008, Oakley
et al., 2006), although some authors recognized that “[few] interventions are truly simple”
(MRC, 2008) and that even simple interventions may have complex interactions with context
(Moore et al., 2015). Petticrew (2011) argued that interventions are not inherently complex or
simple, but rather, that researchers may choose to view an intervention as simple or complex,
depending on the research questions and purpose of the analysis. This insight has important

implications for understanding the manifestly complex question of transferability.

7) Economic evaluation of complex interventions

A seventh, very small literature stream argues that articulating theories of change with specific
reference to resources can improve the transferability of economic evaluation evidence. In
particular, Anderson and Hardwick extended their prior work — including Walker et al. (2010b)
—and drew on Pawson and Tilley (2004), Byford and Sefton (2003), and others to propose
“explanatory economic evaluation” drawing on realist principles (Anderson and Hardwick,
2016). They argued that “most economic evaluations . . . are archetypal ‘black box’
evaluations, with minimal interest in how and why a particular configuration of resources (an
intervention) changes outcomes” and that this approach “has important [negative]
consequences for the generalisability and use of their findings”. They proposed that the main
evaluation team “could more explicitly theorise and capture the resource requirements and
consequences of hypothesised programme mechanisms, outcomes and contexts”. In addition
to better incorporating resources within the main programme theory, Anderson and Hardwick
also promoted development of “programme theories which explicitly seek to explain cost-
effectiveness or altered costs”. They illustrated their proposal for a “cost-effectiveness-specific
programme theory” with a realist review of economic evaluations of “shared care” for chronic

conditions in HICs.
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While these authors repeatedly argued that “context matters”, however, they did not
elaborate on which aspects of context mattered (Walker et al., 2010b) and did not include
context in their example of a “cost-effectiveness-specific programme theory” (Anderson and
Hardwick, 2016). As with the previous literature stream, authors also tended to frame their
recommendations as relevant for complex but not “simple” interventions. Most crucially, they
did not discuss how “explanatory economic evaluation” principles might be enacted in primary
economic evaluations (rather than reviews) (Anderson and Hardwick, 2016). They also
focussed exclusively on the transferability of the economic evaluation evidence relating to an
intervention’s function, without considering how evidence on the costs of a particular “form”

of an intervention could be transferred.

8) Health system constraints

An eighth literature stream framed around health system constraints offers an explicitly
economic framing of context within economic evaluations, which is wider and more relevant
for guiding policy choices in LMICs than Welte’s framework (2004). Mikkelsen and colleagues
(2017) used WHOQ's health system building blocks as a framework to describe supply
constraints and identified demand constraints such as “stigma, limited knowledge about HIV,
fatalism, out-of-pocket payments, and waiting times”. Vassall and colleagues (of which | was
one) (2016a) presented a conceptual model of distal and proximal demand and supply
constraints which may affect the “care pathway”, and some of the relationships between

interventions, the supply and demand context, and population health outcomes.

The constraints literature deals with both the transfer of trial and small-scale evidence to real-
world implementation and the extension of findings across geographies in ways that recognize
heterogeneity between contexts. While most do not focus on “transferability” as such, authors
in this stream articulate a tension between generating evidence to support “generic advice to
a wide range of countries” (Hauck et al., 2016) and “[taking] into account the local health

system” (Mikkelsen et al., 2017).

Throughout this literature stream, however, conceptualization of what interventions are and
how they interact with context to produce changes in outcomes —i.e. the mechanisms of
action — remain poorly defined. Descriptions of the cost-effectiveness of a technology and of

“enabling interventions” (2016a) — and indeed, the very notion of a “constraint” to optimizing
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utility — mirror the dichotomized conceptualization within the value of implementation

literature of a technology divorced from actors or actions to instigate its use.

9) DALYs, QALYs, and 10) Benefits

The final two literature streams emerge from different research traditions, but both deal with
the appropriate measure of effect to use in economic evaluations. Both QALYs (Sassi, 2006)
and the benefits in CBAs (Robinson et al., 2019) are designed to reflect a specific society’s
preferences, and are thus considered appropriate measures of utility or societal welfare . Most
LLMICs have not conducted valuation surveys for QALYs (Kularatna et al., 2013, Welie et al.,
2020) or willingness-to-pay for a change mortality or morbidity risk, however, which inhibits
adjustment of QALYs or benefits to most contexts in LLMICs. Further, the contingent valuation
methods used in CBA to value changes in health outcomes or health risks do not reference the
available health budget, so risk displacing more health benefits than they gain (Culyer and
Chalkidou, 2019, Ochalek et al., 2018). A literature stream framed around “benefits transfer”
deals with the transfer of the valuation of non-market goods — originally, environmental goods,
and more recently, preference-based health outcomes — across contexts for use in CBAs. This
literature emphasizes the tension between a preference-based approach, which is necessarily
about local, context-specific preferences, and efforts to promote transferability. Brower and
colleagues showed that simple transfers are more appropriate for “similar” contexts, while
more complex transfers are required for “dissimilar” contexts, but do not provide any
generalizable insights into how “similar” and “dissimilar” contexts should be defined for any
given intervention (Brouwer and Bateman, 2005). Finally, the validity of contingent valuation

methods and asking people in LLMICs to value health risks is unproven.

While criticized for many shortcomings, including their focus on health rather than welfare and
their exclusion of context-specific factors affecting a person’s lived experience of a condition
(e.g. educational opportunities or public transport) (Nord, 2015, Chen et al., 2015), DALYs are
explicitly designed to be universal (Sassi, 2006), which facilitates their transfer across contexts.
As most full health economic evaluations to date in LLMICs have used DALYs, cost-per-DALY

estimates can also be compared with existing literature.
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6.5.3. Summary: Transferability literatures

Insights into how to make economic evaluations more transferable have emerged from many
different literature streams. | have sought to delineate these literature streams in meaningful
ways; however, each stream includes publications that overlap with one or more other
streams, and some of these literature streams, which vary tremendously in size, could have

been grouped differently.

From this review, | conclude that transferability is a complex question requiring a complexity
perspective, even for seemingly simple interventions. As well as adherence to standard
economic evaluation guidelines, making economic evaluation evidence more transferable
requires understanding and communicating what an intervention is and the mechanisms of
action through which an intervention interacts with context to produce changes in costs and
effects. The key contextual features are those implicated in the mechanisms of action through
which the intervention produces costs and effects. Interventions may require adaptation to
work in similar ways in new contexts, and such changes are likely to affect the costs of the
interventions. By contrast, similar forms of interventions may be deployed to serve very
different functions, creating additional opportunities to maximize the use of scarce primary
cost data. Articulation of theories of change with respect to both costs and effects in primary
economic evaluations seems to offer a promising avenue for further research. Despite their
widely-discussed limitations, DALYs facilitate evidence transfer and should therefore be used

whenever possible, potentially alongside additional effect measures.

6.6. Designing for transferability guide

Drawing on my critical review and experience conducting economic evaluations, | propose
some initial guidance on the design of economic evaluations alongside trials or pilots in ways
that promote transferability. This guidance is intended to apply to all types of interventions
and strategies in all settings when implemented in the context of trials or pilots, but responds
particularly to the context of LLMICs, where so few economic evaluations are conducted that

each economic evaluation must seek to inform a wide range of decisions, for which the
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decision-makers are many and not necessarily known. The proposed approach encourages
development of an in-depth understanding of how an intervention or strategy works in a
particular context as a means of exploring how its costs and effects may be expected to vary in
another context. An assumption underlying this approach is that understanding if and how
cost-effectiveness evidence can be transferred across contexts is a complex research question,

requiring a complexity lens (Petticrew, 2011).

The purpose of this approach is to help economic evaluations do more than report
retrospectively on the cost-effectiveness of precisely what was done in a trial or pilot, and
instead to inform prospective decision-making —in a plausible and transparent way — both for
the local context and, to the extent possible and appropriate, for different contexts and
modified versions of the interventions studied. To achieve this aim, the invaluable opportunity
to collect data alongside a trial or pilot should be conceived of as a means of developing and
populating flexible and transparent mechanistic cost models and a decision analytic model
alongside the trial or pilot. While decision analytic models are often used in economic
evaluations alongside trials in LLMICs, this practice is not reflected in standard guidelines
(Husereau et al., 2013), and mechanistic cost models are uncommon. This approach responds
to Sculpher’s criticisms of “trial-based economic evaluations” (Sculpher et al., 2006, Sculpher,
2015), which only analyse data within a trial, and uses the opportunity afforded by the trial or
pilot to gain in-depth understanding of the alternative strategies, how they work, and how
they incur costs and produce effects in a given context. It also responds to Anderson and
Hardwick’s (2016) exhortations for explanatory economic evaluation, while focusing on the

design and conduct of primary economic evaluations.

The guidance that follows proposes a reversal in the order in which activities are commonly
undertaken. Instead of treating transferability as an afterthought, transferability becomes the
guiding principle of the economic evaluation; the focus remains throughout on generating
evidence to inform prospective decision-making outside of the trial or pilot. The four main
stages of this model-based economic evaluation alongside a trial or pilot are: |) Framing the
economic evaluation, Il) Model identification and/or development, Ill) Data needs
identification, and IV) Analysis and reporting (Figure 15, Box 1). These stages share many
commonalities with existing guidelines, but also differ in several important ways, notably: i)
the order in which activities are conducted, ii) the use of theory of change and process
evaluation for all intervention types, iii) the development of mechanistic provider cost models

(as well as a decision analytic model), iv) a more targeted, model-driven approach to data
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collection, and v) an explicitly iterative approach. The following guidance therefore necessarily
covers some of the same ground as existing guidance, referring to such guidance as
appropriate, but focuses on where this approach diverges from standard guidance.

Figure 15 Designing for transferability: A flowchart of questions to consider in designing and conducting an
economic evaluation alongside a trial or pilot

B) What policy decisions
could/should this economic
evaluation seek to inform?

A) How will the interventions be
implemented in the study and how are they

expected to influence costs and effects?

C) What is the transferability
gap between implementation in
the study and the anticipated
decision context(s)?

D) What is an appropriate E) What is an appropriate
structure for the provider “ structure for the cost-
cost model? effectiveness model?
lIl. Data F) What data will be needed and obtainable to populate the models?

IV. Analysis G) Will analysis and reporting meet relevant quality benchmarks?
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Box 1 Designing for transferability: Questions to guide the design of economic
evaluations alongside a trial or pilot

These questions are intended to guide initial design of an economic evaluation and to be
revisited throughout the study, incorporating emerging findings and reflecting changing
policy contexts, to maximize the transferability — and thus usefulness — of the economic
evaluation produced. The four stages (I-1V) and seven steps (A-G) are explained below
and illustrated in Figure 15. All references to “interventions” should be understood to
refer both to a new intervention and to a comparator. Implementation of interventions in
the study (i.e. trial or pilot) context is distinguished from intervention implementation in
the decision context.

I.  Framing

Framing is an iterative process — broken into three steps here — of A) understanding what
is planned for intervention implementation in the study, B) considering what decisions an
economic evaluation based on study implementation plans could or should inform, and
C) assessing the transferability gap, that is, how planned implementation in the study
and the associated costs and effects may differ from implementation in the decision
contexts that the evaluators seek to inform. Understanding of the transferability gap
should inform revisions to plans for the study in (A) and to the decision problems to
address in (B), as well as model development in stage Il. While (A) is shown as the
starting point — as is often the case, from the perspective of economic evaluators, when
they join a study for which initial plans have already been developed — (B) would be the
ideal starting point. To answer the questions posed at this stage, evaluators will need to
consult documents (academic literature and policy documents) and various people (e.g.
policy experts, decision-makers, practitioners, and academics) at local, national, and
potentially international levels. Detailed guidance available elsewhere on intervention
reporting (Hoffmann et al., 2014, Mohler et al., 2015, Kagesten et al., 2017, WHO,
2017b, Campbell et al., 2018, Cotterill et al., 2018) may be used to structure descriptions
and discussions regarding planned intervention implementation in the study context and
anticipated implementation in the decision context, as well as eventual reporting of what
was done.

A) INTERVENTION IMPLEMENTATION AND MECHANISMS OF ACTION: How will the
interventions be implemented in the study? How are they expected to influence
costs and effects?

1. How are the proposed intervention activities expected to interact with the existing
context to produce changes in health outcomes (i.e. what is the theory of change
and what are the key aspects of the local context that the intervention will modify)?

2.  What are expected to be the resources used for: i) the activities to instigate change,
including the intervention itself (e.g. policy change, training, radio campaigns,
materials, drugs) and ii) downstream consequences of the interventions (e.g.
changes in case management following introduction of a preventive intervention,
reductions in complications or onward transmission following introduction of an
improved case management intervention)?
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RELEVANT DECISIONS: What policy decisions could/should this economic evaluation

B)

10.

seek to inform?

