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Abstract

The key to effective scaling-up of coverage with insecticide treated nets is mdltiple effective
delivery systems that are complementary, each one adding incrementally to the overall
coverage. Generally, individual systems have been studied. A methodology is needed for
studying the effectiveness of individual delivery systems, mixes of delivery systems and their
relative contribution to coverage within a defined delivery system context. The insecticide
treated net voucher scheme in two regions of Ghana provided an opportunity to develop a

method of delivery systems evaluation.

The thesis consists of eight chapters. Chapter one is the introduction, and chapter two a
review of the literature on the delivery of ITNs. Chapter three presents the study justification,
aim, objectives, conceptual framework, a description of the study setting and the methods

used in the study.

The thesis has four results chapters. In the first of these the quantitative coverage outcome
evaluation of the voucher scheme is presented. Delivery attribution is used to evaluate the
success of the voucher scheme. In the second results chapter, the intermediate processes in
the delivery system are defined and the effectiveness of each one is assessed overall and by
geographic area and socio-economic groups. In the third results chapter, qualitative methods
are used to interpret the quantitative findings and to describe and explain the impact of the
delivery systems context on the effectiveness of the intermediate processes of the voucher
scheme. In the fourth of the results chapters’ recommendations on a methodology of

delivery system evaluation for ITNs and other public health interventions are made.

The final chapter is a discussion of the findings of the study in the two regions of Ghana and
their implications for the evaluation of delivery systems for ITNs and other public health

interventions particularly in relation to malaria control.



Summary

The aim of the study was to develop a methodology for delivery systems evaluation through

the experience of evaluating an ITN voucher scheme in Volta and Eastern Regions, Ghana.

Outcome and process evaluations of the voucher scheme were undertaken through
regionally representative pre- and post- implementation household surveys in each region.
The source of the mosquito net and use of a voucher in its purchase was used to attribute the
mosquito net to the voucher scheme. Qualitative interviews with a range of providers were
undertaken to understand the context within which the voucher scheme was implemented

and contextual changes that occurred during this period.

In Volta region, ownership of mosquito nets rose from 38.3% pre-implementation to 45.4%
(p=0.06) post implementation of the voucher scheme. Formal private sector nets purchased
with a voucher subsidy reached 6.5% of households. In Eastern Region, the proportion of
households owning at least one net increased during the implementation of the voucher
scheme from 15.0% to 26.0% (p<0.001). However, formal private sector nets purchased with
a voucher subsidy reached only 0.5% of households. In Volta and Eastern Region, two delivery
processes were ineffective. Just 40.7% and 21.1% of eligible pregnant women were offered a
voucher at ANC in Volta and Eastern Regions respectively. Amongst those women who
received a voucher, 36.0% and 30.7% used the voucher to purchase a mosquito net. A range

of contextual factors were found to have influenced the effectiveness of the voucher scheme.

The ITN voucher scheme was not effective in increasing household ownership of mosquito
nets in Volta and Eastern Regions during the evaluation period. There were two processes
that were ineffective which were the offer of the voucher to a pregnant woman and the use
of the voucher by the woman in exchange for a mosquito net. Inclusion of questions on
source of an ITN in a household survey can be used to attribute an ITN to a specific delivery
system, to enable a plausibility inference on the effectiveness of a delivery system in the
context of the presence of multiple delivery systems. A mix of quantitative and qualitative
process evaluations can provide evidence on the effectiveness of intermediate processes

within the delivery system and reasons for loss of effectiveness in these processes.
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Chapter 1: Introduction

1.1 Delivering Insecticide treated nets

In the poorer countries of the world, a large proportion of child mortality is caused by a few
preventabie diseases. Effective interventions against these diseases exist [1], but the
Millennium Development Goal (MDG) of reducing child mortality by two-thirds by the year
2015 will not be achieved unless there is a massive increase in the coverage of these
Interventions [2], especially in the poorest and most vulnerable groups [3]. One of these
iInterventions is insecticide treated nets (ITNs) which have been shown to reduce child
mortality by approximately 20%, saving 6 lives for every 1,000 under-five children protected
per year in countries of sub-Saharan Africa [4-5]). ITNs have been shown to be cost-effective
with an estimated cost per disability adjusted life year (DALY) averted of USD48 [6]. However,
coverage of ITNs, defined as use by children under 5 years of age is currently low at 20%
across 21 countries in the World Health Organization (WHO) African Region [7]. Use of ITNs
by pregnant women is lower at 17% across 32 countries of sub-Saharan Africa for which data
Is available [8]. We need to ensure that we are not only able to increase global and regional

coverage, but that we are also able to sustain this increase over time.

Global goals for ITN coverage have been a moving target over the last decade, firstly in terms
of the proportion of the target population who should be covered, and more recently in the
definition of the target population. In April 2000 the Heads of State, and other senior
government officials, of forty four malaria endemic countries in Africa signed the Abuja
Declaration by which they agreed to seek to achieve that “at least 60% of those most at risk
of malaria, particularly pregnant women and children under five years, benefit from the most
suitable combination of personal and community protective measures such as insecticide
treated mosquito nets by 2005” [9]. By 2004 it was already clear, based on coverage
measured using surveys conducted between 1997 and 2001[10], that this target would not be
met in the majority of African countries. Despite the challenges in achieving the Abuja
targets, a 2005 World Health Assembly resolution urged member states to aim to achieve
that 80% of those at risk from malaria should benefit from major malaria control
interventions, including ITNs by 2010 [11]. In 2006, an ITN Position Paper from the WHO

Global Malaria Programme (GMP) began to address the emerging debate on the target group
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for delivery of ITNs. This position paper recommended targeted distribution of ITNs to
pregnant women and children under five years in areas of perennial malaria transmission,
and delivery to the total population within defined high risk geographic areas, in unstable
malaria transmission areas. [12]. In April 2008, the UN Secretary-General Ban Ki-Moon called
for universal coverage with ITNs by 2010 [13]. The shift in strategy from targeting those at
greatest biological risk to “universal coverage” was formalised later in 2008 with the
publishing of the Global Malaria Action Plan. This plan was in essence, a global strategy for
the achievement and maintenance of universal coverage with malaria control interventions,

including ITNs, for the total population at risk [14].

