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Preamble

This working paper serves as a documentatbrhow the INFORM project has identified,
assembled and geooded malaria prealence data from across Africa and why these data are
important tomonitor the temporal impaadf interventiors[1,2].

We focus orPlasmodium falciparunby far the most ubiquitous and pathogenic of the human
malarias in Africa, however we have included in our data searches and extractions information,
where available, on the prevalenceRofvivaxP. malariaeandP. ovale

The inventories of data cava long legacy of malaria surveillance in Africa and we describe in this
report how we have tried to capture historical and contempodata. For countrylevel analysis
undertaken in support of national governments by the INFORM prdgget from 1980s most
relevant

This project habeen managed from Kenya fover 10 yeardut ispre-dated by even earlier
effortsundertaken as part of the MARA/ARMA collaboration that began iN3®6The success

of the last 20 years of data assembly would not have been possible without the enormous
contributions made by many malaria scientists across Africa and all are acknowledged at the end
of this report.



1. Why measure malaria transmission?

Thee are several reasons why understanding the frequency of human malaria parasite exposure
isimportant for control planning andiseasemanagement.

Theincidenceof diseaseand associatedlinical phenotypesiepend upon an individual's level of
preMously acquired functional immunity, which lgsgely defined by the frequency of new
infections experienced from birflé-12]. In areas where the intensity of malaria transmission is
high, most severe disease events are concentrated in very young childfesevere outcomes
following infectionare rare in older children and adultds the intensity of parasite exposure
declines, the clinical burden of malaria is borne by older children until a point when the likelihood
of developing a disease event is more proportional to the chances of being inféictece 1)

Under these conditins the burden of malaria is shared equally across most age godpke

lack of any functional immunity in a commumtgkespopulations prone to epidemi¢kigure 1).

The changing ageattern of disease is accompanied by a changing pattern of sdisgase
presentation Under intense transmission conditigreevere anaemia is a major cause of life
threatening illness, wheregsresentations that includeerebral malarisdbecome increasingly
common among communities exposed to modeitatdow levels oftransmission intensity
[7,9,17.

Figure 1 Conceptual framework of the clinical epidemiologyPtasmodium falciparumnder declining parasite
transmission intensity in Afrif@now, 2015]The red line represents a theoretical rate of severe diseasenortality
incidence and the black bars are the proportional distribution of severe malaria between birth and the 10th birthday
based on previously published workd
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Mechanistic, biological models that reproduce the mathematical properties alarim
transmissionpredict that the likely impact of different drug or insecticida@sed strategies of
malaria control will have different overall effect size and duration of intervention required to
demonstrate impact, depending on the levels of starting endemic3ty ).

In broad termsreducingman-vector contactthroughfor examplethe use of insecticid&eated
bed nets(ITN),alone will never interrupt transmission in areas of very intense transmission
Conversely if used by 90% of the population 100% of the time in aeastermediate
transmissionITNalonemight reduce parasite exposure to almost zero within eight y&é+$4).
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Adjunct vector control measures are required to supplement ITN strategies in areas of intense
malaria transmission to rapidly reduce vectbuadance enough to have a sustained impact on
transmission I5]. The predicted immediacy and overall impact on transmission of-dnags
administration(MDA)and indootresidual house spraying are also contingent on the intensity of
transmission beforentervention starts 15-18].

Impacts on transmission through the effective use of currently available arterbased
combination therapfACT)are greatest in areas where most new clinical infections are treated
and the intensity ofransmissions lov, while the impact of ACT treatment on local transmission
is considerably less in areas where the intensity of parasite transmission[iShagtwhen used

for MDA[18]. To achieve an impact on transmission through routine treatment stratelgies
requires differentypes ofdrug combinations than those currently used in Africh [

The effects of malaria infection among pregnant women has been well described and include the
insidious effects of repeated infections on anaemia, increased risitsaoterine death, low birth
weight deliveriedeading to higher risks of infant mortaliszmd under conditions of unstable
transmission increased risks aohaternal death during pregnancy?2,21]. Intermittent
Presumptive Treatmer(tPTp)with two dosesn the second and third trimesters using the long
half-life drug sulphadoxingyrimethamine (SP) has been implemented across much ef sub
Saharan Africa since 20@P]. In recent yearghis recommendation has, in some countries, been
extended to three doseof SP from quickenind\s transmission declinése costbenefit of IPTp
changeswhile the evidence remains inconclusive when to stop IBpdurrently it is suggested
that when prevalence in children declines below 5% one might consider eithpmstdpTp or
introducing screening artdeatment for pregnant womef4).

Seasonal malaria chemoprevention (SMC), has been shown to prevent approximately 75% of
clinical malaria episodes among children aged less than five years, in areagamsenession is
concentrated within a few months of every yeadb|[ TargetingSMC within national borders
depends upon not only knowledge of malaria seasonsalsat theintrinsic, preintervention
endemicity risksin areas where transmission intens#yistoricallylow, but seasonal, the cost
benefits of SMC are minimal compared to areas where parasite prevalence is ab@&}. 5% |
Equally important is an understanding of current levels of malaria transmission that will define the
likely agerange mossuited to SMC, for example 3 months to tifebirthday (arbitrarily set at a
prevalence above 10%) or, as transmission declines, 3 months to ‘theirlitday where
prevalence is between 5 and 102%][

When transmission intensity declines to low levels, patterns of parasite risk become increasingly
more heterogeneous where spatially localized foci of transmission contribute more than 80% of
transmission risk across neighbourhodf.[While there are no hard and fast rules for when this
becomes important for malaria control, it has been suggested that when wider community malaria
prevalence falls below 5¢29] more targeted approaches to disease prevention should be
adopted[30-32]. States of very low parasite prevalence also serve as signals to control agencies
to consider revising control strategidst embrace elirmationambitions[33].