In which contexts outside of the specific research context might the same or
similar interventions be relevant for consideration?

How likely is it that additional economic evaluations of the same or similar
interventions will be undertaken in the same, similar, or different contexts and on
what time scale? For example, if few or none are expected in the near future, then
this economic evaluation should consider seeking to inform a wider range of
decisions than if many other related economic evaluations are expected
imminently.

Is the form of the intervention — e.g. door-to-door visits by CHWs — potentially
relevant for informing decisions regarding similar interventions for other health
areas?

Are there other interventions relevant to the decision context, which are not
planned for implementation in the study context?

TRANSFERABILITY GAP: What is the transferability gap between planned

implementation in the study and decision contexts?

How may aspects of the research context affect the costs and effects measured

relative to implementation outside a research context? For example, will research

staff be involved in implementation or will their research activities influence the
effects measured? Will the people implementing or receiving the interventions
receive more (or fewer) resources than they would if the intervention were
implemented outside a study context? Is it possible to avoid or mitigate the
influence of the research activities on the costs and health outcomes measured so
as to approximate a real-world context more closely?

What changes to implementation (and associated resource use) in the research

context, if any, may need to be made (and by whom) to . ..

a. ...ensure feasibility and/or affordability in the decision context (e.g. lower the
cadre/qualifications of implementing staff)?

b. ...maintain or increase effectiveness in the decision context (e.g. additional
community meetings in more sceptical communities, or doubling the frequency
of patient contacts)?

What changes to effects and associated downstream costs would be expected in

any new context considered and for each of the changes above? e.g. might lesser

access to care outside the research context decrease incremental treatment costs
and increase incremental health benefits for a preventive intervention? Might
lowering the cadre of staff implementing the intervention also lead to reduced
health benefits?

Who has participated in discussions regarding the preceding questions? Should

others also be consulted, e.g. people who may play substantial roles in intervention

implementation in the study, in the policy decision process, or in eventual
implementation in the anticipated decision contexts?
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II. Models

Based on an understanding of the decision problem and the transferability gap, the
evaluator can develop an appropriate model structure or identify an existing model
structure to use. Detailed guidance on how to conceptualize a cost-effectiveness model
(Roberts et al., 2012) and specific issues pertaining to different model types are provided
elsewhere (Karnon et al., 2012, Pitman et al., 2012, Siebert et al., 2012, Squires et al.,
2016) and therefore not repeated here.

C) PROVIDER COST MODEL: What is an appropriate model structure?

11. Are there any existing cost models for similar interventions?

12. What activities and resources are involved in each intervention?

13. Which administrative or implementation levels (i.e. countries, provinces, districts,
health facilities), and outputs (e.g. persons reached, cases treated) are involved in
the process of intervention delivery and downstream costs? Do these variation
units provide an appropriate structure for the cost model, or are there additional
factors which may need to be incorporated, such as the number of delivery rounds
or the proportion of cases that are severe, to generate a plausible cost model using
readily available data?

14. Are prices expected to vary with the scale of implementation of this particular
intervention? If so, has this relationship been incorporated into the cost model?

15. For each resource, with which implementation level or output can the quantity
used be expected to vary? For example, the quantity of a specific drug used may
vary with the number of patients reached or the number of illness episodes, and
the quantity of nursing hours spent in receiving training may vary with the number
of facilities involved in the intervention (if a fixed number of nurses per facility are
trained).

D) COST-EFFECTIVENESS MODEL: What is an appropriate model structure?

16. To what extent and how can changes in effectiveness be modelled across the
decision contexts? e.g. would dynamic transmission modelling be required or might
a decision tree assuming equal efficacy and different coverage be sufficient? Could
coverage data for similar types of interventions in the decision context be used?

17. How do the cost model and cost-effectiveness model interact? Are there feedback
loops, or can cost model outputs be used as inputs in the cost-effectiveness model?

Ill. Data

After framing the evaluation and identifying appropriate model structures, the evaluator
should consider what data may be needed to populate the model, and the extent to
which relevant data may be obtained from the study, or from additional sources such as
routine health information systems, secondary data, or existing models such as WHO-
CHOICE (2011). Initial sensitivity analysis should be used to prioritise parameters for
which obtaining accurate and precise estimates will have the greatest impact on
improving the overall model’s precision and accuracy.
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E)

18.

19.

20.

21.

22.

V.

DATA: What data are needed and obtainable to populate the models?

What resource use data are needed to populate the model? What level of detail
will be needed to ensure that resource use data can be disaggregated according to
the model structure? For example, will the total time nurses spend on the
intervention need to be separated into time spent with patients (which may vary
with the number of patients) and time spent in training (which may be fixed per
nurse)? For each resource and scenario, will quantities reflect the research context
or estimates for or observations from another context?

Will the prices of resources used in the study implementation differ from likely
prices in the decision-making context(s)? Do any price differences reflect
differences in the quality of the resource (e.g. substitution with lower cadre of
staff)? Which prices are consistent with the effect measures used? Which are
relevant for decision-making? Are these prices expected to vary with location
and/or with other factors (e.g. technological improvements over time lowering
prices of tests, economic improvements increasing wages)?

What data on effects are needed and obtainable? How are they expected to differ
between the study context and the decision context?

What data — qualitative or quantitative — are necessary to check the assumptions in
the model structure and parameters? Have they been incorporated into data
collection?

Are resources available within this study to collect data in any or all of the decision
contexts to which the findings may be transferred? For example, would it be
possible to collect data on the numbers of units at each administrative level for the
entire country?

Analysis

The evaluator should ensure that the analysis is conducted and reported in accordance

with relevant guidelines for high-quality economic evaluation research. During this stage,

evaluators should revisit the previous stages of the evaluation to consider whether the
framing of the analysis should change (perhaps in response to policy changes over the
course of the study), if any aspects of model structure warrant revisiting, and if any
further data would be useful and obtainable within the current study to maximize the

usefulness of the results presented.

F)

23.

24,

25

ANALYSIS: Will analysis and reporting meet relevant quality benchmarks?

Will the economic evaluation meet the iDSI reference case (Wilkinson et al., 2016),
CHEERS checklist (Husereau et al., 2013), and other relevant quality benchmarks for
study conduct and reporting? These may include guidelines for the
country/countries of the study and any other countries in which the intervention(s)
may be considered, as well as the World Health Organization, potential funders,
and any other relevant decision-makers.

Will the costs incurred in implementing the intervention(s) in the research context
and any modelled costs be presented separately and transparently?

Has the structure of the model(s) been presented?
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6.7. Conclusion

Drawing on a wide-ranging critical review of 10 different literature streams and my own
experience conducting economic evaluations, this article proposes preliminary guidance on
how to make economic evaluations conducted alongside trials and pilots more transferable.
Rather than remaining an afterthought, promoting transferability of economic evaluation
evidence should become the guiding principle of intervention research. Promoting
transferability requires efforts from the earliest phases of intervention design to identify and
close —where possible — the transferability gap between planned implementation in the study
context and anticipated implementation in one or more decision contexts. | argue that
transferability is a complex question requiring a complexity perspective, even for seemingly
simple interventions. Making economic evaluation evidence more transferable requires
understanding and communicating what an intervention is and the mechanisms of action
through which it interacts with context to produce changes in costs and effects. The key
contextual features are those implicated in the mechanisms of action. | identify four stages for
a model-based economic evaluation alongside a trial or pilot: I) Framing the economic
evaluation, Il) Model identification and/or development, Ill) Data needs identification, and IV)
Analysis and reporting. For each stage, | articulate key questions to guide analysts to close the
transferability gap. Future research should pilot and further refine the “Designing for
transferability” guide as part of wider efforts to improve the transferability of economic

evaluation evidence and maximize the value for money of empirical research.
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Chapter 7. Discussion

In this final chapter, | summarize my empirical and methodological findings and relate them to
the first four objectives of the thesis. | then discuss key strengths and limitations of the thesis

and conclude.

7.1. Empirical findings (Objectives 1, 2, and 3)

Objective 1
In Chapter 2, | met the first objective of the thesis, which was to examine the size, scope, and

distribution of the recent, applied, economic evaluation literature. This uniquely
comprehensive analysis provided an important snapshot of the economic evaluation literature,
and in so doing, has provided a valuable, quantitative basis for debates around research
prioritization, research capacity, and research methods. The analysis showed that more than
1200 economic evaluations were published annually in the 28-month period we studied in
2012-14. Of these, just 4% addressed LICs, 4% addressed lower-middle-income countries, and
14% addressed UMICs, while francophone Africa and West Africa emerged as regions in which
economic evaluations were particularly scarce. Moreover, 33 (18%) of the 184 economic
evaluations identified as having studied at least one LLMIC examined more than 10 countries,
further underscoring the importance of addressing the transferability challenge in LLMICs and

in francophone and West Africa especially.

The careful way in which | searched, screened, and communicated my search strategy and
findings also provided valuable information for anyone reviewing the economic evaluation
literature, which is especially useful now that NHS EED has ceased to be updated and the Wiley
Health Economics Database is no longer available. While the Tufts Cost-Effectiveness Registry
now offers a valuable database of cost-per-DALY studies (CEVR, 2019), my bibliometric analysis
showed that less than half of full economic evaluations in LLMICs used DALYs, and thus
guantified the limitations of relying exclusively on this registry in reviewing the economic
evaluation literature. While the iDSI reference case now specifies that economic evaluations
should report costs per DALY averted, my analysis demonstrates the scale of the changes in

research practices necessary to meet this new requirement.
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The experience of conducting this review also afforded me the opportunity to engage with
systematic review and bibliometric methods, and, in the process of individually screening
15,057 publications, to gain insights into the field of economic evaluation as a whole. These
observations informed my critical review of transferability literatures and designing for

transferability guide, which | presented in Chapter 6.

Objective 2
The second and third objectives of the thesis were met in Chapters 4 and 5, respectively,

where | presented two economic evaluations of malaria interventions in central Senegal. The
second objective was to explore the costs of delivering SMC to children under 10 on a large
scale in central Senegal. As recommended (Sculpher et al., 2004), this evaluation explored
heterogeneity in costs within the trial as a means of better understanding transferability
beyond the trial. The Global Health Cost Consortium has also highlighted the importance of
exploring cost heterogeneity (Vassall et al., 2017). My analysis demonstrated substantial
economies of scale in the size of the health post catchment areas used to deliver the
interventions. This finding indicated that the average cost of delivery across the intervention
area should not be generalised to any setting, and that instead, costs should be understood as
a function of the size of the catchment populations. The identification of an L-shaped average
cost curve was consistent with the very limited literature on economies of scale in health care
provision, but inconsistent with economic theory, which predicts a U-shape. This finding has
important implications for efforts to improve the efficiency of health service provision, and
suggests that the scale at which average costs begin to increase is greater than that observed
in any of the facilities in our study area. Some other analyses of the costs of public health
interventions have not explored uncertainty or heterogeneity in costs because they only
collected costs of the overall programme without disaggregation; however, my analysis of SMC
demonstrated that in-depth cost data collection and analysis of public health interventions is

feasible and informative.

The analysis of SMC also demonstrated the limits of an econometric approach to
understanding cost variation. While many potential explanatory variables, such as
geographical features, the number of years of experience with the intervention, and coverage
rates, were hypothesized to be associated with the cost per course administered, the analysis
was unable to identify robust statistical relationships with these variables. This absence of
evidence may reflect a genuine absence of relationship; more likely, however, it reflects a
degree of homogeneity within our study area, which may partly reflect the area itself and also

perhaps the influence of the trial in standardizing procedures. It may also reflect the sample
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size (n=46 facilities), which, while large for facility-based costings, remains small in statistical

terms when exploring associations between multiple variables.

The economic evaluation of SMC has already informed major changes in global malaria policy
at WHO, which has led to the adoption of SMC as national policy in 12 countries and delivery
of SMC to 19 million children under five in 2018 (WHO, 2019d). In addition, in the south of
Senegal, SMC has been delivered to children under ten since shortly after the conclusion of our
trial. While the economic evaluation of SMC responded directly to policy makers’ stated
guestions at the time, it was a partial rather than full economic evaluation as it did not
incorporate a cost-effectiveness analysis. The economic evaluation of SMC presented in this
thesis remains the only cost analysis in children up to age 10 and so may play an important
role in informing deliberations about the potential expansion of current WHO guidance to
recommend SMC for a wider age range. Direct comparisons of the costs and effects of
delivering SMC to different age ranges would be ideal; however, in the absence of such head-
to-head field trials, mechanistic cost modelling, as used in the hotspot trial, could be extended
to examine potential economies of scale in expanding the age range for SMC. In-depth
comparison of the costs of delivering SMC to children under 10 in central Senegal as reported
in this thesis with the costs of delivery of SMC to children under 5 across other countries of
West Africa would be a valuable opportunity to better understand cost variation and

transferability.