Historically, mosquito nets were sold in markets in Africa and Asia long before the
development of the new technology of ITNs [15]; these nets were untreated, unsubsidised
and seen as a consumer good rather than a public health product. ITNs were originally
provided free by researchers to selected populations taking part in efficacy trials, and were
therefore mainly delivered by research teams, free of charge [16-20]. These efficacy studies
confirmed ITNs as a powerful intervention for reducing child morbidity and mortality [4] and
were followed by effectiveness studies to determine impact under programme conditions
[21-24). Effectiveness studies involved a variety of delivery systems, the first one being The
Gambia National ITN Programme [22], where insecticide was delivered free (though charges
were implemented subsequently) to treat mosquito nets purchased through the retail sector.
The focus of both efficacy and early effectiveness studies was impact of ITNs on malaria
morbidity and mortality; the systems through which the ITNs were delivered were not

evaluated.

In order to increase coverage of ITNs, the systems through which they are delivered must
reach the total target population, at the frequency required to maintain coverage. Typically
delivery systems have two components: (1) the channels through which a product moves
from the national level to the end user; and (2) the strategies applied to facilitate movement
of the product from step to step of the delivery channel. The delivery channels may be within
the public sector such as antenatal clinics (ANC) and campaigns, the private sector such as
Licensed Chemical Sellers (LCS), or composed of a mix of the two such as voucher schemes,
which deliver a voucher through the public sector delivery channel which is redeemed at

private retail sector outlets. The strategies to facilitate movement of the product applied to
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these channels include pricing policies (level of subsidy), the type or brand of product, the
extent and form of training and motivation of health workers, the formulation and packaging,

and the nature of promotion activities.

The details of the strategies may vary with different interventions, for example formulation
and packaging applies more to drug based interventions than other types of intervention.
There are therefore a multitude of potential delivery systems for most public health
interventions and most interventions will be delivered at any one time through more than
one delivery system (different channels, strategies, or both). A public health programme such
as a malaria control programme will consist of multiple interventions delivered through a

multitude of delivery systems.

In comparison with other public health interventions, ITNs are delivered through a diverse
range of systems, probably due to their being both a health intervention and a household
good. With a diverse range of possible systems for delivering ITNs the key is a co-ordinated
national strategy. The delivery systems within this strategy should be complementary, that is
the addition of a second system should result in incremental additional coverage, relative to
the first system. Additional delivery systems that share the existing coverage with little or no

increase in coverage will lead to a loss in efficiency.

Debates have raged over the last two decades on the most effective systems through which
to deliver ITNs. The debates have broadly centred upon the level of subsidy and the resulting
price to the end user [25-26], the utility of the private sector and public-private partnerships
[27], the socio-economic disparities in coverage achieved by different delivery strategies [28-
31), and the relative merits of campaign and routine delivery systems within the public sector
[29, 32-33]. Campaign delivery has included piggy-backing ITNs onto measles campaigns |28,
34], polio campaigns [35] and integrated child health campaigns including ITNs, measles
vaccination, vitamin A and mebendazole [36]. Routine delivery has mainly been through ANC

and the expanded programme on immunisation (EPI).

Much of the focus of implementation and resources over the last 5 years shifted to campaign
delivery with comparatively little attention paid to routine systems. It was accepted,

however, that ‘one strategy will not fit all’ for delivery of ITNs [12] that the key to success is
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diversity in delivery [37] and that both campaign and routine systems were needed. Whilst
acknowledging the successes of campaign systems in the rapid scale-up of coverage with
ITNs, there is a recent push for the use of a more equal share of resources for continuous
delivery systems for ITNs to those that have been made available for campaigns [38). The
term routine delivery system was replaced by ‘continuous delivery systemS’ as routine is
often considered synonymous with the public health system whereas the ongoing or
continuous delivery of ITNs may include other sectors such as the commercial sector. As the
focus shifts to continuous delivery systems it will be important to evaluate different delivery
systems in order to determine 1) the most effective and equitable mix of delivery systems to
ensure coverage of the target group; 2) the mix of delivery systems that are complementary
rather than competitive; and 3) factors that facilitate effective implementation by providers

within delivery systems and rolling out of effective delivery systems at a national scale.

1.2 Approaches to evaluation

Several approaches including programme evaluation, complex interventions evaluation,
realist evaluation, impact evaluation, process evaluation and theoretical approaches to
intervention adoption have been applied to evaluate the effectiveness of interventions within
routine programmes. Although these approaches are developed to evaluate the effectiveness
of the intervention itself, several methodological elements of these approaches could be

applied to evaluate delivery systems.

