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INTRODUCTION

This working paper contains the proceedings of the workshop on “Malaria risk mapping in Sri
Lanka—implications for its use in control” that was held on May 25, 2001 at IWMI Headquarters
in Colombo, which was a follow up to the workshop conducted on March 29, 2001 in Embilipitiya
(Klinkenberg 2001). The workshop in Embilipitiya was organized at the local level to discuss the
results of the malaria risk mapping work carried out by IWMI in the Uda Walawe region of Sri
Lanka. Participants at this workshop were local health staff involved in malaria control work in
the area and officials from the Land Use Planning Offices and Divisional Secretariats.

This second workshop was organized at the national level to discuss the possible application
of GIS and Remote Sensing tools in malaria control in Sri Lanka in a broader perspective with
staff of the Anti Malaria Campaign (AMC), Ministry of Health, representative of Universities
involved in malaria research in the island and representatives of the WHO- Roll Back Malaria
Program and Médecins sans Frontières (MSF).

1SJU = Sri Jayawardenapura University.

WORKSHOP PROGRAM

Time                   Topic Speaker

9.00-9.15 Welcome and workshop objectives Ian Makin, IWMI

9.15-9.30 Malaria in Sri Lanka, situation analysis and future trends Dr. W.P. Fernando,
Director AMC

9.30-9.45 RBM program in Sri Lanka, milestones and progress so far Dr. A.N.A. Abeyesundere

WHO RBM consultant

9.45-10.15 Barriers to prompt and effective care for Brigg Reilley
malaria in the uncleared area epidemiologist MSF

TEA
10.40-11.00 Water management for malaria control, Dr. Wim van der Hoek,

IWMI’s malaria research in Sri Lanka IWMI

11.00-11.30 Malaria vectors in Sri Lanka Dr. Felix Amerasinghe,
IWMI

11.30-12.30 Towards a risk map for Sri Lanka, results of Eveline Klinkenberg,
the Uda Walawe Region IWMI

12.30-13.00 Surveillance and its use in malaria control Dr. A.R. Wickramasinghe,
in Sri Lanka Senior Lecturer, SJU1

LUNCH
14.00-15.00 Use of GIS and RS tools for malaria Lal Mutuwatta and

research and control Dr. D.M. Gunawardena,
IWMI

15.00-16.00 DISCUSSION on the role of risk mapping
in malaria control All participants

16.00-17.30 Informal discussion and drinks All participants
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PRESENTATIONS

IWMI’s Research

Ian Makin, Regional Director Asia, IWMI

The International Water Management Institute (IWMI) is a scientific research organization
dedicated to studying the issues of the sustainable and productive use of water resources,
particularly as they relate to agriculture, water scarcity and food security in the developing world.
It is the only organization of its kind whose priority is to provide the scientific facts necessary to
help developing countries reduce poverty through more effective management of their water
resources.

In the past five years, the Institute has carried out dozens of research projects in Asia, Africa,
the Middle East and Latin America. The objectives of this work are to:

• Identify the larger issues related to water management and food security that need to be
understood and addressed by governments and policymakers.

• Help developing countries build their research capacities to deal with water scarcity and
related food security issues.

• Clarify the link between poverty and access to water and to help governments and the
research community better understand the specific water-related problems of the poor
people.

• Develop, test and promote management practices and tools that can be used by
governments and institutions to manage water resources more effectively, and address
water scarcity issues.

The outputs of IWMI’s work are to provide a clearer view of the situation that poor regions
face, and new knowledge and tools to help governments understand and implement the changes
needed. IWMI’s research provides:

• Poor people with practical solutions to problems—such as groundwater depletion, water-
borne diseases, salinization of farmland and unequal access to irrigation water—that
threaten their food security, health and livelihoods.

• Local communities, with techniques and technologies to use their water resources more
productively.

• Governments with research-based recommendations and support to help them make more
informed water and agricultural policy decisions.