Objective 3
The third objective of the thesis was to assess the costs and cost-effectiveness of various

combinations of MSAT, MDA, and IRS, which were geographically targeted at “hotspot”
villages. This evaluation was conducted alongside a cluster-randomized trial, which was
implemented in approximately the same geographical area of central Senegal as the first trial,
but restricted to the rural areas (and thus excluding the semi-urban areas). The analysis
provided important insights into how the efficiency of these interventions can be expected to
vary with intervention choices, including the degree and level of targeting and number of
rounds of implementation, as well as with contextual factors, including local epidemiology,
prices, and health system structure. It showed that, despite the substantial relative reductions
in malaria incidence achieved, the targeted interventions could not be considered cost-

effective in reducing the short-term disease burden in this context.

The WHO's latest approach, “High burden to high impact”, launched in 2018 (WHO, 2018c),

reflects a desire to rebalance global efforts towards both improved control in high burden

Chapter 7. Discussion - Page 160 of 216



areas and elimination in others. This renewed focus on tackling malaria in the highest burden
areas may be a response to criticism that the focus of both attention and financial investment
on malaria elimination was both inequitable and inefficient and resonates with the empirical

findings presented in my economic evaluation of targeted MSAT, MDA, and IRS.

Future research could combine the cost models | developed with transmission dynamic models
to consider how the cost-effectiveness of alternative combinations of interventions, with
varying degrees of geographical targeting, may vary across contexts. As current transmission
dynamic models in the malaria field tend to integrate costs only as a fixed cost per person
reached, with no consideration of how costs may vary with context, scale, or targeting (Drake
et al., 2016), such integration of cost functions would be valuable. Future research could also
further explore the concept of “diseconomies of targeting” and seek to understand the

broader implications for malaria and other health areas.

Together, these two economic evaluations of malaria interventions make important
contributions to a very limited evidence base on malaria interventions delivered door-to-door
by CHWs. This scarcity of evidence is particularly remarkable in light of the large global and
national investments in malaria control and elimination. Both these analyses also offer
important insights for the analysis of public health interventions beyond the field of malaria.
Many large-scale programmes for the control and elimination of neglected tropical diseases
(NTDs), for example, are based around similar, mass drug administration campaigns and face
questions of if and how to target these efforts by age and geography (Pullan et al., 2019). A
major multi-country study in Africa is now exploring community-based distribution of self-
testing kits for HIV (Neuman et al., 2018), which shares many features with MSAT for malaria,
which we explored in the cost-effectiveness analysis alongside the hotspot trial. My analyses
offer useful empirical findings to inform decision-making in these other areas, as well as
methodological insights into how to collect and analyse data on these types of public health

interventions, which are discussed further in the next section.

7.2. Methodological findings (Objective 4)

The fourth objective of the thesis was to develop and apply methods for the analysis of cost

data in ways that promote transferability and to develop more general guidance on how to
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design economic evaluations for transferability. In this section, | summarize how | met the first

part of this objective in Chapter 5 and how | met the second part of this objective in Chapter 6.

Analysing cost data in ways that promote transferability
Estimates of intervention costs are critical for budgeting and priority setting. They must,

however, reflect how costs vary within countries, between countries, and with scale. Where
large-scale costing studies have been possible and large numbers of data points are available
which reflect sufficient variation across relevant characteristics (including scale), econometric
analyses have the potential to offer insights into cost variation (Lépine et al., 2016, Lépine et
al., 2015, Meyer-Rath and Over, 2012). Econometric analyses can then be used to inform
decision-making about continuation, modification, and/or expansion of the intervention of
interest. These analyses are only possible, however, when the intervention has already been
implemented at a very large scale, across sufficiently diverse contexts, and where good quality
cost data relevant to the intervention is available, making them essentially “ex post”

evaluations, meaning that they occur after very substantial scale-up has already occurred.

While ex-post evaluations are undoubtedly important and underutilized, earlier stage
economic evaluations are needed to inform decisions about whether such large-scale
implementation should be undertaken at all. When new interventions are implemented
initially, whether in small-scale pilots or trials, economic evaluations can generate initial cost
estimates. To use findings from such small-scale studies to inform decision-making for real-
world implementation, however, analytical adjustments may be needed. These adjustments
may need to reflect the cost implications of changes in the scale of delivery and extension or
transfer to other geographical areas. Further, all possible variants of an intervention cannot be
piloted in all settings, so those data that do exist need to be used to explore how modifications

to an intervention may affect costs.

In the cost analysis of SMC, | disaggregated the costs of delivering SMC across the three
monthly implementation rounds and the levels of the health system with which each cost
component would be expected to vary. | explained and provided examples of how this simple
disaggregation of costs could be used to estimate the costs of implementation of SMC in the
entire study area, including the control areas, and thus adjust for the inherent inefficiencies in
trial-based implementation, in which meetings and trainings, for example, must be held at
regional and district level, but not all health post catchment areas within the given districts and

regions implement the intervention. | also discussed how costs could be expected to vary if the
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intervention strategy were extended to include four or more monthly implementation rounds,

which have been implemented and considered for implementation elsewhere.

In the subsequent evaluation of the hotspot strategies, | substantially developed and extended
the approach initiated in the cost analysis of SMC. | began by disaggregating the costs of each
of the interventions — hotspot identification, IRS, MDA, and MSAT — in the same way as in the
SMC analysis, that is, by implementation round and by the health system or output level with
which each cost component would be expected to vary, as well as by activity and cost driver. |
then developed a simple mechanistic model to estimate how costs could be expected to vary if
the number of rounds of implementation or the number of units at any level of the health
system or output were changed. This approach allowed me to estimate the costs of
implementation if each of the interventions were implemented throughout the study area,
thereby adjusting for the inherent diseconomies of trial-based implementation. In addition,
this adjustment also accounted for variation in population, epidemiology, and catchment sizes
between arms. Failure to account for such imbalances may lead to differences in cost
estimates which reflect differences in economies of scale between the different populations in
which the alternative strategies were implemented, rather than meaningful differences in the
costs of implementing the interventions in the same areas. Further, the cost models allowed
me to explore how costs may be expected to vary with changes to how the interventions are
implemented, including different levels and degrees of targeting, in order to increase the

usefulness of the analysis across a wide range of contexts and interventions.

The hotspot evaluation thus illustrated how in-depth prospective data collection alongside a
trial can be used to develop a simple, transparent, and flexible mechanistic cost model, which
can predict how costs may vary with specific changes to context, scale, and scope of the
interventions. This model could be adapted to estimate the costs of delivering similar
interventions for other diseases, and provides a useful framework for costing public health

interventions implemented through a cascade of activities.

Designing economic evaluations for transferability
In Chapter 6, | completed the fourth objective of the thesis by developing more general

guidance on how to design economic evaluations for transferability. The need for such
guidance emerged from my experience conducting the bibliometric analysis in Chapter 2 and
the two economic evaluations in Chapters 4 and 5. The bibliometric analysis demonstrated the
stark need to transfer economic evaluation evidence, especially across LLMICs. My experience

conducting the SMC cost analysis in Chapter 4 then demonstrated some of the shortcomings of
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standard guidance on how to improve the transferability of economic evaluations. Drawing on
initial work in Chapter 4, | developed in Chapter 5 a mechanistic cost model, which usefully

indicated how costs of several interventions could be expected to vary with contexts and some
modifications to the interventions. While a very valuable contribution, the development of this

cost model was a post-hoc analysis focused on better analysis of provider cost data.

In Chapter 6, | sought to generate more general guidance on how to improve the
transferability of economic evaluations conducted alongside trials or pilots in ways that would
be relevant to all intervention types and contexts. Nonetheless, | paid particular attention to
ensuring the usefulness and relevance of the guidance to LLMICs. As the need for such
guidance emerged from the experience of conducting the economic evaluations in Chapters 4
and 5, the critical review of transferability literatures presented in Chapter 6 was conducted
alongside and after the economic evaluations. The critical review therefore informed some of
the analyses conducted in the preceding chapters, but could not inform their study designs,
which instead reflected standard guidance at the time when they were done. The designing for
transferability guide in Chapter 6 was developed after both the economic evaluations and

critical review were complete.

In the designing for transferability guide, | draw on both my experience conducting economic
evaluations and also a wide-ranging critical review of literature streams, which offer insights
for improving the transferability of economic evaluations conducted alongside trials or pilots. |
argue that promoting transferability requires efforts from the earliest phases of intervention
design and that transferability is a complex question requiring a complexity perspective, even
for seemingly simple interventions. | identify four stages for a model-based economic
evaluation alongside a trial or pilot: I) Framing the economic evaluation, II) Model
identification and/or development, 1ll) Data needs identification, and IV) Analysis and
reporting. For each stage, | articulate key questions to guide analysts to close the

transferability gap.

Future research could pilot the guidance and seek to: understand how it has been used;
explore perceptions of its usefulness and contributions to the research process and to eventual
influence of the research on decision-making; and solicit recommendations for its
improvement. For such purposes, it would be valuable to pilot the guidance with research
teams working on both trials and pilot studies, for different types of health conditions, and
different types of delivery platforms, and in contexts where researchers have different pre-

existing relationships with decision-makers. Given that the guidance emerged from the
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experience of conducting the two economic evaluations presented in this thesis, it would be
particularly valuable to pilot the tool in interventions for communicable diseases other than
malaria, as well as non-communicable diseases, especially in a hospital setting and for curative
interventions. It would also be valuable to pilot the tool in a range of LLMICs, as well as in
upper-middle and high-income countries to understand the perceived relevance of the
framework and questions in diverse country contexts. Reporting examples of how the
guidance has been used, especially where theories of change have been developed with
specific reference to costs and effects, would likely facilitate wider use of the guidance, along

with critical reflections on areas for improvement.

7.3. Strengths and limitations

As the individual chapters within this thesis already include discussion of their individual
strengths and limitations, | reflect here on some of the strengths and limitations of the thesis

as a whole.

A key feature of this thesis is that it offers both policy-relevant findings in the field of malaria
control and methodological findings relevant for the conduct of economic evaluations. This
dual aim was valuable in bringing methodological considerations and rigour to the empirical
work and in ensuring that the methodological innovations drew on and could feasibly inform
practical experience in this applied, policy-focused field. Nonetheless, it could be argued that
pursuit of this dual aim has been at the expense of greater depth, which could have been

achieved if only one aspect or the other had been the sole focus.

This thesis also combines wide-ranging literature reviews and in-depth analyses. Engagement
with a very wide range of literature provided valuable perspective on the “big picture”. In
reviewing the applied economic evaluation literature, | examined a comprehensive cross-
section of the literature and conducted a range of quantitative analyses, which provided
insights into the economic evaluation field as a whole. In examining the literature related to
transferability, | again took a wide, multi-disciplinary approach, which allowed me to draw
valuable insights. By contrast, in conducting two economic evaluations, | collected and
analysed primary data in depth in a single geographical area and in doing so made substantial

contributions to areas of public health importance. | believe that this combination of breadth
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and depth has produced valuable insights, but it inevitably also leaves numerous gaps that

could be explored further in future.

The research setting in Senegal was both a strength and a limitation of the thesis. The research
benefitted from strong existing research collaborations between the London School of Hygiene
& Tropical Medicine, the Department of Parasitology at Université Cheikh Anta Diop, and the
Institut de Recherche pour le Développement, which greatly facilitated the inclusion of
economic evaluation components alongside the trials. Conducting the second economic
evaluation in the same locations and with the same institutional collaborators as the first
reduced the time required to familiarize myself with the local context and research partners
and to adapt data collection tools and made understanding and interpretation of the data
easier. The common setting for both studies also facilitated the direct application and further
development in the second evaluation of ideas generated in the first evaluation regarding the

role of health system structure and monthly implementation rounds in driving costs.

