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ABSTRACT

Geographic Information Systems (GIS) and Remote Sensing are providing new tools which allow collation, mapping and
analysis of empirical survey of infection data for tropical disease management. Although the geographic approach has
long been integrated into tropical disease control programs, the linkage between geography and health in general have
only come to the fore in recent decades. This paper seeks to examine the meanings, principles involved and the
relevant examples of the use of GIS and RS in the control of tropical diseases. Information was sourced from the
internet, text books, WHO Technical Reports and journals. The write-up therefore provides the current information about
tropical disease control using GIS and Rs with specific examples.
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INTRODUCTION

The advent of geographical information system as a new technology for graphical representation and spatial analysis of
data bases offers a new approach for planning and managing the control of tropical diseases (Mott et al, 995). Although
the geographic approach has long been integrated into tropical disease control programs (WHO 1965), the linkage
between geography and health in general have only come to the fore in recent decades (Verhasselt 1993). For tropical
disease control, these links are particularly relevant as refugee movements, the continuous population flux between rural
and urban areas, and environmental changes influence the distribution of vectors, reservoir animals, and the human
population, and determine the transmission of diseases (Ruto and Karuga 2009, and Mott et al, 1995). Data
collection/input remains the most expensive and time-consuming aspect of setting up a major GIS facility. Experience

indicates that data collection accounts for 60-80% of the total cost (time and money) of a fully operational GIS as shown
in the figure below.

Figure 1: Integrated data collection sources in GIS process.
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The GIS Process includes the following:
Project formulation, i.e. what’s the question?

* Develop a specific question. Write it down.

« Evaluate whether GIS is the appropriate tool. Give reasons.

+ Evaluate what data you need, its availability and its usefulness. Make a list.

« Evaluate whether there is a faster, cheaper, and easier way. Always double check.
* Plan a course of action. Get started.

Data acquisition, i.e. getting the data/ Data comes from many sources.

» Paper maps

* Field collections, with or without GPS

+ Aerial photography and satellite imagery

« Existing sources, over the Internet or from researchers, etc.

Pre-processing, i.e. getting the data to work together.

» Map projections define the geographic coordinate system of the data.
« All the data layers need to be in the same coordinate system to overlay.
+ All the data need to be in a format compatible with your GIS (i.e. Arcview)

Data management, i.e. keeping yourself and your data organized.

» Good notes and metadata are essential.

* Organization of files and folders.

* Regular back-ups of on-going work.

» Keeping a clean workspace (in the computer)

Manipulation and analysis, i.e. Distance/Area Measurements.

Overlay Operations: In overlay analysis, location is held constant and several variables are simultaneously evaluated
(Avery and Berlin, 1985).Figure 2.

Spatial Modeling

Product generation, i.e. pretty pictures to answers

» Designing maps (and tables and charts) to convey the meaning you desire

» Output devices e.g Printers, plotters, and the Internet produce results of your analysis
» Preparing datasets for distribution

The needed GIS tools/components.

HARDWARE: These are used for the acquisition, storage, processing and display of geospatial data. They include; (a)
The data acquisition hardware (e.g. GPS, total station, digital image processing hardware, analytical/digital
photogrammetric stereo-plotter, digitizer and Scanner); (b) the host computer for processing, manipulation and storage;
and (c) the output hardware (such as graphic screen, printer and plotter).

The choice of the hardware is normally guided by the application of interest.

SOFTWARE: There are many GIS software that could be used to perform the GIS operations in a particular application.
A GIS software is a collection of four interrelated software subsystems namely: (a) Data collection and input software,
(b) Data storage and retrieval software, (c) Data manipulated and analysis software (for topologic overlay, buffer
generation, adhoc query and modelling e.t.c), and (d)Visualisation and presentation software

The softwares are of many types. GIS Software Choices includes the following; ESRI (Environmental Systems Research
Institute), ARC/INFO, Arc View, Arc GIS, Intergraph, Erdas, GRASS, MapInfo, CAMRIS, IDRISI etc.

GIS, RS AND DISEASE MAPPING

Geographic Information System/Remote Sensing (GIS/RS) in the study of Parasitic Diseases

The advent of Geographic Information Technology, particularly Geographical Information System, provides common
ground for dialogue between Zoologists, Veterinarians, Medical Public Health Workers, Agriculturists, Geologists,
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Botanists, Engineers (Clarker, 1995; Brooker, 2007; Ekpo, 2008, Oladejo et al, 2011 and Oladejo et al,2013 ). At
present,Geographic information system/Remote sensing (GIS/RS) is gradually becoming popularly applied in many
researches including epidemiology, and has been an indispensably available instrument of environmental resource
management and programming (Brooker et al., 2001; 2002a; 2002b; Ekpo, 2008; Simoonga et al, 2008).

