Using Geographical and
Malaria Information Systems
for Enhanced Malaria Control

Marlize Coleman

A dissertation submitted to the Faculty of Science, University of the
Witwatersrand, in fulfillment of the requirements of the degree of Doctor of
Philosophy

Johannesburg, 2008



DECLARATION

| declare that this thesis is my own, unaided work. bemmg submitted for the
Degree of Doctor of Philosophy in the University of théwstersrand,
Johannesburg. It has not been submitted before for angedegexamination in
any other University.

M. Coleman

10" day of October 2008



ABSTRACT

Introduction

The use of information systems to understand the dynarhicalaria
disease and inform decisions on control proved valualdentalaria control
programme. Development of simple practical and susikanaformation system
tools has been slow in coming for many resource-poor emveats. This thesis
addresses many issues relating to the conceptual deveibpnteimplementation
of simple tools and their integration into operationalarna control to support

decision making and advocacy.

Methods

A basic Microsoft Access malaria data collection seqabsitory tool has
been in existence since 1997 focussing mainly on case repaltine. Better
utilization of data and further expansion to include pedak identification and
response, cluster detection and intervention monitorasgoeen the main focus
over time.

Eight years of retrospective malaria case data frqggurivhlanga Province,
South Africa were used to explore disease dynamicsdimg spatial as well as
temporal variation in malaria epidemiology. The idgdtion of specific risk
areas and the confirmation of the unstable nature ofrimalecurrence lead to the
conceptualization and development of an outbreak modej bsromial
statistics. The novel three tier outbreak identifmatnd response system was

field tested over a two season period to establish awepaind the ability to



direct resources in times of elevated case loadsnp@ason against other
existing malaria outbreak systems was conducted.

SaTScaifreely available software was used to detect spatial packs
time disease clusters within towns in the highest nisk af the province.

A malaria case control study was conducted in seven
localities/towns/villages to explore risk and protectivarekteristics of household
structure and practices, including the use of impregnatedTietamicro
economic status of households as a determinant of maiskiwas also explored.

A spray operations component as part of the malarianr@ion system
was developed and implemented during the time to allow fainemonitoring

and historical exploration of indoor residual spray ai¢isi

Results

Retrospective malaria case data analysis identifieetdgeneity of
malaria risk in the Province and spatial analysis ifledtsignificant clusters at
small geographical area resolution rejecting the hypotHesisralaria is
homogeneously distributed over space and time.

The importance of intervention monitoring to identibyl coverage areas,
over or under application of insecticides, and assessvhéme productivity of
spray operators was identified.

The outbreak identification and response system wag ssitdly
implemented, integrated and sustained with a set of resatisities developed
for implementation at defined threshold levels. The ma#th systems can be

considered for utilization in other low transmissiottisgs.



Results of the case control study indicated that naafek was associated
with living in traditional housing and the practice ofoening windows at night
when peak biting behaviour of the main mosquito ve&ogpoheles arabiensis
is expected. Higher household socio economic status (@&fig was associated

with a lower risk of malaria.

Conclusions

The conceptualization, development and implementati@mpefationally
feasible malaria information management tools in a Afrecan environment
proved useful for enhancing malaria control. The noveanabutbreak
identification and response, cluster detection as gdlha spray monitoring
systems were successfully implemented and adopted ategrai part of the
routine malaria control programme monitoring and suivedé system. This
research has enabled more informed real-time decisiomgétk effective

programme management.
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NOMENCLATURE AND ABBREVIATIONS

Active case detection

Follow up activity triggered by a malaria case passivelyntepgdrom a health
facility or a health practitioner. Malaria case invgator visits index case
household and all neighbouring households to perform a ragmehaistic test for
all symptomatic individuals and take a blood smear fromgymptomatic
individuals to detect malaria cases at community leviébdsitive cases are
notified and referred to a health care facility.

Blanket indoor residual spraying
Targeting and spraying all structures with a residual ingdetivithin a defined
area.

Chemoprophylaxis
The administration of a medication for the purpospref/enting disease or
infection (Wikipedia, 2008a).

Epidemic
The occurrence of more cases of a disease than Wwewddpected in a defined
region during a given time period (Dirckx, 2006).

Holo-endemic

Parasite rate in infants constantly over 75% (WorlditH&arganization, 1963)
Hypo-endemic

Parasite rate in children 2-9 years as a rule lesslibfign( may be higher during
part of year) (World Health Organization, 1963).

Imported malaria case

A malaria case in which the infection was acquiresidatthe area in which it is
found, implying that its origin could be traced to a knowalarious area (World
Health Organization and UNICEF, 2005).

Integrated vector management

A strategy to reduce or interrupt transmission of disease arracess of evidence-
based decision-making procedures aimed at planning, implememtanitoring,
and evaluating targeted, cost-effective, and sustainablbications of vector
control measures (World Health Organization, 2005).

Larviciding
The activity where insecticide/s are used to specifitaliget the larval life stage
of an insect (Wikipedia, 2008b).

Locality

A geographical area usually referred to as a town, vilteigkefined categories
such as farm and lodge.
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Local malaria cases

A malaria case that is natural to an area or courgrynot imported. The term is
applied to cases whose origin from local transmissammat be disproved (World
Health Organization and UNICEF, 2005).

Malaria season
A malaria season in South Africa is defined as the ddram 1 July to 30 June
the following year. This term is commonly used for datalysis and review.

Outbreak

A small, localized group of people or organisms infectetl widisease. Such
groups are often confined to a village or a small area.r€akb may also refer to
epidemics, which affect a region in a country or a gmiugpuntries (Wikipedia,
2008c).

Seasonal malaria

Unstable malaria with variable prevalence of malarigcally showing great
changes from one part of the transmission seasamtbexr. Epidemics and
outbreaks are common and population shows little ommounity (World Health
Organization, 1963).

Stand
Delineated area of one residence, household or famaly.cGnsist of more than
one house structure. Also referred to as a plot or premise.

Strip indoor residual spraying
Targeting and spraying specific structures with a residualtingkcwithin a
defined area.

AFRO: World Health Organization Regional Office for Africa
AIDS: acquired immunodeficiency syndrome

AS: artesunate

BHC: benzene hexachloride

CFR: case fatality ratio

COARTEM: artemether-lumefantrine

DDT: dichlorodiphenyltrichloroethane

GIS: geographical information system
GPS: global positioning system

HIV: human immunodeficiency virus

IMIS: integrated malaria information system

IRS: indoor residual spraying
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ITN:
IVM:
LRF:
MARA:
MEWS:
MIS:
MCP:
MMCP:
PCR:
PPGIS:
PHC:
RBM:
RDT:
SADC:

SAMCP:

SD:
SES:
SP:

UNICEF:

WHO:

insecticide treated net

integrated vector management

long range forecasting
Mapping Malaria risk in Africa

malaria early warning system

malaria information system

malaria control programme

Mpumalanga Malaria Control Programme
polymerase chain reaction

public participation GIS

primary health care

Roll Back Malaria

rapid diagnostic test

Southern African Development Community
South African Malaria Control Programme
standard deviation

Socio economic status
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CHAPTER 1

1. Introduction

1.1 Historical overview of malaria

Malaria has been an integral part of civilizations sittee beginning of
recorded human history. The Chinese were the firsh$emve the association
between fever and the enlargement of the spleen appreynd®00 years ago
(Targett, 1992) and Hippocrates described malaria in thehfearttury BC (Bell,
1995). The first therapeutic break-through was made duringiteiie of the
seventeenth century when the therapeutic value of@iachark was observed.
Additional therapeutic milestones included the applicapibchloroquine in the
1940s and ginghaosu (rediscovered, 1971) for treatment (\Afhale 1992).
Alphonse Laveran discover the malaria parasiteerhtiman host in 1880 (Ross,
1911). The mode of infection and disease was historicatifroversial and causal
hypotheses ranged from inhalation “miasma”, ingesticcoataminated water
and the possible involvement of mosquitoes (Ross, 1902)IdRBoas eventually
concluded in 1898 that mosquitoes were involved in the triaagm (Celli, 1901)
of bird malaria and Giovanni Battista Grassi confirmed fdniduman malaria
later that year (Bradley, 1999).

The first large-scale mosquito control efforts comoaehin 1899 in Cuba
and the Panama Canal Zone. In the 1950s global eradigga®nonsidered
feasible after the mass production of dichlorodiphemyitoroethane (DDT)
became possible in 1942 (Russell, 1952). The effort was stiddessome areas,
mainly islands, but later abandoned by the World Healjafization after been

recognized as an unrealistic goal (Bell, 1995).



1.2 Global importance of malaria

The global burden of malaria is not equally distributedpical and sub-
tropical zones are most affected and developing countrfess she most from the
consequences of endemic malaria and malaria epidefactg & Malaney,
2002). Prevailing temperature, rainfall, humidity and altitackeeconsidered the
dominant factors in explaining the geographical distributibmalarial disease
and risk of transmission (Sachs & Malaney, 2002) (Fig. 1.apg@phical
variation in vectorial capacity influences the extenivhich the distribution of
malaria falls short of its limiting isotherms . Niggtercent of world malaria
infections occur in Africa south of the Sahara, bulama is also a major public
health problem in parts of Asia, Latin America, thaltMe East, Eastern Europe
and the Pacific region. Epidemics in India are freqyerported in areas where
malaria has not formerly been endemic. Brazil accolontS0% of all cases
reported in the Americas. South East Asia is sevefédgted by high levels of
resistance to multiple anti-malarial drugs (WHO and OB, 2005). In Asia,
Africa and the Americas malaria poses a serious proioldrantier areas of
economic development and regions of social disruidorid Health
Organization, 1993). War stricken countries are at paaticigk since health
service infrastructure is largely non-existent. Afghanistad Sierra Leone are
typical examples where war has impacted negativeth@malaria situation. In
Kenya and Ethiopia several epidemics have occurred teaertighland areas
previously not prone to malaria transmission. The poggibilat these

unexpected epidemics are related to climatic aberratemsi®den postulated



(Brookeret al, 2004; Brookeet al, 1999; Ernset al, 2006; Hayet al, 2003a;
Hay et al, 2002; Ministry of Health, 1999).

Malaria endemicity, seasonality and risk vary from area to another.
The complexity of the disease, due to interacting enviestiad and social
determinants, its control and surveillance warrantiooat research and global
collaboration to lessen the burden of disease.

Figure 1.1Plasmodium falciparum Malaria Risk defined by annual parasite
incidence (top), temperature, and aridity (bottom)

Areas were defined as stable (dark-red areas, vitlasenodium falciparurannual parasite incidence (PfAPI) 0.1 per
thousand pa), unstable (pink areas, where PfARI p8r thousand pa), or no risk (light grey). Tee fireas for which no
PfAPI data could be obtained, mainly found in Indiee coloured in dark grey. The borders of the@Ttriesdefined as

P. falciparum endemic are shown. Highland areasewtisk was excluded due to temperature appeaghin drey. The
aridity mask excluded risk in a step-wise fashiefiected mainly in the larger extents of unstgpiek) areas compared to
the top panel, particularly in the Sahel and soettvAsia (southern Iran and Pakistan) (Guetral, 2008).

1.2.1 The social and economic impact of malaria
It is estimated that malaria threatens the lives &6 40 the world’s

population and is a public health problem in more than 90tdesir{\World



Health Organization, 1993). Malaria is an important publathgroblem with
300 to 500 million clinical cases reported annually. ¢ lb@en estimated that a
child dies of malaria every 40 seconds with a globaldd$s000 young lives
each day (Sachs & Malaney, 2002). The majority of deatbsr among the
poorest fifth of the world’s population and in sub-Sahakkita malaria
contributes to a loss of 15% of all disability-adjustéetyiears (Guerraret al,
2002). Poor people living in poor quality housing, usually in ruedsirare at
increased risk of disease and also have less accesslimahfacilities and
personal protection (World Health Organization, 2001a). Safdard housing
can create opportunities for vector mosquitoes to énéehouses and increase
possible contact between infected vectors and humanaridaks thus been
characterized as a “social disease” and thus amemabiertan intervention.

There is a direct ecological correlation betweetan@and poverty.
Comparisons of incomes in malarious and non-malariousteesimdicate that
the average gross domestic product (GDP) of the fornmeoiis than five times
lower. Loss in productivity, the cost of treatment &k of access to effective
treatment are direct contributory factors. Investmedttaarism are also
threatened in these areas and possible income thusrastiigenous population.
Malaria affects many aspects of social and econondearours including
fertility, savings and investments, agricultural chojeehooling and mobility
(Sachs & Malaney, 2002).
1.2.2 Sub-Saharan Africa as the central problem area

The degree of efficiency of malaria vectors to trahsnalaria from one

human to another is an important factor defining the Higtion of malaria in



Africa. Anopheles gambias predominantly found in sub-Saharan Africa and has
the reputation of being a very effective vector (Ga8upachs, 2001).

The upsurge of malarial disease following systematic progn@neglect
recently resulted in large African malaria epidemNshinda, 1998). The
Southern Africa Development Community (SADC) Mala@antrol Strategy
(Durrheimet al) and the Abuja Declaration (2000) was initiated to enable
countries to strategically tackle malaria and implenesmdence based
interventions (World Health Organization, 2004).

Malaria intensity in the southern region of Africatea from holo to hypo
endemic. Seasonal variation and epidemics charaet@nztable malaria while
intense transmission throughout the year is typicareas of stable malaria. IN
sub-Saharan Africa, up to 30% of outpatient and 40% of enpa¢pisodes are
due to malaria infection. Children under 5 years and pregramew are the
worst affected by malaria in stable malaria areasibfSaharan Africa (World
Health Organization, 2004).

High-level chloroquine resistance in Africa is widegatdut chloroquine
is still used in some countries as first line treatnfgabna & Tuba, 2003; White
et al, 1992). Effective, cheap drugs are needed and combinationyhgrap
currently considered as the best alternative. The uae@imisinin derivatives is
currently being explored and this raises hope of futuretefeemalaria therapy
(Barneset al, 2002; Koornhof, 1999). Multiple control interventions hage
attempted in this part of the world due to the massive buwtihe disease with
limited success. The HIV/AIDS epidemic in Africa hdsoastrained primary

health care services to the limit.



Insecticide treated nets and residual house sprayingdesrethe major
vector control interventions implemented in malandeamic areas of Africa. The
latter intervention has been evaluated as being moteeffestive in areas with
low seasonal risk (Guyagt al, 2002). A problem facing malaria control
programmes is the rapid development of insecticidstease. Resistance of
Anopheles funestue pyrethroids impacted dramatically on malaria in Sout
Africa (Hargreaveet al, 2000). Although insecticide treated bed nets appear to
play a role in reducing malaria morbidity and mortalihey do not have a mass
killing effect on village populations &nopheles gambia@uinoneset al,

1998). Nets treated with insecticides have been found todve effective than
untreated nets, as observed in Ubwari, Tanzania (M&etval, 1999).

Control interventions introduced should be sustainablet@suption in
control can have devastating effects where immunityoleas compromised
(Teklehaimanot & Bosman, 1999).

1.2.3 The magnitude of the malaria problem in South Africa

Malaria in South Africa attracted little attentiontilthe building of the
Pretoria-Delgoa Bay railway line in the early 1900s. $slon production due to
malaria resulted in the South African Railways iniggding and implementing
control interventions in 1904. These included the screenihgudes, drainage of
water and environmental manipulation. Durban health atig®began to tackle
the malaria problem in a similar way and also introdudsidfdctants to control
larvae. Paraffin was used for the treatment of deep jpoplicated in mosquito
breeding. Mosquito brigades implemented these measures iwitb0jreat

success (Ross, 1911).



These efforts lead to the evolution of malaria cdmgrogrammes in the
1920s with oil and Paris green being used for larval congrti@ major
intervention (Ingram & De Meillon, 1927). This remained fbcus of control
until 1946 when the focus shifted to adult mosquito control.

The severity of malaria in KwaZulu-Natal and Mpumalamluring the
early 1930s affected socio-economic, agricultural and indudevelopment and
growth (Sharp & Le, 1996). Malaria mortality in KwaZulu-ibtor the period
November 1931 to June 1932 was estimated at 22 132 (Sharp & Le B84,

Malaria in South Africa remains a public health problerthenorth-
eastern part of the country that includes the lowalatareas of the Limpopo
Province, Mpumalanga and north eastern KwaZulu-Natal (K&gs. 1.1, 1.2).
Before the introduction of large scale spraying of DDThim1940s and 1950s,
malaria was prevalent from Port Shepstone in soutkéhhto Gauteng in the
northwest and even included parts of the Northern Capddhjet al, 1998).
The use of Pyagra (pyrethrum and kerosene) indoor inglsctipraying in the
1930s (De Meillon, 1936) preceded the introduction of organank®and DDT.
In 1956 major anti larval activities were terminated thea same year malaria was
declared a statutory notifiable disease. During 1958 tlag/isigr of all malaria
areas in South Africa was achieved by using DDT inside awsl(Sharp & Le
Sueur, 1996). However the use of DDT became problematseferal reasons.
People plastered their walls because of the white nussited by DDT
(Mnzavaet al, 1998). Resistance and excitation of bedbugs by DD Ttegisun
increased biting activity of the bugs that has been linkelihtonished community

compliance (Newberrgt al, 1984). Environmental concerns, such as



concentrations of DDT found in piscivorous tigerfish (Bananet al, 1990a),
contributed to a negative perception of DDT.

Synthetic pyrethroids were considered an acceptablaativee to DDT
when its ongoing use was challenged due to environmental ceramatradopted
by the MCP (Malaria Control Programme) during the mid 199atls their
replacement of DDT in certain areas. Most synthgyrethroids are more
expensive per square meter of application than DDT imséet{Tren & Bate,
2004). When resistance Ah. funestuso pyrethroids in South Africa was
discovered it led to the reintroduction of DDT (Hargresseteal, 2000).

The effect of discontinuing the use of DDT was mosesaly experienced
in KwaZulu-Natal with an increase from approximately 8008esan 1996 to 41
786 cases in 2000 (National Department of Health, 2006).

Microscopic examination of finger-prick thick blood smeaesw
historically the method of choice for malaria diagsoBapid card tests were
introduced in the late 1990s as a result of field confirmnadif their value for
prompt and accurate malaria diagnosis (la Graatge, 1999).

The incidence of malaria in South Africa is low thus potive immunity
does not develop in populations at risk. The epidemiologgadéria varies in the
three provinces affected by malaria.

Trends in malaria notifications in South-Africa during fhast 35 years
showed a clear peak during 2000 (National Department ofiiH&4106) (Fig. 1.3)

corresponding to major floods in the neighbouring countiyazambique.



Although the malaria burden has decreased dramatically giec
1999/2000 season 4 million people are still at risk of cotmigamalaria in South
Africa (Tren & Bate, 2004).

During the 1999/2000 epidemic season the incidence rate for KmwvaZu
Natal province (70 per 1 000 population) was the highestregerded since the
electronic capturing of malaria case data followed by Mpanga (10 per 1 000
population) and Limpopo (5 per 1 000 population) (Fig. 1.4). Hige ¢atality
ratios were seen for KwaZulu-Natal (0.8 deaths per 10Gakesely followed
by Limpopo (0.7 deaths per 100 cases) and Mpumalanga provincesceport
acceptable level of 0.4 deaths per 100 cases (Fig. 1.5).

The decline in case incidence since the epidemic seaspedulated to be
due to a combination of factors including the change to eféetiterapy, the
reintroduction of DDT for vector control and the sarthMozambique residual
indoor spraying activities.

1.2.4. Recent control and management initiatives and new vectoontrol
possibilities

Malaria’s impact on human life and social well-being hgain captured
global attention. It has also been recognized thettefe control of malaria
requires collaboration of neighbouring countries andytbbal community
(Durrheimet al, 1998b). The Roll Back Malaria (RBM) initiative was foealdby
WHO, UNICEF, World Bank and UNDP in 1998 with the objectiwédnalve the
global malaria burden by 2010. The core strategies sdlewtkided rapid malaria

detection and effective treatment, limiting mosquito ditgshe use of insecticide



treated nets (ITNs), preventing malaria in pregnanay,datecting and
responding to epidemics (World Health Organization, 2001c).

Figure 1.2 Malaria Risk Map, South Africa and bordering countries,
2004/2005
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Figure 1.3 Malaria case and death notifications, 1971 — 2005, Southrish
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Figure 1.4 Malaria case incidence by province, 1999/2000 to 2004/2005
season, South Africa

The Multilateral Initiative on Malaria (MIM) (Multileeral Initiative on
Malaria, 2002) was also established in 1998 and is a glolzaicl of
organizations and individuals, with objectives includingiinational public
awareness campaigns, promotion of global communicatidrcaoperation,
development of sustainable malaria research capadifyica, and a
commitment to ensure that research findings are apfdienalaria treatment and
control (Multilateral Initiative on Malaria, 2002).

A noteworthy initiative in southern Africa, is the madacontrol
component of the Lubombo Spatial Development Initiatikeims to control
malaria across the borders of Swaziland, Mozambique auth &\frica through
collaborative efforts and “protect communities, enhad@elopment and protect
economic investment” (Medical Research Council, 2005)re¥jlons experienced

a reduction in cases particularly KwaZulu-Natal, whigpexienced a reduction of

88% in parasite prevalence after the introduction of cbimrgouthern
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Mozambique, including the introduction of combination antamal therapy and
residual indoor spraying (Medical Research Council and Uniyes§Cape
Town, 2004).

Figure 1.5 Malaria fatality ratio by province, 1995/1996 to 2004/2005 season,
South Africa
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Blanket and strip spraying with residual insecticides asttidution of
insecticide treated nets (ITNs) are the major approacleesinishe southern
African region to control malaria vectors. The onbuntries utilizing ITNs on a
large scale are Botswana and Tanzania followed by linmeémentation in
Angola, South Africa, Swaziland and Zimbabwe (Southcafm Malaria Control
Programme, 2001).

The integrated vector management (IVM) strategy has héepted as the
preferred approach by WHO/AFRO and its partners, with dé¥ined “as a
process of evidence-based decision-making procedures aiplathang,
implementing, monitoring, and evaluating targeted, cdstigte, and sustainable

combinations of vector control measures” (Maegal, 2004). The aim is to
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reduce the reliance on DDT through its gradual phasing \éMt.projects differ
between regions being influenced by vector population dysard socio
economic factors. Targeted control methods can inclatieral larviciding, for
example withBaccillus thuringensi¢Bt), removal of breeding sites, changed
agricultural practices, better town/village planning awayrfipossible breeding
sites, screening of houses, personal protective measdinesa of ITNs (Africa
Fighting Malaria, 2005). There is general acceptancehightresolution
mapping of disease risk at household, town or village &gl assist in

prioritizing and targeting areas for IVM implementatidroaal level.

1.3 Malaria in Mpumalanga province, South Africa including

community knowledge, attitude and practices

Malaria in Mpumalanga is mainly confined to the eastdriafzeni region
with the highest risk Tonga area, bordering Mozambiqukareast and
Swaziland in the south (Mpumalanga Malaria Control Progra, 2005).

The remaining districts, Nkangala and Gert Sibande arenwadarious
areas but passive surveillance is maintained as occa&calbutbreaks occur
(Mpumalanga Malaria Control Programme, 2005). The highe$tria case
incidence (12/1000 population) in the past two decades occurreg) doei
1999/2000-malaria season (July 1999 to June 2000). These figuresaiundiei
local malaria case numbers where infection was aafjwidin Mpumalanga
province. All other cases from outside the boundamhefprovince are imported
cases and contributed towards 30% of the cases notifig@ iProvince during

this period. The majority of the imported cases origiddrom Mozambique.
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Figure 1.6 Mpumalanga orientation map
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Malaria occurs seasonally in Mpumalanga with localizgideamics in
towns in the highest risk areas in the east, borderiogakhbique (Mpumalanga
Malaria Control Programme, 2006). The majority of theal population at risk
are non-immune and live in rural and semi-rural settleséurrheimet al,

1997). Plasmodium falciparuns responsible for 90% of the infections in the
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area and diagnosis in primary health care centqasnsrily by means of rapid
card tests (la Grangs al, 1999).