Three types of programme evaluation have been defined based upon the strength of
inference of the causal relationship between the interventions that are implemented and the
outcomes. Inincreasing order of complexity and strength of inference, these are adequacy,
plausibility, and probability evaluations [39]. Probability evaluations are randomised
controlled trials (RCTs) that are typically used to determine the efficacy of interventions. This
experimental study design with randomisation of participants to the intervention and contro!
groups has strong internal validity as this focuses on the effect of the intervention on pre-
defined health outcomes in a specific study population. This does not, however, provide
sufficient insight into why the intervention may or may not work in different settings. A
multitude of contextual factors will impact upon the effectiveness of the intervention when it
is implemented under routine operational conditions [40). The use of RCTs has been said to

strip away the context such that the findings are only relevant to other ‘context-less’
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situations [41]. Furthermore, differing levels of inference are required depending upon the

evaluation objectives; therefore experimental design and randomisation, essential to

probability evaluations, is not always necessary, nor feasible.

Plausibility evaluations are studies with non randomised control groups to evaluate the
effects of an intervention implemented in a routine programme. This design measures an
effect that can be attributed to a specific intervention over and above the effect due to other
interventions and external factors in a given context. The strength of the plausibility inference
varies depending to a large extent upon the nature of the control group and its ability to
control for confounding factors. Control groups may be historical, internal or external.
Typically historical controls are the same population in which an intervention is introduced
but the outcomes are measured prior to implementation of the intervention. Varied types of
internal control groups are possible but are generally constructed from among those in the
target population who should have, but did not, receive the intervention; alternatively, an
internal control group can take the form of groups that received varying “doses” or intensities
of the intervention allowing for the testing for a dose response relationship between the
intensity of the intervention and the outcome achieved. The most common form of external

control groups is comparable geographic areas which do not receive the intervention.

Adequacy evaluations evaluate whether required changes have taken place over time [39].
For ITN programmes these evaluations require the setting of targets for a level of coverage to

be achieved, or for an increase in coverage. No attempt is made in adequacy evaluations to

attribute outcomes to interventions.

Complex interventions are broadly defined as interventions that contain several interacting
components within a causal pathway, all of which influence the final outcome measure [42].
The causal pathways of public health interventions are relatively long, and each of the
intermediate processes that form the pathway need to be effective to translate efficacious
interventions into effective interventions. The complexity of the relationship between the
intervention and the outcome increase when a delivery system has a long causal pathway
with several intermediate processes. The effectiveness of intermediate processes should
therefore be addressed in evaluations. The United Kingdom (UK) Medical Research Council

(MRC) developed a framework in 2000 [42-43] for evaluating complex interventions which
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has since been updated [44]. More recently this definition was expanded by Shiell et a/ who
suggested that the complexity is not just due to multiple components but also to having the
properties of complex systems which undergo constant change in non-linear ways [45]. The
MRC guidance stresses the use of experimental designs with randomisation whenever
possible, and recognises the value of process evaluation to inform on how and why an
intervention is successful or fails. The concept of complex evaluations is often attributed to
this guidance and the recommendations of the guidance applied to programme evaluations.
However, the guidance was developed for the evaluation of ‘complex interventions’ in the
context of ‘proof-of-concept’, rather than for programme evaluation. Consequently, there are
limitations in the applicability of this methodology to programme and to delivery system

evaluation.

Both the programme evaluation and the complex interventions evaluation acknowledge the
need to understand the processes, or intermediate steps, involved in reaching the
intervention outcomes. Delivery system evaluation too, should not be just measuring the
overall outcomes but should also assess the functions and relationship of individual processes
within a delivery system and investigate the effectiveness of each of these processes. In order
to increase the effectiveness of the delivery of efficacious interventions all of the
intermediate steps in delivery must be effective. Investigating each of the intermediate steps
enables the identification of ineffective processes and therefore the design of interventions
targeting improvement of specific processes. Quantitative process evaluation may be used to
identify processes which are not effective and qualitative methods may then explore the
underlying cause of lack of effectiveness. The context within which an intervention is
delivered may influence both the effectiveness of the intervention and the system through
which it is delivered. Context is a non-specific term which covers a wide-ranging array of
factors. For malaria control interventions, these include but are not exclusive to, malaria
epidemiology, policies, demographics, health system factors, health facility factors, health

worker factors, the intervention complexity, and the delivery systems context.

Contextual factors were brought directly into the evaluation framework by Pawson and Tilley
in their realist evaluation approach [46]. Realist evaluation looks at how a programme works,
for whom and in what circumstances, based upon the assumption that outcomes of a

programme are explained by the action of specific mechanisms in specific contexts. Realist
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evaluation may be seen as a recent interpretation of a theory driven approach to evaluation
[47] where Context-Mechanism-Outcome (CMO) configurations are used to establish
patterns that explain outcomes. In this way realist evaluation is able to increase the external
validity of single examples of evaluations or case studies [48]. Impact evaluation which is
receiving increased interest and funding to measure the impact of development programmes
provides a further example of theory-based evaluation where causal attribution rather the

health outcomes per se are the main focus[49].

The recognition that both simple and complex interventions are usually implemented within
complex systems [45] presents a paradigm shift in consideration of the methods required for
programme evaluation, and a step towards recognising the need for delivery systems
evaluation. The ‘systems thinking’ approach [50] implicitly links intervention design to
evaluation in recognition that the system has an effect on the intervention and the
intervention has an effect upon the system. Here, evaluation is used to assess how the
system will react to the intervention and what positive effects may be augmented and
negative effects mitigated. Examples of interventions are presented along a continuum of low
to high intervention complexity, system wide effects, and need for systems thinking in
intervention design and evaluation. The integration of vouchers for malaria bednets into ANC
is presented as an example of a highly complex intervention that will have high system-wide
effects, and has a high level need for systems thinking in its design and evaluation. The
systems thinking model of assessing presents a way of approaching the design and evaluation

of interventions to be delivered through health systems.

