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The evaluation of Easy Access Groups as a Tool for Malaria

Surveillance in Chikhwawa, Malawi

Sanie Samuel Sogoyan Sesay

Introduction: Malaria is a major public health problem in Malawi and a lack of
decline has been observed in the past decade despite the scaling up of control
interventions. Continued surveillance for malaria is needed to evaluate the effects
of the increased malaria control efforts, but obtaining estimates of malaria control
indicators through population-based surveys is logistically and financially
challenging. Surveillance in easy access groups (EAGs) provides a complimentary
approach to measure malaria control indicators in different risk strata, but there is
limited evidence on the comparability of measurements from such surveys and
household surveys in the same population. We report the evaluation of several
EAGs in the background of a concurrent continuous population-based household

survey in the same catchment population.

Methodology: Between May 2011 and April 2013, within a 707km? high
transmission rural area of Chikhwawa district in Southern Malawi, we conducted
two continuous EAG surveys, one in children attending EPI clinics for “well child”
visits and any accompanying sibling below 5 years, and one in all pregnant women
attending ANC, to determine population estimates and geospatial heterogeneity of
malaria burden and uptake of control interventions. We evaluated the accuracy of
the EPI clinic survey by comparing to a random probability sample of the same age
strata in the population, and used a combined geostatistical model to estimate and
adjust for any residual bias. In the ANC survey we used a similar combined
geostatistical model including a probability sample of women of childbearing age
(15 to 49 years) from the population to validate our estimates. We also compared
the performance of continuous surveillance in children attending EPI clinics with
that of household surveys in determining short- to medium-term temporal trends

in malaria control indicators.



Results: When we compared average estimates from the EPI clinic survey and a
contemporaneous probability sample of the same population age strata, our results
indicated that controlling for geospatial bias improved the accuracy and geospatial
representativeness of estimates from this EAG. Our results also suggest that spatio-
temporal models may be more appropriate to present short- to medium-term trends
in malaria control indicators. When we used a combined geostatistical model
including women attending ANC and a contemporaneous random sample of
women of childbearing age in the population, our results indicated that
primigravidae less than 20 years were the most likely risk strata in pregnancy to
detect geographic variation in PfPR. This risk strata however seemed less sensitive
to small scale variations in transmission compared to children attending EPI clinics.
We believed this to be due to a combination of higher age specific immunity in
pregnant women attending ANC and decreased level of spatial accuracy due to the
use of village-level coordinates in the ANC survey compared to household-level

coordinates for children in the eMIS.

Conclusions: Surveillance in EAGs is promising complementary low-cost approach
to monitor and/or target malaria control interventions. The use of a hybrid
sampling methodology combining the EAG sample with a small probability sample
of the population could resolve bias in the geospatial representativeness of the data.
This method of surveillance urgently needs to be evaluated in other transmission

settings.
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1.1 Topic overview

1.1.1 Introduction

Malaria is the most important human parasitic infection with an estimated
3.3 billion, or 40 percent of the world’s population, at risk for malaria. Malaria is a
protozoan disease caused by over 100 parasite species and infection has been found
in a wide range of vertebrates including reptiles and birds. Malaria is transmitted
by Anopheles mosquitoes and five species of the genus Plasmodium are responsible
for all human infections: P. falciparum, P. vivax, P. ovale, P. malariae and P.
knowlesi(Snow and Gilles, 2002). The greatest global clinical burden is due to P.
falciparum and P. vivax. P. falciparum predominates in sub-Saharan Africa and parts
of Oceania (Gething et al., 2011; Gething et al., 2012), whilst P. falciparum and P.
vivax are roughly equally prevalent in most of Asia and South and Central America
(Gething et al., 2011; Gething et al., 2012). Ongoing malaria transmission is present
in 97 countries, and, in 2012, it caused an estimated 207 million cases and 627 000
malaria deaths (WHO, 2013a). Young children and pregnant women are at greatest
risk of malaria-related morbidity and mortality, especially in areas of stable
transmission. Sub-Saharan Africa bears the brunt of the burden of malaria with
more than 80% of all malaria cases and 90% of all malaria deaths(WHO, 2013a).
Most cases of morbidity and mortality are caused by P. falciparum though recently
P. vivax is proving to be an important cause of morbidity and mortality (Tjitra et al.,
2008; Kochar et al., 2009; Price et al., 2009). Plasmodium knowlesi, a zoonotic infection
originally found in Macaca fascicularis monkeys is further emerging as a cause of
severe and fatal human disease (Cox-Singh et al., 2008; Kantele and Jokiranta, 2011;

William et al., 2011; Antinori et al., 2013).

Over the past decade, an increase in funding to support malaria control has
allowed the widespread deployment of proven interventions in many endemic
countries, contributing to substantial reductions in malaria morbidity and mortality
in some countries (Nyarango et al., 2006; Bhattarai et al., 2007; Erhart et al., 2007;
Sharp et al., 2007; Ceesay et al., 2008; O'Meara et al., 2008a; Rodrigues et al., 2008;
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Ceesay et al., 2010). A major turning point for malaria control was the call for
renewed effort at achieving malaria eradication by Bill and Melinda Gates in
October 2007 (Roberts and Enserink, 2007). These led to renewed motivation for
malaria control and the re-establishment of the global agenda of malaria
elimination with possible eradication(Tanner and de Savigny, 2008). A rigorous
scientific consultative process involving more than 250 scientists, the Malaria
Eradication Research Agenda (malERA) initiative(WHO, 2008), was set up to
ascertain knowledge gaps and new tools that will be needed to eradicate malaria
globally and to complement the Global Malaria Action Plan (GMAP)(RBM, 2008a).
A research agenda for malaria eradication was published in a Public Library of
Science (PLoS) Medicine monographic volume(malERA, 2011a) to guide the
research and development priorities for malaria eradication. Around the same time,
a paradigm shift occurred from improving malaria control and reducing morbidity
and mortality, to the development of tools interventions and strategies to interrupt
transmission and lead to the ultimate eradication of parasitic infection from the
human population. National Malaria Control Programs (NMCPs) are now tasked
with obtaining accurate timely estimates of malaria transmission to determine the
health impact of deployed control interventions through nationally representative
population surveys; a process that will become increasingly intensive as
transmission intensity falls(Hay et al., 2008). As the current indication is that
malaria transmission intensity will continue to fall in endemic areas (Snow et al.,
2012), there is an urgent need to develop complementary, robust and cost-effective
methods to provide timely estimates of malaria transmission intensity to track

control progress.

To appreciate the need for the development of novel tools for malaria
surveillance, an understanding of the current tools to monitor control progress and
the effect of the changing global malaria epidemiology on current tools is required,

and this is described briefly in the two next sections.
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1.1.2 Current tools to evaluate control progress

Currently, the most endorsed tools to evaluate control progress are
nationally representative household surveys like Malaria Indicator Surveys
(MISs)(RBM MERG, 2005; MEASURE Evaluation et al., 2013b), Demographic and
Health Surveys (DHSs)(ICF International, 2012a) and UNICEF Multiple Indicator
Cluster Surveys (MICSs) (UNICEF, 2012d) that are designed to provide summary

estimates of progress of different public health interventions at the national level.

Demographic and health surveys are standardized, household surveys that
collect a wide range of data on population, health and nutrition(ICF International,
2012a). They are intended to provide decision-makers in participating countries
with reliable information and analyses useful for informed policy choices. Since the
inception of DHS in 1985, more than 275 DHSs have been conducted in more than
90 countries. Multiple indicator cluster surveys are designed to provide up-to-date,
high quality data to monitor the health situation of children and women around the
world, in order to monitor progress toward national goals and global commitments,
including the Millennium Development Goals (MDGs)(Child Info, 2012). Since its
inception in 1995, 240 MICSs have been conducted in approximately 100 countries
worldwide. Both DHSs and MICSs provide accurate estimates of all-cause mortality
rates in children <5 years old, useful in countries with high malaria burden. They
also provide estimates for the prevalence of febrile illness in children in a two-week
period. This is difficult to interpret as an indicator of malaria morbidity and has

now been dropped as a MIS indicator(MEASURE Evaluation et al., 2013b).

To complement the ongoing efforts of DHSs and MICs, the World Health
Organisation’s (WHO's) Roll Back Malaria Partnership (RBM) developed MISs as a
standalone tool designed to collect nationally representative population estimates
of key malaria-specific household coverage indicators (e.g. coverage with indoor

residual spraying or IRS) and morbidity indicators from the population at risk for

30



malaria (e.g. parasite prevalence in children less than five years old)(RBM MERG,
2005; MEASURE Evaluation et al., 2013b). Since its inception in 2005, more than 25

MISs have been completed.

1.1.3 The changing global malaria epidemiology and its impact on malaria
surveillance

The changing global malaria epidemiology has presented NMCPs with
several new challenges in deriving accurate estimates of control progress. Firstly,
there are different priorities for surveillance at different levels of transmission
intensity and phases of control(WHO, 2012a; WHO, 2012b). This requires re-
orientation of the program focus as transmission intensity falls. Timely estimates of
control progress allow NMCPs to make an informed choice on when to restructure
their control strategy to minimize wastage of resources. The long interval between
currently recommended surveys (usually 3-5 years) limits the monitoring of short-
to medium-term changes in control progress, which would give NMCPs
forewarning on when to adapt their control strategy. Secondly, as transmission
drops, NMCPs will be faced with the logistically and financially demanding task of
carrying out ever larger population surveys, to reach the elimination threshold.
Once elimination is achieved a complete program reorientation is required to focus
on measuring malaria incidence by malaria case detection through a comprehensive
system of passive and active surveillance (Hay, Smith & Snow 2008). Thirdly, as
malaria transmission intensity continues to fall, the distribution of transmission will
become localized and a more targeted approach involving detecting and

eradicating hotspots will become increasingly important (Bousema et al., 2012).

The Wold Health Organization defines a focus of malaria transmission as a
geographic area with current or previous transmission containing the continuous or
intermittent epidemiological factors necessary for malaria transmission (WHO,

2007b). A hotspot is consequently defined a usually smaller region of a focus of
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malaria transmission where transmission intensity exceeds the average level
(Bousema et al., 2012). In order to be able to measure heterogeneity in transmission
and potentially capture hotspots, the collection of spatially representative data will
be required (Clements et al., 2013). Because the two-stage cluster sampling
technique of the nationally representative household surveys does not always
include all districts and the number of clusters within a district is smallMEASURE
DHS, 2013a), data from these surveys is not representative at the district level
unless a specific attempt is made to collect an appropriate sample from every
district which would drastically increase the total sample size. Though hotspots
vary in size, they are usually 1km?(Bousema et al., 2012) and the collection of
geographic information as recommended during MISs (MEASURE DHS, 2012) is
inadequate to detect hotspots due to the small number of enumeration areas
sampled, and the small number of households assessed per enumeration area
(MEASURE DHS, 2013a). The total sample size required using the MIS technique in
order to adequately measure heterogeneity and target “hotspots” would be

logistically and technically challenging for NMCPs.

Finally, the recent levelling off of malaria funding at US$ 2.5 billion in 2012
(short of the US$ 5.1 billion required to achieve universal coverage of malaria
interventions) resulting in a consequent levelling off of control progress(WHO,
2013a) means that NMCPs will face above challenges with little or no increase in
funding. Developing novel tools to provide timely estimates of malaria control
progress at the district and sub-district level, complementary to currently
recommended tools, is of critical importance as malaria transmission intensity falls
and its distribution becomes more localized. This thesis examines whether
surveillance in easily accessible sub-groups of the population is one such potential

tool.
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1.1.4 The easy access group concept

Individuals from several human settlements with different ecological
characteristics may routinely assemble in one geographic location (e.g. a school or a
clinic) for a variety of reasons in a way that makes them easy to access and
logistically attractive to sample; or may be accessible as part of an activity that
either makes the whole population or sub-set of the population available to
surveillance (e.g. mass drug administration and catch-up vaccination campaigns
respectively). These so called easy access groups (EAGs) (Figure 1) might be
opportunistically surveyed to derive estimates of disease burden and uptake of
public health interventions. The identification and selection of individuals to be
surveyed becomes simplified resulting in cost saving due a reduction in the
personnel and logistics required when compared to household surveys (Brooker et
al., 2009). EAGs potentially representative of high risk groups for malaria morbidity
and mortality include school children, children coming to health facilities for sick or
well visits and women attending antenatal clinics (ANC) (Figure 1). EAGs
potentially representative of the population at risk of malaria infection include all
patients reporting to health facilities, people exposed to a public health intervention
survey and people attending community market days (Figure 1). This thesis
attempts to evaluate the evidence available on these potential EAGs and assesses

the most promising for district or sub-district level surveillance.

In order to evaluate EAGs as a potential tool for malaria surveillance, the
validity of estimates of control progress derived from EAGs needs to be assessed
and in case any inherent bias is observed, whether this can be resolved by
appropriate statistical techniques. Though several studies have explored EAGs as a
surveillance tool, only a few have compared their obtained estimates to population
surveys (Ndyomugyenyi and Kroeger, 2007; Skarbinski et al., 2008; Mathanga et al.,
2010; Gahutu et al., 2011; Oduro et al., 2011b; Stevenson et al., 2013), only one study

has attempted to improve the accuracy of estimates by statistical techniques
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(Mathanga et al., 2010). None have used geospatial statistical methods to resolve

bias in estimates.

Figure 1: The Easy Access Group concept

Potentially representative of high Potentially representative of the
risk groups for disease: total population at risk:
* Primary schoolchildren * Communitymarketdays
* Childrencoming for sickor well * Public HealthIntervention
child visits in health facilities Campaigns

* Women attending antenatal clinic

1.2 Rationale for the study

Determining whether EAGs can be used to reliably monitor the burden of
transmission and uptake of control interventions could have important public
health implications as this offers a potentially cost effective surveillance tool at
district level that may be complementary to nationally representative surveys
especially in the interval between surveys. This is particularly important as malaria
endemic countries scale-up existing evidence-based malaria prevention and control
strategies including the use of insecticide treated bed nets (ITNs), IRS,

chemoprevention (intermittent presumptive treatment in pregnancy (IPTp) and
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Seasonal Malaria Chemoprevention (SMC) and prompt effective diagnostic testing

and treatment, to achieve universal coverage targets.

In the past decade, malaria transmission in Malawi has remained relatively
stable in the context of increasing coverage with control interventions (Roca-Feltrer
et al., 2012a; Okiro et al., 2013). Progress in control interventions has been
substantial in recent years with an increase in the proportion of children under the
age of five years who slept under an ITN at night from 25.0% in 2006 (National
Statistical Office, 2007) to 55.4% in 2010 (Ministry of Health (MoH) Malawi, 2010).
This increasing coverage of control interventions is expected to have a measurable
impact on malaria transmission which makes it an opportune time to validate such
a tool by comparing estimates from EAGs to a ‘gold” standard MIS in the same

geographic area.

1.3 Study aims and objectives

Aim: To determine if measurement of malaria control indicators from children
coming for well child visits at the EPI Clinic and women attending ANC could be a
comparable alternative to that from a standard population-level household survey

in the same catchment population.

Primary objective: To determine if average estimates of control intervention
coverage and malaria transmission derived by surveys in children coming for well
child visits at the EPI Clinic aged 6 to 59 months are significantly different from a
‘gold” standard household survey of a probability sample of a similar age strata in

the population (i.e. the rMIS/eMIS).
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Plasmodium falciparum prevalence (PfPR) was selected as the primary

indicator of malaria transmission as it forms a reliable indicator of endemicity (Hay

et al., 2008; Gething et al., 2011). Moderate to severe anaemia (Hb<8.0g/dl) was

chosen as the secondary indicator to assess the transmission as it has been shown to

be a reliable indicator that reflects the impact of malaria interventions (Korenromp

et al., 2004; RBM et al., 2009). Intervention trials have shown that malaria control

reduces the prevalence of moderate-to-severe anaemia (i.e. Hb<8g/dL) more so than

it reduces the prevalence of milder anaemia (i.e. Hb<11g/dL) (Korenromp et al.,

2004).

Secondary objectives:

1.

To compare the performance of surveillance in children aged 6 to 59 months
coming for well child visits at the EPI Clinic versus a population-based
household survey in the same age strata in determine geospatial patterns in
the distribution of key malaria control indicators.

To determine whether any significant bias (i.e. differences in average and
spatial estimates of burden and intervention coverage from children coming
for well child visits compared to gold standard MIS estimates) can be
adjusted for by classical and geospatial statistical techniques.

To determine the potential of surveillance in children coming for well child
visits in providing estimates of temporal trends in control intervention
coverage and malaria transmission.

To assess the feasibility of surveillance in women attending ANC as a tool
for providing accurate estimates of spatial heterogeneity in P/PR by
comparing to a contemporaneous probability sample of children aged 6 to

59 months from the same catchment population.
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1.4 Thesis Outline and Chapters

1.4.1 Overview of Thesis Outline

The thesis consists of four sections. The first section consists of introductory
chapters providing an overview of the topic, the study rationale, review of
literature and a systematic review of studies comparing EAGs to population
estimates of control progress. The second section covers a description of the study
design and methods of the overall study. The third section is the results section
including four results chapters corresponding to the study specific objectives. The
fourth and final section includes a chapter that consolidates the main findings in the
form of a general discussion with recommendations on surveillance in EAGs and

areas for future research.

1.4.2 Thesis Sections and Chapters
Section I: Introduction and Literature Review

¢ Chapter 1: An introductory chapter including the rationale and objectives.

e Chapter 2: A review of the literature describing the current understanding
of the epidemiology of malaria, development of malariometry and sampling
methods for malaria surveillance.

¢ Chapter 3: Provides the theoretical basis for surveillance in EAGs, a
summary of current evidence on potentially suitable EAGs, and a
qualitative and quantitative summary of the evidence on surveillance in

these EAGs in the form of a systematic review.

Section II: Design and Methods
e Chapter 4: An overview of the study design and methodology, study

outcomes, study area, survey procedures and statistical analysis.

Section III: Easy Access Groups
¢ Chapter 5: Evaluates surveillance of children coming for well visits as a tool
for measuring malaria control progress, including resolving any bias in

estimates by classical and geospatial statistical techniques.
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¢ Chapter 6: Evaluates surveillance of children coming for well visits as a tool
for measuring temporal trends in malaria control progress.
¢ Chapter 7: Evaluates the surveillance of women attending antenatal clinics

as a tool for measuring population P. falciparum prevalence.

Section IV: Discussion and recommendations
¢ Chapter 8: Discusses the main findings of chapters 4 to 6 and provides

recommendations for surveillance in EAGs and future research.
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Chapter 2: Literature review
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2.1 Introduction

Malaria transmission intensity affects most aspects of its epidemiology
including the disease at-risk groups, the development of acquired immunity and
the pattern of morbidity and mortality (Snow et al., 1997; Snow and Marsh, 2002;
Struik and Riley, 2004; Reyburn et al., 2005; Desai et al., 2007). Accurate and timely
estimates of malaria transmission intensity are therefore necessary to evaluate
options for malaria control in different regions, plan an appropriate intervention
strategy and to evaluate control progress. We are at an exciting time for malaria
control because we have the roadmap for elimination (Feachem and The Malaria
Elimination Group, 2009; PLoS Medicine, 2011). The recent worrisome trend of
levelling off of malaria funding to an average of 4% per year between 2009 and
2013, compared to an average of 43% per year between 2005 and 2009 (WHO,
2013a) could however jeopardize progress with malaria control and eventual
elimination. In order not to lose the gains in control already made, we need to
develop robust cost-effective approaches to monitor control progress that are
complementary to currently validated tools. EAGs could provide a low cost
approach to malaria surveillance complementary nationally representative

household surveys, as has been suggested for school surveys (Gitonga et al., 2010).

The term malariometry is applied to the epidemiological measure of
capability of a geographic area to support active malaria transmission (i.e. its
endemicity) (Bruce-Chwatt et al., 1973), and may broadly be classified as direct and
indirect epidemiological measures of risk of malaria transmission. Indirect
measures gauge malaria endemicity through surrogate indicators such as rainfall,
humidity, temperature, altitude, spleen rates, antibody titres, anaemia and patterns
of antimalarial drug use. The inclusion of the measurement of environmental
variables (e.g. rainfall, temperature, altitude) as indirect measures is based on the
fact that these key variables govern the activity and abundance of Anopheline
mosquitoes and thus their ability to transmit malaria, if there is an available pool of

infectious humans. Direct measures involve the assessment of the risk of malaria
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infection which normally involves confirmation of malaria infection (by
microscopy, rapid diagnostic test (RDT) or polymerase chain reaction (PCR)), and is
usually presented in the form of epidemiological indices with a variety of

denominators representing the population at risk over a specified time period.

This chapter describes the current understanding of the epidemiology of
malaria, development of malariometry, sampling methods for malaria surveillance,
theoretical basis for surveillance in EAGs, and provides a summary of the current
evidence on EAGs that offer the opportunity for the surveillance of malaria at a
district level. The EAGs mentioned in this chapter were selected either because
there was historical evidence that they had been used for malaria surveillance or
they satisfied the criteria for surveillance including cost, usefulness and quality e.g.

representativeness, simplicity and acceptability (Thacker et al., 1988).

2.2 The evolution of malariometry

This section strives to describe the evolution of malariometry from the
lessons learned from earlier efforts, to the advent of mathematical modelling and
development of new technology to assist measuring indices (e.g. PCR) and finally
consensus on the current measures of endemicity. Most efforts to classify malaria
endemicity focused on P. falciparum malaria as it was considered the main threat at
that time, but recent attempts have been made to classify the endemicity of P. vivax
malaria (Gething et al., 2012). Historical landmarks in malaria control and
eradication efforts are mentioned where they impacted on the development of

malariometry as we know it today.

2.2.1 Earlier efforts at malariometry

The first documented method of malariometry was the introduction of the
spleen rate (the proportion of the population with palpable splenomegaly) by

Dempsey in India in 1847. From then on, as more information about malaria
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became apparent, there was active and prolonged debate as how to classify the
information from malariometric surveys into endemicity, and consensus was only
achieved relatively recently (Hay et al., 2008; Gething et al., 2011). The first practical
attempt to use malariometry to aid control efforts was the US Army’s campaign
using environmental management control malaria in Havana and in the Panama
Canal, as part of public health control measures during the US” occupation (Le
Prince and Orenstein, 1916a; Le Prince and Orenstein, 1916b). The impact of these
control measures on the population was assessed using records of the number of
deaths due to malaria per 10,000 population in Havana (Le Prince and Orenstein,
1916a) or the monthly percentage of malaria cases amongst employees of the
Isthmian Canal Commission admitted to hospital in the Panama Canal (Le Prince
and Orenstein, 1916c). These indicators were successfully able to illustrate the effect
of the control programme with malaria being declared effectively eradicated from

both areas in 1914.

Despite the success of the metrics deployed in the US Army’s malaria
eradication campaign, the first attempt at consensus to classify the endemicity of
malaria was during the Malaria conference in Equatorial Africa held under the joint
auspices of the Commission for Technical Co-operation in Africa South of the
Sahara (CCTA) and WHO in 1950 in Kampala, Uganda (WHO, 1951) (Table 1),
more than a hundred years after the initial classification of endemicity suggested by
Dempsey. This system of classification categorized endemic areas into hypo-, meso-
, hyper- and holoendemic on the rates of splenomegaly in children aged 2-9 years
(Table 1). This classification was short-lived and the consequent discovery that
adults in holoendemic regions had a high frequency of palpable splenomegaly
despite a considerable degree of immunity (Metselaar, 1956) questioned the
reliability of such a classification. A revised classification was proposed by
Mestelaar & Van Thiel in 1959 based on asexual parasite rate (PR) by microscopy
during malariometric surveys and this was later adopted (WHO, 1963) (Table 1).
This classification was also not without controversy at the time as it was more

invasive because of the requirement for blood sampling, was logistically more
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complex, and the epidemiological index suggested it was affected by seasonality

(WHO, 1963).

Table 1: Classification of malaria endemicity based on splenomegaly and
parasitaemia

Endemicity Spleen rates (WHO, 1951) Parasite rate (WHO, 1963)

Hypoendemic 0 -10% in children aged 2 - 9 years <10% in children aged 2 -9
years as a rule; may be higher
for parts of the year

Mesoendemic 11 —50% in children aged 2 — 9 years 11 -50% in children aged 2 -9
years

Hyperendemic Constantly >50% in children aged 2—-  Constantly > 50% in children

9 years; also high in adults (over 25%) aged 2 -9 years

Holoendemic  Constantly over 75% in children aged = Constantly >75% among

2 -9 years; low in adults, adult infants aged 0 — 11 months

tolerance of malaria infection high

2.2.2 The Ross-Macdonald model

At the time of the Malaria Conference in Equatorial Africa, George
Macdonald was an important voice of opposition to this system of classification
preferring the stable-unstable classification of endemicity (Macdonald, 1952)
developed from the dynamic model of transmission used by Sir Ronald Ross (1857
—1932) to describe the lifecycle of malaria in anopheline mosquitoes and humans
(Ross, 1916; Ross and Hudson, 1917b; Ross and Hudson, 1917a). Macdonald
developed this model due to improved information about the population dynamics
of anopheline mosquitoes at the time and summarized the model in what has
become known as the Ross-Macdonald model below(MacDonald, 1957a):

_ ma*bcp™

o~ r(—Inp) )

where
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‘Ro’ is the expected number of hosts who would be infected by a single infectious
person, introduced into an otherwise naive population, after one generation of the

parasite i.e. the basic reproduction rate
‘m’ the ratio of anopheline mosquitoes to human beings,

‘a’ the human biting rate (number of bites on a human being per anopheline

mosquito per day),
‘b’ the transmission efficiency of infected anopheline mosquito to a human being,

‘c’ the transmission efficiency of an infected human being to an anopheline

mosquito,
‘p’ the proportion of anopheline mosquitoes surviving daily,

‘n’ the duration of sporogony (days)—the process of parasite development
occurring in the anopheles mosquito that follows sexual union of gametes and ends

with the formation of infective sporozoites, and

‘" the rate of recovery of the human being from infection (days), so that 1/r is the

human infectious period.

Using this model, Macdonald successfully showed that the stability of
malaria transmission was determined by a stability index defined as the average
number of blood feeds a female anopheline mosquito takes in humans throughout

its adult lifespan (Macdonald, 1952):

a

Stability index = Zinp 2

Stable transmission that was not sensitive to climatic variation and resistant to
control efforts was achieved with stability indexes higher than 2.5. Unstable malaria
transmission that was extremely sensitive to climatic variations and control efforts
was achieved with stability index values less than 0.5 and in between stability was

variable (Macdonald, 1952).
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Macdonald introduced the concept of the use of the basic reproduction rate
(Ro) as an indicator of endemicity and that the objective of control was to reduce to
Ro less than 1.0 and maintain it at that level until the number of cases eventually
diminished to zero. The mathematical modelling done by Macdonald indicated the
strong impact of adult mosquito mortality on interrupting transmission
(Macdonald, 1956b; MacDonald, 1957a) and that together with the efficacy of
dichloro-diphenyl-trichloroethane (DDT) used as IRS at the time (WHO, 1951) were
the key motivating factors resulting in adoption of the Global Malaria Eradication

Plan (GMEP) at the 8" World Health Assembly in Mexico in 1955 (WHO, 1973).

2.2.3 Metrics derived directly from the Ross-Macdonald model

Other malariometric indicators were derived from the Ross-Macdonald
model focusing on the activity of the anopheline mosquito: the vectorial capacity
(C) and the entomological inoculation rate or EIR (h"). Of these, the later was to

become more widely used as a method of assessing endemicity.

The vectorial capacity, which is a quantitative index of a mosquito
population's capacity to transmit malaria, was later suggested as another vector-
based malariometric (Garrett-Jones, 1964). Vectorial capacity (C) defined as the
average number of inoculations with a specified parasite resulting from one case of
malaria in unit time that the population will distribute to man if all female

mosquitoes biting the case became infected and summarized as the equation below:

ma?p"

C=— I 3)

The vectorial capacity is a direct derivation from the Ross-Macdonald equation
(Macdonald, 1957b) and all variables on the right side of the equation are the same
as in equation (1). Vectorial capacity’s principal function was to assess the impact of
control interventions, where for example a consistent downward trend would

indicate effectiveness of control interventions (Garrett-Jones, 1964).
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The EIR was another suggested vector-based malariometric derived from
the Macdonald-Ross equation (Macdonald, 1957b). The equation for the EIR (h) is

as follows:
h' = mas 4)

The variables ‘m” and ‘a’ are the same as in equation (1), and ‘s’ is the proportion of
mosquitoes with sporozoites in their salivary glands. The EIR was considered a
more reliable vector-based malariometric than vectorial capacity as it provided both
a measure of exposure to infective bites and transmission intensity (Burkot and
Graves, 1995) and could be used to evaluate the suitability of vector control

methods (Coosemans et al., 1992).

2.2.4 Improvements on the Ross-Macdonald model through

mathematic modelling

Since first proposed by Ross and Macdonald, mathematical models have
provided greater insights into malaria controls and have aided the measurement of
change in malaria endemicity and hence their impact (Najera, 2000; McKenzie and
Samba, 2004). The use of such models in the Global Malaria Eradication Program
(Macdonald, 1956a) and the information from important studies like the Garki
Project (a large population-based longitudinal study of human malaria in the
absence of control interventions in Garki District, Kano State, Nigeria) (Molineaux
et al., 1980), led to their improvement including the consideration of the effect of
other key variables like human immunity and seasonality (Aron, 1988; Smith and
McKenzie, 2004; Smith et al., 2005; Smith et al., 2007b). Smith et al then proposed a
model (Smith et al., 2007b) using the estimates of annual EIR and PR from studies
of 121 African populations (Hay et al., 2005) to validate their assumptions.
According to Smith et al 2007:

coby (1 + SoX
Ry = EMQBEG + a) (5)
r aX

where

46



‘Ro’ is the expected number of hosts who would be infected by a single infectious
person, introduced into an otherwise naive population, after one generation of the

parasite

‘c’ the infectivity of humans to mosquitoes: the probability that a mosquito becomes

infected from a bite on an infected human

‘b’ the infectivity of mosquitoes to humans: the probability that a human becomes

infected from a bite by an infectious mosquito
“1/r" the expected time to naturally clear a simple infection
‘E’ the EIR

‘S’ the stability index: the expected number of bites taken by a vector over its

lifetime.

‘0’ the sampling bias index: the proportion of mosquitoes that become infected after

biting a human divided by the proportion of people with detected parasites

‘o’ the biting disparity index: the squared coefficient of variation of the human

biting rate

‘Be’ the susceptibility bias index: the infectivity of mosquitoes in a naive population

divided by the infectivity of mosquitoes in an endemic population

The model proposed by Smith et al further corroborated the significance of Ro as an
indicator to measure malaria endemicity and thus control progress(Smith et al.,

2007b).

At this stage in the evolution of malariometry, there was consensus that
basic reproductive number (Ro) was the most appropriate way to measure
endemicity. However, due to difficulties in its direct measurement (Dietz, 1993;
Smith et al., 2007b), Hay et al 2008 suggested the measurement of the P. falciparum
parasite rate (P/PR) and the P. falciparum EIR (PfEIR) as suitable proxies throughout

the range of endemicity (Hay et al., 2008). Using public domain data on the annual
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parasite incidence of P. falciparum from 85 countries, combined with other medical
intelligence data, remote sensing surfaces and biological models, Gething et al 2011
further suggested the measurement of the P. falciparum parasite rate in 2 to 10 year
olds (PfPRz10) (Gething et al., 2011). In the same paper Gething et al 2011 noted that
levels of malaria endemicity were spatially heterogeneous and that this state was
temporally dynamic necessitating the generation of accurate maps that need to be

regularly updated.

2.3 Current malariometric indicators

The evolution of malariometry with time resulted in the development and
application of many approaches to measure malaria risk and not all of the current
indicators are intended to measure endemicity. Some indicators are intended to
measure impact of control (e.g. anaemia), and others to improve the interpretation
of other measures (e.g. serology) or to detect when a change is required in the
control strategy (e.g. infant parasite prevalence as a percentage of the total

population prevalence).

2.3.1 Measures of prevalence of infection in the population
Parasite prevalence rate

The parasite prevalence rate (PPR) is a measure of the prevalence of asexual
peripheral blood-stage infection in a population (equation (6)) and has been the
most evaluated metric of malaria endemicity (Guerra et al., 2007). It is actually a
proportion as measurement is usually at one time point in the year (i.e. point
prevalence), and so its value can be affected by within- and between year variations
(like seasonality and sudden changes weather pattern respectively). Despite this
PPR is a good metric to assess short- to medium term impact of scaling up of

malaria control efforts, as it sensitive to changes in transmission intensity.

No.people with parasitaemia
PPR peop P

= X 100 6
Total number of people examined ®)
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Table 2: The pros and cons of using RDTs and microscopy to determine PPR during
population-based surveys (Adapted from: Household Survey Indicators for Malaria
Control (MEASURE Evaluation et al., 2013a))

Rapid Diagnostic Test Microscopy
Pros e Use requires less training than e Historically, considered the gold

microscopy standard for malaria diagnosis

® Results are rapid (within 15 ® Permits speciation and
minutes), thus facilitating timely quantification of parasites.
treatment. e Can detect low infection (<200

¢ In survey settings, costs are lower parasites/ul), assuming skilled
than microscopy microscopist

¢ Currently available RDTs have * Historical comparisons possible
sensitivity and specificity assuming comparable skill of
comparable to routine microscopists and consistency of
microscopy methods of quantification over

time.

e Slides can be stored and re-
examined, enabling retrospective
quality control

Cons ¢ Individuals may test positive by =~ e  Practical difficulties preparing

Histidine Rich Protein 2 (HRP2)-
based RDTs within 14 days after
effective treatment for malaria, as
antigens often persist after
treatment

Variation may exist between
brands and types of RDTs
(including the antigens are
detected) and this could affect the
comparability of survey results.
Tests that detect other species do
not identify which is present
Quantification of parasites is not
possible

Sensitivity is low for low parasite
densities

blood films in the field.

Slides must be transported and
stored.

Results take longer (more than 15
minutes)

In survey settings, costs are
higher than RDTs

Skilled microscopists are not
always available and this might
affect the quality of speciation
and quantification
Intra-observer variation is likely
to occur between microscopists.

Since the majority of malaria infections and gametocyte carriage are

asymptomatic regardless of transmission (Park et al., 2000; Pinto et al., 2000; Alves

et al.,, 2002; Bousema et al., 2004; Macauley, 2005; Laishram et al., 2012), the parasite

prevalence rate assessed through population-based cross-sectional surveys is a

better measure of endemicity than the prevalence in clinical cases. Diagnostic

confirmation of the presence of infection during this surveys is normally through

microscopy or RDT (MEASURE Evaluation et al., 2013a). Though microscopy is
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historically considered as the “gold” standard for the diagnostic confirmation,
RDTs are increasingly being view as a suitable objective particularly where P.
falciparum accounts for more than 90% of all malaria infection and low level
infections (<200 parasites/ul) are uncommon (MEASURE Evaluation et al., 2013a).
The use of RDTs has some advantages over microscopy in survey settings as they
provide timely results and have comparable sensitivity and specificity (Table 2).
There is also a mechanism in place for the regular evaluation of the performance of
RDTs through the WHO Product Testing Programme and this information is

updated regularly with the most recent report being Round 3 (WHO, 2011a).

Polymerase chain reaction (PCR) has been reliably used as a complementary
tool in malariometric surveys (Satoguina et al., 2009; Takem et al., 2013), but
because of cost and the requirement of advanced laboratory facilities, PCR has been
more of a research tool for the quality control of speciation and quantification (Stich
et al., 2006; Ebrahimzadeh et al., 2007; Schachterle et al., 2011; Asih et al., 2012;
Fancony et al., 2013). Recent developments with molecular-based isothermal tests
means that field deployment of PCR is now possible (Oriero et al., 2014), and this
has promising prospects for malaria surveillance given the fact that plasmodium
DNA can be recovered from alternative specimens like saliva (Nwakanma et al.,
2009; Estevez et al., 2011). Polymerase chain reaction has great potential in the
detection of sub-microscopic infection (Golassa et al., 2013; Mosha et al., 2013)
which will be of increasing importance as transmission falls (Harris et al., 2010;

Golassa et al., 2013).

The classification of malaria of endemicity based on PPR was a subject of
much debate and consensus was only achieved recently as part of the development
of the Malaria Atlas Project (Guerra et al., 2007; Hay et al., 2008; Gething et al., 2011;
Gething et al., 2012) and efforts to guide malaria control and eradication strategy
based on classification of malaria risk (Hay et al., 2008) (Table 3and Table 4). This

represented a revision of the classification proposed earlier by Metselaar & Van
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Thiel (WHO, 1963) and an expansion to include classification of the endemicity of P.
vivax (Gething et al., 2012). The recommendation of both systems of classification is
that the endemicity be classified by the species specific PPR in population at risk.
Gething et al 2011 went further to specify that the population at risk as children
aged 2 to 10 years influenced by the earlier work of Smith et al, who tested
algorithms for the age-standardization of P/PR and concluded that that age group
was the most appropriate the purposes of comparing studies and mapping malaria
endemicity (Smith et al., 2007a). The age at risk for P. vivax infection was considered
to be all individuals aged 1 to 99 years, and the all-age infection prevalence the

appropriate measure to classify endemicity (Table 4) (Gething et al., 2012).

Table 3: Current classification of P. falciparum malaria endemicity by P. falciparum
Prevalence Rate (PfPR)

Endemicity PfPR (Hay et al., PfPRz10 (Gething et al.,
2008) 2011)

Intense stable (hyper-holoendemic) >40% >40%

Moderate stable (hypo- 5.1-39.99% 5.1-39.99%

mesoendemic)

Unstable endemic <5.0% <5.0%

Non-endemic * *

Malaria free * *

*At this point PfPR is not a reliable estimate of endemicity and P. falciparum annual parasite

incidence (PfAPI) is preferred.

Despite the recent evidence, it is still the policy-recommended approach to
assess national-level PPRs for P. falciparum in children aged 6-59 months during
population-based surveys; and that the PPR in older age groups should only be
measured when there is no clear age pattern in infection, prevalence is low, malaria
transmission is unstable or information is required for the modelling of malaria
incidence (MEASURE Evaluation et al., 2013a). However, the assessment of parasite

prevalence in children aged 2 to 9 years old is recommended for the continuous
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facility-based surveillance of malaria cases at all stages of control (WHO, 2012a;

WHO, 2012b).

Table 4: Current classification of P. vivax malaria endemicity by P. vivax Prevalence
Rate (PvPR)

Endemicity PuPR199 (Gething et al., 2012)
Stable >1.0%

Unstable <1.0%

Unstable and high Duffy antigen negativity (>90%) <1.0%

Risk free *

*At this point PofPR is not a reliable estimate of endemicity and Plasmodium vivax
annual parasite incidence (PvAPI) is preferred.

Anaemia prevalence rate (APR)
Although anaemia (Hb<8.0g/dl is not specific to malaria, the APR (equation

(7)) has remained a policy-recommended measurement to assess the impact of
malaria control efforts (RBM, 2003; Korenromp et al., 2004), due the 60% reduction
in the risk of moderate-to-severe anaemia (Hb<8.0 g/dL) observed in a quantitative
review of the impact of malaria control on haemoglobin distributions and anaemia
prevalences in children under 5 in malaria-endemic Africa (Korenromp et al., 2004).
This cut-off point appeared to be more specific for assessing the impact of malaria
control measures than the lower cut-off point of Hb<7.0g/dl recommended for the
classification of nutritional anaemia (WHO, 1968; DeMaeyer and Joint
WHO/UNICEF Nutrition Support Programme, 1989), and the higher cut-off point
for any anaemia (Hb<11.0g/dl) (Korenromp et al., 2004). The development of the
HemoCue® Hb Point-of-care test (HemoCue AB, Angelholm, Sweden) greatly
simplified the measurement of the haemoglobin distribution during large-scale
household surveys by providing an accurate, portable, and relatively low cost
solution to the assessment of haemoglobin in the field than previous methods like

the direct and indirect measurement of cyanmethaemoglobin (Sari et al., 2001).
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APR — No.of children aged 6 — 59 months with Hb < 8 g/dL

x 100 7
Total no.of children aged 6 — 59 months examined @

APR unlike PPR is not designed to measure or classify endemicity but to measure
impact of malaria control interventions, which is no surprise based on the evidence
for its validity as an indicator (Korenromp et al., 2004). This means that unlike PPR,
APR cannot be used to guide strategy during the phases of control or elimination.
Another potential shortcoming to the use of APR is the fact that normal
haemoglobin distributions vary with altitude and adjustment factors are required
when at high altitude (CDC, 1998). APR is also affected by seasonal variation where
transmission is seasonal and this makes the values sensitive to the timing of surveys
in these regions. Caution is advised in the interpretation of APR given the problems
with its specificity particularly in areas with low malaria transmission, given other
anaemia determinants such as paediatric HIV/AIDS, malnutrition and helminth

infections (MEASURE Evaluation et al., 2013a).

2.3.2 Measures of incidence of infection in the population

The accurate measurement of malaria incidence required the diagnostic
confirmation of every case of malaria in the population of interest. This necessitates
a comprehensive surveillance system comprising passive case detection (through
the detection of malaria cases as they present at any point in the healthcare system).
This can be supplemented by active case detection (by household surveys at regular
intervals) to minimize missing cases that occur in the population that do not report
to health facilities. The indices were defined during the Global Malaria Eradication
Programme and continue to be used to date: annual parasite index, annual blood

examination rate and slide positivity rate.

Annual parasite index
The metric used to illustrate malaria incidence is the annual parasite

incidence or API (equation (8)).

53



Annual parasite incidence rate
APl =

x 1000 8
Total population at risk ®

Estimates of API are only deemed valid if the ABER exceeds 10% (Black, 1968;
Pampana, 1969). The APl is usually expressed per 1000 of the population of the
administrative area it represents. Annual parasite incidence is often presented
together with ABER and SPR as they are interrelated (equation (9)) (Ray and
Beljaev, 1984):

_ (ABER X SPR)

APl
10

)

The division by 10 is required as API is presented per 1000 of the population whilst
ABER and SPR are presented as percentages.

Annual blood examination rate

The annual blood examination rate (ABER) is a representation of the degree
of diagnostic effort made to identify cases of malaria by active and passive case
detection (equation (10)). Blood slides from sources other than the actual detection
of cases (e.g. population surveys and follow-up of cases) are excluded from the

calculation.

No.of blood smears examined during the year
ABER = - - x 100 (10)
Population under surveillance

Slide positivity rate

The Slide Positivity Rate (SPR) among the blood smears collected through
both active and passive surveillance can yield accurate information on distribution
of malaria infection in the community over a period of time (equation (11)). The
SPR is a measure of prevalence among suspected cases of malaria, but is sometimes
considered a proxy measure of malaria incidence (Subbarao et al., 1988; Jensen et
al., 2009; Lee et al., 2010). The experience with SPR as an indicator of impact is

mixed, with some studies showing a concurrent reduction as malaria incidence
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drops (Metzger et al., 2009; Lee et al., 2010) whilst others show little change as

incidence falls (Metzger et al., 2009).

SPR — No.of blood smears positive for malaria

x 100 11
Total no.of blood smears examined ab

2.3.3 Entomological inoculation rate

The EIR is the an estimation of the daily number of infective mosquito bites
received per person (equation (4)) (MacDonald, 1957a), and the values are usually
expressed per year. For the EIR value to be representative of yearly vector activity,
frequent assessments must be done at least monthly (or more frequently) for one
year or at least one transmission season; in order to capture the effect of changing
environmental conditions on vector activity. The annual EIR was considered the
most accurate malariometric for assessing endemicity (Burkot and Graves, 1995)
and may be necessary for measuring changes in transmission in highly endemic
areas. However its limited precision and accuracy and the lack of standardised
methods for collection, means that alternate indicators like PPR should be

considered especially in low transmission settings (Tusting et al., 2014).

The EIR is usually estimated by deriving the human biting rate (the product
of ma) and the sporozoite index(s) (equation (4)). The most direct way to measure
the human biting rate is by the human bait catch (WHO, 1975), which entails
collecting all the mosquitoes that attempt to feed on exposed individuals. Because it
involves a team waiting at a suitable location, usually all night, capturing all the
mosquitoes that attempt to feed on exposed humans, it is expensive and technically
difficult to replicate. It is also unethical in areas of drug-resistant malaria. It is
unique in the fact that it directly samples human-biting mosquitoes and is thus the
most direct method to assess human biting rate (Goff et al., 1997). Other sampling
methods, like pyrethrum spray collections and light and exit traps, depend on
mosquito behaviours that are less directly associated with feeding attempts (Garret-

Jones, 1970; Service, 1993). Methods of assessing human biting rate depend on
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accurate sampling of all mosquitoes that have actually attempted feed on exposed
individuals, and since this is technically challenging, there is the risk of sampling
bias which fortunately has been explored in detail (Lines et al., 1991; Faye et al.,
1992; Mbogo et al., 1993; Davis et al., 1995; Smith, 1995) allowing correction factors

to be used where sampling is obviously biased (Port et al., 1980).