• National and international organizations with the tools and training necessary to generate
and apply new scientific knowledge.
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PowerPoint slides presentation



4



5

Malaria in Sri Lanka: Situational Analysis and Future Trends

Dr. W. P. Fernando
Director, Anti Malaria Campaign, Sri Lanka

Malaria in Sri Lanka is characterized by high morbidity (210,039 confirmed cases in 2000), and
relatively low mortality rates (76 reported deaths in 2000; e.g., 0.35 per 1000 patients). The most
prevalent malaria species is Plasmodium vivax (70%), the rest of the cases are caused by P.
falciparum. The principal vector is Anopheles culicifacies and the secondary vectors are An.
subpictus and An. annularis.

Malaria is endemic in the ‘dry zone’ as the physical and climatic features are favorable for
transmission in this area. In the intermediate zone epidemic type malaria predominates and the
river system constitutes the main breeding habitat during dry weather when pooling occurs. In
the wet zone malaria is focal and sporadic. Apart from this, several high-risk districts can be
recognized These are the northern districts at the frontline of the ethnic conflict: Killinochi,
Mullaitivu and Vavuniya. No data are available for Mannar but this district probably has a similar
caseload to the other northern districts. The other high-risk area is the district of Moneragala in
the southeast of the island.

There are several factors that have had an effect on the malaria transmission pattern during
the last decade.

Unfavorable factors are:

• the conflict situation in the North-East Province

• emergence of malathion-resistance in the vector population

• spreading of chloroquine resistance in P. falciparum malaria

• increasing intra-country population migration

Favorable factors are:

• increased reliance on self protection methods

• efforts towards early detection and treatment of patients by Mobile Malaria Clinics

• action to forecast and prevent malaria outbreaks

Future needs in the malaria control program would be:

• to contain spreading chloroquine resistance in P. falciparum

• to prevent emergence of multi-drug resistant P. falciparum malaria

• a suitable drug policy specially for the treatment of P. falciparum malaria including drug
resistant strains

• improved methods for forecasting of malaria outbreaks, including applications of GIS

• strategies for insecticide-resistance management in  vector populations

• more reliance on sustainable and eco-friendly biological methods of vector control

• application of principles of the Roll Back Malaria Initiative

• a better understanding of the sociological aspects of malaria control
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PowerPoint slides presentation
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RBM Program in Sri Lanka: Milestones and Progress So Far

Dr. A.N.A. Abeyesundere
Consultant, Roll Back Malaria Initiative, World Health Organization

Global perspectives

• More than a million people killed annually

• more than 300 million cases a year

• 1/5 of the world’s population at risk

Reasons for the spread of malaria

- Weak health systems

- Large population movements

- Climatic changes

- Uncontrolled development activities

- Technical problems : drug resistance and insecticide resistance

- High cost of malaria control activities (partly due to drug resistance)

Roll Back Malaria concepts

• Evidence-based decisions

• Rapid diagnosis and treatment

• Multiple prevention

• Focused research to develop new tools

• Well coordinated action for stronger health systems

• Harmonized actions

The Sri Lankan Roll Back Malaria initiative

Highest political commitment

1998
Hon. President of Sri Lanka, 1st Head of State formally agreed to Roll Back Malaria (RBM)
Initiative

The former Minister of Health led the South Asian pledge to include Asia in RBM
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August 24th 1999
RBM approved by Minister of Health
All Chief Ministers, Chief Secretaries have approved RBM

Milestones

October 1999
A Malaria Research Committee was formed. Appropriate field research projects were developed.
These include:

a. Studies on drug resistance—in vitro sensitivity to anti-malarial drugs

b. Combination drug therapy—Artesunate in combination with Sulphadoxine

c. Establishment of a computer-based surveillance system for malaria control activities

d. Study on the effect of insecticide impregnated curtains on the transmission of malaria in
a malaria endemic area of Sri Lanka

e. Water management for malaria control in an area of the Huruluwewa watershed in
Anuradhapura District

The total allocation from the World Bank funds amounts to Rs. 11,287,300

October 1999
5 Districts: Jaffna, Killinochi, Mullaitivu, Anuradhapura and Moneragala prioritized.