Mpumalanga is a popular tourist destination due to its mitdaté and
abundance of game reserves. There are approximately #dnratal and 1.1
million international visitors to the province annuallyis industry contributes
R8.7 billion to the gross geographic product of the provingeufihklanga
Tourism, 2004). The most popular attraction is the Krdxggional Park, situated
in the east of the province and this Park is visited bysirmne million local and
international visitors per annum. Although a low malattack rate of 4.5 cases
per 10 000 visitors (1996) exists in the Kruger National Paréegpeions of
potential tourists are dramatically affected by reporegpademics amongst the
local population (Durrheinet al, 1998a).

Malaria is considered by communities in the high-riskritisas a major
health risk and was ranked third after tuberculosis andSAfDa cross-sectional
community survey (Goveret al, 2000a). The majority of these inhabitants
reported that they would seek treatment for febrile dies@d a local clinic or
hospital.

DDT was reintroduced in August 2001 for indoor applicatiotraditional
structures while deltamethrin is currently reserved fostema style structures. A
granulated form of deltamethrin has been in use sirc2@84/2005 season (la
Grange, 2005). Rotational spraying is considered for the fangdean
potentially result in significantly increasing the cosspraying operations. The

logical insecticide of choice for rotational sprayingisarbamate due to vector
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resistance and cross-resistance dynamics referrigggettsite mechanisms
(Brogdon & Mc Allister, 1998).

The added burden of HIV-AIDS has resulted in decreased biatgether
PHC activities and thus the need for targeting vectotrabto best utilized

available resources.

1.4. Information Technology tools for disease surveillancand

control

Information is a powerful tool for controlling infectiodseases. It allows
managers to make informed decisions regarding type of diggtasventions,
where they should be focused and what the extent air@smvestment should
be. Planning, implementation and evaluation of public hgattgrammes is
unlikely to be effective without quality information.oEnable collection,
collation, storing, analysis, interpretation and distion of health related data for
disease surveillance, an information system is ustedjyired (Centres for
Disease Control and Prevention, 2001). Information tdolgas a critical part
of this system but should not be considered synonymous‘iigh System”.

A literature review from 1992 to 2002 relating to health infation
technology (IT) application in primary health care @vdloping countries
indicated a general lack of evaluation of applicatiomfofrmation technology
(Tomasiet al, 2004). Many failures were recorded with three majoiofact
implicated:

* rational models disconnected from behavioural reality;

* private sector systems failing in transfer to the pu#ictor;
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* the transfer of a system from one country to anoitere economic

status differed (Heelet al, 1999)

A uniform malaria surveillance system exists in theghmalaria effected
provinces of south Africa. Minor differences exist bubee dataset is
maintained (Matrtiret al, 2002).

The advancement in and improvement of surveillance mgst@w lends
itself to accommodate detection components to ensure gpspknse to
outbreaks and prevention of epidemics. The availalofidatabase development
tools to verify and query data even before acceptance isygtem, input masks
for data entry, fixed drop down list and a more user dlignser interfaces
improves data quality. Decentralization of services amdesllance offices lessen
time from notification to collection to data entry.eltmprovement and
availability of communication technology and specificahobile technology for
outbreak notification provides an additional option to invprbresponse time.

The unstable nature of malaria in South Africa warrtms
implementation of an outbreak identification and resgotool. In unstable
situations, focal outbreaks and epidemics are expectettiinge to time. All age
groups are at equal risk and the non-immune characteffigtie population can
lead to serious disease (Bell, 1995). Even more reasdaritfy epidemics
timely and reduce the risk of fatalities. Early detatticontainment and
prevention of malaria epidemics are an important eitroethe Global Malaria
Strategy. The Roll Back Malaria Initiative advocatas activity and produced a
comprehensive framework in this regard (World Health Orgéiniza2001c).

Several methods to determine thresholds for early warnd outbreak alert
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system have been tested and suggested for use. Retnspeetlysis of disease
epidemics and sensitivity of proposed thresholds to detgbteaks and
epidemics have been documented (ldagl, 2002; Kanindaet al, 2000; Lewis
et al, 2001; Mooreet al, 1992; Teklehaimanadt al, 2004). No province in
South Africa had an outbreak detection system linked toriedaria surveillance
system prior to this work. Lack of ownership and partiegoadn all levels as
well as the clear understanding of the advantages iiébbntributing factors. It
is time for social scientists to move away fromwréten theoretical perspective
and move toward the appropriate communication of practcaestions for
malaria control programme implementation (Williagtsal, 2002).

Geographical information systems (GIS) are an intggaelof malaria
surveillance systems in South Africa. GIS conceioaited in Canada three
decades ago and is now more generally applied by the pullit kector as the
demand for information increases. Historically the noedtbrated example of
mapping relating to disease was John Snow’s attempt to dém@the
association between cholera deaths and contaminated sugiplies during the
cholera outbreak in London in the 1840s (Mbatkal, 2004)

Analysis of the relationship between people, their emvitent and disease
aetiology is important for effective public health imemtion (De Savigny &
Binka, 2004). It enables the modeling of data that providesimsghts that
support spatially informed decision-making to improve thecation of health
resources in relation to needs (Conrad, 2001).

In South Africa, the distribution of malaria was resded on a map as early

as 1938 by the Department of Public Health of the UnioroaflSAfrica in
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collaboration with the Swaziland Administration &ielet al, 1986). Drug
resistance and the increase of malaria cases hagssitated the review and
continual update of geographical malaria risk stratificatmio8outh Africa. The
most novel malaria risk distribution model attempteithésmapping of risk in
Africa. The MARA/ARMA project was planned to empower depéng countries
in Africa with information relevant for decision-magiiiSharpet al, 1998). The
MARA/AMRA project was initiated in 1996 to address the lackn¢égrated risk
data and sustained in the spirit of open collaboralbARA aims to provide an
atlas of malaria in Africa. MARA's objectives includetigering relevant
information that will be used for rational and targetearia control
interventions (Mara/Arma, 2005). However this has nobgen realized.

GIS has a wide range of applications in health. Thedede applications
in environmental health (Snoet al, 1998b), health systems management
(Wilkinson & Tanser, 1999) and communicable disease cof@fatkeet al,
1996). Accessibility to and siting of health care fac#itie an important aspect of
health care provisioning and GIS technology has been appl®gpport decision-
making in this area (Tanser, 2002). The variation irridigion patterns of vector
mosquitoes can also be mapped using GIS technologet(Hij 1997). The State
of Pennsylvania has developed and implemented a fascinaateg\idde West
Nile surveillance and outbreak response system basedSoteGinology in the
past two years (Conrad, 2001) The system collects infaman the presence of
the virus in any vector, identifies mosquito-breedingsit@nd helps target control
efforts. Web application enables data submission frate$tboratories. E-mail

messages alert decision-makers of any new data and detaifes are generated
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and posted on a secure Web site for review. The publiadt@ss to summary
statistics to ensure dissemination of information ldeaéls. The system was
initiated after the 1999 outbreak of West Nile virus imMN¥ork City when seven
people lost their lives (Conrad, 2001).

GIS is not only a reality in developed countries. Thesttggment of GIS
in the Third World has initiated new hope for informatdexision making in
diverse areas of management. Isabelle Nuttall (1994)idesd¢he success of GIS
management tools for the control of tropical diseas&otswana, Senegal and
Morocco. It is clear that the use of computers in healstems of development
countries “is a need not a fashion” (Sepvulvetal, 1992).

Democracies have necessitated a new approach to decialang in
developing countries. The evolution of Public Participa8 (PPGIS) is a
move towards a bottom-up mode of planning that explicitypgnizes the role of
effected people (Proctor J. 2002). The approach aims to Gi&and other
spatial decision-making tools available and accessibli timoge with a stake in
official decisions (Obermeyer, 2002). It is a study efulses and applications of
geographic information and/or geographic information systenisblogy used
by members of the public, both as individuals and grass-roapgr for
participation in the public processes (collection, mappnglysis and/or
decision-making) affecting their lives (Centre for Reen8ensing and Spatial
Analysis, 2008).

Malaria as a disease lends itself to the optimabdiskis tool to identify
disease distribution, clusters and risk areas. Themmaental disease

determinants are heterogeneous in space and ideal fgsiaratla level where
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malaria incidence can be overlaid geographically. fHgsnology is becoming
more feasible in all of Africa and proper documentatibGIs development
initiatives and operational use will facilitate this pess (Tanser & Le Sueur,
2002). The contemporary simplistic nature of geographicatnmtion system

(GIS) software allowed basic spatial analysis ofrttadaria relational dataset.

1.5 Aim and objectives

The major aim of this work is the conceptualization,edgwyment and
utilization of basic geographical and malaria informatigstesm tools for
enhanced malaria control within an operational malawdrol programme
setting.

Specific objectives:

To analyse the epidemiological situation of mala@asmission in
Mpumalanga using eight years of historical data to bet@erstand the dynamics
of the disease in the area (Chapter 2).

To describe the development, implementation and apglicafia unique
intervention monitoring tool through an integrated datamgi@pproach and
provide examples of successful expansion implementatiéwna African
countries (Chapter 3).

To explore the application of a simple outbreak dedacind response
system using an integrated three tier approach during tgorseaf
implementation (Chapter 4).

To describe the spatial and temporal heterogeneity ofimalecurrence

at town/village level and explore the utility of loclister detection for
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prompting outbreak response using three years of clustezikamee data
(Chapter 5).
To better understand household and micro-economic faasscsiated

with malaria (Chapter 6).
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CHAPTER 2

2. Epidemiology of malaria in Mpumalanga province

2.1 Introduction

The South African Malaria Control Programme (SAM®@R) formally
initiated following a World Health Organization advisory gypovisit to the
National Institute of Tropical Diseases in Tzaneamgdopo Province, in 1978.
The main control strategies at this time were indosidval insecticide spraying
with DDT, larviciding, epidemiological investigations, cheprophylaxis and
active surveillance (Strebet al, 1986). These approaches still form the basis of
control. Morbidity and mortality data were historicatigptured manually in
notification registers. However this process was custhee and analysis was
limited to describing malaria occurrence by month, gendgr-gaoup at
provincial level.

The unstable nature of malaria in Mpumalanga province wigndency
for epidemics warranted a responsive surveillance systéacilitate timely
targeted action. To limit malaria morbidity and matyalequires allocation of
resources where these are most needed. Previous apdlys&sonal malaria case
data in Mpumalanga has been restricted to basic descriptfmovide
background information to research papers (Durrhegial, 1998a; Durrheinet
al., 1999b; Goveret al, 2002; Martinet al, 2002).

A computerized malaria information system (MIS) designddicrosoft
Access for Windows 95 (version 7.0, MicroSofRedmond, Washington, United
States) initiated and developed by the Mpumalanga Malanidr&l Programme

was introduced in 1997 to provide more accurate and timelyaaissist
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programme management. This information system replaeeolutidated Dbase
database management system. The runtime interprebéeatare allowed the
user to execute commands by typing them in a commanddategtompt”, a
tedious and laborious activity.

Extensive data cleaning activities before the migrationgs® allowed for
and prepared data repositories for comprehensive data analysis

The most important motivation for this work was thekla€prior in-depth
analyse of the epidemiological situation of malar@s$mission in Mpumalanga
over time to better understand the dynamics of theaskse the area and to pave
the way for conceptualization and implementation of appate innovative

surveillance and monitoring tools.

2.2 Methodology

Eight seasons of data from the Mpumalanga Malaria GblAtogramme
MIS were available for this analysis; 1998/1999 to 2004/2005 makagoss. A
malaria season refers to the period 1 July to 30 Juneltbeihg year. The
analysis of this data preceded all other analysis asnpeesm this thesis and
formed the basis for further investigation, tools develepinand implementation.

Only malaria cases formally notified on malaria no#fion forms and
definitively diagnosed, by either blood smear or rapidrbagic test, are included
in the MIS. Health facilities have an establishedlcprement procedure for card
tests and notification books are supplied by malaria icasstigators during their
weekly rounds to collect notification forms. A tot&lld8 individual health care

facilities/providers reported malaria cases during thegderi
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Notifications are generated by clinicians and nurses wgirpublic
primary health care facilities, private general pragtand hospitals. In addition to
case information, a travel history is collected to assidetermination of source
of infection, which is classified either as local.eming to patients who most
likely contracted the disease within Mpumalanga provincenported.

Malaria control programme case investigators also itomé notifications
to the reporting system following epidemiological survéysive case detection
activities follow cases are passively reported from aipdocality
(town/village) and traced to household level, with neighbaumnd immediate
household members of the index case/s being testededdatiid referred to a
health facility if positive.

During outbreaks active detection occurs using mass symwéis
screening of all people residing in the affected locality

The smallest geographical unit that cases are assigned focality,
which is usually a town or village although other categanelude farms, rural
holiday resorts, manufacturing plants, game lodges apdviess It was not
possible to determine incidence rates for these laitatilies due to uncertain and
relatively small denominators.

Data were aggregated at locality, municipal, district provincial levels.
A uniform growth rate of 2 percent was used to project @joul figures forward
and backward based on the national census of 2001 (Ssa8stith Africa,

2003).
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Arc View GIS software was used (version 3.2, ESRI: Emmental
Systems Research Institubec. Redlands, California, USA 1999) to visually
portray the study area and the geographical variabilitgadéria risk.

The relationship between rainfall as well as tempeeatampared to
malaria case reporting was examined by using linear regngssicedures.

The Kruskal-Wallis non-parametric test for independantges was used
to determine the overall difference of reported casesgliour quarters, between
districts and municipal areas. The Mann-Whitney U ftastwo independent
groups tested the hypothesis that risk is not equal fanaaiths of the
transmission period.

Graphs and tables were used to visually display data wipo@iate.

2.3 Results

2.3.1 Malaria cases and deaths, 1997/1998 to 2004/2005 season

A total of 63,537 cases and 256 deaths were reported during tbd peri
July 1997 to 30 June 2005 with a peak in cases and deaths derit@R@/2000
season and an average of 7,942 cases and 32 deaths per sgagch) (FThe
majority of malaria cases (70%) resided in towns/villag@owed by farms
(19%), neighbouring countries (4%), game lodges and res&¥gs The
remainder (4%) resided in other provinces, mine housing antheosial
premises outside town boundaries.

Most cases (61,127, 96%) and deaths (248, 97%) were reportediant
lying Ehlanzeni district, which borders Mozambique in th&t @ad Swaziland in

the south (Table 2.1).
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Figure 2.1 Notified malaria cases and deaths, 1997/1998 to 2004/2005 seasons,
Mpumalanga province
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The Kruger National Park (KNP) is included in the Bohlal&iass
Boundary District. This portion is considered a tounststive area and 1 835
cases and 3 deaths were notified during this period. Skukuzargest and
major camp in the KNP contributed most of the case lbufalel 100, 63%). All
private game parks when combined contributed 625 cases (34%¢ feame
period when referring to source of infection area.
2.3.1.1 Cases by month

Differences in the number of notified cases per manén indication of
the seasonality of malaria in Mpumalanga (Fig. 2.2)y onths (June to
September) with rainfall over a period of eight yed@9@ to 2005) averaging 7.3
mm had the least cases reported. For the same fouh pernod over eight years
temperatures averaged 19°C. Number of cases reported theingt summer
months differed from those in the dry months aswhé vector of malaria in
southern AfricaAnopheles arabiengidias a larval habitat dependent on

temporary water bodies, especially rain pools (GilleSdetzee, 1987).

27



Climate variation plays a major role in the develepiof the parasite and
thus transmission, seasonality and incidence of thagsbsd he duration of the
cycle from egg to adult varies according to temperaturatfd°C the
approximate time of development is 7 days and 20 days at ZB&low 16°C
parasite development within the mosquito stops. A hifgtive humidity
prolongs the life of the mosquito and thus time to trandra disease (Bruce-
Chwatt, 1980).

Figures 2.3 and 2.4 illustrate the number of cases repaoytewnth from
July 1997 to June 2005 overlaid by average monthly rainfallemgedrature
(South African Weather Services, 2006). There was afisigni association
between average monthly rainfall and notified casésqR9, P=0.003). When
cases were considered by quarters, starting with quairteluly over the eight-
season (1997/1998 to 2004/2005) period, a significant difference befwaders
was notedx’=44.8, p<0.000).

The Guidelines for the prevention of malaria in SoufiicA state that the
period from October to May is the highest risk periodt{dhal Department of
Health, 2003). This recommendation is strongly supportetégtatistical
correlation between malaria notification and riskige:(Mann-Whitney U test for
two independent groups =263.5, p<0.000).
2.3.1.2 Case reporting

Passive case reporting over the period totalled 58,864 (93%) cedripa

4,673 (7%) actively reported cases. Cases in botharsegeaked in the

1999/2000 epidemic season (Fig. 2.5). Hospitals reported argreatentage of
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cases during the epidemic season than any other periedefse trend was noted
for primary health care facilities (Figs. 2.6).

Figure 2.2 Number of malaria cases notified by month, 1997/1998 —
2004/2005 seasons, Mpumalanga province

3000

2500 - =——1997/1998
1998/1999
—1990/2000

(==2000/2001
@m—2001/2002
S=2002/2003
@m—2003/2004
—2004/2005

N
o
o
o

>

1500

Numberof cases

1000

500 -

Figure 2.3 Notified malaria cases and average temperature by montuly
1997 to June 2005, inclusive, Mpumalanga province
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Primary heath care facilities exclude all hospitAlpossible reason may
have been the intensified health promotion campaignsneala reports that
highlighted the serious nature of the disease and changkH treatment seeking

behaviour. Hospitals are usually associated with seriimess. Provincial
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primary health care clinics were responsible for gotif on average 47% of
cases (n=29,675) over the 8 season period (Fig. 2.7). Mdhksdeere reported
from provincial hospitals (n=218, 85%) followed by provinc28,(11%) and
municipal primary health care clinics (n=7, 3%) (Table .2.2)

Table 2.1 Notified malaria cases by district, 1997/1998 to 2004/2005 seasons
Mpumalanga province

Season*
District* 1 2 3 4 5 6 7 8
A
n 219 507 366 290 254 181 107 105
(%) (3.59) (5.33) (2.64) (2.27) | (2.70) | (4.45) (2.27) (3.39)
B
n 5827 8 884 13408 | 12486 | 9125| 3882 4 603 2912
(%) (95.42) | (93.45) | (96.77) | (97.57) | (97.17)| (95.45) | (97.65) (93.97)
C
n 20 27 52 10 7 2 1 60
(%) (0.33) (0.28) (0.38) (0.08) | (0.07)| (0.05) (0.02) (1.94)
D
n 40 89 27 10 4 2 2 17
(%) (0.65) (0.94) (0.19) (0.08) | (0.04)| (0.05) (0.04) (0.55)
E
n 1 0 2 1 1 0 1 5
(%) (0.02) (0) (0.01) (0.01) | (0.01) (0) (0.02) (0.16)
Total
n 6 107 9 507 13855 | 12797 | 9391 | 4067 4714 3099
(%) (100) (100) (100) (100) (100) (100) (100) (100)

*Districts: A= Bohlabela Cross Boundary, B= Ehlanzeni, C= Givaiile,

D= Nkangala, E= Sekukune Cross Boundary

*Season:1=1997/1998, 2=1998/1999, 3=1999/2000, 4=2000/2001, 5=2001/2002, 6=2002/2003,
7=2003/2004, 8=2004/2005

2.3.1.3 Source of infection

A malaria case is traditionally classified as acquioedlly, i.e. infected
within the province based on travel and exposure historyiepbn the
notification form, or as imported. There were moases classified as locally
acquired (n=41,354, 65%) than imported (n=22,183, 35%), (1997/1998 to
2004/2005 season).The majority (n=38,935, 94%) of local casasactau

malaria in the Ehlanzeni district during this period. Thepprtional contribution
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from the Ehlanzeni district between seasons ranged3%mto 95%. Bohlabela
was the only other district with percentages above T#hlé 2.3).

Figure 2.4 Notified malaria cases and average rainfall by month, Jul¥997 to
June 2005, inclusive, Mpumalanga province
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Figure 2.5 Number of malaria cases by reporting type, 1997/1998 —
2004/2005, Mpumalanga province
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Figure 2.6 Malaria case reporting percentages by primary healticare
facilities and hospitals, 1997/1998 — 2004/2005, Mpumalanga province
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Figure 2.7 Seasonal proportion of cases notified by reporting cagery,
1997/1998 to 2004/2005 season, Mpumalanga province
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Table 2.2 Deaths notified by reporting category, 1997/1998 to 2004/2005
season, Mpumalanga province

Season*
Type 1 2 3 4 5 6 7 8
Clinic
n 4 8 11 5 0 0 1 18
Hospital
n 1 43 62 15 27 15 27 0
Municipal Clinic
n 0 1 1 1 2 0 2 0
Private Hospital
n 0 0 1 0 0 0 0 0
Private
Practitioner
n 0 0 1 0 0 0 0 0
Total 15 52 76 21 29 15 30 18

*Season:1=1997/1998, 2=1998/1999, 3=1999/2000, 4=2000/2001, 5=2001/2002, 6=2002/2003,
7=2003/2004, 8=2004/2005

When local cases are compared to imported cases favel aind
exposure history more people appeared to contract maldinia Mpumalanga
than outside the borders of the province with the ei@epf the 2002/2003 and
2004/2005 seasons. The stacked bar graph in figure 2.8 providesledisplay
of the increasing percentage of imported compared to dasals with specific
reference to the 2002/2003 and 2004/2005 seasons. This trend waedusta
beyond this period (Kok, 2007).

2.3.2 Population malaria incidence and case fatality ratios (CFR1997/1998
to 2004/2005 season
2.3.2.1 District incidence

The highest malaria incidence rates were recorddeiithlanzeni district

with a peak in the 1999/2000 season of 1.2%. There was acagmiflifference

in incidence between Mpumlanga districts (Kruskal-Waffis18.2, p<0.000)
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(Table 2.4). These results necessitated further breakdbease incidence to
municipal level specifically for the Ehlanzeni district.

Figure 2.8 Local and imported malaria cases, 1997/1998 to 2004/2005 season,
Mpumalanga province
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Table 2.3 Locally acquired cases by source district, 1997/1998 to 2004/2005
season, Mpumalanga province

Season*
District* 1 2 3 4 5 6 7 8
A
n 204 514 399 320 280 195 150 1011
B
n 3997 5788 9642 8 129 5681 1809 2%94 1295
C
n 5 9 18 11 2 1 0 2
D
n 1 5 0 3 1 0 1 2
E
n 0 10 40 73 21 3 26 22
Total 4 207 6 326 10 099 8 534 5 98b 2 048 2771 1422

*Districts: A= Bohlabela Cross Boundary, B= Ehlanzeni, C= Givaigle,

D= Nkangala, E= Sekukune Cross Boundary

*Season:1=1997/1998, 2=1998/1999, 3=1999/2000, 4=2000/2001, 5=2001/2002, 6=2002/2003,
7=2003/2004, 8=2004/2005
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Table 2.4 Malaria case incidence per 100,000 population by distrjct
1997/1998 — 2004/2005, Mpumalanga province

Season*

District 1 2 3 4 5 6 7 8
Ehlanzeni 550.66767.751222.7¢ 989.65(663.30202.05285.22137.17
Gert Sibande | 0.99 | 1.22 2.48 1.8 0.3 0.11 0.22 0.2

Nkangala 0.11| 0.56 0.10 0.31] 0.09 0.00 0.09 o0.n7
*Season:1=1997/1998, 2=1998/1999, 3=1999/2000, 4=2000/2001, 5=2001/2002, 6=2002/2003,
7=2003/2004, 8=2004/2005

2.3.2.2 Municipal incidence within Ehlanzeni district

Within the Ehlanzeni district small-scale variationweed during the
period analyzed and between seasons. The average adeadecvaried
significantly between municipal areas during the study gdeanging from 2 —
160 cases per 10,000 population (Kruskal-Waffis24.8, degrees of freedom=3,
P=0.000) (Fig. 2.9).