Measurements of the sporozoite index (s) require the number of infective
mosquitoes (those with sporozoites in their salivary glands) in the local population
to be determined (WHO, 1975). Ideally, but not always, the sporozoite index is
derived from the human biting rate sample. The traditional method was to dissect
all sampled mosquitoes for their salivary glands and to identify malaria sporozoites
by microscopy (Shute et al., 1965; Pringle, 1966), but recently enzyme-linked
immunosorbent assay (ELISA) techniques to detect Plasmodium circumsporozoite
antigens from mosquito head and/or thorax samples are increasingly being
favoured to the traditional method, due to their higher sensitivity and capability for

speciation (Burkot et al., 1984) .

Based on the FEIR, malaria endemic regions can be classified into high
transmission when the EIR is greater than 10 infective bites per person per year,
and low transmission when the EIR is less than 1 infective bite per person per year
(Hay et al., 2000). The main disadvantage is EIR is the lack of standardization in the

entomological methods used in its estimation (Githeko et al., 1996).

2.3.4 Basic reproduction rate

The basic reproduction rate is the average number of secondary infections
produced from one infected individual introduced into a non-immune host
population (equation (1)). The concept of Ro originated from demography in the late
1800s where it is usually called the 'net reproduction rate’ (Dietz, 1993). The term

"basic reproduction rate” was introduced to epidemiology in 1952 by Macdonald
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(Macdonald, 1952) in the context of malaria: “The number of infections distributed
in a community as the direct result of the presence in it of a single primary non-
immune case.” The average Rodetermines the endemicity, and essentially for
malaria to be endemic in an area, Ro must be greater than 1.0. Macdonald further
suggested a classification of malaria endemicity by the level of Ro (Macdonald,
1952) that was recently improved upon by Hay et al (Hay et al., 2008) using data
from the Malaria Atlas Project (Table 5) (Hay and Snow, 2006).

Table 5: Classification of P. falciparum malaria endemicity by PfRo

Endemicity PfRo(Macdonald, 1952) PfRo (Hay et al., 2008)
Intense stable (hyper-holoendemic) >2.5 >10
Moderate stable (hypo-mesoendemic) 1.2-2.49 1.4-9.99
Unstable endemic 1-1.19 1-1.39
Non-endemic 0-1 0-1

Malaria free 0 0

2.3.5 Serology

Earlier attempts to measure malaria antibody prevalence in an attempt to
estimate endemicity relied on the indirect fluorescent antibody technique (IFA)
(Voller and O'Neill, 1971; Druilhe et al., 1986). The widespread use of IFA was
however limited by the requirement for cultured parasites, expensive fluorescence
microscopes and the subjective time-consuming process of slide manipulation. This
was superseded by the much more efficient method of measurement of antimalarial
antibodies by Enzyme Linked Immunosorbent Assay (ELISA) (Esposito et al., 1988;
Ramasamy et al., 1994). The results of these assays are presented as seroprevalence
(equation (12)) (i.e. presence or absence of antibody) and the magnitude of antibody
response in seropositives. Of these seroprevalence has been shown to be a reliable
indicator of endemicity when interpreted with other indicators (Druilhe et al.,
1986), and the impact of control interventions can be inferred from a change in the

age-specific seroprevalence (Bruce-Chwatt et al., 1973; Drakeley et al., 2005). The
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cut-off for seropositivity has been historically defined as the mean optical density
(OD) plus 3 standard deviations derived from a sample of individuals not exposed
to malaria (Lobel et al., 1973; van der Kaay, 1976). More recently statistical
modelling has been suggested to resolve the potential bias of the immunological
background of the naive sample, and the use of mixture models widely used to
establish a diagnostic cut-off point from sample of the population of interest for
serological assays of other diseases (Baughman et al., 2006; Hardelid et al., 2008;
Rota et al., 2008).

No.of specimens positive for an antigen

Seroprevalence = x 100 (12)

Total no.of specimens examined

The main advantage of measurement of seroprevalence compared to other
malariometrics is the fact since it reflects cumulative exposure to infection (Corran
et al., 2007), it is relatively resistant to short-term changes in transmission like
seasonality. The level of parasitaemia in human blood is influenced by acquired
immunity (Struik and Riley, 2004) and in some regions seasonality (Bouvier et al.,
1997), and this means that measures based on the detection of parasitaemia may
underestimate endemicity in regions with high endemicity (due to high levels of
acquired immunity leading to rapid clearance of parasites from the circulation) and
during the dry season (due to reduced transmission). Seroprevalence is thus useful
as a supplementary measure of transmission intensity and in areas with low
transmission (Shekalaghe et al., 2009), where PPR and EIR can be insensitive, it
offers an accurate way of assessing endemicity and detection focal areas of infection
(Wanjala et al., 2011; Olotu et al., 2012). Another advantage is that the possibility of
the collection and storage of serological samples on filter papers, and that fact that
current ELISA-based antibody assays are robust, relatively low tech, and
inexpensive (Biswas, 2004; Corran et al., 2008) has greatly simplified the use of
serology during population surveys. However the fact that exposed individuals
remain seropositive for many months and even years (Luby et al., 1967; Collins et
al., 1968; Struik and Riley, 2004) make serology inappropriate to measure individual
level risk. Though this persistence of seroprevalence is potentially useful in the

retrospective detection of cases during epidemics or sources of transmission during
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eradication efforts (Luby et al., 1967; Bruce-Chwatt et al., 1973; Lobel et al., 1976;
Tikasingh et al., 1980), there are no currently available serological assay system that

can reliably serve as a quantitative measure of malaria infection.

2.3.6 Measures of infectivity

The infectivity of the population is usually estimated through the
prevalence and density of gametocytes. This measure is most frequently used for P.
falciparum due to the fact that there is a distinct distribution of asexual parasites and
gametocytes in time in the human population, and the fact that P. falciparum
gametocytes are the easiest to recognise in a blood smear because of their
conspicuous size and shape. It is only a proxy measurement of infectivity as the
volume of blood usually examined in a blood smear (100 fields of thick film
correspond to about 0.25ul of blood) is far less than what the vector ingests during
a blood meal (about 2 pl). Direct measurement of infectivity involves feeding
vectors on the general population (Muirhead-Thomson, 1951; Muirhead-Thomson,
1954) to determine those carrying infectious gametocytes which is usually difficult
to justify ethically but is still applied under specific experimental conditions
(Tchuinkam et al., 1993; Toure et al., 1998; Robert et al., 2000). Since the prevalence
of gametocytes declines with increasing age in malaria endemic regions (Genton et
al., 1995; Snow and Gilles, 2002), this measure should be age-specific. Gametocyte
prevalence in young children (i.e. children less than 5 years old) may serve as an
indicator of risk and can allow the comparison between different location and time

points.

2.3.7 All-Cause Under-Five Mortality Rate

The all-cause under-five mortality rate (USMR) is a measure of the
probability of dying between birth and exactly five years of age expressed per 1,000
live births (equation (13)). The reasoning behind the use of USMR as a metric of

control progress stems from the fact that malaria accounts for a significant
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proportion of the deaths in children less than 5 years globally (7.4% or 0-564 million,
95% CI 0-432, 0-709 million) (Liu et al., 2012). In areas of stable endemicity, the
proportion of deaths in children less than 5 years due to malaria is likely to be
higher and scaling up of control interventions should have an impact on all-cause

under five mortality trends.

USMR = No.of deaths in children < 5 years < 1000 13
h Total no.of live births (13)

At the national level, under-five mortality can be measured using a number
of different methods, including registration of births and deaths via vital
registration systems, national population censuses and/or data collected via
household surveys. Where a well-functioning vital registration system does not
exist or a national population census is prohibitive, it is preferred that USMR be
derived from household surveys (e.g. DHSs and MICSs) using direct or indirect
methods. To ensure reliable results when using household surveys, USMR is
calculated for a five-year period to make sure there are enough cases. The indirect
method also referred to as the Brass method (Brass and Coale, 1968), is the method
preferred in most MICSs and involves converting the proportion of children who
have died among women in a certain age group into the probability of dying by an
exact childhood age, and then indirectly derive the USMR using model life tables
and strong assumptions as to age patterns and time trends. The direct method in
used in DHSs and uses a birth history including information on all children born
their survival status and (for non-surviving children) their age at death, in order to
calculate the probability of dying before age five from children exposed to mortality
during the five-year period before the survey. The life history synthesized from
age-specific mortality rate represents synthetic cohort, and using the synthetic
cohort life table approach (Ryder, 1965), the measures derived from this cohort
mortality probabilities for small age segments based on real cohort mortality
experience are combined into larger age segments that correspond to the age group
of interest (in this case children aged less than five years). The main advantage of
this metric is the fact that it can be measured reliably and does not suffer from

limitations of methods to identify malaria-specific deaths. The main disadvantage
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of this metric is the fact that changes in USMR may, however, be influenced by a
variety of factors other than malaria control (for an example an increase in overall

standard of living may decrease USMR).

2.3.8 Malariometric indicators for Malaria in Pregnancy

Pregnant women are a unique sub-group of the population when it comes to
P. falciparum transmission because there is an interaction between a transmission
specific effect (Gilles et al., 1969; Brabin, 1983; McGregor et al., 1983; Desai et al.,
2007) and a parity-specific effect with infections being more common in
primigravidae (Fried and Duffy, 1996). When transmission is high and stable, most
infections being asymptomatic, severe malaria syndromes are relatively
uncommon, and the main clinical effect is anaemia (Gilles et al., 1969; Fleming,
1989; Shulman and Dorman, 2003) and low-birth weight babies (Brabin, 1991;
Shulman and Dorman, 2003; Duffy and Fried, 2005). Severe syndromes like
cerebral malaria are more common in low transmission settings and maternal and
foetal mortality is high (Duffy and Fried, 2005). In low transmission settings, there
is reduced development of parity-specific immunity and a parity-specific effect is
not clearly demonstrated (Desai et al., 2007). A further complexity is due to the fact
that HIV infection modifies this parity-specific risk leading to increased frequency
and density of malaria infections (Steketee et al., 1996; van Eijk et al., 2003; ter Kuile
et al., 2004). To date, there is limited data on the epidemiological pattern of P. vivax
malaria in pregnancy but there is some evidence from low transmission settings
that infection is similarly more common in primigravidae, and that it can result in
stillbirths and low birth weight (LBW) (Nosten et al., 1999; Singh et al., 1999;
Machado Filho et al., 2014).

A number of core malariometric indicators for malaria in pregnancy
formulated in relation to these epidemiological patterns of infection have been
designed by WHO to assess progress in the delivery of interventions for the control

of malaria in pregnancy (WHO, 2007a) and these are what are being used to date,
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though there has been call that these be updated (Brabin et al., 2008). The two key
malariometric indices for assessing endemicity are the percentage of low birth-
weight singleton live births by parity (birth weight less than 2500 g obtained within
24 h of birth, regardless of gestational age) and the percentage of screened pregnant
women with severe anaemia (Hb <7 g/dl) in third trimester by gravidity (WHO,
2007a). These indicators are meant to be measured through nationally

representative household surveys.

Percentage of low birth-weight singleton live births by parity

This science behind the use of this malariometric is based on the fact that the
consequences of malaria in pregnancy including malaria-associated anaemia and
their effects on the foetus are known to result in LBW (Brabin, 1991; Shulman and
Dorman, 2003; Duffy and Fried, 2005). Since the risk for LBW has been shown to be
higher in primiparous compared to multiparous women (Brabin, 1991; Shulman
and Dorman, 2003; Duffy and Fried, 2005) , this indicator is derived for both
(Equation (14)). Since LBW can be due to both small-for-gestational age and
prematurity, and since the former is difficult to determine in most resource poor
settings, the two are often not differentiated when deriving estimates of this
malariometric.

No.of LBW singleton live births
Total no.of singleton live births

Percentage LBW = (14)

This indicator is best measured through nationally representative surveys
due to the fact that facility-based estimates are dependent on the number of women
who deliver in health facilities who are not usually representative of the number of
women delivering in the community (Singh et al., 2013). The main shortcoming of
this approach is the fact that this usually requires a large sample size from the
population to ensure precise estimates as pregnant women are not present in every
household. The women surveyed may also not be able to exactly remember all the
birth weights of their children or may report them incorrectly. Promoting childbirth

in health facilities where infants are weighed at birth is likely to improve the quality
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of data on birth weight as data will be recorded in the mother’s ANC card. Low
birth weight in developing countries has long since been known to be due to variety
of factors other than malaria, like poor gestational nutrition, low pre-pregnancy
weight, short maternal stature and general morbidity and episodic illness (Kramer,
1987). Where there is a significantly high prevalence of these other causative factors,
this indicator is likely to over-estimate the endemicity of malaria. It can also be
affected by the uptake and coverage of MIP control interventions like IPTp
(Kayentao et al., 2013)and ITNs (Eisele et al., 2012). Where uptake and coverage is
high, this will reduce the prevalence of anaemia and this indicator is likely to
under-estimate endemicity. These are the main reason why WHO recommends

caution in the interpretation of this indicator(WHO, 2007a).

Percentage of screened pregnant women with severe anaemia in third trimester
by gravidity

The reasoning behind the use of this malariometric is based on the fact that
anaemia is a recognised outcome of malaria in pregnancy (Gilles et al., 1969;
Fleming, 1989; Shulman and Dorman, 2003) especially among primigravidae living
under holoendemic or perennial malaria exposure. As the risk for anaemia has been
shown to be higher among primigravidae than multigravidae, measurement of
anaemia must be differentiated by gravidity. Severe anaemia is defined as a
haemoglobin concentration less than 7.0g/dl (Stoltzfus, 1997), but recently there has
been discussion on whether this cut-off should be revised to 8.0g/dl (Savage et al.,
2007; Brabin et al., 2008) or a normogram should be used to determine a cut-off
based on the distribution of haemoglobin values in a sample of pregnant women

(Savage et al., 2007).

Percentage of pregnant women with severe anaemia

_ No.of womenwith Hb < 7.0g/dlin the 3rd trimster
"~ No.of women screened for anaemia in the 3rd trimester

(15)

This indicator is best measured through nationally representative surveys

despite the higher level of ANC attendance when compared to deliveries (UNICEF,
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2013) for a variety of reasons. Firstly, haemoglobin screening may not be available
in all health facilities, particularly in resource-poor settings. Secondly, screening, if
done, is usually clinical and performed during the first ANC clinic visit. Finally, the
methods of assessment may not be standardised and the cadre of health staff
available may differ between the health centres leading to variations in accuracy.
This indicator for MIP is prey to similar shortcomings as the previous indicator. A
large sample size is required from the population to ensure precision in estimates,
and since anaemia in pregnancy is multifactorial in origin (Savage et al., 2007;
Brooker et al., 2008b; Lee and Okam, 2011; Ayoya et al., 2012), values must be
interpreted with caution. One major fact that must be considered when interpreting
this indicator is the fact that it is recommended that this indicator be measured in
the third trimester. This means that it can be affected by iron supplementation
(Haider et al., 2013) and maternal deworming (Brooker et al., 2008b), and where
there is good uptake and coverage of these interventions, this indicator is likely to

under-estimate anaemia prevalence.

2.4 Current malaria control and elimination strategy

2.4.1 Vector Control Interventions

The intensity and pattern of malaria transmission in an area is largely due to
the abundance and feeding habits of vectors. As a result, vector control
interventions are targeted to reduce human-vector contact and/or reduce vector
abundance at the population level (WHO, 2013a). Insecticide treated mosquito nets
(including LLINs and conventional nets treated with an insecticide), IRS and larval
source management are the current vector control interventions endorsed by WHO.
The WHO currents recommends universal coverage with ITNs (defined as one ITN
for every two people at risk of malaria) (WHO, 2006), and urges a switch-over to
WHO Pesticide Evaluation Scheme (WHOPES) certified LLINs (WHO, 2013b) in
which the net’s fibre is coated or incorporated with pyrethroids insecticide (e.g.

permethrin) for all endemic countries. Free mass distribution campaigns every
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three years or less, complemented with continuous distribution programmes (e.g.
through antenatal and routine immunization services) are advised as the approach
to achieve universal coverage (WHO, 2013c). Coverage with ITNs in sub-Saharan
Africa has increased steadily from 2000 to 2012 with 3% of household owning at
least one ITN in the former compared to 56% in the latter, with a slight decline to

54% in 2013 (WHO, 2013a).

IRS involves the application of residual insecticides to the inner surfaces of
dwellings to target Anopheles mosquitoes that rest on walls after having taken a
blood meal. Spraying of at least 80% (and ideally 100%) of houses, structures and
units (including domestic animal dwellings) in the targeted area in any round of
spraying is recommended by the WHO (WHO, 2013d). Again, WHOPES endorses
twelve insecticides belonging to four main categories for IRS: organochlorines (e.g.
DDT), organophosphates (e.g. Malathion), carbamates (e.g. Bendiocarb) and
pyrethroids (e.g. deltamethrin) (WHO, 2009). In the African region, the proportion
of the population protected by IRS in countries with ongoing transmission rose
from less than 5% in 2005 to 11% in 2010, but fell slightly to 8% in 2012 (WHO,
2013a). Insecticide resistance is one of the main challenges to the success of vector
control strategies requiring its use, driven by the previous heavy reliance in
pyrethroids. To date, resistance in the vector has been identified in at least 64
malaria-endemic countries worldwide (WHO, 2013a). This led to WHO issuing the
Global plan for insecticide resistance management in malaria vectors, urging the
development and implementation of comprehensive insecticide resistance

management to reduce the chance of significant resistance (WHO, 2012d).

Larval source management (LSM) is the management of aquatic habitats
that are potential larval habitats for mosquitoes in order to prevent the completion
of immature stages of mosquito development (WHO, 2013e). There are four
categories of LSM: habitat modification or permanent alteration of the environment

(e.g. surface water drainage), habitat manipulation or temporary environmental
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changes (e.g. drainage clearance), biological control by introduction of natural
enemies into larval habitats (e.g. predatory fish) and the regular application of
biological or chemical insecticides to water bodies or larviciding (e.g. Bacillus
thuringiensis subsp. israelensis (Bti)). Larviciding is the most widely used LSM and in
2012 the WHO Interim Position Statement on the role of larviciding in sub-Saharan
Africa (WHO, 2012c), recommend larviciding in urban areas where breeding sites
are relatively few, fixed and easily accessible, arid regions were habitats are few
and fixed for most of the year, and in the East African highlands where a field trial
in 2009 (Fillinger et al., 2009) demonstrated the effectiveness of larviciding in

conjunction with LLINSs.

Another promising vector control strategy that is currently been studied is
house improvement as means of reducing house entry of malaria vector entry as a
means of reducing transmission (Atieli et al., 2009; Kirby et al., 2009). House
modifications reduced the vector density in intervention household (Atieli et al.,
2009; Kirby et al., 2009) and anaemia in children (Kirby et al., 2009) compared to
controls, but did not seem to result in significant decreases in parasitaemia in
children (Kirby et al., 2009). This method is promising with good social
acceptability (Kirby et al., 2010) but more research needs to be done before it can be

adopted as a viable control strategy.

2.4.2 Preventive chemotherapy

Preventive chemotherapy is the use of complete treatment courses of
antimalarial in at-risk groups to reduce malaria-related morbidity and mortality by
preventing the consequences of infection. Currently WHO endorses intermittent
preventive treatment in pregnancy (IPTp), intermittent preventive treatment in
infants (IPTi), and seasonal malaria chemoprevention (SMC) as preventive
chemotherapy. Sulfadoxine—pyrimethamine (SP) is the drug currently
recommended for intermittent preventive treatment in pregnancy (IPTp), because

of its safety profile and the fact that it can be delivered as a single dose under
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observation by a health worker. Recent scientific evidence from a review of 7
clinical trials conducted in Africa in areas of stable transmission and different levels
of SP resistance revealed that 3 or more doses of IPTp-SP yielded better clinical
outcomes for the mother and the newborn than the standard two doses of IPTp-SP
in all gravidae and HIV groups (Kayentao et al., 2013). Intermittent preventive
treatment in pregnant women has been adopted into policy by 36 sub-Saharan
African countries with moderate to high malaria transmission in 2012. From
household survey data from 2010 to 2012 in 13 of those countries, a median of 64%
of pregnant women attending ANC received at least one dose of IPTp in 2012, 38%

received at least two doses and 23% received at least three doses (WHO, 2013a).

Intermittent preventive treatment for infants with SP with the DPT2, DPT3
and measles vaccines (a total of three doses) during routine immunization is the
currently recommended for sub-Saharan Africa countries with moderate to high
malaria transmission. Initial evidence for the partial protection in the first year of
life against clinical malaria and anaemia, and reduction in hospital admissions was
first demonstrated in a pivotal trial in Tanzania (Schellenberg et al., 2001), and this
has been substantiated by several consequent trials (Aponte et al., 2009; Gosling et
al., 2009; Odhiambo et al., 2010; Schellenberg et al., 2011; Willey et al., 2011). Doubts
on the effectiveness of this strategy given the widespread resistance to SP (Naidoo
and Roper, 2011) has limited the implementation of this strategy in many malaria-
endemic countries and to date only Burkina Faso has instituted a national policy for

IPTi.

The third preventive chemotherapy strategy is seasonal malaria
chemoprevention, the intermittent administration of full treatment courses of an
effective antimalarial during the malaria season to prevent malarial illness in
children aged 3 and 59 months (WHO, 2011b). The use of SMC is only
recommended in areas of highly seasonal malaria transmission in the Sahel sub-

region region where the combination amodiaquine plus SP is still effective (Cairns
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et al., 2012). Since WHO released its recommendation on SMC in August 2013
(WHO Global Malaria Programme, 2012), two countries have adopted the approach

and several countries have expressed the desire to adopt the policy.

2.4.3 Diagnosis and treatment of malaria

The WHO urges that in every country with ongoing malaria transmission,
the diagnosis in every suspected malaria case should be confirmed (by microscopy
or RDT), every confirmed case treated with a quality assured artemisinin
combination therapy (ACT), and every malaria case tracked in a surveillance
system. This forms the basis of WHO'’s T3: Test, Treat and Track Initiative (WHO,
2012e). The objectives of diagnosis and treatment are to reduce patient morbidity
and mortality by rapid cure, reduce the population parasite pool by completely
clearing a patient of malaria infection, and to prevent the emergence and spread of
resistance by using effective combination therapy (i.e. ACTs) but it is accepted that
there are a few challenges to this strategy (Bastiaens et al., 2014). Firstly, sustaining
the supply of RDTs to rural areas has been difficult and drug stock outs are
common (Shillcutt et al., 2008; Proietti et al., 2011). Secondly, even where tests are
available, adherence to the results amongst healthcare workers is poor (Hamer et
al., 2007; Reyburn et al., 2007; Bisoffi et al., 2009; Ansah et al., 2010), and over-use of
antimalarials is likely particularly in low transmission settings (Mwanziva et al.,
2008; Bastiaens et al., 2011). Thirdly, the cost-effectiveness of this strategy depends
on the transmission settings, this strategy is cost-effective even if there is poor
adherence to results (Lubell et al., 2008). However in high transmission settings
given the imperfect sensitivity of tests under field conditions, poor adherence to
results and supply maintenance issues, presumptive treatment is more cost-

effective than diagnosis-based treatment (Lubell et al., 2008).

Current recommendations are that uncomplicated P. falciparum malaria should be
treated by one of five ACTs based on the therapeutic efficacy in the area of planned

use: artemether plus lumefantrine, artesunate plus amodiaquine, artesunate plus
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mefloquine, artesunate plus SP, and dihydroartemisinin plus piperaquine (WHO,
2010). Plasmodium vivax malaria should be treated with chloroquine monotherapy
only in areas where this drug is effective, and in areas with chloroquine resistance
P. vivax malaria should be treated with an ACT other the artesunate plus SP. Severe
malaria should be treated with injectable artesunate, followed by a complete course
of an effective ACT as soon as the patient can take oral medications, based on the
evidence from two large multicentre trials in South East Asia and sub-Saharan
Africa (Dondorp et al., 2005; Dondorp et al., 2010). This control strategy should be
supported by therapeutic drug efficacy studies to allow for measurement of the

clinical and parasitological efficacy, and the emergence of drug resistance.

2.4.4 Monitoring, Evaluation and Surveillance of Malaria
Monitoring, evaluation and surveillance of malaria is fundamental to
malaria programme design and implementation. Monitoring is a continuous
process of collecting and utilizing data on programme implementation with the aim
of verify whether the project activities are happening according to planning and
whether adjustments are required to ensure satisfactory progress (WHO et al.,
2011). Monitoring must provide the project management with timely information
(in the form of administrative data, inputs, processes, outputs and sometimes
outcomes and impacts) during the course of the programme to make it possible to
take efficient and appropriate decisions. The information is acquired through
routinely collected data or specific surveillance systems, field observation reports,

progress reports, rapid assessment, program review meetings.

Evaluation involves a much more comprehensive programme assessment,
usually done at discrete time points (often the midpoint and end of implementation
period), that focuses on the expected long term outcomes and impacts of the
programme in order to assess the programmes’ effectiveness, relevance, impact and
cost-effectiveness (i.e. its population effects) (WHO et al., 2011). The information

required is acquired through data for monitoring as well as population-based
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surveys, vital registration and specific studies (e.g. treatment efficacy). Evaluation
may assess whether activities have been undertaken as planned (normative
evaluation) or whether changes in malaria transmission are attributable to

programme efforts (impact evaluation).

The Monitoring and Evaluation (M&E) Framework for malaria control
programmes consists of a series of activities, namely, Assessments and Planning,
Inputs, Processes, Outputs, Outcomes (intermediate effects), and Impact (long-term
effects) (Figure 2). In the context of malaria program scale-up, M&E has historically
focused on measuring disease burden to detect impact, specifically measuring
morbidity and mortality through routine sources of data (e.g. health facility
reports), Demographic and Health Surveillance systems (DHS), and health facility
surveys (Figure2A) (RBM, 2010). However, as malaria transmission drops due to
improved control and we approach the elimination threshold, measurement of
malaria-specific morbidity and mortality by these methods will not produce
accurate estimates of ongoing malaria transmission. As a result, there was a
paradigm shift in thinking resulting in a change in priority from the burden

reduction to the interruption of transmission (Figure 2B) (malERA, 2011b).

Current malaria M&E focuses on detecting infections (with or without
symptoms) and measuring transmission dynamics as the primary indicators of
interest. Impact is usually assumed when there is detectible burden reduction
(measured through impact indicators) with concurrent coverage scale-up
(measured through outcome indicators) in the absence of any other explanatory
factor (RBM, 2008b). In reality, this type of evaluation requires rigorous
experimental design, including the measurement of all other possible explanatory
factors (e.g. rainfall) to make a causal association between program inputs and
resulting impacts, a mandate seldom achievable by most NMCPs. For this reason,
current policy emphasis is on the measurement of outcome indicators rather than

impact indicators (MEASURE Evaluation et al., 2013a).
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Figure 2: (A) Previous Malaria M&E framework (B) Current Malaria M&E framework (Source: PLoS Collections, (malERA, 2011b), open
source)
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Figure 3: Endemicity classification, appropriate metric and programme strategy at different stages of control and elimination
(Adapted from Lancet Infectious Diseases (Hay et al., 2008) & Malaria elimination: A field manual for low an moderately endemic countries
(WHO, 2007c))
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Measurement of impact indicators is still necessary however as part of
normative evaluation in other to guide programme efforts through phases of
control. Previously, the phases of controls were divided into preparatory, attack,
consolidation and maintenance according to the WHO Global Malaria Eradication
Programme (Black, 1968; Pampana, 1969; Najera and Global Partnership to Roll
Back Malaria, 1999), and measurement of the PfPR and API were meant to guide
programmes as to which phase in control continuum they currently were in and so
which control strategy to employ. These phases have since been adapted to attack,
sustain, transition, consolidate and maintain (Hay et al., 2008) with key
epidemiological criteria indicating when a reorientation in programme strategy is

required (Figure 3).

Where transmission is stable (hyper- to mesoendemic), appropriate metric is
PfPR (usually estimated from data from population-based surveys) and the strategy
adopted by NMCPs should be that of a control programme focusing on the
reduction of transmission intensity through scale-up of proven interventions, for
example accurate diagnosis and treatment with artemisinin combination therapy or
ACT (RXACT). When transmission becomes unstable both PfPR (usually estimated
from data from population-based surveys) and API (from a combination of active
and passive surveillance) should be measured and the strategy should be that of a
pre-elimination programme focusing on the prevention of spread from existing
cases through targeted RxACT and ITN distribution campaigns, and detection and
control of foci of infection (i.e. hotspots). As transmission continues to fall, the
strategy becomes that of a control programme with continued focus on prevention
of spread from existing cases but with a strategy of targeted treatment and foci
elimination. When elimination is achieved, the strategy becomes that of a
prevention of reinfection programme and the main objective is the prevention of
spread from imported cases. When a country has zero locally acquired malaria
cases for at least three consecutive years, as proven by reliable data it can request

WHO to certify its malaria-free status.
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Despite the availability of WHO guidelines (WHO, 2007a), monitoring and
evaluation programmes for malaria control in pregnancy still remain poorly
developed. The current control strategies for MIP are constructed with in relation to
the epidemiological patterns of infection, with focus on IPTp, ITNs and prompt
effective case management of malaria and anaemia in stable transmission (high to
medium) settings, and ITNs and prompt and effective case management in unstable
transmission settings (WHO/AFRO, 2004). Recommended indicators for monitoring
and evaluation of MIP control programmes are consequently structured based on
this control strategy with LBW by parity and percentage with severe anaemia
(Hb<7.0g/dl) in the third trimester by gravidity as the main impact indicators
(WHO, 2007a). The appropriateness for the cut-off for severe anaemia most likely to
be due to malaria infection is still being debated (Savage et al., 2007; Brabin et al.,
2008). There are also are no indicators to monitor the number of clinical cases,
efficacy of IPTp or the burden of malaria infection. Impact indicators are
recommended to be measured during nationally representative household surveys,
whilst other indicators are to be measured by facility-based surveys (WHO, 2007a).
It has been suggested therefore that these indicators be updated (Brabin et al., 2008),
and given the high rates of ANC attendance (UNICEF, 2013), data to guide
decision-making in the control of MIP could also be derived from facility based
surveys (Parise et al., 2003), an approach that is appealing based on the prohibitive
sample size required to get precise estimates of burden from current impact

indicators.

2.5 Sampling strategies for malaria surveillance, monitoring

and evaluation

Surveys of human population measure and count the occurrence of a
particular attribute in the human population at a particular time within a locality
(Law and Pascoe, 2013). Sometimes it is possible to survey all the individuals

making up the population of interest, such as demographic and health surveillance
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systems (DHS), but usually the population of interest is too large to survey
everyone and we usually study a subset: the sample. The sample is made of sub-
divisions that maybe natural (such as households) or artificial (such as a rectangular
area on a map bearing no relation to natural subdivisions) termed sampling units
(Yates, 1981). The structure of all sampling units available for survey is referred to
as the sampling frame, for example in sampling in a human population, the
sampling frame will be the list of all households in the study area (Yates, 1981). The
whole aggregate of sampling units is referred to as the population of sampling units
(Yates, 1981). In most cases, the sampling frame and the population of sampling
units are congruent, but sometimes it may not be feasible to include the whole

population in the sampling frame for logistic reasons.

When the sample is collected using a sampling strategy that results in a
representative subset of the population, it is possible to infer the properties of the
population from the properties of the sample. As long as a representative subset of
the population of interest is the end result, sampling is advantageous when
compared to census in that data is cheaper to collect as a smaller number of
sampling units are required and fewer people are needed to collect and analyse the
data. Sample surveys are frequently quicker to administer, analyse and process, and
because there are fewer cases make it possible to collect more data about each than
would have been possible in a census. The method of selecting a sample to survey
is classically divided into two broad categories: probability and non-probability
sampling (Law and Pascoe, 2013). Choosing between these approaches is a matter
of evaluating the issues of validity and credibility, against a realistic assessment of
alternative both in time and effort. This section intends to give an overview on the
sampling strategies currently used for malaria surveillance, monitoring and

evaluation.
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2.5.1 Censuses

The most common example of a situation where it is possible to sample the
whole population (i.e. a census) in order to derive measures of transmission
intensity is that of a Demographic and Health Surveillance System (DHS). A DHS
consists of monitoring demographic and health characteristics of a population
living in a well-defined geographic area through the collection of data
prospectively and longitudinally (INDEPTH Network, 2002; Sankoh and Binka,
2005). Where these DHSs are in malaria-endemic countries, they can be used to
measure trends in malaria morbidity and mortality at the population level and even
potentially measure the impact of control interventions (Monasch et al., 2004;
Kaatano et al., 2009; Alba et al., 2011; Kouanda et al., 2013). Cause-specific mortality
(including that due to malaria) in DHSs are assessed by verbal autopsy and some
sites have followed trends for over 10 years (Hammer et al., 2006; Deressa et al.,
2007; Kamugisha et al., 2007; Becher et al., 2008; Kaatano et al., 2009; Sacarlal et al.,
2009), despite doubts about the sensitivity and specificity (INDEPTH, 2002; Rowe,
2005; Setel et al., 2006).

Data from a DHS can allow us to study geographical heterogeneity in
transmission if all the possible data points are linked to GPS coordinates. The main
disadvantage of a DHS is the fact that due to the intensive nature of data collection
activities, it generally cannot be applied over wide geographic areas or large
population. The data from a DHS may not be representative of the whole country as
the selected site may not be typical of the whole country especially given the
variability in transmission intensity. Where it exists within a district, the data from

a DHS can be useful for district programme management.

2.5.2 Probability sampling

A probability sample is one in which each person in the population has an

equal, or at least a known, chance (probability) of being selected (International
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Epidemiological Association, 2008). There are different types of probability samples
(Table 6) but they are all structured to give an average estimates of the property of
interest in population with its precision. They are often regarded more favourably
by survey researchers as they are more likely to produce representative samples
and facilitate estimates of sample accuracy which allow inferences to be made to a

wider population.

Table 6: Probability sample designs

Type of Strategy to select sampling units

sampling

Simple After sub-division into sampling units, the requisite number of
random sampling units to satisfy the sample size are selected at random

from the sampling frame.

Stratified After sub-division into groups called ‘strata’ containing the same

of differing number of sampling units (uniform sampling fraction
and non-uniform sampling fraction respectively), sampling units

are selected at random from each strata.

Systematic | After the sample frame is assembled and listed, a random start
point is designated from which sampling units are selected at
equal intervals until the desired sample size is achieved.

Cluster After each sampling unit of the population of sampling units is
assigned to a naturally occurring group of ‘cluster’ and a random
selection of clusters is made until the desired sample size (in terms
of sampling units) is achieved.

A random sample is the simplest type of a rigorously selected sample and is
sometimes the basis of much more complex sampling methods (Table 6). The aim of
random sampling is to ensure that every sampling unit (whether that be an
individual, household, or geographic area) in the sampling frame has an equal
chance of being selected, so that the measurement of a particular variable can be
generalized to the population with a calculable degree of confidence. Classical
random sampling usually means sampling without replacement, in which once the
sampling unit has been selected, it is no longer a part of the sampling frame and is
thus not eligible for re-selection, as it is more efficient than sampling with

replacement in producing representative samples. A disadvantage is that this
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approach focuses on a random sample of the whole population whilst in some cases
estimates from a sub-group of the population (e.g. a key disease at-risk group like
pregnant women) may be more desirable. Finally, respondents may be widely
dispersed; hence, data collection costs might be higher than those for other
probability sample designs such as cluster sampling. In practice many large-scale
malaria surveys do not use random sampling because of the excessive costs
associated with sample selection and instead opt for a compromise which often

utilizes stratified, multistage, or random sampling (MEASURE DHS, 2013b).

In stratified sampling, the main purpose is to improve the precision of the
overall population estimates by improving the precision of the corresponding
estimates of sub-divisions of interest termed domains of study (e.g. high and low
transmission intensity) (Table 6) (Yates, 1981). This strategy is useful if the aim is to
compare groups and is most effective when sampling units are reflected in the same
proportions as those in the strata in the population. The accuracy of the overall
estimates will increase if there are large differences in estimates of the attribute of
interest between strata, as the strata will be represented in their correct proportions,
whereas in a random sample these may be subject to sampling errors if too little of
one strata is sampled. Systematic sampling is only possible when a list of sampling
units of the sampling frame is available (Table 6). The main disadvantage is that
stratified sampling requires more effort in terms of preparation for sampling,
executing the sample design, and analysing the data collected. Information on
stratification variables is required for each element in the population, and selection
of stratification variables may be difficult if a study involves a large number of

variables.

Systematic sampling (or interval random sampling) does not strictly result
in a fully random sample (Table 6). Systematic sampling may be classified into
three major types: linear systematic sampling, circular systematic sampling, and

repeated (or replicated) systematic sampling. In linear sample, we move down the
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list until completion and then stop whilst in cyclic sampling, we return to the start
of the list and continue selecting sampling units. Whilst both linear and circular
systematic sampling aim to produce a single sample, repeated systematic sampling
involves the selection of multiple samples from the target population by using
multiple random start locations to select smaller systematic samples which are then
combined into a single sample. The main advantage is that systematic sampling is
easier, simpler, less time-consuming, and more economical than simple random
sampling. However, if the sampling interval is related to periodic ordering of the

elements in the sampling frame there may be increased variability in in the result.

In most cases, it is impossible or impractical to create a sampling frame of
the whole target population, and/or the target population is widely dispersed
geographically, making data collection costs by the aforementioned method of
random sampling relatively high. In such situations, a cluster sample is more
realistic. Cluster sampling involves selection of natural aggregates of population
elements (e.g. villages) (Table 6) and is usually classified according to the number of
stages in the sampling process: single-stage sampling, two-stage sampling, and
multistage sampling. Each stage involve repetition of listing the sampling frame
and randomly selecting sampling units until the last stage element sampling is
achieved. Sampling with probability proportional to size is another variant of
cluster sampling that aims to ensure every element in the population having an
equal chance of inclusion in the sample. The probability of selecting a cluster is
dependent on the proportional distribution of its elements in the target population
thus obtaining a self-weighting sample e.g. the number of households to be
randomly selected in a village depending on the proportion of households in the

village compared to the total population.

In summary, probability sampling is structured to give an average estimate
and its precision for a geographic area and is currently the policy-recommended

approach for population-based surveys intended to produce average estimates of
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control progress to guide decision making at the national level (Hancioglu and
Arnold, 2013; MEASURE DHS, 2013b). At the district or sub-district level, in order
to make timely decisions and to target interventions to achieve maximum
efficiency, we need timely data that takes account of the heterogeneity in
distribution of transmission intensity, and thus we need to balance the statistical
validity versus the likelihood that the data results in the correct decision in terms of
the next control step. The sample size required to achieve this by probability
sampling is logistically challenging and financially prohibitive and we need to

explore alternate sampling strategies that could be more efficient.

2.5.3 Non-probability sampling

In non-probability sampling, the chance of each sampling unit being
selected from the population of sampling units is unknown (Law and Pascoe, 2013).
Non-probability samples may not provide a sample that is representative of the
population, but never the less is a rich source of data. Using a non-probability
sample to infer properties of the population should be approached with caution
because we don’t know the probability of how well we have represented the
population of interest and neither can we directly determine the precision of
estimates from such a sample. However, some non-probability samples are
routinely used in malaria surveillance, for example health facility-based surveys
and school surveys. Health facility-based surveys are currently a policy
recommended complementary surveillance tool at different phases of control and
elimination (WHO, 2012a; WHO, 2012b). The common misconception when using
such samples is that by using probability sampling techniques to select sampling
units from such a sampling frame (i.e. the sampling units available to be sampled in
the health facility or school) results in a non-probability sample that can now been
reliably generalized either to the whole population (for non-age restricted facility
surveys) or a particular risk strata of the population (for age-restricted restricted
health facility surveys, ANC surveys and school surveys). This is not the case,

selecting a smaller probability sample from a larger non-probability sample only
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ensures the selection of a representative sample of the larger non-probability
sample which has already been selected by natural systems (e.g. health seeking
behaviour, socioeconomic status, proximity, etc.), and the selected sample is still

thus subject to all the shortcomings of a non-probability sample.

The main advantage of non-probability sampling is that the natural systems
in place allow us to easily select and recruit the sample, making non-probability
sampling cheaper and more straightforward to administer than probability
sampling as it doesn’t require a sampling frame. Non-probability sampling include
convenience sampling (also called accidental or haphazard sampling), purposeful
sampling (also called purposive or judgemental sampling) and snowball sampling.
In convenience sampling, sampling units are selected based on availability and
accessibility which gives an element of randomness and therefore reduces the
opportunity for bias (Law and Pascoe, 2013). EAGs are convenience samples that
are either potentially representative of a disease at risk group (e.g. school children)
or the population (e.g. opportunistic surveys during public health intervention
campaigns). The potential disadvantage of this approach is that people who are
accessible and willing to participate may be significantly different from those that

are not accessible and/or not willing to participate.

Purposeful sampling involves selection sampling with the objective of
obtaining detailed information on one or more specific pre-defined groups of the
population for in-depth study (Law and Pascoe, 2013), for example, sampling only
households who have recently received and ITN for an in-depth investigation of the
source and direct or indirect costs (if any). Purposive sampling can be very useful
when you need to reach a targeted sample quickly and where sampling for
proportionality is not the primary concern. This type of sampling can only be
representative of the targeted population. In snowball sampling, the researcher

identifies a sampling unit of interest, ask them to recommend another person (such
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as a friend) who is also sampled and so on (Law and Pascoe, 2013). This method is
used extensively in market research for commercial networks, but the results are
likely to be highly correlated due to the relationship between individuals in the

sample.

2.5.4 Novel sampling approaches

The advent of improvement in our knowledge of statistics and improvement
in computer technology and statistical programmes have enabled us to develop and
test novel sampling approaches including the use of mathematical modelling
(Sarndal et al., 2003). Of these, the most promising for malaria M&E and
surveillance are hybrid sampling (Hedt and Pagano, 2011), lot quality assurance
sampling (LQAS) (Dodge and Romig, 1929; Shewhart, 1931) and geo-spatial

sampling.

Hybrid sampling

Using hybrid prevalence estimators to collect information from convenience
samples is a novel concept that has been explored mathematically (Hedt and
Pagano, 2011) but is yet to be implemented in practice. Hybrid prevalence
estimators are derived by combining data from a convenience sample with that of a
simple random sample of the population. According to mathematical modelling
done by Hedt and Pagano, hybrid sampling provides gains in efficiency resulting in
decreased sample size requirement by combining a relatively small, and
presumably far less expensive, random sample to convenience sample (Hedt and
Pagano, 2011). Combining both samples eliminates the bias from the convenience
sample and legitimises the use of powerful inferential tools that are usually
associated with a random sample. The decreased sample size of a hybrid sampling
approach is likely to reduce the complexity and cost of surveillance at the district
level compared to the cluster randomised sampling approach of a household
survey, thus favouring more frequent surveys and data-driven programme

management. Despite the sound mathematical reasoning behind this concept,
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hybrid sampling is yet to receive global acceptance as a surveillance strategy for

malaria as there are hardly any examples described in the literature. Whilst hybrid
sampling may be an answer to the need for timely estimates for control progress, it
still results in an average estimate with no cognisance of the geospatial distribution

of transmission.

Lot Quality Assurance Sampling
Lot quality assurance sampling (LQAS) was developed in the late 1920s to

control the quality of output in industrial production processes (Dodge and Romig,
1929; Shewhart, 1931). It involves the assessment of a small batch of a manufactured
sample of products for quality, and if the defective items in the sample exceeds a
predetermined number (decision rule), then the lot is rejected. The sample size is
statistically determined, based on the desired production standards and the
corresponding decision rule (Dodge and Romig, 1929). Since the 1980s, LQAS has
been increasingly used in the health sciences and has gained considerable appeal in
a wide range of applications (Lanata and Black, 1991; Valadez, 1991; Valadez and
Devkota, 2002; Robertson and Valadez, 2006). In this case, the definition of the lot
should be defined, based on geographical or administrative boundaries, usually at
district or sub-district level, where there is a responsible officer present and
accountable for corrective actions. The main advantage of LQAS is that a smaller
sample size is required to classify areas according to performance than would be
required by a probability sampling approach in household surveys (Robertson et
al., 1997). Lot quality assurance sampling as a means of assessing control progress is
a relatively new strategy that has been assessed at the local level (Dias et al.; Okoh
et al., 2006; Ministry of Health of Eritrea, 2008; Laly et al., 2009) and at the national
level (Biedron et al., 2010).

In order to make data driven decisions at the district level using LQAS, the
exact value of the indicator is not required like in household surveys, rather its

position above or below a set threshold defined according to the requirement for
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control interventions. This will identify communities with inadequate control
progress for targeted control providing all possible geographic locations are
sampled. The main shortcoming of this approach is that it deals with a threshold
and exact estimates of the degree of coverage or endemicity will be unavailable
making it impossible to determine sub-threshold changes. Lot quality assurance
sampling is receiving more and more acceptance but needs to be tested across the
endemicity spectrum before it can be confirmed as a legitimate surveillance

strategy.

