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Abstract
Computerized spatial databases and Geographical Information System (GIS) mapping software provide
useful tools for the management and analysis of malarial control programs. The use of this technology can
be tailored to suit a wide range of applications. These include practical operational maps to assist with
resource allocation, analytical tools to facilitate program monitoring and evaluation, and sophisticated research
projects to investigate various spatial aspects of malaria epidemiology. We present practical examples of
the use of GIS in Africa to complement strategies for malaria control.
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1.0 Introduction

Malaria is maintained under the influence of diverse
ranges of interacting conditions, many of which are
not well understood. These conditions are closely
related to the habits and lifestyle of different
communities, the behaviour of the mosquitoes which
transmit the disease as well as climatic and other
environmental factors. The full understanding of the
facts about malaria in a particular place is therefore
a complex matter. Researchers in the first half of  last
century, in decades following the elucidation of the
malaria cycle in man and mosquitoes, appreciated
that it was a focal disease and that the topography
of the land was an important consideration in
understanding the local epidemiological situation
(Christophers et al. 1941). In the DDT residual
spraying campaigns of the 1950’s and 1960’s, an
important activity of the preparatory phase was
geographical reconnaissance (GR) which involved
not only the preparation of large scale maps with
location of houses which were to be sprayed, but
also data on road access, health facilities, population
movements and other relevant facts (Pampana 1963).

These kind of spatial information have continuing
significance for current malaria control strategies and
they are ideally suited for use with modern
Geographic Information System (GIS) technology

which permits the integration and spatial analysis of
data from different sources (e.g. from the National
Population Commissions, mapping authorities, other
government agencies) as well as health statistics.
Digitalized data from existing maps can provide base
layers (topography, land use, roads, rivers, surface
water) on which other data can be overlaid (Connor
et al.1997). These could include data on population
distribution (towns, communities and villages);
location of health centers and other facilities
(hospitals, dispensaries, schools, government
offices); climatic indices (rainfall, temperature,
humidity); epidemiological data (morbidity, mortality,
parasitological and entomological indices) and  any
other data which can be referenced geographically
(Jamon et al. 2001).

This computer based technology has been available
for a number of years but it is only recently
appreciated as a powerful new tool to augment
existing monitoring and evaluation methods (Connor
et al.1997). The prospects for mapping the risk of
malaria in Africa using remotely sensed satellite data
to highlight epidemiologically significant trends in
vegetation and weather data have been
foreshadowed (e.g. Thomson et al.1997).This is
particularly necessary in this era where conventional
entomological and parasitological techniques have
become cumbersome and time consuming over large
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ranges of studies. There is therefore need to employ
real operational research tools that can make the
job easier borrowing a leaf from countries that have
achieved tremendous success in malaria control. GIS
becomes important in this respect. Remotely sensed
data can only be employed to identify mosquito
habitats and predict the likely range of vector species
(Hay et al. 1998). In this article, we illustrate the
contribution GIS can make to malaria control
programs as an operational planning aid, as a
monitoring tool to assist with evaluation of control
efforts and as a research approach to investigate
spatial associations  of relevance to malaria
epidemiology and control in Africa.

2.0 Mapping Malaria In Africa, The
MARA/ ARMA Initiative

Sub-Saharan Africa carries the highest per capita
burden of disease in the world of which malaria is
the single most important cause. About 90%  of
global deaths attributed to malaria now occur in sub-
Saharan Africa (Jamon et al. 2001). Recent
advances in public health are offering new
opportunities to make significant reductions in this
disease burden. However, many factors,  among
which is endemicity, affect the choice of control
methods. This requires a rethink on how we define
endemicity, and how we may map malaria risk in
order to better support planning and programming
of malaria control.

Detailed mapping of malaria risk and endemicity has
never been done in Africa. Accurate estimates of
the burden of malaria at regional or district level

remain largely unknown. In the absence of such data
it is impossible to rationalize allocation of limited re-
sources for malaria control.

The MARA/ARMA collaboration was initiated to
provide an Atlas of malaria for Africa, containing
relevant information for rational and targeted imple-
mentation of malaria control with the following ob-
jectives
a. To map malaria risk in Africa: 
     i. through collection of published and unpublished

malaria data.
     ii through spatial modelling of malaria distribu-

tion, seasonality and endemicity.
b. To disseminate relevant information to national

and international decision makers and other end
users, in a range of useful formats.

c. To develop capacity in malaria/ health GIS.