Nkomazi municipality, bordering two neighbouring countriesa&land
in the south and Mozambique in the east, had the higitestin all seasons
(Table 2.5).

Table 2.5 Malaria case incidence per 10,000 population by municparea,
1997/1998 season, Ehlanzeni District

Season*
Municipality 1 2 3 4 5 6 7 8
Mbombela 7.55 16.00 30.56 35.33 12.14 5.80 7.34 5.57
Nkomazi 153.22| 208.53326.32| 248.01| 184.96 53.34 74.70 31.84
Thaba Chweu 0.71 0.86 1.81 4.42 1.6Y 0.g0 2.66 0.96
Umjindi 23.27 13.73] 21.0d 8.79 4.32 1.39 5.14 8.17

*Season:1=1997/1998, 2=1998/1999, 3=1999/2000, 4=2000/2001, 5=2001/2002, 6=2002/2003,
7=2003/2004, 8=2004/2005

Relative risk of malaria in Nkomazi varied from 9 tol%anltompared to

the remaining municipalities in Ehlanzeni District (Fig. 2.10)
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Figure 2.9 Average case incidence by municipal area, 1997/1998 to 20085
season, Ehlanzeni district
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Figure 2.10 Relative risk ratios by season, Nkomazi municip#i compared
to Mbombela, Umjindi and Thaba Chweu municipalities combired,
1997/1998 — 2004/2005 season, Ehlanzeni District, Mpumalanga province
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2.3.2.3 Town (locality) incidence

Malaria incidence rate analysis at town level confithesmarked
heterogeneity in malaria risk even in the highest riskrka Municipality. In
2004/2005 populations ranged from 403 to 31,964 in the various towys. Fif
percent of the high-risk towns in Nkomazi are locatethiwithe 5 km buffer zone
from the Mozambican border (Boomanal, 2000).

The most stable season over the period was the 2004/200Bedtdnce
ranging from 1 to 30 per 1,000 population.

The five most affected towns during the time period aoevahn figure
2.11. Clear fluctuations were visible by season and bette@grs. Only
Komatipoort and Mbangwane had the highest peaks in incidkmoey the
epidemic season of 1999/2000. Towns bordering Swaziland gothh
experienced an average incidence rate of 21 per 1,000 popuatigrared to 56
per 1,000 for towns bordering Mozambique in the east. dlagéve risk ratios
show only a slight variation over the eight seasaept for the 2002/2003
season (Fig. 2.12).
2.3.2.4 Gender specific incidence

Malaria case incidence by gender showed consistentlgihigkes in
males. Gender specific incidence as seen in Figure 2.13 peakexdh genders
during the 1999/2000 season. Male to female ratios ranged floBA810 1:1.72

over the 8 seasons (average 1:1.46). The ratio of deashsimiar being 1:1.31.
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Figure 2.11 Average case incidence by town, 1997/1998 to 2004/2005 season,
Nkomazi municipal area, Ehlanzeni district
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Figure 2.12 Relative risk ratios by season, comparing towns bordag
Mozambique and towns bordering Swaziland, 1997/1998 — 2004/2005 season,
Nkomazi municipality, Mpumalanga province
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Figure 2.13 Gender specific incidence rate per 1 000 populatiph997/1998 —
2004/2005 season, Mpumalanga province
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2.3.2.5 Age specific incidence

Age specific incidence was highest on average over thedperthe age-
group 10-19 years (Fig. 2.14). This can be explained by therdglence
recorded during the 1999/2000 and 20001/200s seasons for this group. [aie to t
seasonality of malaria and the lack of acquired immunisygenerally agreed
that all age groups in low transmission areas are at ggki@f malaria. Lifestyle
and outdoor activities can be contributing factors foraased risk of certain age
groups.
2.3.3 Case fatality

One of the national and provincial targets for effecthadaria
management is to maintain a case fatality ratio aftlean 0.5% of notified
malaria cases. This was not achieved in 1998/1999, 1999/2000, 2003/2004 and

2004/2005 seasons (mean = 0.58, confidence interval = 0.51 — 03).(H).
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Figure 2.14 Age specific incidence per 10,000 population, 1997/1998 —
2004/2005 season, Mpumalanga province
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Figure 2.15 Malaria case fatality ratio (%), 1997/1998 to 2004/2005 season,
Mpumalanga province
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The highest case fatality ratios at district levesweported in the Gert

Sibande area an area rarely affected by malaria (Rabje

Table 2.6 Malaria case fatality ratio (%) by district, 1997/1998 to 2004/2005
season, Mpumalanga province

Season*
District 1 2 3 4 5 6 7 8
Ehlanzeni 0.22 0.56 0.55 0.17 0.32 0.39 0.65 0|55
Gert Sibande 10.00 7.41 3.85 0.0¢ 0.00 0,00 0.00 1.67
Nkangala 0.00 0.00 0.00 0.00 0.g0 0.00 0.00 5|88
Total 0.25 0.58 0.56 0.17 0.32 0.39 0.65 0.60

*Season:1=1997/1998, 2=1998/1999, 3=1999/2000, 4=2000/2001, 5=2001/2002, 6=2002/2003,
7=2003/2004, 8=2004/2005

All malaria deaths from areas outside the boundarigsedfighest risk
Ehlanzeni district were reported from hospitals.

Deaths by age group over the eight-year period show apsedrin the
young adolescent group during the 1999/2000 epidemic season (Fig.2.16).

Figure 2.16 Number of malaria deaths by age group, 1997/1998 to 2004/2005
season, Mpumalanga province
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2.4 Discussion

An in-depth analysis and discussion of eight seasbm&laria data was
conducted to provide a deeper understanding of malaria epidggialo
Mpumalanga province. Malaria surveillance of cases anghsl&ainvaluable for
malaria programme planning, resource allocation and mamgt@fiintervention
success over time (Breman & Holloway, 2007; Teklehairhahal, 2007).

Malaria case incidence in Mpumalanga showed a cleafnesst gradient
with greater risk in the low lying (<600m altitude) eastareas. Malaria in the
province is seasonal and prone to epidemics and focakaltor

Heavy rains in the 1999/2000 season contributed to an epideénatics
in the eastern Ehlanzini district. More than 100mmeaaf per week was reported
at the Komatidraai weather station in this distnoni December 1999, peaking at
200mm in the second week of February (South African Vée&hrvices, 2006).
Cases followed a similar trend with a two-week delaywerage. The following
season commenced with high case reporting that transtatidgher seasons. A
warmer, wetter climate creates better conditiondfeeding, continuous
transmission and shorter sporogonic cycles, thus impneasr and parasite
survival (Onori & Grab, 1980).

The proportion of cases reported at primary healté fzailities compared
to hospitals in the province decreased during the epidémac Media coverage
and intense awareness campaigns heightened the featasfa and the
possibility of death. Communities might have perceivegitals as the most

appropriate malaria management facilities.
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Two focal outbreaks were reported during the eight seas@mdp&he
Thaba Chweu district had an unexpected increase of dasimg October 2003 to
May 2004 with 77 cases and 6 deaths. The majority of ¢asé$,53%) and
deaths (n=4,66%) were imported. All the cases were tesp&rom farms where
migrant workers resided. This area is not considered fegtand additional
resources were mobilized to contain the outbreak.

The second outbreak occurred during the 2003/2004 season. Damtela,
informal rural town in the Ehlanzeni district of Nkomazunicipal area reported
cases above the expected. The outbreak occurred belesagary and March
with 281 cases and no deaths. A total of 47% (n=132) of ees@simported
from Mozambique and Swaziland. No timely warning systesiiwa@lace during
this time to ensure pro-active control measures. THareaits were contained but
the necessity for tools to sensitize malaria manageam& field staff in real time
was recognized.

It appeared that CFRs were higher in districts wheranaabccurrence
was relatively uncommon. It is possible that faciliti#sgnosing and treating
patients in low risk areas are not as informed and vigda those in the higher
incident areas. Most education awareness and trainingsaffere directed at the
highest risk Ehlanzeni district.

Case fatality ratios dropped after the 1999/2000 epidemic sbason
steadily increased to reach levels above the recommera®nal objective
(<0.5%). The upward trend imitated that of HIV prevaleinc8outh Africa
(Health Systems Trust, 2004; National Department oftHea004) and it is

speculated that HIV figures will continue to rise and doblyl2010. In 2002 it
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was estimated that AIDS accounted for 51% of deathspanvhlanga
(Dorringtonet al, 2002). HIV co-infection increases the risk of sevesealse
and malaria deaths (Grimwad al, 2004).

Malaria cases occurred throughout the age spectrum bopaced to
highly endemic regions in southern Africa, did not pmaghildren under the age
of five years. This is explained by the non-immune statilse majority of the
population in Mpumalanga. Repeated infections are need@urfarnity to be
achieved and the hypo endemic (prevalence less than 10%) olba&ria in
Mpumalanga does not allow development of immunity in ffected population.
In endemic areas children surviving repeated episodes ofianafdil the age of
five or six years are likely to have developed sufficgantial immunity to
withstand further lethal infections (Bell, 1995).

The highest risk months extend from October to May hisdperiod
corresponds with the national recommendations for cheypbglaxis (National
Department of Health, 2003). The low risk winter mortescharacterized by
lower temperatures and rainfall. The vector mosquito jaoipuls are reduced to
undetectable levels due to lower humidity, decreased loygewit fewer
breeding sites.

Thirty years of malaria incidence data in KwaZulu-Na&inonstrated
that spatial and temporal variability of malaria canmdy ®e explained by
climatic factors alone. Human immunodeficiency viru$Horevalence and
drug resistance levels were significantly associatith seasonality of malaria

(Craiget al, 20044a; Craiget al, 2004b). However literature indicates that
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climatic and environmental factors do contribute largelihe transmission of the
disease in Sub-Saharan Africa (Craigal, 1999).

The implementation of a malaria control programmsoiathern
Mozambique, as part of a three-country Lubombo SpatiéDpment Initiative,
commenced in 2000. Structures were sprayed with a carbagsateal
insecticide and sulphadoxine-pyrimethamine (SP) and arties(/h3)
combination therapy was later introduced as first lirattent. Case surveillance
and intervention monitoring systems were step-wiseamphted to compliment
the malaria control activities (Medical Research Giug005).

The proportion of imported cases notified in Mpumalargsihcreased
while local cases decreased when the first season (199714298)pared to the
last (2004/2005). After the 2000/2001 season imported case numbkmnsdiéy
45% as did local cases after the 1999/2000 season. The decloeaiacases was
slightly less (39%) but both reached a low in the 2004/200%8ell® significant
differences between the case numbers (P=0.16) and (t0s39) between the
two groups were established.

The Lubombo Spatial Development Initiative focussedanealcontrol
activities in the southern part of Mozambique since 2000 amihcous as well
as effective intervention limited the introductionimported infections (Shargt
al., 2007a). The majority of imported cases derive from Mdzgue.

Introduction of additional parasites in an area witmidied malaria vectors do
impact on malaria transmission and malaria incidenealtH services face the

additional load of diagnosis, treatment and notifarati
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Another noteworthy intervention to discuss was theodction of
effective chemotherapy namely sulphadoxine-pyrimethar(6P) in 1997 and
combination therapy commencing in 2003. The SP and arteqét&)te
combination was followed by artemether-lumefantrinérasline treatment of
uncomplicated malaria. The startling resistance figianasd in 1997 for
chloroquine (48.4%, RI, RII, RIll) demanded the changeRdqGovereet al,
1999). No alarming drug resistance has been found using SP¥&%%a failure)
but there were disturbing increases in gametocyte camibgd prompted SP
and AS combination treatment being introduced (Malaizd, 2001). Clinical
trails in Africa have demonstrated improved cure rabelsciecreases gametocyte
carriage with the use of combination therapy (Adgitikal, 2002; International
Artemesinin Study Group, 2004).

The first official mass use of immunochromatographic ¢asts for
malaria diagnosis in Mpumalanga commenced in 1997. An opesastudy
performed just after introduction of rapid diagnostits€RDTS) revealed
sensitivity and specificity percentages above 95%. Palyseechain reaction
(PCR) was used as the gold standard. Earlier, accuegpeadis not only at health
facility level but quick diagnosis during active case d@adecame possible and
so followed timely treatment (la Grangeal, 1999). Combination therapy
currently used in several African countries are castly the move away from
clinical diagnosis to RDTs can be justified when thst o misdiagnosis and
unnecessary treatment of patients are compared to shefdbe tests themselves

(Lonaet al, 2005).

46



Synthetic pyrethroids replaced DDT with the commeresnof the
1996/1997 season. Initial evaluations promoted the use of sgnlyeethroids
above that of DDT due to its potential health risk (Bmamet al, 1994;
Bouwmanet al, 1990a; Bouwmaet al, 1991; Bouwmaret al, 1990b;
Bouwmanet al, 1990c). Reports later indicated the development otipyis
resistance (Brogdon & Mc Allister, 1998; Hargreaeésal, 2000) and a drastic
increase in cases during 1999 and 2000 necessitated the reiattod@DT in
Mpumalanga in 2001. All traditional structures in high-askas were targeted
for indoor residual spraying.

After the floods in 2000 the National Government made mofdit
financial resources available to provinces. This enableg@ilnning and
implementation of complimentary control intervensorA total of 17 626
insecticide treated nets (ITNs) in 8 high risk rural townsSkomazi municipal
area were distributed from 2002 to 2003. Delays caused by adatinestoldups
resulted in procurement and delivery delays and ultimdistyibution of the
ITNs. The evaluation of acceptability within communiti@so were unfamiliar
with the use of ITNs and effectiveness of this newrudstion followed. The
incidence reduction amongst towns where ITNs were loiged ranged from 11 —
34% pre-and post seasons.

Several other factors including climatic aberrationy hmave contributed
to this decline. It has been suggested that the effediNs Varies with levels of
endemicity, vector and human behaviour. However\&sir control tool ITNs
appear to be promising in their simplicity and cost-effeciess (Misraet al,

1999). ITNs show potential for preventing malaria mastaind morbidity, and
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are making a significant contribution to the renaissancontrol initiatives such
as Roll Back Malaria (RBM) (Guyatt & Snow, 2002; Rowdaat al, 1999).

In Mpumalanga ITNs are only used as a supplementary aneown
during epidemic situations. The distribution of ITNsdaled the 1999/2000
epidemic season. A case control study conducted during 28@3ight on the
role of ITNs in an area traditionally not utilizingNE as a major personal
protection measure (Goveetal, 2000a).

Major interventions are overlaid by malaria incidenceisoally illustrate
the time of introduction and temporal trends of malagadence (Fig. 2.17).

The analysis of malaria mortality and morbidity damapdified the
stratification of malaria in Mpumalanga province and usi@eding the temporal
and spatial variation patterns prompted questions regardjngicant
contribution factors and will in future guide further intention and initiatives.
Financial and human resources for malaria are limiE&dctive monitoring and
evaluation as well as stratification of risk by utiigimalaria information
systems, including GIS, can facilitate focused serviceelgl where most needed
(Ceccatceet al, 2007). Advocacy mapping to management has made the decision
making process easier and transformed data into visuatarsparent

information.
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Figure 2.17 Malaria case incidence per 1,000 population, 1997/1998 to
2004/2005 season and malaria control intervention changes
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CHAPTER 3

3. Development and use of a computerized management syste

for malaria intervention monitoring

3.1 Introduction

A computerized management system is a tool to colléstast data for
analysing performance and guiding action.

Malaria control programmes utilising indoor residual spraymegoaly
effective if a high coverage of targeted structureshgeaed and an insecticide
that is effective against the specific mosquito vecaorrectly applied. Ongoing
monitoring of spraying operations is essential to assurealpgirogramme
performance and early corrective action, where indea

In 1946, South Africa introduced intradomiciliary sprayinghwiesidual
insecticides, DDT (dichlorodiphenyltrichloroethane) and BiB€nzene
hexachloride), to kill indoor-resting vector mosquitoes tedeby control
malaria (Sharget al, 1988). This resulted in a 75 percent reduction in the
geographic extent of the malaria-affected area, witlansabccurrence limited to
summer epidemics in the low-lying northern and easterddr areas with
Botswana, Zimbabwe, Swaziland and Mozambique (Le Setealt 1996; Sharp
et al, 2001). Similar malaria control programmes were initiateather southern
African countries. In Mozambique, spraying operations falania control
collapsed during the 1970s due to a protracted civil war wigsating high
burden of endemic malaria throughout the country (Scdtaghl& de la Maza,

1985). During the last decade of thé"2@ntury there was a resurgence of malaria
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in southern Africa, attributed to a number of factorsluding parasite drug-
resistance, mosquito insecticide-resistance, clitiaages and large-scale
population migration (Durrheirat al, 1999b; Shargt al, 2001). The HIV/AIDS
epidemic resulted in a simultaneous dwindling of resouseagable for other
public health programmes, thus placing an onus on programmege1s to
ensure optimal efficiency of their activities.

An efficient spraying programme is characterized by apjdicaf the
correct volumes of insecticide on surfaces suitablenmsquito resting (Pampana,
1969). This should be achieved before the onset of peakiangirsmission with
a high coverage of targeted structures. A formal spray@gagement system was
introduced in South Africa for the first time in 197 3tlwactivity forms being
completed by the field officials responsible for eaclagimg team and a "hut-
card" left under the eave of each sprayed dwelling. Thisswjpanded to a set of
seven different spraying record forms in 1975 under the@sspf the World
Health Organization (Fig. 3.1). The spray operator rec@slampleted by the
individual spray operator after completion of spray aetisiat each targeted
household. The number of structures/rooms sprayed, ingectised, number of
can refills, and number of structures left unsprayed weserded with simple
marking with crosses. Locality/village/town name, opmraame and date of
spray activity were also captured on the card. The veeds submitted to team
leaders after the completion of daily spray activiti€be team leader aggregated
daily spray data to produce a daily spray-team report, alyvesgdort, a monthly
report and a locality completion report. These reportewellected by the

respective field manager who subsequently produced summuergzddly,
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monthly as well as sector reports. Programme managersoiiated data to
produce annual spray completion reports. Although this mayst¢m was
cumbersome it became entrenched, and remained esyamalliered in South
Africa for more than 20 years. A major flaw of thisalaystem was that field
staff did not use the data for programme monitoring. Datamerely collected
for statistical purposes. Thus serious programme defigsnsually only became
apparent at the end of the spraying season when the eisa@ntrally analyzed.
This resulted in missed opportunities for immediate ctwea@ction.

In response to financial pressures, an ageing workfortéhanseasonal
nature of most malaria programme activities, during 1998, M@anygal province
began to replace permanently employed spray personnelenitfborary spray
personnel recruited from each malaria-affected commu@ye hundred
community based spray personnel were appointed, each saioleuo their local
community, and the provincial spray team was respongiblgptraying almost
170,000 structures during each annual spraying round. With supervisorytsuppo
limited to one field manager and six field officers, @sapostulated that unless an
improved spraying management system was introduced, progrparfoemance
and efficiency might deteriorate.

A novel computerised management system was developed imaiguoga
province to enable provincial malaria programme manageamehkocal field
supervisors to monitor, even on a daily basis when reqpedying coverage,
individual spray operator's performance, and insecticidewuoption and
application rates. Use of the computerized managemstamnsycommenced

during 2000 during the first round of spraying (Booreaal, 2000). Bioko island
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(Sharpet al, 2007a) and Ghana in west Africa soon followed suit and
implemented a similar system (Coetatal, 2006; Sharget al, 2007b). This
chapter describes the structure and components of tlieuterised management
system and provides operational evidence of its value in Mfanga province
where it was first developed and implemented and refi€ésteubsequent use in
southern Mozambique malaria control programme as partriateral agreement
to control malaria across borders. Indoor residual spragimgins the mainstay
of control interventions in Mpumalanga and the manageraf other
complimentary interventions such as the use of imptegrtaeated nets and focal
larviciding is not discussed here.

Figure 3.1. List of paper based spray data capture forms, 1975 1998

Daily spray operator record

|

Daily spray-team report
Weekly report

Monthly report

|

Locality completion report

|

Sector completion report and

Annual spray completion report

3.2 Methods

3.2.1 Spray cards and forms
Two of the original hard copy data collection forms, 3l spray

operator card (Appendix A) and SP2 daily summary spray dgégpendix B),
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were revised and edited to form the basis of the compullema@magement and
monitoring system for spray activities. The SP2 formensompiled by the team
leaders from the SP1 cards and submitted weekly to thheddffice where field
managers scrutinized forms for data quality and submittecetioeds for data
capture. The SP1 card and SP2 form were translatetbaatblanguages for
individual country use in the new millennium.

3.2.2 Database design and data capture

Access 97 (version 9.0.2, MicrosdfiRedmond, Washington, United
States) was the original front-end data entry, storageetrieval software
selected. The data entry screen mirrored the manc@ihpleted daily spray form
(SP2), that collated data from the daily spray cards)(Siabmitted each week by
team leaders to their field managers and after datacadidfn this was entered
into the computerized spray system. Additional funetibyfor event procedures
was achieved by adding visual basic script.

The stand alone computerized management system was teplace
Microsoft SQL Server 2000 software (Microso8QL Servel, Redmond,
Washington, United States), a relational database managesaohetion during the
2005/2006 malaria season in Mpumalanga province. The maimsefasdhis
change were improved data storage, retrieval, a sersed Isharing platform and
a web interface. This system was the first of itslkn an African public health
programme to monitor and evaluate malaria vector coisoit integrated with
defined intervention methods it serves as a good modletontegrated approach.
A database switchboard was designed to navigate the uber appropriate

database window (Fig 3.2). Three primary functions ardadble: data entry;
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view, print or export reports as table summaries, graphgps and maintain the
database tables. Data entry is the front end applicafithe system to add spray
data. Static reports with user defined functions such as dspecific seasons,
areas of spraying or spray operator names are includeepiorting purposes.
The maintenance function allows for restricted acteshange fields within the
look-up tables e.g. insecticide formulation, locality/tomame and sector names.

The switch board form opened in a maximized mode a9tlag slatabase
application was requested.

A customised digital form was designed for data enthg form
mimicked the SP2 hard copy daily spray form (Fig. 3.3).0Aygnerated fields
and drop down menus limited data entry mistakes. Mo, nd season was
generated from spray date and locality name, sector aag apga were generated
from the locality/village/town ID selected. The entiagte and record number were
auto generated ensuring no human error during entry. Eaohdrhad a unique
reference number. The unique locality, sector and area ¢aciétated a
relational design allowing for a vector based spateifgitm to be added.

Data entry commenced after intensive training on all spcayities, data
verification, accurate data entry and archiving of forfsupervised data entry
clerk was responsible to enter all SP2 forms and prodpoetsevhen required.
3.2.3 Data retrieval and query tools

Data retrieval tools were developed using customised Accesssuenr
gueries to function optimally, relationships amongstemlere created (see
schema of all table interactions - Fig 3.4). Lookup tablésahane to many

relationship as defined by primary keys in the table desigm vie
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Preset queries, to generate standardized management repoets,
designed in partnership with field supervisors and programamagement staff
to meet their specific needs. However, the systemdeagned to allow user-
friendly production of customized additional reports veherquired.