Geospatial sampling

Spatial representation of epidemiological data in the form of a map
facilitates interpretation, synthesis and recognition of any changing frequency and
pattern of infected cases and the appearance of clusters of infection. This is key as
control strategies are usually applied at different spatial levels — from
administrative regions like district to the unit of coverage assessment, the
household (MEASURE Evaluation et al., 2013a). The availability of geospatial data
on malaria transmission and improved availability software capable of carrying out
spatial analytic methods have enabled the development of detailed risk maps of
malaria transmission at both the global level (Guerra et al., 2007; Hay et al., 2008;
Gething et al., 2011; Gething et al., 2012) and national level (Alegana et al., 2013).
Geo-spatial representation of disease risk is a powerful approach in that it
communicates to key decision makers the spatial differences in control progress in a
region of interest and facilitates spatial targeting of control interventions.
Environmental data (e.g. rainfall, temperature and humidity) need to be collected as
well as this may help in determining the epidemiological significance of the spatial

distribution in a particular geographic region (Hay et al., 1998; Hay et al., 2006).

To provide accurate geospatial estimates of infectious disease with spatial
variation like malaria, it is necessary to find optimal sampling locations in the area

of interest in order to get representative data. Sampling from this type of
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distribution is analogous to previously discussed major sampling strategies, and are
categorised into simple random, systematic, stratified and cluster sampling. A
simple random spatial sampling scheme consists of choosing a set of random
sampling points in in an area of interest in such a manner that each location has an
equal probability of being selected (Ripley, 2004). This process is repeated until the
desired sample size is achieved. This method is simple to carry out but there is the
risk of over- or under-sampling in some areas leading to a sample that is not

spatially representative (Griffith and Amrhein, 1997).

In systematic geospatial sampling, after determining the sample size, we
construct a sampling frame consisting of a row of sampling units (usually using a
natural linear organisation of the population like points along a main access road),
then randomly select a starting point from one end of the sequence and sample at
equal intervals from that point (Ripley, 2004). The main benefit of this approach
compared to simple random geospatial sampling is the fact that it results in a good
spread of sampling points in the area of interest. This method however relies on the
preposition that the points selected are not significantly different from those in
between the sampling points which may not always be the case. There is also a
danger of resulting with data that is not spatially representative if coincides in
frequency with a regular pattern in the landscape (e.g. irrigation schemes) (Griffith

and Amrhein, 1997).

In stratified geospatial sampling, the survey area is divided into non-
overlapping strata either as a set of regular blocks or into natural areas based on
factors such as vegetation pattern (Ripley, 2004). Sampling points are then
randomly selected until the desired sample size for the whole area of interest is
achieved. Because some sub-regions of the study area may exhibit more marker
spatial variation than others (Cressie, 1993), smaller strata are preferred in areas

where we expect a wide spectrum of spatial variation.
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Cluster geospatial sampling may be practical when there is a natural spatial
proximity of desired sampling units e.g. households in a village. In this method of
sampling, clusters are randomly selected from our area of interest, then either the
whole cluster or a random sample of the cluster is selected depending on the
resources or sample size (Ripley, 2004). If the probability of selecting a cluster is
dependent on the proportional distribution of its elements in the target population
we will obtain a self-weighting sample. This method of geospatial sampling is
advantageous to the other methods as it requires only the list of available clusters

unlike the others which require the details of the whole sampling frame.

Combining data from EAGs and probability samples using generalised
linear geostatistical models is a promising new geospatial sampling
approach(Giorgi et al., In press). With the assumption that the data from the
probability sample is an accurate geospatial representation of the prevalence of a
particular attribute of interest (e.g. P. falciparum parasitaemia), the joint model
allows for biased sampling and temporal variation, and leads to gains in efficiency
of estimation and spatial prediction. The paper used the data from samples from
two serial standard MISs combined with that of an EAG sample from the same
study area to construct accurate malaria prevalence maps. This model indicates that
a using hybrid sampling approach combining data from EAG and random
sampling to derive spatial maps and guide in the targeting of malaria control

interventions urgently needs to be evaluated(Giorgi et al., In press).
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2.6 Survey designs for malaria surveillance, monitoring and
evaluation

2.6.1 Nationally representative household surveys

Malaria Indicator Surveys

The Roll Back Malaria (RBM) Partnership was launched in 1998 by
numerous global partners, in order to provide a coordinated global approach to
fighting malaria. In 2002, the RBM Monitoring and Evaluation Reference Group
(MERG) was established to act as an advisory body for the RBM Partnership Board
on all matters pertaining to monitoring and evaluation of RBM initiatives at the
international, regional, and national levels. The mandate of MERG was to provide
technical advice on state-of-the-art approaches for the monitoring and evaluation of
malaria programs. In 2005, the RBM Survey and Indicator Guidance task produced
a comprehensive package of tools to guide NMCPs in carrying out household-level
surveys relevant for assessing core malaria indicators (i.e. MISs) (RBM MERG,
2005). These guidelines and indicators are regularly updated with the most recent
version containing 13 outcome indicators and three impact indicators (Table 7)
(MEASURE Evaluation et al., 2013a). MISs are expected to be applicable to different
endemic settings as a tool for measuring coverage of control interventions that

target the household (e.g. IRS).

In the light of the global progress in malaria control by 2010, RBM updated the
GMAP goals, objectives and targets in June 2011 (WHO and RBM, 2011). The

updated objectives are as follows:

1. Reduce global malaria deaths to near zero by end 2015
2. Reduce global malaria cases by 75% by end 2015 (from 2000 levels)
3. Eliminate malaria by end 2015 in 10 new countries (since 2008) and in the

WHO Europe Region

The targets necessary to achieve these objectives include achieving and sustaining

universal access to prompt and effective diagnostic testing and treatment at all
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sectors of health care, universal access to and utilization of prevention measures
(including ITNs) and accelerate development of surveillance systems (WHO and
RBM, 2011). The updated targets necessitated a revision of indicators resulting in 5
new and two updated outcome indicators (Table 7) (MEASURE Evaluation et al.,
2013a) . Both outcome and impact indicators are included in the Household and

Women'’s Questionnaires.

The population of interest for MISs are those at most risk for malaria
infection, women of reproductive age (15-49 years old) and children less than 5
years of age, living within malaria endemic or epidemic-prone areas (MEASURE
DHS, 2013b). MISs use probability sampling so their feasibility depends on the
availability of a suitable sampling frame that entirely covers the target population.
The preferred sampling frame is a list of geographic areas consisting of a
convenient number of dwelling units (clusters) which serve as a counting units
from a recently completed population census (i.e. enumeration areas (EAs))
(MEASURE DHS, 2013b). The geographic extent of the sampling frame is
determined by the perceived distribution of endemic and/or epidemic-prone
malaria based on climatic and entomological factors (Snow et al., 2003; Bryce et al.,
2005). In countries with endemic and/or epidemic-prone malaria throughout, the
sampling frame should cover the entire country (stratified by urban and rural
residence). In countries with endemic and/or epidemic-prone malaria throughout
(excluding readily identifiable regions within the Sahel or Sahara deserts), the
sampling frame should include the whole country. In countries that contain
malaria-endemic regions intermittently, regions without endemic and/or epidemic-
prone malaria should be excluded from the sampling frame if conditions are not
favourable for transmission (e.g. mean ambient monthly temperatures below 18° C)

or treated as a separate survey domain if there is still a risk of transmission.
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Table 7: Household Survey Indicators for Assessing Progress towards GMAP
Targets (Source: Household Survey Indicators for Malaria Control, (MEASURE
Evaluation et al., 2013a) with kind permission)

Intervention Outcome indicator description

Prevention
1. Proportion of households with at least one ITN
Proportion of households with at least one ITN for every

two people (NEW)
Vector Control via 3. Proportion of population with access to an ITN within
ITNs and IRS their household (NEW)

4. Proportion of population that slept under an ITN the
previous night

5. Proportion of children under five years old who slept
under an ITN the previous night

6. Proportion of pregnant women who slept under an ITN
the previous night

7. Proportion of existing ITNs used the previous night
(NEW)

8. Households covered by vector control: Proportion of
households with at least one

IPTp 9. Proportion of women who received three or more doses
of IPTp for malaria during ANC visits during their last
pregnancy (UPDATED)

Case Management

Diagnosis 10. Proportion of children under five years old with fever in
the last two weeks who had a finger or heel stick

Treatment 11. Proportion of children under five years old with fever in

the last two weeks for whom advice or treatment was
sought (NEW)

12. Proportion receiving an Artemisinin-based Combination
Therapy (ACT) (or other appropriate treatment), among
children under five years old with fever in the last two
weeks who received any antimalarial drugs (NEW)

Impact measure Impact Indicator description
Morbidity indicators 13. Parasite prevalence: proportion of children aged 6-59
months with malaria infection
14. Anaemia prevalence: proportion of children aged 6-59
months with a haemoglobin
Mortality indicator 15. All-cause under five mortality rate (USMR)

Determination of sample size for a MIS is a balance between the level of
precision at the national level and at the domain level (if there are domains) and
how detailed an analysis is required with capability of the implementing
organization and the funding available. The minimum required sample size is the

sum of the sample sizes required for all RBM indicators over all domains (if any) for
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which desired precisions are guaranteed, providing this can be covered by the
funding available. Sample selection for a MIS is a two-stage stratified cluster
sampling procedure developed by ICF International’s DHS program (ICF
International, 2012b). In the first stage, every EA in the country is assigned a
measure of size equal to the number of households or its population. Since
countries are usually divided into geographic regions or administrative units
(which are further sub-divided into districts), the main sampling frame is thus
distributed over these administrative units and usually stratified by type of
residence (urban vs. rural). A sample of EAs with a predetermined sample size is
then independently selected in each stratum with probability proportional to its
size. In the selected EAs, all dwellings and households are listed to provide a
sampling frame for household selection to correct for possible errors in the existing
main sampling frame. A fixed number of households are then selected from each
EAs by systematic sampling from a randomly determined point. Systematic
sampling is preferred to simple random sampling because it provides a
stratification effect with respect to the variables on which the frame is sorted
(implicit stratification) thus preventing the unexpected concentration of sample
points in certain areas that can occur with simple random sampling (ICF

International, 2012b).

Data collection on RBM indicators is via a combination of household
interviews and blood sample collection for assessment of haemoglobin and malaria
parasite infection, usually conducted during or right after the rainy season. Before
each household interview, the household members are listed and eligible

respondents are selected for interview and/or assessment.

Demographic and Health Surveys
Demographic and Health Surveys were designed to collect data on several
population, health and nutrition indicators (including Millennium Development

Goal indicators (MDGs)) in order to guide the policy choices of decision-makers
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(ICF International, 2012a). The DHS program is implemented by ICF International,
a private consulting firm in Calverton, Maryland, USA (formerly called Macro
International Inc.), typically carried out by government organizations. The target
population for the DHS survey is all women age 15-49 and children under five
years of age living in residential households, but most surveys now include all men
age 15-59 (Aliaga and Ren, 2006). The selection of the sampling frame,
determination of sample size and sample selection are the same as above, but data
is collected on a much wider spectrum of indicators than in a MIS surveys.
Demographic and Health Surveys are not specifically tailored for malaria
surveillance but produce reliable estimates of current RBM indicators including
ITN use in children less than five year old, ITN use in pregnant women, the
proportion of women who received intermittent presumptive treatment (IPTp) for

malaria during a recent pregnancy and the USMR (ICF International, 2012a).

Multiple Indicator Cluster Surveys

Multiple Indicator Cluster Surveys were first developed by UNICEEF, to
support countries measure progress towards an internationally agreed set of goals
that emerged from the 1990 World Summit for Children (UNICEF, 2012d). Over the
following years the indicators evolved to accommodate other major international
commitments including MDGs, United Nations General Assembly Special Session
on HIV/AIDS and the Abuja targets for malaria; whilst still maintaining its focus as
key data source to measure progress in meeting commitments made to children.
MICS are typically carried out by government organizations, with the technical
support and financial assistance of UNICEF and its partners. The target population
for a MICS are women aged 15 to 49 years, and children under five and in other age
groups. The current round of MICS (MICS5) is scheduled from 2012 — 2014
(UNICEF, 2012b). The MICS questionnaires collects several malariometric
indicators of which the key indicators to assess endemicity are the under-five
mortality rate and the 2-week period-prevalence of fever in children <5 years old.

The interpretation of the latter indicator as a measure of malaria endemicity has
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been much debated and its reliability is doubtful (Einterz and Bates, 1997; Lubanga

et al., 1997; Dunyo et al., 2000).

Vital Registration Systems

A vital statistics system is defined as the total process of collecting
information on vital events (e.g. births and deaths) in the population by civil
registration or enumeration on the frequency of occurrence of specified and defined
vital events through regular censuses or population registers, and compiling,
processing, analysing, evaluating, presenting and disseminating these data in
statistical form (United Nations, 2001). Systems of vital registration can sometimes
provide relevant information for malaria surveillance especially for the
determination of USMR at the national level (MEASURE Evaluation et al., 2013a).
The problem with this form of surveillance is due to completeness as recent
estimates indicate that almost one-third of 135 million births and over two-thirds of
approximately 57 million deaths worldwide were unregistered or unrecorded

(Oomman et al., 2013).

2.6.2 District and sub-district level surveys

The distribution of malaria infection depends on environmental, climatic,
and ecological suitability for vectors and transmission. As a result, the distribution
of malaria endemicity globally is spatially heterogeneous (Gething et al., 2011;
Gething et al., 2012). This is one of the reasons for the adoption of a spatial
progressive approach to malaria control and elimination referred to as shrinking
the malaria map (Feachem and The Malaria Elimination Group, 2009). At the sub-
national level, infections tend to cluster in geographic foci of varying size or
hotspots that maintain a higher level of transmission than the immediately
surrounding areas, and act as a reservoir of parasites throughout the year thus
contributing significantly to the population parasite pool (Bejon et al., 2010;
Bousema et al., 2012). The current MIS sampling guidelines try to address this by

suggesting explicit stratification into specific domains for high- and low-intensity
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malaria transmission (MEASURE DHS, 2013b). This approach requires recent
accurate knowledge of heterogeneity in transmission which is not available, will
increase the sample size and complexity of the survey, and being part of a national

MIS may not be able to offer timely estimates to monitor control progress.

Continuous facility-based surveillance of clinical cases

An alternative approach will be to carry out continuous sub-district
surveillance to supplement national efforts particularly in the interval between
national household surveys. Continuous facility based surveillance of clinical cases
have also been suggested by the WHO, taking into consideration the fact that
estimates from this EAG are affected by health facility attendance, diagnostic
testing and reporting rates (WHO, 2012a; WHO, 2012b). If the facility use rates and
reporting rates are known, then estimates can potentially be adjusted for these
factors. This approach like that of nationally representative household surveys is
targeted at providing average estimates (in this case of incidence of confirmed
cases) and not the geographic heterogeneity distribution in the facility’s catchment
area. The spatial distribution of malaria must be taken into consideration by
NMCPs because targeting hotspots with control measures will have a greater effect
than uniform resource allocation (Carter et al., 2000; Bousema et al., 2012). This
strategy will become crucial as transmission intensity drops and transmission

becomes increasingly focal.

Rolling malaria indicator surveys

The novel “rolling” methodology of surveys proposed by Roca-Feltrer et al
2012 which consists of monthly cross-sectional surveys is a promising approach
that could provide timely estimates of parasite and anaemia prevalence to detect
short- to medium term control progress (Roca-Feltrer et al., 2012). In this approach,
the total sample size is calculated to provide accurate estimates of the geographic

area of interest (e.g. a district) with proportionality to village size. Then using small
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mobile survey teams, the surveys are ‘rolled” using the same questionnaire tool and
indicators as a standard MIS so that data is collected continuously (e.g. monthly),
depending on the availability of resources, timing of control interventions and
seasonality (Roca-Feltrer et al., 2012). This methodology can generate
geographically relevant data on control progress and could support district-level
malaria control strategies (Rowe, 2009a). For now, this promising approach has
only being carried out under experimental settings and should urgently be
evaluated in real life settings to fully assess the full economic and financial cost of

this potential complementary M&E tool.

2.7 Conclusion

As malaria transmission declines in sub-Saharan Africa and other regions of
the world, it is necessary to robustly evaluate the impact of control programmes.
The current funding climate implies that developing cost and time effective
approaches to measure transmission reduction using precise and accurate
indicators in a time and cost effective approach is an urgent requirement. This is of
particular importance to NMCPs for two reasons. Firstly, NMCPs need timely data
to be able plan their overall strategy and change focus accordingly at the different
phases of malaria control. Secondly, in order to be able to effectively target
interventions, NMCPs need geospatial data on the uptake of malaria control
interventions and transmission intensity, preferably at the district/sub-district level.
This is not currently provided by current tools, and there is a definite need for the
development of less logistically and financially demanding novel supplementary
tools that can provide this data. The next chapter provides a review of potential
sub-groups of the population that are easily accessible, the so-called EAGs, which

could potentially be suitable for surveillance at the district/sub-district level.
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Chapter 3: Systematic Review of Potential
Easy Access Groups
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3.1 Introduction

Theoretically any spontaneous or premeditated aggregations of sufficient
members of the general population or key disease at-risk groups that allows the
possibility of surveillance for a certain disease or health state is a potential EAG.
However a proposed EAG has to satisfy certain basic characteristics before being
suitable for disease surveillance. Thacker et al devised a method of evaluating the
quality of surveillance systems based on seven criteria: sensitivity, specificity,
representativeness, timeliness, simplicity, flexibility and acceptability all of which
should be directly linked to usefulness and cost (Thacker et al., 1988). The main
criteria for the selection for appropriate EAGs is whether or not the information
provided is cost-effective and useful in contributing to the understanding of the
local epidemiology of malaria and/or results in a prompt control response leading
to reduction of transmission (Table 8). A trade-off has to be made between the
suitability of the surveillance and some aspects its quality. For using RDTs to detect
clinical infection might reduce costs of maintaining a microscopy lab but might
result in a loss of specificity and inability to quantify parasitaemia (Abba et al.,

2011).

Continuous monitoring of data from EAGs will allow estimation of
temporal trends and georeferencing the data by determining the origin participants
by direct questioning would allow estimation of the geographic distribution of
health events of interest, and the latter has been by data from facility-surveys
(Schellenberg et al., 1998; Kazembe et al., 2006). Bias in average estimates from
EAGs could be corrected by appropriate statistical techniques if the degree and
direction of the bias is known, by applying the appropriate corrective factor (Kilian
et al., 2013). Even with some imprecision in geospatial representativeness, the data
from EAGs can be used to as a guide for resource allocation using alternate
sampling approaches like LQAS (Dias et al.; Okoh et al., 2006; Ministry of Health of
Eritrea, 2008; Laly et al., 2009). If more average estimates or geospatial

representativeness is required this can be achieved by hybrid sampling combining
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with a random sample (Hedt and Pagano, 2011) or a spatially representative sample

(Giorgi et al., In press) of the population respectively. Based on these criteria and

historical evidence, suitable EAGs for district level surveillance include primary

school children, the population attending health facilities, pregnant women

attending ANC or coming for deliveries, the population exposed to public health

intervention surveys and community market days.

Table 8: Definition of criteria evaluating the suitability of EAGs for malaria
surveillance (adapted from (Thacker et al., 1988))

Attribute Definition
Suitability
Usefulness Contributes to understanding the epidemiology of malaria

Cost-effective

in the study area.

Generates a suitable prompt public health response by
impacting policies and/or control response.

The direct and indirect costs should be justifiable in relation
to the benefits attained.

Quality

Sensitivity The ability of the surveillance system to measure presence
of relevant impact indicators.

Specificity The ability of the surveillance system to identify the absence
of relevant impact indicators.

Representativeness Accurately reflects the spatio-temporal distribution of key
health events and uptake of public health control measures
in the population or key at-risk groups.

Timeliness Ability to provide timely estimates of key health events in
order to guide control efforts.

Simplicity Easy to understand and implement.

Flexibility Ability to be easily adapted to include new or emerging
problems, other health events, population sub-groups or
key disease at-risk groups.

Acceptability Willingness of persons conducting surveillance and those

providing data to generate accurate, consistent and timely
data.

Acceptability to other key stakeholders, the community,
health planners, donors, etc.
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3.2 Overview of potential EAGs
3.2.1 Primary school children

Primary school surveys were commonly used in the early approaches to
malaria surveillance and control (Boyd MF, 1949), but were abandoned in part due
to financing constraints and a shift in the goals of control programmes from malaria
elimination to morbidity control (Brooker et al., 2009). School parasite surveys were
re-introduced as part of rapid assessments of malaria in urban sub-Saharan Africa
in 2005 (Wang et al., 2005), since then school surveys have been assessed as a
potential surveillance tool at national and subnational level (Gitonga et al., 2010;
Ashton et al., 2011). Age-stratified studies in different transmission settings
illustrate a similar pattern of a rapid rise in P. falciparum prevalence rate (PfPR)
from birth attaining maximum in the 5 to 10 year age group (Gupta et al., 1999a;
Gupta et al., 1999b), then a decline to a relatively stable level throughout
adolescence and adulthood (Baird et al., 1993; Baird, 1995). This means that the
typical age range of primary school children in Africa of 5 to 14 years will capture
the PfPR peak. Surveillance in school children is attractive as they are increasingly
becoming a target of malaria control interventions (Brooker et al., 2008a) and
studies in Uganda showed that children reliably reported on household bed net and
use (Ndyomugyenyi and Kroeger, 2007), and more importantly were able to
differentiate treated from un-treated bed nets (Ndyomugyenyi and Kroeger, 2007).
School surveys are a therefore a very attractive potential EAG, but the
representativeness of the surveyed population needs to be assessed given the
substantial variations in primary school enrolment rates between different regions
in sub-Saharan Africa (Table 9) (Filmer and Pritchett, 1999). School surveys may
under-represent malaria transmission intensity in countries with high to moderate

transmission and thus higher burden in younger children (Table 9).

3.2.2 Population attending health facilities

Specific surveillance in the population attending formal health facilities

(Table 9) offers an improved method of collecting information on community
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malaria burden than an HMIS (Owusu-Agyei et al., 2007; Chanda et al., 2009;
Asante et al., 2011), because it is less susceptible to problems of the latter such as
incomplete reporting and lack of confirmation of diagnosis (Cibulskis et al., 2011;
Afrane et al., 2013). However, the representativeness of burden estimates from sick
individuals still depends largely on the availability of alternative non-formal sector
facilities and health seeking behavior; the latter being a key factor that determines
health facility utilization rates in times of illness (Table 9) (Agyepong and Kangeya-
Kayonda, 2004; Erhart et al., 2007; Rowe et al., 2009). Malaria cases during such
surveillance are usually defined as all fever cases associated with a threshold level
of P. falciparum parasitaemia and this can drastically overestimate the population
burden at all levels of endemicity (Roucher et al., 2012). This is however changing
with the introduction of RDTs as part of WHO's T3 Initiative (WHO, 2012e).
Burden estimates from the population attending health facilities regardless of their
illness status is a potential method of deriving estimates of transmission intensity
from the population at the lower end of the endemicity spectrum (Oduro et al.,
2011b), as it would capture the PfPR peak age shift due to the inclusion of older
children (Carneiro et al., 2010).

Alternatively we can consider sub-groups of the population attending
health facilities for non-morbidity episodes like children coming for “well child”
visits. Well child visits include those coming for scheduled immunization visits and
growth monitoring. These children are not sick and thus are probably less
susceptible to bias due to health facility utilization as there are limited options to
receive public health interventions like lifesaving vaccines from non-formal health
facilities. Children coming for immunization visits are the most promising as global
immunization coverage is nearly 79% (UNICEF, 2012a). They are usually
accompanied by their mothers (women of child-bearing age) and sometimes by an
older sibling who is also a source of data on parasite prevalence. Immunization
clinics are usually distributed country-wide and it is relatively easy to derive
estimates of district-level immunization coverage. The EPI platform has also

successfully been used to deliver malaria control measures (Mathanga et al., 2009),
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and surveillance in this EAG will allow direct measurement of the impact of the
intervention in that age strata. Though there were earlier attempts to evaluate the
feasibility of this EAG (Delacollette C, 1990; Some et al., 1997), there have only been
two attempts to validate the estimates in direct comparison with a population
survey (Skarbinski et al., 2008; Mathanga et al., 2010). Coverage rates of public
health interventions have proven to be similar between vaccinated and
unvaccinated children if population vaccine coverage is over 60% (Cibulskis et al.,

2012).

3.2.3 Pregnant women attending ANC and coming for delivery

Pregnant women merit special consideration as a unique EAG separate from
non-pregnant people attending health facilities, because pregnancy makes a woman
more susceptible to malaria regardless of endemicity (McGregor, 1984; Desai et al.,
2007). There is parity specific susceptibility to the consequences for both mother
and child (Brabin, 1983) now known to be due to a phenotypically distinct sub-
population of P. falciparum that produces P/EMP1 adherent mainly to placental
chondroitin sulfate-A (CSA) (Duffy and Fried, 2003; Fried et al., 2006). Despite the
increased risk of malaria in pregnancy, to date there is no integrated strategic
approach to surveillance of malaria control in pregnancy (Brabin et al., 2008). In
areas with high to moderate transmission intensity, there is increased P. falciparum
prevalence in the placental and peripheral blood which decreases with gestation
(Gilles et al., 1969; Brabin, 1983; McGregor et al., 1983) due to parity-specific
immunity (Fried and Duffy, 1996), and if not treated during pregnancy would
remain until delivery. Surveillance in pregnant women attending ANC or coming
for delivery would not only offer an opportunity to assess the impact of
interventions in a specific risk category but will also allow us to extrapolate
information about transmission intensity to the population (Table 9). Currently only
the prevalence of low birth weight (<2500g) by parity and the prevalence of third
trimester anaemia (Hb<8.0g/dl) are the recommended impact indicators (WHO,

2007a) but peripheral and/or placental parasitaemia at delivery has also been
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suggested (Parise et al., 2003). Since ANC attendance is high and most women
attend ANC at least once during their pregnancy (73%), even in least developed
countries (UNICEF, 2012c¢), this makes them an attractive EAG for malaria
surveillance (Table 9). Pregnant women are scheduled to attend ANC at regular
intervals until delivery and they build up pregnancy-specific malaria immunity
over the course of infections. The prevalence of parasitaemia at the first antenatal
booking is likely to reflect transmission pressure in women who have not yet
received any control intervention for malaria in pregnancy. The prevalence in
primigravidae at delivery may be taken as a reflection of the effects of interventions
against malaria in pregnancy in high to moderate transmission settings. The wide
geographic distribution of antenatal clinics (like vaccination clinics) and the ability
to detect different levels of transmission through surveillance in ANCs (Newman et
al., 2003) would make the data from this EAG representative at the district level. It
is also relatively easy to derive district level information on ANC attendance and
the proportion of deliveries that take place in formal health facilities. One
significant advantage that ANC surveillance has over surveillance in non-pregnant
health facility attendants is that pregnant women are routinely screened at
antenatal booking for anaemia, syphilis and HIV. Thus adding screening for

malaria may not require an additional fingerpick.

3.2.4 Public Health Intervention campaigns

Large population-based public health intervention control campaigns like
mass ITN distribution campaigns, national immunization days (NIDs) and mass
drug administration (MDA) offer an excellent opportunity to integrate malaria
surveillance (Table 9). These campaigns cover a large cross-section of the
population in a relative short period of time. There are no examples for malaria but
the NID platform was successfully utilized to implement a concurrent nutritional
survey and estimate coverage of health and social welfare services in almost 3
million children in Brazil (Santos et al., 2008b). The size of the NIDs platform
allowed inferences about different subgroups of underprivileged children that had

never before been studied in such detail, including state-level data from the semi-
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arid region and information on specific vulnerable populations. NIDs are currently
used for global poliomyelitis eradication (Birmingham et al., 1997) but it is highly
likely that as other vaccine preventable diseases near the eradication threshold,
there will be other such NIDs. Malariometric surveys could be integrated into other
public health campaigns. Mass drug administration (MDA) campaigns are a
particularly attractive option are they are currently used for the control of several
tropical diseases such as vitamin A deficiency and trachoma, and onchocerciasis
(Smits, 2009). Mass drug administration campaigns for filariasis has been
successfully explored as a potential platform for malaria surveillance (Mitja et al.,

2013).

3.2.5 Community market days

Regular market days are common in most developing countries and are
another potential EAG. This may be particularly attractive in areas where villages
are far apart and communities are nomadic as the logistic requirement to do a
household survey in such circumstances may be prohibitively expensive. Cross-
sectional surveys during market days have been explored as a tool to estimate
vaccination coverage in children (Oladokun et al., 2009), the community burden of
diarrhoeal disease in under-fives and use of oral rehydration solutions
(Omokhodion et al., 1998) and loiasis (Ibidapo et al., 2008). Collection of samples for
screening/diagnosis purposes has been shown to be possible in a survey of
undiagnosed hypertension and proteinuria in a market population (Fatiu et al.,
2011). The most conclusive evidence for the potential of market surveys as an EAG
for disease surveillance comes from the use of market surveys to determine the
population prevalence of filarial and non-filarial elephantiasis in Ethiopia, Rwanda
and Burundi (Oomen, 1969; Price, 1976). The data from these market surveys not
only accurately represented population prevalence (Oomen, 1969), but were able to
demonstrate heterogeneity in prevalence due to differing exposure to soil
containing volcanic lava (Price, 1976). Though there are no published examples for

malaria, markets are conveniently centrally located and in some cases situated in
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border towns which makes them important for monitoring cross-border
transmission as transmission falls (Kitvatanachai et al., 2003; Wesolowski et al.,

2012).

3.3 Systematic review
3.3.1 Methods
Search strategy

Medline, PubMed®, ScienceDirect®, Web of Knowledge® and CINAHL®
bibliographic databases without language restrictions from inception to 31st October
2013 for articles with the following search terms in the keywords, title or abstract:
"malaria" AND "survey”; or "malaria” AND “monitoring” AND “evaluation”; or
"malaria” AND "transmission" AND "measurement. We also searched the online
WHO Document centre (WHO, 2013f) for any up to date relevant policy
documents; and grey literature from WHO historical documents on malaria (1947-

2000) database (WHO/MAL, 2012).

To determine which abstracts on these EAGs were eligible for further
review we searched the resulting pooled database for the mention of the following

keywords in the abstract:

(1) “school AND survey” and “school AND monitoring AND evaluation”

(2) “health AND facility OR centre AND survey” and “health AND facility OR

centre AND monitoring AND evaluation”
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Table 9: Characteristics of EAG surveys

Easy Access Group

Pros

Cons

Primary school children

Population attending health
facilities

Pregnant women attending
health facilities

Identification and selection of individuals for survey
simplified.

Compliance likely to be high.

Schools are widely distributed allowing the potential
of detecting hotspots.

Surveys can be further simplified using LQAS.

Has been successfully implemented at programmatic
level and is already a validated form of surveillance.
Suitable for continuous surveillance.

Could easily be integrated with school public health
programmes like deworming campaigns.

Includes at-risk groups for malaria so less
individuals need to be surveyed compared to a
population-based survey.

Potentially representative where there is good health
facility utilization and wide geographic distribution
of health facilities.

Population vaccine coverage for well child visits can
be estimated from district health figures.
Identification and selection of individuals for survey
simplified.

Surveys can be further simplified using LQAS.

Has been evaluated as a surveillance tool.

Suitable for continuous surveillance.

Could easily be integrated with the HMIS

At-risk group for malaria so less individuals need to
be surveyed compared to a population-based survey

104

Sampling bias: Socio-Economic Status. May
represents more affluent section of the community
from families who can send their children to school.
May underestimate malaria, as children who are
sick will likely stay at home.

May under-represent malaria transmission
intensity in countries with high to moderate
transmission and thus higher burden in younger
children (under-fives).

Sampling bias: Affected by health facility
utilization rates so may only represent those with
good health seeking behaviour.

Since invasive sampling is not routinely done in all
people attending health facilities, implementation
may require evaluation.

Needs to be validated as a form of surveillance.

Sampling bias: Affected by ANC attendance and
proportion of women who opt to deliver in hospital



Easy Access Group

Pros

Cons

Public health campaigns

Community market days

¢ Suitable for continuous surveillance.

¢ DPotentially representative where there is good ANC
attendance and geographic distribution of ANCs.

e Population ANC attendance can be estimated from
district health figures.

e Identification and selection of individuals for survey

simplified.
® Surveys can be further simplified using LQAS.

e Invasive sampling part of routine ANC care to assess

HIV, STIs and anaemia in pregnancy so addition of
assessment of parasitaemia may not require an
additional sample.

* Can be easily integrated into current ANC strategy.

e Represents a large cross-section of the population of
interest.

* Has been successfully evaluated before with
surveillance of other diseases.

e Represents a large cross-section of the population of
interest.

* Has been successfully evaluated before with
surveillance of other diseases.

e  Suitable for continuous surveillance.

so may only represent those with good health
seeking behaviour or higher socio-economic status.
® Needs to be validated as a form of surveillance.

e Not suitable for continuous surveillance.
e Needs to be validated as a form of surveillance.

e Sampling bias: May only represent the more
affluent section of the community that can afford to
attend market days.

* Needs to be validated as a form of surveillance.
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AT,

(3) “antenatal clinic AND survey”, “antenatal clinic AND monitoring AND

AT

evaluation”, “delivery AND survey”, “delivery AND monitoring AND evaluation”
4) “market AND survey” and “market AND monitoring AND evaluation”

5) “public health intervention AND survey” and “public health intervention

AND monitoring AND evaluation”

Inclusion criteria

The abstracts of all EAG studies were examined and the articles of abstracts
where there was specific mention of comparison between an EAG and population
sample were selected for a full text review (Figure 4). Only studies where estimates
of malaria control indicators from cross-sectional surveys in EAGs were compared
to a synchronous random population sample, in the same age group, district or

catchment area were included in the systematic review.

Selection of studies

Twelve of the eighteen studies selected for full review did not meet the
inclusion criteria (Figure 4). Two studies were excluded because the data collected
was not synchronous between the EAG and population sample (Stewart et al., 2009;
Mitja et al., 2013). In eleven studies the validity of EAG estimates could not be
determined either because the population sample was not random (Rulisa et al.,
2013), similar indicators were not collected from both samples (Parise et al., 2003;
Nyarango et al., 2006; Hanson et al., 2009; Marchant et al., 2011), or both samples
were otherwise not comparable (Onori, 1967; Bouma et al., 1996; Rodrigues et al.,
2008; Pacific Malaria Initiative Survey Group, 2010; Sahu et al., 2013).0f the
included studies, one author extracted data on the EAGs and comparator
population in relation to characteristics of the sampling process (units, method
frame) and the results. Data extraction from the selected publications was done by
two independent un-blinded authors. In the designated studies data was extracted

on the first author, year of publication, study duration, malaria transmission
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intensity, selection criteria, sampling methodology, sample size, sampling unit(s)

and estimates of control progress (e.g. PfPR).

Figure 4: PRISMA Flow Diagram for studies comparing estimates between EAG
and population surveys
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* PRISMA stands for Preferred Reporting Items for Systematic Reviews and Meta-Analyses
and is an evidence-based minimum set of items for reporting in systematic reviews and

meta-analyses (http://www.prisma-statement.org/).
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We contacted the primary authors where there was insufficient data in the
publication for analysis or missing information. The comparability of key estimates
of control progress was determined by calculating the absolute difference in the

prevalence with their respective 95%Cis and p-values.

3.3.2 Results

Description of studies

Six studies all from sub-Saharan Africa, satisfied the inclusion criteria and were
included in the systematic review (Figure 4). EAG populations were from primary
schools, EPI clinics, dispensaries, and the outpatient department (OPD) of hospitals
and health centres (Table 10). Two surveys compared estimates from school surveys
to population estimates (Ndyomugyenyi and Kroeger, 2007; Stevenson et al., 2013),
four studies compared estimates from health facilities (including sick and/or well
child visits) with population estimates (Skarbinski et al., 2008; Mathanga et al., 2010;
Gahutu et al., 2011; Oduro et al., 2011b).

Comparison of estimates

Table 11 illustrates a comparison of the crude estimates of P. falciparum
parasitaemia from EAGs with a probability sample from the population. In the
study in a mesoendemic region in Rwanda, where PfPR was determined by PCR,
the estimates derived from sick children attending OPD of a hospital and health
centre where not significantly different from that from the population. In a study
involving serial surveys in six districts with different endemicity in Malawi where
PfPR was determined by microscopy, estimates from children attending EPI clinics
were significantly higher than that of the population in 2005 (absolute percentage
risk difference or RD = 6.2%, 95% CI 2.4%, 10.0%, p = 0.0017) but was not
significantly different in the follow-up survey in 2008 (RD =-0.7%, 95% CI -2.5%,
1.2%, p = 0.4044). In the Gambia where transmission was mesoendemic, a study

comparing estimates PfPR determined by microscopy, determined that estimates
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derived from all patients presenting at health centres (regardless of diagnosis) were
significantly higher than that of the catchment population rainy season (RD =
11.6%, 95% CI110.0%, 13.2%, p < 0.001) and slightly lower in the dry season (RD = -
1.0%, 95% CI -1.6%, -0.5%, p < 0.001). In a study in Kenya comparing estimates of
PfPR determine by RDT from primary school children and that of the catchment
population within 600m of selected schools, estimates from the EAG sample

significantly overestimated that of the population.

Table 12 is a comparison of estimates of APR between EAGs and a
population sample. In the Gambia, EAG estimates of APR were significantly higher
than that in the population in both the dry and the rainy season. In Malawi, in both
surveys in 2005 and 2008, APR estimated from children aged 6 to 30 months
attending EPI clinic for well child visits was not significantly different from that in

the population.

Table 13 is a comparison of estimates of seroprevalence between EAGs and
a probability sample of the population. In the Gambia, there was little change in
seroprevalence to MSP119 between seasons but in the rainy season estimates from a
sample of all patients reporting to health centres regardless of diagnosis were
significantly higher than that of the population in the rainy season and significantly
lower than population values in the dry season. Stevenson et al. 2013 compared
estimates for seropositivity for MSP1 and/or AMAT1 in primary school children in
classes 2 — 6 with all children aged more than 6 months in households within 600m
of each selected school, and estimates from the EAG were not significantly different

from that of the population sample (RD = 0.4%, 95% CI -1.7%, 2.5%, p = 0.7224).

Ndyomugyenyi et al. 2007 compared estimates of household ITN possession
obtained by direct questioning of primary school children aged ten years or more

with that of from household heads and spouses of a randomly selected school
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catchment village (Table 14). Estimates of ITN possession from this EAG were not
significantly different from the population. Table 15 is a comparison of crude
percentage estimates of household ITN use (i.e. the number of under-fives who
slept under an ITN the previous night) between different EAGs and a probability
sample of the population. In the serial surveys conducted in Malawi by Mathanga
et al 2010, the estimates from the mothers of children attending EPI Clinics
overestimated population household ITN use in 2005 (RD = 12.1%, 95% CI9.5%,
14.7%, p < 0.001) and underestimated population household ITN use in the follow-
up survey in 2008 (RD =-4.3%, 95% CI -8.3%, -0.4%, p = 0.0305). In Tanzania, the
study by Skarbinski et al 2008 compared estimates of household ITN use from
mothers of children coming for sick and well child visits and in two different health
facility catchment populations and estimates derived from both groups
significantly over-estimated population coverage (Table 15).Only one study
compared the estimates of IRS coverage between an EAG and the population (Table
16). A study done in Kenya, illustrated that estimates of household IRS coverage
derived from primary school children in classes 2 — 6 underestimated population
values from the community adjacent to the schools (RD = -3.4%, 95% CI -5.3%, -

1.5%, p < 0.001).