Understanding the intensity of malaria parasite transmission is central to effective glafinin
control andin defining the clinical phenotypes that require management. Throughout control the
intensity of transmission serves as a measureable index of intervention success and a benchmark
for programmes to adapt intervention mixes to maximisegyaind reorientate control for pre
elimination.

2. Measuring malaria risk

2.1Measuringstable, endemic malarteansmission

The rate of parasite exposure can be measured using a variety of epidemiological techniques from
detailed vector based measures of human biting rates, proportions of vectors with parasites in
their salivary glands, their parity and longewtyin human hats fromlongitudinal or cross
sectional studies of parasite acquisition from birth to the first birthegg combinations of
parasite detection and serology34]. Vector-based measures of malaria transmissine
important parameters for modelling intention impact,however are difficult and costly to
measure empirically under field conditid@$).

The most commonly measured metric of parasite exposure is the parasiteRitehuman hosts
(strictly a ratio as it measured at one time phifihePRis the proportion of individuals on a single
crosssectional survey among an entire or sampled community who have evidence of a peripheral
blood stage malaria infectiomhe PR is not a direct measure of transmission as it saturates at high
levels of tansmission because of heterogeneous biting, multiple infections and acquired
immunity. Mathematical models have been developed to translate PR values into values of
Entomological Inoculation Ratdsli or the basic reproduction rate of infectio?g], however in
practical terms malaria control programmes use the PR as a direct marker of transmission
intensity.

During the Global Malaria Eradication Programme (GMEP) era of the 1950s and 1960s, the
prevalence of the malaria parasite in children was vieweiraeasurable, definitive index of risk
that would define how interventions were spatially targeted, and progress meas6dd]]
Following the conference on malaria in Africa held in Kampala, Uganda if42p50alaria
experts agreed upon a setaéssifications of stableataria endemicity based on tRe falciparum
infection prevadnce inchildren aged A0 years RIPR.10) or infants: hypoendemic transmission
where PPPR.10 was less than 10%, mesoendemic transmission WP iowas between 0%

and 50%, hyperendemic transmission whét®R.i0 was between 5% and 5% and
holoendemic transmission where infection prevalence in infants was >38p%Hese terms had

been in operation before the Kampala conference but largely referred to the less specific
prevalence oénlarged spleens children rarely used todayHoloendemidransmissions rarely
empiricallydefined among infants and is more a#ly estimated from age groups used to classify
other endemicity classes, as such is usually regarded as a state WiR&Reo is X 75%.
Importantly, these classifications have retained a qualitative value in national descriptions of
transmissia intensity for over 8 years.



2.2Measuring risk when prevalence is kowdthe use of routine case data

Optimizing, and operationalizing, definitions of malaria transmission intensity has recently been
reviewed to provide metrics to help decisions orewltountries, or regions within countries,
might elect to develop an elimination agend&s3][ Controlled lowendemicmalaria has been
suggested as a state where interventions might have reduced the average parasite rate in a
nationally representative sample below 1% during the peak transmission season, while prevalence
levels in sulpopulations remain below a higher é&shold (e.g., lower than 5% prevalence) to
allow for heterogeneity in endemicity caused by focal transmission. Sincédh#ollec
component of this definition does not apply to a region in which malaria transmission has
historically always been low,ishis distinguished frodow-endemic malarig33]. As such there

are increasing adaptations of the hypoendemic classification to include areas defineiPRy a

100f <1% and <59%2]

There is also a practical sampling consideration when transmisgasiiptbecomes very low, or
unstable Increasingly larger, more repeated community surveys are required to provide estimates
with reliable precision. In this transitional statecisions to abandon community surveys in favour

of passive and/or active cadetection or fever infection prevalence surveys should be nTdds.

g1 & RSTAYSR 2LISNI (A3 soonf hbvieveR aghiik gederaliviliBne Bf anfldriy &
has been redaced to any considerable extent, the indices furnished by malariometric surveys are
no longer sensitive enough to measure further progress ... Analysis of evaluation data from
eradication programmes as well as closer observations in the field have shotire thoint at

which malariometric surveys cease to be sufficiently sensitive is reached when parasite rates have
dropped to a level of between 1% and 348

The termsstable and unstable transmissiame widely used but rarely quantifiedhis is an
important distinction because a transition to unstable states implies a transition toward
elimination. The stab&ginstable classification was first introduced into malariology by Sir Ronald
Ross [Ross, 1916] and adapted by George Macdonald for the measticdmalaria endemicity
where stability was defined quantitatively by the average number of feeds that a mosquito takes
on man during its life3P,44. The stability index, however, demands detailed entomological data
that are rarely available. Qualitatiy, stable malaria refers to situations that are relatively
insensitive to natural and manadeenvironmentathanges. Unstable malaria includes areas very
sensitive to climatic aberrations and very amenable to eliminatohoftenprevais in areas of
extreme aridity, wherabrupt changes in usuainfall can lead to epidemics.

The enhanced vegetation index (EVI) derived from the MODszatdution Imaging
Spectroradiometer (MODIS) sensor imagery has been used to delineate areasgc@jeetne

aridity and thus potentially unstable malaria transmissgha547]. However, the EVI satellite
imagery provides a striated visualization of aridity across Mali, Niger and Chad, a function of the
guality of the imagery. Despite an illusiorpogcision for unstable malaria transmission, this has
never been validated against empirical data on clinical incidence or prevalence. We have therefore
avoided the use of EVI in subsequent definitions of unstable malaria transmission.