That the research only took place in a single setting was also a limitation. As the need for new
methods for making economic evaluations more transferable emerged from the economic
evaluations presented in the thesis, these economic evaluations and the PhD as a whole were
not originally designed with the aim of improving transferability. Exploration of transferability
could have benefitted from a multi-country study. The context in which the trials were
conducted seemed prima facie broadly representative of and potentially relevant to a large
number of people living with ostensibly similar epidemiological and socio-economic contexts;
however, the extent to which this assumption holds has not yet been examined, because this
thesis research was confined to a single setting. Comparing predictions generated by the cost
model for another context with the actual costs of implementation in that other context would
be a useful opportunity for model validation and possible refinement. Such an opportunity
may exist for SMC, which has now been implemented across much of the Sahel. A consultancy
report on SMC implementation in 7 countries in 2015 has been produced (Gilmartin and
Collins, 2017); however, meaningful comparison of model projections with these findings
would require engagement from and with individuals involved in implementation and cost
estimation in those countries and the usefulness of such an exercise would depend on the
availability of more detailed data (e.g. on resource use and prices) than currently reported. The
proposed guidance on designing for transferability has yet to be applied, and feedback from

practical experience of implementing this guidance — especially alongside pilots or trials of very
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different types of interventions, for different health areas, and in other contexts — would be

likely to contribute usefully to its further development.

The two economic evaluations were not originally undertaken with a focus on transferability;
rather, the importance of transferability emerged from the experience of conducting these
evaluations, the bibliometric analysis, and wider experience of leading the supplementary
issue in Health Economics. In part, the focus on transferability also reflects the explosion of
literature around transferability in the last few years. The ways in which transferability was

addressed were therefore constrained by the data that had already been collected.

This thesis recommends understanding the mechanisms of action through which costs are
incurred and outcomes produced as a means of improving transferability. While both trials
contained process evaluations, which helped to generate such understanding, these process
evaluations were not theory-driven and could have been more extensive, especially for the
hotspot trial. In one sense, this absence of explicit programme theory (represented in a
diagram) is understandable, as the central mechanisms of action for the interventions in both
trials involved medicines and diagnostic tests, and therefore could be viewed as “simple”, just
as many pharmaceutical interventions are described (Oakley et al., 2006). While the hotspot
trial involved many components, some might argue that the strategies evaluated were
“complicated”, rather than “complex” (Rogers, 2008). Yet, each intervention also involved
hundreds of community health workers travelling door-to-door to administer medicines,
diagnostic tests, and insecticide to large numbers of people, who were not ill, but who
nonetheless largely accepted these interventions. The interventions involved a cascade of
training and planning across levels of the health system and effects were generated both at
the individual and community levels, through indirect effects. As Petticrew (2011) observed,
“on close examination most interventions, including medical interventions, reveal themselves
to be complex.” Petticrew argued that the choice to view an intervention as complex or simple
should reflect the research questions, and not just the intervention. Producing an initial theory
of change, incorporating both costs and effects, and refining this theory of change through a
process evaluation is recommended for future evaluations; however, the practicalities of how
to do this usefully are unclear. Anderson and Hardwick’s “explanatory economic evaluation”
drawing on realist principles (Anderson and Hardwick, 2016) provided one example of how
resources could be included within a theory of change, but this example was drawn from a

retrospective literature review, rather than a prospective evaluation.
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| focused on methods for modelling transfer of costs and did not simultaneously model how
costs of implementation and effectiveness may covary. Incremental effects of preventive
malaria interventions are a function of underlying incidence, intervention coverage,
intervention efficacy, and care pathways and outcomes for malaria cases, all of which may vary
across contexts and with changes to the intervention. Understanding how costs and coverage
may covary across contexts is particularly challenging; a conservative approach is to model
coverage achieved through comparable delivery platforms in a given context and to model the
costs of achieving that level of coverage through a simple model, like the one developed in this
thesis. Achieving a higher level of coverage would require additional activities, which are
themselves interventions, whose effectiveness and costs would need to be measured. For SMC
and especially the hotspot strategies, the indirect effects of the interventions are a complex
function of intervention coverage and underlying incidence. Further work to model the
transfer of both costs and effectiveness across contexts would be valuable and would require
collaboration between health economists and infectious disease modellers to ensure that both

cost and effects are modelled with an appropriate balance of complexity and simplicity.

7.4, Conclusion

This thesis provides evidence generated alongside two trials in central Senegal on the
efficiency of SMC and packages of intensive malaria interventions geographically targeted at a
local level. The analysis of SMC showed that it was potentially affordable, even in highly
constrained contexts, but that the cost per child receiving the intervention varied substantially
across health post catchment areas, and, to a lesser extent, across the three monthly rounds of
administration. SMC has now been administered to tens of millions of children across the
Sahel. The second analysis revealed that relative to existing malaria budgets, targeted MSAT
and targeted MDA each incurred substantial costs, which were considerably increased when
combined with targeted IRS. As implemented in a low transmission context in central Senegal,
these geographically targeted strategies were found not to be cost-effective in reducing the

short-term disease burden.

This thesis also provides systematic evidence of the scarcity of economic evaluation research,
especially in LMICs, and therefore the imperative to make each economic evaluation as useful

as possible across a wide range of contexts. To improve the transfer of economic evaluation
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evidence from trials and pilots across contexts, transferability should become the guiding
principle throughout all stages of an economic evaluation. In particular, evaluators must clearly
conceptualize and articulate what an intervention is, and use understanding of the
mechanisms of action through which an intervention incurs costs and produces effects to gain
insights into the transferability of findings. From the outset of the evaluation, evaluators
should seek to identify and (where possible) narrow the “transferability gap” between planned
implementation within the trial or pilot and the intended decision contexts. Data collected
within the trial or pilot can and should be used to develop and populate simple, mechanistic
provider cost models to estimate how costs might be expected to vary with particular changes
to context or the intervention, thereby increasing the transferability of the findings. Future
research should explore, refine, and extend these approaches to promoting transferability so
that opportunities for data collection alongside trials or pilots can be fully exploited and used

to inform priority setting decisions across a broader set of contexts.
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Figure 51 Flow diagram of the data development process

The figure is adapted from the flow diagram recommended in the PRISMA statement on systematic reviews
(Liberati et al., 2009). The “eligibility” stage recommended by PRISMA is not used here as articles were not
reviewed for guality; dedisions to include records were based primarily on the record’s source, titie, and
abstract; the full text was only screened where the title was unclear and the abstract was not available in any

of the downloaded data.

Identification

Screening

ﬂ;ﬂtihﬂ!ﬁ electronical ly searchad:
Medline including in-process {7,566);

Embase (7,558);
Econlit [186);
Psycinfo (808):
LILACS (132);

Cinahl (2,580);
55C1 & SCI extended (8,738);
Biosis (2,643);
Scopus {9,006);
Scielo (162);
Global Health (2,219);

NHS EED (3,634);
HEED {2,175). /

I gt
| 27,407 records identified }—o

rﬂiﬁ,ﬂﬁ'l' unigue ;ecnrd-s sdentified
;Lind all bibliographic data retained

Ineluded

2,844 economic evaluations
identified and retained for analysis

Reasons for
exclusion

32,350
duplicates
identified;

bibliographic
data retained
and merged into

i unigue records
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Text 51 A note on database indexing terms

Im deweloping our sesrch strategy, we explored the use of controlled vocsbulary indexng terms, i
availzbie, ineach of the databases; unlike auwthor-defined keywords, these terms are genarally
applied to publications by profeszional indesers from a pre-defined set. Whils this standardization
should offer advantages, one drawback iz the delays in their application; while many of the
detabases offer basic dtation data &= supplied by the journal first, indexing takes more time and so
searches based exchusively on indsxing terms will exchede the most recent Iterature, to which index
terms have not yet been applied.

I Mediine and Embase, indexing terms are known as medical subject headings (MeSH| and Emires
{which is not an scromym ), respectively; both ars crganized hierarchically. While the onlby BesH term
refevant wo our search is “cost-benefit anabysis”, Emiree appears much more detailed and
appropriate, as it distinguishes “cost effectivenscss anakysis”, “oost utility analysis”, and “cost benefit
analysizs" from “oost control™, “oost minimization analysis”, and “cost of illness” within the broader
indexing term “economic evaluation.” When we comparsd the results of our searches in the title,
ghstract, and author-defined keywords for the key terms we ientified abowve with the results of
searches using MeSH terms (in Medling) and Ermiree terms (in Envbase|, we found that the
comtralled vocabulary terms were both lezz specific and kess sensitive. Our search terms identified
miany relevant articles missed by the MeSH and Ermtree indexers. By contrast, the conmtrodled
vorabulary terms greatly increased the number of search resufts, but a review of the first hundred
records identified by the MeSH term and, separately, by each of the three Ermtres terms [i.e. 200
records in total] after excluding records identified by our seanch terms identified onby one additional
article mesting cur indusion criteria [identified by the Emviree term “oost-effectivensss analysis™ |
We used this article to develop an additicnal st of search terms (based on “cost per »”} and
concluded that the Mei- and Emtree BM indexing terms were not wuseful for owr final searches, as
they identified 3 vast rumber of artides, many of which containsd no cost or other economic data or
analysiz | while omitting many relevant publications |

Another databases applying its own indexing is HEED . Om the "compound search” page, HEED offers
“nype of econ eval” as 2 search categony, a5 well 22 3 "type of articie” . While the associated picklist
does pot make this obvicws, HEED in fact categorizes economic evaluations as “oost effectiveness
analysis”, “cost utility analysis”, “cost benefit analysis™, “cost analysis”, “cost of iliness”, “cost benefit
analysiz”, and "oost consequences anakysis"; it allows a single record to be classified as multipks
types of economic evaluation, allows the user to specify onby “applied study™ as the “type of article”,
ard reports that its indexers are professional health economists. After examining this cdassification,
wee found that the terms for CEA CUA, and CBA were highly specific and useful when combined with
“applied study” as type of study | however, many publications in the HEED database were not
classified at all, making the search relatiely Insensitive even within the HEED database. In HEED, we
therefore implemented two separate searches: 1) using the HEED classification of the type of
economic evaluation, and 2} using our search terms in the title, abstract, and author-defined
keywords, and escluding records containing the specified @tegories, such that any records identified
by this search would be additional 1o records identified by the wuse of HEED's indexing.

The Econlit database uses the Jowrnel of Economic Literatuwre [JEL] classification system, however,
urdike the mdesng systems previously described, JEL codes are applied by the authors thersebes.
They break down the wider heafth economics field into 6 specified sub-fields, none of which
rention in their descriptions or examplas either applied or methodological work in ecomonsic
evaluation, “genera!” and “other” heaith economics categories are also provided. On reviewing 2
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selection of health economic evaluations in the Econlit database identified by title and abstract
searches, we found that while some authors combine the codes “DEL: Allocative Efficienoy; Cost-
benefit analysis” [within the microeconomics heading) and “112: Health Production™ [within the
health economics heading), other authors did not use these codes at all, dhoosing instead a wide
variety of other codes within the health, microeconomics, and “miscellanecus” headings in
particular, as well as others. Rather than using the JEL codes, we therefore decided to take a more
sensitive approadh in Econlit, and instead searched for “health” in all fislds, which would capture
the word “health” in JEL codes, but alse im journal title, keywords, article title, or abstract; we
combined this with keyword searches for our definition of economic evaluation.
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Text 52 Supplementary information on artide dassification

Health areas

‘We developed 3 cassification of 25 health areas 20 as to allow comparability with the Global Burden
of Dizease [GBD) estimates [World Health Organization., 2014], to be implementable with an
electronic key term search, and to permit meaningful analysis. The GBD uses four hierarchical levels
to dassify dizsease At its highest level, it classifies diseases as “Communicable, maternal, perinatal
and nuiritional conditions”, “Mon-communicable diseases”™ or “Injuries”, while at its lowest lewvels, it
breaks these down into 154 more specific conditions. We did not makntain the GEL's hghest level
classification because in some cases, it was not implementable (e g key t2rm searches could not
distimguizh betwesn communicable and non-communicable causes of respirstory dissases) and n
other cazes, we felt the distinction did not map coherently onto preventive and curative
iINterventions {e.2. we separsted “intenticnal injuries: seff harm” from ather incury categories ang
placed it in a single category with mental health ssues).