Impact evaluation was developed for social sector programmes in developing countries and
aimed to ask whether targets have been achieved and what would have been the change
over the time period of the intervention if it had not been implemented. In order to assess
this ‘counter-factual’ effect, impact evaluation has attribution of outcomes to the
intervention at its core [51]. The International Initiative for iImpact Evaluation (3ie) have
defined the six key principles of impact evaluation as: “1) map out the causal chain
(programme theory), 2) understand context, 3) anticipate heterogeneity, 4) rigorous
evaluations of impact using a credible counterfactual scenario, 5) rigorous factual analysis, 6)

use mixed methods” [49].
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Process evaluation aims to identify the components of an intervention that are effective or
ineffective; for whom each component is effective or ineffective; and in what conditions or
contexts the intervention is effective or ineffective [52]. The concept of process evaluation
was introduced into the programme evaluation literature in the 1960s [53], but has gained
momentum in the last decade. Approaches to process evaluation, however, and what is
measured within the evaluation have varied widely [52], making comparisons impossible.
Steckler et al [52]recommended that at the least process evaluations should include
information on the reach, the dose (delivered and received), the fidelity of the intervention
and the context within which it was delivered. Whilst there is scope to use a wide range of
methods to evaluate processes, there is little guidance available on what are the most
appropriate methods to assess the processes of different kinds of interventions, and delivery
systems. There are certain overlaps between the concepts of process evaluation and
implementation fidelity [54). Whilst Steckler et al include fidelity of implementation within
their list of key components of evaluation; frameworks for implementation fidelity have

included elements of process evaluation [55-56].

The concept of community effectiveness is similar to that of process evaluation and has been
defined as the efficacy of control interventions at the community level [57-58]. In this
concept the main driver of efficacy at the community level is its effective application rather
than the efficacy of the intervention [59] and effectiveness is measured as coverage
outcomes [60]. The steps on the path from efficacy to community effectiveness are plotted
and the effectiveness of each may be assessed, effectiveness across socio-economic groups

may also be included in assessments of community effectiveness [61].

A more established theoretical approach which may be seen as a subset of programme
evaluation, where the focus is the introduction of a new intervention, is the diffusion of
innovations [62]. The literature on the diffusion of innovations has focussed, to a large
extent, on the innovation itself. Recently a conceptual model has been developed for
considering the determinants of diffusion, dissemination, and implementation of innovations
in health service delivery (and other service organisations) [63]. This model includes the
innovation itself; the adoption/assimilation process; communication and influence; the inner
(organisational) context; the outer (inter-organisational) context; and the implementation

process. This model provides the possibility of considering not just the elements of the
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innovation itself, but also how these fit within the health system into which they are

introduced.

In parallel to the above approach, an analytical conceptual framework on integration of
interventions into health systems has been developed [64]). This approach too, builds upon
the diffusion of innovations with health interventions described as complex innovations.
Integration has been defined as “the extent, pattern, and rate of adoption and eventual
assimilation of health interventions into each of the critical functions of a health system” [65].
The analytical conceptual framework developed by Atun et al/ [64) comprises of five elements
that influence the way in which an innovation is adopted into a health system, which are: the
nature of the problem; the intervention; the adoption system; the health system

characteristics, and the context within which the innovation diffusion occurs.

Evaluation of the effectiveness of delivery systems (single and multiple) is essential to provide
an evidence base for making strategic decisions. Although there has been substantial
methodological development in evaluating the effectiveness of interventions in routine
programmes, the methodology for evaluating delivery systems has not been well defined. In
this thesis, the introduction of a voucher scheme for ITNs in two regions of Ghana is used as a
case study to explore methodological issues in evaluating ITN delivery systems. The study
encompasses quantitative outcome and process evaluations together with qualitative
evaluation of both processes and the context. In particular, the focus is on the impact of
multiple delivery systems on coverage outcomes and the relationship between the
alternative delivery systems. The concept of delivery attribution is used to represent the
proportion of coverage outcome that can be apportioned to a specific delivery system, and
the methodology for doing this with varying levels of inference is developed. An overview of
the aim, objectives and conceptual framework of the thesis is presented below and in more

depth in Chapter 3.

1.3 Thesis outline

The thesis consists of eight chapters. Chapter one is the introduction as presented above, and
chapter two a review of the literature on the delivery of ITNs over the last two decades. In

the review delivery systems are characterised and evidence collated on the outcomes
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(coverage and socio-economic disparities) of alternative systems; and the methods used to
evaluate delivery of ITNs. Chapter three presents the study justification, aim, objectives,
conceptual framework, a description of the study setting and the methods used in the study.
In the study setting, the context of ITN delivery systems and coverage with nets and ITNs
prior to the commencement of the voucher scheme in Ghana, and the ITN voucher scheme

design and processes are described.