A more established definition of'unstablé malaria is based upon caswidence. The
measurement of malaria incidence requires every suspected malaria case to be diagnosed through
a comprehensive surveillance system compripagsive case detectigpCD) by parasitological
examination of those suspected, usually febrile cases presémtihgalth service, supplemented

by active case detectiofACD), the examination of fever cases sought thrbogiseholdvisits at
regular interval$34,40,43,4] The results are usually expressed ag\anual Parasite Incidence
(API) per 1000 of the entire population of the administrative areas for which it is representative.
During the GMEP the API was only deemed valid #rtheal blood examination ra(ABERYhe
proportion of the target population examined, exceeded 180¢48. The other metric often
presented is thelide positivity rat€d SPR). These surveillance indices are related as follows: API =
(ABER * SPR) /21[@9).

In recent global45] and regimal 2,47 mapping exercises, there has been a preference for using

a very conservative casgcidence value of <1 case per 10,000 population. While this recognizes
the difficulties in measuring caggidence it assumes that case identification througitine

systems continues to be as poor as it has been over the last two decades. Health information
systems and rates of parasite confirmed cases are improving across Africa and the challenge now
is to ensure that the best possible use of this data is nra@ecordance with WHO accepted
definition of preelimination being < 1 case per 10a7 31,32 population where this can be
confidently recorded or partially incomplete data from health systems used by the majority of the
population can be effectively afallymodelled.

In many applications for overseas funding, national malaria strategiesalaria programme
reviews case incidence or case numbers as reported by routine health information systems (HIS)
are increasingly being presented in maps acrossSsilaran Africa including: Benin, Botswana,
Burkina Faso, Congo, Cote D'lvoire, Eritrea, Guinea Bissau, Malawgri#aWiozambique, Sao
Tome & Principe, Senegal, Togo, Zanzibar and Zimbab\w&Hese data are incomplete and do

not always reflect parasitagically confirmed casedkvertheless these examples highlight the
growing appetite in applying routine malac&se data to malariask stratification and mapping.

Imperfect and incomplete HIS malaria data has recently been modelled using advanced geo
statistical methods to accommodate facility use, incomplete monthly data andcgeéed
locations of health fadiies in Namibiag1l] andZambia$2]. These novel approaches to handling
incomplete routine data, in combination with scaled diagnostic capacities offers some exciting
new opportunities to model casacidence where most fevers seek treatment in the fdrma
sectors and most fevers are parasitologically confirmed.

For countries, or areas within countries, seeking to achieve elimination in Africa, combinations of
PCD and ACD with case investigation have begun in South58fri€aviazilandd4], Zanzibargs,
Cape Verdesp] anddistricts bordering the Senegal River in Sen&gal [

aThe division by ten is necessary because API is expressed per 1000 and the other terms per 100



The transition from control to prelimination is a continuum and metrics used to define these
endpoints need to be reflected by combinations of measures depending on thebitsaiand

guality of national datalVhere reliable health information systems do not exist or where parasite
prevalence remains higlit is necessary to use commurdbyased infection prevalence as a
indicator of riskWhen elimination is a defined emgme, the detection of all infections rather

than all disease events becomes a priority. All metrics of risk must be able to stratify geographical
regions with adequate precision. These stratifications should link to what is required to move a
region further down the continuum toward the ultimate challenge of elimination. There are no
definitive guidelines for what can be measured and what criteria are necessary to begin to adapt
control strategies. We are working with the WHO to ensure that these havergecsity in the

near future.

3. The history of national parasite surveys in Africa

Some of the earliest national surveys of infection prevalence were undertaken in Senegal 1905
1906 p8|, Algeria 190849], Ghana 19130], Zanzibar 1923926 p1] and Mauritius 1923925

[62]. National parasite surveys were recommendezioss Africaluring the preparatory and
attack phases of malaria elimination under the GMBRIB,48. These werbdased on statistical
sampling methods to allow for adequate precision of individual community prevdiepersding

on expected levels of prevalenc63]. Examples of these national surveys span 30 years of
preparation for malaria control in Africa incluglisurveybefore theKampala&Conferencen Egypt
1936 p4], Cape Verde 194&%], Liberia 1948d6] and Namibiad 950[67]; and after the Kampala
Conference in Morocco 19511953 B8], Mozambique 1952609,70, Madagascar 1952953 [/1],
Angola 195372], Benin 195473], Cameroon 19547H], Zimbabwe 19567p], Senegal 196(/f],
Sudan 19641963 [/7], Somalia 1962961 [78,79, Botswana 196280,81], Togo 19621964 B2],
Mauritania 19631965 B3,84, Sierra Leone 1968966 B5], Algeria 196465 [86], Ethiopia 1964
1965 B7,84, Ugandal9651967[89] and Zambia 1962972 P0]. Examples of the handrawn
representations of these national survey data are shown in R2gure



Figure2: Examples of national malaria prevalence surveys durinGMEP eraa) Senegalrp]; b) Ugandad9; c)
Angola 72]; d) Mozambique7Q]; e) Sudan{7]; f) Cameron [74]
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The Centre Muraz, based in Bobo Dioullaso in Burkina Faso, was originally the headquarters of the
SubregionalService Général d'Hygiene et de Prophylaxie (SGHMP), that provided medical and
sanitary advice and research for the countries that formed-teration ofFrench West Africa
(Afrique Occidentale FrancajgeOFR. Under the Centre Muraz, massive householdesys were
undertaken across the swubgion to establish the prevalence of Yaws and syphilis in 1955. The
head of the malaria sectio@ommander Doctor Choumara, suggested that it would be of no extra
cost to include complementary surveys on malaria, autlspecially delaying the work of the
Treponematoses team. Over the next few years, the very firstegibnal maps of empirical
malaria prevalence were developé&d] (Figure 3)



Figure3: Results of subegional malariometric surveys conductegast of Treponeme investigations in mid late
1950s by Centre Muraz across AQF. [
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During elimination efforts a number of countries maintained wadea communitybased
parasitological surveys, however for the majority of countries irSsilaranAfrica, national
household surveys of malaria infection were abandoned.