Remote sensing is the science (and to some extent, art) of acquiring information about the earth's surface without
actually being in contact with it. This is done by sensing and recording reflected or emitted energy and processing,
analyzing, and applying that information ( Fabiyi 2001; Salami.2006a; Mengistu and Salami, 2007). Within the scope of
this study, the focus of remote sensing is the measurement of emitted or reflected electromagnetic radiation, or spectral
characteristics, from a target object by a multispectral satellite sensor. A multispectral sensor is characterized as a
passive sensor. Passive sensors record energy that is naturally reflected or emitted from a target. In contrast, active
sensors supply their own source of energy, directing it at the target in order to measure the returned energy (Brandon
and Bottomley, 1998). This technology is based on the fact that every object or phenomenon reflects and emits energy
at specific and distinctive wavelengths of the electromagnetic spectrum (Chima, 2002). Scientists have been able to
study both biotic and abiotic components of the earth using remotely sensed data. Changes in these components have
been mapped from space at many temporal and spatial scales since 1972 (Beck et al., 2000). In most contemporary
land use studies which employ remote sensing imagery from multispectral sensors, the foremost task is the observation
of spectral characteristics of measured electromagnetic radiation from a target or landscape. Analysts develop
signatures based upon the detected energy’s measurement and position in the electromagnetic spectrum. The various
uses into which satllite images could be put into in the sustainable environmental management are highlighted below
(Table 1).

A geographic Information System (GIS) is an information system for capturing, storing, analyzing, managing and
presenting data which are spatially referenced (linked to location) (Bergauist, 2000, Buroffice, 2006). It integrates maps,
charts, tables, and data into a coherent system that is related logically, quantitatively and spatially. Typically, GIS
systems are employed to organize and present information that has both geometric structures (e.g., maps, blueprints,
photographs as well as quntitative structures (e.g., population, area and density) (Berguist, 2000). GIS applications are
tools that allow users to create interactive queries (user created searches), analyze spatial information, edit data, maps,
and present the results of all these operations(Brooker and Hay, 2002; 2002a; 2002b; Scott, 2003 Ekpo, 2008;
Simoonga et al, 2009). Geographic Information System Technology can be used for scientific investigations, resource
management, asset management, environmental impact assessment, urban planning, cartography, criminology,
geographic history, marketing, and logistics to name a few. GIS might be used to find wetlands that need protection from
pollution, or GIS can be used by a company to site a new business location to take advantage of a previously
underserved market (Brooker et al., 2001; Brooker and Hay, 2002; Scott, 2003 Ekpo, 2008; Simoonga et al, 2009).

Table 1: Satellites Imageries and the Environmental Variables Associated with them

Mission Sensor Swath (km) Applications
Urban and sub-urban areas,
Orbview-3 Orbview-3 8 refugee camps, land

planning and infrastructure.

Urban and sub-urban areas,
Ikonos Ikonos 11 refugee camps, land
planning and infrastructure.

Land coverage and land-
use classification maps,

SPOT 5a&5b HRG 60 vegetation and water
bodies.
Land coverage and land-
Landsat-7 ETM+ 185 use classification maps,

vegetation and water bodies

Land coverage and land-
Landsat-5 ™ 185 use classification maps,
vegetation and water bodies

Vegetation and water

Spot-5a Vegetation 2200 bodies
Vegetation monitoring, LST,
NOAA-M AVHRR 3000 water bodies
Meteostat-2 generation SEVIRI Hemisphere Rainfall estimation, LST
Radarsat-1 SAR 45-500 Forest, water bodies

Source: Ceccato et al. (2005).
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The abundant data and the technology of Remote Sensing, image processing and analyzing provide the information
useful for detecting the status and inversing the flux of the earth’s surface, and investigating the multiformity and
variational rule of geographical factors, such as the vegetation, soil, physiognomy (WHO, 1999; Hay; 2004; Salami,
2006b; Adediji and Ajibade, 2008), and Land Cover/Land Use. GIS/RS provide the important pledge of gaining surface
characteristic parameters (emphasis particularly on humidity and temperature of soil, vegetable coverage, etc) of
schistosomiasis endemic areas, fitting these parameters with snail density, and establishing the exact and credible
forecast model of schistosomiasis, (Hay, 2000 and Ekpo et al, 2008).

The epidemiology of schistosomiasis is rapidly changing and new apprioaches are required to promote its prevention
and control towards sustainable environmental management (Hay, 2000 and Zhou, 2001). Risk mapping studies and
predictions of schistosomiasis transmission was carried out by Brooker et al. (2000) in Tanzania and in Sub-Saharan
Africa (Brooker et al., 2001). Zhou., et al (2001) assessed the spatio-temporal distribution and abundance of
Schistosoma japonicum, he ascertained the efficiency of GIS/RS for future control programme in three Gorges dam
project in China. Ta Tong et al (2002) in Philippines used the combination of the Landsat MSS data with the climate data
of temperature, rainfall and to forcast the endemic areas for schistosomiasis. Brooker et al.,(2007) and Simooga et al.
(2008) emphazised the relevance of GIS/RS and the spatial analysis for epidemiology and ecology of schistosomiasis
in Africa.