MARA/ARMA is at the cutting edge  and has made
significant steps forward in  the geographical mod-
elling of malaria using eco-physiological /climatic as
well as spatial statistical approaches applied through
(GIS) technology. This is illustrated in Figure 1.0
theorical based map which is derived from field data
manually collected by researchers over the years on
malaria distribution in Africa and transcribed into GIS
maps( see Figure1.0, left). This map only shows the
malaria situation at a particular period. The statisti-
cal based map (see Figure 1, right) on the other hand
involves data derived from satellite imagery, statisti-
cally analyzed with software and transcribed into GIS
maps. In addition to showing the current malaria situ-
ation, this map allows for prediction and modeling
of malaria situations in the future.
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Figure 1: GIS Maleria risk maps produced by MARA/ARMA, both theoretical based on
                          climate (left) and statistical based on the data (right).



2.1 GIS as an Operational Planning Aid

GIS databases can be used as an operational tool
to support planning and implementation of control
activities. For example, in impregnated bed net
programs for community based malaria control, they
can constitute simple and practical visual aids for
detailed planning of bed net distribution and
retreatment schedules.

Many villages in various parts of Africa are not static
as houses, hamlets and sometimes whole villages
may be relocated to remain within convenient walking
distance of farms which are periodically moved to
different places to reflect agricultural practices within
traditional land tenure systems (Densah 2003). Over
the years villages may merge or be split up. In some
instances they may be relocated close to roads or
coastal anchorages. In southern provinces of
Tanzania mobile census teams have recently updated
village localities throughout the country using GPS
equipment (NCBT 2001). Difficulties caused by
lack of consistent spelling of village  names have been
overcome in that area by the use of unique numerical
identifiers in the digitized databases. The National
Vector Borne Diseases Project of  Kenya is currently
assisting the National Malaria Control Program in
that country to increase the distribution of
impregnated bednets throughout the various
provinces (Lengeler 2008). There field staff are well
aware of the location of villages within their local
area of responsibility but this information can be part
of a powerful management tool if it is collated into
spatial databases. Malaria control zone maps with
the positions of villages in relation to roads, rivers
coastal anchorages and other topographical features
created using GIS can provide an important
overview so that resources can be allocated most
efficiently. Similarly in urban situations, where it is
feasible to undertake larval control, purpose-
generated large scale maps of larval habitats in
relation to residential areas can guide the most efficient
application of larvicides (Hanson et al. 2004).

2.2 GIS as an Evaluation Tool

It is known that the mosquitoes which transmit
malaria usually have a restricted distribution within
their geographical range (Coetzee et al. 2000).

In Equatorial Guinea, analyses of several collections
of anopheline mosquitoes have shown that
Anopheles gambiae is the predominant malaria
vector in the country and prefers stagnant, shallow
pools of water (see Coetzee et al. 2000). This
species has been incriminated as a major factor
influencing malaria in the rest of sub Saharan Africa
where a lot of environmental modifications favour
their breeding (Colluzi 1992). A helicopter based
survey of anopheline mosquitoes in Ethopia in 1994
revealed that Anopheles punctulatus was the
predominant  species along logging tracks and roads
throughout the provinces (see Cooper et al. 2001).
Thus, changes in the local environment due to man
made activities might directly influence distribution
patterns of malaria vectors. Data on the distribution
of vectors obtained from field surveys can be
incorporated as GIS vector layers. The use of
satellite imagery should reveal areas of environmental
change which could then be subjected to further
investigation to analyse whether such factors might
have an impact on malaria control efforts.

Computer based GIS resources can also provide
powerful analytical tool to establish and confirm
spatial relationships among data sets which are
epidemiologically significant (Holdenberg 2000). The
computing power of relational databases can be
applied to investigate correlations between two or
more interacting factors while maintaining the spatial
relationships between them (Elwing and Clover
2003). Thus, geographical clusters of malaria cases
can assist with delineation of problem areas as a
starting point for the higher incidence of malaria in
these localities (Thomson et al.1997). This approach
can therefore be of direct benefit to the evaluation
of malaria control programs in Africa.

3.0 Use for GIS for Malaria Research

Climatic factors, particularly rainfall, temperature and
relative humidity are known to have a strong
influence on the biology of mosquitoes in Africa
(Service 1996). GIS can be used to investigate
associations between such environmental variables
and the distribution of the different species
responsible for malaria transmission. For example
in the last 15 years, entomological teams operating
from vehicles and helicopters have collected more
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than 30,000 Anopheles specimens from over 1,000
localities in Papua New Guinea (Edwards and
Coldrom 2007). This represents the largest quantity
of data on the distribution of malaria vectors which
has yet been gathered in that region. GIS software
was used to correlate the climatic attributes of the
collection localities with the presence or absence of
the various species (Sweeney 2007). The mosquito
collection data were imported as database points
into vector layers and linked to the corresponding
cells of the elevation rasters. By this means it was
possible to generate annual and seasonal estimates
of key climate indicators (rainfall, relative humidity,
maximum temperature and minimum temperature)
for the different collecting sites. The relationship
between the various environmental parameters and
the presence of the different species can also be
investigated by computer induction techniques. An
example of such is a commercial decision making
software program known as KNOWLEDGE
SEEKER, which highlights climatic factors that might
contribute to observed mosquito distribution pattern
(Sweeney 2007). Another software known as the
HABITAT is also available (Sweeney 2007). This
software is able to delineate an environmental
envelope within which a species may persist. These
programs examine the environmental parameters
within which a species has been found and then
suggests other potential localities which have similar
environmental characteristics. The outputs of these
procedures are potential distribution ranges of the
different species which can be viewed as vector
layers on digitalized map imagery.