In 2005, five years after the launch of the Roll Back Malaria (RBM) initiative, there was a
recognition that it was important to resurrect national household surveys of infeceoalpnce

as a means to monitor countlgvel progresg92,93. The three principal survey vehiclies
contemporarynational parasite prevalence data have been the Demographic and Health Survey
malaria modules, managed by the US based MEARIIREogrammgd4], Multiple Indicator
Cluster Surveys, managed by UNICEF 4nd standalone Malaria Indicator Surveys (MIS)
managed by national malaria control programmes and their survey parfiterse surveyare
developed with docus ontracking changes imtervention coverag@and under fivemortality at

the first level administrative area@rovince, State(overnorateetc). Sratified, population
weighted national samplings not based on precision around malaria prevalencee
consequence is that theesultihg primary sampling units hawery small numbers afdividuals
sampledfor malaria infectionThis is ammportant distinction betweerthose national malaria
surveys undertaken during the GMEPtbed were designed around the power to define infection
prevalencq63].

Qurrent national surveys include combinations of methods parasite detection in different age
groups depending on the national survey. The majdrayever focus only on childrenged 6
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months to five years, a less informative age group for infection prevalence than those surveys that
include a much wider childhood age rang@ pnd a further departure from the national surveys

of the 1950s and 1960s which either focussed on d@nildinder 10 or under 15 years of age or
considered all household members.

Despite these limitations there has beetaeye increase iempirical data on malaria infection
prevalence across Africa, not availaddeoss such a wide geographical rangeof@ar 4 years.
Since 2006 nationahalaria parasitesurveys have been undertakenAngola (2006 and 2011),
Botswana (2012Benin (2012)Burkina Faso (20Xhd 2014, Burundi (2012)Cameroon (2011),
Chad (2019, Comoros (2019, Cote D'lvoire (2012Remocratic Republic of Congo (DRC) (2009
and2013/14), Djibouti (2009, Equatorial Guinea (2007 and 201¥), Eritrea (2002 and 2012
Ethiopia (2006, 2007 and 2(),\Gabon (2007, adults ofl}yTheGambia (2008 2010 and 2013,
Ghana (2011), Guinéa012and 2014/19, Guinea Bissau (2008°), Kenya (2007and 2010),
Liberia (2009 and 2011), Madagascar (281d 2013, Malawi (2000, 2002012and 2014, Mali
(2010), Mozambiqué002, 2007and2011),Namibia (2009, Nigeria (2010), Rwanda (20&7d
201011), Senegal (2008, 201011, 2012/13 and®013/14), Sierra Leone (2013pmalia (2005
and2014), South Sudan (200@ind2013), Sudan (2005 200% and 2012), Swaziland (201}
Tanzania (2008 and 2011/12), Togo 2013/14), Uganda (200%nd 2014/15, Zambia (2006
2008, 201® and 2013), ZanzibarZ007, 2010 an@011/12)and Zimbabwe (2009 and 2012)

With a growth ircommunity based surveys of infection prevalemicere has been a renaissance

in surveys of schochildren This age group provides a more optimal range for the investigation

of infection prevalence and where school attendance is high, and transmission intensity is stable,
this approachto measuring communitgarasite exposures less expensive and labour interes

than community basedasnpling[97,99. The use of infection prevalence in school children to
track the progress and impact of malaria control and elimination is not new. School surveys were
undertaken as part of surveillance in Southern Rhodesia (ntvaiwe) ¥5]; Bechuanaland (now
Republic of Botswana$(], Uganda 99,10Q, Mauritius p2] and Sierra Leond (]]. In Kenya,
school malaria surveys were routinely done for malaria surveillance by the Division of Vector Borne
diseases (DVBD) since itsabtishmentin 1940s through to the early990s when they were
abandoned due to lack of fund3\BD, unpublished ddt&kecent, national scheblsed surveys

have been resurrected in Kenyl®P,103, CoteR Q L @184, EtlBopia 105], The GambiallDé],

Mali [107], Tanzania [F Molteni, personal communicatiavipzambiqueand Malawi[Natalie
Roschnik, personal communicati@amdUganda 10§].

Cosampling during broader health surveys was first proposed in the 1950s for treponemes and
malaria 1] and during nutritional surveys in Zamlt#8][ Recently the opportunities shared by
including malaria surveys in other health surveys has beersited notably screening for
neglected tropical diseas¢$09] or nutritional surveys offer opportunitie® tinclude malaria
testing.In Somalia, for examplese have worked with the Food Security and Nutrition Analysis
Unit (FSNAU) of the Food & Agriculture Organisation in Somalia to include malaria rapid diagnostic
tests during community nutritional screentiween 2007 and 201f110].

b Data made available to INFORM team by national malaria control programmes without permission for third party distribution
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4. Assembling parasite prevalence suniata

As highlighted above, there have been two major waves of interest in national surveys of parasite
prevalence, both around global initiatives to control and eliminate malaria ledebWHO.
However, there have been numerous swdtional and individual site investigations of malaria
infection prevalence across the continent since the early 1900s. Identifying these survey data has
been a long and arduous procetakingover circa20 years. This section describiée process,

data extraction and completeness of this data search.

4.1Background toata search strategs

The basic principles of searching for information on malaria infection prevalence in Africa were
established under th&lapping Malaria Risk in Africa/Atlas Risquéde la Malaria en Afrique
(MARA/ARMA) collaboratiod][and extended in 200&nder the Malaa Atlas Project (MAP)
[Guerra et al., 2007Both of theseprovisional data assembly projects highlight one important
aspect ofocatingmalariometrianformationin Africa the majority of data come from unpublished
sources. This would not have surprised malariologists working in Africa over fifty years ago.
BagstetWilsonstates in Boyd's treatise on malaria in 83dat "An attempt may be made to
define with more precisiothe distribution of malaria so far as available information will
permitX Xnuch local knowledge is hidden in unpublished official reports which cannot be consulted
except by visits to the countries concefrjéd]].