The thesis has four results chapters. In the first of these the quantitative coverage outcome
evaluation of the voucher scheme is presented. The primary outcome, ‘proportion of
households with at least one mosquito net’, is assessed pre and post implementation of the
voucher scheme, and across socio-economic groups. In this chapter delivery attribution is
used to evaluate the success of the voucher scheme. In the second results chapter, the
intermediate processes in the delivery system are defined and the effectiveness of each one
is assessed overall and by geographic area and socio-economic groups. In the third results
chapter, qualitative methods are used to interpret the quantitative findings and to describe
and explain the impact of the delivery systems context on the effectiveness of the
intermediate processes of the voucher scheme, and subsequently on the voucher scheme as
a whole. Reasons for loss of effectiveness which are identified in the quantitative process
analysis are explored from the perception of stakeholders, using the diffusion of innovations
theoretical framework of behaviour change. In the fourth of the results chapters’
recommendations on a methodology of delivery system evaluation for ITNs and other public

health interventions are made.

The final chapter is a discussion of the findings of the study in the two regions of Ghana and
their implications for the evaluation of delivery systems for ITNs and other public heaith
interventions particularly in relation to malaria control. A refined conceptual framework,
developed from the diffusion of innovations framework used in the qualitative analysis, and
based upon the interplay of processes and context is developed to aid in focussing of a

methodology for delivery systems evaluation.
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Chapter 2: Review of ITNs delivery systems and the methodology
of their evaluation

2.1 Introduction

The diversity of products constituting an ITN, and the corresponding diversity of systems
through which they can be distributed from manufacturers to households, has led to
considerable debate on how to scale-up and maintain coverage. The need to scale-up
coverage with ITNs was recognised after the findings of the efficacy and effectiveness studies
of the mid-1990s, and was consolidated in the Abuja Targets in 2000 by African Countries and
international organisations [9]. In 2002, Roll Back Malaria (RBM) attempted to provide
guidance on delivery mechanisms by developing a consensus framework based on existing
evidence, which provided strategic recommendations for developing national strategies for
scaling-up delivery of ITNs in sub-Saharan Africa [66]). The framework proposed a two-
pronged approach: targeted and sustained subsidies for those at greatest risk (biological,
economic or geographic risk), and the development of an enabling environment for
expansion of the commercial sector. Justifications for involvement of the commercial sector
at this time were based upon the fact that mosquito nets were household goods; there were
good examples of domestic commercial production, and concerns on the sustainability of

financing to maintain public sector delivery.

There have, however, been few attempts to clarify strategic options faced by national malaria
control programmes by clearly defining and classifying delivery systems for ITNs and their
evaluation. Hanson et al [67] described four models for the delivery of nets and insecticides
1) purely public sector delivery; 2) community-based projects; 3) social marketing; and 4)
encouraging the development of the private sector. Fielden [68] distinguished the delivery
and financing of nets and constructed a matrix of public, mixed, or private sector delivery and
public, mixed, or private sector financing (for distribution, logistics, sales and services). A
similar approach was taken in the Management Sciences for Health {(MSH) Long Lasting
Insecticidal Net (LLIN) business plan [69]) where the separation of delivery from financing
source/mechanism was used to help identify where different stakeholders participate in the
mosquito net industry. Lines [70] focussed on the delivery of insecticide, distinguishing

between public and private routes through which insecticides for net treatment could be

delivered to users.
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Delivery systems for mosquito nets and ITNs have diversified over the last two decades.
There is a need to develop frameworks for classifying these systéms so that their
effectiveness can be compared in different settings. Knowledge of effectiveness may then be
used to facilitate strategic decisions on which delivery systems or mix of systems to use in
different settings. The effectiveness of a delivery system may be assessed by measuring the

outcome it achieves, that is, the coverage of ITNs at the household level.

The objectives of this review were:

1) To propose a classification of ITN delivery systems

2) To group existing systems according to this classification

3) To synthesise evidence about the levels of coverage, and socio economic disparities in
coverage, achieved by each system

4) To provide a critique of the methods used to evaluate delivery systems for ITNs. The

findings of the review were then used to identify analytical gaps and future priorities’.

2.2 Methods

Two separate comprehensive reviews were conducted: review one was for objectives 1 to 3,
and review two was for objective 4. For both reviews the PubMed electronic online database
(US National Library of Medicine, Bethseda, USA) with no language restrictions was searched.
For review one the key search terms were: net, bednet, bed net, mosquito net, insecticide
treated, and ITN. For review two search terms included: insecticide treated nets, ITNs,
bednet, bed net, delivery, distribution, coverage, and evaluation. The reference list of each
paper thus identified was searched for further relevant publications. in acknowledgement
that many evaluations of ITN programmes are not published, the PubMed search was

supplemented with a search through grey literature sourced from consultation with experts.

' Elements of this review have been published in two papers:

Webster, J., Hill, J., Lines, J., Hanson, K. (2007) Delivery systems for insecticide treated nets in Africa: categorisation and
outcomes achieved. Health Policy and Planning 22: 277-293.

Webster, J., Chandramohan, D., Hanson, K. {2010) Evaluation of delivery systems for scaling-up malaria control
interventions BMC Health Services Research Jul 2:10 Suppl 1:58
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Papers and grey literature were included if they described the delivery of mosquito nets

and/or ITNs.

For objective 4, studies were included if they involved evaluation of the delivery of ITNs,
through one specific delivery system, through multiple systems, or through a new delivery
system. Studies were excluded unless they referred to a specific delivery system(s), or a
component of a specific delivery system. This review focused on the delivery channel. Thus,
evaluations of delivery strategies to improve uptake and use such as pricing policies,
education of providers and other such strategies were excluded. For each study, the
objective, evaluation method, primary outcome, type of control group and scale of operation

of the programme or the evaluation were extracted.