Potential limitations

First, the search strategy may not have identified all the relevant papers a
there may be other sources of grey literature that may have been missed. Secondly,
we phrased our search terms as basic as possible to allow a wider inclusion of
possible papers and in this regard we may have missed some very specifically title
papers that the search terms may not have been able to detect. Thirdly, all the
articles included in the systematic review were from sub-Saharan Africa and our
results may not be generalizable elsewhere. Finally, our literature search was
guided by categories of EAG which we theorized would be suitable for malaria

surveillance and we may have missed publications on other possible EAGs.
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Table 10: Description of studies comparing estimates between EAG and population surveys

Study Study Country  Geographic  Site(s) Malaria EAG Population
year(s) unit of endemicity  Participants = Sampling Sampling Participants ~ Sampling Sampling
comparison methods Units methods Units
Gahutu etal. 2012 Rwanda  District Huye Meso- Sick children  Successive Hospital (1)  Children<5  Stratified Villages (24),
2011 <5 years Health years living ~ random then
attending centre (1) in households
health households (600)
facilities
Mathangaet 2005&  Malawi District Phalombe = Multiple Well Systematic 2005: EPI Children Stratified Enumeration
al. 2010 2008 Blantyre children 6-30 clinics (12) aged 6-30 random, areas (30),
Chiradzulu months months probability then
Mwanza attending living in proportional  households
Lilongwe EPI clinics households  to (1739)
Rumphi enumeration
area
Systematic 2008: EPI Modified Enumeration
clinics (12) EPI cluster areas (30),
survey then
households
(10034)
Ndyomugye 2005 Uganda  District Hoima Hyper- Primary Purposeful® All primary ~ Household Stratified Villages (39),
nyi et al. school schools (39)  heads or random then
2007 children > 10 spouses households
years (2798)
Oduroetal. 2008 Gambia Country Albreda Meso- All patients Allon day of Health All villagers ~ Age- Villages (18),
2011 Kaur attending survey centre (6) stratified then
Yorobawol health random compounds
Gambisara facilities (2160)
Bureng
Gunjur
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Study Study Country  Geographic  Site(s) Malaria EAG Population
year(s) unit of endemicity  Participants = Sampling Sampling Participants ~ Sampling Sampling
comparison methods Units methods Units
Skarbinski et 2005 Tanzania District Lindi Holo- Children<5  Stratified Lindi: Household Stratified Enumeration
al. 2008 years cluster Hospital (5)  members random, areas (22),
(Skarbinski coming for sampling Health probability then
et al., 2008) sick and well  (Lindi) centre (5) proportional  households
child visits Dispensary to (574) (Lindi)
) enumeration
area (Lindi)
Rufiji All (Rufiji) on  Rufiji: Simple Households
day of survey Health random (1727)
centre (4) (Rufiji) (Rufiji)
Stevenson et 2010 Kenya District Rachuonyo Meso- Primary Government  Gender- All children ~ Simple Compounds
al. 2013 Kisii school primary stratified > 6 months random (unknown)
(Stevenson children in schools (46) random living in sampling,
et al., 2013) classes 2-6 sampling compounds  within 600m
of each
school
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Table 11: Comparison of crude percentage estimates of P. falciparum parasitaemia between EAG and population survey

P. falciparum prevalence EAG sampling  EAG survey Population survey Absolute p-value
unit Events Percentage Events Percentage percentage risk
(n/N) prevalence (n/N) prevalence difference
(95% CI) (95% CI) (95% CI)
Rwanda (Gahutu et al.,
2011)ad
Huye 2010 Hospital 15/101 14.9 (7.9, 21.8) 88/545 16.2 (13.1,19.2) -1.3 (-8.9, 6.3) 0.7440
Huye 2010 Health centre 22/103 21.4 (134, 29.3) 88/545 16.2 (13.1, 19.2) 5.2 (-3.3,13.7) 0.1963
Malawi (Mathanga et al.,
2010)be
Multiple 2005 EPI clinic 464/1516 30.6 (28.3, 32.9) 195/799 24.4 (214, 27.4) 6.2 (2.4,10.0) 0.0017
Multiple 2008 EPI clinic 247/1871 13.2 (11.7,14.7) 607/4337 13.9 (12.8, 14.9) -0.7 (-2.5,1.2) 0.4044
Gambia (Oduro et al.,
2011Db)bf
Multiple 2011 Health centre 1088/4543 24.0 (22.7,25.2) 478/3870 12.4 (11.3,13.4) 11.6 (10.0, 13.2) <0.001
Multiple 2011 Health centre 46/4101 1.1(0.8,1.4) 80/3716 2.2(1.7,2.6) -1.0 (-1.6, -0.5) <0.001
Kenya (Stevenson et al.,
2013)¢
Multiple 2010 Primary school  1256/4888 25.7 (24.5, 26.9) 580/3742 15.5 (14.3, 16.7) 10.2 (8.5,11.9) <0.001
aPfPR assessed by PCR
PPfPR assessed by microscopy
PfPR assessed by RDT
dSick child visits
*Well child visits

fAll patients regardless of diagnosis

sDry season survey, all other surveys done in the rainy or immediate post-rainy season
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Table 12: Comparison of crude percentage estimates of anaemia (Hb < 8.0g/dl) prevalence between EAG and population survey

Anaemia prevalence EAG sampling  EAG survey Population survey Absolute p-value
unit Events Percentage Events Percentage percentage risk
(n/N) prevalence (n/N) prevalence difference
(95% CI) (95% CI) (95% CI)
Gambia (Oduro et al.,
2011b)a
Multiple 2011 Health centre 440/4543 9.6 (8.8, 10.6) 283/3870 7.3 (6.5,8.1) 2.4 (1.2, 3.6) <0.001
Multiple 20112 Health centre 317/4101 7.7 (6.9, 8.6) 127/3716 3.4(2.8,4.0) 4.3(3.3,5.3) <0.001
Malawi (Mathanga et al.,
2010)¢
Multiple 2005 EPI clinic 299/1636 18.3 (16.4, 20.2) 184/926 19.9 (17.3,22.4) -1.6 (4.8, 1.6) 0.3216
Multiple 2008 EPI clinic 295/1909 15.5(13.8, 17.1) 649/4461 14.6 (13.5, 15.6) 0.9 (-1.0, 2.8) 0.3518

2 All patients regardless of diagnosis.

*Dry season survey, all other surveys done in the rainy or immediate post-rainy season.

eWell child visits
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Table 13: Comparison of crude percentage estimates of seroprevalence between EAG and population survey

Seroprevalence EAG sampling EAG survey Population survey Absolute p-value
unit Events Percentage Events Percentage percentage risk
(n/N) prevalence (n/N) prevalence difference
(95% CI) (95% CI) (95% CI)

Gambia(Oduro et al.,
2011b)ad

Multiple 2011 Health centre 1122/4543 24.7 (23.4, 26.0) 736/3870 19.0 (17.8, 20.3) 5.7 (3.9,7.4) <0.001

Multiple 2011¢ Health centre 696/4101 17.0 (15.8, 18.1) 712/3716 19.2 (17.9, 20.4) -2.2(-3.9,-0.5) 0.0119
Kenya (Stevenson et al.,
2013)®

Multiple 2010 Primary school ~ 2536/4888 51.9 (50.5, 53.3) 1927/3742 51.5 (49.9, 53.1) 0.4 (-1.7,2.5) 0.7224

aMSP11 positivity derived using a cut-off optical density (OD) three standard deviations from the mean OD of naive Europeans.
PMSP1 and AMAT1 positivity derived by defining a cut-off OD using the mixture model.
‘Dry season survey, all other surveys done in the rainy or immediate post-rainy season.

dAll patients regardless of diagnosis.
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Table 14: Comparison of crude percentage estimates of household ITN possession between EAG and population survey

Proportion of households with EAG sampling EAG survey Population survey Absolute percentage p-value
at least one ITN unit Events Percentage Events Percentage risk difference
(n/N) prevalence (n/N) prevalence (95% CD
(95% CI) (95% CI)
Uganda (Ndyomugyenyi and
Kroeger, 2007)
e  Hoima 2005 Primary school 814/3602 22.6 (21.2, 24.0) 629/2798 22.5(20.9, 24.0) 0.1(-2.0,2.2) 0.9106
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Table 15: Comparison of crude percentage estimates of household ITN use between EAG and population survey

Proportion who slept under an EAG sampling unit EAG survey Population survey Absolute p-value
ITN the previous night Events Percentage Events Percentage percentage risk
(n/N) prevalence (n/N) prevalence difference
(95% CI) (95% CI) (95% CI)
Malawi (Mathanga et al., 2010)
e Multiple 20052 EPI clinic 943/1909 494 (47.2,51.6) 1703/4565 37.3(35.9,38.7) 12.1 (9.5, 14.7) <0.001
e Multiple 20082 EPI clinic 601/1637 36.7 (344, 39.1)  380/926 41.0 (37.9, 44.2) -4.3 (-8.3, -0.4) 0.0305
Tanzania (Skarbinski et al., 2008)
e Lindi 20052 Hospital, health 164/444 36.9(32.5,41.4) 78/354 22.0(17.7, 26.4) 14.9 (8.7, 21.1) <0.001
centre, dispensary
e Lindi 2005° Hospital, health 81/193 42.0(35.0,48.9)  78/354 22.0(17.7, 26.4) 19.9 (11.7, 28.1) <0.001
centre, dispensary
¢ Rufiji 20052 Health centre 656/911 72.0(69.1,74.9)  241/455 53.0 (48.4, 57.6) 19.0 (13.6, 24.5) <0.001
e  Rufiji 2005° Health centre 386/522 74.0(70.2,77.7)  241/455 53.0 (48.4, 57.6) 21.0 (15.1, 26.9) <0.001

aWell child visit.
bSick child visit.
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Table 16: Comparison of crude percentage estimates of IRS coverage between EAG and population survey

IRS coverage EAG sampling EAG survey Population survey Absolute percentage p-value
unit Events Percentage Events Percentage risk difference
(n/N) prevalence (n/N) prevalence (95% CI)
(95% CI) (95% CI)
Kenya (Stevenson et al.,
2013)
e  Multiple 2010 Primary school  3441/4888 70.4(69.1,71.7)  2762/3742 73.81(72.4,75.2) -3.4 (-5.3, -1.5) <0.001

118



3.4 Conclusion and application to this thesis

A comprehensive review of the validation of estimates of control progress
from multiple EAGs has been carried out in the previous section to allow robust
comparison of the validity of the estimates against contemporaneous data from a
probability sample from the population. Previous work has focused on validating
average estimates which do not give an idea of the heterogeneity in control
progress and this is a clear limitation. Not surprisingly, there was a great deal of
variability in the accuracy of estimates from different EAG samples. In different
transmission settings and except in few situations, average estimates from EAGs
were biased. The main potential of surveillance in EAGs as a sub-national M&E tool
will be to provide evidence of heterogeneity in control progress thus facilitating a
targeted response, complementary to the information from nationally
representative household surveys. Research is required to assess the best sampling
approaches to maximise the potential of EAGs to either be geospatially
representative or at least identify communities with poor control progress for catch-
up campaigns. Research is also required in statistical techniques to control for any
geospatial bias in order to improve the spatial representativeness of EAGs. The
studies included in the review only included primary school surveys and facility-
based surveys in children and adults. This is not surprising as historically, these are
the EAGs have been used to derived proxy population estimates. Other EAGs
should be explored providing there is a reasonable basis to suggest its suitability for

malaria surveillance.

In this thesis, the potential for EAGs to offer estimates of the heterogeneity
in control progress including methods of dealing with geospatial bias is explored
with the help of a spatial statistician. Surveillance in children attending EPI clinics
for well child visits and women attending ANC is explored in the same catchment
area as a gold standard MIS, to enable comparison with an accurate probability

sample and determination of any spatial bias.
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Chapter 4: Design and methods
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4.1 Introduction

This study aimed to evaluate surveillance in various EAGs as a tool to
measure malaria control progress in the catchment area of CDH in Chikhwawa
District, Malawi. Limitations in funding, led to only the most promising EAGs
being evaluated in detail (i.e. children attending EPI clinics for well child visits and
women attending ANC), whilst others were explored as potential tools for further
research. The assessed indicators and related study procedures were harmonised
between all EAGs included in the study and an ongoing standard MIS in the same

geographical area was considered the gold standard approach.

4.2 Study area and population

4.2.1 Geography of the study region

Malawi is a land-locked country located in south-east Africa lying along the
East African Rift Valley between latitudes 9° and 18° South, and longitudes 33° and
36° East. It is bordered by Mozambique to the east and south east, Zambia to the
west and Tanzania to the north (Figure 5). Malawi has a total surface area of 118,500
km? with highly variable terrain made up of plateau, highlands and valleys (FAO,
2007). The geography is dominated by Lake Malawi (formerly referred to as Lake
Nyasa) comprising about 20% of the total land area. Malawi has a population of 13
million people (National Statistical Office, 2013). The country is divided into three
regions (Northern, Central and Southern Regions) which are divided into 29
administrative areas, and further sub-divided into traditional authorities (TAs)
Malawi is divided into three topographical zones: (1) the lakeshore zone including
Karonga, Nkhata Bay, Nkhotakota, Salima, Dedza and Mangochi districts; (2) the
highland zone covering Chitipa, Rumphi, Mzimba, Kasungu, Mchinji, Lilongwe,
parts of Dedza, parts of Ntcheu, Blantyre, parts of Mulanje, central parts of Zomba,
central parts of Thyolo, and northwest parts of Mwanza; and (3) the lowland zone
covering Balaka, eastern parts of Ntcheu, southern parts of Mwanza, Chikwawa,

Nsanje, parts of Thyolo, parts of Mulanje, part of Blantyre and parts of Zomba.
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Malawi also has diverse altitude ranging from 50m above sea level in the Lower
Shire River valley to about 3000m at the highest point of the Mulanje Massif in
Southern Malawi. This diverse topographical landscape influences climatic
conditions with the highlands being cooler and less humid and the lowlands being

hotter and more humid.

This study was conducted in the catchment area of Chikhwawa District
Hospital (CDH), defined by a 15km radius of CDH in Chikhwawa District located
in the lower Shire River valley in Southern Malawi. Figure 6 is a map of all the
villages in the study catchment area including Chikhwawa district hospital.

Chikhwawa District, highlighted in blue on the map.

Chikhwawa is in the Southern Region and has a total population of 434,648
(National Statistical Office, 2013). Chikhwawa District Hospital is a government
owned health facility with no user fees and is the main referral hospital for the
district. The catchment area of CDH is approximately 707 km?, estimated to contain
a population of around 120,000 individuals, and is demarcated by the following
natural borders: to the north east by the Rift Valley escarpment, to the west by the
lower Shire River, and to the south by Nchalo sugar plantation and Lengwe
National Park. Chikhwawa District’s main topographic features are the Shire river
valley (which is along the Great African Rift Valley) and the Thyolo-Chikhwawa
Escarpment. The Shire River, which is the only outlet from Lake Malawi, meanders
southwards for distance of approximately 700 km, passing through Chikhwawa
District to its confluence with the Zambezi River (Chimatiro, 2004). The Shire River
is usually divided into the upper, middle and lower sections and generates most of
Malawi’s electricity through hydroelectric plants at Kapichila and Tedzani falls. It
supports abundant fisheries, and provides freshwater for irrigation in Malawi's
plantations. The lower Shire River extends from the Kapichila Falls to the end of
Ndindi marshes at the border with Mozambique (Chimatiro, 2004). The Shire River

frequently changing course as it passes through the Lower Shire valley, leading to
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the formation of oxbow lakes, lagoons and islands. The altitude of the Shire River
valley falls gradually from 107m at Chikhwawa town to 61m at the inland port of
Nsanje (Chimatiro, 2004).

The floodplains of the lower Shire River are one of the seventeen major
floodplains in Africa and of direct benefit to the local population due to fishing
(Bulirani et al., 1999), irrigation for agriculture and grazing for livestock
(Kalowekamo, 2000). Seasonal changes to water flow and sediment deposition
make this area prone to flooding during the months of highest rainfall, January and
February. The flood plains retain water from the peak of the rainy season till the
end of April, when the water levels start to recede till July and September when the
water levels in the flood plain are at their lowest, and start to rise again in October

(Chimatiro, 2004).

4.2.2 Climate

The climate of Malawi is subtropical, relatively dry and strongly seasonal
with a warm and wet season from November to April (during which 95% of annual
rainfall occurs), a cool dry winter season from May to August (mean temperature
range 17° to 27° C), and a hot dry season from September to October (mean
temperature range 25° to 37° C) immediately preceding the rainy season (Malawi
Metereological Services, 2006). Humidity ranges from 50% in the hot dry season to
87% in January to February, the wettest months of the rainy season. The climate of
different regions is heavily influenced by the topography. Meteorological data from
the study area shows clear related seasonal peaks in total monthly rainfall and
mean monthly temperature. The total annual rainfall during the 2011-2 and 2012-13
rainy season was higher than the two preceding years, as clearly illustrated by the
tri-monthly moving average trend line) (Figure 7). The rainfall peak appears to lag

behind the temperature peak.
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Figure 5: Map of Southern Africa
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Figure 6: Map of Lower Shire River valley showing study villages

Created using ArcGIS® software by ESRI.
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Figure 7: Monthly climatic conditions in the study area from 2010 to 2013 (copyright Malawi Meteorological Services, with permission)
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From the mean monthly temperature, optimal conditions for sporogony (i.e.
25 to 30 °C) (Gilles, 2002) is maintained yearly from September to April.
Throughout the year the mean monthly temperatures are still high enough for some
transmission to occur, with the temperature in the coldest months of the year (June
and July) being well above the temperature below which sporogony ceases (i.e.

16°C) (Gilles, 2002).

4.2.3 Malaria epidemiology

The entire population of Malawi is at least under moderate transmission
with overall transmission in the country classified as mesoendemic with variations
in transmission intensity due to season and topography (Bennett et al., 2013). By
2010, 71% of the population lived in areas of mesoendemic transmission, 27% lived
in areas with hyperendemic transmission, 1% were at risk of holoendemic
transmission and only 0.2% were at risk of hypoendemic transmission (Okiro et al.,
2014). Transmission is highest in areas with high temperatures during the peak
rainy season (December to April), particularly along the lakeshore(Slutsker et al.,

1996) and lowland areas of the lower Shire Valley(Mzilahowa et al., 2012).

Malaria transmission in the study area occurs throughout the year with
some intensification during the rainy season (Mzilahowa et al., 2012). The low
altitude in most of the Lower Shire River valley and the rising of the water table
during the rainy season results in the formation a floodplain of ponds and marshes
that are excellent breeding sites for the mosquitoes. The main vectors determined
by PCR in a recent study were Anopheles gambiae sensu lato and Anopheles funestus,
which are present year round with An. gambiae s.I. being most common in the
region’s single annual wet season when most of the malaria transmission occurs
(Mzilahowa et al., 2012). The same study determined the EIR from two villages
within Chikhwawa district but just outside the study area to be 183 infective bites
per person per year. The nationwide MIS, preceding the work in this thesis,

reported that in the Southern Region of Malawi (containing Chikhwawa District),
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PfPR (by microscopy) and APR (Hb < 8.0g/dl) in children aged 6 to 59 months were
42.3% and 13.6% respectively (Ministry of Health (MoH) Malawi, 2010). By 2012,
the PfPR (by microscopy) and APR in the Southern Region in children aged 6 to 59
months had changed to 8.5% and 23.9% respectively (NMCP (Malawi) and ICF
International, 2012). The PfPR determined by RDT was also determined in this

survey and was 39.1% in the Southern Region of Malawi.

4.2.4 Malaria control

In 2005, there were substantial increases in both PMI and Global Fund
support for Malawi to increase the coverage of control measures (Mtonya and
Chizimbi, 2006). After a successful pilot study of the integration of free long lasting
insecticide treated net (LLIN) distribution into the routine Expanded Programme of
Immunization (EPI) clinic attendance in two districts in 2007, Malawi’s ITN policy
was changed focusing more on LLINs and the use of multiple approaches to scale
up coverage. This included routine distribution through ANC clinics and EPI clinics
and periodic catch-up campaigns targeting rural areas every two to three years

(Ministry of Health (MoH) Malawi, 2011; Skarbinski et al., 2011).

Before the Ministry of Health launched its IRS in Nkhotakota district in
2007, there were African Development Bank (ADB) supported small-scale IRS
projects using pyrethroid insecticides in two rural areas of Ntchisi district in 2006.
Two private sector initiatives had further been in place since the late 1990s
involving Paladin Africa (an Australia-based global uranium mining company and
Illovo Malawi (a subsidiary of Illovo Sugar Limited, South Africa). These employed
several malaria control strategies including IRS with pyrethroids in the case of
Paladin and a combination of pyrethroids and organophosphates in the case of
Illovo. Due to the encouraging results of the pilot study, the NMCP supported by
developmental partners like PMI, carried out two IRS rounds in seven target

districts (including Chikhwawa) from 2010 to 2011 (NMCP (Malawi), 2012). During
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the first IRS round in Chikhwawa District (January to February 2011), 86,661 out of
99,955 targeted structures (87%) were successfully sprayed. During the second
round in November to December 2011, 101,785 out of 120,709 targeted structures
(84%) were successfully sprayed. In both cases, there were reports of residents

refusing to be included in IRS activities (NMCP (Malawi), 2012).

Based on the recommendations of the National Malaria Advisory
Committee to develop an evidence based treatment strategy, drug efficacy studies
were carried out in three sites in Malawi ((Rumphi, Nkhotakota and Machinga).
Based on this evidence and its efficacy in neighbouring countries, Artemether-
Lumefantrine (AL) was recommended to replace Sulphadoxine-Pyrimethamine
(SP) as first line treatment for malaria in May 2006 (Malenga et al., 2009). From 2005
to 2010, the national policy was the presumptive treatment of children aged less
than five years and diagnostic testing for all persons older than five years before the
administration of appropriate treatment. During that time, the main malaria

diagnostic was microscopy.

A Malaria Program Review was undertaken in 2010 to assess the
performance and to help in the development of a new strategic focus (NMCP
(Malawi), 2010), leading to the development of the third National Malaria Strategic
Plan or NMSP III (2011 to 2015). The key objectives of this strategic plan included
achieving universal coverage of all interventions to attain 80% utilization rate of the
interventions. This resulted in the mass distribution of LLINs nationwide in 2012,
change from pyrethroid to an organophosphate for IRS and scaling up diagnostic
testing using RDTs (Ministry of Health (MoH) Malawi, 2011). Results from two
studies in Chikhwawa District further highlighted that access to prompt diagnosis
and treatment was affected by distance and costs with poorer households and those
living in hard-to-reach areas being less likely to access malaria treatment

(Masangwi et al., 2010; Ewing et al., 2011).
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Figure 8: Monthly ANC attendance at CDH during the period of the study (copyright CDH HMIS, with permission)
1,000

I (751
I N (71
I N (11U
I . (-2
I N  (/1-dY
I N (1-2
I (734
N (T-uef

g g g ] :

SIIPUILE JO JAqUINN

B Total ANC visits

130

B First ANC visits

B First ANC visit in first trimester

Categories not mutually exclusive.



Figure 9: Monthly mortality in under-fives admitted at CDH during the study period by the three most common primary diagnoses (copyright

CDH HMIS, with permission)
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The 2010 MIS showed that coverage with control interventions in the
Southern Region (which contains Chikhwawa District) was low; the proportion of
households with at least one ITN was 59% and the percentage of children who slept
under an ITN the previous night was 56% (Ministry of Health (MoH) Malawi,
2010). There were no estimates for IRS coverage as this was before the first spray
round. The 2012 MIS, did not show much improvement in coverage of control
interventions; the proportion of households with at least one ITN was 51% and the
percentage of children who slept under an ITN the previous night was 60% and the
percentage with IRS in the past 12 months was 12% (NMCP (Malawi) and ICF

International, 2012).

4.2.5 Population of the lower Shire River valley

The main occupation of the population of the lower Shire River valley is subsistence
farming of maize, rice, and seasonal vegetables, and animal husbandry (mainly
poultry). There is some small-scale cash crop cultivation (e.g. rice, cotton and sweet
potatoes), which together with fishing and trading provide the needed cash.
Chikhwawa town is the main trading hub of the district. Mang’anja and Sena are
the dominant tribes in the district; while Chichewa, Chinyanja and Chisena are the
dominant languages. According to the Malawi Demographic and Health Survey
(MDHS) in 2010, in the Southern Region, the majority of males and females (aged
six years and over) have some primary school education (61.7% and 63.3%

respectively) (Malawi National Statistical Office and ICF Macro, 2011).

4.2.6 Maternal health

According to data from the MDHS in 2010, 95.4% of women received
antenatal care from a skilled attendant (doctor, clinical officer, nurse, or midwife)
during their most recent pregnancy (Malawi National Statistical Office and ICF

Macro, 2011). The first ANC visit in rural areas like Chikhwawa District was at a
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median 5.6 months in 2010, and 94.7 % of women aged 15-49 years who had a live
birth in the five years preceding the survey had received antenatal care at least
twice (Malawi National Statistical Office and ICF Macro, 2011). Data from the
district health management and information system (HMIS) corroborated the
evidence that most first time ANC attendees from the hospital’s catchment area
came after the first trimester and this trend was preserved throughout the period of
the study (Figure 8). Less than 50% of all ANC visits were due to first time
attendees, and there was an increase in the total ANC attendance during the period

of recruitment of the PREGACT trial (November 2010 to June 2012) (Figure 8).

4.2.7 Child health

Data from the 2010 MHDS indicated that nationally, 71.8% of all infants and
80.9% of all children aged 12 — 23 months were likely to have received all basic
vaccinations (BCG, measles, and three doses each of DPT or pentavalent (DPT-
HepB-Hib) and polio vaccine (excluding polio vaccine given at birth)) (Malawi
National Statistical Office and ICF Macro, 2011). Higher educational and
socioeconomic status were associated with higher vaccination rates. In the Southern
Region, 83.1% of all children aged 12 — 23 months were likely to have received all
basic vaccinations (Malawi National Statistical Office and ICF Macro, 2011). The
prevalence of severe (-3SD below weight-for-height or length) and moderate (less
than -2SD but greater than -35D weight-for-height or length) malnutrition in under-
fives was low in the Southern Region, 1.4% and 4.0% respectively). Data from the
district HMIS indicated that in the total catchment area, most of the deaths in
under-fives were due to malaria and pneumonia and this trend was maintained
throughout the study period (Figure 9). There did not appear to be a clear seasonal
trend in malaria deaths which could either be to incomplete reporting or missed
deaths in the community that were not recorded in the HMIS. The absence of cases
of pneumonia in February and March 2013 probably represented incomplete

reporting rather than a complete absence of deaths due to pneumonia.
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Figure 10: Study timelines
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4.3 Sample size determination

This section presents an overview of the sample size determination for the
studies discussed in the result chapters. The sample size determination for the
rMIS/eMIS has been presented elsewhere (Roca-Feltrer et al., 2012b). Sample sizes
for EAGs was calculated using WinPepi® version 2.21 (Abramson, 2011). Win
Pepi® is a freeware computer program, and is the Windows version of the DOS-

based PEPI (an acronym for Windows Program for epidemiologists) package.

4.4 Study procedures

4.4.1 Overall study management

In the EAG surveys, the study staff consisted of two study research nurses
and a field worker. In the household survey the study staff consisted of two mobile
teams of a research nurse and a field worker each and both supervised by a senior
field worker. Prior to all surveys study staff were trained in obtaining informed
consent, administering the questionnaire, carrying out the physical assessment of
participants, collecting finger prick blood specimens, performing haemoglobin
assessments, carrying out and interpreting RDTs, and collecting filter paper
specimens. Only the research nurses were allowed to administer treatment. The
training was guided by procedure specific SOPs which were harmonised across all
studies except the ANC survey. Slide microscopy was done by microscopists
employed by the ACTia trial. A quality control system was put in place to ensure
that all study staff involved in lab procedures received regular standardized
training (every 3 to 4 months) throughout the study period. Management of all
surveys was centralized and the project manager of the ACTia study was
responsible for the overall management of research related activity in Chikhwawa.
Additional assistance for data management, laboratory supervision and research
governance was provided by the Data Management, Laboratory and Research
Governance Departments of the Malawi-Liverpool-Wellcome Trust (MLW)

respectively.
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Health and safety of study staff was centrally managed by the MLW. The
MLW has a Health and Safety Manual which all new staff are introduced to and are
urged to follow. Post-exposure prophylaxis treatment is provided to all staff free of
charge and Hepatitis B vaccinations are provided free of charge to all staff that will

be exposed to human body fluids as part of their work.

4.4.2 Study population and timelines

This study involved three cross sectional surveys as follows (Figure 10):

1. The first survey and the main comparator was the monthly rolling MIS
(rMIS) which started in May 2010 and lasted until June 2013. The rMIS was a
continuous prospective monthly household survey in 50 villages within the
catchment area of CDH that was part of an ongoing trial on the safety and
effectiveness of combination therapies with repeated treatments for
uncomplicated P. falciparum malaria over a three-year period supported by
the ACT consortium (ACT Consortium, 2014). Data collection on malaria
control indicators was done through an adapted version of the standard
National MIS (MEASURE Evaluation et al., 2013a). The main difference
between the rMIS methodology and that of a standard MIS was that the
total sample size was ‘rolled” over 12 months (Roca-Feltrer et al., 2012b). The
50 villages were randomised into two groups to be surveyed every six (to
adjust for seasonal variation) and within each village a random sample of
households were selected by proportionality to size (Roca-Feltrer et al.,
2012b). In May 2011, the rMIS was expanded to include women aged 15 to
49 years and children aged 5 to 15 years (i.e. the eMIS).

2. The second survey involved data from the screening and enrolment logs of
the PREGACT trial. This trial studying “Safe and Efficacious Artemisinin-
based Combination Treatments for African Pregnant Women with Malaria
((ClinicalTrials.gov, 2014) started enrolling participants in November 2010.
Data was collected retrospectively starting in November 2012, after the end

of active recruitment in June 2012.
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3. The third survey involved children attending EPI clinics for “well” child
visits from late April 2011 to April 2013. This consisted of a continuous
prospective MIS in children reporting to the EPI Clinic of CDH, their
parents or guardians and any accompanying sibling. The EPI Clinic sample
used for the comparison with the population sample was restricted to
participants from any village within a 15 km radius of CDH (i.e. the same
geographic catchment area as the rMIS/eMIS), but all surveyed children
reporting to the EPI clinic were recruited to get an unbiased sample from the
total hospital catchment area. Children were selected on alternate days and
no particular attempt was made to select or avoid a particular day because
of high case loads. To adjust for month-to-month variations in health
facility attendance, the total sample size ‘rolled” over 12 months similarly to

the population survey.

4.4.3 Enrolment

Household survey

The mobile study team, usually comprised of a study nurse and field
worker, introduced themselves to the household. The person responsible for
healthcare decision-making was consented and then interviewed using the adapted
MIS questionnaire. If that individual was not available on the first visit, up to two
revisits were made to collect information from that individual. In the rMIS/eMIS,
households to be surveyed were randomly selected from a list of all enumerated
households whilst in the eMIS households were selected randomly from the centre
of the village using the spin the bottle approach. After administration of the MIS
questionnaire, a blood sample was collected from children under five years of age
(in the rMIS/eMIS) who slept in the household the previous night for the
assessment of haemoglobin level and the presence of malaria parasites by RDT and
microscopy. In the rMIS/eMIS, children under five years of age, a blood sample was
further collected from older children and women of childbearing age who slept in

the household the previous night for the same laboratory tests.
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EPI Clinic survey

Information about the study was delivered by the study nurse as part of the
routine public health information delivered by government health staff at the
Maternal and Child Health Unit of CDH. Then, the parents or guardians of all
children with an age greater than 4 months but less than 15 years, resident in
Chikhwawa District (for more than 6 months), who came to the EPI Clinic for “well
child” visits (i.e. immunization and routine nutritional assessment), were
approached for participation in the study. Accompanying siblings aged less than 15
years were also offered participation in the study. Participants were surveyed as
they from the start of well child clinic at 9:00am until the EPI Clinic closed usually
around midday. Due to the administration of the MIS MERG questionnaire,
physical and laboratory assessments which usually took about 45 minutes in total,
only an average recruitment of 3 to 4 children per day was possible by a single

research nurse.

All participants surveyed were first screened for study eligibility, and if they
satisfied all of the inclusion criteria and none of the exclusion criteria, they were
approached for consent before being enrolled in the study. Children who had the
following conditions were excluded from participation: participation in another
study that was either an intervention study or might have interfered with the
EvalMal study, severe malnutrition (less than -3SD weight-for-height), known HIV
infection, previous enrolment in the EvalMal study and lack of consent from the
parent or guardian. The screening details of all participants, whether enrolled or

not, were recorded in a screening and enrolment log.

ANC survey

All women aged 15 years and above attending the ANC between the 20th of
November 2012 and the 19 of June 2012 were considered to be eligible for
screening to be enrolled in the PREGACT trial (ClinicalTrials.gov, 2014). The results

from this eligibility screening were recorded in the trial screening and enrolment
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log and all women screened in the PREGACT trial were included in the

retrospective review.

4.4.4 Overview of the WHO/MERG National MIS package

The MIS package is sub-divided into core components, biologic components

and complementary documents.

Core Components

The core components are as follows:
1. The Household Questionnaire
2. The Women’s Questionnaire
3. The Interviewer’s Manual
4. The Supervisor's Manual
5. Guidelines for the MIS Interviewer Training
6. Household Listing Manual
7. Guidelines for Sampling for the MIS

8. Tabulations for Key Malaria Indicators

The core components are structured to provide essential guidance for the
conduct of MISs. The Household Questionnaire contains questions on basic
demographic information, listing of household members, selected household assets
(used to calculate an asset-based wealth index), IRS coverage, ITN possession and
use. It also includes a section for recording anaemia and parasitaemia status of key
groups at risk of disease(RBM, 2013). The Women’s Questionnaire contains
questions on recent birth history, pregnancy status, and use of intermittent

preventive treatment with sulfadoxine-pyrimethamine during pregnancy. It also
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includes a section to collect information on care seeking and access to prompt
treatment with antimalarials for children with reported fever (RBM, 2013). The
Interviewer’s and Supervisor’s Manuals serve to facilitate the jobs of interviewers
and field supervisors respectively. The Guidelines for MIS Interviewer Training are
general guidelines for organizing and conducting the training of the field staff, to
ensure a standard approach to data collection using the Household and Women’s
Questionnaires. The Guidelines for Sampling for the MIS recommend probability
sampling using a pre-existing sampling frame, with a two-stage cluster sample
selection. It also provides details on the selection of an appropriate sampling frame,
sample design and sample size determinations. The final sampling frame is usually
all the households in a cluster, which need to be enumerated prior to selection of a
sample of households from interviews. The Household Listing Manual offers
guidance on the organisation of logistics required to locate clusters and define the
sampling frame by listing all households including quality control issues of listing
procedures. It is thus complementary to the Guidelines for Sampling for the MIS.
Finally, there is the “Tabulations for Key Malaria Indicators” document which
provides recommended tables for presenting results obtained from the Household
and Woman’s Questionnaires for the key RBM coverage indicators in standardized

format allowing comparison with other such surveys.

Biologic Components

These consist of the Anaemia and Malaria Field Testing Manual which
provide an overview of procedures for conducting anaemia and malaria
parasitaemia testing (using the HemoCue® system and using rapid diagnostic tests
or microscopy respectively) in the field during household surveys. This is to ensure
a standard approach to these surveys to allow the results to be compared with other

such surveys.
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Complementary documents

The complementary documents in the MIS package were the following:
1. Calculating the Cost of the MIS

2. Incorporating Geographic Information into MEASURE Surveys: A Field
Guide to GPS Data Collection

Table 17: Key information on study participants obtained for each of the surveys

EAG surveys Population surveys
EPI Clinic ANC rMIS eMIS
Information collected survey survey

Household questionnaire
Demographic characteristics \*

Household assets

General malaria knowledge

ITN possession and use

IRS

History of fever in children

Use of antimalarial drugs

Axillary temperature

Haemoglobin measurement

2 2 2 2 2 2 2 2 2 2
L 2 2 2 2 2 2 2 2 2
2 2 2 2 2 2 2 2 2 2

Malaria testing (RDT and
microscopy)

Women’s questionnaire

Information on current pregnancy \/*
Information on previous \/*
pregnancies

Site of last delivery

Previous ANC attendance

2 2 2 2 2

IPTp use

*In the ANC survey, the only demographic information available was the age, village and
TA of origin. Haemoglobin assessment and malaria microscopy was done in women who
had a positive RDT. The household or women’s questionnaire was not specifically used in
the ANC survey but some pertinent information on these variables could be extracted from
the trial screening and enrolment log.
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Calculating the Cost of the MIS was adapted from Chapter 2 of the United
Nations Children’s Fund (UNICEF) Multiple Indicator Cluster Survey (MICS)
Manual (UNICEF, 2012d) and guides how to develop an appropriate budget for a
MIS survey. The guide consists of a costing framework to help standardize the
process of figuring survey costs by providing a breakdown of expenditures within
each type of activity. This guide is to ensure a standard approach to the costing of
MISs and to help NMCPs to determine which activities need donor funding. The
Field Guide to GPS Data Collection is a relatively new addition to the MIS package
and addresses the geocoding of household- or cluster-level survey measurements. It
guides the measuring of spatial patterns of disease or coverage of interventions in

order to facilitate a targeted approach to control.

The main study tool was a locally adopted form of the MIS household
questionnaire and part of the women’s questionnaire (Table 17). The other aspects
of the MIS package were used for guidance on certain aspects of the study for
example in training of study staff of development of standard operating procedures
(SOPs) for key study steps. All study SOPs and procedures were standardized in all

surveys except the ANC survey.

4.4.5 Study flow

Other than the ANC survey which involved the retrospective collection of
data from the screening and enrolment log of the PREGACT trial, the study flow in

the other surveys was as illustrated in Figure 11.

Recruitment

After informed consent was acquired in the EPI Clinic Survey and the eMIS,
the participant was assessed for inclusion in the study. This involved confirmation
of Malawian citizenship through the participant’s health passport, confirmation of

residence in the Chikhwawa District from the health passport and/or direct

142



questioning, and determination of age from the health passport and/or direct
questioning. In the case of children, whether or not the child was enrolled in an
intervention study was determined by examining the child’s health passport for the
sticker containing the identification bar code of children enrolled in the ACTia trial,
and when this was not available, by direct questioning of the parent or guardian.
The HIV status of the participant was also determined from the health passport and
if not available by direct questioning. In the EAGs, previous participation in the
study was determined by a mixture of direct questioning and review of the

screening and enrolment log.

In the ANC survey since data was collected retrospectively, pages of the
screening and enrolment log with the column containing the name of the
participant occluded where photocopied by the PREGACT study team, and this
was the main source of information used for data entry. Where script was illegible

or missing, this was sent back to the PREGACT team in the form of a data query.

Physical assessment

After administration of the modified WHO/MERG MIS questionnaire,
enrolled children underwent physical assessment which included determination of
nutritional status (by mid-upper arm circumference (MUAC) in the eMIS and rMIS,
and by weight-for-height in EAG surveys) and axillary temperature measurement
using an electronic thermometer (OMRON® Ecotemp Basic Electronic
Thermometer, OMRON Healthcare Europe B.V.). In the EAG surveys, height of
children was measured using a height measure (Seca® 213 Height Measure /
Stadiometer, Seca, UK), length of children who couldn’t stand was done using
measuring boards (S0114530 Baby/infant length-height measuring system/SET-2,
UNICEF). Weight was assessed using electronic scales (Seca 803 Clara Digital
Personal Scale, Seca, UK).
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Figure 11: Study flow
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Investigations

After physical assessment, the participant’s eligibility for enrolment was
determined and individuals suitable for survey were asked to give a finger prick
blood specimen for assessment of haemoglobin level (HemoCue® 301, HemoCue
AB, Angelhom, Sweden), malaria infection by RDT (First Response® Malaria Ag.
pLDH/HRP2 Combo Card Test, Premier Medical Corporation Ltd., India) and a
blood smear. A filter paper specimen was also collected for serology. Unless there
was a clinical indication, for example fever or a history of fever, the microscopy

slides were stained and read later.

Concurrent blood specimens were also collected from all consenting

parents/guardians of children attending EPI clinic and assessed for haemoglobin
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level, malaria infection by RDT and a thick and thin film. A filter paper blood spot

specimen was also collected for serology.

Management

All children attending the EPI Clinic who were found to have malaria (fever
and/or history of fever in the past 48 hours and a positive RDT) were referred for
treatment to, if less than five years old, the Maternal and Child Health(MCH) Clinic
and else the Outpatient Department (OPD). Children in the EPI Clinic Survey with
significant anaemia (Hb < 8.0g/dl) were treated with generic Ferrous Fumerate
suspension if less than five years old and generic Fefol tablets if aged five years or
older. Children with severe anaemia (Hb < 5.0g/dl) in the EPI clinic survey were

referred for transfusion.

All children in the household survey (i.e. rMIS/eMIS) found to have malaria
and/or anaemia were referred to the nearest health facility for treatment. All
children who had asymptomatic parasitaemia were treated with dispersible
artemether-lumefantrine (Coartem® Dispersible, Novartis Pharma Nederland, The
Netherlands) provided by the study team. Pregnant women screened in the
PREGACT trial that had malaria and/or anaemia but were not suitable for
enrolment were referred back to the ANC for treatment. Those who were suitable
for recruitment were enrolled and randomized to receive one of the artemisinin

combination therapies (ACTs) in the trial.

4.4.6 Laboratory procedures

Haemoglobin assessment

Haemoglobin was assessed using the HemoCue® 301 system (HemoCue®
301, HemoCue AB, Angelhom, Sweden). The selected finger was cleaned with an
alcohol swab, and pricked at the pulp slightly to the side. The first drop of blood

was wiped with a dry swab and then the collecting end of the HemoCue cuvette
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was placed next to the finger prick specimen until filled with capillary blood. The
sides of the cuvette were then cleaned with a dry swab and the cuvette place in the
HemoCue device for assessment. The HemoCue® machines were validated every
two months using low, normal and high controls for the HemoCue Hb 301 system

(Eurotrol Hb 301 Control, HemoCue AB, Angelhom, Sweden).

Rapid Diagnostic Test

The RDT used in all surveys was the First Response® Malaria Antigen
pLDH/HRP2 Combo Test (First Response® Malaria Ag. pLDH/HRP2 Combo Card
Test, Premier Medical Corporation Ltd., India). This test was selected because of its
performance in round three of WHO's product testing for RDTs (WHO, 2011a). It is
a rapid test for the detection of Plasmodium falciparum malaria Histidine-rich Protein
2 (HRP) and plasmodium Lactate Dehydrogenase (pLDH) in human blood(Premier
Medical Corperation Limited, 2012). Plasmodium falciparum HRP-2 is a protein
molecule present in the parasite throughout the erythrocytic cycle. Plasmodium
Lactate Dehydrogenase is a metabolic enzyme that is actively produced by all
human malaria parasite species during their growths in red blood cells. This test
contains a membrane strip that is coated with monoclonal antibodies in the form of
two separate lines. Test line 1 consists of monoclonal antibody specific to HRP2 of
P. falciparum and test line 2 consists of monoclonal antibody to all four of the
plasmodium species that cause malaria (i.e. falciparum, vivax, malariae, and ovale).
Test line 3 is the control line should appear irrespective of reactive or non-reactive
sample. The test was interpreted according to the manufacturer’s instruction

summarized in Figure 12.

Malaria microscopy
A thick and thin film specimen was collected from each surveyed
participant, however the method of quantification of parasitaemia detailed below

was only done in the EPI Clinic Survey and eMIS. Both thick and thin films were
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stained with Field’s stain which is a water-based “Romanovsky” stain that

consisting of two solutions (solution A and solution B).

Figure 12: Interpretation of First Response® Malaria Antigen pLDH/HRP2 Combo
Test (Adapted from (Premier Medical Corperation Limited, 2012))
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Since all malaria microscopy was done centrally as part of the ACTia trial,
the results of the quantification of parasitaemia where not ready by the time the
thesis was submitted. It is intended that these results together with those from the

parents/guardians will be used to validate the accuracy of P/PR determined by RDT

in the study.

Serology

A filter paper blood spot specimen was collected from each trial participant
in the study. Serological analysis for AMA1 and MSP1u is planned after the
submission of the thesis as a future direction of research as to whether geospatial

heterogeneity in seroprevalence could be accurately measured by the assessed
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EAGs. The results from the parents/guardians will be used in addition to that of

enrolled children in the EPI clinic survey to model the age-specific seroprevalence.

4.5 Ethical considerations

4.5.1 Ethical approval

The population survey which was considered the gold standard approach
was a sub-study of the ACTia trial (ACT Consortium, 2014), and both the initial
survey (i.e. the rMIS) and the expanded survey (i.e. the eMIS) were approved by the
College of Medicine Research and Ethics Committee (COMREC) and the Liverpool
School of Tropical Medicine Research Ethics Committee (LSTMREC). The main
EAG study involving children attending EPI Clinics was approved by both
COMBREC and LSTMREC. It was possible to explore women attending ANC due to
the availability of further funding from the Malaria Capacity Development
Consortium and the ACT Consortium, and these were added as amendments
which were also approved by both COMREC and LSTMREC. Annual reports were
submitted to both bodies under the appropriate study IDs (COMREC P08/10/971

and LSTMREC 10.79) and approval was renewed annually.

4.5.2 Study ethical considerations

The main ethical issue is the fact that unless the surveyed individual is
parasitaemic or anaemic and consequently receives treatment, there is usually no
direct individual benefit in taking part in the survey (RBM, 2007). The pain and
inconvenience was however justified given the fact that information from the
survey can improve the malaria control program, clinical services and health
knowledge. Other ethical issues include confidentiality of the data collected and the
protection of human subjects needed to be fully considered when geocoding MIS
clusters and making the data available with longitude and latitude coordinates

(RBM, 2013). The confidentiality of enrolled participants in the rMIS/eMIS was
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ensured by restricting access to the full database to authorized individuals in the

study only.

Collection of blood specimens is classified as low risk in children (McIntosh
et al., 2000) and finger prick specimens have less risk than venous specimens, so
only finger prick specimens were collected. According to the current National
Institute for Health Research (NIHR) in the UK, study related blood losses should
not exceed 3% of total blood volume during a period of four weeks and should not
exceed 1% at any single time (McIntosh et al., 2000). The total volume of blood is
estimated at 80 — 90ml/kg body weight and 1% is 0.8ml. A drop of blood is
estimated at 0.05ml so total blood collection for the purposes of the study is

estimated to be 0.4ml (8 drops of blood).

4.5.3 Informed consent

Written informed consent was obtained for each surveyed participant before
administration of the study questionnaire and blood sampling in the EPI Clinic
Survey and the eMIS. The information sheets and consent forms were translated
into the most common local dialect (i.e. Chichewa) and were printed in both
English and Chichewa (Annex 1). The information sheet included information
about the research question, the eligibility for participation, details on study
procedure, risks and benefits, confidentiality, voluntary participation and who to
contact if more information was required. The exploratory nature of the research
was explained and parents or guardians were informed that they could refuse to
take part without any repercussions and that they could also withdraw consent at
any time during the survey process. If the parent or guardian could read, s/he was
allowed to read the English version of the consent form and make a decision. If the
parent or guardian could not read, the consent form was read out in the parent or
guardian’s local language by study staff in the presence of an impartial witness (i.e.
not associated with the study) who could understand both English and the local

language used for the consenting process. The parent or guardian was required to
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document consent (if given) by signing the consent form if they could write or a
thumb print if they couldn’t. If an impartial witness was needed, s/he was also
required to sign the consent form to document that they witnessed the consent
process and the parent or guardian was given an accurate representation of what
was written on the English and Chichewa versions of the consent forms. If consent
was acquired, a copy of the consent form in Chichewa was retained by the parent or
guardian. Emancipated minors below the age of 18 years who were married were

allowed to sign their own consent forms.

4.5.4 Confidentiality

The names of participants and identification information were only
recorded on the consent forms and screening and enrolment log; which were both
kept in a secure cabinet accessible only to the head research nurse and principal
investigator. From then on, the participant would only be identified in the database
and laboratory specimens by an assigned study number. Data collection in EPI
Clinic Survey was via an electronic database on Netbooks both of which were
password locked and access restricted to authorized members of the study team.
Data collection in the rMIS and eMIS was in electronic databases on PDAs both of
which were password locked and access restricted to authorized members of the
study team. The participants will not be identified in any resulting publications or

reports.

4.6 Data Management

4.6.1 Household survey

In the household survey, data was collected electronically in PDAs (Somo
650®, Socket Mobile, Newark, California) programmed in Visual CE® 11.1
language (Syware Incorporation, Cambridge, Massachusetts). During the survey,

data was backed up onto a secure digital card and PDAs were returned to the
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Chikhwawa field site daily where they were aggregated into a Microsoft Access

database.

4.6.2 EAG surveys

Except for the ANC Survey, where data was collected respectively from a
paper-based screening and enrolment log, study data was collected and managed
using REDCap electronic data capture tools hosted at the Data Management
Department of the MLW. REDCap® (Research Electronic Data Capture) is a secure,
web-based application designed to support data capture for research studies
(Harris et al., 2009; Vanderbilt University, 2014). REDCap® provides a web-based
interface for validated data entry with audit trails to track data manipulation and
export. It also includes automated procedures for seamless data export to common
statistical packages and import from external sources. Data was directly entered in
the database with a validation component to check data, and decision rules and
skip patterns analogous to that in a standard MIS questionnaire. Data was single
entered in Netbooks (Toshiba NB500 12Z, Toshiba UK) on-site in the EPI Clinic
surveys. Both the netbooks and REDCap® databases were set-up to allow only
password access. Data collected on site was stored in a back-end MySQL databases
(Oracle Corporation, 2014) in the netbooks. Data was backed-up weekly both
locally in a pen-drive with encryption software bought for this specific purpose and
on the ACTia trial server. Remote data back-up on the MLW server was also done
weekly by sending both files through e-mail to the MLW data supervisor copying
in the principal investigator. If there was lack of an internet connection the netbook
and/or the USB pen drive containing the data were transported to Data
Management Department at the MLW for back-up. Data cleaning, verification, and
merging of the final datasets for analysis was conducted in Stata version 13.1®

(StataCorp, Texas, USA).
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4.7 Data analysis and statistical methods (overview)

All data analysis except the geospatial analysis was done in Stata version
13.1® (StataCorp, Texas, USA). Geospatial analysis was done in R version 3.0 (The
R Project for Statistical Computing). The data from the first overlapping year of the
EPI Clinic Survey and eMIS were used for the comparison of estimates of control
progress between that EAG and the geographic catchment population of CDH. The
data from the first overlapping year of the PREGACT trial and the eMIS were used
for comparison of estimates of P/PR between that EAG and women of childbearing
age in the geographic population of CDH. The data from the rMIS, PREGACT trial,
EPI Clinic Survey and eMIS were used for the temporal analysis. Though
microscopy was done in all surveyed participants except for those in the PREGACT
trial, PfPR in this thesis refers P. falciparum prevalence rate determined by RDT

unless stated otherwise.