Methods usedby us toidentify sourcesof information have beenopportunistic, cascaded
approaches and do not adherestickmethods proposed for systematic reviews or raatalysis

[117] as a reliancenly upon peereviewed materials would result in the exclusion of valuable,
rich data sources at countigvels We have used personal contacts, casual references to surveys
in ministry of health reports, searches of archives and more traditionar@aewed publication
searches to track down possible sources of malaria survey data from across the continent. The
following sections attempt to articulate the approaches taken to locate information.

4.2 Historical archive searches

Since 2005, we have undgken manual searches of the archives and libraries -cblexial
tropical medicine institutes to locate unpublished reports from malariologists working in Africa
before countriesachievedindependence. These includedchives at the Institute of Tropical
Medicine, Antwerp; Institute Pasteur, Paris; Department of History of Med@amenza
Universita di Roma, Rom&chivioltaliano Di Scienze Mediche Coloniali, Rome; Instituto Higiene
Medicina Tropical, Lisbomhe Wellcome Trust Libratyondon; ThéNational Archives, Kew, UK;
and theLondon School of Tropical Medicine and Hygiene, London

Of particular note have bedd 2 y & dztripy tegbiis@@ad quarteyl reports from maladlogists
working on behalf ahe World Health Organization (WH&@m the 1950¢hrough to the 1970s.
These provide richnarratives and survey data fropre-elimination campaigns,elimination
progress reportsreviews and national malaria situatemalysesall archived athe WHQibraries
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in Geneva, Cairo and Brazita{Figure4). We are grateful to the librarians of these archives who
provided invaluable assistance in locating unpublished materials in each of these WHO
headquarters.

Figure4: World Health Organization archives in Geneva (left) and Braz@afillge

We also visited nationarchivesof the Ministry of Healthofficesat Nairobi, Kisumu, Eldoret,
Mombasa and Meru (Kenya), Entelamel JinjgUganda), Sennar, Khartoum and Kassala (Sudan),
Thies (Senegal), Amani (Tanzamagra (Ghana)Tzaneen (South Africa) and the personal
archives of the edirector of Tzaneen Malaria Research centre (covering South Africa, Namibia
and Botswana)Records and reports held at the National Institute of Medical Research in Amani
(Figure 5)overed the period when the centre was the sabgional, East African Institute of
Malaria and Vector Borne Diseas#8541977). The eradication headquarters at Jjnjjganda
housed all thenational householdurvey record from the 1960suntil 2011 wha they were
unfortunately destroyedand we were able to locate only those that had beetocated to
Entebbe.

Annual medical and sanitation department reports frd®19 produced bythe Colonial
governments of The Gambia, Nigeria, Gold Coast (Ghana), Sierra Leone, Somaliland, Kenya,
Tanganyika (Tanzania), Zanzibar, Uganda, Belgian Congo (DRC), Bechuanaland (Botswana),
Nyasaland (Malawi), Rhodesia (Zambia and Zimbabwe), Maaritidudan were available in
variablestates of preservation, in thibtary founded by the Wellcome Trust in 1963 and now part

of the National Public Health Laboratories of the Ministry of Health, Nairobi, Kenya§Figure

During theMapping Malaria Risk ifrica (MARA/ARMADllaboration regional scientists visited
national archives in Maputo (Mozambique), Bobo Dioulasso (Burkina Faso), Yaoundé (Cameroon),
Cotonou (Benin) and Lome (Togo) [MARA/ARMA, 1998]. These searches identified several
important repors of national survey data. Digital copies of original reports were however not
taken. Where possible we have attempted tdaeate these reports and make digital copies. This

has not been universally successful and therefore we have included sormelgmendence

survey data from the MARA/ARMA database with accompanying citations, most notably those
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retrieved originally from the Centre Muraz in Bobo Dioulasso. Unpublished digital copies of reports
from European and African archives are made availableutdroes under the INFORM project as
digital libraries.

Figureb: LeftNational Public Health Laboratory Archiwasirobi KenyaOld Wellcome Trust Librarygight National
Institutes of Medical Research Library, Amani, Tanzania

4.3 Electronic data searches

Online electronic databases were used@smeansof identifying peereviewed published data
on malaria infection prevalencenost notably those published since the 198tduding;PubMed
[113); Google Scholarll4]; the Armed Forces Pest Management Boaddterature Retrieval
System([116]; the World Health Organization Library Databfkkq]; and the Institute de
Recherché pour le Delepment online digital library servidd17).

Regional journal&cludingthe large number of national medical, public health and parasitological
journals, were noidentifiedreadilyfrom the above sources but titles and abstracts were available
on African Journals Online (AJQLA].

In all digital electronic database searches for published work the free text keymatdsd' and
"countryname' were used. We avoided using specialigedical Subject HeadingdeSH terms
in digital archive searches to ensure as wide as possible search in@atbase searches were
undertaken at least once per year from 2005

Searcheswere supplementedhroughroutine weekly notifications fromalaria World119], the
Roll Back Malaria news alert seryitee Environmental Health at USAID malaria bull¢fig§]
and SantéTropicalefor Francophone country national and regional journals includiedecine
D'AfriqueNoire[12]].