October-December 1999
Situation analysis and needs assessment guidelines developed.

December 1999
Situation analysis and needs assessment in the 5 districts completed by Provincial and District
Authorities.

January 2000
National Action Group (NAG) formed. Situation analysis and needs assessment approved.Technical
Support Group formed to assist the NAG.

February 2000
• Media seminar

• National workshop held

April 2000
Uva Province Meeting held, Presided by Chief Minister
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May 2000
Combined North-Central Province (NCP) and Anuradhapura District Meeting, Chief Minister
(NCP) presided

July 2000
Moneragala District Meeting, Chairman, Health Secretary Provincial Council—Uva presided

August 2000
North-East Province Meeting, Presided by the Provincial Director of Health Services (PDHS).

August-September 2000
Preparation of the Strategic Framework by the Technical Support Group (TSG) with the Provincial
and District Authorities

October-December 2000
Development of the 5 year Strategic Plan

January 8th 2001
Five-Year Strategic Plan 2001-2005 approved by the National Action Group

February -April 2001
Preparation of detailed Plans of Action by District & Provincial Authorities

26th -28th March 2001
Media seminar at national level

18th-20th April 2001
Strengthening of District Health System to facilitate mainstreaming of RBM and development of
Joint Action Plans in the Pilot Districts.

April 2001
Plans of Action finalized for the 5 Districts

May 2001
Plans of Action reviewed and approved by TSG

June 2001
NAG to approve Plans of Action
Planned activities to commence in the Districts (mid June)
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Barriers to Prompt and Effective Care for Malaria in the Uncleared Area

Brigg Reilley
 Epidemiologist, Médecins sans Frontières (MSF)

The districts of Killinochi and Mullaitivu have some of the highest cases of malaria in Sri Lanka.
Public health interventions are difficult due to the deterioration of the infrastructure caused by
years of armed conflict.

Médecins sans Frontières (MSF) works in the government health facility in Mallavi, a
Peripheral Unit in the Mullaitivu District.  Health workers in Mallavi noted a high level of repeat
treatment for malaria patients.  To better understand the possible reasons for apparent treatment
failure, MSF with the AMC desk in Mallavi investigated treatment seeking behavior (how quickly
persons come to the Peripheral Unit for treatment) and treatment adherence (do patients take all
their anti-malarial drugs).  Persons were interviewed after malaria diagnosis and followed up after
treatment.  In addition, focus group discussions were held with teachers, mothers, and health care
workers.

The study found notable levels of treatment delay.  About half the patients came to the out
patient department within two days of feeling ill.  Delay was mostly because people elected to
self-treatment, usually paracetamol.  Other factors influencing delay included the long waiting
time to get seen by a doctor.  There were also levels of non-adherence to treatment.  This was
most often due to the side effects of chloroquine and/or if the malaria symptoms ended.  In general
it was found that there was a lack of confidence in chloroquine.  The drug is believed to not always
be effective, and is well known to have toxic side effects which makes it desirable to stop treatment
as soon as the symptoms stop, rather than taking the full course of drugs.

The root causes for the apparent treatment failures rest largely with the negative impact of
the conflict on the quality and access of care.  There has been a huge influx of displaced persons,
increasing the population of Mallavi by five times, and thereby increasing the demand on the
health services.  There is an acute shortage of staff, as most medical staff have fled the conflict,
which causes long waiting times for the appointment of a medical consultation.  Similarly, a lack
of microscopists requires a greater dependence on clinical diagnosis of malaria.  The long lines
combined with the lack of staff encourage self-treatment and delayed seeking of treatment.  Health
interventions are difficult in this situation.