Different statistical methods were used in the different surveys to address
the uniqueness of each data set and the objectives of the study. In-depth details of
the statistical techniques used to present data will be described in each results
chapter. Only a summary of the core statistical methods in this thesis is presented in

this chapter.

To assess the performance of the surveillance in children attending the EPI
clinic in providing accurate annual population estimates of malaria control
indicators, average estimates of malaria control indicators in this EAG were
compared those from a probability sample of the population in the same area.
Univariate analysis was done to detect associations between the key outcome
variables and possible predictors. Multivariate log binomial regression models were
used to calculate the risk ratios and risk differences of the estimates of indicators
and their respective 95% confidence intervals in both surveys. The likelihood ratio
test was used to determine potential predictors in the multivariate regression

model. To model spatial variation in the distribution of control indicators, we used
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geostatistical binomial models extending the geostatistical framework to allow for
potential biased sampling in the EPI survey, with the assumption that the
household survey provides accurate population estimates. We used Monte Carlo
maximum likelihood methods to fit both models to the data, a technique that had
previously been explored with the same data set and was detailed in a separate

publication(Giorgi E, 2015).

To compare the performance of surveillance in children attending EPI clinics
in determining temporal trends in malaria control indicators, we compared the
monthly trends in this EAG with trends from the population survey.
Autocorrelation and partial autocorrelation coefficients were calculated using the
monthly data on PfPR and APR to assess for seasonality and the significance of any
lag was determined using the Portmanteau (Q) test for white noise. Smoothed
trends derived by locally weighted scatterplot smoothing, to adjust for random
month to month variation, were compared between the EPI clinic survey and the

population survey.

To assess the feasibility of surveillance in women attending ANC in
providing accurate population estimates of P/PR these rates were compared to a
population survey of all women of childbearing age (i.e. 15 to 49 years). Predictors
exhibiting a significant relationship with PfPR in a univariate linear regression
model were further explored using a multivariate linear regression on combined
data from both surveys. To model spatial variation in PfPR in pregnant women in
the population, we used geostatistical binomial models correcting for the effect of
pregnancy by assuming that the data on pregnancy in women of childbearing age
from the population survey accurately represents the situation in the study
population. We used Monte Carlo maximum likelihood methods to determine the

accuracy of our estimations and spatial predictions of PfPR.
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Chapter 5: Assessing the validity of EPI

Clinic Survey data as a potential malaria
M&E tool in Chikhwawa, Malawi
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5.1 Introduction

As malaria transmission declines across much of sub-Saharan Africa
(Nyarango et al., 2006; Bhattarai et al., 2007; Erhart et al., 2007; Sharp et al., 2007;
Ceesay et al., 2008; O'Meara et al., 2008a; Rodrigues et al., 2008; Ceesay et al., 2010),
there has been a call for the development of robust cost-effective approaches to
measure and monitor changes in transmission. Despite increasing control efforts,
malaria still remains a significant public health problem in Malawi with nearly 7
million reported suspected cases in 2010 (Ministry of Health (MoH) Malawi, 2012).
Given the current levelling off of funding for malaria control (WHO, 2013a),
developing complementary approaches to surveillance is becoming increasingly
relevant as current methods such as large population surveys or longitudinal
entomological surveillance are logistically and financially challenging (Cox et al.,

2007; Satoguina et al., 2009).

Children in malaria endemic regions experience the highest rates of
infection and suffer the most from clinical disease compared to adults (Greenhouse
et al., 2011). In sub-Saharan Africa, clinical incidence of disease is evenly distributed
across the first 10 years of life in all transmission settings, though most of the severe
disease is concentrated in younger children (Carneiro et al., 2010). Thus, the
surveillance focus has been in children less than five years old (O'Meara et al.,
2008b; Kendjo et al., 2013) as they would be a sensitive risk strata to determine
impact (MEASURE Evaluation et al., 2013a). Surveillance in children attending
health facilities has some logistic advantages compared to household surveys
because health facilities provide a convenient location to sample large numbers of
children in a shorter time frame than in household surveys, and the collected data

can easily be integrated into routine surveillance like the HMIS.

However, the representativeness of such burden estimates still depends
largely on the availability of non-formal sector facilities and the pattern of health-

seeking behavior, both being key factors that determine health facility utilization
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rates in terms of illness (Agyepong and Kangeya-Kayonda, 2004; Erhart et al., 2007;
Rowe et al., 2009). An alternative approach would be to use the United Nations
International Children's Emergency Fund’s (UNICEF’s) Expanded Programme on
Immunization (EPI) platform which has successfully been used to run well child
clinics (including assessments like growth monitoring) as a source of malaria
surveillance data. This surveillance will give a better estimation of asymptomatic
parasitaemia than surveillance in sick children and would potentially be less
susceptible to bias due to health seeking behaviour, as in developing countries,
government health facilities are usually the only option for the receipt of key life-
saving vaccines and this approach to surveillance has previously been explored
(Delacollette C, 1990; Some et al., 1997). Because routine growth monitoring in
under-fives is included as standard component of community child health services
usually coupled with EPI immunization (UNICEF, 1990; Hall, 1996), well child
clinics offer the potential of surveillance in under-fives. Children attending well
child clinics are usually accompanied by their mothers from whom we can derive
information about household uptake of control interventions, and sometimes by an
older sibling who is also a source of data on burden. Immunization clinics are
usually widely distributed and the determination of the origin of facility-based
surveyed participants by direct questioning or observation of their clinic card
would allow geospatial representation of transmission a phenomenon which has
previously been explored with children hospitalized for severe malaria
(Schellenberg et al., 1998; Kazembe et al., 2006). The coverage of such surveillance
can easily be derived from district-level information on vaccination coverage as
these children communing for immunization form the majority of children who

attend well child clinics.

A potential shortcoming of this method of surveillance is the fact that
children attending well child clinics may represent a biased sample of our
population of interest, with better access to health facilities or come from

households with higher socioeconomic status; so that derived estimates may be
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inaccurate. Therefore a key consideration in this method would be the magnitude
of the selection bias is significant enough to invalidate this tool, particularly in
terms of its geospatial representativeness. In a study by Cibulskis et al in 2012, they
attempted to explore and address the role of selection bias in average estimates of
13 health indicators (including some malaria control interventions) by comparing to
those obtained from the population as a whole in 31 countries (Cibulskis et al.,
2012). The study found out that average estimates of intervention coverage derived
from immunized children can provide a reasonable approximation of population
values if levels of immunization coverage are over 60% (Cibulskis et al., 2012).
Despite the fact that other important causes of bias like information bias (Skarbinski
et al., 2008) were not considered in this study, given the given the high global
immunization coverage (UNICEF, 2012a), immunization clinics are a potential

surveillance opportunity that needs to be validated under experimental settings.

To date, there few publications evaluating specific surveillance in children
coming for well child visits to determine whether measurement of these indicators
during well child visits could serve as a comparable substitute to measurement
during household surveys (Cibulskis et al., 2007; Skarbinski et al., 2008; Mathanga
et al., 2010). There is no publication to our knowledge that assessed the capability to
measure spatial heterogeneity. In this study, we evaluated whether the estimates of
coverage of control interventions and malaria transmission derived at the time of
well child visits at the EPI clinic of Chikhwawa District Hospital (CDH) accurately
represented population estimates and spatial heterogeneity of malaria transmission

in the catchment population.

5.2 Methods

5.2.1 Study site

The study was conducted in the geographic catchment area of Chikhwawa

District Hospital (CDH) in Chikhwawa District, Malawi, Southern Africa. This area
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is within 15 kilometre radius from CDH, contains a catchment population of
around 120,000 and is bordered in the north east by the Rift Valley escarpment, in
the west by the Shire River, in the south by Nchalo sugar plantation and Lengwe

National Park.

5.2.2 Study design

The study consisted of a continuous (‘rolling”) population-based household-
level MIS (i.e. the eMIS) in 50 villages in the geographic catchment area CDH and a
continuous health facility-based survey in the EPI Clinic of CDH.

5.2.3 Sampling strategy

In the eMIS, the household population in the constituent villages were first
enumerated. Then households to be surveyed were selected using a two-stage
sampling strategy. During each season, all 50 eMIS villages were randomly
assigned to one of the 6 months (8 or 9 villages per month). A representative
probability sample proportional to village size was then selected using the “spin the
bottle” approach. The central point of each village was visited, and a random
starting direction is chosen by spinning the bottle. If the size of the village was
small (<200 households), all households in that direction were surveyed until the
end of the village was reached. If the end of the village was reached without
surveying enough households to satisfy the required sample size, then the bottle
was spun again in front of the last household in the previous direction and the new
direction taken as the new starting point for sampling. This procedure is repeated
until the desired sample size is achieved. If the size of the village was large (>200
households), systematic sampling of every fourth household was done until the
desired sample size was achieved. Any damaged or deserted house was not
considered eligible for sampling. If the person primarily responsible for health care
decision-making was not at home during the first visit, up to two revisits were
made to find them to collect information for that given household, before that

household was dropped i.e. random sampling without replacement.
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In the EPI Clinic Survey, after the delivery of routine public health
messages, the study nurse who was also part of the EPI team at CDH gave a short
introduction of the study to all the mothers who had brought their children for well
child visits. The assembled mothers were then informed that if they wanted to
participate, they could bring their children to the study clinic, which was situated in
the same MCH facility, at the end of the well child visit i.e. after receipt of vaccine
or weighing. Children were then surveyed as they presented on alternate week
days and no particular attempt was made to select or avoid a particular day
because of case load. Their parents/guardians and any accompanying siblings (less
than 15 years) were also offered participation in the study. Because of the
opportunistic nature of our sampling strategy, recruitment was time limited so as
not to cause undue delays to the mothers coming for well child visits. In this regard,
sampling was done from when the well child clinic started to when it ended,
9:00am to 12:00 respectively. To adjust for month-to-month variations in health
facility attendance, the total derived sample sized for the EPI Clinic Survey was

‘rolled’ over 12 months.

5.2.4 Sample size

In the eMIS, sample size was predetermined as part of ongoing rolling MIS
surveillance activities (Roca-Feltrer et al., 2012b). A total number of 609 children
were required in the peak season to achieve a relative 10% precision in the
prevalence of Hb<8.0g/dL in children aged 6 — 59 months at an estimated baseline
prevalence around 25% (wet season), and assuming a design effect of 1.35, a
confidence level of 95%, and a response rate of 80%. Assuming that the low and
high transmission season both last around 6 months, approximately 140 households

and 100 children were surveyed each month.

To derive the sample size required to determine if there was a significant
difference in estimates of our primary indicator (PfPR) between the EPI Clinic

Survey and the eMIS, we assumed an annual average PfPR in the population of 30%
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from figures for Chikhwawa District from the 2010 National MIS (Ministry of
Health (MoH) Malawi, 2010) and preliminary data in the rMIS/eMIS. Then
assuming a slightly lower PfPR (20%) in children attending EPI clinic, to detect a
significant difference in significant difference between the EAG sample and the
population sample at 5% precision and 80% power, a total sample size of 588
children aged 6 to 59 months would be required (with 294 in each sample). Sample

sizes were calculated using WinPepi® version 2.21 (Abramson, 2011).

5.2.5 Data collection

Interview with parent/guardian

Structured interviews were conducted with household heads or
parents/guardians of all children in selected households in the household survey,
and with parents/guardians of all children in the EPI Clinic Survey using a locally

adapted version of the Roll Back Malaria (RBM)/ Monitoring & Evaluation

Reference Group (MERG) MIS questionnaire (http://rbm.who.int/merg. html#MIS)
(Annex 2). After informed consent, information was collected on ownership of
household assets, household net ownership, net use and health care seeking
behaviour and antimalarial treatment. The reported ITN-based household
indicators were determined using the same algorithm in both surveys (Annex 3). In
the eMIS, Global Positioning System (GPS) devices on PDAs were used to
demarcate the village coordinates in the household survey during enumeration. In
the EPI survey, the respondent was questioned about the village of origin and
afterwards, the coordinates of the villages were later mapped using a Garmin
eTrex® 30 (Garmin Ltd, UK) if the village was not present in the rMIS/eMIS

database.

Lab procedures
Blood samples were collected from all children surveyed to prepare a Rapid
Diagnostic Test (RDT) (First Response® Malaria Ag. pPLDH/HRP2 Combo Card

Test, Premier Medical Corporation Ltd., India), thick and thin blood film, and to
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determine the child’s haemoglobin concentration (HemoCue 301®, HemoCue AB,
Angelhom, Sweden). A quality control system was put in place to ensure that all
study staff involved in lab procedures received regular standardized training
(every 3 to 4 months) throughout the study period to conduct finger pricks for
anaemia and malaria parasitaemia by RDT. The HemoCue® machines were
validated every two months using low, normal and high controls for the HemoCue

Hb 301 system (Eurotrol Hb 301 Control, HemoCue AB, Angelhom, Sweden).

Clinical procedures

All parasitaemic and moderately anaemic children (Hb =5 —7.9g/dl) were
treated as per national treatment guidelines by the research nurse in either survey.
Children with severe anaemia (Hb <5.0g/dl), and/or exhibiting and clinical signs of
severe illness (including severe malaria) were assisted with transportation and
referred to the nearest health facility in the household survey and referred to the
paediatric ward in the EPI survey. Those who were parasitaemic by RDT and had
received Coartem® in the past two weeks were referred to CDH in the household

survey and to the senior clinician on-call in the EPI Clinic Survey.

Definition of indicators

Moderate-to-severe anaemia: Hb =5 -8 g/dl
Severe anaemia: Hb < 5g/dl

Plasmodium falciparum positive reaction: The simultaneous presence of the P.
falciparum, P. vivax/other species and control bands, or the P. falciparum and control

bands.

Other plasmodium species positive reaction: The simultaneous presence of the P.

vivax/other species and control band.

Socioeconomic status (SES): SES was determined by means of a principal component
analysis using a combination possession of key household items (e.g. a radio),

access to amenities (e.g. household water supply and sanitation) and structure of
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dwelling (e.g. roofing material) to derive a total score which was then aggregated

into quintiles.

Reported Household ITN possession: The proportion of households with at least one

ITN as elicited by direct questioning.

Confirmed household ITN possession: The proportion of households with at one ITN

detected by direct observation of an ITN hanging over the sleeping place.
Reported Household ITN use:

* The proportion of children under five years old who slept under an ITN the

previous night as elicited by direct questioning.

¢ The proportion of households with at least one ITN for every two people as

elicited by direct questioning.

Confirmed U5 ITN use: The proportion of under-fives who slept under an ITN

detected by direct observation of an ITN hanging over the sleeping place.
IRS coverage: The proportion of households sprayed by IRS in the past 12 months.

Households covered by vector control: The proportion of households with at least one

ITN and/or sprayed with IRS in the past 12 months.

Universal coverage of vector control: The proportion of households with at least one

ITN for every two people and/or sprayed by IRS in the past 12 months.

PfPR: The proportion of children aged 6-59 months with Plasmodium falciparum

malaria infection.

APR: proportion of children aged 6-59 months with a haemoglobin measurement of

less than 8 g/dL.
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Data management

The study questionnaire was in English and verbally translated into the
three main local dialects (Chichewa, Sena and Mang'anja). In the household survey,
data was collected electronically in PDAs (Somo 650®, Socket Mobile, Newark,
California) programmed in Visual CE® 11.1 language (Syware Incorporation,
Cambridge, Massachusetts). In the EPI Clinic Survey, data was collected
electronically in Netbooks (Toshiba NB520-A1116, Toshiba, UK) using a database in
REDCap® (Vanderbilt University, Nashville, Tennessee, USA). Data analysis was
done using STATA 13.1® (StataCorp, Texas, USA). Data used for comparison in this
paper were restricted to children aged 6 months to 5 years, settlements within 15km

radius of CDH and the first year of study, from 1t May 2011 to 30t April 2012.

Statistical analysis

Comparison of baseline characteristics
To assess the representativeness of data from children attending EPI clinic,

we compared key baseline characteristics, coverage with control interventions, APR
and PfPR derived from this EAG sample with children in the eMIS. Data was
presented as frequencies with their respective 95% confidence intervals (95% CI),
and Pearson’s chi squared test was used to determine whether any observed
differences arose by chance. In a sub-analysis, we compared the reported vs
confirmed assessment of household ITN possession and household ITN use in the
eMIS with that in children attending EPI clinic to evaluate whether there was any
potential bias trends in the reporting of ITN possession and use as determined by
the proportion of households with at least one ITN and the proportion of under-

fives who slept under an ITN the previous night respectively.

Determination of factors associated with reported household ITN possession, IRS
coverage, APR and PfPR

To determine the factors associated with these key indicators, we tested this

associations in univariate logistic regression analysis using Rao-Scott chi squared
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values to detect associations between the outcome variable and the predictors by
STATA survey procedures (StataCorp, 2013b) to account for the complex nature of
the survey data. STATA survey procedures use Taylor-linearized variance
estimation to estimate standard errors correcting for the increased sample-to-
sample variability that results from the cluster sampling design of the population
survey (StataCorp, 2013b). Weights were not required in the analysis as the
comparator group (the household survey) sample was derived by proportion to
size of the constituent villages. Variables that were reliably associated with reported
household ITN possession, IRS coverage, APR and PfPR were considered potential
confounders and included in the multivariate analysis to determine if the estimates
from children attending EPI clinic were significantly different from those from the

same age strata in the population, even after controlling for confounders.

Determination of the difference in estimates of reported household ITN possession,
IRS coverage, APR and PfPR

We first determined the unadjusted difference estimates of key indicators
using both prevalence ratio and absolute difference in percentage prevalence
derived from a univariate log binomial regression model in Stata using generalized
linear models (GLM). To determine the significance of these differences, they were
presented with their respective 95% confidence intervals, adjusted for clustering,
unequal selection probabilities and potential confounders. We preferred these
measures of effect as we expected the main outcome P. falciparum prevalence to be
common and because of the nature of the population survey (Petersen and

Deddens, 2008; Santos et al., 2008a).

We then determined potential confounders that should be included in a
multivariate log binomial regression model using the likelihood ratio test was used
to determine the significance of inclusion of confounders in the model. The final
models were adjusted for age, mother’s education, and socioeconomic status in the

case of household ITN possession, mother’s educational status in the case of IRS
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coverage, distance from CDH, history of fever in the past two weeks, season and
clinical malaria in the case of anaemia, and age, socioeconomic status, distance from

CDH and current fever in the case of parasitaemia.

Modelling spatial variation
To model spatial variation of the underlying RDT prevalence and ITN

coverage, we used geostatistical binomial models. We extended the standard
geostatistical framework to allow for potential biased sampling in the EPI survey.
The model corrects for spatially structured bias by assuming that the household
survey delivers unbiased “gold-standard” estimates of the two outcomes of
interest. To fit both models to the data, we used Monte Carlo maximum likelihood
methods. The Markov Chain Monte Carlo methods are used in simulation of
complex stochastic process such as the Markov random fields (Gibbs distribution)
used in spatial statistics in order to calculate the integrals involved in determining
statistical inferences (Metropolis et al., 1953; Hastings, 1970; Geman and Geman,
1984). The exact calculation of a maximum likelihood estimate (MLE) indicating the
fit of a model using Markov Chain Monte Carlo methods is impossible, but several
methods of Monte Carlo MLE (MCML) approximations have been devised. Only
one of these models involving direct calculation of the MCML permits geospatial
model simulation studies (Geyer and Thompson, 1992; Geyer, 1994), so this was the
method employed in our study to assess the suitability of spatial prediction models.
More details on our methodology of geospatial analysis are given in a separate
publication (Giorgi E, 2015). The resulting contour maps were constructed using the
R statistical software package (R Foundation for Statistical Computing, Vienna,

Austria).

5.3 Results

A total of 50 villages were included in the household survey. Participants in

the EPI Clinic Survey presented from a total of 84 villages of which 71 were within
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15 km of CDH. Out of the 71 villages included in the EPI survey, 60 (84.5%) were
traceable based on the reported name of the village or location (Figure 13). Forty
villages were common to both surveys (i.e. an overlap of 66.7%). The majority of
participants seen in the EPI survey were from Chikhwawa town and settlements on
the main access road. In total of 571 households and 309 households containing
children aged 6 — 59 months were surveyed in the household and the EPI survey
respectively. In total, 682 and 323 children aged 6 — 59 months were surveyed from
the household and EPI survey respectively. The mean age of children in the EPI
survey (18 months, 95% CI 16 months, 19 months) was significantly lower than that
in the eMIS (32 months, 95% CI 31 months, 33 months). The majority of children
coming to the EPI Clinic (62.6%) were coming for routine growth monitoring as
part of their well child clinic. Children coming for routine growth monitoring were
older (mean age =20 months, 95% CI 18, 22 months) than children coming for
vaccinations (mean age = 11 months, 95% CI 9, 12 months) and the difference was
statistically significant (p < 0.001). Slightly less than half of all children coming for
vaccinations (53/114, 46.5%) were there for scheduled vaccinations. Children
coming for scheduled vaccinations (mean age = 11 months, 95% CI 9, 13 months)
were younger than those coming for catch-up vaccinations (mean age = 10 months,

95% CI 8, 11 months but this difference was not statistically significant (p = 0.3918).

Table 18 is a comparison of the background characteristics of both samples.
In addition to differences in age, there were also significant differences in mother’s
education, socioeconomic status and travel distance to CDH. A significantly higher
proportion of households in the EPI Clinic Survey reported a child with a history of
fever in the past two weeks than in the eMIS (11.2% vs. 4.0% respectively, p <0.001).
Though there was a significantly higher proportion of children presenting with
fever and clinical malaria on the day of the survey in the EPI Clinic Survey
compared to the eMIS (Table 18), this difference was not due to the inclusion of

siblings in the EPI survey (Table 19).
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5.3.1 Control intervention coverage

The estimates of control intervention coverage in the EPI Clinic Survey were
all significantly higher than in the eMIS, except for the percentage of children who
received any antimalarial for a febrile illness in the past two weeks and the
percentage of children who received Coartem® for a febrile illness within 24 hours

(Table 19).

5.3.2 Reported vs. confirmed household ITN possession and use

In the household survey, average reported household ITN possession
(coverage =47.8 %, 95% CI 43.6, 52.0%) was higher compared to confirmed
household ITN possession (coverage = 42.8%, 95% CI 38.4, 47.1%), but this
difference was not significant (Figure 15). The average reported household ITN
possession in the EPI survey (coverage = 73.9%, 95% CI 68.9, 78.9%) was
significantly higher than both the reported and confirmed average household ITN
possession in the household survey. A similar trend is apparent for the reported
and confirmed proportion of under-fives who slept under an ITN the previous

night.

5.3.3 Parasite and anaemia prevalence

The prevalence of P. falciparum parasitaemia (by RDT) in the eMIS survey
(prevalence = 23.9%, 95% CI 20.1, 27.7%) was slightly higher than that from the EPI
Clinic Survey (prevalence =20.5%, 95% CI 16.1, 24.9%) but this difference was not
statistically significant (p = 0.256) (Table 20). The prevalence of other plasmodium
species was alternatively slightly lower in the household survey (prevalence = 0.8%,
95% CI 0.0, 1.6%) compared to the EPI survey (prevalence = 2.2%, 95% CI 0.6, 3.8%);

again the difference was not statistically significant (p = 0.096).
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Figure 13: Geographic distribution of the sampling frames in the eMIS
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Figure 14: Geographic distribution of the sampling frames in the EPI Clinic Survey
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Table 18: Background characteristics of households with children aged 6 to 59

months in both surveys

EPI Clinic Survey eMIS
n % (95% CI) n % (95% CI) X2 p-
value
Total number of 309 - 571 - -
households surveyed
Total number of under 323 - 682 - -
five children surveyed
Age group of surveyed
children
6 —-12 months 157 48.6 (43.1, 54.1) 86 12.6 (10.1, 15.1)
12 - 23 months 73 22.6 (18.0, 27.2) 149 21.9 (18.7, 25.0)
24 — 35 months 56 17.4 (13.2,21.5) 149 21.9 (18.7, 25.0)
36 — 47 months 22 6.8 (4.1,9.6) 153 22.4 (19.3, 25.6)
48 — 59 months 15 4.6(2.3,7.0) 145 21.2(18.2,24.3) <0.001
Child’s Sex
Male 153 47.4 (419, 52.8) 317 46.5 (42.7, 50.2)
Female 170 52.6 (47.2, 58.1) 365 53.5(49.8,57.3) 0.792
Mother’s education
None 61 20.1 (15.6, 24.7) 150 30.0 (26.0, 34.0)
Primary 190 62.7 (57.2, 68.1) 291 58.2 (53.8, 62.5)
Secondary or above 46 17.2 (13.3, 21.9) 59 11.8 (9.0, 14.6)  0.003
Households by SES
Poorest 44 14.3 (104, 18.2) 182 33.2(29.2,37.1)
Quintile 2 42 13.6 (9.8, 17.5) 94 17.1 (14.0, 20.3)
Quintile 3 53 17.2 (13.0, 21.4) 139 25.3 (21.7, 29.0)
Quintile 4 77 25.0 (20.2, 29.9) 66 12.0 (9.3, 14.8)
Wealthiest 92 29.9 (24.7, 35.0) 68 12.4 (9.6,15.2)  <0.001
Households with less 156 50.7 (45.1, 56.3) 285 519 (47.7,56.1)  0.723
than 5 persons
Distance to CDH
0-5km 149 65.4 (59.2, 71.6) 312 55.5 (51.4, 59.6)
5 - 10km 71 31.1(25.1, 37.2) 213 37.9(33.9,41.9)
10 — 15km 8 3.5(1.1,5.9) 37 6.6 (4.5, 8.6) 0.024
Households from 12 5.7 (2.6, 8.8) 28 5.0 (3.2, 6.8) 0.682
hard-to-reach villages
Households surveyed
by season
Dry season 199  64.4 (59.1, 69.8) 338 59.2 (55.2, 63.2)
Rainy/Post-rainy 110 35.6 (30.2, 41.0) 233 40.8 (36.7,44.9) 0.131
season
Fever in in the past 101 32.8 (27.5, 38.1) 73 15.7 (12.4,19.0) <0.001
two weeks
Current fever 36 11.2 (7.7, 14.6) 17 4.0 (2.1,5.9) <0.001
Clinical malaria 23 7.1 (4.3,10.0) 9 2.1(0.7,3.5) 0.001
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Table 19: Coverage of control interventions in children aged 6 to 59 months in both

surveys
EPI Clinic Survey eMIS
n % (95% CI) n % (95% CI) X2p-
value
Households with any 241 78.3 (73.6, 354 62.0 (58.0, <0.001
bed net 82.9) 66.0)
Households with at 227 73.7 (68.8, 280 49.0 (44.9, <0.001
least one ITN 78.6) 53.2)
Household with at 3 1.7 (0.6, 4.3) 23 11.8 (8.6, <0.001
least one ITN for any 16.1)
two members
Under-fives who slept 230 71.4 (66.5, 326 47.8 (44.0, <0.001
under ITN the 76.4) 51.6)
previous night
Households sprayed 204 67.3 (62.0, 300 54.7 (50.5, <0.001
by IRS in the past 12 72.6) 58.8)
months
Households with at 278 90.3 (86.9, 420 75.0 (714, <0.001
least one ITN and/or 93.6) 78.6)
sprayed with IRS in
past 12 months
Households with at 205 66.3 (60.9, 327 57.3 (53.2, 0.009
least one ITN for every 71.4) 61.3)
two people and/or
sprayed with IRS in
past 12 months
Under-five children 33 30.6 (21.8 - 21 25.0 (15.6 — 0.396
with fever in past two 39.3) 34.4)
weeks who received
any antimalarial
Under-five children 19 18.6 (11.0 - 11 13.3 (5.9 - 0.324
with fever in past two 26.3) 20.6)

weeks who received
LA within 24 hours

171



Figure 15: Reported vs. Observed Household ITN possession and use
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Table 20: Prevalence of P. falciparum parasitaemia and anaemia (Hb<8.0g/dl)

EPI EAG eMIS
n % (95% CI) n % (95% CI) X2
p_
value
Prevalence of P. falciparum
parasitaemia (RDT) in
children aged 6 — 59 months
P. falciparum parasitaemia* 66 20.5 (16.1 —24.9) 119 23.9(20.1-27.7) 0.256
Non-falciparum parasitaemia 7 2.2 (0.6 -3.8) 4 0.8 (0.0-1.6) 0.096
Prevalence of anaemia in
children aged 6 — 59 months
Hb<11.0g/dl 223 69.3 (64.2 —74.3) 303 61.3 (57.0-65.6) 0.021
Hb<8.0g/dl 19 59 (3.3-8.5) 22 45 (2.6-6.3) 0.355

*Includes mixed infections.

The prevalence of anaemia (Hb < 11.0g/dl) was lower in the household

survey (prevalence = 61.3%, 95% CI 57.0, 65.6%) than in the EPI survey (prevalence
=69.3%, 95% CI 64.2, 74.3%) but confidence intervals overlapped (p = 0.021). There
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was no significant difference between the prevalence of anaemia (Hb < 8.0g/dl) in
the household survey (prevalence = 4.5%, 95% CI 2.6, 6.3%) and the EPI survey
(prevalence =5.9%, 95% CI 3.3, 8.5%)

5.3.4 Factors associated with reported ITN coverage

Table 21 shows association of reported household ITN possession and
household characteristics. Insecticide treated net used significantly decreased with
age in the eMIS, but though age group was significantly associated with ITN
possession, no such trend was apparent in the EPI Clinic Survey. Reported ITN
possession increased significantly with maternal age in the eMIS but not in the EPI
Clinic Survey. Insecticide treated net possession increased with increasing SES in
the eMIS and the EPI Clinic Survey, though the trend was less apparent in the
latter. Smaller sized households were significantly more likely to own an ITN in the

eMIS, but this trend was not apparent in the EPI Clinic Survey.

5.3.5 Factors associated with IRS coverage

Table 22 shows association of IRS in children aged 6 to 59 months with age
and household characteristics. Increasing maternal education was significantly
associated with a decreasing IRS in the eMIS, but this trend was not present in the
EPI Clinic Survey. Coverage with IRS was higher in the dry season in both surveys
but this trend was borderline. The remaining household characteristics were not
significantly associated with IRS. IRS and ITN possession were correlated in the

eMIS, but this trend was not apparent in the EPI Clinic Survey.

5.3.6 Factors associated with P. falciparum prevalence (by RDT)
Table 23 shows association of P. falciparum prevalence (including mixed

infections) and with age, household, coverage and clinical characteristics for both

surveys. The PPR increased with age group but a significant trend was only

present in the eMIS. The PfPR decreased significantly with distance in the eMIS but
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not in the EPI Clinic Survey. Parasite prevalence was significantly higher in the dry
season compared to the rainy/post-rainy season in the eMIS (27.1% vs. 18.6%
respectively, p <0.001) but not in the EPI Clinic Survey (17.8% vs. 25.4%
respectively, p = 0.0052). History of fever in the past two weeks in a child aged 6 to
59 months in the household and current fever in the surveyed child was associated
with parasitaemia in both surveys. Household possession and use of ITNs did not
seem to be protective against P/PR in either survey. Households who have received
IRS were significantly less likely to have children with P. falciparum in the EPI Clinic
Survey (17.0% vs. 27.9% respectively, p = 0.0290). There was borderline protection
from parasitaemia in households that had received at least one vector control
option in both surveys (Table 23). The presence of a child in the household who had
fever in the past two weeks and was treated with any antimalarial or Coartem®
(Artemether-Lumefantrine/LA) was not associated with the presence of P.

falciparum.

5.3.7 Factors associated with anaemia (Hb<8.0g/dl)

Table 24 shows association of anaemia with age, household, coverage and
clinical characteristics for both surveys. Age group, mother’s education, SES,
household size, distance and whether the village was hard-to-reach or not did not
appear to be significantly associated with anaemia in both surveys. The prevalence
of anaemia was significantly higher in the dry season compared to the rainy/post-
rainy season (6.4% vs. 0.5% respectively, p = 0.0011) in the eMIS but not in the EPI
Clinic Survey (8.3% vs. 4.7% respectively, p = 0.2082). Current febrile illness and
clinical malaria was associated with a significantly higher prevalence of anaemia in
the EPI Clinic Survey but not the eMIS. Of all the measures of coverage of control
interventions, only the proportion of households with at least one ITN appeared to
be associated with a higher prevalence of anaemia in the EPI Clinic Survey. The
presence of P. falciparum parasitaemia (by RDT) was strongly correlated with the

prevalence of anaemia in both surveys.
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Table 21: Factor associated with possession of at least one ITN in the household

(adjusted for clustering)

EPI Clinic Survey eMIS
Risk factor n (%) “x2 p value n (%) “x? p value
Age group
6 — 12 months 131 (83.4) 58 (67.4)
12 — 23 months 50 (69.4) 84 (56.4)
24 — 35 months 29 (51.8) 66 (44.3)
36 — 47 months 14 (63.6) 61 (39.9)
48 — 59 months 14 (93.3) <0.0001 57 (39.3) <0.0001
Mother’s education
None 42 (66.7) 64 (35.4)
Primary 150 (75.4) 179 (51.3)
Secondary and above 43 (78.2) 0.3301 39 (55.7) 0.0041
Household SES
Poorest 30 (63.8) 96 (45.1)
Quintile 2 29 (65.9) 43 (36.4)
Quintile 3 36 (66.7) 80 (48.5)
Quintile 4 65 (80.3) 43 (51.2)
Wealthiest 78 (81.3) 0.0596 52 (66.7) 0.0054
Households with less than 5
persons
Yes 121 (73.3) 168 (52.3)
No 124 (75.2) 0.7163 146 (43.3) 0.0385
Households more 5km from
CDH
0 — 5km 118 (74.2) 188 (51.1)
5 - 10km 52 (72.2) 115 (45.5)
10 — 15km 6 (75.0) 0.9489 19 (40.4) 0.2870
Households from hard-to-
reach villages
Yes 7 (63.6) 16 (43.2)
No 158 (75.2) 0.3915 309 (48.5) 0.6035
Season
Dry season 153 (73.6) 201 (49.4)
Rainy/Post-rainy season 85 (74.7) 0.8487 125 (45.5) 0.3664

*Rao-Scott chi squared p-values.
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Table 22: Factors associated with IRS in households with children aged 6 months to
5 years (adjusted for clustering)

EPI Clinic Survey eMIS

Risk factor n (%) *x2p value n (%) *x? p value

Age group
6 — 12 months 95 (61.7) 42 (50.6)
12 — 23 months 47 (67.4) 81 (55.1)
24 - 35 months 41 (73.2) 82 (56.9)
36 — 47 months 18 (81.8) 71 (49.3)
48 — 59 months 11 (78.6) 0.2096 80 (57.1) 0.5750
Mother’s education

None 35 (55.6) 95 (54.9)
Primary 133 (68.6) 180 (52.8)
Secondary and above 39 (72.2) 0.1344 22 (32.8) 0.0239

Household SES
Poorest 27 (57.5) 116 (54.5)
Quintile 2 32 (72.7) 59 (50.0)
Quintile 3 32 (60.4) 102 (61.8)
Quintile 4 57 (71.3) 41 (48.8)
Wealthiest 64 (69.6) 0.3768 38 (48.7) 0.3025
Households with less than 5

persons
Yes 105 (66.0) 163 (50.8)
No 107 (68.2) 0.7021 193 (57.3) 0.1523
Households more 5km from
CDH
0 — 5km 109 (70.8) 177 (50.6)
5 - 10km 42 (58.3) 146 (59.1)
10 — 15km 6 (85.7) 0.1115 29 (61.7) 0.1456
Households from hard-to-
reach villages
Yes 9 (90.0) 19 (63.3)
No 141 (68.8) 0.1567 333 (53.7) 0.3868
Season
Dry season 145 (71.1) 224 (57.4)
Rainy/Post-rainy season 67 (59.8) 0.0518 132 (49.3) 0.0752
Households with at least one
ITN
Yes 160 (69.0) 186 (59.2)
No 52 (61.9) 0.2600 170 (49.4) 0.0249

*Rao-Scott chi squared p-values.
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Table 23: Factors associated with the presence of P. falciparum in households with
children aged 6 months to 5 years (adjusted for clustering)

EPI Clinic Survey eMIS
Risk factor n (%) “x2 p value n (%) “x? p value
Age group
6 — 12 months 27 (17.2) 9 (15.8)
12 — 23 months 15 (20.8) 6(9.1)
24 — 35 months 11 (19.6) 29 (24.0)
36 — 47 months 7 (31.8) 42 (31.6)
48 - 59 months 6 (40.0) 0.1758 33 (27.3) 0.0045
Mother’s education
None 19 (30.2) 28 (22.2)
Primary 40 (20.1) 51 (20.1)
Secondary and above 6 (10.9) 0.0411 9 (17.3) 0.7771
Household SES
Poorest 17 (36.2) 51 (31.1)
Quintile 2 8(18.2) 20 (23.0)
Quintile 3 8 (14.8) 24 (19.1)
Quintile 4 20 (24.7) 11 (19.0)
Wealthiest 13 (13.5) 0.0201 9(16.4) 0.0862
Households with less than 5
persons
Yes 35 (21.7) 48 (20.5)
No 31 (19.3) 0.5913 67 (26.2) 0.1593
Households more 5km from
CDH
0 — 5km 22 (13.8) 84 (31.6)
5 - 10km 12 (16.7) 30 (16.5)
10 — 15km 3 (37.5) 0.1943 3(7.7) <0.001
Households from hard-to-
reach villages
Yes 2 (18.2) 7 (24.1)
No 37 (17.6) 0.9621 110 (23.8) 0.9724
Season
Dry season 37 (17.8) 84 (27.1)
Rainy/Post-rainy season 29 (25.4) 0.1123 35 (18.6) 0.0375
History of fever in the past
two weeks in child aged 6
months to 5 years
Yes 32 (29.6) 37 (47 .4)
No 34 (15.9) 0.0052 82 (19.5) <0.001
Current fever in child aged 6
months to 5 years
Yes 23 (63.9) 9(52.9)
No 43 (15.0) <0.001 75 (18.3) <0.001
Households with any bed net
Yes 46 (18.3) 56 (19.1)
No 20 (28.6) 0.0698 63 (30.9) 0.0037
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EPI Clinic Survey eMIS
Risk factor n (%) *x2 p value n (%) “x2 p value
Households with at least one
ITN
Yes 44 (18.5) 43 (19.6)
No 22 (26.2) 0.1475 76 (27.3) 0.0528
Household with at least one
ITN for any two members
Yes 3 (100.0) 1 (10.0)
No 43 (17.3) <0.001 42 (20.0) 0.4433
Under-fives who slept under
ITN previous night
Yes 44 (19.1) 43 (19.6)
No 22 (23.9) 0.3542 76 (27.3) 0.0528
IRS in the past 12 months
Yes 36 (17.0) 53 (20.5)
No 29 (27.9) 0.0290 62 (26.7) 0.1205
Households with at least one
ITN and/or sprayed with IRS
in past 12 months
Yes 55 (19.0) 75 (21.1)
No 11 (34.4) 0.0557 41 (29.5) 0.0522
Households with at least one
ITN for every two people
and/or sprayed with IRS in
past 12 months
Yes 36 (17.0) 57 (21.1)
No 18 (24.0) 0.1851 21 (23.6) 0.6501
Under-five children with
fever in past two weeks who
received any antimalarial
Yes 7 (21.2) 9 (56.3)
No 25 (33.3) 0.2201 28 (45.2) 0.4357
Under-five children with
fever in past two weeks who
received LA within 24 hours
Yes 3(15.8) 6 (66.7)
No 27 (32.5) 0.1622 31 (49.6) 0.2420
Prevalence of anaemia (Hb <
8.0g/dl) in children aged 6 —
59 months
Yes 12 (63.2) 15 (68.2)
No 54 (17.8) <0.001 102 (21.6) <0.001

*Rao-Scott chi squared p-values.
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Table 24: Factors associated with anaemia (Hb < 8.0g/dl) in households with
children aged 6 months to 5 years (adjusted for clustering)

EPI Clinic Survey eMIS
Risk factor n (%) *x2 p value n (%) “x2 p value
Age group
6 — 12 months 12 (7.6) 3(5.3)
12 — 23 months 3(42) 7 (10.6)
24 — 35 months 3(54) 5(4.2)
36 — 47 months 1 (4.6) 4 (3.0)
48 — 59 months 0(0.0) 0.6872 3 (2.5) 0.0934
Mother’s education
None 3(4.8) 0 (0.0
Primary 12 (6.5) 12 (4.7)
Secondary and above 2 (3.6) 0.6779 2 (3.9) 0.0601

Household SES
Poorest 3(6.4) 10 (6.1)
Quintile 2 1(2.3) 4 (4.8)
Quintile 3 3 (5.6) 1(0.8)
Quintile 4 8(9.9) 2 (3.5)
Wealthiest 4(4.2) 0.4368 4(7.3) 0.2295
Households with less than 5

persons
Yes 12 (7.5) 10 (4.3)
No 7 (4.4) 0.2512 11 (4.4) 0.9778
Households more 5km from
CDH
0 -5km 5(3.2) 17 (6.5)
5 —10km 5 (6.9) 4(2.2)
10 — 15km 0 (0.0 0.3865 1(2.6) 0.0921

Households from hard-to-
reach villages

Yes 1(9.1) 1(3.5)
No 8 (3.8) 0.3955 21 (4.6) 0.3868
Season
Dry season 12 (5.8) 21 (6.4)
Rainy/Post-rainy season 7 (6.1) 0.9008 1(0.5) 0.0011

History of fever in the past
two weeks in child aged 6
months to 5 years
Yes 9 (8.3) 8 (10.3)
No 10 (4.7) 0.2082 14 (3.4) 0.0032
Current fever in child aged 6
months to 5 years

Yes 5(13.9) 0 (0.0)

No 14 (4.9) 0.0361 15 (3.7) 0.4523
Households with any bed net

Yes 12 (4.8) 14 (4.8)

No 7 (10.0) 0.1118 8(3.9) 0.6736
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EPI Clinic Survey eMIS
Risk factor n (%) *x2 p value n (%) “x2 p value
Households with at least one
ITN
Yes 12 (5.0) 10 (4.6)
No 7(8.3) 0.2866 12 (4.4) 0.9194
Household with at least one
ITN for any two members
Yes 1(33.3) 1 (10.0)
No 11 (4.4) 0.0211 9(4.3) 0.4065
Under-fives who slept under
ITN previous night
Yes 12 (5.2) 10 (4.6)
No 7(7.6) 0.4254 12 (4.4) 0.9194
Household sprayed with IRS
in the past 12 months
Yes 12 (5.7) 12 (4.7)
No 7(6.7) 0.7288 9(3.9) 0.6880
Households with at least one
ITN and/or sprayed with IRS
in past 12 months
Yes 16 (5.5) 18 (5.1)
No 3(94) 0.3876 4(2.9) 0.3715
Households with at least one
ITN for every two people
and/or sprayed with IRS in
past 12 months
Yes 12 (5.7) 13 (4.9)
No 4(5.3) 0.9276 5(5.6) 0.7859
Under-five children with
fever in past two weeks who
received any antimalarial
Yes 3(9.1) 2 (12.5)
No 6 (8.0) 0.8517 6(9.7) 0.7427
Under-five children with
fever in past two weeks who
received LA within 24 hours
Yes 2(10.5) 2(22.2)
No 7 (8.4) 0.7752 6(8.8) 0.2228
Prevalence of P. falciparum
parasitaemia (RDT) in
children aged 6 — 59 months
Yes 12 (18.2) 15 (12.8)
No 7(2.7) <0.001 7 (1.9) <0.001

*Rao-Scott chi squared p-values.
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5.3.8 Difference in ITN and IRS coverage between surveys

Table 25 shows results of both unadjusted and adjusted log binomial
regression analyses of the difference in estimates of ITN and IRS coverage between
surveys using prevalence ratios (RRs) and absolute percentage risk difference
(RDs). Overall, the EPI survey significantly overestimated ITN and IRS coverage of
outcome indicators in the unadjusted analysis. After adjustment for the age of the
child, household ITN possession, mother’s education and socioeconomic status, the
EPI Clinic Survey still significantly overestimated population coverage of ITN (RD
=13.8%, 95% CI 6.8%, 20.9%, p <0.001) and IRS (RD = 15.6%, 95% CI1 9.0, 22.3%, p <
0.001).