Titles and abstracts were used to identify posgbl@asitecrosssectional survey data in a variety
of forms: either as aomunity surveys, school surveygher parasite screening methods or
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intervention trials We also investigatedtudiesof the prevalence of conditions associated with
malaria when presented as part of investigations of anaemia, haemoglobinopétioied
transfusion or nutritional statuso identify coincidental reporting of malaria prevalenda.
addition it was common practice during early amtalarialdrug sensitivity protocols to screen
community members or school attendees to recruit infected individuals intotigagiment
follow-up surveys, often data from the survey sites selected present the numbers screened and
positive.Surveys of febrile populations those attending clinics were excluded.

Publicatios with titles or abstracts suggestive of possible parakita were either downloaded

from journal archives where these have been made Open A@@&3er sourced from HINARI

[127). If publications wre not available OA from HINARI we visited UK library arctives

London School of Hygiene and Tropical Medicine, the Liverpool School of Tropical Medicine, the
Bodleian library at the University of Oxfardthe Library at the Institute Pasteur, Baoi obtain

copies. References not found following these searches were requested using world catalogue
searches through the Oxford libraries at a-page cost.

All publications from which data were extracted were cressrenced using theibliographies

F2NJ F RRAGAZ2YFE &a2dz2NDOSa GKIG YIe KFE@GS 0SSy YAia:

literature, not controlled by commercial publishefsuthors of peereviewed papers were often
contacted to enquire abouadditional informatia within their paper and directions to other
possible unpublished work in their geographic area or from their institution.

4.40ther data sources

National household sample surveys that have included parasitalenee have been described

in Sction 3.Data from these surveys are either available in downloadable formats from the ICF
Measure programme or have been provided to the INFORM project by national malaria control
programmes as part of collaborative agreemefis: other possible unpublished, sgpecific

data on malaria prevalenceve reviewed weksites and contacted NorGovernmental
Organization§NGO)working across Africa who may have undertaken health assessments that
included parasitological investigations of communities where they workexbse Tincluded
Médecins sans Frontier¢$23], MERLIN124], the Carter Centefl25], TheFood Security and
Nutrition Analysis UnitSomaliaRSNAY[126], Shape Consulting27], Save The Childreb?g],

the Malaria Consortiun{129 and MENTOR 130]. Contacts through these agencies led to
identification ofdata from sites itGuineaSierra Leoneldte R Q L @raudzanid, iberia, Somalia,
Kenya, Ugandaigeria, Ethiopiavaliand South Sudan.

Tropical Medicine and malaria meeting abstract books were identified from as many sources as
possibleproducedas part ofnational and international conferences and congresghese were
usedto signal possible dathat werefollowed up through correspatencewith abstract authors

Our regional presence and connections to the willigsican malaria research community has
created an awareness of the purpose and ambitiomalaria mapping research first started in
1996underthe MARAARMA collaboratiof3,5]. This regional connectivity of research scientists

14


http://www.fsnau.org]/

was used to directlycontact colleagues working on the epidemiology of malaria to seek
disaggregated sitspecific and often unpublished datéhe willingness to share unpublished
parasite survey datias been unprecedentedy 15t July2015over 700 individual scientists and
public health specialists have contributed disaggregated information on published data,
unpublished data or have assisted in the location of sampled commuattiess Africaall are
acknowledgedn the accompanyingnnex and on the INFORM web#ita1].

Most notable in helping provide unpublished data have beenrdiggonal malaria research
institutes andtheir collaborating partnersncluding The Medical Research Couh@boratories

(The Gambia), the Kenyan Medical Research Institute collaborative partnerships with the
Wellcome Trust/University of Oxford, US Centers for Disease Control, Nagasaki University and
Walter Reed (Kenya), the Malaria Research Training Centig (lminda Malaria Surveillance
Project (Uganda), Ifakara Health Institute's collaborative partnerships with the Swiss Tropical
Institute, London School of Hygiene and Tropical Medicine and US Centers for Disease Control
(Tanzania), Dar es Salaam UrbanaktlControl Project (Tanzania), National Medical Research

Ly&adAadGdziS Fd !'YFEYA o¢k yi | yidsiitul Be Regfierdhe godede t | & (i

développement (Senegalentre de Recherché en Santé de No{Bwakina Faso), Institute for
Endemic Dmases, University of Khartoum (Sudan), Blue Nile Health F®gzera State
University (Sudan), CentidovestigacoSaude Angola (Angola), Liverpool School of Tropical
Medicine, Wellcome Trust and College of Medicine, University of Malawi collaboragxenpme
(Malawi), South African Medical Research Council (South Africa, Mozambique and Swaziland),
Swiss Tropical and Public Health Institute's collaborative programme (Co6te D'lvoire), US Centers
for Disease Control collaborative programme (Togo), Priecpold Institute's country level
collaborative partnerships (Burundi, Benin and Rwanda), Malaria Institute at Macha (Zambia),
Medical Research Centre/Uganda Virus Research Institute (Ugarttléhe Southern African
Malaria Consortium (Zimbabwe).

5. Surey data abstraction
5.1 Minimum data requirements

From each of the survey reports tminimum required data fields for each record were:
description of the study area (name, administrative divisions and geographical coordinates, if
available), the dates of start and end of the survey (month and year) and information about blood
examinationlnumber of individuals tested, number positiveRtasmodiunnfections by species),

the methods used to detect infection (microscopy, Rapid Diagnostic Tests (RDTs), Polymerase
Chain Reaction (PCR) or combinations) and the lowest and highest ageimeiiedspopulation.

For data derived from randomized controlled intervention trials, data were only selected when
described for baseline, piatervention and subsequent folleup crosssectional surveys among
control populations. When cohorts of indiwads were surveyed repeatedly in time we
endeavoured to include only the first survey and subsequent surveys if these were separated by
at least five months from the initial survey to avoid dependence between observations based on
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treatment of preceding iiected individuals. If it was not possible to disaggregate repeat surveys
these were finally excluded from the analysis.