A setof up to 45 search temmns was developed for each of owr health areas through an iterative
process, We began by reviewing the names of sub-categones in the GED and the categories and
descriptions provided in the IC0-10 [World Health Organization., 2011) to develop an intial st of
search terms. We then reviewsd the titles and keywords of unciassified records in our database, and
continwed adding search terms until afl records im cur database which could be classified were
classified according to 2t least one health area Throughout the process, we reviewed samples of
record: within each health area, and reviewed in-depth the records igentified by search terms we
considered potentially ambiguows, before finalizing ouwr search terms and diseass classification.
Institutional and gecgraphic affiliatiens of authors

We analyzed data on the institutional aFilizton of all authors to develop a comprehensve picture of
the instiutions and countries contributing 1o health economic evaluations. We began by transferring
the institutionzl affiliation data from wide to long form and implementing the country keyword
searches previously developed. As affiliation data frequently did not name 3 courtry, unclassified
affiliations were then teratively reviewed and search termns for dity names and non-gecgraphic
institution names (g Harvard, Yalke) were identified and linked to countries, teking care to avoid
misclassifying search terms sudh as “York”, which cowld refer to the city {York) or county (Yorkshers)
in the United Kingdom, 1o York University in Canada, or to the city or state of New York in the United
Srates. In thiz way, nearly all articdes for which sffiliation data were svailable were dassified as being
produced by researchers in one or more specified cowntries, This data was further cross-checked
ic resghve inconsistencies and to obtain nstituticnal affiliation data for amy smicles remaining
without data Articles were then cassified by the income group of the country or cowntries of the
author affiliations and the countries producing the greatest volume of economic evaluations were
We further identified the top ten institutions within 2ach income group by volume of economic
carefully reviewsd to develop sets of specific key terms for institutions. As in previous work
{Wagstaff and Culyer, 2012, Rubin and Chang, 2002, schools, collepes and institutes were
aggregated with the university to which they belonged, with the exception of the high!y federal
Universities of London, California, Texas, and other similar uniersity systems, whose constituent
members were analyzed seperately. To the extert possible, hospitals and institutes wers associated
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are independenthy owned and managed, Harvard's 16 affiliated hospitals were aggregated with
Harvand. Once an intial set of ten institutions were identified for each income group, onby affiliations
the currently tenth-ranked nstitution. For example, the tenth-ranked UMIC nstibution, the instituto
Mexicono del Seguro Social, produced 7 economic evaluations, and 50 only affiliations from URIS
which had produced at ieast 7 economic evaluations were reviewed to identify individua! institutions
which cowld have produced st least this number. The searches for city names were then used to

Ir gddition, search terms were developed for international and inter-governmental organizations,
such as United Mations agencies and the World Bank, and for multi-national pharmacewtical
comipanies, regardiess of the country, if any, with which they were associated in their affiliztion
data. These were then aggregated into two groups, “international organizations" and
“pharmaceutical ndustry”, o permit considerstion of their relative influence.

This process allowsed 3 comprehensive assessment of the tota! volume of armickes produced by each
country and by income group, as well as a comprehensive assessment of top institutions, mking into
likeby to bizs rankings towards institutsone such as Yale, with it unigue namse which slso appears in
the name of all it constitwent schools and hospital, and away from institutions with & wider varisty
of permutations, abbreviations and possibly ambiguous versions of s name, such as the University
of York [Uiniv York, U York, but not York Linkversity), with Bull-York Hospital (Hull-York Hosp), which
were not always listed with the umiversity nams in the affiliation data.

‘We considerad a number of possible approaches for anatysing artickes with mors than one
institutional affiliation. Both Wagstaf and Cutyer [2012) and Rubin and Chang | 2003) were
constrained by the Econbit database, which onky provides data on the first three or four authors,
whereas we chiained institutional affilistion data for all authors. We considered assigning 2
fractional value [and even weighted fractional values reflecting author order) to each institution
based on the rumber of different authors or institutions represented on 2 given article |Aksnes et
al., 2012, Hagen, 2013, Retzer and Jurasinski, 2009). However, we rejected such approaches for two
reasons: first, we believe that the wse of zero-sum metrics establishes a perverse incentive against
ofe poEnt per institution per article, regardless of the numbser of instiutions or authors on a gven
article. This has the disadvantage of weighting the anabysis towards amicies from multiple
institutions, as these articles are counted muitipls Times.
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Table 53 Classification of journal types

The foilowing 15 a comprehensve list of how we classified journais gublisheng at least ore economic evaluation

et g U Critersa.

Health economics, policy, services, and for social science journals

Admmisiraten and Policy = Meniat Heslh and
Mental Health Servces Research

AIDS and behavisr

Llter

American Health anvd Drug Benefits

Applied Health Economics and Healtn Paoficy

Betaviour research and therapy

BMC HEALTH SERVICES RESELARCH

ML Megicat Informatcs and Decision Making

British lournal o Health Care Management

Butlezin of the World Health Organization

Cancer Management and Research

CHILDREN AND YOUTH SERVECES REVIEW

CiricoEoonomics and Dutcores Research

Cost Effectiveness and Resource Slocaton

Decision Soences

Epilepzy and Behawior

European losrnal of Health Economics

European Review of Agricultural Economics

Eupert review of pharmaopeconomics and outcomes
resgarch

Gesundheitoboromie und Qualitatsmanagement

GME kezlth technology assessment

Health A¥girs

Health Economics

Health Ecoromics Bevsew

Health Policy

Health Polioy and Planning

Heatth Palicy and Technology

Health Services Hesearch

Inzernational Journal of Technology Assessment in
Health Care

Israel Journal of Health Policy Research

dournal d Ecoromie Medicale

Journal of Benefit-Cost Anabysis

Journal of heatth economiacs

JOURMAL OF HEALTH SERVECES RESEARCH and POLICY

Journzl of Medics! Ecoromics

Journal of BMental Health Policy and Economics

Journgl of Hursne Maragement

JOURMAL OF NUTRITHIN ECUCATION AND BEHAVIOR

Journal of Pain andg Symptor Maragement

Journal of Pharmacestical Heaith Services Resedrch

Journal of Public Hezlth Manogement and Practice

Medica! Decison aking

Medite rranean lournal of Socal Scienoes

Ontare Health Techrology Assessment Series

Doern Pharmacoeconomacs and Hezsith Economcs
Journal

PhrarmacoEcoromics

PharmacoEoconomics - lalian Research Grticles

Pharmacoeconomics - Spanish Research Articles

Population Heaith Maragement

Perychological Serieoes

Besearch i Social and Administrative Pharmacy

Bevista medics del Institute Mevicano del Segure
Social

Social Psycheatry and Psychiatric Epidemology

South Bfrican Journa! of Econoeric and Managesrent
Scierces

Heaith Techrnoiogy Assessment Substance abuse treatment, prevention, and poficy
Heaithcare Pobicy Therapeutics and Clinical Risk Management
Interrational bovrnal of Behaviors! Motrition and Value im Health

Phiysical Activity Value in Heaith Reponal issues
knterrational losrnal of Drug Pelicy ¥ascuolar Health and Bisk Managerent
iOther

Amercan Warer Works &ssociation Journal
Chivg Blbuse and Neglect

Disasters

Ervirenmiernt interrational

Evrooean lovrnal of Ooerationa| Besearcn
Jourmial of inte rpeersonal vislence

Journa! of Water and Health

MATHEMATICAL BMMOIDELLIMG DF KATURAL
PHEMCERERN A

PLeS Ore

Tra Injury Prevention

Biomedical journals
[Rinsho ketswewi] The japarese jpurnal of cliricat lowa Orthogaedic Journal
hematology Iramian journal of newrolosy
Bcedemic Emenzency Medo e Irarmian bournal of Pediatrics
Aczgemic Padiztrics Iramian bournal of Pharmacectica! Besearch

Bcta Chisurgrae Othopsedicae =t Traumatoiog ae
Cechostovaca
Acta Chirurgeca Beigica

Iramian bournal of Radiology
ramizr Red Crescent Medical lournad
Irish Journa' of Medica! Science

Dwrma 47T =~ X7
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Acts chirica Beigica

Lcta pastroeenteraiogica Latinoamericana

Acts Medica Indenesiana

Acts meUreChE g

Aot Meursbosgics Scancinavica

Acta Mewroasychiatrica

Aot Dastetricia et Gynecologica Standimavica

Actz Dncologica

Aets Dghthalrologica

Bcta Mo-laryngoiogica

Bt Prprhiatrica Scandinavica

s Radiologica

Sites permo-siflinerafices

Gictas Uroiogicas Espanolas

Scupuncture in Medicine

Addurtion

&dvances in Clnical sind Experimenta’ Medicine

Edwances in Skin and Wound Care

Advances in Therapy

Lesthezic Surgery Journal

&frican hieatth sciences

&fricar Journal of SID5 Research

&frican journal of Urology

Age ard Ageing

AIDE

ADE Care

Alconal and AlconoksTr

Alcoholism CEnical and Experimentas! Research

Akmertary Pharmacobogy and Therapeutics

Akergelogie

Alzheimer's and Dementa

Smevican hear? jpurnal

Emevican lournal of Cardinlogy

Americar lpsrnal of Cardiovascular Drugs

&meevican boernial of Clinical Dermatelogy

American lournal of Clinical Onoology

American bousrnal of Emergency Medicine

American locrnal of Gastroenterology

Arperican lournal of Geriatric Popchiatry

Armerican fournzl of Health-System Pharmacy

AMERMCAN WOURKNAL OF HYPERTENSION

Arreevican kournal of Indusirial Medicine

Americar bousrnz! of Infection Contral

American lournal of Kidney Diseases

Americar lpuernal of Managed Care

American lpernal of Medica| Genetics Part &

Amrerican lourna! of Medicine

Emerican lournal of Neuroradiodogy

Srmrevican douornal of Dostetrics and Gynecoogy

American journal of ophthalmology

Armeerican loomal of Perinatology

Amrericar bourna! of Pharmacy Benefits

Emerican Joemal of Physical Medicine and
Renabilzanor

Amrerican lournal of Preventive Medicine

Americar louvrnal of Publc Health

Armerican bournial nFIIr'r-bI!;'f and l.ﬂlfﬂl

IS8Y Gastroentenobory

ISRM Obstetrics and Gynecology

kzlian keurnat of Publa Health

J&CC : Heart Failure

LEMA

IAMA Ophthaimology

JEME Pedratrics

lapanese lournzl of Opkthatmology

lapanese Pharmacology ant Therspeutics

fpint Cemmmission lournal ar Quality and Patient Sadfety

bornz Portuguees de Gastrenteroiogia

lournal de Mycologie MMedicale

dowrnal for Healtheare Quality

Journal of Aoguired tmmune Deficiency Syndromes

lovrnzl of Adofescent Health

tovrnal of Advanced Nursing

towrnal of affective disbrders

dournal of Aging Research

lournal of Alergy and Clinical Immunology

Journal of Aernative and Complemenmry Medicine

kourmal of &ntivirals and Antretrovirals

Sournal of Anwety Disorders

fourna! of Artkropiasty

fournal of &rthropod-Borne Doseases

rouvrnal of Asthma

bpurniad of bore and point surgery

tourna! of Bore and Mirera! Besearch

tovrnal of Brain Science

dpurnal of Broschology and bnterventional
Pulmonoiogy

Journal of Burm Care and Research

purnal of Cancer

fpurnat of Cancer Epademinlogy

fpurnal of Cardipthoracic Surpery

dpurnal of Cartiovascular Computed Tomogmphy

rovrnal of Cardiovascular Eiectrophysiohogy

bperniad of Cardiovasoular Magnetic Besonanoe

bournal of Cardiovascuiar Medicine

tovrnal of Cardiovascular Nursing

lournal of Cataract and Refractive Surpeny

kourma of Child and Soolescent Substance Sbuse

bowrnal of Child and Family Studies

kournal of Children's Orthopaedics

dowrnal of Clinical &pheresiz

lournzl of Clinical Endocrinolsgy and Wewmbolism

boerrnal of clincsl gastroeneroiosy

sovrnai of Clinacal Hyperten sion

lovrnzl of clinaczl bpioology

MIIRMNAL OF CLINFCAL MICROBIOLOGY

Sorrriad of clinical nursing

Journal of Clinacal Oncolagy

kourna of Clinical Periodoriology

Sowrnal of Clinacal Psychizery

lpurnal of Clinacal Steep Medicine

dpurna’ of Clinical Utrasound

bournal of Clinacal Virokogy
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Smericar locrna! of Roentpenoiogy

Gmerican kpernal of Speech-Langusze Pathology
Americar journal of sports medicine

&mericain kourrial of Surgery

AMERN &N JOURMAL OF THERAPEUTICE
&merican lournal of Transglantation

American loornal of Tropics! Medicine ang Hygene
Anesthesaimny

Angiclogy

Annalidi igene @ medicing preventva & d: comunita
Snnals of Allergy. Asthma and Immunology
Annais of cardiothoracic surgery

Annais of Emergency Medicine
Annzis of General Paypchiatny

&nnals of Hematology

Annals of Internal Medwine

Annals of Muclezr Medicine

Bnnals of Oncology

Bnnais of Pharmaootherapy

Annals of Plastc Surgery

Annals of rehabrlitation medicine
&nnals of Surgery

Annaisof Surgical Onoobogy

Ennals of the Rheumatic Diseases

Annzlsof the Royal College of Surgeons of Engiand
Annals of Thoracic Surgery

Annals of Vascular Surgery

Antmarebial Apents and Chemothersoy
Antiviral therapy

AMNZ Journzl of Surgery

Brchives of Disease in Childhood

Archives of Gyrecoiopy and Obstetrics
Archives of Imternal Medicne

Archives of Irenian Medicine

Archives of Medical Aesearch

Archives of Medical Science

Archives of Ophthzimoiogy

&rchives of Pathotogy snd Laboratory Medicine
Archives of Pediatrics and &dalescent Medicine
Archives of Surgery
ARCHNYOS DE BRONODNE M OLOGIE