Raso et al., (2005) did the first application of Bayesian Geostatistics Risk Mapping in Africa. He concluded that GIS/RS
is a good instrument for analysing the epidemiology of schistosomiasis. Ekpo et al, (2008) produced risk model map of
urinary schistosomiasis in Ogun State as observed and predicted through logistic regression using GIS. Environmental
parameters that affect disease epidemiology can be presented in a multi-layered fashion, or the data sets merged into
probability maps of vector distribution that directly depict the risk of human infection using GIS/RS (Zhou et al. 2001;
Eisele et al., 2003;0mumbo et al. 2005; Jia-Gang et al., 2005; Sabesan et al.,2006; Ekpo et al., 2008 ).

Risk maps are outcomes of transmission models in which environmental information has been merged with data from
the fields of epidemiology and vector biology (Kitron, 2000). Bretas (1996) ascertained that mapping as an instrument
aids visualization of differences, clustering, heterogeneity or homogeneity within data. Spatial patterns can be perceived
and correlations visualized through the use of maps, also symbols and colours can communicate detail or the relative
importance of certain features. Mapping of population densities to restructure parasite control is useful for planning
integrated intervention targets in tropical diseases control. GIS/RS applications are used for the following as shown in
figure 2;

Mapping of locations: GIS can be used to map locations with the use of GPS. GIS allows the creation of maps through
automated mapping, data capture, and surveying analysis tools.e g Spatial autocorrelation using ordinary kriging
interpolation method .(Figure 2, 11)

Mapping quantities: Quantities are mapped to find out the most and least, to find places that meet certain criteria and
take action, or to see the relationships between places. This gives an additional level of information beyond simply
mapping the locations of features. (Figure 3)

Mapping densities: While concentrations can be seen by simply mapping the locations of features, in areas with many
features it may be difficult to see which areas have a higher concentration than others. A density map allows the
measurement of the number of features using a uniform areal unit, such as acres or square miles, so that the distribution
can be clearly seen. (Figure 4, 8, 9)

Finding distances: GIS can be used to find out what's occurring within a set distance of a feature. (Figure 5, 10)
Mapping and monitoring change: GIS can be used to map the change in an area to anticipate future occurences thus
enhancing sustainable descision making meeting future conditions, decide on a course of action, or to evaluate the
results of an action or policy. (Figure 6, 7, 12a, 12b, 13).

Figure 2: The predicted P. falciparum prevalence in East Africa (an example of a risk map). Green areas: high risk; blue areas: malaria near water;
yellow areas: malaria-free. (Source: Omumbo et al. (2005)).
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Figure 3: The predicted urban forced prediction with ecological zone stratification. Legend: white 4 0—<5%, yellow V4 5-<25%, light green V4 25—
<75%, dark green 4 $75% parasite ratio. Blue areas are water bodies. (Source: Omumbo et al. (2005))
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Figure 4: The villages with high prevalence of Schistosoma japonicum in the Poyang Lake area Dark blue: suspected snail habitats; pink: buffer
zone within 1200m; Red points: villages. (Source: Jia-Gang et al., (2005)).

e

Figure 5: The range of different environmental variables associated with the transmission of filariasis in Tamil Nadu, India. The model was found to
be 100% sensitive and 67.3% specific. (Source: Sabesan et al., (2006))
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Figure 6: Climate-based forecast of schistosomiasis risk for Jiangsu province using 30-year-average monthly data from 18 climate stations. The
forecast was based on the growing degree day concept, water budget analysis and reported development requirements of S. japonicum in O.
hupensis. Index value contours 900 indicate suitable areas for transmission. (Source: Zhou et al. (2001))
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Figure 7: Risk model map of spatial distribution of urinary schistosomiasis in Ogun State as observed and predicted through logistic regression
(Source: Ekpo et al., (2008))
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Figure 8: Land cover map of the Xichang area based on IKONOS and DEM data (Source: Xu, et al., (2006))
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Figure 10: Images were taken with a digital camera at points within Kisumu and Malindi during field-based data collection. Latitude and longitude
were also recorded at these points using GPS. Six of these images, coupled with their respective GPS coordinates, were used to assist with the
interpretation of NDVI values at five meter resolution within selected grid cells. (Source: Eisele et a.l, (2003))
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Figure 12a: Land Use/ Land Cover Map of the Communities bordering Erile/Owala Reservior based on LandsatTM 1991. (Source: Oladejo et
al., (2013))
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Figure 12b: Land Use/ Land Cover Map of the Communities bordering Erile/Owala Reservior based on LandsatTM 1991, (Source: Oladejo et al.,
(2013))
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Figure 13: Prediction Map of the Prevalence and Human Water Contact Patterns of Urinary Schistosomiasis in Oba-lle and Oba-Oke, Osun State,
Nigeria (Standard Error Map). (Source: Oladejo et al., (2013))
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CONCLUSION

The review therefore provides the curent information about the use of GIS as a means for evaluating monitoring and
planning sustainable conrol of tropical diseases.
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