The first review was conducted in 2006 in order to define the focus the thesis and was
published in 2007 [71). This review was updated in March 2010. The second review was
conducted in 2009 as part of a wider investigation of methods for evaluating delivery systems
for malaria control interventions (including ITNs, IPTp Intermittent Preventive Treatment for

pregnant women (IPTp) and case management for fever) and was published in 2010 [72].

2.3 A matrix for classification of delivery systems for ITNs

The coverage outcomes of different delivery systems amongst different target groups and
socio-economic groups vary substantially. In order to facilitate the comparison of the
coverage outcomes of different delivery systems amongst different populations, the matrix
developed by Feilden [68] was adapted to classify ITN delivery systems (Table 2.1). Rows of
the matrix represent delivery sectors (public, mixed public-private, private and community
based), that is, the source of logistical or human resource input into moving the ITNs from
manufacturer to end user; and columns represent cost to the end user (free, partially

subsidised and unsubsidised).

Delivery sectors were further divided into delivery channels, which are the route through
which the ITNs pass from manufacturer to end user. Public sector is defined as largely under
the control of central/local government, and private sector includes all those outside of the
public sector whether their aim is philanthropic or commercial [73]. Public sector delivery

channels include routine health services, enhanced routine services (intermittent mass
29



delivery with no additional funding), and campaigns (intermittent mass delivery with
additional funding). Mixed delivery channels involve both public and private sector input into
delivery of ITNs (which includes logistic and/or human resource input in addition to purely
financial input). This channel includes voucher schemes and instances where delivery
through public sector outlets is assisted by the private sector (NGOs or commercial
organisations). Private sector delivery includes employer based schemes including those
supported by non-governmental organisations (NGOs), ‘non-profit’ organisations facilitating
delivery through commercial outlets, and the retail sector. Community based delivery
involves a heterogeneous mix of systems where the point of delivery is within the community
and involves a philanthropic aim (not necessarily exclusively) either through links with the

public sector, NGOs, or community-based organisations.

in the matrix, cost to the end user can be free, partially subsidised or unsubsidised. An
assumption is made that the channel through which an ITN is delivered and the cost to the
end user are the major factors affecting outcomes, and the source of any subsidy does not
enter into the classification of the delivery system. For example, where donor money is used
to assist the private sector, without public sector activities in the delivery, this is classified as
private sector delivery. Subsidies were defined as those directly applied to the ITN, and did
not include subsidised promotion and other forms of financial support not directly applied to
the ITN itself, delivery systems involving such forms of support were therefore described as

unsubsidised.

Delivery systems were placed in the matrix based on project descriptions identified in the
literature. The range of delivery systems that have been employed over the last two decades
to deliver ITNs (excluding efficacy trials), as described in available published and grey
literature, is presented in Table 2.1. The classification combined delivery sector and cost to
the end user in a 4 by 3 matrix, which was extended to a 9 by 3 matrix when delivery sector

was expanded to include different delivery channels.
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Table 2.1: Matrix of net/ITN/insecticide delivery systems by category and cost to the end user

Delivery sector Cost to the end user
Public Delivery channel Free Partially | Unsubsidised
e e | subsidised
Routine services ANC/EPI/MCH/Child Kenya [74-75] Ghana [81]
clinics Eritrea [76-77] Kenya [29, 32]
Uganda [78]
DRC [79]
Malawi [80] 4
Intervention packages - Mali [82] Benin [82]
mixed delivery Ghana [82] '
| Senegal (82) | |

e —

Enhanced Child Health Week / Days | Ghana [82]
| routine | Senegal [82)
Campaigns Measles | Ghana [28]
Togo (83-84]
Zambia [85]
Kenya [29, 86]
l Polio NIDs Niger [35, 87] Ghana [88]
| Ivermectin/Albendazole | Nigeria [89] LR L B
Integrated child health Tanzania (33, .
e | | 36] | .
Mixed Assisted routine ANC/EPI Kenya [29, 32, 90-
public- services 91]
private Malawi [92-94] N
Voucher scheme Routine service - retail Ghana [95]
| Senegal [96]
Tanzania (31, 33,
| 97-99] )
' Campaign - retail Zambia [85]
| Private | Employer-based | Workplace s Kenya [100-101] Sy
‘Non-profit’ Retail outlets Ghana [102]
organisations _ Kenya [29, 32, 86,
91]
Malawi [103]
' Mozambique
| _ | [104)
Tanzania [105-
_ 107)
‘—Retail sector Formal / Informal Cameroon [108]
Ethiopia [109]
| | Kenya [91, 110-
! 111]
Ghana [112]
| Mali [113]
| Mozambique |
[113-114]

| Nigeria [115-116]
Senegal [117-118]
Tanzania [33, 119]
Uganda [120-121]
Zambia [122-123]

Formal sector Burkina Faso
[124]

Informal sector The Gambia [15,
_ 125-128]
Community- | Community — Community (CBOs, Kenya [129] Mali [131]
based based | NGOs, women’s groups Tanzania [130] Zambia [132]
etc.) | Eritrea [86]
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Delivery of ITNs through routine health services has involved public-free and public-partially
subsidised categories of delivery systems. Child Health Days and Child Health Weeks are a
form of expanded routine activities, and fall into the public-free category of delivery system.
Combined delivery of ITNs with immunisation campaigns has involved both public-free and
public-partially subsidised categories of delivery system; however, the former has been more
com mohly used to date. Mixed-partially subsidised was by far the predominant delivery
category within the mixed public-private sector, however, there were examples of mixed-free
delivery. Within the private sector, delivery of ITNs and mosquito nets has involved both

private-partially subsidised and private-unsubsidised categories of delivery system.