Archivos oe Meurpoienciss

Argiivos brasiieiros oe card inlogia

&rgrives Brasileiros de OFEimologa
Argrives de Gastroenteroiogia

Arthrits Care and Research

Arthrosoopy

ARYA Atheroscerosis

Asign Biomedicine

Asian Pacfic bournal of Cancer Prevention
Azian Pacx boutral of Tropics Disesse
Aszig-Parific lournal of Clinezl Onoology
&ziz-Pacific lournal of Public Health

&tencion Farmacectics

Atencion Primaria

#ustralizn and New Zeaiand leurnal of Dbotetrics and

w

Journal of Cognitive and Behaviora| Psychotherapies

fourmad of comemunity healzh

bopurnal of Comparative Effectiveness Research

FOURNAL OF CROHMS and COLITIS

dournal of Crohn's and Colits

tovrnal of Cystic Fibrosis

lovernal of Dental Research

fournal of Dermatologics! Treaurent

tournal of Erdourology

lournal of Endovascular Therapy

FOURMNAL OF EPIDERAOLOGY AND CORMUNITY
HERBITH

lourna! of evatuateon in clinical practice

fournal of Food and Dirug Snabysis

lournal of Food Protection

MIURNAL OF FOOT AND ANELE RESEARCH

FOURNAL OF GASTROENTEROLOGY AKD HEPATOLOGEY

fournad of Gastrointestinal Cancer

bournad of Gastrointestinal Surgery

lovrnal of General irternal Medicine

Journat of Globai Health

bournai of pynecologsic onooloegy

bournal of hand surgery

journal of headache and pain

dpurnal of Hearing Schence

rovrnal of Heart and Lung Transplantation

SOURNAL OF HEPATOLOGY

tovrnal of Hospita! Infection

tovrnal of Hospital Medicine

louvrnal of Hypertension

kourna of Infection

bournad of lnfectious Diseases

tourna of Interventional Cardiology

dpurnat of Korean Academy of Mursing Sdministration

Jlourmz! of Kerean Medicsl Science

bpurnal of long-verm e Fects of medical mmplants

dovrnal of Lower Genital Trac: Disease

lpernad of Managed Care Mediome

bournal of Manaped Care Pharmacy

ipurnal of matemal-fetal and neonats) medicine

fournal of Medicai Colleges of PLA

kourna of Medical Internet Research

Sowrnal of Mental Hesleh

lpurnal of microbiology, immunology, and nfection =
Wi mian yu gar ran zazhe

FIournal of Nervoars and Merts Disesse

lovrnal of Kevrology

tovrnad of Kevrology Newrosurgery and Poychiatry

rovrnz of hevro-Ophmalmology

lournal of nevresurpery

fournal of nevrosufgery. Sping
bournad of Nevrosurpery: Spine

FOURN AL OF NEURDSURGERY-SRINE

Journal of Nuclear Medicine

fpurnad of Hursing Schelarship

bournad of Nutntien

FOURMN &L OF DESTETRICS ARD GTNAECOLDGY
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Bustralizn and Wew Iealmnd ppurnal of public nealth

Aysiraban Heakk Review

Bustralizn Journal of Primary Hesln

At

Biochemia medica

BioDrugs

Binlagy of Blood and Marrow Tranzplantation

Biohed reseasrck intermations!

Biomedica

BIFAEDSCAL ENGIMN EERING-BIOSM EDIZINISCHE
TECHNI

Biomedicat lournal

Biosecurity and Bioterrocism

BIOSTSTERMS

BIOTECHKOLOG ¥ and BEOTECHNOLOGICAL
ECHIPMIENT

BIDG: &n Intermations! Journal of Obstetrics and
Gyrascology

BJU Internateral

Blood gurification

BMC &resthesivlogy

BMLC Carcer

BMC Cardiovascular Disonders

BMC Clinical Pharmacology

BMAC Complementary and Alermative Medicne

BMAC family pracoce

BML Gamroenterclogy

BML infectaaus doeases

BMC Medical Research Methooology

BN BMadicine

BMC Musculoskeletiz! Disorders

EBAC Meurobogy

BML sonhthslroiogy

BML Pediatrics

BMCL gregnancy and childbirth

BMC Paychiatry

BMC PUBLIC HEALTH

BMC research notes

B

BMI Coern

BN guality and safety

BMI supportve and palli ative care

Boletin Medico del Hosaial Infantil de Mexico

Bore

bone and joint ppurnai

Brachytherapy

Brazilian bournal of Infectoous Diseases

Brazilian lourna! of PRarmaceutical Soences

Breast Cancer Research and Treatment

Breast Cancer: Targets and Therapy

Breast Care

Breastfercing Medine

Brish bournal of Angesthesia

Brivish lournal of Cancer

Brzish sourna! of Dermatology

Braish Journal of General Practice

Jouvrna! of Obstetrics and Gynaecoingy Canada
spurmad of Occupational and Environmental Medscire
dournal of Dccupations! Rehabilitation
lournal of Oncology Pharmacy Practice
tovrnzl of Oncology Practce
bovrma of Orthopaedic Reseanch
lournzl of orthopaedic trauma
bourriad of Ctolarynzolory - Head and Neck Surgpery
boerral of Pain and Pallateee Came Pharmacotherapy
lourral of pediaric sphtnaimology and srabismis
iourma of Pediatrics
bournal of Perinatology
Fournad of Periodontoiogy
spurnat of Pharmacy Practice
lournal of Plastic, Reconstructve and Aesthetc Sungery
lorrmal of Pepulation Therapeutas and Clinscal
Fharmacoiogy
tovrnal of Practical Oncology
bournad of primary care and community health
tovrnal of Pegchiatric Research
Journal of Peychosomatic Besearch
kournal of Public Heaith
HIURNAL OF PUBLEC HELLTH DENTISTRY
lournal of Esdiation Besearch
dpurna’ of Rehabd itation Medicine
bowrrna of research i heclth scences
tovrma of Seauzl Medicine
bournad of Shoulder and Elbow Sargery
tournal of Spinal Disorders and Technagues
bourriad of Stroke and Cerebrovascular Diseases
kourma of Szodees on Alcohol and Drogs
Jourrnal of Substance Abuse Treatment
kpurma of Surgical Oncology
bourrad of Surgical Reseanch
lournal of Telemedscine and Telecare
dournal of the Academy of Mutrition and Dietetics
bowrne of the American Academy of Audiclogy
boerma of the American Academy of Dermatolomy
lournal of the &merican College of Cardinlogy
loernad of the Americen College of Surgeons
MOURMNAL OF THE &MERICAN GERIATRICS SOCIETY
ourmz of the &merican Medical Directors Associznion
lournz of the &merican Medical Informatice
p Lo
touwrnaf of the &merican Pharmacists Bssociation
lourna! of the &merican Socety of Mephrofogy
Journal of the Balkan Union of Onoolosy
dovrnad of the Esropean &cademy of Dermatology and

Venersohogy
MOIRMNAL OF THE FORMOZEN MEDICAL ASSOCIATHIN

boernad of the Intemstonsl Assocaton of Providers of
A1D5 Care

Fowrnad of the Medical Association of Thattand

Journal of the National Cancer Institute

lournal of the Nationzl Comaprehensive Cancer
Nepwora

sourna of the Nevrological Scernces
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Brizish lournal of Haematoiogy

Brivish lournal of Dphinalmoiopy

Brizish Journal of Psychiatry

Brizish Journad of Sports Medicine

British Journal of Surgery

Bulletin du Cancer

Cadernos de Ssude Publica

CADTH rechrology overvews

Canadiar Journal of Cardiofogy

Canadian Journal of Irfectsous Diseases and Medical
K icrobiatomy

Canadian Jourma! of Dphthaimoiogy

Canzdiarn Journal of Surgery

Canzdian Journal of Uralosy

Canadiar Journal on Aging

Canzdian Medical Eszoriation Jourmal

Canadian Urolagica! &ssociation lournal

Cancer

Canoer Cauzes amd Coanoral

Canicer Epademinlogy Baomarkers and Prevention

Cancer Epideminlogy, Biomarsers and Preventon

Canosr Prevention Eesearch

Carciopenetics

CardioVascurar and Interventional Radoiogy

Cardiovascuar Drrugs and Therapy

Cargiovasod'ar journal of Africa

Cardiovascular Therapeutics

Caries Research

Cathetescation and Cardovastular Interventions

Child and Adolescmnt Peychiatry and hMenzal Health

Childhood Qbesity

Chinese Jaurna! of Cancer Prevention and Trestment

Chinese Journal of Clinical Matritsan

Chinese Journal of Clinical Oncobegy

Chinese Journal of Eveoence-Bazed Madicine

Chinese Journal of Lung Cancer

Chinese Journal of New Drug:

Chinese Journal of Oncology

Chinese lournal of Schistosomiasic Correl

Chinese Journal of Tissue Engineering Research

Chinese Pharmaceuvticsl Journa’

Chiness Preventve Medicine

Chonpging Medicine

Ciencia and sawde coleTva

Ciencia y Enfermera

Circuraton

Circulation: Cardiovascolar Oualty and Qutcomes

Circulation: Heart Failure

CIRCULATION-CARDIOVASCULAR QUALITY AND
OUTCOMES

Ciragia Espanola

Ciragia y Crujanas

Clinica & nwestigacion en Ginecologa v Obstetrioa

Clinical and Experimental Nephroiogy

Journz of the Pakistan Mediczs! Acsoozton

kourrzi of the Royal Society Interface

lournal of the Royal Socety of Medicne

Fournal -fm:rliﬂ-ﬂ'

topernal of Thoraor and Carndiovascular Surpery

kowrnal of Thorace Oncology

tournal of Thrombosis and Haemostasis

kournal of thrombesis and thrembolysis

lournal of Tradienal Chinese Medione

tournal of Trawma and Acute Care Surgery

kourra of Urban Health

Fournal of Urology

lournal of vasoutar and interventional nevrology

dournal of Wascular and Interventionz| Radickogy

lournal of ¥ascular Nursing

lovrnal of Yascuiar Surgery

FOURMAL OF VIRAL HEPATITIS

tournal of Women 't Health

lovrnal of wourd cane

S

EARDIDLOGIY A

Kidrey and Biood Pressure Research

Klirmik Dergisi

Elinische Moratshigter fur Augenhefkunde

Klirische P+ndstne

Eree Surgery. Soorts Traumatology. Arthresoopy

Eorean lournal of Theracic and Cardiowascular Sungerny

La Radiologia medica

Larcet

Lamcet Glogal Health

Lamcet infectiows Diseases

Larprzoscope

Leukemiz and Lymaohoma

Lin chuang er b yan hoo tow jing wai ke za zh = Journal
of clirical etorninolaryrpoboey . bead and neck
o |

Liver Transpiartation

Lisme Cancer

Kalare Joumal

Manazed Care

Tavernal and Chitg Heaith Care of Ching

athemancal Bioscienoes and Engmeering

tedical Care

MEDMCAL HYPOTHESES

MEDMCAL JOURNAL OF AUSTRALIA

Medical Jourral of Chinese People's Liberation &rmy

tedical Journa! of Maiaysa

tedicire, Health Care and Phicsophy

kterhodis: DeBakey cardiovascatar journal

hidwifery

Moderr Preventive Medicine

Molecelar and Climical Onoology

Molecular Diagrosic and Therapy

TAOVEMENT NSORDERS

Tluttiphe Scierosiz

Whycozes
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Clinicz| and experimentai obstetrics and gynecology
Clinical and Experimental Bheumazolony
Climical and translational ake-gy

Clinical Breast Canoer

Climical Cardiobogy

Climical drug mvestigation

Cliricat Gastroenterology and Hepatosogy
Clirical infectious Diseases

Clinical lournal of Pain

Clirical lournal of the &mericar Society of Nephrology
Clinia! Laboratary

Clirica! Medicine insights: Therapeustics
Clinical Microbinlogy and Infection
Clinical Mephrology