These analyses can further be extended to include
seasonal vegetation data from Normalized Difference
Vegetation Index  Images (NDVII) generated by
satellites such as the Nigerian Satellite 1 and 2.
Landcover maps, images from such satellites could
also be utilized as an additional environmental
parameter. The final step will be to validate the
predicted distribution patterns of the malaria vectors
by ground truthing. It is hoped that the ultimate result
of this approach will be a better understanding of
the environmental factors which underpin the
distribution of malaria vectors as well as a deeper
appreciation of the contribution of such factors to
malaria epidemiology in the African continent. This
approach could also provide useful insights into likely
distribution of malaria vectors in the future as

a result of climate change induced by global warming.

3.1 Successful Application of GIS in
Disease Control(The Indian Lymphatic
Filariasis control programme)

Before 2005, India accounted for about 40% of the
120 million estimated cases of lymphatic filariasis
(LF) globally (Kudrah  2006). WHO’s strategy to
eliminate LF in that country had two components:
i. to stop the spread of infection (i.e. interrupting

transmission) and
ii. to alleviate the suffering of affected individuals

(i.e. morbidity management) (WHO 1995).
To interrupt transmission, districts in which lymphatic
filariasis was endemic were identified by field
researchers by community to community survey, and
then community-wide (mass treatment) programmes
were implemented with diethylcarbamazine to treat
the entire at-risk population. This initial strategy was
not successful because of the cumbersome and time
consuming nature of identifying areas at risk by
community to community survey. Also there was no
room for effective surveillance and monitoring of drug
distribution. However, by 1998, epidemiologists in
India developed a method of identifying areas at risk
of filariasis transmission at macro level using the geo-
environmental model (GERM) particularly where
parts of the geographical areas were not surveyed
even one time and their level of risk status not
known(Predesh et al.2006). Data on geo-
environmental variables (altitude, temperature,
relative humidity, soil type and vegetation indices)
associated with the occurrence of filariasis were
customized on a GIS platform. The range of values
of these variables that are conducive or otherwise
for the transmission of filariasis were used to create
filariasis transmission risk index (FTRI). Filariasis risk
maps were created for the whole regions of India
and exhibited the delimitation of areas in terms of
Filariasis Transmission Risk Index, as being “at risk”
or “at no-risk” derived from geo- environmental
variables (Predesh et al. 2006). This  was
immediately used for operational purposes.

A decision support tool has been built up with user
interface facilities for browsing, spatial structured
querying, thematic mapping, data editing and
drawing information (demographic features,
infection, infection or disease prevalence, filariasis
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environmental risk status and ongoing control
operations. Besides the visualization of site
characterization, the GIS mapping system allowed
integration of data from any desktop data base
software or worksheet and the updating of data from
different nodes or centers was possible.The system
therefore enhanced  recognition of populations at
risk of LF and the effective as well as sustainable
distribution of drugs based on evidence. There was
also proper surveillance of drug distribution and
efficient monitoring of progress. This intervention
according to Kudrah (2006) brought about the
reduction of the prevalence of LF in India to less
than 10% in 2005.

This example should be  a model for African countries
to emulate, in the quest to eradicate malaria in the
continent.

4.0 Conclusion

The above examples indicate that there is a wide
spectrum of possibilities over which GIS can
contribute to malaria control programs in Africa. Its
application as an operational planning aid is an
extension of geographical reconnaissance to promote
better program management  at both the peripheral
and national levels. Its use as an evaluation tool
provides an additional means of spatially analyzing
outputs generated by Health Information Systems
in graphic formats which can be readily understood
by field workers and program managers. However,
the application of GIS in this way must be
commensurate with existing infrastructure within the
continent where limits of human and financial
resources may constrain the widespread use of
advanced computer technology. For example, it may
be appropriate to consider the use of sophisticated
GIS software such as Map Info at the national levels
for high planning and epidemiological analysis. At
the provincial, state and local levels data gathered in
Epi Info may be linked spatially to simple data sets
in Epi Map to provide practical GIS outputs to
support the local and regional malaria control efforts.

The use of G IS as a m alaria research tool should be

a w orthy objective of academ ic research institutions

at national and international levels. The products of

such research should lead to further insights into

m alaria epidem iology and the com plexity of its

transmission potential not only in Africa but also in
other endemic areas of the world.
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