Figure 3.2 Spray database navigation switchboard window

SPRAY DATABASE |

Add a new SP 2 Form

View Reports Menu

Maintenance Sub Menu

Exit Application

Figure 3.3 SP2 data entry window

SP2 DAILY SPRAY RECORD
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Specific training was provided for programme supervisors onngak

sense of data and interpreting reports. A major emptasisg training was on

identifying operational problems and implementing timely redadeaction. As

field managers entered the summary data on a week$y, basessary remedial

action was taken within a week.

Static reports were developed and a selection list makalle for the

user (Fig. 3.5). Criteria for the report range includéd.(3.6): start and end

dates; week number; locality name; sector name; iicgleiname; malaria season

and spray operator name.

Table 3.1 SP2 table, field names and descriptions

SP2 Table Description

SP21D Unique record number

Locality ID Unique locality/town/village code

Locality Locality/town/village name
Unigque spray area (locality areas

Sector combined)*

Spraying area Municipal spray areas*

Date Date of spray activities

Month Month of spray activities

Year Year of spray activities

Entry date Data of data entry

Season Malaria season of spray activities

\Week number

Progressive week of spaying in a local

First spray attempt method = “sprayed”
return after unsprayed status due to loch

or
xed

Method structures method = “mop-up”

Spray operator Name of spray operator

Sprayed Total number of structures sprayed
Unsprayed The number of structures unsprayed
Total stands visited Total number of stands visited
Insecticide Name of insecticide used for spraying

Number of cans refilled

Total amount of times the spray can was
refilled

\"ZJ

Sachets used

Total amount of insecticide used in
kilograms according to number of cans

refilled
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*Sector — combination of localities/towns/villages to catitute an operational spray sector
with a spray team allocated to each sector and a fietdam supervisor appointed.

Spraying area — the specific municipal area where thiecality/town/village is situated.

A locality/town/village targeted for spray activities canbe part of a spray sector and spray
area for reporting purposes

Figure 3.4 Entity relationship diagram

Listoflocalities

LOCA TTYID
HEALTHDISTRICT
MAGISTERIALDISTRICT
SECTOR

LOCALITY
FMUMICIPALZODE
MUMICIPALAREA
WeekMumber DEMDISTRICTCODE
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Tokalstandsyisited
Insecticide
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]

Kilograms
Activelngredient
AwverageSquareMetre

Figure 3.5 Reports list database window

Reports, Graphs and Maps Sub Menu

@ SP3 WEEKLY SPRAY REPORT
5P4 PERIOD SPRAY REPORT
SP5 LOCALITY COMPLETION REPORT
SP6 SECTOR COMPLETION REPORT
SP7 ANMUAL REPORT
SP8 SPRAYMEN REPORT
SP9 WORKING DAYS REPORT
SP10 APPLICATION RATE REPORT

Preview Report B Print Report Export Report E Return to Main Menu m
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Figure 3.6 Report range database window

Report Range

Start Date
End Date
Week Number
L ocality
Sector
Insecticide
Season

Spray operator

3.2.3 Spatial platform

Demarcated spatial maps at a scale of 1:250 000 were acqoined f
private cartography company, NetGroup, Pty (Ltd) SouthcAfrThe maps
included all demarcated boundaries of municipal as wellcadittg'town/village
boundaries. Maps were originally produced by digitizing aphaltographs of the
area in 1998. Geomedia software (Symmetry SystemsNew,York, USA) was
used to convert the images to Maplinfo (version 6.4, MapgDoigporation, New
York, USA) format. Map updates were supplied every two yeamgjue sector
boundaries were digitized on screen and locality mprstused as spatial
references. The spray sectors were saved as a sepeoateferenced layer for
mapping spray activities and tracking progress. Eachrsee®an operational
working boundary for spray teams and field supervisors terbeianage the
workload.

Maps of southern Mozambique at a scale of scale 1:250 00(taiaed
from the Direc¢cdo Nacional de Geografia eCadastro iputta The South

African Medical Research Council digitally capturecev@int geographical and
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cadastral features, including roads, rivers, towns andrdiif administrative level
boundaries. The smallest administrative unit boundariesiah data was
captured (localities) were drawn onto local maps by tHeadtthe Mozambican
Ministry of Health involved in the project and then diditadaptured for inclusion
in the GIS display.

The relational database allowed the production of spggyiogress maps
at all administrative as well as sector levels. Gh8 software package Mapinfo
Professional® (version 6.4, Maplinfo Corporation, New Y&tBA) was the
mapping software selected and maps were produced as am attuct from
static reports.

3.2.4 Security and data backup

User password restricted access was assured to the commpuseng the
database. Additional passwords were allocated for dqiaie, data modification
and system design changes.

In addition to data storage on the hard disk drive, dataautomatically
backed up after each day of data entry onto an ext8imalive and locked up in
a steel cupboard in a separate building.

3.2.5 Data analysis

Descriptive data for spray activities from the 1999/2000 to 2005/2006
seasons were included in the analysis and presented as,dedgdss and maps.
The Kruskal-Wallis Chi-square test was used to perforeaveay analysis of
variance. Regression analysis was used to investigateldtionship between
coverage rates and incidence for the three spray aseasll as productivity

measures and the actual number of spray operators utilized.
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Operational use of the system is described with exanfioles
Mpumalanga province and when specifically mentioned, soutlezambique.
3.2.6 Intervention area

Residual indoor spraying is mainly confined to the north eagiat of
Mpumalanga province and includes eight spray sectors (FigEaéh sector has
a spray team allocated to the area and a field team ssgmerVeams differ in size
ranging from 17 for Kaapmuiden sector to 81 spray operatofddas sector.
Spray sectors are operational spray boundaries and dolloat municipal
demarcation.

Figure 3.7 Mpumalanga provincial boundary including spray sector
boundaries
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The area targeted for spraying in southern Mozambique dunenipitial
deployment of interventions included the rural distraftdlamaacha and
Matutuine, and sections of the peri-urban districts afdd and Boane in Maputo
Province, covering an area of 7,962 square kilometres wiéistamated 200,000

homes.

3.3 Results and use of the management information system

3.3.1 Comparing spray activity data from the 1999/2000 to 2005/2006 seasons
for Mpumalanga province and where indicated southern Mozambiqa

There was variation in number of structures sprayed, aysgy spray
coverage and total number of structures targeted by yabte(B.2).

The targeted and sprayed structures for the 2000/2001 seasahevere
highest of all seasons. This season followed the epidart999/2000 and
increased intervention resulted from intense advofcynproved control and
renewed efforts for accurate recordkeeping. Number of spistyectured
fluctuated over the following years.

Table 3.2 Spray data for structures sprayed, 1999/2000 — 2005/2006 seasons

Number of structures|Number of structures [Number of Coverage
Season sprayed unsprayed structures targeted |rate (%)
1999/2000 107 988 31980 139 968 77
2000/2001 197 606 42 537 240 143 82
2001/2002 168 400 31016 199 416 84
2002/2003 154 070 24 415 178 485 86
2003/2004 170 262 46 026 216 288 79
2004/2005 155 644 49 318 204 962 76
2005/2006 167420 64 813 232 233 72
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Coverage rates ranged from 72 % during the 2005/2006 season for86%
2002/2003 but no significant change in coverage was found ovemnseas
(Kruskal-Wallis,x?=9.66, degrees of freedom=6, P=0.139) and by municipal area
(Kruskal-Wallis,x?=5.43, degrees of freedom=2, P=0.06).

Recurrent coverage rates lower than 80% prompted thelution of a
monitoring system to determine possible reasons for loxsrege. Reasons could
include refusal or locked structures. This coverage mong@ystem was
formally incorporated in the computerized system durin20@5/2006 season
and addressed the concerns raised. Unpublished data showed @&Yrayed
structures being locked and unoccupied for most of the sé@sdeman, 2006).

Coverage and incidence for the three municipal sprag aveee poorly
correlated. A regression line to show the best reptasen of data for incidence
and coverage revealed poor linearity for all municipal afie@s3.8). Coverage
alone could not predict variability of incidence. Ihdae hypothesized that in low
endemicity areas fluctuation in coverage below that of 80%sot lower than
70% is alone not the driving predictor for variation of an@ incidence and this
deserves further specific study.

Over the seven seasons 44% (n=498 398) of all structurespranged
with DDT and 66% (n=622 992) with deltamethrin insecticide. DME not in
use during the 1999/2000 season.

In southern Mozambique, spray coverage during the fitsid@f
spraying in 2000 exceeded 90% of 222,000 structures, a level toasisiered
more than adequate (World Health Organization 1996). In area® the

management system repeatedly identified lower coveragesitprected (80%),
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investigations were conducted to determine whether this waeshk of
diminished community support, absenteeism of people ihabsehold or poor
motivation of the specific spray operator.

Human resources to spray targeted structures ranged froper&ars
(1999/2000 season) to 158 (2004/2005) (Table 3.3). Appointment of temporar
staff was dependant on financial resource allocatiomédaria programme

activities.

Figure 3.8 Scatter plot to show linear association between idence rate per
10 000 population and coverage rate (%) per municipal area,
1999-2000 to 2005/2006 seasons
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Number of days utilized to complete spray activities dkierseven season
period ranged from 112 days (1999/2000 season) to 164 days (2001/2002 season)
and structures sprayed per day from 964 (1999/2000) to 1185 (2002/2003) (Table

3.3). When structures per day for each season were dividéa aygtual
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manpower the structures per day sprayed per operator ranged to 13
structures (Cl = 6.90 — 11.78).

Maps depicting the progress achieved by each team provided usefu
information to malaria control programme managementrémking teams'
progress, providing ongoing updates to senior health managenaent a
encouraging spray personnel to attain their target (Bigs.3.10). The focus of
spray activities in the highest risk areas bordering Mdmque is depicted
(Fig.3.9)

Figure 3.9 Spraying progress map by sector, 2005/2006 season, Mpumalanga
province
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Table 3.3 Productivity results for spray activities, 1999/2000 — 2005/2006
seasons

Structures

Number of sprayed per day

spray Number of days Number of (number of

operators utilized to spray structures structures /
Season utilized structures sprayed days)
1999/2000 72 112 107 988 964
2000/2001 107 143 197 606 1381
2001/2002 131 164 168 400 1026
2002/2003 138 130 154 070 1185
2003/2004 146 148 170 262 1150
2004/2005 158 137 155 644 1136
2005/2006 150 147 167 420 1138

An additional benefit was that data captured during tké $pray round in
southern Mozambique during 2000 was used to verify official slateces and
provide actual household figures to replace official goventrestimates. This
provided more precise information for malaria controhplag and demographic
data needed by other government agencies for planning.

Insecticide application rates (grams per square metaamstantly
monitored for under- and over-application. The recommenratedior DDT
application for indoor house spraying on walls at a fdanmn of 75% is 2g/fm
(grams per square metre) and deltamethrin at a formalafig5% is 20 mg/m
(milligrams per square metre). An application rate rangetween 1 and 2 for
DDT and 20 to 25 for deltamethrin is considered acceptable(®ld, 2001;
World Health Organization, 1996, 2006).

Under-application reduces insecticide residual activity hod t
effectiveness, while over-application is wasteful.aMhsub-optimal application

rates were detected, investigations included scrutiny odtiogde preparation,
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nozzle condition, application pressure, distance ozledzp from sprayed
surface, and spraying rhythm.

The type of insecticide used had a significant associatikbntiae
compliance to acceptable application rates (Kruskal-#/zfl=31.12, degrees of
freedom=1, P=0.000). The use of DDT insecticide yielded ratdsetter than the
application of deltamethrin. Only the Parks sector hatkuapplication (lower
than 1g/m) for DDT and this practice was noticed in the 2005/20060seas

Figtree sector demonstrated the most consistent igphtation rate over
time when including both insecticides (Fig. 3.11, 3.12).

Under-application becoming more common and more widegfngéime
with the use of deltamethrin and only the Kaapmuiderosstiowed over-
application (2004/2005). Application rates as categorizedesapplication,
under application or recommended application was signilicdifferent over
seasons (Kruskal-Wallig”=15.98 , degrees of freedom=6, P=0.01) and between
the two insecticides (Kruskal-Wallig?=16.39, degrees of freedom=1,
P=0.0001).

The success of this computerised management system desuttéeing
extended to neighbouring Swaziland and southern Mozambique wheataria
vector control programme was re-introduced and strength#gmough the
multilateral Lubombo Spatial Development InitiativeéS@I), a partnership

between the governments of Mozambique, Swaziland and 3dnth.
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Figure 3.10 Example of a spraying progress map by town, Zone 1tsi round
spraying, southern Mozambique, 2000
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Figure 3.11 DDT insecticide application rate by season, 2000/2001_2005/2006
seasons
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Figure 3.12 Deltamethrin insecticide application rate by season
1999-2000 — 2005/2006 seasons
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3.4 Discussion

The computerized management system to monitor residual isgosying

in Mpumalanga province was unique in its design and applicatidrthe first to
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be operationally adopted within a malaria surveillanstesy . The system has
been adapted for other malaria programmes in South Afndebecame an
integral part of the success of the Lubombo SpatiakDgwment Initiative and in
addition covered Swaziland and Mozambique malaria coptogrammes (Sharp
et al, 2007a).

Bioko Island, Equatorial Guinea commenced spray operatidastruary
2004 in a quest to lessen the burden of disease in the Hneasystem developed
and piloted in Mpumalanga province was implemented witftormadaptations to
cater for country specific needs. The monitoring of indesidual spraying
coupled with entomological surveillance highlighted tHeaty and resistance
challenges of the insecticide used prompting the changentwaefficient
chemical for control of malaria vectors (Shatpal, 2007b). Continuous use of
insecticides without monitoring may lead to wasteful agpion and no impact
on disease incidence.

Private sector companies have accepted the challenge @fvimmgpr
community health in areas of mining operations and redpagenefits of a
healthier workforce. As IRS is recognised as an expendeevéntion that
warrants continuous monitoring to ensure cost effeepgication and timely
progress the MIS has been adopted in a number of thigaéves
(Teklehaimanott al, 2007). AngloGold Ashanti commenced vector control
interventions during January 2006 in the Obuasi municipalityg @nd
surrounding villages in Ghana, west Africa. MonitoringthSpray activities was
possible through the use of the computerized managemenms3uieing the first

round 134 000 structures were sprayed. By November the sama $6%
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reduction in malaria cases were noted (AngloGold ABhan06; Coetzeet al,
2006).

Competition for ever-dwindling public health resourcesnsagor
challenge for malaria control programmes in sub-Sahafrica (Marsh, 1998;
Nchinda, 1998). Constant monitoring and evaluation of sprayingtess is
obligatory where indoor residual spraying is an important cowpioof malaria
control, to ensure effective application and preventages(Goodmaset al,
1999).

Not only has it supported a successful and cost-effecamsition to a
community-based spraying approach in several settings, huedrthat spraying
is completed to schedule (Harvagtlal, 2003). The system equipped
management and field supervisors to monitor spraying coverageticide
consumption and application rates on an ongoing bastssydtem supports the
transition to community-based spraying, while monitoringdtisgle application

and spray completion according to schedule.
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CHAPTER 4

4. Outbreak identification and response
This chapter has been accepted for publication ividdaria Journal.
4.1 Introduction

It is estimated that 100 million people are at risk firoalaria epidemics
and the potential value of predicting malaria outbreakisepiemics has been
recognized (World Health Organization, 2000; World Health Omgdioin and
UNICEF, 2005). Epidemics generally refer to increasesseatie in relatively
large populations, while outbreaks are considered to be foakin occurrence
and often precede an epidemic by a number of weeks (DROKG). Improved
detection and response to malaria epidemics was includbed fbuja targets for
rolling back malaria in Africa (World Health Organizati@®00). The
implementation of malaria early warning systems ar@eabed by WHO with the
goal of detecting and responding to outbreaks within twdksvé@aSilvaet al,
2004). Effective outbreak containment demands prompt recagaitid reporting
of an unexpected increase in malaria cases to thegensble for control
activities (Teutsch, 1994). This is a challenge in underdaresd malaria-affected
African regions where limited public health informateystems exist (Hagt al,
2003a). It is critical in these areas that tools to tpsigrammes and responses
are successfully deployed at operational level (Tarekégh 2004).

Stable endemic malaria characterizes much of Afhoajever the fringes
of the malaria affected area and highland areas (eigeriga and Uganda) are
prone to epidemics. Climatic variation, including El N&wents, have been

associated with the occurrence of malaria epidemitsese fringe areas (Bouma
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& van der Kaay, 1996; Mabasa al, 2007). Thus, the WHO malaria early
warning system, which is climate based, is useful at negjievel for alerting
countries to a possible increased risk of malaria epaieralthough this has not
been universally successful (Hayal, 2003a).

Malaria endemicity is not homogenous at country le@emplementary
local systems are required to allow rapid redistribuaiblocal resources to areas
experiencing outbreaks. A number of complex models hagea proposed to
provide a local level warning based on climate, remotdrsggnsodels, syndromic
surveillance and incidence patterns, (Fayal, 1998; Hayet al, 2002; Najera,
1999; Pavlin, 2003; Tarekeg al, 2004) but their complexity suggests that
successful and sustained programme level adoption wilhakenging.

Malaria risk in Mpumalanga is relatively low comparedther hyper-
and holoendemic areas of sub-Saharan Africa and thasimity does not develop
in the population at risk. This area has historicallyezlenced malaria outbreaks
and epidemics with attendant relatively high mortgldyrrheimet al, 1998b;
Govereet al, 2000b). The introduction of definitive diagnosis usingdap
diagnostic tests and mandatory reporting of cases rhadiet/elopment of a
malaria incidence based outbreak identification syseasilble (Durrheinet al,
1998b; Durrheirret al).

Successful local implementation of a health faciiased syndromic
outbreak detection and response system suggested thaledimp based
malaria outbreak detection and reporting system migfedsable if clinic staff
were adequately trained, supported and appreciated the vahedrafontribution

(Durrheimet al, 2001).
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This chapter describes the conceptualization and impiatien of a
three-tier malaria outbreak identification systenmgsinomial thresholds to
prompt early outbreak response and direct focal malantaa interventions.
Retrospective data were used to compare the performétize lmnomial

threshold method to other currently recommended statisgigabaches.

4.2 Methodology

4.2.1 Study region

Twenty fivehealth facilities and 42 town/villages in the highest risk
Nkomazi municipal area in Mpumalanga province fully impdewed the outbreak
identification system in July 2005 (Fig. 4.1). Malariagasonal in this area with
the high-risk period occurring from September to April, durlryperiod of high
humidity and rainfall. Estimated population at risk irstarea is 380,000

(Statistics South Africa 2005).

4.2.2 Threshold calculation

The binomial exact calculation was used to determinigichehl
thresholds for each health facility and town/villapgsveek (Sheynin, 1970).
Exact confidence intervals (95% and 99%) were used to ceddalzel 1 and level
2 outbreak thresholds respectively. Town/village populatmascatchments
populations for each health facility were used to detegrtiie denominator
populations at risk of malaria (Mpumalanga Departmentesith and Social
Services, 2002). Expected cases were calculated fromianatdifications by
facility and source of infection at town/village le\®l week for the previous five

malaria seasons (July to June) using weightings derivedgdaimominal group
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exercise. During a three round e-mail Delphi survey,exlewalaria experts from
the South African Medical Research Council, World IHe@rganization, South
African National Department of Health and MpumalangaviPicial Department
of Health provided their weighting and rationale for difeerential proportional
contribution of previous seasons in predicting the neassn’s total malaria
notifications.

Figure 4.1 Clinics/hospital and towns/villages under outbreakurveillance in

the Nkomazi and Thaba Chweu municipal areas, 2004/2005 —2005/2006,
Ehlanzeni District, Mpumalanga province
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4.2.3 Description of the outbreak identification and responssystem
4.2.3.1Tierl

Charts with weekly bi-level outbreak thresholds were ldgezl for each
health facility allowing daily tallies of confirmed case be cumulatively charted

against the weekly threshold (Fig.4.2). The mandatory pagéication forms
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were also completed for each case. When outbreaklew 2 thresholds were
exceeded the malaria control programme (MCP) was @dfify clinic staff and
stock levels of malaria treatments and rapid diagnossits (RDTS) verified to
ensure that adequate supplies were available for outbreakneamgement.

Figure 4.2 Example of the outbreak detection chart
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4.2.3.2 Tier 2

MCP field staff received tables with the weekly thrddb@re-entered for
each town/village within their area of responsibilityafle 4.1). Tallies were
based on the most likely source of infection town/villageeompleted on each
notification form from health facilities. Notified \e&ly town/village cases were

compared to weekly thresholds.
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Where thresholds were exceeded, field staff conducte@ hegits to
confirm the likely source of infection and performed soireg amongst
individuals in the case household and neighbouring houselioddgerson was
symptomatic, a RDT was performed and all individuals wahitive RDTs were
referred to the nearest health facility. Blood slidesentaken from remaining
household members and screened at the provincial malbaeatory. All positive
individuals were contacted and referred to health faslior treatment within 48
hours. If level 1 or 2 outbreak thresholds were exceatamvn/village level,
environmental assessment was conducted to identify lazsdunto breeding sites
(Braacket al, 1994). Larviciding was performed as required and local egeer
with indoor residual spraying (IRS) confirmed. If a leRedutbreak threshold was
exceeded for more than one successive week, additioBal#R considered in
the town/village.

Table 4.1 Example of outbreak identification threshold tab¢ for field use

Kamhlushwa
Outbreak [Outbreak Total
Week|Date Level 1 |Level 2 Casesveekly cases
27 |3/7/2006 - 9/7/2006 3 5 I 1
28 [10/7/2006 - 16/7/2006 2 4 0 0
29 [17/7/2006 - 23/7/2006 3 5 Il 2
4.2.3.3 Tier 3

All malaria case information was entered into theamalsurveillance
system within a week of notification and outbreak dezectilgorithms by source
location (town/village) were automatically run as eaabe was entered. If either

threshold was exceeded an email alert was automgitgeit to the relevant MCP
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staff members and their managers. This allowed perforenanomitoring of tier 2
responses.
4.2.4 Comparison

The binomial exact thresholds used in this identificatipgstem were
retrospectively compared to the WHO recommended thiceshean +2 standard
deviation (Najera, 1999; World Health Organization, 2001b) amcCdntres for
Disease Control and Prevention recommended cumuktive(Hayet al, 2002)

during the 2003/2004 season when a local malaria outbreak was
experienced.

Uptake and usefulness of the system was evaluated byiathring a
structured questionnaire after each implementation s€a86d/2005 and
2005/2006) at all primary health care facilities. A seasfars to the period July

to June

4.3 Results

In July 2004, the outbreak identification and responsesystas
implemented in 12 primary health care facilities, 20 twllages and then
expanded in July 2005 to include 13 more health facilitie2@rtdwn/villages in
the Nkomazi municipal area (Figure 4.1).