2.3.1 Public sector delivery channels
2.3.1.1 Routine services

Two main channels of delivery have been used to provide ITNs through routine health
services: routine clinics, such as ANC and EPI, and intervention ‘packages’ such as the United
Nations Children’s Fund (UNICEF) Accelerated Child Survival and Development (ACSD)
programme in West Africa [82, 133]. Delivery through routine health facilities has invoived
either full or partial subsidies to the end user. Although there are now many examples of
delivery of free ITNs through ANC and to a lesser extent EP! in Africa [74-80, 134-135],
documented experiences are relatively few. In Ghana, delivery of subsidised ITNs though

ANC was managed by the National Malaria Control Programme (NMCP), the Regional Health
Directorates (RHDs) and the District Health Management Teams (DHMTSs). The cost of the ITN

to the pregnant woman was approximately USD2.20. In Eritrea, ITNs were delivered to

pregnant women through ANC free of charge [77].

The ACSD programme involved a package of interventions termed ANC+, EPI+ and Integrated
Management of Childhood lliness+ (IMCl+). ACSD was originally implemented in four
countries of West Africa (Benin, Ghana, Mali and Senegal) and then expanded to other
countries including Burkina Faso, Cameroon, Chad, The Gambia, Guinea Bissau, Guinea
Conakry and Niger [82]. Strategies for delivering ITNs through ACSD varied among countries,
including delivery of ITNs through routine health services and through community based
agents. In Benin, Ghana, and Senegal the end user had to pay a small fee, for example the fee
to pregnant women in Ghana was approximately USD0.50. In Mali, the ITNs were free to the

end user.
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2.3.1.2 Expanded routine
Child Health Days and Child Health Weeks have delivered packages of child survival

interventions such as the EP1 vaccinations, vitamin A supplementation and de-worming
tablets. ITN (re)treatment has been added to the package in some countries including Ghana,
Malawi, Senegal and Zambia. In some districts of Ghana and Zambia ITNs were also delivered
through Child Health Weeks, but less frequently than (re)treatment. All interventions were

generally delivered free of charge to the end user.

2.3.1.3 Campaigns

The first documentation on the combined delivery of ITNs with immunisation campaigns was
from four countries (Ghana, Niger, Togo and Zambia), although combined campaigns have
now taken place in other countries. ITNs were delivered alongside measles campaigns in
Ghana, Kenya, Togo and Zambia; in Ghana and Niger, ITNs were delivered during a polio
national immunisation day (NID) and in Nigeria together with mass distribution of
ivermectin/albendazole. The first of the combined measles and ITN campaigns was
conducted in Ghana, with the activity taking place in one district (Lawra, Upper West Region)
during a national measles campaign in 2002. This was followed by implementation in5
districts of Zambia, four in which ITNs were delivered directly, and one in which the (full)
subsidy was delivered in the form of a voucher to be redeemed in commercial sector outlets.
Togo provided the first example of the combined delivery of ITNs with a measles campaign at
the national level, in which ITNs were delivered free of charge to the end user. During the
2004 polio NIDs in Ghana, ITNs were delivered with vaccinations in one Region (Central
Region). Unlike measles campaigns which involve vaccination at static points, polio NIDs
involves door-to-door delivery of vaccinations. In order to avoid the logistical difficulties of
volunteers carrying bulky heavy ITNs, vouchers were delivered to those vaccinated. The
voucher entitled the holder to buy an ITN for approximately USD4 at designated health
facility delivery points, thereby providing a partial subsidy (approximately USD2.20) on the
ITN. This is the sole example identified of partial subsidies on ITNs delivered through a

campaign.

Since the change in strategic direction from goals of covering pregnant women and children

under 5 years, towards universal coverage of the whole population in areas of malaria risk,

the focus has changed from integrated campaigns to stand-alone ‘universal campaigns’.
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Although these have been implemented in some States of Nigeria and Tanzania, data on

coverage outcomes achieved are not yet publically available.

2.3.2 Mixed public-private sector delivery channels

In voucher schemes, the subsidy was generally delivered through the public sector, and the
product delivered through the private sector. This allowed targeting of the subsidy at the
public sector level whilst still allowing the private sector to benefit from a sale, as well as
allowing the programme to take advantage of an existing distribution system. Where the
voucher has been delivered through routine health services all subsidies have been partial,
with the end user paying a top-up fee when exchanging the voucher for an ITN. However, in
the Zambia pilot study where delivery was through a combined measles and ITN campaign,

the ITN subsidy was delivered via a voucher which provided a 100% subsidy in one district.

In many countries the delivery of partially subsidised ITNs through routine health facilities has
been supported by an NGO, Population Services International (PSI). The scale of distribution
varied from one district (Angola) to national level (Malawi and Kenya) and the cost to the end
user from USDO0.40 in Malawi to USD2.80 in Angola. Although this model of delivery was
often referred to as the ‘ANC model’ of social marketing [136], it was quite different from
classical social marketing and in addition, ITN delivery was not limited to pregnant women
through ANC services but often included children less than 1 year of age who were reached

through EPI. This delivery channel is defined here as assisted routine services.