Several countries maintained mdsdeod surveys after they had reached consolidation phases of
elimination. The duration of the psdimination, attack, consolidation and maintenance phases of
elimination varied between countried7. We have chosen to exclude data that were sampled
after dates that eliminating countries had begun to use -tasidence derived annual parasite
index orwhere mass blood surveys were used to prove absence of transmission in Algeria (1967),
Egypt (1965), Libya (1967), Mauritius (1957), Morocco (1969), Reli@&#h 4nd Tunisia (1968).

Occasionally, reports presented the total numbers of people examimesisea number of villages

and only the percentage positive per village; here we assumed the denominator per village to be
equivalent to the total examined divided by the total number of villages. It was possible to
establish the year of every survey; howe the month of survey was occasionally not possible to
define from the survey report. Here we used descriptions of "wet" and "dry" season, first or second
school term or other information to make an approximation of the month of survey and included
a record of this assumption. Some survey results were reported as an aggregate in space (e.g. a
singlePPR for a group of villages) or time (e.g. a i8R estimated from four different surveys
conducted over time). In such cases we either sought additiepaits of the same surveys with
higher spatial or temporal resolution. Where this was not possible and where clusters of villages
exceeded 5 kihwe excluded the record from the analysis (see below). Where additional
information to provide unique time,llage specific data was necessary we contacted authors to
provide any missing information.

5.2 Methods of parasite detection

Given its ubiquitas a means for malaria diagnosis, the preferred parasite detection method was
microscopy. No differentiatiowas made between light and fluorescent microscopy. The quality
of slide reading1[32,133, variations in sensitivity/specificity between ROBE][ the ability of

field teams to reliably read RDI8%-138 or variations based athe selection of primerfor PCR

[139 all influence descriptions of prevalence and will have intrinsic variance between surveys
included in the database. RDTs have been shown to yield higher false positive rates than
microscopy 134,140,141 but seem to stratify both the lowest1% parasite rate) and highest (>
50% parasite rate) more accurately comparedaiatine microscopy 133,141. An analysis of a

large collection of community parasite rate data have shown that there was minimal difference in
estimates of overall meaR. falciparumprevalence in matched paired analysis of community
survey data that used microscopy and RDT for parasite examind@prNgvertheless, the
differences between RDTs amtcroscopy in their ability to detect low grade infections when
managed undr routine conditions remains an inherent systematic bias in the[tldihthat we

are unable to controfor; equallywe areunable to control for the quality between survey
investigations using only microscopy.

The largest problem of microscqopyhen nounted as part of national sample survdyas been
the quality of slide preparation (staining and storage) and/or the guarantees of goalitylled
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(QCXxlide reading. Here we have had to make several value judgements in consultation with those
respongble for the national surveys. For example national household surveys in Sudan, Somalia,
Malawi and Angola we elected to include RDT data over slide read estimates of infection
prevalence, whereas examples such as Kenya and Uganda we were assured ekfiextQle
reading from laboratory assistant aided blood sampling during malaria indicator surveys. There
has been no hard and fast rules appltecthese decisions;ather where evidence has been
provided to use slides over RDTs we have done so.

5.3Survey locatiogeo-coding

Data geecoding, defining a decimal longitude and latitude for each survey location, was a
particularly demanding task. According to their spatial representation, data were classified as
individual villages, communities @h®olsor a collection of communities within a definable area,
corresponding to an areaithin a5 km grid orapproximately0.05decimal degrees at the equator.
Where possible we aimed to retain disaggregated village, "point” level data rather than data across
a "widearea". Where data were reported across communities that exceatickm gridwe
regarded these as too low a spatial resolution, with significassiple variation within the
polygon of information to be exclude&then using advanced gatatisticalmodeling In practice

this was a difficuleriterionto audit as most survey reports did not provide enough detaihen

size of the area surveyed.

More recent use of Global Positioning Systems (GPS) during survey work does enable a re
aggregation of household survey data with greater precision and useful in mainfgmngrid

criteria while combining clusters of small sample sizes in Spaeesef GP$o record longitudes

and latitudes has been an important addition to national household sample surveysisiace
2007 L42). However,m DHS household surveys managed by thtMIEASURE programme a GPS
coordinate displacement process is carried sa that for urban clusters a displacement is
introduced at a distance up t® km, which rarely effects the overall accuracy for modeling
purposes as it is within the urban extent. For rural clusters a displacement is made up to 5 km,
with a further, randmly-selected 1% of rural clusters displaced a distance up kmnl6iere we

have reviewed every rural cluster using Google Earth to examine the extent to which rural clusters
might have been displaced to unpopulated areas anposttioned to the nearespopulated
settlement.

To position each survey locatiamere GPS coordinates were not availatdeused a variety of

digital resources, amongst which the most useful were Microsoft Encarta Encyclopedia (Microsoft,
2004) and Google Earth (Google, 2009). Other sources of digital place nhame archives routinely
used includedsEOnet Names Server of thetibiaal Geospatialntelligence Agency, U$P43;
California, USAL145]; African Data Samplefl46); MapCarta[147]; Maplandia 148]; Global
geodatabaseities [L49]; Open Street Maplp(]; VMAPOQ 151] andlIslamicFinderl[52].