During the 2004/2005 season a total of six outbreaks werdeddorm
three (25%) health facilities. Only one (8.3%) level Zboetik was reported. All
outbreaks were reported within 48 hours and occurred bettuagmnst 2004 and

January 2005 (Table 4.2).
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Table 4.2 Malaria outbreaks by month, 2004/2005 season

Level 1 Level2
Month Health facility | ocality/Town/Village |Health facility |ocality/Town/Village
July 0 0 0 0
August 4 1 1 0
September 0 1 0 0
October 0 2 0 1
November 0 0 0 0
December 0 0 0 0
January 1 1 0 0
February 0 0 0 0
March 0 0 0 0
April 0 0 0 0
May 0 0 0 0
June 0 0 0 0
Total 5 5 1 1

Response by the malaria field staff occurred within 24 holurgporting.
No stock-outs of drugs or RDTs were experienced. Inaheeseason five (22%)
town/villages reported level 1 outbreaks, and one a Rweiltbreak, all between
August 2004 and January 2005 (Table 4.2). Only one town/villageierped a
level 1 outbreak at both health facility and town/villdgee| simultaneously. All
cases were followed up and epidemiological field investiga conducted by
field staff identified four additional patients by testinggidours of index cases.
Fifteen breeding sites were identified and larvicidingqrened with an
organophosphate.

During the 2005/2006 season, 107 outbreaks were identified frdth hea
facilities. Twenty (80%) and 11 (44%) health facilitieported level 1 and level 2
outbreaks respectively. This differed significantly witempared to the first
season (P=0.0005; P=0.0163 respectively). All outbreaks wergedpaithin 72
hours and the majority (n=91, 85%) within 24 hours. They ocdulm®ughout

the season (Table 4.3). Of the 77, level 1 outbreaks figein80 (39%) became
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level 2 outbreaks. Review of stock inventories and routrdering indicated that
health facilities would have exhausted malaria treatrmedtRDT stocks if there
had been no warning and additional orders placed.

Table 4.3 Malaria outbreaks by month, 2005/2006 season

2005/2006
Level 1 Level 2

Month Health Facility [Town/village/Village [Health Facility Town/village/Village
July 3 0 1 0
August 1 1 0 0
September 1 2 0 0
October 3 3 1 1
November 2 1 0 0
December 9 4 5 0
January 22 5 14 3
February 13 4 5 2
March 13 5 3 3
April 4 3 0 1
May 4 2 1 0
June 2 0 0 0
Total 77 30 30 10

In the same season 40 outbreaks were identified atlemehbetween the
months of August 2005 and May 2006 (Table 4.3). Nineteen (45%) tdavgés
reported outbreaks at level 1 and eight (19%) reported 2evatbreaks. Focal
larviciding was carried out in 27 town/villages where bregdites were
identified. Testing of neighbours of index cases idesdifi9 additional malaria
cases. New cases were notified and referred to a prineaith care facility for
treatment.

The rapid response at tier 2 was verified by finding 188% of email
outbreak alerts (tier 3) were received after a resptman identified outbreak had

already been initiated.
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Outbreaks and response activities were verified by fieldagpars and
malaria information managers during weekly operationatimgs and by
provincial management at monthly MCP meetings.

The use and acceptance of the charts at healthiéscivas assessed using
a structured questionnaire during site visits to all partizigahealth facilities.
Charts were available for viewing at all health faieitand all respondents
indicated that the chart was useful, with the majaatsfied with the design
(n=32, 86%). A total of 25 (68%) respondents claimed thathbes gave an
awareness of malaria risk and 6 (16%) used the chartdalarestock orders of
malaria treatment and RDT’s (Table 4.4).

Table 4.4 Summary of health facility survey responses regardinthe

outbreak identification chart, 2004/2005 and 2005/2006 seasons, Tonga health
area

Yes No
Season Question n (%) n (%)
2004/2005 Chart available? 13 (100) 0 (0)
2005/2006 26 (100) 0 (0)
2004/2005 Chart complete? 10 (77) 3(23)
2005/2006 22 (85) 4 (15)
2004/2005 Chart need to change? 1(8) 12 (92)
2005/2006 4 (15) 22 (85)
2004/2005 Chart useful? 13 (100) 0 (0)
2005/2006 26 (100) 0 (0)
Rather prefer to use formulas to

2004/2005 |determine own thresholds? 0 (0) 13 (100)
2005/2006 1(4) 25 (96)

The outbreak identification thresholds were comparetustrospective
case data from the 2003/2004 outbreak in Dindela town/villagemiikio
municipal area. Comparisons were made between the Wethreended mean

+2 standard deviation (Najera, 1999; World Health Organiza2iodlb), the
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CDC recommended cumulative sum thresholds (étal, 2002) and the
binomial thresholds method described above.

This particular period was selected as the seasonatienaicidence rate
for Dindela town was 25%, being the worst outbreak sessmorded for a town
in Mpumalanga Province (Mpumalanga Malaria Control Progna, 2005). No
outbreak identification system was in existence dttthee. The number of
outbreak identifications for the specific season vhaecording to threshold
tested: C-sum (n=32), mean +2 standard deviation (n=29), bihouwtieak
level 1 (n=18) and level 2 (n=12). The number of falsereatts (this being
outside the 20 week outbreak period) detected by the différeesholds also
varied. The binomial exact thresholds detected 1, i©-42 and the mean + 2 SD
points 9. All except the binomial level 2 threshold idiedi the actual outbreak
four weeks before occurrence.

The level 2 outbreak thresholds only detected the actiiateak when it

commenced

4.4 Discussion

The binomial outbreak identification and response syst@wided rapid
alerts to focal malaria increases that prompted targrtiekt health action in the
high-risk malaria area of Mpumalanga province during tleegeasons following
introduction. The need for ensuring adequate diagnosis angpptoeatment is
essential as the local population has no acquired imynfatibwing five decades
of malaria control that has limited malaria transiae to the summer months

(Govereet al, 2002; Mabuzat al, 2001).
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In southern Africa a number of countries have ackedged their
inability to implement the WHO recommended malariayeadrning system
despite its stated aim that it provides a simple andipahctutbreak alert system
(Hayet al, 2003a). The primary goal of an outbreak surveillancesyst to
ensure timely recognition of abnormal levels of dis¢Rsngold, 1998).
However, surveillance must be followed with a timedgponse or it becomes an
academic exercise of limited value (Satcher, 1995). The Mfanga malaria
control programme, in recognising the need for a mataribreak alert system,
developed the tools described in this paper for supporting prograperations.

A climatic early warning system (Hat al, 2003b; Thomsoset al,
2000a; Thomsoet al, 2000b) with long lead times add limited value to
Mpumalanga malaria control as extensive IRS is impléeteannually. Simple
models have been demonstrated to perform well in etfeas (Abekeet al,
2002). Reliable focal outbreak detection is possible in Mpanga because
timely and good quality malaria notification data iside (Hayet al, 2002).

In many malaria epidemic fringe areas the three tierbial alert system
could provide valuable intelligence to guide rapid public healtbrathat could
limit the extent and duration of outbreaks. It could ensheethere are adequate
diagnostic and treatment supplies, provide ongoing mongafnhe performance
of programme staff and guide focussed control activities.

It was encouraging to find that primary health carditfies embraced the
system and recognized the additional benefit of utiligegcharts for routine

stock orders of malaria treatment and RDT’s. This nmeyiee its sustainability.
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Epidemiological methods including the WHO mean + 2 SDIé@et al,
1984) and CDC’s cumulative sum (Hatyal, 2002) have previously been used
for outbreak identification and response. Historical gansons using data from
a known epidemic period indicated limited concordance/éen the binomial
thresholds and the C-sum [15] and mean + 2SD threshédgera, 1999; World
Health Organization, 2001b). The large number of false kyerkbreaks
identified by the C-sum and mean + 2 SD thresholds durisgétiospective
analysis would likely make them impractical in the M@lamga situation as
unnecessary and costly responses would be required by tRestd@. Our
findings compare to similar findings from an evaluatiwaject in Kenya that
guestioned the operational validity of WHO thresholds (etagl, 2002).

The computerized system, implemented as the thirdutenatically
calculated outbreak thresholds at the beginning of arimaaason. It also
provided a timely quality monitoring mechanism for supervisatsraanagers to
verify field operations.

The outbreak system described here was developed forradtavia
transmission setting and has direct application inragions with a similar
transmission pattern. These are expected to increaséaeger number of
countries invest in enhanced malaria control and eliminat@urrent initiatives
to control malaria with support from the Global Fund Bnesident’s Malaria
Initiative are delivering success stories in malariam@bincluding the Lubombo
Spatial Development Initiative (Shaep al, 2007a) and Bioko programme in

Equatorial Guinea (Kleinschmiét al, 2006; Sharget al, 2007b). These

will result in expansion of the zones where malendemicity is unstable with
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increased need to identify and rapidly contain focalm@atks. The binomial
outbreak identification and response system pilotedpnriblanga should be
tested in these areas as it appears to provide eanlyficktion of malaria

outbreaks that facilitate timely response to ensuttecthatrol gains are sustained.
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CHAPTER 5

5. Using the SaTScan method to detect local malaria clustefiar

guiding malaria control

This chapter has been submitted for publication tdthgical Medicine and
International Healthjournal.

5.1 Introduction

In common with most infectious diseases, malarigisrogeneous in its
distribution in both time and space (Car¢rl, 2000; Gamage-Mendét al,
1991; Greenwood, 1989), and incidence can vary greatly betsteicts,
villages and towns. The heterogeneity of malaria iscédd by patterns of malaria
vector distribution, human-vector contact, human hes@avioural factors, house
construction, and malaria prevention methods used (GaMagdiset al, 1991,
Snowet al, 1998a; Thomas & Lindsay, 2000; Thompsaral, 1997; Trape et
al., 1992).

Characterization of malaria heterogeneity may allowrftization of risk
areas to permit focusing of malaria control intervergiahan operational level.
The ability to identify localized malaria clustersr@mote highland areas of east
Africa facilitated early intervention in the absemdesarly warning systems, as
these malaria “hotspots” remained constant in epidamicnon epidemic years
(Ernstet al, 2006).

A number of models have been developed for describing imajaatial
distribution and seasonality (Craag al, 1999; Hayet al, 1998; Omumbet al,
1998; Tanseet al, 2003a), transmission (Kleinschmeltal, 2000; Snowet al,

1998b; Thomas & Lindsay, 2000; Yaergal, 2002), mosquito distribution
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(Kitron et al, 1994; Linthicumet al, 2003; Sithiprasasret al, 2003) and risk
factors associated with malaria (Broolkgral, 2004; Gemperlet al, 2004; Huet
al., 1998). However many malaria endemic environments apenaslimited
(Hayet al, 2003a) and tools to assist decision support need to take aofoun
these limitations.

The burden of malaria in Mpumalanga is relatively wieBcribed as
definitive diagnosis using rapid diagnostic tests and nangeeporting of
malaria cases (Durrheist al, 1998b; Durrheinet al, 2001) is universally
practised in the public health system, which managegatstemajority of malaria
cases. All confirmed malaria cases are entered intalaria surveillance system.

SaTScan freeware was used to analyse malaria natficdéta from
2002-2005 to determine whether local clustering occurred that doekt local

control efforts (Kulldorff & Information Managemenef&ices Inc, 2005)

5.2 Methodology

5.2.1 Study area

The area included the seven rural towns in Mpumalangarmq®8outh
Africa close to the Mozambique and Swaziland borders (Figure that are at
relatively high malaria risk in a South African caxttéBoomanet al, 2000), with
malaria incidence ranging from 30 to 61 per 1 000 persons éet¥@97 and
2005. Malaria is seasonal in South Africa, with almdistases occurring between
October and May.

Anopheles arabiensis the main vector in the region. Vector control in

the province is mainly by indoor residual spraying (IRS) wibilDon traditional
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mud, unplastered and water based painted surfaces and etisyoyhethroid for
enamel painted wall surfaces (Kager, 2002; Kapp, 2004; Maingla 2004).
Original town maps produced in 2000 were upgraded from digitzedl a
photographs produced in 2002 and updates converted into Maplnforvérsi
files (MaplInfo Corporation, New York, USA) with Geomediaftware
(Symmetry Systems Inc., New York, USA). Unique stdmaligehold) numbers
were allocated during the digitizing process. A stand melyde one or many
number of structures belonging to a family unit on a deseghpiece of land.

Figure 5.1. Location of the seven towns selected for detal&IS surveillance,
Nkomazi municipal area, Mpumalanga.
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5.2.2 Active malaria case investigation

Malaria case investigators followed up all malaria caséisa specified
towns as part of malaria control programme activitieshe 2002/2003,
2003/2004 and 2004/2005 seasons. Following a definitive diagnosis ofanadla
a health care facility, an investigator would identify pnebable source of
infection by confirming the travel history of the patiegrdicated on the
notification.

5.2.3 Spatial and temporal clusters

SaTScaf" software, version 5.1.3 using the Kulldorf method of
retrospective space-time permutation and the Bernoulllypspatial model
(Kulldorf et al, 1998; Kulldorffet al, 2004) was used to identify malaria clusters
in individual towns for the three seasons under investigand over the
combined time period. This method has previously been validatelotting and
understanding local malaria time-space cluster anaBsiscpeet al, 2003;
Brookeret al, 2004; Kulldorf, 1997; Nkhomat al, 2004; Odokt al, 2004). The
circular scan statistic is isotropic with respecttie rotation of the geographical
area (Kulldorf, 2005).

Observed cases in a cluster were compared to the diginaftexpected
cases if spatial and temporal locations of all casse independent. The model
adjusts for entirely spatial or entirely temporal tdus. With spatial adjustment
time remained dormant and during the temporal analysisrseasye considered.
The distribution and statistical significance of thestérs were identified by
means of Monte Carlo replication of data sets undenuliehypothesis.

Replications were not less than 999 to ensure “excelfgwer for defining
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clusters (Kulldorf, 2005). Clusters were prioritized adaa to their statistical

significance.

5.3 Results

5.3.1 Malaria incidence

Four hundred and twenty two malaria cases were notified diventhree
seasons from 341 stands (households) across the seven kawsignificant
association was found between multiple case repoatilgusehold level and
season)?=0.435, degrees of freedom=2, P=0.805).

Malaria incidence differed significantly between themts during the
three seasong{=6.442, degrees of freedom=6, P=0.040) (Fig. 5.2).

Figure 5.2. Malaria case incidence per 1,000 population by towR002/2003 —
2004/2005 seasons, Nkomazi municipal area
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5.3.2 Case clustering
SaTScan analysis detected a number of clusters durintutheperiod
(Table 5.1).

Table 5.1. Cluster and outbreak profile by town, 2002/2003 — 2004/2005
season

Number of space time clusters
Town n (season) Number of space clusters
Albertsnek 1 (2004/2005) 2
Goba 0 1
Khombaso 0 0
Mbangwane 0 0
Mbuzini 0 1
Steenbok 0 0
Thambokulu 1 (2004/2005) 1

Albertsnek produced two space clusters over the threerspasiod using
the Bernoulli model, one in the northern (log likeligoratio = 12.308, p = 0.003)
and one in the south eastern part of town (log likebhio = 12.187, p =
0.003). Three additional space clusters were observé&hba (log likelihood
ratio = 12.226, p = 0.001), Mbuzini (log likelihood ratio = 22.372,(a001) and
Thambokulu (log likelihood ratio = 22.372, p = 0.001). Only tewns,
Albertsnek (test statistic = 5.548, p = 0.007) and Thambokest tatistic =
3.668, p = 0.004), had space time clusters and both were dugi29®4/2005
season (Figs. 5.3, 5.4, 5.5, 5.6).
5.3.3 Cluster detection to guide control activities

The third season for case cluster identification, 2004/208HBapped with
the first season of implementation of an outbreaktifleation and response
system in the Tonga area. Thambokulu and Albertsnek triggertbreak

declarations during this season (Coleraaal, 2008).
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Figure 5.3 Spatial malaria case clusters, 2002/2003 - 2004/2005 seasons,
Albertsnek town
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Figure 5.4 Space time malaria case cluster, 2004/2005 season, Akreek
town
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Retrospective analysis showed clusters in both tdamihe season.
The physical plotting of cases by household during thiose@004/2005) as
part of the cluster identification activities provided sul distribution of risk in
the towns and assisted with the planning of interveniimaseas most needed.
Activities for consideration included verification of ks at health facilities for
diagnosis and treatment, active case detection agdakb#s, additional indoor
residual spraying, focal larviciding and health promotion.

Figure 5.5 Space time malaria case cluster, 2004/2005 season, Thamkwku
town
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Figure 5.6 Space malaria case cluster, 2002/2003 - 2004/2005 seasons,
Thambokulu town
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5.4 Discussion

Application of the SaTScan method successfully idedtifnalaria case
clusters and clearly demonstrated malaria risk hetemiyeat local level. Four
towns in this study experienced spatial clusters and taguged space time
clusters in the 2004/2005 malaria season, the latterirgsinttargeted local
control efforts.

Spatial clustering of infectious disease is facing redewerest allowing
for the quantification of the degree of clustering itifiets. Such approaches have
been used to investigate the spatial clustering in dengueighbioet al, 1998)
encephalitis (Kitroret al, 1994) and sleeping sickness (fever) (Abdelrahetan
al., 2006) but the application to malaria has been limitdth{€e & Kitron,

1999).
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Gaudartet al. (2005) compared the oblique decision tree model, a complex
statistical technique with Kulldorff's SaTSd&hcluster technique used here.
Their study in a village in West Africa to identify maéarisk clusters produced
similar results from both methods. The Mpumalanga imyasbn confirmed the
usefulness of the Kulldorff's scan statistic that been documented in other
settings (Hjalmargt al, 2006; Kulldorfet al, 1997; Shaheeet al, 1987). In the
Mpumalanga setting, high rates of treatment seeking bmlvaai primary health
care level (Goveret al, 2000a) and the use of passive notification and active
case detection, strengthens disease surveillance taen®@latively complete
data for cluster identification.

SaTScan cluster identification has also proven valuablergeting
control strategies in the Kenyan highlands (Broadteal, 2004) . Over a ten
week period during a 2002 epidemic spatial targeting of vectaralaeduced
the abundance @&nophelesnosquitoes.

It is important to identify this circular isotopic tedque to detect clusters
as valuable but acknowledge of its limitation to deteeginlar shaped clusters
due to its fixed scan window is mentioned in literatureniddt et al, 2006; Patil
& Taillie, 2003).

The same Mpumalanga towns under cluster surveillance weluded in
a malaria outbreak identification and response sybgsad on formal case
reporting (Colemaet al, 2008). The incorporation of cluster identification as a
complimentary measure for the outbreak system wasifigeln Results indicated
that clusters areas corresponded with outbreaks. ThestonAlbertsnek and

Thambokulu both reported malaria outbreaks in the s@mason as the time space
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clusters. The synergy of being able to locate high fiskters in towns identified
as experiencing outbreaks, allows limited resources toaxémised when an

outbreak is identified.
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CHAPTER 6

6. Household and micro-economic factors associated with malar

This chapter has been submitted for publication tdrttegnational Health and
Geographyjournal.

6.1 Introduction

Variation in malaria incidence in small geographicadarean be
explained by a variation of exposure to risk factors (@as& Dowlatabadi,
2002). Common risk factors described in literature assacwite malaria are
climate, altitude, distance from breeding site, housetogi®n, crowding index
and personal protection measures (Abekal, 2004; Adiamalet al, 1993;
Clarkeet al, 2002; Ghebreyesuet al, 1999; Koramnet al, 1995; Snowet al,
1998b; Tanseet al, 2003b; Thomas & Lindsay, 2000). Many of these factors are
directly or indirectly linked to socio economic statdisidousehold.

Globally, disease burden in impoverished rural settlesnerttigher and
poverty has been directly associated with increasedsdisesk (Blakelyet al,
2005). A downward spiral of income due to illness contribtddsss available
finances for improvement of house location, structursigdeas well as personal
protection measures. House construction and design neay #fé risk of
mosquito bite exposure. The main activities employedssele contact between
malaria vectors and humans include the use of insecti@deett nets (ITNs) and
reliance on indoor residual spraying with insecticides JIRS

The renewed drive to scale up these interventions ica&fequires
reliable evidence based knowledge to direct allocatiorsufurces to those who

are at greatest risk to ensure cost effectivenesgeientions (Bremaaet al,
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2004; Johns & Tan Torres, 2005). Identifying household risk fac¢hat
contribute to malaria transmission is therefore irtgo@ for reducing the burden
of disease (Brookest al, 2004).

Furthermore, the role of such factors in areas tée Isuccessfully
reduced malaria but where transmission persists hdseratwell elucidated. This
study aimed to investigate socio economic variables ansehold characteristics
amongst cases and controls in seven towns withihype endemic Nkomazi

municipal area characterized by seasonal malaria trasemi

6.2 Methodology

6.2.1 Study area

The seven rural Mpumalanga towns closest to the mtiermal border with
Mozambique in the east and Swaziland in the south atdtighearia risk are
Goba, Albertsnek, Steenbok, Mbuzini, Khombaso, ThambokwduMbangwane
(Figure 5.1). Almost a quarter (23%) of the households in Nkoara traditional
mud structures or informal shelters (Statistics SouttcAfr2005). Official
unemployment is reported to be 41% of adults > 17 yrs anda? Hbhouseholds
in this area have an income of less than R4 801 per afBtatmstics South
Africa, 2005).

The area is sub-tropical and the altitude of towns =frgen 300
(Albertsnek, Khombaso, Steenbok) to 700 metres (MbuzinNeabea level.
An.arabiensiss the main vector in the area. The average annuatimalaidence

per 1 000 population from 1997/1998 to 2005/2006 ranged from a minimum of 26
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(Thambokhulu town) to 54 (Mbangwane town) (Mpumalanga N&alaontrol
Programme, 2006).

Spatial analysis in the seven towns in Tonga ovettite® seasons
showed four towns experienced significant space clustersna space time
clusters using the Kulldorff method (Table 5.2).

6.2.2 Study design

A household matched case-control design was used torexgssociations
between household risk factors and malaria, with cagedholds having at least
one confirmed malaria case in the household during thedoenider review.
6.2.3 Case household enrolment

All households that reported malaria cases since thiariag of the
2005/2006 malaria season (1 July 2005 to 31 June 2006) were offeradestrol
in the study. A control household was the nearest neigiry household without
malaria patient (s) during the period under review. Thre¢rabhouseholds were
selected for every case household.

6.2.4 Data collection

A pre-tested structured questionnaire translated into ta¢ lmnguage
was used to collect information on potential risk fastbat included household
structure, household behaviour, protective activities anduresas well as
household assets to determine wealth status.

Two experienced malaria case investigators were speliftcained to
conduct field data collection. An adult over the age ofhB8 resided in the
household was eligible to participate, with preferengermgto the head of the

household.
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Data was captured and double entered in a Microsoft A&Q@30
database (version 9.0.2, Micro$gfRedmond, Washington, United States)
designed specifically for this purpose. All dichotomous atdgorical variables
were coded for data analysis. Ownership of householdsassedpresent
household’s economic status used validated tools publishierature (Bonnila-
Chagin & Hammer, 1999; Kakwast al, 1997; Schellenberegt al, 2003). These
included household income, radio, television set, carstivek, electricity, flush
toilet, lounge suit and number of bedrooms.

6.2.5 Data analysis

Principle components analysis (PCA) was used as tthe igreferred
economic analytical approach to calculate the wesadibx as a composite of all
socio-economic variables for each household (Broekat, 2004; Ceccatet al,
2007). A wealth index based on asset ownership has been shide a good
measure of economic status (David & Haberlen, 2005; Filmeri&hett, 2001).
The first principal component explained 29% of the variamgkgave greatest
weight respectively to ownership of a television, houslk more than two
bedrooms, and ownership of a lounge suit. The resultants were divided into
guartiles to ensure that each household could be classifterms of relative
socio-economic status (Malét al, 2006).