There are also significant barriers to prevention.  The organization of a proper environmental
campaign is problematic due to the lack of infrastructure, materials, staff, and erratic supply lines
into the uncleared areas.  Populations are semi-mobile, as areas are resettled once they are cleared
of landmines.  Using personal prevention means have an economic barrier, as bed nets are
expensive for most persons.  However, there are important non-economic barriers as well, such
as bednets not being used because it becomes too hot to sleep under and bed net use is not perceived
as significantly reducing one’s chances of contracting malaria. Any prevention campaign will need
to not only help with supplies but also will need to convince people that prevention measures are
effective and will have an impact.
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Finally, lower treatment efficacy due to resistance to chloroquine is a possibility.  Presently
MSF and AMC are working on a small sample of a 28-day follow up of P. vivax and P. falciparum
in an attempt to learn better patterns of resistance in the area.

PowerPoint slides presentation



14



15

Water Management for Malaria Control:
IWMI’s Malaria Research in Sri Lanka

Dr. Wim van der Hoek, Theme leader
Water, Health and Environment, IWMI

Why water management?

Malaria control is facing major challenges worldwide due to several factors including increasing
resistance of the malaria parasites against anti-malarial drugs and resistance of vector mosquitoes
against insecticides. With no vaccine available, there is a need to find alternative methods of dealing
with the disease. In the first part of the twentieth century, a lot of experience was gained with
environmental management methods to control the mosquitoes that transmit malaria. However,
this knowledge was done away with when DDT became available after World War II, leading to
a global campaign to eradicate malaria by spraying houses with this insecticide. Currently,
environmental management plays an insignificant role in malaria control programs but it should
become more important in future control activities.

Flushing of streams

Due to the breeding preference of Anopheles culicifacies for streams and rivers, water management
has long been considered an effective intervention in Sri Lanka. Between 1934 and 1936,
experiments were performed with engineering and manual measures to reduce the creation of pools
in rivers (Worth 1937). Clearing the stream from falling trees, creating drainage canals along the
side of the stream, filling up permanent rock pool formations and constructing special dikes made
the stream less conducive for the breeding of the vector mosquitoes. Technical feasibility tests
were carried out in a number of rivers and streams using hand operated flushing devices and
automatic siphons to flush waterways. Much later flushing activities were carried out in the
Mahaweli River below the reservoirs close to Kandy town aimed at reducing the mosquito breeding
potential (Wijesundera 1988). However, due to the conflict with other water management
objectives, e.g., hydropower generation, this practice was stopped.

Several other countries in Asia, including India, the Philippines, Indonesia, and Malaysia have
made extensive use of automatic siphons.  Siphons that were constructed in Penang, Malaysia
before World War II are still in good operating condition (Jobin 1999).

The case of the tank cascade systems in Sri Lanka

One of the salient features in the landscape of the Sri Lanka dry zone is the water reservoirs.
There are an estimated 18,000 of these tanks in Sri Lanka and many are interlinked through canals
or natural streams to form cascades. In 1994, IWMI initiated a study in the Huruluwewa watershed
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assessing the options for control of malaria vectors through different water management practices
in a natural stream that formed part of such a tank cascade system. The studies established
conclusively that An.  culicifacies was the major vector of epidemiological importance and that a
small river, the Yan Oya, was the primary vector-breeding habitat in the watershed, which posed
a significant risk factor for malaria early during the transmission season. Villages further away
from the stream had lower densities of the main vector, and concomitantly lower malaria than the
villages closest to the stream. Detailed analyses of water dynamics of the entire watershed area
have been used to model different water management practices that could reduce vector breeding
in this key habitat and thereby have a system-wide impact on malaria in the watershed. The most
viable management option was a redistribution of existing water flows in order to maintain a water
depth sufficient to discourage the breeding of the vector (Matsuno et al. 1999). Costs analyses of
the potential water management measures and other vector control interventions such as the
spraying of houses with insecticides and the use of bed nets have shown that flushing the streams
through seasonal water releases from upstream reservoirs would be the cheapest vector control
measure (Konradsen et al. 1999). These studies were implemented by a multidisciplinary research
team with expertise in the diverse disciplines of vector ecology, parasitology, epidemiology, social
science, economics and irrigation engineering (representing IWMI, the University of Peradeniya
and the Anti-Malaria Campaign). In the second phase of this project the water management methods
will be implemented on a routine basis in consultation with the health workers, irrigation managers
and farmers and the impact on vector mosquitoes and malaria incidence monitored.