Across Africa a number of national digital, GPS confirmed,-mdace gazetteers exist for
populated places, health facilities or schodleese are increasing in number, precision and
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coverageThesewere obtained on request fromationalO Sy & dza 06 dzZNB I dzQa X YA YA &
and health and NGO partners and proved tovakiablelocating communitiegn Burkina Faso,

Kenya,The GambiaMozambique,MadagascarSomalia,Malawi, Mauritania, Ghana, Niger,

Namibiga SenegalSomaliaSouth AfricaTanzaniddgandaZambiaand Zanzibar

Although standard nomenclatures and unique naming strategies are attempted in digital
gazetteers 153, these are difficult to achieve at national levels where spellings change between
authors, overtime and wherthe sameplace names are replicated across a country. As such,
during the data extraction, each data point was recorded with as much geographncation

from the source as possible and this was used during the@asboning, for example checking

the geocoding placed the survey location in the administrative units described in the report or
corresponded to other details in the report on diste to rivers or towns when displayed on
Google Earth. While in theory GPS coordinates should represent an unambiguous spatial location,
these required careful rehecking to ensure that the survey location matched the GPS
coordinates. As routine we themee rechecked all GPS data from all sources using place names
and/or Google Earth to ensure coordinates were located on communities.

All coordinates were subject to a final check using second level administrative boGtatzaly
Administrative Units Lay®(GAUl spatial database developed and revised in 2008 by Food and
Agriculture Organization (FAO) of the United Natidbg][ The spatial selection tool in ArcGIS

10.1 (ESRI, USA) was used to verify pwoih&theralong the coastline werecated onland as

defined by GAUL 2008. The Global lakes and Wetlands (GLWD) database developed by the World
Wildlife Fund155] was used to ensure inland points wpmssitioned orlandand not waterbodies

Here we aimed to identify survey coordinates that fell siighfi the coastline, located on the

river or in incorrect administrative units, every anomaly washeeked and rpositioned using

small shifts in combination with Google Earth.

5.4 Defining national boundaries

At the end of World War 1l in 1945, nearly every country in Africa was subject to colonial rule or
administration Every country on mainland Africa is now independent, while a few islands remain
under European administration (Reunion and Mayotte). Thezecarrently 55 independent
States, 53 are members of the African Unibmoughout this report we use the current names

and boundaries of nation states in Africa, rather than-ipdependence nomenclature and
boundaries. Throughout we have used as a Hasidelineating national boundariggovided

under UN sponsored boundary digital proces§irf]. As such we treat South Sudan separate
from The Republic of Sudan and Eritrea separate from Ethiopia. There are many disputed areas of
Africa, claimed by ndifporing countries and remain unresolvidd7]. For the purposes of our

work we have treated the llemi Triangle as part of Kenya's Turkana region. We have regarded
Walvis Bay in Namibia as always being part of Namibia, despite being a territory of Szauth Afr
for many years since Namibia's independence in ID®0.small territories within the Kingdom

of Morocco continue to be occupied by Spain in the North West (Ceuta) andBN¥sttiMelilla)

on the Mediterranean coastline, however, we considered pattteKingdom approximating to

its Ottoman extent before 1912. We treat the Sinai Peninsula as permanently part of The United
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Arab Republic of Egypt. Without making any political judgments we regard the region Abeyi as part
of the Republic of Sudan, however, national mapped products both countries include this
region. Thedala'ib Triangle on the Sud&gyptian border we treat as part of Sudan, although that

since 2010 Egypt controls this area as part of its Red Sea State. The Bakassi region, a disputed
border territory on the Atlantic coast between Nigeria and Cameroon we treat as part of Nigeria,
despite final implementation of agreements for Cameroonian administration in 2014. The island
groups ofBioko/Annobin and Zanzibar are treated separately fronmlarad Equatorial Guinea

and Tanzania respectively. These island groups have historically had different malaria control plans
and elimination ambitions to their mainland counterparts.

5.5 Age standardization

Where age was not specified in the report éaich survey but stated that the entire village or
primary school children examined we assumed age ranges toc99ey@ars or 84 years
respectively.There was a large diversity in the age ranges of sampled populations between
studies. To make any meaninigéomparisons in time and space a single standardized age range
is required. Correction to a standard age Rdasmodium falciparuns possible based on the
observation and theory of infectious diseases where immunity is acquired following repeated
exposue from birth. We have adapted catalytic conversion Muench models, first used in malaria
by Pull & Graln the 1970s [158]into static equations in-gtript that uses the lower and upper
range of the sample and the overall prevalence to transform intediqted estimate in children
aged 210 yearsPPR-10[96].

5.6 Sample size restrictions

Sample size is inversely related to prevalence where, at low sample sizes, biases in prevalence
estimates are introduced, dependent on the true prevalence gbtipeilation and translates into

large standard errordp9]. There is a critical threshold of between 10 and 20 individuals sampled
below which the standard error increases exponentially in most surveys of parasitic infections and
the curve starts to flain at a sample size of about 50 and reaches an asymptote at about 100
[160. The sample size of individual survey samples is also important in the derivation of
correlations with covariates of endemicity, in testing plausible associations between saly rainf
and prevalence during covariate selection small, imprecise samples can leadttiilngekVe

aimed to combine communities in close proximity where any village had lessGhmeodle
sampled and where communities were within 5 km of each other, Isdnap exactly the same

time by the same investigators.

6. Datasharing data access

The data assembled for this study are part of a wider initiative to support national governments
with evidence platforms to design malaria control, the INFORM prdjetil6] supported by

the Department for International Development, dAdd The Wellcome Trusthe geocoded
parasite prevalence data from published, archived and unpublisheasenbled intaarefully
curated databasemust beowned and subsequently managed by malaria control departments
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within national ministries of health. National research and ministry of health survey data are the
property of national governments. More often than not most ministries of health do not have
access to the full range of malaria data potentially available within their own countrgirihe
therefore is to use the INFORM project to build an ownership of national nddésiand make
available all assembled data to Ministries of Health across Afiitahe regional technical
advisors of the World Health organization. As such natigme&trnmens will become the
custodians of their own national data ahdve full responsibility for its distribution to national,
regional and international scientisisd control partners
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