2.3.3 Private sector delivery channels

Private sector delivery of mosquito nets has involved a diverse array of traders including
manufacturers, wholesalers and retailers selling ITNs through a wide range of outlets. It was
difficult to determine which part of the private sector was involved in many of the
documented experiences. Classical social marketing supported by NGOs with delivery of the
ITNs through retail outlets may be viewed as an ‘assisted private sector’ approach. The same
applies to projects such as NetMark where the NGO provides technical and marketing
support to the private sector, and the Futures programme in Nigeria with a subsidy on
promotion. These latter projects where the subsidy was not directly applied to the product

were also sometimes referred to as social marketing. Due to the diversity of approaches for
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delivery of ITNs that are loosely called social marketing it was preferable to develop more

specific categories.

Programmes in which NGOs provided support to ITN delivery through retail outlets were
‘non-profit’ and defined as assisted private sector delivery. In such channels, the ITNs have
usually been delivered to the retail outlets by the NGO rather than being sourced by the
retailer themselves, and are subsidised (in the form of subsidised product and/or subsidised
marketing and promotion) before reaching the retail outlets. Assisted private sector delivery
of ITNs has involved costs covered by donors such as technical support, marketing and

distribution even where the price of the ITN itself was not directly subsidised.

Within the ‘non-assisted private sector’, there were two different types of delivery system
defined by their delivery points. The ‘formal commercial sector’ included static or ‘closed’
outlets such as shops, supermarkets and pharmacies where products remain in the outlets
overnight, and the ‘informal commercial sector’ included markets, kiosks and itinerant
traders where products were removed from their point of delivery at the end of each trading

day.

No examples of free nets or ITNs delivered through the private sector were found; though

social marketing through retail outlets has involved partial subsidies on ITNs.

2.3.4 Community based delivery

Most community based distribution of ITNs has been through small-scale projects. Such
projects have been implemented in many countries since the 1980s; most have operated on a
limited geographic scale, focussing on a few villages or districts [137]. Projects involving
community based delivery are heterogeneous in structure, some with government support
such as the Ministry of Health (MoH)/UNICEF supported project in Luapula Province Zambia
[138), and others with no government input. Some projects have delivered ITNs to the
community free of charge but most have involved partial subsidies, the small charge to the
end user often providing some level of incentive to the community based volunteer or sales
agent. Kilian et a/ [139] have recently presented an alternative classification of delivery
systems for ITNs in which they include campaigns amongst community based delivery

systems.
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2.4 Coverage outcomes by delivery system

RBM recommend three standard indicators to assess coverage outcomes of ITN delivery
systems. They are “the proportion of households with at least one ITN”, “ the proportion of
nregnant women who slept under an ITN the night before the survey”, and “the proportion of
children under five years of age who slept under an ITN the night before the survey” [140-
141]. The ITN coverage outcomes reported by each of the studies presented in Table 2.1 were
reviewed. In the studies of private sector delivery, outcome measures included coverage
with untreated mosquito nets as well in order to capture the coverage achieved through the
informal private retail sector. Although several projects have begun to support delivery of
ITNs through the private sector, this is relatively recent and subsequent to most available
data sources [30]. Where RBM indicators have been used to measure coverage outcomes, the
reported coverage outcomes were shown in the relevant cells within the delivery system
matrix (Table 2.2). Where the coverage indicators reported in the studies differed from the
standard RBM indicators but could be explained with a simple qualification, they were also

included in the matrix with the relevant annotation.

The equity ratio was used to compare equity of coverage achieved by the different delivery
systems. Households were first divided into socio-economic quintiles based upon an index
constructed from data on housing conditions and ownership of a range of household assets
[142]. The equity ratio was then calculated as the ratio of coverage in the poorest quintile

compared with the least poor (or richest) quintile.

The majority of data points available on coverage of ITNs were from household surveys
undertaken following the implementation of specific programmes of delivery of ITNs. They
tended to assume that most of the coverage could be attributed to the specific delivery
system. In the matrix the same assumption was made. However, the validity of this
assumption depended upon the history of delivery of ITNs within the area, particularly on
private sector activity, and tended to over-estimate coverage achieved by a specific delivery
system. A more important limitation was where the equity of coverage was assumed to be
due to a specific delivery system. For example, a new programme may deliver ITNs in an area
where coverage has previously been very inequitable. Unless baseline and post

implementation surveys are undertaken, any improvement in equity may be masked.
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Coverage data were available for the public-free, public-partially subsidised, mixed-partially
subsidised, private-partially-subsidised and private-unsubsidised categories (Table 2.2). The
country, scale, and timescale of delivery of ITNs and mosquito nets through each of the
delivery systems varied. The evaluation surveys provided snapshots of outcomes which did
not reflect changes over time, nor did they reflect the intended period of delivery, or point in
the programme cycle. In Table 2.3 the country, duration of implementation, point in the
programme cycle (completed or ongoing), the number of months after commencement or
completion of the project at which the evaluation was undertaken, and scale of the
programmes from which the coverage data were derived were clarified. The coverage data
oresented in Table 2.2 should be interpreted in the light of the duration of implementation
presented in Table 2.3. Where the programme has ended, the level of coverage presented
was likely to represent the highest level achieved by the specific system. In the absence of an
alternative system or replacement system, coverage was likely to fall subsequently. An
exception to this was where there were seasonal variations in use, depending upon the time
of implementation of the survey by which coverage was assessed. For example, if use was
assessed<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>