Conditional univariate logistic regression analysis wsed to assess the
association of case and control households with patersgk factors and selected
protective activities. All variables with P-values I#san 0.1 were entered into
conditional multivariate logistic models. Owing to ttelinearity between house

structure type, wall structure and wall covering, the efi¢each of these factors
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on malaria risk was evaluated in three separate mu#teamodels and tested
using the Akaike Information Criterion (Hamparsum, 2000 Wodel with the
smallest AIC value was considered the best fit modéhalysis were
performed using STATA (version 9, STATA Corporation, €g# Station, Texas)
6.2.6 Ethics

The study protocol and relevant forms were submittedeto th
Witwatersrand University Research Ethics Committeestbical clearance and
approval. (Appendix E). The Malaria Control Programnamagement team
agreed to the study and formal approval from the Mpumalaegarbment of
Health Research Ethics Committee were obtained befmreanencement of the
study (Appendix F).

A written consent form translated into the local laage (Siswati), was
developed. The purpose of the study, a guarantee of freeddmioé to
participate, the withdrawal of consent at any stage asgrance of the
anonymous nature of any data gathered during the study wass#iglcprior to

signing of the consent form in local language.

6.3 Results

A total of 53 case households and 159 control household weykee.
All household characteristics used in the analysidigtesl (Table 6.1).
Traditional/informal structures were more commondase households n=32,
60%) and western structure counts higher amongst cowtuseholds (n=129,

81%). Traditional/informal structures were defined assinycture constructed
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from any material except bricks and included mud, plaste.carrugated iron.
The odds ratio was the preferred measure of associstexhfor analysis.
Results showed living in a traditional/informal househoikih mud walls
(OR=5, P=0.000) and inner mud wall covering (OR=5, P=0.005) were
significantly associated with increased risk of malangh regards to household
behaviour re-opening the windows at night after the househembers have
gone to sleep was the only statistically significantalde that was associated
with increased risk of malaria (OR=4, P=0.003). Househoittsnithe third
(OR=0.34, P=0.015) and fourth wealth quartiles (OR=0.31, P=0.0dr®) w
associated with reduced risk of malaria. The use of ergedprays were
borderline protective (OR=2, P=0.052) but suggest superiority wiepared to
other personal protection activities. Multivariate ass\showed that of the
selected household variables in the model the most immois& factor for
increased risk of malaria was walls constructed from follmwed by re-opening
of windows at night (Table 6.2). Households falling withimigher wealth
guartile, according to the wealth index were consistas$ociated with reduced
risk of malaria.
Table 6.1. Univariate analysis showing the frequency of potentiakk factors

and protective factors among cases and controls, odds ratios (O&)d
confidence intervals (Cl) for the association with malaria.

VARIABLES CASES CONTROLS |OR |95% CI \ealue
n % n %
53 |25 159 | 75

HOUSEHOLD

STRUCTURE

House construction

Western 32 19.9 129/ 80.1 1.00 .

0.001
Traditional/informal 21 | 41.2 30 58.8 4,04 1.73 9.45
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VARIABLES CASES CONTROLS |OR |95% CI \ealue
n % n %
53 | 25 159 | 75
Wall structure
Brick 19.9 | 129 | 80.1 1.00 .
Corrugated iron 0 0.0 4 100.00 0.00 . . 0.316
Mud 20 | 435 | 26 56.5 5.10f 2.03] 12.80 0.p00
Plastic 1 100.0| O 0.0 0.014
53 | 25 159 | 75
Wall covering
None Brick 13 | 25.0 | 39 75.0 1.0d .
Non Corrugated iron 0 0.0 4 100.0 0.0p . . 0.371
Mud 20 | 435 | 26 56.5 5.24/ 1.42| 19.30 0.005
Plastic 1 100 0 0.0 . . 0.317
Painted PVA 1 6.7 14 | 93.3 0.20 0.02 2190 0139
Painted enamel 2 13.3] 13 86.7 0.28 0.0 6.04 Q.383
Plastered 16 | 20.3| 63 79.8 098 040 216 0858
Roof structure
Corrugated iron 45| 25.1 134 74.9 1.00 . . .
Grass 8 242 | 25 75.8 0.96 0.44 2.0 0911
Any visible openings
No 12 | 279 | 31 72.1 1.00 . . .
Yes 41 | 24.3 | 128| 75.7 0.8 0.34 1.86 0.p00
Tap water inside
No 51 | 25.6 | 148| 74.4 1.00 . . .
Yes 2 154 | 11 84.6 0.44 0.07] 276 0.872
HOUSEHOLD
BEHAVIOUR
Plaster walls
<1 year before 7 35.0 13 65.0 1.0D .
>=1 year ago or never 46| 24.0 146 76.0 0.1 0.16 1/59 0.236
Wash walls
<1 year before 1 8.3 11 91.7 1.00 . .
>=1 year ago or never 52| 26.0 148 74.0 4.9 0.46 40.49 10.165
Re-open windows after
sleeping
No 42 | 22.1 | 148| 77.9 1.00 . . .
Yes 11 | 50.0 | 11 50.0 3.7 1.45 9.84 0.p03
PROTECTIVE
ACTIVITIES
Use mosquito coils
No 37 | 226 | 127| 77.4 1.00 . . .
Yes 16 | 33.3 | 32 66.7 1.83 0.85 391 0.114
Use repellent sprays
No 27 | 31.8 | 58 68.2 1.00, . . .
Yes 26 | 20.5 | 101| 79.5 1.90 0.98 3.68 0.052
Apply lotion sticks
No 52 | 25.9 | 149| 74.1 1.00 . . .
Yes 1 9.1 10 90.9 0.30] 0.04, 2.19 0.207
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Table 6.2. Multivariate analysis showing selected variables wittheir odds
ratios (OR) and confidence intervals (CI) for the associatiowith malaria.

VARIABLES OR 95% ClI p-value
HOUSEHOLD STRUCTURE

Mud wall 6.12 2.26 16.59 0.000
HOUSEHOLD BEHAVIOUR

Re-open windows at night 4.01 1.32 12.18 0.014
PROTECTIVE ACTIVITIES

WEALTH INDEX

Third quartile 0.24 0.09 0.65 0.005
Fourth quartile (least poor) 0.27 0.10 0.79 0.016

6.4 Discussion

Identifying differences between households in small geographieas

has proven useful. The question remains how does riskdmidual households
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VARIABLES CASES CONTROLS |OR |95% CI \ealue

n % n %

53 | 25 159 | 75
Burn plant or animal dung
No 47 | 24.4 | 146| 75.7 1.00 . . .
Yes 6 31.6 | 13 68.4 145 0.51] 4.11 0.481
Wear long sleeve clothing
No 52 | 24.8 | 158| 75.2 1.00 . . .
Yes 1 50.0 | 1 50.0 3.33] 0.16| 67.66 0.405
Have net
No 26 | 265 | 72 73.5 1.00 . . .
Yes 27 | 23.7 | 87 76.3 0.87 0.47 1.58 0.637
Sleep under net
No 45 | 254 | 132 | 74.6 1.00 . . .
Yes 8 229 | 27 77.1 0.86 0.34] 2.15 0.y42
Spray card
No 22 | 324 | 46 67.7 1.00 . . .
Yes 31 | 21.5 | 113] 785 0.5 0.30f 1.0 0.p78
WEALTH INDEX
Quartile
First (poorest) 19 | 38.0| 31 62.0 1.00 . . .
Second 18 | 316 | 39 68.4 0.58 0.23 1.46 0J237
Third 8 151 | 45 84.9 0.34) 0.14| 0.8 0.015
Fourth (least poor) 8 154| 44| 84.6 0.31 0.12 0.0 (Q.011



differ in areas where most important risk factorsadilee. Malaria risk is defined
as “the probability of contracting malaria” (Casmambé&wlatabadi, 2002).

The case control study identified that people livingaditional mud
structures (OR=5, P=0.000) and households that re-openeaihdaws at night
after bedtime (OR=4, P=0.003) have a greater risk of adimgamalaria than
those who live in western structures and do not re-opetomis. These factors
remained highly statistically significant after inclusiarthe multivariate model.

The climate in the area often leads to opening windovesiiasner
temperatures can cause discomfort at night. . Iratk& the peak biting time of
the main vectoAn. arabiensigs between 21h00 and 03h00 this corresponds with
risk behaviour of re-opening windows late at night (Memdial, 2000).

The upper two wealth categories clearly showed protectisecaations.
Improved housing can be hypothesized as possible reasdhs footective
result. Traditional structures on the other hand aseeted with sub-standard
housing and have the potential due to structural defectsnmielikely to
provide opportunity for vectors to enter the house. Thigrimincreases the
likelihood of vector human contact, exposure to the parasiti disease (Lindsay
et al, 2003).

The variation of malaria incidence in small geographaceéas where
transmission is low and immunity is not establishedilis®t well understood.
Transmission potential as an index using mainly clinfatitors is often deployed
to delineate areas of potential malaria risk (Casman &l&abadi, 2002). A
study conducted in Malawi estimated the costs of mateie@ention, treatment

and loss of income due to morbidity for low-income hbodds as around 20% of
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annual income (Malanest al, 2004). Globally, disease burden in impoverished
rural settlements is higher and poverty has been dirastiociated with an
increased disease risk (Blakelyal, 2005). A study in Bangladesh highlighted
treatment health seeking behaviour, house structure, aseiohalarial
measures, the physical environment and poverty to be assbwigh an
increased risk of morbidity and mortality of malaria (Addhet al, 2005; Gallup
& Sachs, 2001; Het al, 1998).

The use of barriers to prevent mosquitoes from enteongds has proven
a valuable intervention and contributed to eliminatiosame parts of the world
(Celli, 1901; Lindsayet al, 2003; Ross, 1913). The concept of elimination now,
once again a topical issue of discussion, necessitaagvestigation of current
feasibility of all possible strategies. The renewetimism in Africa is mostly
due to focused operational research efforts to ident&fyrbst successful and cost
effective control interventions. The drive to scateintervention efforts requires
reliable evidence based knowledge to direct locatiomahftial resources to
those who are at greatest risk (Brensaal, 2004; Johns & Tan Torres, 2005).

A case control study investigating malaria risk faciortie highlands of
western Kenya reiterated the importance and lack of eyadiegical studies
investigating household risk factors and socio economiasstd micro level
(Brookeret al, 2004).

Our study suggests that the drive to improve housing in aveak and the
possible intervention of installing screens for winddavallow air flow during

night time without increased risk of vectors enteringhtbesehold can be a
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positive contribution toward lowering risk of malariahighest risk areas of

Mpumalanga.



CHAPTER 7

7. General discussion and conclusion

Information is one of the most powerful weapons weelavailable to aid
us to effectively control infectious diseases. Itwaigorogram managers to make
informed decisions regarding disease intervention optivhere activities should
be focused and what the extent of resource investmeuldsbe.

Current initiatives to control malaria with support frme Global Fund
and President’s Malaria Initiative are delivering sucstsses in malaria control
in Africa including the Lubombo Spatial Developmentiftive (Sharpet al,
2007a) and Bioko programme in Equatorial Guinea (Kleinschetidt, 2007;
Sharpet al, 2007a). These programmes have included components of the
information system and relevant tools described in ba@sis$ to aid disease
surveillance and programme planning.

Monitoring and evaluation are key components of the SontAfrica
Development Community (SADC) Malaria Control Straté@urrheimet al) as
well as the Abuja Declaration (2000) that proposed couninteoduce evidence
based interventions for malaria control (World He&htiganization, 2004).

The monitoring and evaluating of malaria control intatiens in any
transmission area is thus invaluable and necessary ttamatine continuation of
financial support from either ministries or external fulsdend to sustain good
practices through evidence based strategies (Boeiran 2003).

All three South African provinces have maintained \Rgtor control
activities since 1946 (Shasgt al, 1988). Malaria control programmes utilising

indoor residual spraying are most effective if a high covecdg@rgeted
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structures is achieved, insecticides application is asmeended and spray
operations are complete before the peak of the trasgmiseason. This requires
an efficient and timely intervention monitoring systém1973 South Africa
introduced a manual system to monitor spray activitiedyldata and the lack of
tools for rapid analysis during a spray season made ickxikiin of operational
problems difficult and appropriate adjustments challenging.

A unique computerised management system was developed and
implemented as part of this study to enable malaria prageamanagement and
field supervisors to monitor, on a daily basis when regllispray coverage,
individual spray operators’ performance, insecticide usagepplication rates
(Boomanet al, 2003). This monitoring system has been adapted and imgiednen
as part of malaria control in the Lubombo Spatial Dw@ent Initiative (LSDI)
(Sharpet al, 2007a), in Bioko, Equatorial Guinea (Kleinschnedtl, 2007;
Sharpet al, 2007b) and by AngloGold Ashanti, Obuasi, Ghana(Coedizag
2006).

Suggested future improvement of this tool includes the ideatin of
individual households targeted for spraying. This is a resonteesive exercise
as most rural town have no formal street names wsdhaumbers. Provinces are
currently in the process of addressing this issue and asaasagefevant data are
available it should be incorporated and spray data ensepatately for each
individual household. This is a very feasible option as#ial objective when

small intervention areas are targeted.
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In addition it is also proposed that the impact of &psay coverage rates
on case incidence rates in low malaria transmissieas be thoroughly
investigated.

Previous analysis of seasonal malaria case data in Mangaahas been
restricted to basic description (Durrhegtal, 1999a; Durrheinet al, 1998b;
Govereet al, 2000a; Martiret al, 2002). The comprehensive analysis of malaria
epidemiology in Mpumalanga for an eight season period (19938/to
2004/2005) in this thesis produced valuable information to assist o
understanding of the complexity of malaria in the province

Retrospective analysis showed clear heterogeneitiseéske risk at
district, municipality and town levels in space and tiigh case fatality ratios
in low risk areas were identified as a concern andtegkin continuous
community support and education campaigns as well ave@asegement training
at health facility level. The impact of change iratraent and intervention policy
was clearly demonstrated although no single factor apgéaraccount for the
decrease. The use of combination therapy and the réudfion of DDT as well
as cross border collaboration through the LSDI hawlgideen factors
influencing the decline in the disease incidence in Mgdanga (Sharpt al,
2007a).

The advancement in and improvement of surveillance mgst@w lends
itself to accommodate outbreak identification companémensure rapid
detection and response. In low transmission regioragyalilgroups are at equal
risk for malaria disease due to the non-immune stattlgeegfopulation and

serious disease outbreaks are expected (Bell, 1995). Mmgaatammunities
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are vulnerable to malaria outbreaks and epidemics beotise seasonal
dynamics of local malaria transmission with largalsenigration from
neighbouring malaria-endemic areas, climate aberrasinoddow levels of
acquired immunity in the human population (DaS#¢al, 2004; Goveret al,
2000a; Goveret al, 2000b; Mabuzat al, 2001; Martinet al, 2002; Shargt al,
2007a). The majority of malaria cases (95%) in Mpumalangaw@e to
Plasmodium falciparurmfection (Durrheimet al, 1998b; Shargt al, 1988).
Non-immune patients if untreated, misdiagnosed or ptiegetoo late at health
facilities may have fatal consequences.

Good quality data in a timely fashion and treatment seddehgviour of
communities at health care facilities for febrileese provides an opportunity
for developing and implementing an outbreak identificatiosh i@sponse system
in Mpumalanga province (Goveet al, 2000a). The present system was
developed using a binomial distribution model and comparedér ot
recommended thresholds. However, the availability ofieate catchment
population data for facilities is a challenge in mangidsin countries (Hagt al,
2002; Teklehaimanagt al, 2004) and limits the use of binomial models as these
data are important for the model. The binomial model appea out-perform the
CDC (Teklehaimanogt al, 2004) and WHO (DaSilvat al, 2004) thresholds in
this specific low transmission setting.

The unique three tier system involving primary health cacdities,
malaria case detection teams and an automated compuidanééication system
provided rapid identification of focal malaria increaaad prompted targeted

intervention in the highest risk malaria area durirgttto seasons following
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introduction. The effective implementation of thetsys ensured all outbreaks
were responded to in a timely fashion and no epidemioc#teds Response
activities included treatment and diagnostic tests stookal, larviciding of
potential breeding sites, active case detection asawelbmmunity mobilization
and education activities. It could have application in okne malaria
transmission settings.

Areas with significantly higher endemicity have lemsporal and spatial
variation of disease and outbreaks do not characteegdeaismission zones due
to the high level of acquired immunity within the populatiBell, 1995). The
outbreak identification and response system will beiafmal use in such an
area. It has to be noted that many regions face #tigyref a combination of
transmission zone with borders in close proximity, ighatroduction of parasites
into low risk areas where vectors are already presenery likely.

The spatial and temporal micro variation of diseaseetected by
clusters, was clearly demonstrated in this thesiglaadead to further
investigation into risk factors within the affected conmihes (Ceccatet al,
2007). The utilization of real time cluster surveillancayrprove a feasible
complimentary activity to outbreak identification to geikcesponse. It is one
concept to identify outbreaks but timely visualizationlaster areas that
correspond to outbreaks has proved valuable. Furtherrakiplo of other
available freeware with a less restrictive scan wmds part of the cluster
analysis is suggested to improve the power of detectingecduist areas with
abnormal shapes. Cluster analysis requires signifiesoiurces to collect data at

household level especially when household identificasarot possible at the
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notification stage. Resource poor countries will findifficult to justify cluster
analysis.

The case control study found that living in traditionaildnstructures
(OR=5, P=0.000) or households that re-opened their windbnigta after
retiring to bed (OR=4, P=0.003) increased household risk ofawtimg malaria.
Households in the 3rd (OR=0.34, P=0.015) and 4th (OR=0.31, P=0.04afth we
indexes quartiles were protected against malaria. The uspalfent sprays
performed best of all personal protection methods (OR=D,052).

The incidence of malaria has a profound impact on thecguo@ growth
of an area (Teklehaimanet al, 2007). As a long term goal, improvement of the
economic status of communities to facilitate bettersiieg appears important for
reducing malaria disease risk in rural Africa (Lindsawl, 2003). Integrated
vector management projects should consider the screenmigadws or use of
insecticide treated curtains to prevent vectors entersgpahsehold.

The completion of this work is timely as there hasnbeeeecent
resurgence in interest in global malaria eliminationdf@aet al, 2008) and the
scaling-up of malaria interventions (Teklehaimaebal, 2007). If elimination is
to succeed it will require continuous effective monitoamgl surveillance
activities. Adequate tools at operational level, managegbyational staff to
produce quality information for timely decision-making artical.
Understanding disease transmission risk at micro lg\Webe an essential
component to sustain any successful elimination campaign.

The cognizance of malaria disease dynamics includingaspad

temporal characteristics of local malaria transmissommbined with a functional
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outbreak identification and response system, clustectieh capacity and the

ability to monitor control interventions as part ofiategrated surveillance and
monitoring approach are valuable for any malaria contagni@mme operating
within a low transmission area.

The total or partial adoption and implementation of thbieak, cluster
and intervention monitoring tools and principles can imcept be duplicated as
part of an existing or new malaria information systeitier in a small or large
transmission area. Tweaking of components can allowe&ource constraints.

Consideration, stepwise implementation and evaluaticurveillance and
monitoring tools conceptualized, developed and implementegumdlanga
province, has immense potential for other malaria asscially when targeted

for malaria elimination with the aim of saving lives.
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APPENDICES

Appendix A: SP1 daily spray operator data collection card

SP1 Spray Card
INSECTICIDE:
STAND SPRAYED UNSPRAYED
Tot: Tot: Tot:
&Can refills
Locality: Spray operator:
Date: Team leader:

11t



Appendix B: SP2 daily spray team summary form

MALARIA CONTROL PROGRAMME
TO BE COMPLETED BY SPRAY TEAM LEADER

MPUMALANGA DEPARTMENT OF HEALTH AND SOCIAL SERVICES

SP2 v.2

Daily Spray Team Record

Team Leader; Locality:
Date of spraying ... R 1200...... [vamnspray | [mop up I
SPRAY OPERATOR STANDS | SPRAYED | UNSPRAYED DDT OTHER CAN
REFILLS

11€



Appendix C: Expert questionnaire participation acknowledyement

This work was made possible by the Mpumalanga Departmergaift
and Social Services staff and the following specific pigints: AM Mabuza, G
Kok, A Zitha, F Mbokazi (Mpumalanga Provincial Malariar@rol Programme);
P Moonasar (National Malaria Control Programme, Diepant of Health); JB da
Silva, J Govere (World Health Organization, SouthemcAj; R Maharaj (South

African Medical Research Council, Durban)



Appendix D: Case cluster questionnaire

MPUMALANGA DEPARTMENT OF HEALTH AND SOCIAL SERVICE Cluster form
oo MALARIA CONTROL PROGRAMME
e AN MALARIA CASE INVES TIGATION REPORT FOR CLUSTER DETEC TION
D CASE NO

P

SECTION 1 Status
Case Investigator: Date Investigated: |:|

Source of infectionA. | Correct Stand Number[l:I:I:I]] Locality Name:

Locality Code:

Complete sections 3

B. Ifincorrectinvestigate and complete all sectiondelow

C. | Untraceabl

Comments:
SECTION 2 Correct Source of Infection
Locality Name: Locality Code: Stand NumberD:I:I]]]
Address:
Comments:

SECTION 4 Other Information

Did you receive a bednet? m
If yes, did you or any of the household membersgslender a bednet/s last nigh

11¢



Appendix E: Ethics approval — University of the Witwatersrand

UNIVERSITY OF THE WITWATERSRAND, JOHANNESRURG

Brvisivn o (e Deputy Bepiatrar | Besoatch]

HUNAN HESESRCH ETUHCS COMMITTEE (MEDICAL)
R1-48  Bopuanas

CLEARANUL UERDIVHCATE EROTOCOL NUMBER MOGG63
FRIMECT | ineschald and Siero Foomomic Fucion

Asmciared with Malaria in the EHigh rizk
Villages in Hieamar! Wunicipal Area,...

INVESTICATORS Ms M Boamman

DEPARTMENT APEH

DA TE CONSIDERED 06053

DTS ION OF THE COR TR S APPROW ED LNCONDITIONALLY

Al -
L N )
DATE O, 07 04 CHALRFERSON . “"”M&'

ﬂ';‘;r;ﬁ.:ssurM 'Hm-.,'-ﬁ-l.:-:;

"luidelines for writtch 'informed conget’ attacled wlere applicabls
LE Dupervisor . Prof M Costzes

DECLARATION OF 1NVTSTIL A TR,

T be comploted In du= 2o nnd ONE COTY whrmed to the Seetesoy 8t Roam (0005, 1irh Cleor,
weratc House, University.

17We Tully understand she enrditinea ondes which 1 mdws src surthodssd o sy o the abovesentioned
refearch and U'we puacaniss bo sneune comnplapes with thess cordiliona. Sleoeuld any departune 10 be
comemplared froaw the reassieh procsdone =4 armfoved 1ea oadesmke 1o réminanit the profacal notbie

FLEAZE QUOTE THE PROTDOOL MUMEBER [M ALL ¥NOTIRIES
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Appendix F: Ethics approval — Mpumalanga Department of Health ad
Social Services

MPUMALANGA PROVINCIAL GOVERNMENT

MumibasT p
Govzmmment Baonilevard
Riverside Park

Trivale Bag MN1124z2
Melsprud, 12K
Tel: {0153 Taa 3133/37

Fxternsion 2 inf: +27 I3 o6 3473550
Néh_"rﬁ'i Fax: [U145) Tob 3232
1200 Fax +27 13 Tha 3155

Soutl Afriga
Department of Health and Social Services

Litikn Leter phila Nemiseber = yange Weze Pilo Dhepamerend van Gessnd aeid
Verthlalakahle Yeave vedellalaloalile enn Maudskaplike Dienste

Snguicies: fvmnisen Mohatliee (073 606 2235

Ms. M, Booman
F.0. Bax 12356
MNealspruit

1200

30 August 2006

APPLICATION FOR RESEARGH ETHICS APFRCVAL: HOUSEHOLD AND
MICRO-ECONOMIC FACTORS ASSOCIATED WITH MALARIA IN THE
HIGHEST RISK VILLAGES IN NKONMAZI MUNICIPALITY, MPUMALANGA
PROVINGE

The Provincial Resaarch snd Ethics Commiltee hes approved your resasmh
propasal in the currert formal. No issJes of sthical consideadon ware icanlificd

Kincly srsure that you provide Ls wilk 1he ‘escarch rapet ate” he sompledcn of

e gtady,

« nd regarcs,

:’i}'ﬂﬂimjﬁ L5 2o\ vl coot
‘-'1'|;Ls N.A. Mphatnele: Reszarch  coore malkor Date

Ressarch—coodinator
B WMo alanga PHREC
Acting-Cheirperson: Piof. J P Shongwsa

Wi carm Tie vom?