Climical Meurolosy and Neurosurzery
Climical Nesrophysiolosy

Clinical Mutriten

Clinical Onoology

Clirical orthopaedics and reizted research
Clinical Oholarynpoiomy

Clinica| pediatrics

Clinical Pharmacology and Therapeutics
Clinica! Rehabilitation

Clinica| Research in Cardiology

CLINICAL RHEUMATOLOGY

Clinical Therspeutics

Climicat Transplanwuon

Clinical Trizls

Clinics

ON5 Drugs

Cochrane Database of Sysmematic Beverws
Cocuk Erfeksiyor Dergisi

Colorectal Disease

Commrurity Dental Heatth

Community Dentistry and Oral Egsdemiology
Commurity Onoobogy

Contact Dermatitic

Corraception

Crisis

Critical Care Medocine

Critecai Pathways in Cardiology

Current Alzheimer Research

Currert Mediczl Research and Opinion
Current Onoology

Darsh Medica! Jeurnal

&Rl

[as Gesundheitswesen

Demrerntia and Geratric Cognitive Disorders
Dermatology

Dermatology and therapy

Diabetes and Vasoular Disease Research
Disbetes care

Diabetes Research and Clinical Pracuce
Disbetes Technology and Therageutics
Diabetes Tnerapy

Dizbetes, Dbesity and Membolsm
Diabetne Medacine

Man fang yi ke da woe voe bao = Jowrnal of Southern
Medical Unoersity

Matenal Medical Journal of China

Meanrology Dialysis Transplantation

Ketheriands Jourral of Medicine

Neurslog:a

[p—

Teurslogy

Neurs-pncolopy

Neurssurgery

Keurourology and Uredyrnamice

teew Biotechrology

REW ENGLAND JOURNAL OF MEDICINE

Nicotine and Tobacoco Research

teorth Carolina medical journal

Wutrition and Diabetes

OBESIMTY

Obesity Research and Chnical Practice

Dbesity surgery

Obstetrics and Gynecoiogy

Ccoupation and Health

Ccoupational Medicine

Ochsner journal

Crneelegiss

Orecology

Open Respratory Medione lourna

Open Rhevmatology Journal

Ophthaimic Epsdemislogy

Ophthaimolagica

Ophthalmobagy

Orzl Oncology

Orphanet journzl af rare diseases

Orthopedics

Osteaarthritis and Cartilage

Osteoporosis International

Celaryngolopy - Hesd snd Meck Surpey

Pacing snd Clinica| Electrophysoioey
Paegiztric &naesthesia

Paedizgrice and Child Haaith
PAEDEATRICS AND INTERNATION AL CHELD HEALTH
Pain Medcre

Pain phygician

Psin Practice

Pan African Medical Journal

PARASITES sna WVECTORS

Payesh Health Moritor

PEDIATRIC ALLERGY AND IBAMUKOLOGY
Pedatrc Cancinlogy

Pedigtrc Drugs

PEDIATRIC EMERGENLCY CARE

Pediztric Infectious Disesze fowrnal
Pediatric Transplantation

Pediatras

Pediztrics internations!
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Digestive ana Liver Disease

Diigestive diseases and sciences

Dipestive Surgery

Diseases of the Coton and Rectum

D Devieche Medizinische Worhensonrift

Drug and Alcohol Depencence

Drug Metabolsm and Fharmacokinetics

Drugs and Aging

Ear and hearing

ecancermedicalscience

Exspernmental'naia © kinicheskaia gastroenterologiia =
Experimental and clinical pgastroenterology

EMERGENCIAS

Emergerncy Medicine Journa!

Emerging infectious Diseases

Endascopy

Enfermedades Infecciosas y Microbioioes Clneca

Epsceriology snd Infection

Epiceminlogy and Psychiztric Science

Ealeass

Eoileazy Research

Eurapace

Europesr &nnais of Morhinotary ngolory, Hesd and
Neech Dicezses

Eurppear Chéd and Adeolesoent Popchiatry

Eurppearn Heart Journal

EURCPEAN HEART JOURNK&L-CARDID W ASCLILAR
IMaGihG

Eusropean Journal of Cancer

Eurppean Journal of Cardio-Thoracic Surpery

Eurepean lournal of Clinical Microbiology anc
Infectious Dseases

Eurepearn Journal of Clinical Mutrition

Eurepearn lourral of Gastroentershogy and Hepatobogy

Europesn lournal of Haematology

Eurcpear lourral of Heart Fadure

Earopear lournal of Hospital Prarmacy: Science and
Practoe

Eurgpearn Journal of Himman Genetics

European Journal of Integeratwe Medicine

Eurgpearn Journal of Meurolopy

European ournal of N oclear edicine and BMolecuiar
imagng

EUROPEAN JOURMAL OF OBSTETRICS and
GYNMECOURGY AND REPRODWCTIVE BUOLOGY

Eurppesn Journal of Bbhstetrics Gynecology ang
Reprod wctive Boology

Europesr lournal of Drhoosedic Surgeny and
Traumatology

Eurgpean Journal of Paediatric Neuroiogy

EURCQPEAN JOURMAL OF PAIN

Europear Jourral of Preventve Cardiology

Eurepean ppurnz of public heaith

Europear Jourral of Radwlogy

El.uup:qn Journal of Vaseular and Endevascular Surpeny

Eurcpearn Meurabogy

Eurppesr Neurspsychopharmacology

Peritonzal Dalyss international

Personalived Medicine

Prarmacogenencs and Genomics

P armacoEEnDmics

Prarmacotherapy

P armazie

Pryms: Bewisia de Saude Coletive

Pastic and reconstructive surpesy

PLOS MEDICINE

Pin5 Negiecved Tropical Diseases

Pl and R

Podsai Merkuriusz Lekamski

Poswepy Derratolog:i | &lergologii

Pomgracuate medicine

Practica! Pharmacy and Clinical Remedies

Preratal Diagnesis

Presse Mecica'e

Preventing ch ronic disease

PREVENTION SCHENCE

Preventive Medicine

Primary care dizsbetes

Primary Care Resporatory lournal

Proceedings of the Nationa! Academy of Sciences of
the United States of America

Progresos de Obstetricea y Ginecologa

Progress in Modern Biomedicine

Progress in Meuro-Psycnopnarmacology and Bepingacal
Peychiziry

Prostate cancer and prostatic diseases

Psychiatrische Prasis

Psychologxal Medicine

Psychoiogische Rundschau

Psycha-Oncology

Psychasomatcs

Psychatheragy Research

Public keaith nutrition

b

QUALITY OF LIFE RESEARLCH

Radinl. raz

Radeiogical Physics and Technaolegy

Radaoliomy

Ravoral Pharmecotheragy in Cardinlogy

Renhzbitaceon

Renal Falure

Reprodective s medicire onbne

Resegrch in Autism Spectrum Disorders

Research Journal of Pharmacy and Technology

Reumatolopa

Reumrateloga Clirica

Revista Brasdeirs de Cardevlog Invasiva

Revista Brasieirs oe Cirurgia Candiowasoular

Revista Clinica de Medicinag oo Fammiba

Revista clinica espanoia

Revista Colembrarz ce Cardiologia

Bevizta Colombeana de Obstetrica v Ginecologia

REVISTS D& ASSOCIACAD MEDICA BRASILEIRA
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Europear Radiclogy

Eurcpean RBespiratory bovrmnal

Europear Review for Medical ang Prarmacoiozical
Sciences

European Spine lowrnad

Europear Urclogy

Ewaluzton and Program Manning

Eviderce Basen Medicine

Esperimental ane Therapeutic Medicne

Eupert Beview of Bnticancer Therapy

Familial Cancer

Farmacia Hospitaiaria

Femzle pelvic medicine and reconstructive sungery

Fertiiity and Stecility

Fisioterapia

Food and Nutition Bulletin

Foot and &nkle | nterratioral

Foot anc Ankle Surzery

Fortschritte auf dewr Gehiete der Ronygensranien und
s Rukiearmegizin

Ferumr of CEnica’ Oncology

Frantiers in orcology

Gastroerteralogia y Hepatologia

Gastroenterokogy

Gastros ntesuna Endoscopy

Gazzetta Medoca ftalimnz

Genemcs in Medicine

Gerpoontology

Ginecniosia y Obstetrics de Mevico

ELOBAL HEALTH ACTION

Giobal Journal of Heaith Science

Giobal Public Health

Gt

Gut and Liver

Gynecolog Endocrinplogy

Gynecoiogic Oncalogy

Haematologica

Haemophilia

Hawaii Journal of Medic ne and Public Health

Health

Health Ouvtcomes Research in Medicine

Health gremation international

Health Paychatogy

Heary

Heart Lung ard Cisculason

Heary Rhythm
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Hematelogy! Oncology and Stem Cell Therapy

Hestitis Monthly

Hepato-Gastreerteroiogy

HEFATOLOGY

Hepatology Research

Hiryokika kiyo. Acta urologica Japonica

HIP internatignal

HIV Clirical Trizsls

HIV MEDICINE

Revista de Aszoc acao Medica Brasdeira

Revista de enfermeria [Barceiona, Spair)

Revista de 'z Sociedad Espanola del Dolor

Revista de Sabud Publica

Revista de Saude Publas

Revista espanola de anestesiologiz v reanimacion

Rewvista Espanala de Cardiobogiz

Revista Ezpana‘a de Crugia Ortopedica v
Travmatologiz

Revista Espana‘a de Ouimoserapa

Revista Expanoia de Salud Pubbica

Revista Mescans de Keuvrociencia

Revista Panamericana e Salud Publics

Revista Portuguesa oe Cardologia

Revista Salud Publica [Bozota |

Revue de Mederine lnterne

Rewvue ce Nearopoychologie. Nesroocienoes Cognitives
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Revue ges maladies respiratoires

Rewwe gu Rhumatsme [Editon Francaise]

Rheuratoiogy

Rheuratology Ineraational

Rizk &ralyns

RUSSAN DURNAL OF CARDIOLOGY

Szisd Publica de Mexico

Baiwd|ipCiencia

Sarcoma

Saudi Medical lournal

Scand@inawan Cardwwascular Journal

SCANDIN&VIAN JOURNAL OF INFECTHOLIS DISERSES

SCANDINA&VIAN JOURNAL OF PUBLIC HEALTH
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Schizophrenia Research

Semergen

Seminars in Spine Surgery

Sex Education

Sewsal Heslth

Sewcaly transmitted diseases

Sexualy Transmitved infections

Singapere Medica! Journal

Sheen

South African Journal of Dostetrics and Gynascology

South &frican Medical Jouma

Spire

Spire Deformty

Spire lourmal

EpringerPlus

STOCHASTI ENVIRONMENTAL RESEARCH AND RISK
ASSESSMIENT

Stroxe

Supportve Care ir Canoer

Surgery

Surgica’ Endoscopy

Surgical Endescopy and Other Interventional
Technigues

Surgicsl Laosroscopy, Endoscopy and Percutanesas
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Hang Kong Medical bournal

Hormone Besearck in Paediatrics

Hospital Practice

HPB

Human Beproductson

Human Vaccines

Human Vaociries and immunethers peutics

Imaging in Medicine

Indizr Journal of Community Medcine

Indiar Journal of Dermatology

Indizr Journal af Medical and Paedizric Oncology

Imdizn Journzl of Pharmacology

Indizn journai of public heafth
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Infection

Infection Coantrel and Hospital Epicemiclogy

Infectious Disezses in Dbhstetrics and Eynecology

Inflammatory Bowel Disegses

Influenza and other Respiratory Viruses

Injpary

Infury Prevertion

Insiphts into Fraging

InTensive care medicne

Internal medicine jourmnal

International Brazitan Jlournal of Urology

Inzermational Ferum of Alergy and RRrology

Inmernational Heafth

Internztional lourral for Quality in Health Care

International ppernal of Alzheimer's disezse

imvernztional bourral of Artericrobeal Aperts

International bournal of Cancer

Inrernational Jourral of Cardenimgy

Inzemational pourrai of chronic obstrective pubrmonary
disease

International ppurnal of chimical pharmacy

International ppurnal of clinical practice

Intermational Journal of COPD

Invernational Journal of Dermatology

International Journal of Drug Dewvelopment and
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International Journal of Eating Disorders

International laurnal of Environmentsl RBeseasch and
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Insernztionsl Journal of Geriatric Prychistry

International Journal of Group Peychotherapy
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Inmermationsl Jourral of Gynecology and Obsrerrics