5.3.9 Difference in the prevalence of anaemia (Hb<8.0g/dl) and P.

falciparum (by RDT) between surveys

Table 26 shows the results of both unadjusted and adjusted log binomial
regression analyses of the difference in estimates of the prevalence of anaemia
(Hb<8.0g/dl) and P. falciparum (by RDT) between surveys using prevalence ratios
and absolute percentage risk difference. In the unadjusted analysis, estimates from
the EPI survey were not significantly different from population estimates. After
adjusting for the effect of distance from CDH, history of fever in the past two
weeks, season and clinical malaria, estimates of anaemia from the EPI Clinic Survey
were not significantly different from population estimates (RD = 1.3%, 95% CI -1.6,
4.2%, p = 0.373). After adjusting for age, socioeconomic status, distance from CDH
and current fever, estimates of P/PR were not significantly different from

population estimates (RD = 2.9%, 95% CI --3.8%, 9.4%, p = 0.400).
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Table 25: Difference in ITN and IRS coverage between surveys

Absolute percentage risk differences

Prevalence ratios

Crude Absolute Risk  p-value *Adjusted Risk p-value Crude p-value  *Adjusted p-
Difference Difference (95%CI) Prevalence Ratio Prevalence Ratio value
(95%CI) (95%CI) (95%CI)
ITN possession 26.1 <0.001 13.8 <0.001 1.55 <0.001 1.21 0.002
(reported) (10.0, 37.3) (6.8,20.9)) (1.40, 1.71) (1.07, 1.36)
IRS 13.0 <0.001 15.6 <0.001 1.24 <0.001 1.30 <0.001
(6.5,19.4) (9.0, 22.3) (1.12, 1.38) (1.16, 1.46)
*Estimates for household ITN possession adjusted for age, mother’s education, and socioeconomic status.
Estimates for IRS coverage adjusted for mother’s education.
Table 26: Difference in anaemia (Hb<8.0g/dl) and P. falciparum prevalence between surveys
Absolute percentage risk differences Prevalence Ratios
Crude Absolute p-value *Adjusted Risk p-value Crude Prevalence p-value *Adjusted p-value
Risk Difference Difference Ratio Prevalence Ratio
(95%CI) (95%CI) (95%CI) (95%CI)
Anaemia 1.5 0.368 1.3 0.374 1.33 0.356 0.76 0.456
(Hb<8.0g/dl) (-1.7, 4.6) (-1.6,4.2) (0.73,2.41) (0.36, 1.58)
P. falciparum -3.4 0.250 2.9 0.400 0.86 0.259 1.08 0.735
parasitaemia (RDT)  (-9.2,2.4) (-3.8,9.4) (0.66, 1.12) (0.70, 1.65)

* Estimates for anaemia adjusted for distance from CDH, history of fever in the past two weeks and season.
Estimates for P. falciparum parasitaemia adjusted for age, socioeconomic status, distance from CDH and current fever.
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Table 27: Log-odds estimates for the geostatistical model of ITN coverage in the
combined model of the EPI survey and eMIS

Term Estimate p-value
Intercept -0.737 <0.001
SES 0.202 <0.001

Table 28: Log-odds estimates for the geostatistical model of P. falciparum prevalence
in the combined model of the EPI survey and eMIS

Term Estimate p-value

Intercept -1.160 0.032

ITN -0.380 <0.001

IRS -0.419 <0.001

Total Rainfall (mm) 0.007 <0.001
SES -0.164 <0.001

5.3.10 Geostatistical analysis

To determine the spatial heterogeneity of malaria control indicators we
modelled the spatial variation in estimates in children attending EPI Clinics using
geostatistical model of the combined data from both surveys. We evaluated the fit
of different predictors in the model using MCML and the final model controlled for
significant predictors. Household ITN possession was modelled by adjusting for
socioeconomic status as this was the only significant predictor of spatial variation
(Table 27). Spatial variation of IRS was modelled directly as there were no
significant predictors. Spatial variation of P/PR by adjusting for the effect of
household ITN possession, IRS coverage, socioeconomic status and total rainfall
(mm) with two months lag (Table 28), all of with were significant predictors in the
model. The APR was too low to enable the assessment of its spatial variation so
mean Hb was analysed as a continuous variable. Spatial predictions were then
obtained over a grid of 900 pixels at spatial resolution of 700 x 400 m. At locations
that were not sampled, we imputed socioeconomic status, ITN and IRS coverage by
computing the respective averages of the closest village. Total rainfall was fixed at

its annual average for predictions of RDT prevalence.
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ITN and IRS coverage

Figures 16 and 17 are contours map of the multiplicative spatial bias of the
odds ratio of a household containing at least one ITN and having received IRS
respectively. The areas in the map are graduated from blue areas corresponding to
areas where the EPI Clinic Survey significantly underestimated population values,
to grey areas corresponding to areas where there was no bias (i.e. estimates
between surveys were not significantly different), to red areas where the EPI Clinic
Survey significantly overestimated population ITN coverage. The contours
represent a mean estimate (odds ratio) of the area enclosed in the contour. Spatial
bias for ITN coverage was highest in the areas closest to CDH where the EPI survey
on the whole tended to overestimate population values. Spatial bias for IRS
coverage was highest in the area closest to CDH, where again on the whole, the EPI

survey tended to overestimate population values.

Figure 18 and Figure 19 are contour maps of the geographic distribution of
coverage of ITN and IRS respectively, after removal of all spatial bias. The areas in
the map are graduated from red areas correspond to areas with no coverage, to
dark green areas corresponding to areas were the universal coverage target of 100%
was achieved. The contours represent a mean estimate (percentage coverage) of the
area enclosed in the contour. The generated map of the geospatial distribution of
ITN coverage revealed that except for one area, ITN coverage was higher closer to
the Shire River corresponding to the main road access in the region, though
universal coverage was not achieved in any area (Figure 18). The generated map of
the geospatial distribution of revealed that IRS coverage was much more varied
that ITN and except for two areas, the IRS coverage was much higher in the areas

closer to the Shire River and the main access roads in the region (Figure 19).
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Figure 16: Multiplicative geospatial bias of the odds of ITN possession between

surveys
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Figure 17: Multiplicative geospatial bias of the odds of IRS coverage between
surveys
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Figure 18: Geospatial distribution of ITN possession
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Figure 19: Geospatial distribution of IRS coverage
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P. falciparum prevalence

Figure 20 is a contour map of the multiplicative spatial bias of the odds ratio
of a household containing a child aged 6 to 59 least one ITN and having received
IRS respectively. The blue areas correspond to areas where the EPI Clinic Survey
underestimated population values, grey areas correspond to no bias (i.e. estimates
not significantly different between surveys) and the red areas correspond to areas
where the EPI Clinic Survey overestimated population values. The colour scale is
the same as that for ITN and IRS coverage. Spatial bias for P. falciparum prevalence
was highest in the areas closest to CDH (where the EPI Clinic Survey over
estimated population values) and in the upper flood plain (where the EPI Clinic
Survey overestimated population values). Figure 21 is the contour map of the
geographic distribution of P. falciparum prevalence after removal of all spatial bias.
The areas in the map are graduated from dark green areas where percentage
prevalence is nil to red areas where prevalence is 100%. The contours represent a
mean estimate (percentage prevalence) of the area enclosed in the contour. The
generated map of the geospatial distribution of PfPR revealed that P. falciparum

prevalence was highest in the flood plains or the Shire River within the study area.

Distribution of mean haemoglobin values

Figure 22 is a contour map of the additive spatial bias in estimates of
haemoglobin modelled as a continuous variable. Blue and red areas correspond to
areas of significant underestimation and overestimation respectively. Grey areas
represent areas with no bias. The contours represent the difference in estimates of
haemoglobin in the area enclosed in the contour. The EPI Clinic Survey appeared to
significantly overestimate population values in an area not approximate to CDH

and in no relation to the flood plains of the Shire River.
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Figure 20: Multiplicative geospatial bias of the odds of P. falciparum infection
between surveys
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Figure 21: Geospatial distribution of P. falciparum prevalence
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Figure 22: Differential geospatial bias in mean haemoglobin values between surveys
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Figure 23: Geospatial bias of estimates of haemoglobin values between surveys
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The EPI Clinic survey also tended to underestimate the population
haemoglobin values in the two areas in the flood plain of the Shire River. In both
cases, the differences were minimal and less than 0.5g/dl. Figure 23 is the contour
map of the geographic distribution of haemoglobin values after removal of all
spatial bias. From Figure 23, the haemoglobin levels tended to fall as you move

closer to the flood plain areas.

5.4 Discussion

In this area with high immunization coverage, the EPI Clinic Survey proved
an accurate approach to assess malaria status and determine patterns of
heterogeneity in transmission and intervention coverage at sub-district level, thanks
to a novel geostatistical modelling method that addressed the key issue of bias seen
with “‘convenience” samples. This method, developed in collaboration with spatial
statisticians from the University of Lancaster for the purpose of this study, allows
one to control for varying residual levels of bias (both over and underestimations)
of a spatial nature, by combining EPI data with an unbiased (gold standard)
probability sample of the underlying population, and using this to control for bias

and increase precision.

There was reasonable overlap in the geographic distribution of the sampling
frames of both surveys (Figures 13 and 14), though the EPI Clinic Survey sample
reflected participation of those with better road access to CDH (Figure 14). As a
result, there were expected differences in baseline population characteristics and
this biased the average estimates of uptake of control interventions but did not
seem to significantly affect average estimates of PfPR and its spatial distribution.
Controlling for this difference in population characteristics in a multivariate
analysis did not resolve the bias in estimates of control interventions. We posit that
this residual bias was of a geospatial nature in all evaluated malaria control

indicators, and argument was further strengthened when the use of previously
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developed geostatistical methods (Giorgi et al., In press) to resolve the bias using a
combined dataset of the EPI Clinic Survey and the eMIS where successful. Our
results indicate that addition of data from a suitable probability sample of the same
catchment population to form a hybrid sample is not only likely to improve the
validity of average estimates from such a convenience sample as previously
suggested by Hedt et al in 2011 (Hedt and Pagano, 2011), but was also likely to

improve the spatial representativeness and this was a novel finding.

This geostatistical approach, which was developed after the start of the
survey, helped overcome a key challenge that has deterred the use of convenience
sampling in malaria M&E, and may open up surveillance opportunities. Accepted
M&E practice is still largely based on probability samples to generate unbiased
average estimates of (sub-) national malaria control status, or maps of confirmed
probability samples. Statistically probability samples with average estimates suit a
homogeneous situation or one where the underlying heterogeneity is of no interest.
The increasing recognition of the importance of hotspots to fuel transmission, and
expected increasing heterogeneity with reducing transmission suggests the exact
opposite, and calls for more efficient sampling strategies whose sampling points
and sample sizes allow more accurate descriptions and understanding of the
underlying spatiotemporal patterns and bias, opening up opportunities for arange
of informed convenience sampling strategies beyond those selected because they

may be representative of the underlying population as with the presented EPI

group.

The presented analyses on potential sources of bias illustrated this concept
further as differences in baseline characteristics were explored in the multivariate
analysis. Some of the potential sources of bias, like socioeconomic status, distance
and education, are already known determinants of coverage of interventions (Wyss
et al., 1996; Ahmed et al., 2010; Zyaambo et al., 2012). The significantly higher

proportion of younger children in the EPI survey was expected, as the majority of
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children coming for immunization will be infants, and the effect of the disparity in
age composition between surveys was controlled for in the multivariate analysis
wherever it was a significant predictor (Tables 25 and 26). The inclusion of more
infants in the EPI Clinic Survey could also explain the higher socioeconomic status
given the known relationship between timeliness of receipt of childhood

vaccination and wealth index (Akmatov and Mikolajczyk, 2012).

The EPI Clinic Survey also included a significantly higher number of
households reporting a febrile episode in a child aged 6 to 59 months in the past
two weeks and children with a febrile episode on the day of the survey. Since out of
pocket expenditures (e.g. due to transportation) are still a significant factor in
countries that have abolished health facility user fees like Malawi (Saksena et al.,
2010; Ewing et al., 2011), mothers may be more likely to come with a child that is
currently febrile of has a history of fever during a well-child visits as this will
represent a more efficient use of resources. These differences affect intervention
coverage and impact indicators of EAG estimate. Unadjusted average estimates
comparisons will thus be biased. In areas of heterogeneous delivery of control
interventions (e.g. distribution of ITNs via EPI clinics) and heterogeneous
transmission, adjusted average estimates for these covariates alone however, does
not overcome the additional spatial bias, and geostatistical method is an essential

component to enable the use of EAG data.

The need for a geostatistical approach was confirmed by the results of our
‘classic’ analyses which determined the adjusted average prevalence estimates of
the entire study area for the key control indicators. EAGs average estimates of
household ITN possession and IRS coverage were both significantly higher than
population estimates even after controlling for the effect of differences in age,
mother’s education and socioeconomic status, indicating that there was residual
bias in these estimates of control interventions. Of these only socioeconomic status

was a key determinant in the geospatial model (Table 27). This suggests that one of
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the reason for the geospatial bias in estimates is due to health facility utilization due
to socioeconomic status, which is not surprising given what we know about our

study area (Ewing et al., 2011).

ITN delivery in the period preceding the study was primarily through the
ANC (Ministry of Health (MoH) Malawi, 2011; Skarbinski et al., 2011), and given
the strong association between ANC and EPI attendance (Carlson et al., 2011), most
of the mothers attending EPI clinic may still have their ITNs received during
previous ANC visits and would thus report higher levels of ITN ownership. As the
women receiving ITNs through ANC services are most likely to have good health
facility access (Larson et al., 2012), this may be the reason for the EPI Clinic Survey
overestimating household ITN possession in areas with good health facility access

close to the main roads in our catchment area (Figure 16).

Secondly, mothers coming with their children to the EPI Clinic may falsely
report a higher proportion of household ITN ownership and use due the fact that
ITNs were mainly distributed initially through the ANC (Ministry of Health (MoH)
Malawi, 2011; Skarbinski et al., 2011) and to social desirability bias (Skarbinski et al.,
2008). Geospatial bias is also likely to explain the over-estimation of IRS coverage as
Figure 17 shows a similar pattern to Figure 16 of overestimation of IRS coverage in
areas with good health facility access, but with underestimation in some hard to
reach villages. Since IRS is a new intervention in the study area, and public
awareness of its benefits is low (NMCP (Malawi), 2012), social desirability bias
would be unlikely. Also as IRS delivery is not health facility based, unlike ITNS, we
also think that differential with distance from the health facility would also be
unlikely. Inadequate and negative perceptions of IRS use are more prominent in
rural communities and less educated individuals (Vundule and Mharakurwa, 1996;
Mazigo et al., 2010; Ediau et al., 2013), and since health facility utilization is linked

to education and socioeconomic status (Wyss et al., 1996; Ahmed et al., 2010;
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Zyaambo et al., 2012), the women in the EPI Clinic may report higher rates of IRS
coverage as they are significantly more educated and from households with higher
socioeconomic status (Table 18). This may explain the pattern of bias seen in Figure
17 as it is known in our study area that women in hard to reach areas usually come
from households with lower socioeconomic status and are less likely to utilize
health facilities in both the rainy and dry season due to greater associated costs
(Ewing et al., 2011). Though there may be differing causes of bias in estimates of
ITN and IRS coverage, this bias had an obvious geospatial pattern and controlling
for this pattern of geospatial bias resolved the overestimation in estimates and
allowed the production of detailed maps of the geospatial heterogeneity in
coverage with these control interventions (Figures 18 and 19) without the need for

the exploration of the exact aetiology of the bias.

We compared our findings with the results in similar studies validating
EAG estimates of uptake of control interventions with comparison with probability
population samples. In a study in school children aged 10 years or older in an area
with high school attendance rates in Uganda, estimates of household ITN
possession derived from direct questioning of the children by school teachers were
comparable with a probability sample of the same catchment population
(Ndyomugyenyi and Kroeger, 2007). In another study in school children in Kenya,
annual estimates of IRS coverage derived from direct questioning of the child’s
parent/guardian were significantly lower than estimates from the population living
within 600m radius from the school, but when the estimates were restricted to
children living in the same area as the community sample, the difference was not
statistically significant (Stevenson et al., 2013). In both studies however, the role of
geospatial bias was not evaluated and this re-enforces our point that if we do not
take into account the spatial distribution, using average estimates even when

controlling for potential does not overcome residual bias.
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Whilst there was no significant difference in the prevalence of P. falciparum
parasitaemia between the dry season and the rainy/post-rainy season in the EPI
Clinic Survey (17.8% vs. 25.4% respectively, p=0.1123), PfPR was significantly
higher in the dry season compared to the rainy/post-rainy season in the eMIS
(27.1% vs. 18.6% respectively, p=0.0375) (Table 23) and this was an unusual finding.
This is likely to be due to the fact that Anopheles funestus is the most abundant
vector in our study area with numbers peaking towards the end of the rainy season
and thus becoming the predominant species throughout the dry season (Mzilahowa
et al., 2012), leading to a lag period between the peak rains and peak transmission.
This in turn may be due to the availability of more vector breeding sites in the latter
part of the rainy season due to the seasonal changes in water flow in the Shire River
flood plain (Chimatiro, 2004). This is also likely to be the same reason for the
significantly higher prevalence of anaemia in dry season compared to the
rainy/post-rainy season in the eMIS (6.4% vs. 0.5% respectively, p=0.0011) (Table
24).

Our analysis on key impact indictors showed that geospatial bias was
minimal in both estimates of PfPR and mean Hb levels (Figures 20 and 21). This
could be due to the fact that these indicators depend on exposure to different
transmission ecologies and are thus not necessarily affected by risk factors for
health facility utilization (like socioeconomic status or distance) that also affected
uptake of control interventions, but rather depend on the inclusion of enough
individuals from all areas of differing transmission ecologies to make the average
estimates representative, and accurately reflect the existing variation and thus
spatially representative. Whilst the wealth of evidence suggests a strong link
between uptake of control measures and malaria infection, the picture is not so
clear with susceptibility to infection (Worrall et al., 2005). Rather the emerging
literature is suggesting that malaria is a cause rather than a consequence of poverty
(de Castro and Fisher, 2012). The overestimation of P/PR from the most prominent

hotspot in our study area which is also includes hard to reach villages (Figure 20),
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may be due to the fact children from this areas may be more likely to be brought to
hospital if sick due to the impact of the indirect costs of health facility utilization
(Ewing et al., 2011).This may account for the significantly higher the rates of
pyrexia in the EAG sample (Table 18). The underestimation of PfPR in the district
headquarter town of Chikhwawa could be due to the fact that there are other
options for healthcare including private facilities and so children with fever may be
taken to private health care providers (Wiseman et al., 2008; Okeke and Okeibunor,
2010). The overall effect in our study was that of minimal geospatial bias in

estimates of PfPR.

There have been similar studies validating EAG estimates of impact
indicators with comparison with probability population samples, but all have
focused their comparisons on average estimates. In a similar transmission setting in
Rwanda involving sick child visits where P/PR was determined by PCR, EAG
estimates were similar to population estimates (Gahutu et al., 2011). Another study
by Mathanga et al 2010 in Malawi where PfPR was determined by microscopy in
children aged 6 to 30 months attending EPI clinics for well child visits, the EAG
sample over-estimated PfPR in 2005 whilst in the consequent survey in 2008, the
difference between the EAG sample and the population sample was not statistically
significant (Mathanga et al., 2010). This is probably due to the difference in the
sampling methodology used to select the population sample in the different survey
years rather than an improvement in accuracy. In the Gambia where malaria
transmission is intensely seasonal, the PfPR by microscopy in all patients attending
health facilities (regardless of diagnosis) was significantly higher than that of the
population in the rainy season and slightly lower in the dry season (Oduro et al.,
2011a). In the rainy season, the increased PfPR was due to higher parasitaemia in
children less than 15 years, suggesting that most children brought to hospital were
likely to be sick and not representative of the underlying population. The evidence
from these studies suggest that the pattern of health facility utilization and its

consequent effect of over or under representing certain areas of the population is
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more likely to lead to biased estimates where malaria transmission is more

heterogeneous.

We explored the validity of estimates of APR from children attending EPI
Clinic by comparing to population estimates and from our results also indicate that
the average annual APR was comparable between surveys. This was supported by
the study in Malawi by Mathanga et al 2010 in which annual APR measured from
children coming for well child visits was not only accurate but was able to detect a
change in transmission (Mathanga et al., 2010). In the study in the Gambia, the EAG
overestimated APR in the population in both the rainy season and dry season
(Oduro et al., 2011a). Again, this could be due to sick children presenting to health
facilities being more likely to have significant anaemia (Kiggundu et al., 2013)., The
APR in the EPI EAG and the population sample was a little lower than expected,
5.9% and 4.5% respectively, given the figures for the Southern Region from the 2010
and 2012 nationwide MIS (i.e. 13.6% and 8.5% respectively) (Ministry of Health
(MoH) Malawi, 2010; NMCP (Malawi) and ICF International, 2012). We believe our
finding is not unusual because in a study evaluating the aetiology of severe
anaemia in the same hospital as our EPI survey, severe anaemia was more strongly
associated with hookworm infestation, nutritional deficiencies and G6PD but not
associated with P. falciparum parasitaemia (Calis et al., 2008). Given the fact that
APR was assessed as a metric when malaria epidemiology was different from what
is it today (Korenromp et al., 2004), and the increase in coverage of micronutrient
supplementation, vitamin A administration and deworming programmes, we

believe that validity of APR as a malariometric should be re-evaluated.

We were not powered enough to carry out a geostatistical analysis on APR,
and evaluated the geospatial distribution of mean haemoglobin values instead.
From our results, mean Hb results were higher in the EAG than the population
closest to CDH and lower in the two known hotspots in the study area (Figure 21).

We believe that is a direct reflection of the effect socioeconomic status on nutrition,
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with children from further away being more likely to be less well-nourished and
brought to hospital if sick (Ewing et al., 2011). Again correcting for this geospatial
bias improved the accuracy of estimates of mean Hb in the EAG and we were able
to demarcate similar hotspots. Our experience with this indicator suggests that
were APR is low, mean Hb can be used to accurately demarcate hotspots and this is

a novel finding,.

In summary, the relatively high transmission in our study area geospatial
bias seemed to exert a lesser effect on impact indicators compared to those
measuring uptake of control interventions. In all cases, controlling for geospatial
(regardless of the aetiology) not only improved the accuracy of average estimates
but also allowed the construction of high resolution contours maps displaying

geospatial heterogeneity.

5.5 Conclusions

The results of the study suggest that in moderate to high transmission
settings, EPI Clinic Surveys have great potential in providing timely population
estimates of geospatial heterogeneity in P/PR, and could be used for M&E and
surveillance of the malaria transmission. EPI Clinic Surveys however tend to
significantly overestimate average estimates of coverage of control interventions.
Our results indicate that this is likely to be due to geospatial bias which can be
corrected using a probability sample of the population, resulting in accurate
representations of the geospatial pattern of intervention coverage. Our results also
indicate that geospatial bias for estimates of P. falciparum prevalence and average
haemoglobin values can also be corrected using this method, resulting in accurate
representations of the geospatial pattern of malaria morbidity. Our results suggest
that in areas where APR is low, mean Hb values are a good metric to delineate
geospatial heterogeneity in transmission and we recommend that this metric be

evaluated. This approach is promising and the need for a probability population
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sample to validate results from such and easy access sample could be satisfied by
using a hybrid sampling approach as suggested by Hedt et al 2011. This approach
could be used to target malaria control interventions and needs to be validated in

other transmission settings.
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Chapter 6: EPI Clinic Survey data as a
potential tool for monitoring short-term
temporal trends in malaria control

progress in Chikhwawa, Malawi
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6.1 Introduction

Timely accurate estimates of malaria transmission intensity and coverage of
control interventions are needed to evaluate control progress and guide malaria
program strategy, but this can be a logistically and financially demanding,
especially where there is low malaria transmission intensity (Hay et al., 2008).
Children coming to health facilities for well child visits are one such EAG that
could measure temporal trends in uptake of control intervention and malaria
transmission intensity (Cibulskis et al., 2007; Skarbinski et al., 2008; Mathanga et al.,
2010). Among those coming to health facilities, continuous surveillance in children
coming for well-visits such as vaccinations may provide a suitable easy access
group (EAG) and a potential M&E tool that may be a cost effective approach to

monitor (sub) district level control progress and guide more targeted control efforts.

Continuous surveillance in children attending EPI clinics is logistically
attractive because it provides an easily accessible location to determine burden in a
high-risk group young, healthy children that could provide the “force of infection’
in moderate to high transmission areas, and offers the potential of continuous
evaluation of the population that can be integrated into district level malaria control
activities (Rowe, 2009b). In chapter 4 we assessed the use of EPI data to determine
spatial heterogeneity of malaria burden and intervention coverage indicators using
geostatistical methods and showed how the used of mixed survey data from an EPI
and household survey can be used to overcome the inherent selection bias.
Selection bias could also obscure the level and temporal trend in control progress
particularly in areas with low health facility utilization (Cibulskis et al., 2012).
Determining whether surveillance in this EAG could provide an accurate reflection
of temporal trends in control progress in the proposed risk strata in the population
requires direct comparison to a contemporaneous probability sample of the

population from the same geographic area.
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While timely local estimates may save costs by guiding more targeted
efforts, the precision needed to inform decision-making from population surveys
drive up the sample size and costs of surveillance. The minimum level of
information and associated precision needed to support pragmatic decisions by
control programmes may differ considerably between settings, depending on the
local heterogeneity of malaria, targeting and timing of control efforts, and the
coverage of the health care system. How to identify the spatiotemporal sample size
need for a certain situation and time period may need to become a key part of any
new surveillance tool in order to ensure efficiency and convince policy makers and
programme managers. A sampling strategy to determine short-term change may
further differ from one aiming to identify transmission hotspots, which tend to be

stable over time.

Cognizant of these challenges and our relatively monthly small sample
sizes, we evaluated whether estimates of the trend in coverage of control
interventions and burden derived from continuous surveillance in children
attending the EPI clinics of Chikhwawa District Hospital (CDH) for well child visits
accurately reflected temporal trends in the population in its geographic catchment
area (independent of potential over or underestimates of individual indicators in
the EPI EAG), by comparing these to estimates from a concurrent continuous MIS

in the same catchment population.

6.2 Methods

The study site and study procedures, including study design, sampling
strategy, recruitment, data collection, clinical, laboratory, and data management
procedures have been described in detail in chapter 3 and 4. In contrast to chapter 4,

the current analyses cover a 2 year period to explore temporal trends. Data for the

206



eMIS was not collected in April 2012, during a period of political uncertainty after

the Malawi president died in office.

Control efforts

In our study area, the delivery of ITNs was initially via MCH services with
distribution via ANC and EPI clinic visits. Women would be eligible to receive 2
ITNs (on during their pregnancy, and one during infancy of their newborn)
(Ministry of Health (MoH) Malawi, 2011; Skarbinski et al., 2011), and later
supplemented by a population distribution campaign initiated in July 2012. This
campaign aimed to achieve the latest RBM ITN coverage target of 1 ITN for every 2
individuals in a household. The initial district IRS round was in February to March
2011 followed by an catch-up round of selected villages in November to December
2011, and a third full district round in November to December 2012(NMCP
(Malawi), 2012).

Sampling strategy

The sampling strategy for both groups has been described in detail in
Chapter 4. In brief, and of relevance to the conducted temporal analyses: the
household survey was designed to provide a probability sample over a 6-month
period to capture any seasonality (Roca-Feltrer et al., 2012b). To improve the
representativeness of the sample, villages where stratified by distance and the
rolling methodology ensured that each village would not be revisited within a four
month interval and once surveyed in the rainy season would only be surveyed

again in the dry season.

Climatic data
Data on daily temperature and rainfall were obtained from the Kasinthula
irrigation project (16°5'S, 34° 49' E; the nearest weather station to the study site and

used to compile mean monthly temperatures and total monthly rainfall. Data were
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obtained with the kind permission of the regional Malawian Meteorological Service

in Blantyre.

Statistical analysis

The analysis only included children aged 6 to 59 months whose home
location was within the catchment area of CDH (i.e. 15km radius) in both the EPI
Clinic Survey and eMIS, collected between May 2011 and April 2013. Statistical
analyses were performed in Stata 13.1 unless otherwise stated. Baseline data was
presented as proportions with their respective 95% confidence interval. The Chi-
squared test was used to compare categorical data and the Wilcoxon rank-sum test
(also known as the Mann-Whitney two-sample statistic) was used to compare
continuous data that was not normally distributed (Wilcoxon, 1945; Mann and

Whitney, 1947).

PfPR and APR were considered the main outcome variables and were
presented as monthly percentages with their respective 95% confidence intervals.
Household level ITN ownership and IRS coverage (IRS in the past 12 months) were
considered as the main control intervention variables and were also presented as
monthly percentages with respective 95% confidence intervals. Other exposure
variables were either presented as categorical variables (e.g. season), monthly

averages (e.g. temperature) or monthly total (e.g. rainfall).

To assess seasonality in PfPR and APR, autocorrelation and partial
autocorrelation coefficients were calculated using the monthly percentage
prevalence to determine the correlation between PfPR at different monthly lags
using Stata’s CORRGRAM command (Stata-Press, 2013a). Correlograms can be
used to examine seasonal patterns in time series. The correlogram displays
graphically and numerically the autocorrelation function, that is, serial correlation

coefficients (and their standard errors) for consecutive lags in a specified range of
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lags (e.g. 1 through 12) (McDowall et al., 1980). In correlograms the consecutive lags
are dependent, so it is usually required to examine the partial autocorrelation
function via a partial correlogram were lags are not serially dependent thus
providing a "cleaner" picture of serial dependencies for individual lags (not
confounded by other serial dependencies)(McDowall et al., 1980). The results were
plotted on correlogram and partial correlograms graphs of correlation versus lag to
allow visualization of any seasonal trend. The significance of any lag was
determined using the Portmanteau (Q) test for white noise. A p-value of <0.05 was
considered to be statistically significant. A significant lag at the seasonal lag point of

12 months was considered as conclusive evidence of seasonality.

To extract the general trend over the two years of concurrent surveys from
the data, we used Locally Weighted Scatterplot Smoothing (LOWESS) which is
robust to aberrant behaviour in the time series (StataCorp, 2013a). LOWESS divides
the data into two parts: the smoothed data and a rough part left over after
subtracting the smoothed data from the overall data. The smoothed data was
derived by running a regression of survey month on key variables (e.g. monthly
PfPR), by using data from each central point (x;; yi) and nearby data points. The
regression is then weighted so that the central point (xi; yi) gets the highest weight
and points that are farther away (based on the distance |xj @ xil) receive less weight.
The estimated regression line is then used to predict the smoothed value Vi for yi
only. Separate weighted regression is performed for every point in the data to
obtain the remaining smoothed values. Centred subsets of approximately
bandwidth x (n nearby observations) are used for smoothing except at endpoints
were uncentered bands are used. To display the smoothed trend, we used a

bandwidth of 0.8 i.e. 80% of nearby observations were used for smoothing.
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6.3 Results

Between the 1+t of May 2011 and the 31* of April 2013, a total of 1302 and
575 children aged 6 to 59 months were surveyed in the eMIS and EPI Clinic Survey
respectively. Table 29 presents the background characteristics of the children in
both surveys. Overall, pooling the data over these 2 years, children in the EPI Clinic
Survey were significantly younger, differed in SES, reported high ITN ownership,
and had a lower parasite prevalence compared to children from the household MIS

survey

6.3.1 Temporal trends in monthly ITN possession, IRS coverage,

PfPR and APR in both surveys in relation to rainfall

Figure 24 illustrates the trends in the percentage of household ITN
possession per month in both surveys over the study period. In the eMIS, monthly
household ITN possession tended to increase with time from the beginning of the
study and levelled off around the middle of the second year of the study. The data
from the EPI Clinic Survey showed an overall slight increase in household ITN
possession over time. Before the community distribution of ITNs when they were
still distributed through the ANC, the EPI Clinic Survey consistently overestimated
coverage with ITNs. The population survey correctly picked up the increase in ITN

coverage after the community distribution exercise.

Figure 25 illustrates the trends in percentage IRS coverage by month
between surveys. The data from the EPI Clinic Survey shows a decrease in monthly
IRS coverage after March 2012 that started to rise again after the third IRS round in
2013. The eMIS showed considerable monthly variation in IRS coverage but with no
clear trend. Both monthly household ITN possession and IRS coverage did not

seem to have been affected by rainfall (Figures 24 and 25).
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Table 29: Background characteristics of children aged 6 — 59 months in both surveys

EPI Survey eMIS
n % (95% CI) n % (95% CI) X2 p-
value
No. of under five 575 - 1302 - -
children surveyed
Median age in months 10 (8, 17) 35 (20, 47) <0.001*
(IQR)
Household SES
Poorest 100 17.4 (144, 410 32.0 (29.5,
20.7) 34.6)
Quintile 2 75 13.0 (10.5, 242 18.9 (16.8,
16.1) 21.1)
Quintile 3 113 19.7 (16.6, 289 22.5(20.3,
23.1) 24.9)
Quintile 4 126 21.9(18.7, 214 16.7 (14.7,
25.5) 18.8)
Wealthiest 161 28.0 (24.5, 128 10.0 (8.5, <0.001
31.8) 11.7)
HH owns ITN 458 79.8 (76.3, 526 54.3 (51.2, <0.001
82.9) 57.5)
HH IRS 298 52.8 (48.7, 618 48.2 (454, 0.065
56.9) 50.9)
P. falciparum 114 19.8 (16.8, 359 27.6 (25.2, <0.001
parasitaemia (RDT) 23.3) 30.1)
Anaemia (Hb < 43 7.5 (5.6,9.9) 68 5.2 (4.1, 6.6) 0.056
8.0g/dl)

*Wilcoxon rank sum (Mann-Whitney) test X2 p-value. IRS: IRS in the past 12 months.
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Figure 24: Monthly household ITN possession by survey over the study period
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ITN1 = start of ITN community distribution campaign. Before this campaign ITNs were
distributed via MCH services, via ANC clinics and EPI clinics.

Figure 25: Trends in monthly IRS coverage per survey over the study period
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Feb-Mar 2011.
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Figure 26: Trends in monthly PfPR per survey over the study period

T
00l

T T T T T T T T T
06 08 0. 09 0S Ov 0 02 OF
(%) Hdid

Survey Month

[ | Totalrainfall ——&—— EPI —a— eMIS

=——=—4 95%Cl eMIS

=———+ 95%CI EPI

Figure 27: Trends in monthly APR per survey over the study period
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Figure 26 presents the monthly prevalence in P/PR (by RDT) in both
surveys. The eMIS data show peaks in May to July yearly, with a lag (of
approximately 3 months) between peak rainfall and peak PfPR. There was a peak in
PfPR occurring in March to June 2012 in the EPI Clinic Survey. Figure 27 presents
the monthly trend in the prevalence of anaemia (Hb<8.0g/dl) in both surveys. The
eMIS data show a peak at the tail end of the rainy season and there were no cases of
anaemia (Hb < 8.0g/dl) in the eMIS after September 2012. The EPI Clinic Survey

data showed occasional peaks but no obvious relation to rainfall.

6.3.2 Investigation of seasonality in temporal trends of PfPR and

APR

To evaluate seasonality in PfPR, the monthly data was assessed using
correlograms. Figure 28 and 29 are correlograms of the autocorrelation and partial
autocorrelation of P/PR in the eMIS and EPI survey respectively versus lag in
months. The shaded area corresponds to the pointwise 95% confidence intervals
and correlations outside this intervals are statistically significant. The graphs are
extended to the maximum lag allowed per series. From the resulting correlogram
for monthly PfPR in the eMIS (Figure 28), there was no significant autocorrelation
or partial autocorrelation at the seasonal lag of 12. This patterns means that the
pattern of monthly PfPR seen in the eMIS does not represent a true seasonal trend
based on the data available. From the resulting correlogram for monthly PfPR in the
EPI survey, there was no significant autocorrelation or partial autocorrelation at the
seasonal lag of 12. Again, this pattern means that there was no seasonality in P/PR
based on the data from the EPI Clinic Survey. Figure 29 and 30 are correlograms of
the autocorrelation and partial autocorrelation of anaemia prevalence in the eMIS
and EPI Clinic Survey respectively versus lag in months. From the resulting
correlogram for monthly APR in the eMIS (Figure 29), there was no significant
autocorrelation or partial autocorrelation at the seasonal lag of 12. Similarly from
the resulting correlogram from monthly APR in the EPI Clinic Survey (Figure 30),

there is no significant evidence of seasonality from the available data.
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Figure 28: Graph of autocorrelations and partial autocorrelations of P/PR by lag in months in the eMIS
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Figure 29: Graph of autocorrelations and partial autocorrelations of PfPR by lag in the EPI survey
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Figure 30: Graph of autocorrelations and partial autocorrelations of APR by lag in months in the eMIS
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Figure 31: Graph of autocorrelations and partial autocorrelations of APR by lag in months in the EPI survey
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Figure 32: Smoothed trends in monthly ITN possession in both surveys
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Figure 33: Smoothed trends in monthly IRS coverage in both surveys
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Figure 34: Smoothed trends in monthly PfPR in both surveys
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Figure 35: Smoothed trends in monthly APR in both surveys
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6.3.3 Smoothed trends in monthly ITN possession, IRS coverage,
PfPR and APR

Figures 32 to 35 represent the smoothed trends in household ITN
possession, IRS coverage PfPR and APR using Locally Weighted Scatterplot
Smoothing (LOWESS). This was plotted with the remainder which is the
component that remains after the trend has been removed from the series, so that
we could detect if all that remains does not follow a particular pattern. Figure 31
illustrates the trend in monthly percentage household ITN possession between
surveys. The trend line for ITN possession in the eMIS indicated a gradual increase
in monthly percentage household ITN possession over the study duration. In the
residual series, there was no clear repeating pattern of deviation indicating that this
residual series was white noise. The trend line for ITN possession in the EPI survey

showed a less prominent increase and the residual series also indicated white noise.

Figure 33 illustrates the smoothed trends in monthly percentage IRS
coverage between surveys, with the area between the dotted black lines
representing the second round of IRS in the study area which was carried out
during the survey. IRS coverage in the eMIS started rising from just above 50% in
February 2012 to 100% coverage at the end of the survey indicating a lag of one
month between the IRS round and perceived increase in coverage. The residual
series indicated white noise. The smoothed trend line for IRS coverage in the EPI
survey showed a drop in IRS coverage and then a sharp increase. The residual

series again, was white noise.

Figure 34 illustrates the smoothed trends in PfPR coverage between surveys.
From the smoothed trends for P/PR in the eMIS fell early in the survey and then
levelled out for most survey. The trend line for the EPI survey showed a rise in the
peaking in mid-2012, followed by a fall an then a peak toward early 2013. In both

curves the residual series did not exhibit a significant pattern.
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Figure 35 illustrates the smoothed trends in APR coverage in both surveys.
From the eMIS, APR fell from just above 10% at the start of the survey to 0% around
November 2012. The trend line for APR in the EPI survey showed a slight rise over

the study period. In both residual series, there was not significant pattern.

6.4 Discussion

This is the first time that monthly estimates of control progress derived from
children attending EPI clinic for “well child” visits have been directly compared to
those from a MIS in the same catchment population to determine their accuracy in
providing short-term trends of control progress. While based on small monthly
sample sizes, the results suggest that monthly estimates from children attending
EPI can detect short-term changes in household ITN possession, IRS coverage, PfPR
and APR, and thus could potentially measure short to medium term control

progress.

The EPI Clinic Survey was able to pick a short-term increase in ITN
ownership around July 2012 to a consistent high HH ITN coverage >80% following
a district wide community-ITN distribution in July 2012, with wide confidence
intervals. Similarly the EPI survey picked up a sudden strong increase in IRS
coverage following a district wide IRS campaign in November 2012. In terms of
burden indicators, EPI survey also showed crude parasite prevalence estimates
with a strongly seasonal pattern and a peak prevalence that followed the expected

seasonality based on the district rainfall pattern.

While the observed short-term changes in reported intervention coverage
indicators matches known timelines of control activities, there were clear
differences with the eMIS. Although some of this difference may have been due to

random sampling variation with the small sample sizes, the differences are
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explained by several factors. At a monthly level the household sample no longer
represent a probability sample. The sampling strategy used a standard 2-step
sampling strategy, selecting villages, followed by HH within those selected villages.
This strategy was designed to generate a probability sample over a period of 6
months as all 50 villages were sampled over that period, with 8 villages sampled
per month. While villages were stratified into two groups by distance to the CDH,
samples would have been clustered. The EPI sample however, while biased, would
have sampled from a wider range of locations each month. Thus, despite the overall
‘gold standard” probability sample of the household survey, the monthly estimates
do not reflect a pure probability sample and can be biased themselves by spatially
targeted control efforts or burden variations. This situation is not unlike other
settings that lack gold standards. An alternative more positive response to residual
‘bias’ in this situation may be to view it as a sign of relevant underlying spatial and
temporal trends which one needs to understand in order to successfully interpret
malaria control data. Among policy makers and programme managers there is an
increasing call to move away from classic average estimates towards ways to

capture, describe and interpret this variation.

We captured a variety of differences that could explain some of the
observed differences and patterns. There were significant differences in baseline
characteristics between the children in both surveys. Children in the eMIS were
significantly older than children in the EPI Clinic Survey, due to inclusion of a
higher proportion if infants in the latter. Children in the EPI Clinic Survey tended to
come from households with higher socioeconomic status and this was expected
given the known relationship between socioeconomic status and health facility
attendance (Wyss et al., 1996; Ahmed et al., 2010; Zyaambo et al., 2012). Household
ITN possession was estimated to be significantly higher in the EPI Clinic Survey
compared to the eMIS. PfPR (detected by RDT) was on the whole significantly

lower in the EPI Clinic Survey.
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When we explored the trends for monthly household ITN possession, both
the crude and smoothed trends in the EPI Clinic Survey were consistently higher
than that in the eMIS before the community distribution campaign. There may be
three plausible reasons for the significantly higher reported ITN possession in the

EPI Clinic Survey.

Firstly, between 2007 and 2009, most of the ITN distribution in Malawi was
through health facilities to pregnant women and children <5 years old (President's
Malaria Initiative, 2010), and this continued till the latter half of 2011. This ITN
delivery strategy was affected by health facility utilization and access (Larson et al.,
2012). Mothers of EPI children thus represented targeted households for ITN
delivery, whereas the HH in the MIS survey represented all households, including

those without young children and those not attending ANC or EPI facilities.

Secondly, reported ITN ownership by women attending health facilities
may be more prone to information bias, such as social desirability bias as they
know the public health value of ITNs and may falsely report higher level of
possession in an EPI setting where this cannot be confirmed (Skarbinski et al., 2006).
Since IRS is a new phenomenon in the study area, and the public health value is not
widely known, as confirmed by refusal of some residents to be included in any IRS
activities (NMCP (Malawi), 2012), social desirability bias would unlikely affect the
reporting of IRS coverage. This is further supported by the fact that the difference in
IRS coverage between surveys was not significant. Malawi’s ITN policy was
changed in 2007 focusing on the delivery of LLINS by multiple approaches
including routine distribution through ANC clinics for pregnant women, EPI clinics
for children and periodic catch-up campaigns targeting rural areas every two to

three years (Ministry of Health (MoH) Malawi, 2011; Skarbinski et al., 2011).
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The third potential reason for the observed difference is that there is reliable
evidence that household ITN possession (and to some extent its use) in children less
than 5 years old is more likely in infants (Eisele et al., 2009; Hanson et al., 2009).
This could explain why the EPI Clinic Survey consistently overestimated monthly
levels of household ITN possession before the community distribution campaign.
This effect is likely to be absent where ITNs are not delivered through MCH

facilities.

In terms of the measurement of trends in IRS coverage, the EPI Clinic
Survey correctly showed a decrease after February 2012 which was expected
because the definition of the indicators states IRS over the duration of one year and
if there is no spraying after one year (MEASURE Evaluation et al., 2013a), the levels
of this indicator will drop rapidly, unless there was a catch-up round like in our
study area. Coverage rose again immediately after the third IRS round. This trend
was not apparent in the eMIS data and we think this is due to its sampling
methodology. In the eMIS, clusters of villages are sampled monthly (up to 8) (Roca-
Feltrer et al., 2012b), and given the differential uptake of the earlier round of IRS
with sometimes whole villages refusing to be included (NMCP (Malawi), 2012),
there would be significant month to month variation in estimates depending on
which villages were included. The EPI survey was thus much more effective in

demarcating a trend in this situation.