12C



REFERENCES

Aamodt, G., Samuelsen, S. O., & Skrondal, A. (2006).rAuktion study of three
methods for detecting disease clustargernational Journal of Health
Geographics5. PubMed. Available viattp://www.ij-
healthgeographics.com/content/5/1/Ascess date: 10/01/2008.

Abdelrahman, L., Berke, O., Berrang-Ford, L., J., M\&ltner-Toews, D.

(2006). Spatial analysis of sleeping sickness, southeddtanda.
Emerging Infectious Diseasel?, 813-820.

Abeku, T. A., De Vlas, S. J., Borsboom, G. J., TadegeGGRbreyesus, Y.,
Gebreyohannes, H., Alamirew, D., Seifu, A., Nagelkekke]., &
Habbema, J. D. (2002). Forecasting malaria incidence istorical
morbidity patterns in epidemic-prone areas of Ethiop&nmgple seasonal
adjustment method performs beBtopical Medicine and International
Health 7, 851-857.

Abeku, T. A., De Vlas, S. J., Borsboom, G. J., TadegeGRbreyesus, Y.,
Gebreyohannes, H., Alamirew, D., Seifu, A., Nagelkekke]., &
Habbema, J. D. (2004). Effects of meteorological faatarepidemic
malaria in Ethiopia: a statistical modelling approach thasetheoretical
reasoningParasitology 128 585-593.

Adiamah, J. H., Koram, K. A., Thomson, M. C., Lings&. W., Todd, J., &
Greenwood, B. M. (1993). Entomological risk factorsdevere malaria in
a peri-urban area of The Gambfanals of Tropical and Parasitolog87,
491-500.

Adjuik, M., Agnamey, P., Babiker, A., Borrmann, S., Beass P., Cisse, M.,
Cobelens, F., Diallo, S., aucher, J. F., GarneiGRynda, S., Kremsner,
P. G., Krishna, S., Lell, B., Loolpapit, M., MatsiegBi, B., Missinou, M.
A., Mwanza, J., Ntoumi, F., Olliaro, P., Osimbo, Rezbach, P., Some,
E., & Taylor, W. R. J. (2002). Amodiaquine-artesunateugers
amodiaquine for uncomplicated plasmodium falciparumaralin
African children: A randomised, multicentre trinncet 359 1365-1372.

Africa Fighting Malaria (2005). What is integrated vect@mnagement? AFM.
Available viahttp://www.fightingmalaria.org/Access date: 2005/05/23/.

121



Ahmed, S. M., Tomson, G., Petzold, M., & Kabir, Z. R0Q5). Socioeconomic
status overrides age and gender in determining health seekiagdg in
rural BangladestBulletin of the World Health Organizatip83, 109-117.

AngloGold Ashanti (2006)AngloGold Ashanti Annual Report 2006 - Report to
Society. Campaign at Obuasi halves malaria incidence

Barnes, K., Blumberg, L., Baker, L., Durrheim, D. Narsford, C. F., & van der
Ende, J. (2002Managing malaria in Mpumalanga, Guidelines for the
diagnosis and treatment of uncomplicated malaria in MpumalaBGgae
Town: SEACAT.

Bell, D. R. (1995) Tropical MedicineOxford: Blackwell Scientific Publications
Ltd.

Blakely, T., Hales, S., Kieft, C., Wilson, N., & Wdward, A. (2005). The global
distribution of risk factors by poverty levdulletin of the World Health
Organization 83, 118-126.

Bonnila-Chagin, M., & Hammer, S. J. (1998jfe and death amongst the poor
The Johns Hopkins University and Development Economase&ch
Group, The World Bank

Booman, M., Durrheim, D. N., La Grange, K., Martin, Mabuza, A. M., Zitha,
A., Mbokazi, F. M., Fraser, C., & Sharp, B. L. (2000%irg] a
geographical information system to plan a malaria copmajramme in
South Africa.Bulletin of the World Health Organizatipid8, 1438-1444.

Booman, M., Sharp, B. L., Martin, C. L., Manjate, B.Grange, J. J., &
Durrheim, D. N. (2003). Enhancing malaria control using a coenjsed
management system in southern Africa. PubMed Centvallable via
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=161823
Access date: 2003/07/01/.

Boscoe, F. P., McLaughlin, C., Schymura, M. J., & Ki€b[L. (2003).
Visualization of the spatial scan statistic using reéstecles.Health and
Place 9, 273-277.

Bouma, M. J., & van der Kaay, H. J. (1996). The El Ngmuthern Oscillation

and the historic malaria epidemics on the Indian soiiieent and Sri

122



Lanka: an early warning system for future epidemiagpical Medicine
and International Healthl, 86-96.

Bouwman, H., Bekker, P. J., & Schutte, C. H. J. (1994)aN&Control and
longitudinal changes in levels of DDT and its metdbslin human serum
from KwaZulu.Bulletin of the World Health Organizatipi2, 921-930.

Bouwman, H., Coetzee, A., & Schutte, C. H. J. (1990ayirBnmental and health
implication of DDT contaminated fish from the Pongoladé Plain.
Journal of African Zoologyl04, 275-286.

Bouwman, H., Cooppan, R. M., Botha, M. J., & Bekker, P1991). Serum
levels of DDT and liver function of malaria controlrpennel.South
African Medical Journal79, 326-329.

Bouwman, H., Cooppan, R. M., Reinecke, A. J., & Becked, PL990b). Level of
DDT and metabolites in breast milk from Kwa-Zulu mothafter DDT
application for malaria controBulletin of the World Health Organization
68, 761-768.

Bouwman, H., Reinecke, A. J., Cooppan, R. M., & Becked, PL990c). Factors
affecting levels of DDT and metabolites in human sreailk from
Kwazulu.Journal of Toxicology and Environmental HealBd, 93-115.

Braack, L. E., Coetzee, M., Hunt, R. H., Biggs, H.,i@arA., & Gericke, A.
(1994). Biting pattern and host-seeking behaviokmdpheles arabiensis
(Diptera: Culicidae) in northeastern South Afridaurnal of Medical
Entomology31, 333-339.

Bradley, D. J. (1999). The last and the next hundred géanslariology.
Parassitologia41, 11-18.

Breman, J. G., Alilio, M. S., & Mills, A. (2004). Conquieg the intolerable
burden of malaria: What's new, what's needed: A summangrican
Journal of Tropical Medicine and Hygien#l, 1-15.

Breman, J. G., & Holloway, C. N. (2007). Malaria Sunegite CountsThe
American Society of Tropical Medicine and Hygierig 36-47.

Brogdon, W. G., & Mc Allister, J. C. (1998). Insecticigssistance and vector

control. Emerging Infectious Disease305-613.

12¢



Brooker, S., Clarke, S., Njagi, J. K., Polack, S., MugoHtambale, B., Muchiri,
E., Magnussen, P., & Cox, J. (2004). Spatial clusteringadéria and
associated risk factors during an epidemic in a highlaralareestern
Kenya.Tropical Medicine and International HealtB, 757-766.

Brooker, S., Peshu, N., Warn, P. A., Mosobo, M., GuyhtL., Marsh, K., &
Snow, R. W. (1999). The epidemiology of hookworm infectiod its
contribution to anaemia among pre-school children on tmey/&n coast.
Trans.R.Soc.Trop.Med.Hy®3, 240-246.

Bruce-Chwatt, L. J. 1980. The Anopheles velegsential Malariologypp. 97-
128. London: William Heinemann Medical Books Ltd.

Carter, R., Mendis, K. N., & Roberts, D. (2000). Spatageting of interventions
against malariaBulletin of the World Health Organizatipi8, 1401-
1411.

Casman, E. A., & Dowlatabadi, H. (200Zhe contextual determinants of
malaria. Washington, DC: Resources For the Future.

Ceccato, P., Ghebremeskel, T., Jaiteh, M., Graved,,R.evy, M.,
Ghebreselassie, S., Ogbamariam, A., Barnston, AB@l,, M., del Corral,
J., Connor, S. J., Fesseha, I., Brantly, E. P.h&rison, M. C. (2007).
Malaria Stratification, Climate, and Epidemic Early iag in Eritrea.
American Journal of Tropical Medicine and Hygieiié, 61-68.

Celli, A. (1901).The New Preventative Treatment of Malaria in Latium. Collected
Papers on Malaria. Angelo Celli, 1899-1912ndon: London School of
Hygiene and Tropical Medicine

Centre for Remore Sensing and Spatial Analysis (2008). Feditcipation GIS.
The State University of New Jersey. Available via
http://crssa.rutgers.edu/ppgigiccess date: 04/10/2008.

Centres for Disease Control and Prevention (200fjlated Guidelines for
Evaluating Public Health Surveillance Systeanta: CDC, pp. 1-35

Chadee, D. D., & Kitron, U. (1999). Spatial and temporalkgpast of imported
malaria cases and local transmission in Trinidaderican Journal of
Tropical Medicine and Hygienél, 513-517.

124



Clarke, K. C., McLafferty, S. L., & Tempalski, B. 1996). On epidemiology and
geographic information systems: a review and discussifuture
directions.Emerging Infectious Disease 85-92.

Clarke, S. E., Bogh, C., Brown, R. C., Walraven, GLEThomas, C. J., &
Lindsay, S. W. (2002). Risk of malaria attacks in Gamblatdren
increases away from malaria vector breeding shitemsactions of the
Royal Society of Tropical Medicine and Hygie9@ 499-506.

Coetzee, M., van Wyk, P., Booman, M., Koekemoer, L& Hunt, R. H. (2006).
Insecticide resistance in malaria vector mosquito@sgald mining town
in Ghana and implications for malaria conti®llletin of the Exotic
Pathology Society99, 400-403.

Coleman, M. 2006. Reasons for low spray coverage in M@angalprovince.

Coleman, M., Mabuza, A., Coetzee, M., & DurrheimND.(2008). Evaluation of
an operational malaria outbreak identification and respaystem in
Mpumalanga Province, South Afriddlalaria Journal 7. PubMed
Central. Available vidttp://www.malariajournal.com/content/7/1/69

Conrad, E. R. 2001. Tackling Diseases with GE&lthy GISpp. 6-7.

Craig, M., Kleinschmidt, 1., Le Sueur, D., & Sharp, B. (200&xploring 30
years of malaria case data in KwaZulu-Natal, SoutiicAf Part I. The

impact of climatic factorsIropical Medicine and International Healt8,
1247-1257.

Craig, M., Kleinschmidt, I., Le Sueur, D., & Sharp, B.(2004b). Exploring 30
years of malaria case data in KwaZulu-Natal, Soutiicaf part Il. The
impact of non-climatic factorg.ropical Medicine and International
Health 9, 1258-1266.

Craig, M., Snow, R. W., & Le Sueur, D. (1999). A Climatesé&d Distribution
Model of Malaria Transmission in Sub-Saharan AfrlRearasitology
Today 15, 105-111.

Cullen, J. R., Chitprarop, U., Doberstyn, E. B., & ®atattanangkul, K.
(1984). An epidemiological early warning system for malaoatrol in
northern ThailandBulletin of the World Health Organizatip62, 107-
114.

12¢



DaSilva, J., Garanganga, B., Teveredz, V., Marx, SMdson, S. J., & Connor,
S. J. (2004). Improving epidemic malaria planning, preparednédss an
response in Southern Africilalaria Journal 3, 1-5.

David, P., & Haberlen, S. (2005). 10 best resources foruriaggpopulation
health.Health Policy and Planning20, 260-263.

De Meillon, B. (1936). The control of malaria in Soéthica by measures
directed against the adult mosquitoes in habitatiQusrterly Bulletin of
Health of the Organization of the League of Natj&n434-137.

De Savigny, D., & Binka, F. (2004). Monitoring future impaatmalaria burden
in sub-Saharan Africédmerican Journal of Tropical Medicine and
Hygiene 71, 224-231.

Dirckx, J. H. (2006)Stedman's concise dictionary for health professions
Baltimore: Lippencott Willliams and Wilkins.

Dorrington, R. E., Bradshaw, D., & Budlender, D. (2002)\//AIDS profile of
provinces of South Africa - indicators for 20@ntre of Actuarial
Research, Medical Research Council, and ActuariakBpof South
Africa

Durrheim, D. N., Braack, L. E. O., Waner, S., & Ganmn8. (1998a). Risk of
malaria in visitors to the Kruger National Park, Southoaf Journal of
Travel Medicing5, 173-176.

Durrheim, D. N., Feremans, S., Kruger, P., Mabuza&Ale Bruyn, J. C.
(1999a). Confidential inquiry into malaria deatBsilletin of the World
Health Organization77, 263-266.

Durrheim, D. N., Govere, J., la Grange, J. J., & Mabuz (1998b). Accuracy of
a rapid immunochromatographic card test for Plasmodilgipfaum in a
malaria control programme in South Afrid@oyal Society of Tropical
Medicine and Hygien®2, 32-33.

Durrheim, D. N., Govere, J., La Grange, J. J., Mab&zaAfr J Med Med Sci
2001, S.-., & 21-24. Rapid immunochromatographic diagnosifatiohg
Back Malaria--experiences from an African control progrAfrican
Journal of Medicine and Medical Scienc8g, 21-24.

12¢



Durrheim, D. N., Harris, B. N., Speare, R., & Billimgrst, K. (2001). The use of
hospital-based nurses for the surveillance of potaisabse outbreaks.
Bulletin of the World Health Organizatip@i9, 22-27.

Durrheim, D. N., La Grange, J. J. P., & Shongwe, T. (L99@&naging malaria - a
descriptive survey of clinic nurses' knowledge and practitiee
Mpumalanga Lowveld region, South Africaouth African Journal of
Epidemiology and Infectiori2, 24-27.

Durrheim, D. N., Ogunbanjo, G. A., & Blumberg, L. (1999b).ndging
reemergent malaria in South Africaouth African Family Practice
Journal 21, 19-24.

Ernst, K. C., Adoka, S. O., Kowuor, D. O., Wilson, M, & John, C. C. (2006).
Malaria hotspot areas in a highland Kenya site are si@msiin epidemic
and non-epidemic years and are associated with ecaldgctors.

Malaria Journal 5. Biomed Central. Available via
http://www.malariajournal.com/content/5/1/78ccess date: 2006/12/12/.

Faye, O., Konate, L., Molez, J. F., Feller-DansokhpHerve, J. P., & Gaye, O.
(1998). Prediction and prevention of malaria epidemickanvalley of the
Senegal RiverSante 8, 347-352.

Filmer, D., & Pritchett, L. H. (2001). Estimating weadtfiects without

expenditure data-or tears: an application to educatemallment in
States of IndiaDemography38, 115-132.

Gallup, J. L., & Sachs, J. D. (2001). The economic buadenalaria.American
Journal of Tropical Medicine and Hygieng 85-96.

Gamage-Mendis, A. C., Carter, R., Dezoysa, A. PHérath, P. R. |., & Mendis,
C. (1991). Clustering of malaria infections within an epidepapulation-
risk of malaria associated with the type of housing ttanson. American
Journal of Tropical Medicine and Hygienb, 77-85.

Gemperli, A., Vounatsou, P., Kleinschmidt, |., Bagayd¥o,Lengeler, C., &
Smith, T. (2004). Spatial Patterns of Infant MortalityMali: The Effect
of Malaria EndemicityAmerican Journal of Epidemiolog¥59, 64-72.



Ghebreyesus, T. A., Haile, M., & Witten, K. H. (199Bicidence of malaria
among children living near dams in northern Ethiopia: camity based
incidence surveyBritish Medical Journal11, 663-666.

Gilles, H. M., & Coetzee, M. (1987A supplement to the Anophelinae of Africa
south of the Sahard&ublication of South African Institute of Medical
Research

Goodman, C. A, Coleman, P. A., & Mills, A. J. (1999psCeffectiveness of
malaria control in sub-Saharan Afridaancet 354 378-385.

Govere, J., Durrheim, D., La, G. K., Mabuza, A., &fBean, M. (2000a).
Community knowledge and perceptions about malaria and geacti
influencing malaria control in Mpumalanga Province, S@\tica. South
African Medical Journgl90, 611-616.

Govere, J., Durrheim, D. N., Baker, L., Hunt, R., &Taee, M. (2000b). Efficacy
of three insect repellents against the malaria vechopRAeles arabiensis.
Medical and Veterinary Entomolog¥4, 441-444.

Govere, J., Durrheim, D. N., & Kunene, S. (2002). Malarénds in South Africa
and Swaziland and the introduction of synthetic pyretisrto replace
DDT for malaria vector controSouth African Journal of Scienc@8, 19-
21.

Govere, J., la Grange, J. J., Durrheim, D. N., Freks&., Sharp, B. L., Mabuza,
A., Mngomezulu, N., & Bredenkamp, B. L. (1999). Sulfadoxine-
pyrimethamine effectiveness against Plasmodium falcipanalaria in
Mpumalanga Province, South Africeransactions of the Royal Society of
Tropical Medicine and Hygien83, 644.

Greenwood, B. M. (1989). The microepidemiology of maland its importance
to malaria controlTransactions of the Royal Society of Tropical Medicine
and Hygiene83, 525-529.

Grimwad, K., French, N., Mbatha, D. D., Zungu, D. Dedizoat, M., & et al.
(2004). HIV infection as a cofactor for severe falcipamalaria in adults
living in a region of unstable malaria transmissio®sauth Africa. AIDS
18, 547-554.

12¢€



Guerra, C. A, Gikandi, P. W., Tatem, A. J., NoorMp, Smith, D. L., Hay, S., &
Snow, R. W. (2008). The limits and intensityRddsmodium falciparum
transmission: Implications for malaria control aticheation worldwide.,
5, e38. PloS Med. Available via
http://medicine.plosjournals.org/perlserv/?request=get-
document&doi=10.1371/journal.pmed.0050038&ctAtcess date:
2008/04/08.

Guerrant, R. L., Kosek, M., Lima, A. A., Lorntz, B.,Guyatt, H. L. (2002).
Updating the DALYSs for diarrhoeal disea3eends in Parasitologyl8,
191-193.

Guyatt, H. L., Corlett, S. K., Robinson, T. P., Oeh@. A., & Snow, R. W.
(2002). Malaria prevention in highland Kenya: indoor resithoailse-

spraying vs. insecticide-treated bedn&tepical Medicine and
International Health7, 298-303.

Guyatt, H. L., & Snow, R. W. (2002). The cost of neting bednetdrends in
Parasitology 18, 12-16.

Hamparsum, B. (2000). Akaike's Information Criterion and RePevelopments
in Information ComplexityJournal of Mathematical Psychologd4, 62-
91.

Hargreaves, K., Koekemoer, L. L., Brooke, B. D., HuntHR Mthembu, J., &
Coetzee, M. (2000). Anopheles funestus resistant to pgreth
insecticides in South Africdedical and Veterinary Entomology4, 181-
189.

Harvard, U., the London School of, H., & Tropical, (4003). Executive
summary for Economics of Malaria. Malaria Foundatiateinational.

Hay, S., Renshaw, M., Ochola, S. A., Noor, A. N., 8%, R. W. (2003a).
Performance of forecasting, warning and detection of madgridemics in
the highlands of western KenyBrends in Parasitologyl9, 394-399.

Hay, S. I., Simba, M., Busolo, M., Noor, A. M., Guyatt,L., Ochola, S. A., &
Snow, R. W. (2002). Defining and detecting malaria epidemitse
highlands of western KenyBmerging Infectious Diseased 555-562.



Hay, S. I., Snow, R. W., & Rogers, D. J. (1998). Prauicinalaria seasons in
Kenya using multitemporal meteorological satellite sedsta.
Transactions of the Royal Society of Tropical Medicine and Hygéhe
12-20.

Hay, S. I., Were, E. C., Renshaw, M., Noor, A. MchOla, S. A., Olusanmi, L.,
Alimui, N., & Snow, R. W. (2003b). Forecasting, warning aetlection of
malaria epidemics: a case stutlgincet 361, 1705-1706.

Health Systems Trust (2004outh African Health RevieWurban, pp. 191-211

Heeks, R., Mundy, D., & Salazar, A. (199B)ormation Systems for Public
Sector ManagemenManchester: University of Manchester

Hii, J. L. K., Smith, T., Mai, A., Mellor, S., Lewj S., Alexander, N., & Alpers,
M. P. (1997). Spatial and Temporal Variation in AbundarfcAopheles
(Diptera:Culicidae) in a Malaria Endemic area in Papae Kuinea.
Journal of Medical Entomolog4, 193-205.

Hjalmars, U., Kulldorf, M., Gustafsson, G., & Nagatihl. (2006). Childhood
leukemia in Sweden: using GIS and spatial scan statisteduster
detection.Statistics in Medicingl5, 707-715.

Hu, H., Singhasivanon, P., Salazar, N. P., Thimasatr,iKX., Wu, Y., Yang,
H., Zhu, D., Supavej, S., & Looarecsuwan, S. (1998). Fattbugncing
malaria endemicity in Yunnan Province, PR China (anatysspatial
pattern by GIS). Geographical Information Syst&woutheast Asian
Journal of Tropical Medicine and Public Heal&g, 191-200.

Ingram, A., & De Meillon, B. (1927). Efficacy of certaieagents as destructors
of flies when used in the form of spraipurnal of the Medical Association
of South Africal, 366-369.

International Artemesinin Study Group (2004). Artesunatebooaions for
treatment of malaria: Meta-analysisancet 363 9-17.

Johns, B., & Tan Torres, T. (2005). Review article: Costcaling up health
interventions: a systematic reviekealth Policy and Planning20, 1-13.

Kager, P. A. (2002). Malaria control: constraints andoopymities.Tropical
Medicine and International Healtf7, 1042-1046.

13C



Kakwani, N. A., Wagstaff, A., & Van Doorslaer, E. (1993pcio economic
inequalities in health: measurement, computation andtgtatimference.
Journal of Econometri¢g7, 87-103.

Kaninda, A., Belanger, F., Lewis, R., Batchassi, Elpgan, A., Yakoua, Y., &
Paquet, C. (2000). Effectiveness of incidence threshold$etection and
control of meningococcal meningitis epidemics in northieygo.
International Journal of Epidemiolog29, 933-940.

Kaona, F. A. D., & Tuba, M. (2003). Improving ability to idénmalaria and
correctly use chloroquine in children at household levélakonde
district, Northern province of Zambia. BiomedMed Celht#aailable via
www.biomedcentral.com/browse/journafsccess date: 2005/05/08/.

Kapp, C. (2004). Hazard or help? The antimosquito pesticide )ed
eliminate malaria from much of Europe and North Ameduaeng the

1950s, before environmental concerns led to a worldwide ban.
International donors now dismiss Africa's pleas fordiemical. Clare
Kapp argues it is time to start listenifidhe Lancet364, 1113-1114.