International Journal of Health Care Qualiy Assurance

Inzermational ppernel of inflammamon

International bournal of Bedical Engpineerng ang
Informatics

Inrermationa! lourral of Nursing Studies

Invernational baurnal of Qesity

International ppurrsl of pediaric otorhinplarynpolosy

Intermationasl Journal of Prarmaceutasl Sciences
Review and Research

Inrermational bourral of Pharmacoiogy

Techniguees

Swiss Mledical Weekly

Techrology in Cancer Besearcn and Treazment

Telemedicone and e-Healtn

Theoretics! baolegy and mecica miodellng

Therspeutic Sdvances in Psychogharmacoioey

Thaorau

Thromboziz and Haemostasis

Throsmboasis beurnal

Thrombosiz Research

Tipgschrift woor Geneeskunde

Tebacoco Controi

Towcoan

Touins

TRANSACTIONS OF THE ROYAL SOCIETY OF TROMCAL
FAEDICINE AND HYGIENE

Transfusion

Transfusien and Apheresis Science

TRANSPLAKT INTERNATHOINAL

Transplantateon

Transplantatior Proceedings

Triaks

Traoica: Medicire and imternations] Health

Tumar

Turkgerm Der Hastalikiar ve Frengi firsive

TURKESH JOURNAL OF MEDICAL SCIENCES

Ukrssoond in Dbsuetncs and Gynecohagy

Uiniversity of Tororta Medica! Journal

Yaccine

Wazcinologie

Wascular and endovascular surgery

WYector-Borne and Zoonotic Diseases

Vesvk Dermatoiosi | Venerologii

Vojnosanitetszi pregied. Military-medical and
pharmaceutical neview

Yoprosy Onkologii

You sanguinis

Wiener Elinische Wechenschrift

Wiener Medizinische Wochernschrift

Work

Worle Chiness lourral of Dugestology

World bournal of Emergency Surgery

World lournal of Gastroenteroiogy

World jourmal of surgery

Worlkd Journal of Surgical Oncology

Worlt Neurpsurgery
Woungs

ZDRAVSTVEND VARSTVO

Zeiteehri®t fur Evidenz Formidung wnd Qualicst im
Gecunghetrwenen

Zeitzohri®s fur Berontologie und Geriztrie

Lhonpeue Stiyone Keike Zazhi / Chinese Journal of
Practical interng Medicine

Ihongeue Kinyao yu Linchuang Zazhi

Zhonpeue Zhong = yi jie he za zhi Zhorgguo Zhongriyi
jiehe zazhi = Chinese journal of integrated wraditional
and ‘Western n'lniil:i'nl:fIlﬂnE“ I'Il-r! u 'lli i'rl.- e
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International Journal of Pharmacy and Pharmaceutical
Sciences

International Journal of Preventive Medicine

International Journal of Radiation Onoology. Biology.
Physics

Intermational Journal of Spine Surgery

International Journal of Stroke

Internationzal Journal of Tuberculosis and Lung Disease

International Journal of Urology

Intermational Journal of Vascular Medicine

Internationzl Orthopaedics

INTERNATIONAL URBGYNECOLOGY JOURMAL

Internationzl Wound Journzl

10V5

nue hui, Zhongpuo Zhong yi yan jiv yuan zhy ban

Lhongzuo ZThong yao za zhi = Zhonggwo zhongyao zazhi
= China journal of Chinese materia medica

Lhonghua lao dong wei sheng zhi ye bing za zhi =
Zhonghua lsodong weisheng zhiyebing zazhi =
Chinese journal of industrial hygiene and
occupational diseases

Zhonghua liu xing bing xue za zhi = Zhonghua
liuxinghinguue zazhi

Lhonghua wei chang wai ke za zhi = Chinese journal of
gastrointestinal sungery

Zhonghua yu fang yi wue za zhi [Chinese journal of
preventive medicine]

Zhonghua zhong liv za zhi [Chinese journal of oncolosy] |
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Table 54 5earch terms to classify cost-utility and cost-benefit analyses

The following search terms were used to classify articles within our final database of full health economic
evaluations according to study type. Searches were conducted in titles and abstracts. Search terms could
classify an article as 2 cost-utility analysizs, cost-benefit analysis, both, or neither. Articles in our database which
did not contain search terms for cost-utility analyses or cost-benefit analyses were categorized as cost-
effectivensess analyses. Question marks (7] represent a single wildcard character or space.

Type of analysis Search terms implemented in Excel database

Cost-utility analysis Costutility
[Additionally, 211 results of DALY and QALY
searches also included]

CUA employing DALYs | DALY, Disability?adjusted?life?year

CUA employing QALYs | QALY, Quality>adjusted¥ife *year, EQ?5D, 5F736,
SF?12, SF26D

Cost-benefit analysis Cost?benefit, benefit cost, net*benefit,
net*monetary *benefit

Page 27 of 33

Appendices - Page 202 of 216



EfJo g a8ey

91T 40 €07 @8ed - sad1puaddy

FrEL LOBET TYLOL
SR00l L] %lt Tl ¥ TEl Sl
00 I WET Sl e 2 a5 yjuesg
%001 [ %ET %0 £8L BOE ojujahsy
001 L WL Tl =] ool R
001 L %EF %REt LETL 0ast IyEuL
001 F %aL b LIEE BESL aFsequug
00k g %It AT FES E¥EL SIS0g
Se0d @ %E a3 531 BELB FIDUIDG
40 Oy
a0 Ed WBL “aa i ELET 033H
Ay
08 al %IE Ykl LG9 s | s YyeaH
1EqT
gL B TelE Tedd ¥EEL ‘BegL BUpa
%35 FiE %ED %0E [i:For FIOE 033 SHN
50 51y U Jeybny
SITEQEJED W pUny ELIFILD

seoly puodag)  (SUDUETIEAS JWOUODDI uoisnjzu Buipaaw YaIeas

SUOREN[EAS SE PAIPSSER {sucqENEND suoneneas  Ag pagijuap

% WFOUDIS SHNSad YOUESS o 3] DRLLIOLIDEDS DY OB, ) SRS SpIOIad
SANE NN [EuGmppRY Apayioadg Apanisuag 10 Jaquiny J0 Jaquiny  IsEqElE(
0 L U syl saseomen
13410 g PRIUIP! ADERUE FT0YL PLUOAIY TLOLEN EAS JILOLOIT [EUDLIDE ITOW UL FAYHLIN UNUM I0Y] 0 SR0 Ul 3313 a8 sasegelep Sulm LAy SEONEREAd JHI0U0ID
40 SF0Wny 1538 3yl SRULLID PALSI) ISECELEM 1Siy ) PTOT AEW TT 0 PILIEIT SEM YIuM ‘SCEQELED TV FUT S0 103083 FTOT AR £ 4O BAIINDUOD AidM SaUDIRES ||y

SISEQEIED PUE SIIIE [fE — ISEqEIRR AQ sSSupuly Yless oF 0]



Ef40 67 388y

%ed
LA
%Red i
% %l
%Ed w %BE
%Cd BT
%ER : %8
%L e
08 WEL
_%oe ﬂiﬂ wGE
{151 5L w0 FAybiy
SITEQEIED UF pumoy ELIFLD
uﬂi_usnm_m.. (| SUDIEEN{EAS DILUOADHE 1 Bus
SUTHENEAS SE pJSEERD {suonENEAS
L BP0 SYMS3) YUESS 10 W) TWPBLICDS [EY0L J3 2 h FLL
_BAREnwn g |euoIppY Ayoyizadg Apagisuag N
SAISEQEIE0 SGEHUEAL 4O LONEWILEKD ) wiad 03 151 Syl 50 WoL0E P
12 panED U0 FAEY ABLL FTDT 40 PUT FYL WLy ROEHENE 30 01 BASEID JITY ABa g FUE STOT UMEY WO FRIOOE: EDON 0L BTea0 (3T THY Ty 159 Pl uo saydhy saseomen
li}lili!jﬁ iiﬁli!iii—!*tif‘-l!‘iii

J133H A= pue 033 SHKW Auipnpxs — aseqerep Ag sthapuy Y3iess 95 3ie]



EE 40 0F afey

S e PRonURE ADERUE 3004 PUOASE SLOILEN|ZAS JILOUOIE [EUSLIO08 J00W FUL BRLILID UILM S04T 40 B30 Ul 3303 e sasecmien Suiuimuay Tucaeniea
49 agwnu ssalin) 3 SRALET PRSI STI0RIEE 35 FL PIOT AR TT e PRLEIS TR L3um Inlﬂq!i:llllitl-l]ilili.lﬁ_

033H Aajim PUB (133 SHIN SUIpNiNG ‘SSLOUNDD SLDMI-SPPRY pue -moj SuApnis sapipe Ajuo — aseqelep Ag sBuipuy Yiiess /5 3ge|



EE 40 TE 28ey

917 40 907 @8ed - sad1puaddy

BEHTLE

ELE ¥Eo Ikl oa 08 :.ﬂm—u:_.mnwn““

sjewnol gz

o Tl i T 8T 59 WLl ...—.H- Ul SIJIE 5

sjewnol g} doy

ooa a0G oL £ o 1 sape _nq—n._.

spewsnol [

A Wl Tl IS RZD doy w1 sajape &

L56 Fid I BT L9 L speusnal jeyo |

[

i i 'L Oc ¥ sad mm__ﬁn_.._m_mEnﬂu.c.q
¥R DEET LEE LT ] Sa[ME [B10]

Iy SH__ sJl-seddn  siW-samo 5211

paapn3s sauyunod po dnoud s Ag PEIIUS0D [ELLINDT §5 e ]



917 40 £0T @8ed - s9d1puaddy

EE 40 [E aBey
T UL L CFa] LW L F SiE W%
%w0OL WET w0001 €9 WO0I OSEZ  w0OL  i6E wOOE AT %001 ol ey
%88 Zell WE¥E L AT Pl 505 61 ik P %ok ir sishpEue
S5IUIALIIYD
50
% a9 wWE b %¥FT IS %T W %ET € %01 i sisfeue
AJin-)50a
i_iiﬂ
%E B %L L %E 1] %E £l b E % g [Ajuo) sIsApEue
AUIG-IS0
%S £ WEL O RIE CIEEI R B %gL Zz %l L ATVD
T Zhi nFFr 8C Sk ¥E %l At SLEE i T ] ATva
95 o9 wAia B %8G FEEE Wb ZEL b ¥ g8 %i i& iKyuo} sishpue
Agn-yso7
3 N % M = M = M =% M % M sishjeue jo adf)
sdnosb swoauy SN SO
=l e SDIH -=adn il 500
PaIPRIS GNoIE SWodL|

smadogy) sassripe-dyienD gD el ag) passripe-Agesp
ATRID YO0 S0y TRLSMARY LEIUET A3LD 4 SEIAIRUE JAUSC-100T PUE AYAr-100T Y100 5T PRYITED 30 URD ST CRISATUE 1o3u3g-1500 40 AYjan-ino B o Apensads
F0W § AUgAp oF spaosian due Suideluod ou INg JOMEREAS NWDLDDE [N T 0 S ELELESD o Suneedd SEIIHE 01 Layad | SRok|TuE SESUANLIaYE-150, A)0EY 514l U]

dnioad uoow pue iy Ag sucgenEas MLOB0S Jo usipodo sd poe JBguUng 55 30|



References

LIBERATI, A., ALTRAAM, D. 5., TETZLAFF, 1., MULROW, C_, GOTZSCHE, P. C., I3ANMIDIS, 1. P., CLARKE,
M., DEVEREALIX, P_ 1, KLEUMEMN, J. & MOHER, D. 2005 The PRISMA statement for reporting
systematic reviews and meta-analyses of studies that evaluate health care interventions:
explanation and elaboration. J Ciin Epidemiol, 62, e1-34.

WORLD HEALTH ORGANIZATION. 2011. intemational stotistical dassificotion of diseases and reloted
health problems, 10th revision, edition 2010, Geneva, World Health Organization.

WORLD HEALTH ORGANIZATION. 2014. Global Health Estimates 2004 Summary Tables: DALY by
cause, age and sex, by World Bank income group category, 2000-20012. Gensva: World
Health Organization.

Page 33 of 33

Appendices - Page 208 of 216



Appendix 4. Supplementary materials for Chapter 4 (as published)

SUPPLEMENTARY MATERIALS

Large-scale delivery of seasonal malaria chemoprevention to
children under 10 in Senegal: an economic analysis

Catherine Pitt, Mouhamed Ndiaye, Lesong Conteh, Ousmane Sy, El Hadj Ba, Badra Cissé,
Jules F Gomis, Oumar Gaye, Jean-Louis Ndiaye and Paul J Milligan

CONTENTS

Supplementary Table S1. SMC costs in context
Supplementary Table S2. Input costs of key cost drivers
Supplementary Table S3. Resources used in SMC delivery

Supplementary Table S4. Variation in health worker time spent on SMC by month and
catchment area

Supplementary Table S5. Descriptive statistics: Cost variation across health posts
Supplementary Table S6. Factors associated with average costs
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