We then compared monthly trends in P/PR and APR between
surveys. There was a 3 to 4 month lag between peak rainfall and peak PfPR in both
surveys demonstrated (Figure 26) This was expected given the predominance of
Anopheles funestus in our study area and water flow patterns in the Shire River flood
(Chimatiro, 2004; Mzilahowa et al., 2012). A similar trend wasn’t seen in monthly
APR (Figure 27) and this is likely to be due to the low monthly anaemia prevalence,
though the smoothed trends from the eMIS suggested a gradual decline till
September 2012 and then no more cases of anaemia were seen till the end of the

study (Figure 35). We further investigated for the presence of seasonality in

227



monthly PfPR and APR data using autocorrelation and partial autocorrelation. This
method evaluated for the presence of seasonality regardless of the conventional
climatic seasons, and for both indicators there wasn’t convincing evidence of
seasonality. There may be two possible reasons for this finding. Firstly, the water
flow pattern in the Shire River flood plains and farming activities produce
(Kalowekamo, 2000; Chimatiro, 2004) create perennial breeding sites for vectors
independent of rainfall, hence the preponderance of vectors throughout the year
and the high EIR of 183 per person per year (Mzilahowa et al., 2012). The
geographic restriction of our study area could have included a disproportionate
number of village in the Shire River flood plain and this could have masked any
seasonal trends. Secondly, we only had two years” worth of monthly data and this

could have been too little information for our seasonality analysis to be robust.

Despite the significantly increased ITN and maintained IRS coverage over
the study period, neither survey suggested a significant decline in monthly PfPR.
This lack of a significant decline has been noted in previous publications in Malawi
from 2000 to 2010 (Roca-Feltrer et al., 2012a; Okiro et al., 2013). Though there is
significant background pyrethroid resistance (Hunt et al., 2010; Skarbinski et al.,
2012), a more likely explanation of the lack of a significant decline is the previously
postulated time lag between achieving high coverage and having the population
experience the intervention benefit (Steketee and Campbell, 2010) especially if

transmission intensity was initially high.

In summary, given the multifactorial aetiology of health facility utilization
(Wyss et al., 1996; Asenso-Okyere et al., 1998; Nyamongo, 2002; Baker and Liu,
2006; Ewing et al., 2011; Zyaambo et al., 2012), monthly data from children in the
EPI Clinic Survey is likely to be biased. The difference in trends between surveys in
our study may not be marked given the high vaccine uptake in our study area

(Malawi National Statistical Office and ICF Macro, 2011), and we recommend that
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data from this EAG be interpreted using monthly data on immunization rates
whenever available. The use of a hybrid sampling methodology involving selecting
additional small, continuous, temporal-spatial probability samples of the catchment
population (e.g. every two months) could improve the accuracy of estimates of

malaria control indicators (Hedt and Pagano, 2011).

As a next step, our collaborators in Lancaster are developing an extension of
their spatial geostatistical model to include temporal trends. Based on these
findings, a model based spatiotemporal approach would help overcome some of

the presented challenges.

6.5 Conclusions

Data from children attending EPI clinic could be a useful potentially low-
cost tool to assess short- to medium-term impact of scaling up of malaria control
interventions. This data must however be interpreted taking into consideration that
such health facility based surveys may only be representative of those with good
health facility access and may not be representative of the population. Data on
immunization rates if available would be useful in interpreting trends, and small
additional small temporal-spatial probability samples could improve the accuracy
of estimates. This method urgently needs to be validated in other transmission

settings.
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Chapter 7: Assessing the validity of Antenatal
Clinic Survey data as a potential Monitoring

and Evaluation tool for malaria
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7.1 Introduction

Malaria in pregnancy (MIP) is an important public health problem with at
least 125 million pregnancies occurring in areas with active malaria transmission
(Dellicour et al., 2010). In high transmission settings, there is a higher risk of P.
falciparum parasitaemia during pregnancy compared to non-pregnant women, and
parasites can be detected in the placenta; prevalence is typically higher in the first
compared to subsequent pregnancies (Gilles et al., 1969; Brabin, 1983; McGregor et
al., 1983; Desai et al., 2007) due to the development of parity specific immunity
(Fried and Duffy, 1996). In stable high transmission settings for P. falciparum
infection, there is a higher prevalence of parasitaemia in early pregnancy, which
peaks in the second trimester (Gilles et al., 1969; Brabin, 1983; McGregor et al., 1983;
Desai et al., 2007). In stable high transmission settings infection is often
asymptomatic, and the main clinical effect in the mother is usually anaemia (Gilles
et al., 1969; Fleming, 1989; Shulman and Dorman, 2003). Maternal HIV infection is
known to modify this parity-specific pattern of malaria risk by increasing the
frequency and density of malaria infections (Steketee et al., 1996; van Eijk et al.,

2003; ter Kuile et al., 2004).

Because of the increased malaria risk in pregnant women, various malaria
control strategies focus specifically on malaria in pregnancy (MIP). In areas with
stable high transmission, WHO recommends the use of ITNs, intermittent
preventive treatment (IPTp) with sulfadoxine—pyrimethamine (SP) and effective
case management of malaria and anaemia, whilst in low transmission settings, the
focus is on prompt and effective case management (WHO/AFRO, 2004). Though a
number of core indicators have been identified to evaluate control of malaria in
pregnancy (WHO, 2007a), there have been recent suggestions that these be updated
(Brabin et al., 2008). The currently advocated indicators are divided into those that
need to be measured at the health facility level (e.g. percentage of pregnant women
attending antenatal care who receive a second dose of IPTp under direct

observation) and those that need to be measured at the population level through
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nationally representative household surveys (e.g. percentage of pregnant women

who report having slept under an ITN the previous night) (WHO, 2007a).

Monitoring and evaluation of malaria control in pregnancy is essential in
assessing the efficacy and effectiveness of health interventions aimed at burden
reduction in pregnant women living in endemic areas. However, because of their
increased malaria susceptibility pregnant women could potentially act also as a
sentinel group to monitor spatiotemporal trends and control progress in malaria
prevalence in general at population level. Moreover, over the past few years
malaria control guidelines have moved from ITN scale-up efforts targeted at young
children and pregnant women as high burden groups to target the whole

population in an effort to reduce transmission.

To survey a representative sample of pregnant women from the population
however, requires a much larger sample size than those assessed in a conventional
MIS (WHO, 2007a) which would be logistically and financially demanding. Facility-
based surveillance of pregnant women during gestation and at delivery offers an
opportunistic low-cost strategy to measure spatiotemporal trends in the population.
The relatively higher burden in pregnancy peaking in the second trimester, the high
antenatal attendance (UNICEF, 2013) compared to delivery rates in facilities (Singh
et al., 2013) and wide geographic distribution of antenatal clinics all suggests that
surveillance in women attending ANC offers a strategic opportunity to estimate
population parasite prevalence and its geospatial heterogeneity, and would be
more suitable than assessment in other pregnancy related services such as delivery

wards.

The aim of this study was to determine whether women attending ANC are
a potential source of representative data on the geospatial distribution of the
prevalence of P. falciparum parasitaemia in the population, by assessing the spatial

pattern of P. falciparum prevalence between different risk categories in pregnant
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women visiting the ANC as a comparison to the pattern seen in young children

(Chapter 5).

7.2 Methods
7.2.1 Study site and population

This EAG data for women attending ANC came from a screening and
enrolment log of a non-inferiority, multi-centre, randomized, open label trial of
different fixed-dose artemisinin combination therapies (ACT) for the treatment of
malaria in pregnancy the PREGACT (NCT00852423) (ClinicalTrials.gov, 2014),
based in the antenatal clinic of Chikhwawa District Hospital (CDH) (i.e. the ANC
Survey) in Chikhwawa, Malawi. The screening log was kept between November
2010 and April 2012. This government run hospital is the main referral hospital in
Chikhwawa District and offers free ANC services. According to the latest DHS for
Malawi , 98% of women aged 15 to 49 years in rural areas had attended ANC at
least once with a median of 5.5 months pregnancy at the first ANC visit (Malawi
National Statistical Office and ICF Macro, 2011). Chikhwawa district also has 14
health centres serving a population of 450,000. Chikhwawa District Hospital has a
total capacity of 200 beds of which 30 are in the maternity ward. The hospital is
staffed by 1 medical doctor, 15 clinical officers and 30 nurses. On average there are
300-450 ANC attendees and 100-150 deliveries per month. Previous studies in CDH
conducted in the 1990s found a parasitaemia prevalence of 35.3% in primigravidae
and 13.6% in multigravidae (Verhoeff et al., 1998). Malaria transmission is perennial
in the study area transmission with some intensification during the rainy season
from December to April. The estimated annual average EIR in the Chikhwawa field
site is 50 infectious bites per year based on estimates from two villages just outside

our assessed area (Mzilahowa et al., 2012).
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7.2.2 Study design

This study used a continuous cross-sectional screening and enrolment log as
the EAG surveillance. The study was conducted concurrently with a continuous
(‘rolling’) population-based household-level MIS (i.e. the eMIS) in 50 villages in the
geographic catchment area of CDH (i.e. within 15 km radius of CDH).

7.2.3 Sampling strategy
All pregnant women presenting for their first ANC visit at CDH regardless

of age were screened for P. falciparum infection by RDT as part of the screening
process of the PREGACT trial. After consent, demographic data were collected and
recorded in the screening and enrolment log. This included age, gravidity and
gestation as estimated from the health passport. In all patients with a positive
malaria rapid diagnostic test, a haemoglobin assessment was done on a finger prick

specimen with HemoCue to determine eligibility for inclusion in the trial.

In the household survey (i.e. the eMIS), conducted between May 2011 and
June 2013, after enumeration of constituent 50 villages, a representative probability
sample of households was derived to produce estimates for the study area as a
whole and each season separately. Within each village, households were randomly
selected from a list of households. In each household, all children aged 6 to 59
months (described in chapter 3) and one randomly selected woman of childbearing
age (15 to 49 years) regardless of pregnancy status who was present on the day of

the survey were selected for inclusion.

7.2.4 Data collection

ANC EAG group

With screening consent, data on age, parity, gravidity, gestational age of
current pregnancy, village and traditional area of origin where extracted from the
health passport of the participant. Where this data was not available, it was

extracted by direct questioning. This data was recorded in the trial screening and
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enrolment log. The coordinates of the village of origin were later determined using
the most recent Global Positioning System (GPS) database for Malawi

(http://www.geonames.org/about.html).

Population level data from women in the household survey

Structured interviews were conducted with household heads or
parents/guardians of all children in selected households in the household survey
using a locally adapted version of RBM/MERG MIS questionnaire

(http://rbm.who.int/merg.html#MIS). After informed consent, in households

containing women of childbearing age, information was collected on pregnancy
status by direct questioning and inspection of the participant’s health passport.
Data was recorded in electronic questionnaires on PDAs which also had GPS

devices to record the household and village coordinates.

Laboratory procedures

Among women attending ANC, finger-prick blood samples were taken for a
malaria rapid diagnostic test (RDT) (First Response® Malaria Ag. pPLDH/HRP2
Combo Card Test, Premier Medical Corporation Ltd., India), and thick blood film.
All women with a positive RDT also had their haemoglobin concentrations
measured using a HemoCue® haemoglobinometer (HemoCue AB, Angelholm,
Sweden). Blood films from all attendees with a positive malaria RDT result were
dried, stained with Field’s stain and read on site. In the household survey, blood
samples were collected from all women of childbearing age surveyed to prepare an
RDT (First Response® Malaria Ag. pPLDH/HRP2 Combo Card Test, Premier
Medical Corporation Ltd., India), thick and thin blood film, and to determine the
woman’s haemoglobin concentration (HemoCue 301®, HemoCue AB, Angelhom,

Sweden).
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Clinical procedures

All women attending ANC who were parasitaemic but were not severely
anaemic and satisfied other enrolment criteria, were included into the trial and
randomised into treatment arms and treated for their malaria infection as per
protocol. Women with other illnesses were referred to the ANC for treatment. All
women who were parasitaemic and/or had moderate anaemia (Hb < 11.0 g/dl) in
the household survey (i.e. the eMIS) were treated as per national treatment
guidelines at the time of the study by the study research nurse. Women with severe
anaemia (Hb <7.0 g/dl), and/or exhibiting clinical signs of severe illness (including
severe malaria) in the household survey were assisted with transportation and

referred to the nearest health facility.

Definition of terms
Hot/Cold dry season: May to October.

Rainy/post-rainy season: November to April.

First trimester: 0 to 12 weeks gestation.

Second trimester: 13 to 26 weeks gestation.

Third trimester: > 27 weeks gestation.

Primigravidae: Women in their first pregnancy.

Secundigravidae: Women in their second pregnancy.

Multigravidae: Women with > 3 pregnancies.

Adolescence: Age 15 to 19 years.

Child-bearing age: Age 15 to 49 years.

Plasmodium falciparum positive: The simultaneous presence of the P. falciparum, P.
vivax/other species and control bands, or the P. falciparum and control bands in the

rapid diagnostic test.

Data management and Statistical analysis
Data from the screening and enrolment log of the PREGACT trial was
double-entered in two separate databases in REDCap® (Vanderbilt University,

Texas, USA), reconciled and cleaned with errors amended. Data from the eMIS was
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entered into in PDAs (Somo 650®, Socket Mobile, Newark, California) programmed
in Visual CE® 11.1 language (Syware Incorporation, Cambridge, Massachusetts).
Data was analysed using Stata version 13.1 (Stata Corporation, College Station,
Texas, USA). The data for this analysis was restricted to the first overlapping year
of both surveys i.e. 14" June 2011 to 13% June 2012, to study subjects resident in the
geographic catchment area of CDH, women of childbearing age (i.e. 15 to 49 years)
attending ANC and the eMIS. In women attending ANC, data was restricted to
women with accurate information on gravidity. The prevalence of P. falciparum
parasitaemia (PfPR) was calculated as a percentage with the respective 95%
confidence interval and compared between surveys and sub-groups, to assess the

varying risks of exposure.

Independent determinants of PfPR were explored using logistic regression.
Univariate logistic regression was used to identify possible predictors on PfPR in
each survey. Factors exhibiting a significant relationship with PfPR (defined as p <
0.10) or those previously described as determinants were further explored using
multivariate logistic regression. Likelihood ratio tests were used to determine the
effect of predictors in the model as odds ratios and their 95%ClI, and significant

predictors were included stepwise in the multivariate analysis by forward selection.

Determining the different at-risk categories for P. falciparum infection in women
attending ANC
To determine the different at-risk category for P. falciparum infection in

women attending ANC, we used a “probit” regression model to study the
interaction between two variables, age and gravidity, that exhibited a strong
inverse relationship with the risk of P. falciparum infection (detected by RDT) in
both the univariate and multivariate logistic regression model. To assess the
interaction between the effects of age (in years) and gravidity on with the
probability of P. falciparum infection, we included an interaction term (age in five

year categories x gravidity) in the probit regression model. We preferred the probit
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to the logit model because we wanted to present the probability of P. falciparum
infection with age which is more easily interpretable with respect to P/PR. The

product term of such a model is given by:

Pr(Y) = @B, + Brage + Bogravidity + Bstrimester + B season
+ Bag(age x gravidity)] (16)

where @ is the probit link function.

We then predicted the change in the probability of P. falciparum infection
with increasing age for different categories of gravity, modelling age as a
continuous variable with a unit increase every five years. We displayed our results
using the Stata “MARGINSPLOT” command (Stata-Press, 2013b), to observe the
difference in probability of infection between the different categories of gravidity
with increasing age. We then used the different at-risk categories in a geostatistical

model to develop contour maps of spatial heterogeneity in PfPR.

Developing spatial maps of PfPR in women attending ANC

In order to account for potential bias in the data derived from women
attending ANC, we used a previously developed geostatistical model (Giorgi et al.,
In press) combining the information on the prevalence of P. falciparum infection
from the ANC sample with that from a probability sample of women of
childbearing age from the same catchment population during the eMIS. Due to the
opportunistic nature of the survey in women attending ANC, we were not able to
collect data on potential confounders like socioeconomic status so we used data
from the population sample as a reference group to estimate and correct for spatial

bias in data from the ANC Survey.

In the eMIS data, only information on the pregnancy status was available

whilst information on gravidity and trimester were not collected. The likely
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gravidity of women in the eMIS was imputed from age using the available
information from women attending ANC as follows. First we fitted a multinominal
regression model for the three categories of gravidity, primigravidae,
secundigravidae and three or more pregnancies with the quadratic effect of age.
Then we used the available information on the age of pregnant women in the eMIS

to predict their most likely gravidity.

We then used the following methods for parameter and standard errors
estimation. Firstly, we simulated the trimester status or each pregnant in the eMIS
with a probability of 1/3 for each of the three categories. Secondly, we estimated the
parameters of age, season indicator, pregnancy status, gravidity and trimester using
the geostatistical model detailed in a separate publication (Giorgi et al., In press) to
the corresponding standard errors. Finally we repeated the preceding two steps 200
times; the output of the i-th iteration is an estimate of the regression coefficients (5)),
and the corresponding standard errors (7). The final estimate of the regression
coefficients is obtained by averaging over each estimate, hence f= ?28 ﬁ /200,
and the respective standard errors (to account for additional uncertainty introduced

by the imputation) are given by:

(G- B + 32 97) an

The contours maps were all constructed for women attending ANC for all
trimesters and in the dry season. We used the dry season because given what we
know about transmission in our study area (Mzilahowa et al., 2012), as we expected
PfPR to be higher in this season when the effect of temporary breeding site will be

relatively absent and hotspots are more prominent.
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7.2.5 Ethical approval

This study was approved by the College of Medicine (Malawi) Research and
Ethics Committee (COMREC) and the Liverpool School of Tropical Medicine
Research and Ethics Committee (LSTMREC) as an amendment of the main EvalMal

proposal (COMREC P08/10/971 and LSTMREC 10.79).

7.3 Results

7.3.1 Study population characteristics

A total of 50 villages were included in the household survey. Participants in
the ANC Survey presented from a total of 143 villages of which 130 were within 15
km of CDH. Forty villages were common to both surveys (i.e. an overlap of 30.8%)
(Figures 36 and 37) and there was no predilection for the villages close to the main
roads in Chikhwawa in the ANC Survey (Figure 37). Between 14% June 2011 and
13® June 2012, 1828 pregnant women aged 15 to 49 years were included in the ANC
EAG group. Information on gravidity and trimester was not recorded in 4/1828
(0.2%) and 6/1828 (0.3%) of surveyed women respectively. A total of 582 women
aged 15 to 49 years were surveyed in the household survey (i.e. eMIS) in the same

study period, of which 8% (48/582) were pregnant.

The characteristics of the women of child bearing age in both the ANC
Survey and the eMIS are compared in Table 30. The mean age of all pregnant
women of childbearing age in the ANC Survey (mean age = 23.9 years, 95% CI 23.7,
24.2 years) was similar to that in pregnant women in the eMIS (mean age = 25.5
years, 95% CI 23.6, 27.5 years); and both were significantly lower than non-pregnant
women in the eMIS (mean age = 28.9, 95% CI 28.3, 29.6 years) due to a significantly
higher proportion of non-pregnant women aged 35 years and older surveyed in the
eMIS than pregnant women in the eMIS and ANC Survey (22.1% vs. 10.4% vs 6.2%
respectively, p <0.001). A significantly higher proportion of non-pregnant women
in the eMIS were surveyed in the dry season compared to the pregnant women in

the eMIS and ANC Survey (67% vs. 56% vs. 55% respectively, p <0.001).
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Figure 36: Geographic distribution of the sampling frame of pregnant women in the eMIS
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Created using Google Earth® by Google.
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Figure 37: Geographic distribution of the sampling frame of ANC Survey

Key:

1 — 10 households
11 — 20 households
21 — 30 households
31 - 40 households
41 — 50 households
51 — 60 households ;
61 — 70 households i AN R

Created using Google Earth® by Google.

242



Table 30: Background characteristics of women of childbearing age in the ANC

Survey and eMIS
ANC eMIS preg eMIS not-preg
N=1824 N=44 N =462 p-value*
1 (%) n (%) n (%)
Age (years)
15t0 19 479 (26.3) 14 (29.2) 59 (11.1)
20 to 34 1232 (67.5) 29 (60.4) 357 (66.9)
>35 113 (6.2) 5(10.4) 118 (22.1) <0.001
Mean age in years 239 25.5 28.9
(95% CI) (23.7,24.2)  (23.6,27.5) (28.3,29.6)
Season
Dry season 1003 (55.0) 27 (56.3) 358 (67.0)
Rainy/Post-rainy season 821 (45.0) 21 (43.7) 176 (33.0) <0.001

*X2 p values.
All data presented as numbers and percentages unless indicated otherwise.

Table 31: Background characteristics of pregnant women in the ANC Survey
Primi (G1)  Secundi (G2) >3 preg(Gs:) X2 p-value

N =514 N=391 N=919
n (%) n (%) n (%)
Age (years)
15t0 19 394 (76.7) 79 (20.2) 6 (0.7)
20 to 34 119 (23.2) 310 (79.3) 803 (87.4)
>35 1(0.2) 2(0.5) 110 (12.0) <0.001
Mean age in years 18.4 21.7 28.0
(95% CI) (18.2,18.6) (21.4, 22.0) (27.7, 28.3)
Gestation
1st trimester 86 (16.8) 53 (13.6) 111 (12.1)
2nd trimester 382 (74.5) 293 (74.9) 675 (73.7)
3 trimester 45 (8.8) 45 (11.5) 130 (14.2) 0.010
Gestational age in weeks  18.6 19.3 20.1
(95% CI) (18.1,19.1) (18.7, 19.8) (19.7,20.4)
Season
Dry season 275 (53.5) 200 (51.2) 528 (57.5)
Rainy/Post-rainy season 239 (46.5) 191 (48.9) 391 (42.6) 0.080

All data presented as numbers and percentages unless indicated otherwise.

The characteristics of the pregnant women presenting to the ANC for their
first antenatal visits are summarized in Table 30. The majority (76.7%) of
primigravidae were less than 20 years old, whilst the majority of secundigravidae
and women with three or more pregnancies were aged 20 to 34 years (79.3% and

87.4% respectively, p <0.001). As a result, the mean age of primigravidae was
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significantly lower than that for secundigravidae, which was in turn significantly
lower than women with three or more pregnancies. The majority of pregnant
women in the ANC Survey were in the 2nd trimester for all categories of gravidity
and women with three or more pregnancies were less likely to present in the first
trimester and more likely to present in the third trimester than primi- or
secundigravidae and this trend was significant (p = 0.010) . In the ANC Survey, the
difference in the proportion of women surveyed by season was not statistically

significant (0.068).

Figure 38: PfPR between gravidity in the ANC Survey and eMIS

PIPR (%)
50 60 70 80 90 100
| | |

0

3

1

T
T
Q-
o _|
S T
|
- - -
o
T T T T T

Primigravidae ~ Secundigravidae Gravida >=3 eMIS non-preg eMIS preg

Survey

I PPR(RDT) +———+ 95%Cl

Primigravidae — primigravidae in the ANC Survey; Secundigravidae — secundigravidae in
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eMIS non-preg — non-pregnant women in the eMIS; eMIS preg. = pregnant women in the
eMIS
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Table 32: Factors associated with P. falciparum parasitaemia (by RDT) in pregnant women in the ANC survey

Crude analysis Adjusted analysis

Risk factor Odds ratio 95% CI p-value Odds ratio* 95% CI p-value
Age

15 to 19 1.00 1.00

20 to 34 0.33 0.27,0.41 0.70 0.51, 0.95

35to 49 0.20 0.12,0.32 <0.001 0.55 0.31, 0.96 0.013
Trimester

1st trimester 1.00 1.00

2nd trimester 0.99 0.75,1.30 1.09 0.81,1.45

3t trimester 0.56 0.38,0.83 0.007 0.66 0.44,0.99 0.095
Gravidity

Primigravidae 1.00 1.00

Secundigravidae 0.46 0.35, 0.60 0.57 0.41, 0.78

> 3 pregnancies 0.24 0.19, 0.30 <0.001 0.33 0.24, 0.46 <0.001
Season

Dry season 1.00 1.00

Rainy/Post-rainy season 1.22 1.01,1.47 0.041 1.17 0.96,1.42 0.133

*Adjusted for age, trimester, gravidity and season.
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7.3.2 Prevalence of P. falciparum infection (by RDT) between

gravidity groups and surveys

Figure 38 shows a comparison of P/PR between the ANC group and the
women in the eMIS. The prevalence of P. falciparum infection was highest in
primigravidae in the ANC Survey (PfPR = 59.5%, 95% CI 55.3%, 63.8%), followed by
secundigravidae (PfPR = 40.4%, 95% CI 35.5%, 45.3%), followed by women with
three or more pregnancies (PfPR = 26.1%, 95% CI 23.3%, 29.0%), and this trend was
significant from the 95% confidence intervals. The PfPR in pregnant women in the
eMIS (PfPR =12.5%, 95% CI 2.8%, 22.2%) was lower than that in non-pregnant
women (PfPR =13.5%, 95% CI 10.6%, 16.4%) in the eMIS, but from the overlapping
confidence interval, this difference was not statistically significant. This suggested
that the risk of infection primigravidae (attending ANC) was significantly higher
than that in other gravidities and both pregnant and non-pregnant women in the

eMIS.

7.3.3 Identifying the subgroup with the highest risk of P. falciparum
prevalence (by RDT) in women in the ANC Survey

In order to identify the subgroup with the highest risk of P. falciparum
infection (detected by RDT) amongst pregnant women attending ANC that may be
most suitable for M&E purposes, we assessed the role of age, trimester, gravidity
and season in a univariate and multivariate logistic regression model. Table 32
illustrates the factors associated with P. falciparum infection in pregnant women in
the ANC survey. Compared to women aged 15 to 19 years, in the univariate
analysis, P. falciparum infection was significantly less likely in women aged 30 to 34
years or peak child-bearing age and in older women or women aged 35 to 49 years
in the ANC survey. P. falciparum infection was less likely to occur in the 3rd
trimester of pregnancy (OR = 0.56) compared to the first or second trimester.
Compared to primigravidae, P. falciparum infection was significantly less likely in
secundigravidae (OR = 0.46, 95% CI, 0.35, 0.60, p < 0.001) and women with three or
more pregnancies (OR = 0.24, 95% CI, 0.19, 0.30, p <0.001). P. falciparum infection
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was significantly higher in the rainy/post-rainy season (OR =1.22, 95% CI, 1.01,
1.48, p =0.040).

In the multivariate analysis, after adjusting for trimester and gravidity, the
risk of P. falciparum infection still decreased significantly with increasing age, with
the risk being highest in the reference category (i.e. pregnant women attending
ANC aged 15 to 19 years). After adjusting for age and gravidity in the multivariate
model, the third trimester was still associated with a lower risk of P. falciparum
infection but this was borderline statistically significant as the upper limit is close to
one or no effect (AOR = 0.66, 95% CI, 0.44, 0.99, p = 0.044). After adjusting for age
and trimester, the risk of P. falciparum infection still decreased significantly with
increasing gravidity. In the multivariate analysis, season did not significantly
influence the fit of the multivariate model and was thus not included in the final
model. From our analyses, age, trimester and gravidity appear to be significant
predictors of P. falciparum infection and need taken into account in the geostatistical

model.

7.3.4 Interaction between the effects of age and gravidity on P.

falciparum parasitaemia in women attending ANC

Using the risk factors for P. falciparum infection in pregnant women
attending ANC, as determined from the earlier multiple logistic regression model,
we examined the two risk factors that exhibited a strong inverse relationship with
PfPR for any interaction (i.e. age and gravidity). Table 33 presents the probit models
for the probability of P. falciparum infection both with and without the inclusion of
an interaction term. When the term is included the association between age and P.

falciparum infection is now limited to women less than 25 years.
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Table 33: Probit models of the probability of P. falciparum infection and predictors in women attending ANC

T Model with interaction term Model without interaction term
erm Coefficient 95% CI p-value Coefficient 95% CI p-value
Intercept 0.244 0.045,0.442  0.016 0.241 0.045,0.438  0.016
Age 20 to 24 -0.206 -0.411, -0.002 0.048 -0.202 -0.399, -0.005 0.044
Age 251029 -0.364 -0.796, 0.068  0.099 -0.337 -0.593,-0.081 0.010
Age 30 to 34 -0.497 -1.262,0.267 0.203 -0.444 -0.738,-0.149 0.003
Age 35 to 39 -0.471 -1.594, 0.652 0.411 -0.390 -0.754, -0.027 0.035
Age 40 to 44 -0.952 -2.426,0.512  0.203 -0.862 -1.721,-0.002 0.049
Age 45 to 49* - - - - -
2nd trimester 0.052 -0.125,0.229 0.562 0.053 -0.124,0.230 0.556
3t trimester -0.226 -0.471,0.018 0.070 -0.226 -0.470,0.019 0.071
Secundigravidae -0.362 -0.583, -0.141 0.001 -0.355 -0.555, -0.155 <0.001
Three or more pregnancies -0.614 -1.036, -0.191 0.004 -0.587 -0.816, -0.357 <0.001
Rainy season 0.077 -0.046, 0.199  0.220 0.077 -0.045, 0.199 0.217
Age x gravidity 0.013 -0.162,0.189  0.882

*No individual in this age category with P. falciparum infection.
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Marginsplot syntax was used to plot the graph after using a “probit” logistic
regression model, adjusting for the effect of trimester. The values in the graph
represent the adjusted probabilities of P. falciparum infection (detected by RDT)
with their respective 95% confidence intervals by age for the different categories of
gravidity. From the graph (Figure 39), there is a clear linear trend of decreasing
probability of P. falciparum infection with increasing age in all gravidity categories,
and a stable difference in risk between gravidity groups. From 15 to 25 years of age,
the adjusted prevalence of P. falciparum infection in primigravidae was significantly

higher compared to secundi and multi gravidae.

Figure 39: Probability of P. falciparum infection (detected by RDT) with age stratified
by gravidity in women attending ANC
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7.3.5 Geostatistical analysis

The findings on determinants and epidemiology were used to inform the
geostatistical analyses. The maps were all constructed for women attending ANC

for all trimesters and in the dry season.
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Table 34: Log-odds estimates for the geostatistical model of P. falciparum prevalence

in combined model of the ANC Survey and eMIS

Term* Estimate p-value
Intercept -0.650  0.296
eMIS=Yes -1.514  0.009
Age > 20yrs -0.435  0.011
Rainy season 0.212  0.053
Woman pregnant 1.150  0.061
Secundigravidae -0.809 <0.001
Three or more pregnancies -1.486 <0.001
2nd trimester 0.148  0.384
3td trimester -0.413  0.083

*Dry season, primigravidae and 1% trimester as the reference groups for season, gravidity
and trimester respectively.

Table 34 is a representation of the geostatistical model of the combined data
set. From the results in the table, all women of childbearing age in the eMIS
(regardless of pregnancy status) had a significantly lower risk of P. falciparum
infection than women in ANC Survey. Women aged 20 years and older in the
whole data set had a significantly lower risk of P. falciparum infection by RDT
compared to women aged 15-19 years, indicating and overall age effect in our
sample. The lack of pregnancy status being associated with a higher risk of P.
falciparum infection in the population sample is probably due to the small sample of
pregnant women. The rainy season was associated with a borderline significant
increase in PfPR. Secundigravidae and women with three or more pregnancies were
associated with a significantly lower risk of P. falciparum infection compared to
primigravidae. Unlike in the multivariate logistic regression model, the 3+ trimester
of pregnancy was not associated with a significantly lower risk of P. falciparum

infection compared to the first trimester.

Based on the results of the geostatistical model and historical evidence, we

selected primigravidae aged 15 to 19 years, secundigravidae aged 20 years or more
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and women with three or more pregnancies ages 20 years or more as three potential
different ANC sub-groups to assess the geospatial heterogeneity of P/PR. The risk

maps resulting from the geostatistical analyses are presented in Figures 40 to 42.

Figure 40 is a contour map of the geographic distribution of PfPR in
primigravidae less than 20 years old (in all trimesters) in the dry season with
accompanying standard errors. The areas in the prevalence map are graduated
from dark green areas where percentage prevalence is nil to red areas where
prevalence is 100%. The contours represent a mean estimate (percentage
prevalence) of the area enclosed in the contour. The contours in the standard error
maps represent the standard error of our estimates from the prevalence map based
on the corrected geospatial model and the areas in the map are graduated from
dark green where the standard errors are small and to red where the standard
errors are large. The generated map of the geospatial distribution of PfPR revealed
that it is highest in the floodplains of the Shire River within the study area. The
highest prevalence of P. falciparum infection (by RDT) (PfPR = 35%) was seen in the
floodplains of the Shire River Valley but the contours did not seem to detect

sufficient small scale variations in PfPR.

Figure 41 is a contour map of the geographic distribution of PfPR in
secundigravidae aged 20 years or more in the dry season with accompanying
standard errors. The generated map reveals lower overall prevalence than in
primigravidae with smaller standard errors around estimates from the Shire River
flood plains. Again the PfPR was highest in the floodplains of the Shire River valley
but the contours do not seem to detect sufficient small scale variations in P/PR and

performed worse than the younger primigravidae subgroup.
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Figure 40: Geographic distribution of the population prevalence P. falciparum infection (by RDT) in primigravidae aged 15 to 19 years in all
trimesters in the dry season with standard errors
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Figure 41: Geographic distribution of the population prevalence P. falciparum infection (by RDT) secundigravidae aged 20 years or more in all
trimesters in the dry season with standard errors
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Figure 42: Geographic distribution of the population prevalence P. falciparum infection (by RDT) multigravidae aged 20 years or more in all
trimesters in the dry season with standard errors
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Figure 43: Geographic distribution of the population prevalence P. falciparum infection (by RDT) in (A.) primigravidae aged 15 to 19 years and
(B.) children aged 6-59 months (corrected for bias)
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Figure 42 is a contour map of the geographic distribution of PfPR in
secundigravidae aged 20 years or more in the dry season with accompanying
standard errors. The generated map reveals lower overall prevalence than in
primigravidae with smaller standard errors around estimates from the Shire River
flood plains. Again the PfPR was highest in the floodplains of the Shire River valley
but the contours do not seem to detect sufficient small scale variations in P/PR and

performed worse than the younger primigravidae subgroup.

Figure 43 compares the geospatial heterogeneity displayed by women aged less
than 20 years in the ANC Survey and children aged 6 to 59 months in the EPI Clinic
Survey after corrected for geospatial bias. On the whole, the prevalences are lower
in the ANC Survey compared to the EAG Clinic Survey, and the latter was able to
detect a finer scale of geospatial heterogeneity in PfPR. The geo-referenced data
from primigravidae aged less than 20 years detected hotspots but to a lesser degree

of accuracy than children aged 6 to 59 months.

7.4 Discussion

Our findings confirm that ANC surveys of pregnant women can provide
fairly accurate estimates of geographical heterogeneity in PfPR of the underlying
population. In line with the known epidemiology of malaria in pregnancy,
adolescent primigravidae were associated with the highest risk of infection, and
showed more detail in terms of heterogeneity of the spatial prevalence pattern.
While our findings suggest that ANC surveys of primigravidae, and other ANC
subgroups, may not be able to identify small hotspots as well as EPI based surveys
in young children, the broad similarity between spatial parasitaemia prevalence
patterns based on primigravidae and those based on children in the adjusted EPI
analyses, confirms the validity of ANC surveys as an M&E tool to monitor (sub-)

district level malaria heterogeneity.
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The use of ANC surveys may be a surprisingly simple M&E tool to guide
local malaria control efforts. The presented example involves only a few key data
points. Apart from 4 variables already collected as standard ANC practice (visit
date, gravidity, age, gestational age/trimester), only a malaria RDT was added to
routine practice. The associated finger prick blood sampling was already conducted
as part of routine practice to determine anaemia (although not used for our
analyses). Adding RDTs for M&E purposes is not a minor undertaking, but these
are tests that are already provided to small clinics and would not require separate
procurement or delivery chains. As increasing levels of drug resistance are reported
for SP given for IPTp, alternatives using intermittent screening and treatment are
being considered. If implemented, the involved screening with RDTs would
become programmatic diagnostic practice and could simultaneously act as an M&E
tool. As the high overall ANC attendance in many countries, including Malawi
(Malawi National Statistical Office and ICF Macro, 2011), confirms that surveillance
across ANC clinics would provide good spatial coverage of the underlying
population, but there are two key features of ANC EAG surveillance that need to be
taken into account; firstly, the absence of an ideal probability sample comparator
group, and secondly the considerable variability in malaria susceptibility seen

among pregnant women, associated with gravidity, age, and gestational age.

Unlike the situation presented with the EPI EAG surveillance, we did not
have the ideal comparator group to validate the ANC data against: a probability
sample of a sufficient sample size of pregnant women at population level.
Collecting this would have been too costly for the project. Despite this we am
confident that the presented findings convincingly show this EAG group accurately
show spatial transmission patterns because: 1. ANC attendance is high in Malawi
(Malawi National Statistical Office and ICF Macro, 2011). Indeed, the ANC survey
provided a large representative sample of the study area; women attending ANC
population came from all 50 villages in the study area with numbers representative

of the underlying village sizes. 2. The mapped spatial pattern of malaria
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heterogeneity and hotspots seen in the women was comparable to the pattern seen
in young children. While the underlying susceptibility may be different between
groups and levels of parasitaemia prevalence between children and pregnant

women may differ, the spatial patterns and location of hotspots should be similar.

Unlike young children, pregnant women represent a relatively broader
group with varying levels of susceptibility, age and pregnancy related acquired
malaria immunity, which has been a well-described part of the epidemiology of
malaria in pregnancy. To review the effect of these differences on the malaria risk
maps, confirm the quality of the ANC data, and determine the optimal subgroup
and ‘scenario” to model in the geostatistical analyses, we assessed the determinants
of malaria in the ANC survey in both standard statistical models and geostatistical
models. From our multiple logistic regression models younger age (15 to 19 years)
and primigravidae status was associated with significantly higher risks of infection
in pregnant women attending ANC. This is agreement with most publication on the
subject (Rogerson et al., 2000; Leenstra et al., 2003; Marques et al., 2005; Walker-
Abbey et al., 2005; Ouma et al., 2007). Our probit model suggested that this effect
occurs up to 25 years, which is not unusual as some studies suggest a higher cut-off
age (Clerk et al., 2009; Taylor et al., 2011). From 25 years onwards, primigravidae do
not appear to be at a significantly higher risk of infection, but the precision of our
estimates is affected by the small numbers of primigravidae in this older age group
resulting in wider confidence intervals. Based on this, we opted to use the standard
cut-off of 20 years and this was found to be significant in the geostatistical model (p
=0.011) (Table 41). As a result we explored the following risk strata in our
geospatial model: primigravidae less than 20 years, secundigravidae 20 years and
older, and women with three of more pregnancies aged 20 years or more. The first
risk strata represents the most susceptible subgroup. All explored risk strata
accurately delineated the same geographic region with the highest transmission risk
as the estimates in children aged 6 to 59 months in the same study area (Chapter 5),

but with varying levels of detail.
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The risk of malaria infection is thought to be highest in the second trimester
(Desai et al., 2007), however in our study there was no difference in risk between
trimesters after controlling for potential confounders. Since most women present
late for their first antenatal visit, it is likely that that the women in the first trimester
present late that their risk effect overlaps with that in the second trimester. There
was an inverse relationship between gravidity and the risk of P. falciparum

infections as has been detected in other studies (Walker-Abbey et al., 2005).

The risk of infection with P. falciparum was significantly higher in pregnant
women of all gravidities than pregnant and non-pregnant women in the household
survey. The similar risk of infection between pregnant and non-pregnant women in
the household survey is an unusual finding given all the evidence (Mvondo et al.,
1992; Parekh et al., 2007; Almeida et al., 2010; Taylor et al., 2011) but was likely due
to the small sample size of pregnant women in the household survey. Given that
ages of pregnant women in the ANC and household survey were similar, we
believe that the significantly higher risk of infection seen in the former may be due
to two reasons. Firstly we could have captured women in the earlier stages of
pregnancy in the ANC survey than in the eMIS as women in the household survey
may not have disclosed their early pregnancy status or were not aware of its
existence; and since women are more likely to be parasitaemic earlier in the
pregnancy (Desai et al., 2007), this may be one reason for the higher risk of infection
in the ANC survey. Secondly, women may be more likely to attend ANC clinic if
parasitaemic and ill and since we did not differentiate these women from the rest of

the sample of women attending ANC, this may also account for increased risk.

The above findings may suggest that young primigravidae < 25 years are the
potential subgroup to focus on with ANC surveillance. However, the need to
capture a representative sample of EAG data points across the area of interest in
order to pick up fine-scale heterogeneity suggests that ANC surveillance should

include data from all gravidities and age group. While the patterns were less
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defined, all gravidity risk maps showed the same underlying parasite prevalence
pattern, and would contribute to improved precision of the modelled risk map.
Also, primigravidae only comprise around 25% of pregnancies in this area, the

number of pregnancies may not provide enough spatial representation.

This survey is the first to provide a proof-of-concept for ANC surveys, but
the opportunistic nature of the study led to two important limitations; the restricted
size of the study area and the limited number of indicators assessed. The
comparison with household data from women of childbearing age and EPI data
meant that the comparison was conducted in an area of 50 villages, rather than the
full ANC catchment area, approximately double the size of the area currently
assessed. Women living on the edges of a catchment are furthest away from the
ANC in hard-to-reach areas may differ in characteristics. The opportunistic nature
of the study also meant that we didn’t measure other standard MIS indicators, or
data of potential confounders including ITN ownership and SES. Future surveys
should ideally involve the standard MIS methodology and measure these
confounders in a small random subset (because of the time taken to administer the
questionnaire) or use key proxy variables like educational status to adjust for social
determinants that may affect ANC attendance or malaria infection; as these may
improve prediction of estimates of control progress. Indicators measuring the
uptake of control interventions could easily be included as part of the ANC visit.
Because the geolocation of women attending ANC was only possible at the village
level, we included a probability sample of women of childbearing age from the
population to improve our spatial predictions. A suitable probability sample of
pregnant women in the population would be the ideal strategy but a survey of such
a sample would be logistically challenging. The use of an alternative method of
geolocation of the household like map books may be a logical next step
(MacPherson et al., 2013). Lastly, time restrictions stopped us from assessing the use
of ANC survey data to capture temporal patterns of parasitaemia prevalence in this

area.
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With this proof of concept from a single site, the next step is to evaluate this
approach at a larger scale in studies with multiple ANC clinics to capture larger
(sub)district areas, in other transmission settings and in areas with varying ANC
attendance. Since our study did not measure other malaria control indicators like
anaemia prevalence, ITN uptake and IRS coverage; we suggest that estimates of
these indicators from women attending ANC are assessed. Methods of improving
the precision and controlling for bias could include the use of a designed hybrid
sampling approach as suggested by Hedt et al 2011, using a probability sample of
women of childbearing age (regardless of pregnancy status) to improve the spatial
prediction. In practice, the sampling strategy employed with a hybrid sample, will
depend on a trade-off between the desired accuracy, the feasibility and the logistics

available.

7.5 Conclusions

This study is the first to provide evidence that ANC surveys are able
to generally inform malaria control strategies (and not only that for MIP), and could
be used to measure geospatial heterogeneity in PfPR, and thus inform more
targeted malaria control efforts. Our results suggest that using a small probability
sample of women of child bearing age in the population improves the spatial
prediction of our estimates. Younger primigravidae are the risk strata with the most
potential in detecting geographic variation in PfPR given their lower pregnancy-
specific immunity, and could demarcate a finer scale of hotspots to guide targeting
of interventions. As National Malaria Control Programmes continue to scale up
control efforts, the ability to obtain timely information on geospatial distribution of
PfPR will be essential in strategizing control efforts as transmission falls and the

distribution of transmission becomes more heterogeneous.
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Chapter 8: Discussion and conclusions
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8.1 Two novel health facility-based EAGs for monitoring

malaria control progress

In this thesis we showed from a comprehensive review of the validation of
estimates of malaria control progress indicator from multiple EAGs that previous
efforts focused on comparing average estimates with contemporaneous data from a
probability sample from the population (Rodrigues et al., 2008; Skarbinski et al.,
2008; Mathanga et al., 2010; Gahutu et al., 2011; Oduro et al., 2011b; Stevenson et al.,
2013). Apart from a recent evaluation of school surveys (Stevenson et al., 2013),
none of these studies attempted to address or control for inherent bias. None of
these studies attempted to examine the EAGs potential to adequately measure
geospatial heterogeneity in malaria transmission which is a key omission based on
current knowledge of spatial patterns of transmission (Carter et al., 2000; Bousema
et al., 2012). Not surprisingly, there was great variability in the accuracy of average
estimates from different EAGs previously evaluated, and the overall outcome was
that these average estimates were usually biased. This has been a major reason that
has held back the use of EAGs, but the advent of new statistical methods especially
in dealing with geospatial bias (Giorgi et al., In press), has opened up an exciting
opportunity that warrants a revisiting of EAG monitoring as this approach is
logistically less demanding than population surveys. The main rationale for the
presented studies was to determine whether surveillance in EAGs is a reliable
malaria M&E approach. We focused our approach on children attending EPI clinics
for well child visits and women attending ANC as these were the most promising

novel EAGs.

Children coming for well child visits could potentially be sampled to assess
the PfPR in children aged 6 to 59 months (Some et al., 1997), the main risk strata
suggested as a sensitive group to monitor changes in malaria transmission
(O'Meara et al., 2008b; Kendjo et al., 2013; MEASURE Evaluation et al., 2013a).
There is information available on the feasibility of this approach to malaria
surveillance (Delacollette C, 1990; Some et al., 1997), and attempts have been made

to validate estimates from this EAG (Mathanga et al., 2010; Cibulskis et al., 2012).
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Given the high immunization uptake in the study area (Malawi National Statistical
Office and ICF Macro, 2011), we expected the estimates to be reasonably

representative of that in the catchment population (Cibulskis et al., 2012).