Kitron, U., Pener, H., Costin, C., Orshan, L., Giteerg, Z., & Shalom, U. (1994).
Geographic information system in malaria surveillancesquao breeding
and imported cases in Israel, 1992erican Journal of Tropical
Medicine and Hygien&0, 550-556.

Kleinschmidt, I., Bagayoko, M., Clark, B. G. Y., Craig,,M. Le Sueur, D.
(2000). A spatial approach to malaria mappintgernational Journal of
Epidemiology 29, 355-361.

Kleinschmidt, I., Schwabe, C., Benavente, L., Soechdralituboh, D., Nsubuga,
P., Sharp, B., & . (2007). Factors influencing the effecess of malaria
control in Bioko Island, Equatorial Guineamerican Journal of Tropical
Medicine and Hygien&6, 1027-1032.

Kleinschmidt, I., Sharp, B., Benavente, L. E., Schwé&beTorrez, M., Kuklinski,
J., Morris, N., Raman, J., & Carter, J. (2006). Reduaationfection with
Plasmodium falciparum one year after the introduabibmalaria control
interventions on Bioko Island, Equatorial Guindaierican Journal of
Tropical Medicine and Hygien&4, 972-978.

131



Kok, G. 2007. Mpumalanga malaria statistics. Nelspruit: Mganga Malaria
Control Programme

Koornhof, H. J. (1999). What is the future of malariatmgent in Africa.South
African Journal of Epidemiology and Infectidi¥, 63.

Koram, K. A., Bennett, S., Adiamah, J. H., & GreeodpB. M. (1995). Socio-
economic risk factors for malaria for malaria in aiqeban area of The
Gambia.Transactions of the Royal Society of Tropical Medicine and
Hygiene 89, 146-150.

Kulldorf, M. (1997). A spatial scan statistCommunications in Statistics: Theory
and Methods26, 1481-1496.

Kulldorf, M. (2005). SaTScanTM v 5.1.3 software for the sppand space-time
scan statistics. Boston and Information Managementices Inc.
Avalilable viahttp://www.satscan.orgAccess date: 10/11/2005.

Kulldorf, M., Athas, W., Feuer, E., Miller, B., & Ke¥. (1998). Evaluating
cluster alarms: A space-time scan statistic andhlwancer in Los Alamos.
American Journal of Public Health, 88:1377-1380, 1998erican
Journal of Public Health88, 1377-1380.

Kulldorf, M., Feuer, E. J., Miller, B. A., & Freemah, S. (1997). Breast cancer in
northeastern United States: a geographical analmsisrican Journal of
Epidemiology 146 161-170.

Kulldorff, M., Heffernan, R., Hartman, J., Assunt&b,M., & Mostashari, F.
2004. A space-time permutation scan statistic for the datkection of

disease outbreaks.

Author 2005. SatScal'.

la Grange, J. J. P. 2005. Insecticide usage in Mpumalangarblished.

la Grange, J. J. P., Durrheim, D. N., Govere, J., Mmggulu, N. M., & Mabuza,
A. (1999). Field assessment of a combined immunochromatogrizgsii
for malaria diagnosis in Mpumalanga province, Southcafiouth
African Journal of Epidemiology and Infectidi¥, 97-98.

Le Sueur, D., Sharp, B. L., Gouws, E., & Ngxongo, S. (199@Jaria in South
Africa. South African Medical Journa86, 936-939.

132



Lewis, R., Nathan, N., Diarra, L., Belanger, F., &jRet, C. (2001). Timely
detection of meningococcal meningitis epidemics in Afrigmcet 358
287-293.

Lindsay, S. W., Jawara, M., Paine, K., Pinder, Mal\ten, G. E. L., &
Emerson, P. M. (2003). Changes in house design reduce exposur
malaria mosquitoed.ropical Medicine and International Healt8, 512-
517.

Linthicum, K. J., Liu, G. J., Jones, J. W., & Singkiaaon, P. (2003). Use of GIS-
based spatial modeling approach to characterize the gpettietns of
malaria mosquito vector breeding habitats in northevest hailand.
Southeast Asian Journal of Tropical Medicine and Public He8#h517-
528.

Lona, C. T., Alcantarab, S., Luchavezb, J., TsuyuoRac& Bell, D. (2005).
Positive control wells: a potential answer to remaotaauality assurance
of malaria rapid diagnostic test&ansactions of the Royal Society of
Tropical Medicine and Hygien89, 493-498.

Mabaso, M. L., Kleinschmidt, I., Sharp, B., & Smith,(Z007). El Nino Southern
Oscillation (ENSO) and annual malaria incidence in Bert Africa. .
Transactions of the Royal Society of Tropical Medicine and Hygi€rie
326-330.

Mabuza, A., Govere, J., Durrheim, D., Mngomezulu, N, Btedenkamp, B.,
Barns, K., & Sharp, B. (2001). Therapeutic efficacy of batpxine-
pyrimethamine for uncomplicated Plasmoduim falciparumanmeathree
years after an in vitro study in Mpumalanga Province, Iséirica. South
African Medical Journgl91, 975-978.

Maharaj, R., Cameron, N., & Lombaard, D. (1998). Mal&ontrol in South
Africa. South African Medical Journa88, 83-89.

Malaney, P., Spielman, A., & Sachs, J. (2004). The Néatap.American
Journal of Tropical Medicine and Hygien#&l, 141-146.

Malik, E., Mustafa, S. H., & Mnzavaa, A. (2006). Do maareventive

interventions reach the poor? Socioeconomic inequitiegpenditure on

13¢



and use of mosquito control tools in Sudiaalth Policy and Planning
21, 10-16.

Manga, L., Toure, A., & Shililu, J. (2004mplementation of Integrated Vector
Management in the WHO-African Region: Progress Report 2000-2003
Washington: Environmental Health Project

Mara/Arma (2005). About the MARA/ARMA Project Available via
http://www.mara.org.zaAccess date: 2006/03/05.

Marsh, K. (1998). Malaria disaster in Afridaancet 352 924.

Martin, C., Curtis, B., Fraser, C., & Sharp, B. (2002)e use of a GIS-based
malaria information system for malaria research amdrobin South
Africa. Health & Place 8, 227-236.

Maxwell, C. A., Myamba, J., Njunwa, K. J., GreenwoodMB, & Curtis, C. F.
(1999). Comparison of bednets impregnated with differergtpyoids for

their impact on Mosquito and on re-infection with malafizr clearance
of pre-existing infection with chloroguanil-dapsoieansactions of the
Royal Society of Tropical Medicine and Hygigs& 4-11.

Mbarki, L., Salah, A. B., Chlif, S., Chahed, M. K.,IB&, A., Chemam, N.,
Garraoui, A., & Ismail, R. B. 2004. Monitoring Zoonotic Cugaus
Leishmaniasis with GI&IS for Health and the Environmer@anada:
International Development Research Centre.

Medical Research Council (2005). Lubombo SDI. Available via
http://www.malaria.org.zaAccess date: 2005/03/01/.

Medical Research Council and University of Cape Town (2004nual Report of
Malaria control in the Lubombo Spatial Development af@arban
Mendis, C., Jacobsen, J. L., Gamage-Mendis, ABEDgedge, M., Thompson,
R., Cuamba, N., Barreto, J., Begtrup, K., Sinden, R&Hogh, B.
(2000).Anopheles arabiensendAn. funestusre equaly important

vectors of malaria in Matola coastal suburb of Mapstaithern
MozambiqueMedical and Veterinary Entomolog¥71-180.
Ministry of Health (1999)Guidelines for malaria epidemic preparedness and

control in Kenya Nairobi: The Ministry of Health, Government of Kenya

134



Misra, S. P., Webber, R., Lines, J., Jaffar, S.,r&diy, J. (1999). Malaria
control: bednets or spraying? Spray versus treated natsdedtamethrin-
a community randomized trial in Indi@iransactions of the Royal Society
of Tropical Medicine and Hygien83 456-457.

Mnzava, A. E. P., Ntuli, M. V., Sharp, B., Mthembu, J, Bgxongo, S., & Le
Sueur, D. (1998). House replastering as a reason to shiffidm
spraying to synthetic pyrethroidSouth African Medical Journall024-
1028.

Moore, P. S., Plikaytis, B. D., Bolan, G. A., OxtoM, J., Yada, A., Zoubga, A.,
Reingold, A. L., & Broome, C. V. (1992). Detection of meritiisg
epidemics in Africa: A population based analysrernational Journal of
Epidemiology21, 155-162.

Morrison, A. C., Getis, A., Santigo, M., Rigua-Per&zD., & Reiter, P. (1998).
Exploratory space—time analysis of reported dengue daseg) an
outbreak in Florida, Puerto Rico, 1991-198fherican Journal of
Tropical Medicine and Hygiené8, 287-298.

Mpumalanga Department of Health and Social Services (20@23hment
population Nelspruit: Mpumalanga Department of Health

Mpumalanga Malaria Control Programme 2005. Situation AralyIspruit:
Mpumalanga Department of Health and Social Services.

Mpumalanga Malaria Control Programme 2006. Mpumalanga Malari
Information System: Mpumalanga Department of Health Saocial
Services.

Mpumalanga Tourism, A. (2004YIpumalanga Provinces's Tourism Industry
Fact Sheet, 200Nelspruit: MTA.

Multilateral Initiative on Malaria (2002). About MIM andjctives MIM.
Available viahttp://mim.nih.gov/englishAccess date: 2003/03/05.

Najera, J. A. (1999). Prevention and control of malepiaemicsParassitologia
41, 339-347.
National Department of Health (200&uidelines for the prevention of malaria in

South AfricaPretoria.

13¢



National Department of Health (2008ational HIV and Syphilis antenatal sero
prevalence survey in South Afridaretoria

National Department of Health 2006. National Malaria infation System.
Pretoria: National Department of Health.

Nchinda, T. C. (1998). Malaria: a reemerging disease icé&f&merging
Infectious Diseased, 398-403.

Newberry, K., Jansen, E. J., & Quann, A. G. (1984). Bedbegtation and
intradomiciliary spraying of residual insecticide in KwaZ&layth Africa.
South African Journal of Sciend0, 377.

Nkhoma, E. T., Hsu, C. E., Hunt, V. I., & Harris, A. K2004). Detecting
spatiotemporal clusters of accidental poisoning mortattpng Texas
counties, United States, 1980 - 200ternational Journal of Health
Geographics3, 25.

Obermeyer, N. J. (2002). The evolution of Public Parti@peGIS Indiana State
University. Available viavww.ucgis.org/oregon/ppgis.pdAccess date:
2002/06/14/.

Odoi, A., Martin, S. W., Michel, P., Middleton, D.pH, J., & Wilson, J. (2004).

Investigation of clusters of giardiasis using GIS angadial scan statistic.

1-11. Biomed Central. Available viatp://www.ij-
healthgeographics.com/content/3/1/Atcess date: 2005/05/01/.
Omumbo, J., Ouma, J., Rapuoda, B., Craig, M. H., L. S& Snow, R. W.

(1998). Mapping malaria transmission intensity using geographic

information systems (GIS): an example from KerAmnals of Tropical
Medicine and Parasitologp?2, 7-21.

Onori, E., & Grab, B. (1980). Indicators for the forgirag of malaria epidemics.
Bulletin of the World Health Organizatiph8, 91-98.

Pampana, E. (19694 textbook of malaria eradicatidondon: Oxford
University Press.

Patil, G. P., & Talillie, C. (2003). Geographic and NetwStkveillance via Scan
Statistics for Critical Area DetectioBtatistical Sciencgel8, 457-465.

Pavlin, J. A. (2003). Investigation of disease outbreatectksd by "syndromic”
surveillance systemdournal of Urban Health80, i107-i114.

13¢€



Quinones, M. |, Lines, J., Thomson, M. C., Jawita,& Greenwood, B. M.
(1998). Permethrin -treated bed nets do not have a masgrkiffect on
village populations of Anopheles gambiae s.|. in Ganb@nsactions of
the Royal Society of Tropical Medicine and Hygj&# 373-378.

Reingold, A. L. (1998). Outbreak investigations-a perspediwgerging
Infectious Diseased, 21-27.

Ross, R. (1902). Research on Malaria, Nobel LecturbeNomuseum.
Available viahttp://www.nobel.se/medicine/laureates/1902/ross-
lecture.html Access date: 2002/07/05.

Ross, R. (1911)The Prevention of Malariaondon: Hazell Watson and Viney
Ltd.

Ross, R. (1913). Malaria prevention in Gredgatish Medical Journall, 1186.

Rowland, M., Durrani, N., Hewitt, S., Mohammed, N., Bayril., Carneiro, I.,
Rozendal, J., & Schapira, A. (1999). Permethrin-treateddars(?) and

top-sheets: appropriate technology for protection agaiaktria in

Afghanistan and other complex emergencle@ansactions of the Royal
Society of Tropical Medicine and Hygie®8 465-472.

Russell, P. F. (1952Malaria Oxford: Blackwell Scientific Publications Ltd.

Sachs, J., & Malaney, P. (2002). The economic and sagidéb of malaria.
Nature 415 680-685.

Satcher, D. (1995). Emerging infections: getting aheatle€tirve Emerging
Infectious Diseased, 1-6.

Scahwalbach, J. F. L., & de la Maza, M. C. R. (1988)laria in Mozambique
[1937-1973]Maputo: Republic Popular de Mozambique, Ministrio
daSaude, Instituto Nacional de Saude

Schellenberg, J. A., Victora, C. G., Mushi, A., DeDPS.Schellenberg, D.,
Mshinda, H., & Bryce, J. (2003). Inequities among the peyr: health
care for children in rural southern Tanzahiancet 361, 561-566.

Schofield, C. J. (2001). The DDT debate: considering costads in
Parasitology 17, 9.



Sepvulveda, J., Lopez-Cervantes, M., & Frenk, J. 1992. $&pes in public
health surveillance for the 1990dernational Symposium on Public
Health Surveillance

Shaheen, P., Clart, J. D., & Williams, D. (1987). Sraatla analysis: a review and
analysis of the North American literatudeurnal of Health Politics,
Policy and Law12, 741-809.

Sharp, B. L., Craig, M., Mnzava, A., Curtis, B., MadjaR., & Kleinschmidt, I.
(2001).Review of Malaria in South Afridaurban: Health Systems Trust

Sharp, B. L., Craig, M., Ngxongo, S., Martin, C., Tsaka& Le Sueur, D.
(1998). The contribution and future potential of Geographidarimation
Systems to health delivery in South AfrieéARC Policy Brief 3, 1-4.

Sharp, B. L., Kleinschmidt, I., Streat, E., Maharaj, Barnes, K. ., Durrheim, D.
N., Ridl, F. C., Morris, N., Seocharan, I., La Grang. J. P., Mthembu, J.
D., Maartens, F., Martin, C. L., & Baretto (2007a). Seyears of regional
malaria control collaboration - Mozambique, Southidsirand Swaziland.
American Journal of Tropical Medicine and Hygieii6, 42-47.

Sharp, B. L., & Le, S. D. (1996). Malaria in South A#i past, present and
perspectivesdv,decine tropicale 56, 189-196.

Sharp, B. L., & Le Sueur, D. (1996). Malaria in South Asrtbe past, the present
and selected implications for the futuBmuth African Medical Journal
86, 83-89.

Sharp, B. L., Ngxongo, S., Botha, M. J., Ridl, F. CL&Sueur, D. (1988). An
analysis of 10 years of retrospective malaria data tlenKwaZulu area
of Natal. South African Journal of Sciend, 102-106.

Sharp, B. L., Ridl, F. C., Govender, D., Kuklinski, &.Kleinschmidt, I. (2007b).
Malaria vector control by indoor residual insecticide sprgyin the
tropical island of Bioko, Equatorial Guinddalaria Journal 6. BioMed
Central. Available vidttp://www.malariajournal.com/content/6/1/52
Access date: 2007/07/07/.

Sheynin, O. B. (1970). Studies in the history on probalality statistics.
Biometricg 57, 199-202.

13¢€



Sithiprasasna, R., Linthicum, K. J., Liu, G. J., JodedV., & Singhasivanon, P.
(2003). Use of GIS-based spatial modeling approach to chazadtes
spatial patterns of malaria mosquito vector breedingdistin
northwestern Thailan&outheast Asian Journal Tropical Medicine and
Public Health 34, 517-528.

Snow, R. W., Gouws, E., Omumbo, J., Rapuoda, B., Qvi¢d., Tanser, F. C.,
Le, S. D., & Ouma, J. (1998a). Models to predict the intgiodi
Plasmodium falciparum transmission: applicationdeolurden of disease
in Kenya.Transactions of the Royal Society of Tropical Medicine and
Hygiene 92, 601-606.

Snow, R. W.,, Peshu, N., & Forster, D. (1998b). Environadeartd entomological
risk factors for the development of clinical malaaiaong children on the
Kenian coastTransactions of the Royal Society of Tropical Medicine and
Hygiene 92, 381-385.

South African Malaria Control Programme (200¥glaria Control Progress in
Southern Africa,1997-2008arare: SAMC

South African Weather Services 2006. Climatic data, Mpumgald&rovince.
Pretoria: SAWS.

Statistics South Africa (2003)lid -year estimates. Statistical relesR®eetoria.
StatsSA

Statistics South Africa (2005). South African Censusa£96 and 2001.
StatsSA. Available viattp://www.statssa.gov.zaAccess date:
2006/01/12.

Strebel, P., van Wyk, B., Scapiro, B., Pretorius,8ASmit, R. (1986)The
epidemiology and control of malaria, Nelspruit sub-region, 1980-1985

Pretoria

Tanser, F. C. (2002). The application of GIS technologgauitably distribute
fieldworker workload in large, rural South Africa healtmsey. Tropical
Medicine and International Healtf7, 80-90.

Tanser, F. C., & Le Sueur, D. (2002). The applicatiogeafgraphical information
systems to important public health problems in Afrloéernational
Journal of Health Geographicg, 1-9.



Tanser, F. C., Sharp, B., & Le, S. D. (2003a). Poteetiatt of climate change
on malaria transmission in Africhancet 362, 1792-1798.

Tanser, F. C., Sharp, B., & Le Sueur, D. (2003b). Potesffiatt of climate
change on malaria transmission in Africancet 362 1792-1798.
Tarekegn, A. A., Hay, S. I., Ochola, S. A., Langi,Beard, B., De Vlas, S. J., &
Cox, J. (2004). Malaria epidemic early warning and deteatidkfrican

highlands.Trends in Parasitology20, 400-405.

Targett, G. A. T. (1992)Waiting for the Vaccineondon: John Wiley and Sons
Ltd.

Teklehaimanot, A., & Bosman, A. (1999). Opportunities, poid and
perspectives for malaria control in sub-Saharan Afdoarnal of the
Italian Society of Parasitologytl, 335-338.

Teklehaimanot, A., McCord, G. C., & Sachs, J. D. (208¢galing up malaria
control in Africa: An economic and epidemiologicat@ssmentThe
American Society of Tropical Medicine and Hygiefigé 138-144.

Teklehaimanot, H. D., Schwartz, J., Teklehaimanot&ALipsitch, M. (2004).
Alert Thresholds Algorithms and Malaria Epidemic DetattEmerging
Infectious Diseased0, 1220-1226.

Teutsch, S. M. 1994. Considerations in planning a surveillsystem. In S. M.
Teutsch & R. Elliott (Eds)Principles and practice of public health
surveillance pp. 18-28. New York: Oxford University Press.

Thomas, C. J., & Lindsay, S. W. (2000). Local-scal@at@an in malaria infection
amongst rural Gambian children estimated by satedliteote sensing.
Transactions of the Royal Society of Tropical Medicine and Hygézne
159-163.

Thompson, R., Begtrup, K., & Cuamba, N. (1997). The Matahlaria project:a
temporal and spatial study of malaria transmission &®hde in a
suburban area of Maputo, MozambigAelerican Journal of Tropical
Medicine and Hygiené7, 550-559.

Thomson, M., Connor, S., O'Neill, K., & Meert, J.(000a). Environmental
information for prediction of epidemicBarasitology Todayl6, 137-138.

14C



Thomson, M. C., Palmer, T., Morse, A. P., Cresswél] & Connor, S. J.
(2000Db). Forecasting disease risk with seasonal climatigbions.
Lancet 355 1559-1560.

Tomasi, E., Facchini, L. A., & de Fatima Santos M#Ma(2004). Health
information technology in primary health care in depéng countries: a
literature reviewBulletin of the World Health Organizatip82, 867-874.

Trape, J. F., Lefebvrezante, E., & Legros, F. (1992)tofatensity gradients and
the epidemiology of urban malaria in Dakar, Senefyalerican Journal of
Tropical Medicine and Hygiend7, 181-189.

Tren, R., & Bate, R. 2004. South Africa's war againdana Lessons from the
developing worléolicy analysis

White, N. J., Waller, D., Crawley, J., Nosten, Fha@man, D., Brewster, D., &
Greenwood, B. M. (1992). Comparison of artemether andadpane for
severe malaria in Gambian childrémancet 339, 317-321.

WHO and UNICEF (2005MWorld Malaria Report, 2005MNorld Health
Organization and UNICEF

Wikipedia (2008a). Chemoprophylaxis. Wikipedia Foundation. Azl via
http://en.wikipedia.org/wiki/ChemopreventioAccess date: 11/3/2008.

Wikipedia (2008b). Larvicide. Wikipedia Foundation. Avaibia
http://en.wikipedia.org/wiki/LarvicideAccess date: 10/03/2008.

Wikipedia (2008c). Outbreak. Wikipedia Foundation. Availahée
http://en.wikipedia.org/wiki/Outbrealdccess date: 2008/04/01.

Wilkinson, D., & Tanser, F. C. (1999). GIS/GPS to docunmareased access to

community based treatment for tuberculosis in Afr@apgraphical
information system /global positioning systdrancet 354, 394-395.

Williams, H. A., Jones, C., Alilio, M., Zimicki, SAzevedo, I., Nyamongo, .,
Sommerfeld, J., Meek, S., Diop, S., Bloland, P. B., &&nwood, B.
(2002). The contribution of social science research tanmagbrevention
and controlBulletin of the World Health Organizatip80, 251-252.

World Health Organization (1963)erminology of malaria and malaria
eradication Geneva: WHO.

141



World Health Organization (1993 global strategy to control malari@eneva:
WHO.

World Health Organization (1998pperational manual on the application of
insecticides for control of the mosquito vectors of malaria and other
disease$seneva: World Health Organization.

World Health Organization 2000. The African Summit on Baitk Malaria.
Geneva: WHO.

World Health Organization (2001&)lalaria at a glanceGeneva: WHO.

World Health Organization (2001dYlalaria Early Warning System. A
Framework for Field Research in Africa: Concepts, Indicators and
Partners. WHO/CDSWHO, (p. 80

World Health Organization (2001dYlalaria early warning systems: Concepts,
indicators and partners, A framework for field research in Afizneva:
WHO.

World Health Organization 2004. Overvi@whotographic comprehension of
malaria control activities in southern Afric§p. ii. Harare: World Health
Organization.

World Health Organization (20059Regional Framework for an Integrated Vector
Management Strategy for the South-East Asia Regéwm Delhi, pp. 1-13

World Health Organization (2006Pesticides and their application for the
control of vectors and pests of public health importa@eaeva: WHO.

World Health Organization and UNICEF (200%Jorld Malaria Report, 2005
World Health Organization and UNICEF

Yang, G., Zhou, X., Malone, J. B., McCarroll, J. @ang, T., Liu, J., Gao, Q.,
Zhang, X., Hong, Q., & Sun, L. (2002). GIS prediction modehalaria
transmission in Jiangsu provinegghonghua Yu Fang Yi.Xue.Za ZI36,
103-105.

142