Women attending ANC are another potential EAG in whom currently M&E
is focused on detecting the effects of specific interventions for malaria in pregnancy
(WHO, 2007a). Pregnant women represent another key risk strata for P. falciparum
malaria infection (Duffy and Fried, 2005), particularly in high transmission settings
(Gilles et al., 1969; Brabin, 1983; McGregor et al., 1983; Desai et al., 2007). The
currently recommended impact indicators for malaria in pregnancy focus on parity-
specific low birth weight rates and the gravidity specific prevalence rates of
anaemia (WHO, 2007a), and it is not yet clear how these indicators will be
integrated with other malaria control efforts and indicators. With such impact
indicators meant to be measured through population surveys like MISs, this will
make an already logistically and financial challenging process more complex by the
requirement of a large sample size to survey an appropriate number of pregnant
women (WHO, 2007a; MEASURE DHS, 2013b). The feasibility of such an approach
as an M&E tool has been explored (Parise et al., 2003), and given the ubiquitous
nature of the PfPR metric (Hay et al., 2009; Gething et al., 2011), the rates of
maternal P. falciparum infection could potentially be used to measure geospatial
heterogeneity in malaria transmission. Given the high ANC attendance in our study
area (Malawi National Statistical Office and ICF Macro, 2011), we again expect our

results to be reasonably representative of the study area.

These two novel EAGs, being key risk strata for malaria infection, offer the
potential of measuring detailed small area estimates of geospatial heterogeneity in
transmission. How accurate these estimates are and whether any inherent bias in
EAG estimates can be resolved by statistical techniques is the main approach in this
thesis, though we also evaluated the potential of these EAGs to provide short-term

trends of control progress.
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8.1.1 Measuring malaria control indicators by surveillance in

children coming for well child visits

We approached the evaluation of this EAG by firstly determining if average
annual estimates of malaria control indicators derived from children coming to EPI
clinics for well child visits were comparable to a probability sample of the
population in the same catchment area. Since we were mainly interested in the
measurement of the heterogeneity of malaria transmission, our main indicator in
the comparison was the geospatial distribution PfPR (assessed by RDT) in the
children aged 6 to 59 months, a key risk strata for measuring impact of malaria
control interventions (O'Meara et al., 2008b; Kendjo et al., 2013; MEASURE
Evaluation et al., 2013a). Geospatial heterogeneity in APR was also included in the
comparison as moderate to severe anaemia (Hb < 8.0g/dl) has been previously
shown to be a reliable indicator of malaria morbidity and impact of control
interventions (Korenromp et al., 2004; RBM et al., 2009), and is a recommended

malaria M&E indicator (MEASURE Evaluation et al., 2013a).

In our study, the APR in both the EAG and the population sample were low,
5.9% and 4.5% respectively, given the malaria transmission in our study area
(Skarbinski et al., 2011; Mzilahowa et al., 2012). A study in the same catchment
population revealed hookworm infestation, nutritional deficiencies and G6PD as
more important causes of severe anaemia (Calis et al., 2008). Caution is already
advised on the interpretation of APR in the current malaria indicator guidelines,
taking cognisance of the multifactorial nature of the aetiology anaemia (MEASURE
Evaluation et al., 2013a). Given the proliferation of micronutrient supplementation,
vitamin A administration and deworming programmes, and the fact that anaemia
was assessed as a metric when malaria epidemiology was different from what is it
today (Korenromp et al., 2004), we suggest the current validity of APR as a
malariometric needs to be re-evaluated. Since we were obviously underpowered for
geostatistical analysis using APR, we utilized mean haemoglobin values instead in

our geospatial analysis.
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Our main findings were that estimates of malaria control indicators were
subject to geospatial bias, though estimates of impact indicators like P/PR and APR
were less subject to this bias than estimates of coverage of control intervention like
ITN and IRS coverage. This was probably due to the fact accuracy of estimates of
impact indicators depended on the inclusion of a sample that included enough
individuals from the differing transmission ecologies within the study area, whilst
the of impact indicators depended on risk factors of health facility utilization like
socioeconomic status. Though the geospatial bias was due to different aetiologies,
adjusting for this bias resolved any problems of geospatial bias allowing the
development of fine detail contour maps displaying the spatial heterogeneity in

malaria control indicators.

Geographic patterns of health facility utilization have long since been
recognised (Shannon et al., 1973; Guagliardo, 2004; Alegana et al., 2012; Delamater
et al., 2012), and our understanding of the aetiology of these patterns have since
improved, implying the interaction of several factors including the availability of
medical services, cost of treatment, distance, level of education and socioeconomic
status (Wyss et al., 1996; Asenso-Okyere et al., 1998; Nyamongo, 2002; Baker and
Liu, 2006; Ewing et al., 2011; Zyaambo et al., 2012). The geospatial bias in estimates
of malaria control indicators derived from health facility-based EAGs are probably
a proxy measure of geographic patterns of health facility utilization rates which a
result of multifactorial aetiologies affecting malaria control indicators in different
ways. Controlling for geospatial bias in estimates of malaria control indicators
derived from health facility-based improved the accuracy of the measurement of
spatial heterogeneity in these indicators regardless of the aetiology. It is highly
likely that other EAGs that depend on natural systems of selection outside the
control of the researcher that similarly have a multifactorial aetiology, are subject to
similar geographic restrictions in the sampling frame which is amendable to
correction of geospatial bias by geostatistical methods relying on the inclusion of a
probability sample of the population and this has important public health

implications given the logistical attractiveness of EAG surveillance.
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8.1.2 Measuring short-term trends in malaria control indicators using

the EPI EAG

We assessed the ability of this EAG to measure short-term changes in
control progress, by comparing monthly trends in malaria control indicators in
children aged 6 to 59 months to the same age strata of a probability sample of the
population. Again, we were mainly interested in the measurement of trends in
malaria transmission intensity so we focused on PfPR. From our results monthly
data from the EAGs correctly reflected that despite the significant increase in ITN
coverage in the study from May 2011 to April 2013, there was no significant change
in PfPR. This lack of decline of malaria in Malawi has been noted in preceding

publications (Roca-Feltrer et al., 2012a; Okiro et al., 2013).

There were differences in the crude and smoothed trends between surveys
probably due to months where the pattern of health facility utilization in the EAG
sample led to significantly biased monthly estimates. An exploration of the role of
the bias in the linear trends revealed that the role of bias in the overall trend was
not statistically significant even after controlling for potential confounders,
probably due to the high immunization rates in our study area (Malawi National
Statistical Office and ICF Macro, 2011). The effect of month to month variation in
health facility utilization rates on the estimates of malaria control indicators is a
clear indicator that the commonly held suggestion that bias in such health facility-
based samples remains reasonably constant enough to enable the accurate detection
of population trends (Saphonn et al., 2002). Trends in malaria control interventions
from this EAG must be interpreted with this in mind and the accuracy estimates
could potentially be improved by small additional temporal-spatial probability
samples of the population (Hedt and Pagano, 2011), which will still be less
financially demanded than using continuous district level household surveys.
Again, this has important public health implications as measurement of short-term
trends can help guide the efficiency of control programme resource mobilization

the interval between serial MISs.
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8.1.3 Measuring geospatial heterogeneity by surveillance in women

attending ANC

In women attending ANC, we compared retrospective screening data from
a antimalarial efficacy trial to a synchronous probability sample of women of
childbearing age (i.e. 15 to 49 years) in the population to determine the excess risk
of P. falciparum infection (detected by RDT) in pregnant and to delineate the most
sensitive risk strata in that EAG to measure geospatial heterogeneity in P/PR in the
catchment population. From our results, pregnant women aged less than 25 years
were at a significantly higher risk of P. falciparum parasitaemia compared to other
parities and ages. Most of the literature from similar transmission settings
(Rogerson et al., 2000; Leenstra et al., 2003; Marques et al., 2005; Walker-Abbey et
al.,, 2005; Ouma et al., 2007) suggest less than 20 years is the group with high risk
but there are studies in support of our findings (Clerk et al., 2009; Taylor et al.,
2011).

In our study, we explored the potential of primigravidae aged 15 to 19 years
in detecting geographic variation in PfPR, as previous literature supports this as the
highest risk strata in pregnant women in similar transmission settings (Rogerson et
al., 2000; Leenstra et al., 2003; Marques et al., 2005; Walker-Abbey et al., 2005; Ouma
et al., 2007), due to the combined effects of parity specific risk and age specific risk.
We compared the ability of this risk strata to detect small scale variations in PfPR by
comparing contour maps derived from this risk strata with older secundigravidae
and women with three or more children (aged 20 years or more) to reduce overlap
in the parity- and age-specific effects. The data from primigravidae aged 16 to 19
years allowed us to detect the geospatial heterogeneity in PfPR in our study area,
correctly detecting known hotspots, but this group seemed less sensitive to small
scale variation in transmission compared to children aged 6 to 59 months (Figure
20), probably due to their higher age specific immunity. The ability to detect
geospatial heterogeneity decreased with increasing parity probably due to the
additional effect of parity specific immunity (Fried and Duffy, 1996). Primigravidae

aged 15 to 19 years were the risk strata with the most potential for measuring
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geospatial heterogeneity in our transmission setting due to the lower pregnancy
and age specific immunity, and we advise that potential of different risk strata be
evaluated for this potential in different transmission settings, especially in the
presence of significant rates of maternal HIV infection (Steketee et al., 1996; van Eijk
et al., 2003; ter Kuile et al., 2004). In low transmission settings were the age and
parity-specific effect is less marked, it is likely that surveillance in all women
attending ANC would provide accurate information of geospatial heterogeneity in
PfPR (Duffy and Fried, 2005; Desai et al., 2007). The inclusion of a small probability
sample of women of childbearing age from the catchment population improved the
spatial precision of our estimates of PfPR and we recommend this approach to

increase the representativeness of this EAG.

8.2 The attractiveness of surveillance in EAGs

In a time when we are facing considerable potential changes in malaria
epidemiology, with the introduction of new control measures and indicators, a key
element in focusing malaria control and elimination efforts will be the availability
of low-cost surveillance strategies that can provide timely accurate average
estimates of control progress and can easily be integrated into district malaria
control activities (Rowe, 2009b; The malERA Consultative Group on Monitoring,
2011). These surveillance strategies must also be capable of capturing the effects of
transmission reduction, including a shift in burden to older children (Schellenberg
et al., 2004; Ceesay et al., 2008; O'Meara et al., 2008a), and increasingly localised
areas of transmission or hotspots as transmission falls (Bousema et al., 2012). The
appeal of EAG surveillance is due to its low cost (due to a lower logistical
requirement than household surveys), ability to provide timely estimates of malaria
control indicators from small catchment areas and the measure geospatial
heterogeneity in malaria transmission and coverage of control interventions. We

expound on this in the following sections.
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8.2.1 Comparing the cost of surveillance in EAGs to population

surveys

Surveillance in population subgroups that are readily available and
routinely aggregate in a convenient location of relatively small geographic size (e.g.
children attending EPI clinic), offers the opportunity to sample a large number of
that population subgroup or a specific risk strata in a shorter timeframe than would
be required for a household survey, representing significant cost savings. For
example, in a detailed cost comparison between school surveys and a standard MIS
both implemented at the national level in Kenya, the national MIS cost twice as much
per cluster as school surveys, with the extra cost being due to higher personnel,
transportation and communication costs (Brooker et al., 2009). Opportunistic low-cost
surveillance of the whole population or specific risk strata is also possible through
integration with other public health initiatives like NIDs and MDA (Santos et al.,
2008b) enabling cost sharing between the public health campaign and surveillance.
The main benefit of using an EAG sample for malaria M&E is that it will require
fewer resources that that required in a standard population-based survey. It is also
very easy to implement with few rules governing how the sample should be

collected.

8.2.2 The provision of timely small area data from EAGs

Malaria control programmes should have the ability to modify their control
strategies and M&E strategy of MTI decreases (Yekutiel, 1960) using average
estimates of key population indicators to determine when a reorientation in
programme strategy is required (Hay et al., 2008). Continuous or more frequent
serial surveys would provide early evidence of transmission reduction by
illustrating a decreasing trend impact indicators like P/PR and APR in the general
population or key risk strata. The financial and logistic requirement of a standard
MIS makes it unlikely to allow small enough intervals between surveys for the
survey to be considered as continuous. Whilst rolling MIS partly answer this
question, the complex sampling routine required and the fact that is still a

household level survey requiring mobile field teams means it is likely more difficult
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to implement and more expensive than EAG surveillance (Roca-Feltrer et al.,

2012b).

The EAGs that offer the potential for continuous surveillance evaluated in
this thesis, like children attending EPI immunization clinics and women attending
ANC are relatively inexpensive and easy to implement. The figures from each
catchment area may provide average estimates that can be pooled to generate
average estimates for much larger areas like sub-district divisions (Rowe, 2009b).
Whilst for household surveys the primary sampling unit or clusters are villages, in
such health facility-based EAGs, the primary sampling unit or cluster will be the
health facility. Within the clusters in the household surveys, households are
randomly sampled; and within the clusters in the facility-based surveys, all
children attending well child clinics and women attending ANC should be
sampled. The availability of timely data on average estimates of malaria control
indicators can help motivate district health management teams in improving
performance and achieving control targets through the Hawthorne effect (Mayo,

1945).

Unlike MISs which are a standalone M&E tool, continuous surveillance in
these EAGs can easily be integrated into district programmatic activities to support
the scaling up of malaria control interventions (Rowe, 2009b). Such continuous
surveillance will encourage a dynamic programme response, where timely
estimates of MTI facilitate a reaction to emerging transmission changes, compared
to serial MISs done every three to five years which result in timed simultaneous
static measurements of malaria transmission intensity and uptake of control
interventions, resulting in a static programmatic response. In a static programme
response, control efforts are guided by data collected at one time point; and the
effects of interventions can only be assessed at the next assessment time point. It
then becomes arduous to demonstrate clearly whether the up-scaling of
interventions actually resulted in the in a perceived reduction in malaria

transmission intensity. The interim period between the timed assessments becomes
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a “blind spot” in which interventions are rolled out with little information about

their effectiveness or whether there are any emerging transmission changes.

8.2.3 The provision of data on geospatial heterogeneity in malaria

transmission from EAGs

Given the known heterogeneity in malaria transmission within countries
(Carter et al., 2000), it is unlikely that different regions in the same country would
be at the same level in the transmission spectrum even as malaria transmission
intensity falls. National level MISs provide single cross-sectional assessments of
national disease burden and are not representative at the district level; because the
two-stage cluster sampling technique does not include all districts and the number
of clusters and sample size within a district is small (MEASURE DHS, 2013b).
Whilst the stratification by transmission intensity as recommended by the new
sampling guidelines will improve the accuracy of national estimates (MEASURE
DHS, 2013b), it will not enable direct measurement of heterogeneity in transmission
and requires foreknowledge of the different transmission patterns within a country,
a situation that is not always possible. MISs therefore cannot not accurately reflect
the variability of malaria transmission at a sub-national level, a potential
shortcoming that becomes increasingly important as malaria transmission falls and
distribution becomes more heterogeneous when targeting hotspots may be a much
more efficient use of resources (Bousema et al., 2012). EAGs are likely to produce
data on malaria control indicators that are more likely to be accurate over small
catchment areas (Stevenson et al., 2013). Pooling the results from several EAGs may
allow the development of maps of the distribution of malaria control indicators

over a much wider area like a district (Rowe, 2009b).

8.3 Addressing lack of representativeness in EAGS

The main issue with using EAG samples is the potential lack of
representativeness when compared to population samples. Lack of

representativeness in EAG samples could be due to selection bias (an absence of
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comparability between the EAG and the population) and/or information bias
(incorrect determination of malaria control indicators due to misinformation). This
is because unlike probability samples where there is an equal chance of selection of
a participant (International Epidemiological Association, 2008), and this usually
involves a process of randomization carried out by the investigator, non-probability
samples depend on natural systems to do the selection for the investigator (Law
and Pascoe, 2013) making the sample logistically appealing especially since details
of the sampling frame are not a prerequisite to sampling like in the randomised
approach. The natural systems that make the sample easy to select and survey are

also the main potential causes of bias.

8.3.1 Dealing with selection bias

Selection bias in EAGs mainly results from low or differential coverage
when it is likely some individuals in the population are poorly represented in the
EAG and these individuals possess a certain attribute that significantly affects the
indicator we are measuring. For example if our EAG households with higher
socioeconomic status than the population, given the known association between
socioeconomic status and household ITN possession (Garcia-Basteiro et al., 2011;
Larson et al., 2012), we are likely to overestimate the level of this malaria control
indicator in the population. Where there is a high probability of inclusion and the
difference in the estimates of an indicator measured from individuals who are and are
not included in the EAG sample is not statistically significant; the EAG is likely to be
representative of the situation in the population. For example, coverage rates of public
health interventions were similar between vaccinated and unvaccinated children if
population vaccine coverage is over 60% (Cibulskis et al., 2012). Any other situation
will lead to varying magnitude and direction of selection bias and a sample that will

not be representative.

Recent advances in statistical techniques in dealing with selection bias in
surveys particularly the ability to combine the data from multiple surveys into one

multivariate generalized linear geostatistical model (Giorgi et al., In press),allows
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us to correct for some of these natural systems of selection especially when they
follow a geographic pattern. Central to the methodology of this approach is a
probability sample of the target population which is used to detect geospatial by
combining with EAG data in a geostatistical binomial models, therein correcting for
this bias improves the estimates from the EAG sample. For example, it is known
that despite the aetiology of health facility utilization being multifactorial (Wyss et
al., 1996; Asenso-Okyere et al., 1998; Nyamongo, 2002; Baker and Liu, 2006; Ewing
et al.,, 2011; Zyaambo et al., 2012), the resultant patterns of health facility utilization
are geographic (Shannon et al., 1973; Guagliardo, 2004; Alegana et al., 2012;
Delamater et al., 2012). Geospatial bias in estimates thus represent a proxy measure
of all these risk factors, and controlling for the effect of this bias improves the
accuracy of measurement of geospatial heterogeneity (Giorgi et al., In press)
without the need to measure all potential factors of responsible for patterns of
health facility utilization which may not always be possible. Ideally, selection bias
in EAGs should be dealt with at the sampling stage and improvement in computer
technology and statistical programmes have improved the feasibility of hybrid
sampling (Hedt and Pagano, 2011), lot quality assurance sampling (LQAS) (Dodge
and Romig, 1929; Shewhart, 1931) and geo-spatial sampling (Ripley, 2004). Of these
only LQAS has been assessed at the district level (Dias et al.; Okoh et al., 2006;
Ministry of Health of Eritrea, 2008; Laly et al., 2009) and national level (Biedron et
al., 2010).

8.3.2 Dealing with information bias

Information bias in our case could occur if there is incorrect determination
of estimates of malaria control indicators. The information bias could lead to
differential misclassification due incorrect reporting of outcome indicators like
household ITN possession in the EAG survey due to social desirability bias
(Skarbinski et al., 2006). By virtue of the fact that most EAGs are selected by natural
systems, it may not be possible to validate household-level indicators like ITN
possession by direct inspection as recommended in a standard MIS (MEASURE

Evaluation et al., 2013a).This is a potential shortcoming of this approach.
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Information bias could also result if information on indicators is gathered
incorrectly in both the EAG and the general population. Information bias may be
minimized by the use of a standard questionnaire tool like the MIS questionnaire

(http://rbm.who.int/merg.htmI#MIS) or use of an algorithm to determine key

household indicators like we did with ITNs in our study (Annex 3).

8.4 Conclusions

Our results provide evidence that surveillance in these two EAGs can
inform malaria control strategies and can be used to measure short-term changes in
control progress. Natural systems of selection that determine the sampling frame of
these health facility-based EAG samples available for survey appear to follow a
geographic pattern, and controlling for this geospatial bias improves the validity of
EAG estimates. Geospatial bias seems to be a proxy measure of the effect of these
natural systems on the sampling frame and it is likely that other EAGs may be
subject to the same phenomenon. This has important policy implications given the
low cost of this method of surveillance. EAGs that are representative of key
population risk strata can be used for malaria surveillance at different parts of the
transmission spectrum. For example, in moderate to high transmission settings
where the burden of disease is in younger children and pregnant women, the ANC
and the EPI EAG could be used as an M&E tool. Where transmission pattern is
changing and the age shift to older children is suspected, school surveys for
example would be a more appropriate EAG. At the elimination threshold where the
sample size required to adequately measure transmission is prohibitive,
opportunistic surveillance during large population-based public health campaigns
like MDA are a suitable M&E tool. Given the heterogeneity in transmission, it is
likely that countries might use combination of different EAGs in different settings
to provide estimates of control progress complementary to nationwide MISs,
especially in the interval between MISs or in problem district where a more intense

examination of control progress may be required.
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However, this tool is not ready for widespread application to guide control
program strategy. More needs to be done to understand natural systems (like
health facility utilization) that determine how representative the sampling frame of
different EAGs are compared to key risk strata or the general population, as they
are likely to be different in various settings and transmission ecologies. Constant
correction for geospatial bias using a representative probability sample is not a
sustainable option. Instead, research should focus on how to improve the accuracy
of EAG estimates through improved sampling strategies like hybrid sampling. The
effects of different natural systems and which sampling strategy might be most
appropriate could be explored in statistical simulation models. The effect of
different sampling strategies on the validity of EAG estimates could be explored
through statistical simulation models to advice on the most appropriate strategy for
different settings. Most malaria endemic countries like Malawi are currently scaling
up proven control interventions and there is an increasing requirement for
continuous sub-national malaria surveillance and M&E to effectively target malaria
control interventions at the district level and guide programme implementation in-
between nationwide surveys. As NMCPs continue to take increasing responsibility
in the operational and financial aspects of malaria control and elimination, the
capacity to accurately measure malaria transmission in an efficient way will be key
to targeting malaria control and long term sustainability. If our findings are
replicated in other transmission settings, surveillance in EAGs like those evaluated
in our study could provide useful and operationally attractive approach of

measuring malaria transmission at the district level.
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Annexe 1: EPI EAG Consent Form

THE COLLEGE OF MEDICINE
Malawi-Livarpool-‘Weallzoma Trust
Clinical Ressarch Programme

e b medcol.mw

PATIENT INFORMATION DOCUMENT

S5TUDY TITLE: THE EVALUATION OF DIFFERENT EASY ACCESS GROUPS AS A TOOL FOR
MONITORING TEMPORAL CHANGES IN MALARIA TRANSMISSION IN MALAWI: THE

EVALMAL 5TUDY.

INTRODUCTION

The Malawi Liverpool Wellcome Trust Clinical Research Centre (MLW], the College of Medicine
[com), and Liverpool School of Tropical Medicine (LSTM) are jointly testing a tool to see whether
sureeillance of trends in malaria can be successfully done by testing children and their siblings less
than 15 years old once for malaria infection when they come for routing immunizations at district
hospitals like the Chikwawa District Hospital (CDH). This would tell us how well the malaria
prevention program of the government is working in Chikwawa and if there are any changes over
time.

This study is jointly sponsored by the Wellcome Trust [through the Malaria Capacity Development
Consortium) and the ACT consortium.

W invite your child to take part in this study. Before you decide it is important for you to
understand why the surveillance iz being done and what it will involve. Please take time to
read/understand the following information carefully. Ask us if there is anything that is not clear or if
woul wizuld like more information. Take time to decide whether or not you wish your child to
participate in the study.

WHAT I5 THIS RESEARCH FOR?

We want to use the WHO's guide to see if the malaria situation in Malawi is changing and if the
malaria interventions are working. We will ask you some guestions about bednet use in your home
and also about your child[ren]’s health. We will also see how common malaria s among your
child[ren] by testing for parasites in the blocd and also by testing for low levels of blood. we will first
look at people that come to health facilities and later in people that find it too difficult to come to
hospital either because they are too far away or because the road network doesn't allow them. This
will help us learm how best to measure the effects of malaria control in the community.

WHY AM | BEING ASKED TO TAKE PART?

It is convenient fior us to monitor a population that has already reported to the hospital for another —
reason (in EAGs). This way we can make use of your child[ren]'s hospital visit to gather additional i
information.

EvalMal_Information Sheet_vE_10/02,/2011.
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Malawi-Livarpool-Wellcoms Trust

Clinical Resaarch Programme
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WHAT WILL HAPPEN TO MY CHILD?

If you agree to take part, we will ask you a few quastions about youw and your child[ren] to make sure
that you and your child[ren]are eligible to enter into the study and a nurse/field worker will take &
drops of blood from your finger and & drops of blocd from your child[ren]'s finger.

wie will ask you questions about bednat use in your home, and about other protective measures
that are linked to malaria. We will also ask some guestions about your child[ren]s health. This
shiould only take about 30 minutes.

If either you or your child[ren] have low levals of blood, malaria, or history of fever, we will refer you
far treatment in the general OPD and under 5 clinic respectively. This will be the same treatment you
or your child[ren] would gat if you go thers if you or your child[ren] is/are sick. This will cost you and
wour family nothing.

Even if you do not wish to take part and your child is ill today, your child will still be seen by the
nurse and gat the correct treatment.

When does my child[ren]'s participation in the study start/end? :

The study starts as soon as you give written informed consent to particpate in the study. After we
ask you a few guestions and take the small blood sample from you and your child[ren) today you and
wour child[ren]'s participation in the study is finished. You and your child[ren]will not be required to
participate in future hospital visits.

WHAT WILL HAPPEN TO MY SAMPLES?

One drop of blood will be wiped off. The second drop of blood will be used to test for malaria in the
lab using a microscope. The third drop of blood will be used to test for malaria using a rapid test. The
fourth drop of blood will be used to check for low levels of blood (anaemia). This will be done right
here in the hospital. The remaining 4 drops of blood may be put on a special paper for additional
laboratory analysis of malaria. You and your child[ren]'s sample collected in this special paper will be
transported to the Malawi Liverpool Wellcome Trust laboratory in Blantyre for storage. These
specimens will later be shipped to the London School of Hygiene and Tropical Medicine for analysis.
The results for low levels of blood and for the rapid malaria diagnostic test will be gven to you
today.

WHAT IMPACT WILL THE STUDY HAVE ON ME/WHAT ARE THE BEMEFITS AND RISK5?

RIZKS

You and your child[ren] will feel a pinch that lasts a few seconds when we take the finger-prick blood
tests. Collecting blocd from you and your child[ren] will not harm you/him,/her. Collecting a finger-
prick may cause mild tendernass or bruising that quickly resolves without treatment.

EvalMa|_Information Sheet_vE_10,/02/2011.
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BEMNEFITS

Thie knowledge gainad from this study will help us improve our understanding of the burden of
malaria affecting your children and your community. This will provide valuable supportive
infarmation on successful implementation of preventive measures by the Government. If you or
wour child[ren] are found to have malaria you and/for s/he will receive standard treatment from the
government health staff.

WHO WILL HAVE ACCESS TO THE INFORMATION YOU COLLECT ABOUT ME?

If you consent to take part in the resaarch all the information that we get from you and your child as
part of this study will be kept private; however, by law, involvad Ressarch Ethics Committees (2.8
College of Madicine Resaarch Ethics Committee) and Regulatory Bodies (2.g. the Ministry of Health)
hawve access to this data if they so request. For example, the Ressarch Ethics Committee may want to
ensure that consent was properly administered during a later review by randomly contacting
participants to interview. The records may be reviewed by staff from Malawi Liverpool Wellcome
Trust Laboratories or the Liverpool School of Tropical Medicine as part of their duty to oversee the
study and analyse the results. Any information about your child[ren] which leaves the study site in
halawi will have no name and address.

WILL | FIND OUT ABOUT THE STUDY RESULTS?

‘wie will share the results of this study with many people and groups so that other people will benafit
from our results. We will also inform the staff of the Ministry of Health and the National Malaria
Control Programme. We will present the result at conferences. We will also publish the resultsina
magazine of science. The name of your child[ren] will not be used in any report resulting from this

study
WHAT HAPPENS IF | DON'T WANT TO TAKE PART?

fou and your child[ren]’s participation in the study is entirely voluntary. You are free to decide if you
want you and your child[ren] to take part or not. If you refuse to take part, noone will know about
it_ if you do agree to help with the study, you can change your mind and withdraw at any time. This
will not affect your child's healthcare now or in future.

WHO CAM | G0 TO FOR MORE INFORMATION ABOUT THIS?
You may ask any member of our research team at any time. You may also contact Paul Chipeta, the

study coordinator at Chilwawa District Hospital, Tel No. 01420366.

EvalMzl_Information Sheet_wE_10,/02/2011.
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Cantre Study Number Patient lIdentification Number

PARENT OR GUARDIANCONSENT FORM
STUDY TITLE: THE EVALUATION OF DIFFERENT EASY ACCESS GROUPS AS A TOOL FOR
MONITORING TEMPORAL CHANGES IN MALARIA TRANSMISSION IN MALAWI: THE

EVALMAL STUDY.

O Statement re ardian;

Please circle Yes or Mo to confirm whether you agree or do not agree with each of the points
belonar:

# | have read the information sheet or it has been read to me vas f N
# | have had the chance to ask guestions and | am satisfied with the answers that
| have baen given Yes [ No
#» | agree for my child[ren] to take part but | know that | can change my mind at a
later date Yes f No
#» | agree that the finger prick blood samples can be collected from me and my child[ren] for
the purpose of this study Yas [ No
# | agree that the finger prick blood samples collected from me and my child]ren] can be sent
owerseas for analysis for research purposes. Yes [ No

F‘sgel

EvalMzl_Information Consent_vw_10/02,/2011.
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*|f participant cannot give consent on their own e.g. children, mentally ill, unconscious patients

**If both participant and guardian cannot read or write.

EvaiMzl_Information Consent v 10/02,/2011.
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Annexe 2: EPI EAG Child’s Questionnaire

Confidential
Evallfal index Child Datsbase
Fage 1of 1

Physical Assessment

Sereening number

Physical Assessment of Index Child

HeightLength in metres

[Measure the height of chidren who can stand
un-aided, othenwise measure kength)

Weight in kilograms
Nutriional status [ greater than or equal to median

O bess than median but greater than -150

O less than or equal to -150 but greater than -250

O less than or equal to -Z50 but greater than -350
[ kess than or equal to -350

Auillary temperature in degrees centigrade

wensrgerrmazeon YEDCAP
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Confidential

Evaibial index Cihild Datadasne
Page 1ot

Assessment Of Suitability Form

Secreening number

Assessment of Suitability of Index Child

Inclusion criteria [ Malawian national
[ Age greater than 4 months but less than 15 years
[ Informed consent obtained from parent/guardian
[ Resident in the study area (Chikhwawa) at
enrcliment
(Select all the inclusion criteria the subject has
satisfied.)

Exclusion criteria [ Participation in another study that is either an

intervention study or may interfere with the
EwvalMal study

[ Severs malnutrition {less than -350
weight-for-height)

O KEnown HIV infection

O Previous enroliment in the EvalMal shedy
(Select all the exclusion criteria the subject has

failed.)
Did this participant satisfy all of the ndusion [ Ne
criteria and none of the exlusion criteria? [ ¥es

wewsrecsnos AREDCA p
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Confidential

Screening And Enrolment Form

Sereening number

Diate of screening

Evaldal indgex Child Dababase
Page 1af?

Informed Consent

Consent given by parent'gaurdian?

Index child's demographic characteristics

Child's study identification number

Child's age in months

Child's age in years

((For children less than 5 years cld))

((For children aged 5 years or more))

Child's sex O Female
0 Male

Child™s village of residence

Index child's immunization history

Is this an imunization wisit for the index child? [ Mo
Oes

If this is. an immunization visit; was it a scheduled O No

visit? O ¥es

If this was a scheduled visit which one is it?

{A scheduled visitis a planned mmunization visit
according to the Mabonal EPI schedule)

wmsreaeiaea REDCap
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Confidential
Evallia) index Cild Datatase
Page 7o

Laboratory Results

Screening nurmber

Laboratory results

Haemoglobin test result

Malaria rapid diagnostic test result [ MNegatve
O P falesparum
O Other plasmodiae

[ Inwalid
Filter paper blood specimen (FPBS)
Filter paper blood specimen {FPBS) collected? O Mo

O es

waw projeci-edap.org ﬂEDCa p
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Confidential
Evailtal Sitdng Cabase
Fage 1af1

Sibling Physical Assessment

Index chid's screening number

Physical Assessment of Sibling

Height'Length in metres

[Measure the height of chiidren who can stand
un-aided, othenwise measure kength)

Weight in kilograms

Nutritional status [ greater than or equal to median
O kess than median but greater than -150
O kess than or equal to -150 but greater than -250
O less than or equal to -Z50 but greater than -350
O less than or equal to -350

Auillary temperature in degrees centigrade

wnsraecreacno MREDCap
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Confidential

Sibling Assessment Of Suitability Form

Evailin Sioilng Dambase
Page 1aof1

Index chid's screening number

Assessment of Suitability of Sibling

Inclusion criteria O Malawian national
O Age greater than 4 months but less than 15 years
O Informed consent obiained from arlemg.ladﬁn
[ Resident in the study area (Chi ) at
enroliment
(Select all the inclusion criteria the subject has
satisfied.)

Exclusion chteria O Participation in another study that is either an

ntervention study or may nterfere with the
EvaMal study

[ Severs malmutrition (less than -350
weight-for-height)

[ Known HIV infection

[ Previows errolment in the EvalMal study
{Select all the exclusion criteria the subiect has

failed.)
Did this participant satisfy all of the inclusion O Mo
criteria and none of the exlusion criteria? O ¥es

wnsraecreacno MREDCap
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Confidential
Evailtal Sitdng Cabase

Page 1aof1

Sibling Screening And Enrolment Form

Index chid's screening number

Diate of screening

Informed Consent

Consent given by parent'gaurdian? O No
O

Sibling's Demographic Characteristics

Sibling's study identification number

Sibling's age in months

((For children less than 5 years cld))

Sibling's age in years

((For children aged 5 years or more])

Sibling's sex O Female
0 Male

W DI Rci-redoap.ong h EDcap
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Confidential
Evailtal Sitdng Datbase

Page 1af?

Sibling Laboratory Results

Index chid's screening number

Laboratory results

Haemoglobin test result
Malaria rapid diagnostic test result [ Hegative
O P. falcipamm
[ Other plasmodias
O Irmvalid
Filter paper blood specimen (FPBS)
Filter paper blood specimen (FPBS) collected? O Mo
Oes

wesrpesrmaeon YEDCAP
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Confidential

Demographic Characteristics

Secreening nurmber of index child

LiogiPed MIS Guestionnaine
Page far2

Demographic Characteristics

Chikwawa Urban

Birth order of index child

Ethnic group of index child

COther ethnicity {specify)

Respondent’s relation to index child

Age of respondent (in years)

Sex of respondent

Marital status of respondent

Educational status of the respondent

Religion of respondent

Other religion (specify)

What is the prmary occupabon of the head of
household?

Other occupation of head of household (specify)

]
O Yes
{Address of study child)

{Record the child's birth order with his/her
siblings (if any) in terms of age. If only child,
recond 1.)

O Chewa
[ Other

O Parent'Guardian

[ Other first degree relatve
O Other relative

O Mot related

[ female
O male

[ single

[ marmied
[ seperatzd
[ widowed

[ none

O non-formal
[ primary
[ secondary
[ tertiary

O christianity
[ istam

[ traditional
O Other

[ not working
O non-manual
[ agricuttwral

O manual

[ don't know

O other

wensmpcmzmas MEDCA [+]



Confidential

What is the main sowrce of drinking water for members
of your household?

COther source of drinking water (specify)

What is the main type of todet facility in your
household?

COther type of toilet faclity (specify)

Dioes you howsehold have any of the following?

What type of fuel does youwr household mainly use for
cooking?

COther household fuel (specify)

What is the principal material of the walls in your
dwelling?

Other type of wall (specify)

How many pecple in your household are 15 years or
abowe?

How many pecple in your household are less than 15
years old?

Total number of individuals in the household

How many rooms in your house are used for skeeping?

Page Zof 2

[ pipe-tome water in residence
[ protected well or borehole

[ piped public faucet

O traditional public well

[ piped water in yard or plot

[ surface water {rver, canal, etc.)
O Cther

[ own flush toilet

[ shared flush toilet

[ traditional pit latrine
[ VP latrine

O bush or field as latrine
[ Other

O electricity

[ aradio

[ a television

[ alandline telephone

O a celhdar telephone

O a refrgerator

[ abed with a mattress

[ asofa set

O table and chairs

[ a paraffin lamp

[ acar

[ abicycle

[ a motorcycle

[ an ox cart

[ afarm

[ a domestic worker not related to the household head
{Mutiple responses. Select all applicable.)

O electricity

[ natural gas

[ kerosens

O charcoal

[ firewond or straw
O other

[ rmued or dung
O zinc sheets
[ brick

[ wood

O stone

[ other

wewsrecrsnes  EDCA p



Confidential

Fever In Children

DCiate of inteniew

Has the index child OR any other child in your
household been ill with fever in the past 2 weeks?

Dwring the chid's #iness did you seek treatment?

[f treatment was sought from the public sector, where
did you seek reatment?

Other public sector treatment (specify)

[f treatrment was sought from the private sector,
where did you seek treatment?

Other private sector reatment (specify)

[f treatment was sought from the informal sector,
where did you seek treatment?

Other mformal sector reatment (specify)

How many days after the onset of the fever did you
seek treatment?

At any time duning the iliness, was the child treated
with any drugs?

I the child was treated with antimalarials, which
ones where used?

Other antimalarial treatment {specify)

Modtfed MIE Quesfionnaine
Page ol 2

Ono
[ y==
[ den't know

O no
[ yes

[ govemment hospital
O govemment health centre
[ gowemment health post
[ health sureeillance assistance
O other
{Mutiple responses. Select all applicable )

O private hospital
] private pharmacy
[ private medical practitioner
[ other
{Mutiple responses. Select all applicable )

O shop
[ drug peddler
[ raditional practtionar
[ other
{Mutiple responses. Select all applicable.)

{Record number of days. If treatment was sought in
he same day record "07.)

O ne

O yes

[ don't know
(I the episode is documented in the childs
health passport, record details below. i not
documented in the chid's health passport or the

pasport is not available, use direct
guestioning. )

O arthemeterlumefantrine (tabs/syr'sus)
[ sulphadoxine/pyrimethamine (tabs/syn'sus )
[ artesumate/amodiaguine (tabs/syr'sus)
[ amodiaquine (tabs/syrisus)
[ chloroquine (tabs/syrisus)
[ traditional remedy (absisyrisus)
O other
{Mutiple responses. Select all applicable )

wewzmpcmaecs MREDCA P



Confidential

[f the child was treated with antipyretics, which
were used?

Other antipyretic treatment (specify)

If the child was treated with antibiotics, which were
used?

Cither antibiotic treatment (specify)

If the child was treated with haematenics, which were
used?

Cther haematenic treatment {specify)

If the child was treated with anithelminthics, which
were used?

Any other drugs not previously listed?

[f the child was treated with an antimalarial, how
lzng after the illness did the child receive an
antimalarial?

Did you pay for any of these antimalarials?

How much did you pay for the antimalarnials in
Malawian Kwacha?

Pape Zof 2

O paracetamol (tabs/syrisus)
[ aspirin (tabs/syrisus)
[ ibuprofen (tabs/syrisus)
O other
{Mutiple responses. Select all applicable.)

[ amo (tabsfsyrisus)
[ bactrim or sepirn or
trimethoprim/sulphamethoxazole (tabs/syrisus)
O other
{Mutiple responses. Select all applicable )

[ iron itabs/syrisus)
[ ferrous and folate (tabs/syr'sus)
[ other
{Mutiple responses. Select all applicable )

[ mebendazole {tabs/susisyr)
O albendazole (tabs/susisyr)
[ pyrantel palmitate (tabs/sus/syr)
[ other
{Mutiple responses. Select all applicable.)

{Record number of days. If antimalarials were
received in the same day record "07)

O ne
[Jyes
O don't know

{Record what the respondent says was paid. f the
respondent cannot remember leave blank. F more
than one antmalarnals was purchased, give the
total cost )

wewsmecsncs  MEDCA p



Confidential
Lodifed MIT Gueshionnalne
Page {of 2

General Malaria Knowledge

Diate of interview

Have you ever had of a disease called malaria? O no
[ yes

Can you tell me the main signs and symptoms of O fever
malaria? [ feeling cold
[ headache
[ nausea and vomiting
O diarhoea
[ dizziness
[ less of appefite
[ bady ache or jont pains
O body weakness
[ palen=ss
O jaundice
[ altered consciousness or mental status
[ seizures
O cough
[ den't know
[ wiher
{Mutipde responses. Select all applicable. Probe
once. “Anything else?”)

Cther symptoms of malaria (specify)

In your opinion, what causes malana? [ mosquito bites

[ eating mmature sugar cane

[ eating dirty food

[ drinking dirty water

[ hunger

[ getting soaked with rain

[ cold or changing weather

[ witchcraft

[ don't know

O other
{Mutipde responses. Select all applicable. Probe
once. "Anything else?”)

COther cause of malaria (specify)

How can someone protect themselwes against malaria? [ sleep wnder an ITH

[ use mosquite coil

[ fill in puddles of water {stagnant water)

O aerosolirzpellent sprays

O cut grass around the hose

O bumn leaves/herks

O den't drink dirty water

[ don't eat dirty food

[ don't get soaked with rain

[ =ating well

[ den't eat mmature sugar cane

O don't know

[ wher
{Mutipde responses. Select all applicable. Probe
once. "Anything else?”)

COther form of malana protection (specify)

wewsrecesnon  REDCA P
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Confidential

What are the danger signs and symptoms of malania in
children?

COther danger signs (specify)

328

Page Zar2

[ seizures or convulsions

[ unconsciousness

[ any fever

[ wery high fewer

O severs weakness

[ chills or shivering

O lack of appetite

[ womiting

[ e=ying all the tme or restless

[ =ating well

[ diarhoea

O don't know

[ other
{Mutiple responses. Select all applicable. Probe
once. "Anything else?”)

wesrpsrseon  AREDCaP



Confidential

Malaria Control

Diate of interview

Mogted AMIS Questionnaine
Page ol 2

Indoor Residual Spraying

At any time in the past 12 months, has anyone sprayed
the interior walls of your dwelling against
mosgquitoes?

How many months ago was the house sprayed?

O ne
O yes
[ den't know

(I less than one month record "0°. If the
respondent does not know. leave blank.)

Who sprayed the house? O gowemment worker or programme
[ private company
[ den't know
O other

House sprayed by other (specify)

At any time in the past 12 months, have the walls in O ne

your household been plastered or painted? O wes
[ don't know

How many months agoe were the walls plastered or

painted?

Use of bednets

Dioes your househodd have mosquito nets that can be O no

used for sleeping? O wes

How many mosquito nets are there in your household?

How many insecticide treated bednets are there in the
household?

Where did you get the most recent ITN?

Other source of [THNS (specify)

Did you pay for your most recent [TH?

How mauch did you pay for your most recent ITN?

(i the answer is yes use the ITN algorithm.})

{Record the total number of bednets in the
househaold. )

{This should be derived using the ITH algorithm_)

O govemment cinichospital
[ health suresillance assistant
O retail shop

O private pharmacy

[ public health campaign

[ don't know

[ other

O no

[ yes
[ den't know

{In Malawian Kwacha.)

waw Erojeri-recoap.erg hEDCHP



Confidential

Page Tof 2
How many tmes has the most recent ITH been washed [ none
since it has been in the howusehold? [ one
[ b
[ twee or mare
Did the study child sleep under an ITH last night? O no
O yes
[ don't know
¥What is the current general condition of the ITN? [ good (no hole)
[ fair ino holes that fit a finger-sized torch

hal:beqr} ]
[ poor (1 - 4 holes that fit a finger-sized torch
ba

ey,
O unsafe (= 5 holes that fit a finger-sized torch

battery}
[ den't know

wenseeeecon  qREDCap
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Annexe 3: ITN indicator algorithm

Start: Does your HH have any mosquito net that can be

used while sleeping?
No >[ ITN= Mo
Yes
- .
How many mosgquito nets does your HH have?
(If =1 then answer below for each mosquito net)
' | -
Is this net hanging?
No .{ ITH= No
Yes
' N
What kind of net is this?
(show pictures if needed) Permanet
- d Qlyset I'
l ITN=Yes
Duranet
Supanet
Other "Et\ B
[ How long ago did your HH chtain this mosgquito net? ]
<12mo ago When you got this net, was it already factory Yes
treated with an insecticide to kill or repel ITN=Yes
mosquito’s?
=12mo ago,
Since you got the mosquito net was it ever soaked or Mo
dipped in a liquid to repel mosquito’s or bugs?
Mo Yes
J, J, < 12 months ago [ ITN= Yes
[ ITH= No ] If yes, How many month ago ]
was the net last treated with an
insecticide? J
£12 months ago J ITH= Mo
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