Water management and other environmental management methods deserve a place in malaria
control activities. Key issues in determining the success of environmental methods are (1)
knowledge of the local vector ecology and malaria epidemiology; and (2) close interactions and
real collaboration between health specialists and engineers.

Towards a risk map of malaria for Sri Lanka

It is a logical step from detailed studies on vector ecology, risk factors for malaria, and
socioeconomic aspects of the disease to the development of a risk map for malaria. Such a risk
map would primarily be based on the availability of surface water that has the potential for pooling
and generation of vector mosquitoes. It is expected that people living close to the breeding sites
are at higher risk for malaria than people living further away.  In a geographic information system
(GIS), the malaria incidence and population distribution could be superimposed on a map of all
potential breeding sites.  This makes it possible to derive a function showing the relationship
between distance to breeding site and malaria. In a GIS other variables that play a role in malaria
transmission can also be included. Some information, such as land use patterns can now easily
be obtained from satellite remote sensed imagery and imported into GIS.

A malaria risk map will make it possible to target priority areas with control activities, such
as insecticide house spraying, larviciding, and bed net programs. Including temporal changes in
the malaria risk map will make it possible to use it as an early warning system for impending
epidemics.

The first phase of the IWMI project was implemented in the Uda Walawe area where malaria
incidence was mapped and related to environmental variables at the lowest administrative (GN)
level. Larval, adult and human malaria surveys will be needed to validate predictive models. These
models will then be modified if necessary. An extension of the risk map project is proposed in a
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more participatory way. Regional workshops would be held where staff from AMC and the Ministry
of Health are encouraged to collect the necessary data from their own areas. Training will be
provided to enable participants to process the data and make the resulting maps available for routine
management. This exercise could then be expanded to other divisions and districts in a stepwise
fashion and eventually cover the entire island. For this approach to be successful, a partnership is
needed between the Ministry of Health (including AMC), research organizations (universities,
IWMI), international organizations (WHO), and NGOs working in poorly accessible areas.

PowerPoint slides presentation
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Malaria Vectors in Sri Lanka

Dr. Felix P. Amerasinghe, Principal Researcher,
Water, Health and Environment Theme, IWMI

Anopheles culicifacies was originally incriminated (between 1913 and 1930) as the vector of
malaria in Sri Lanka based on the evidence of dissections. More recent Enzyme Linked
Immunosorbent Assay (ELISA)-based evidence (sometimes supplemented by dissection) has shown
a large number of anopheline species to be infected in addition to An. culicifacies. These species
are An. aconitus, An. annularis, An. barbirostris, An. nigerrimus, An. pallidus, An. peditaeniatus,

An. subpictus, An. tessellatus, An. vagus and An. varuna. This does not automatically mean that
all these species are effective field vectors. Species that have consistently been incriminated are
An. annularis, An. subpictus, An. vagus, An. varuna and (to a lesser extent) An. tessellatus. These
species have differing biting and resting behaviours that place humans at differential risk, depending
on the vector. An. culicifacies and An. subpictus bite indoors and outdoors, but the other species
are primarily outdoor biters. Biting periodicity too, varies from species to species. Malaria control
entomology in Sri Lanka is based around An. culicifacies, and so the major strategy is of indoor
residual insecticide spraying that targets indoor resting and feeding adults. Vector control of
immature stages, too, is directed at the primary vector alone, in the form of larviciding the major
breeding habitats such as stream and riverbed pools. There is presently no effective strategy against
the subsidiary vectors—those that bite primarily outdoors and breed in a multitude of other habitats.
Ecological research over the past two decades has resulted in good information on the ecology of
these species that could be used to advantage in devising control options where such species are
locally important in transmission. Another aspect that deserves more attention is that of sibling
species: recent research shows that siblings B and E of An. culicifacies occur in the country, and
based on Indian studies, the latter appears to be the efficient vector. We know little of the
differential ecologies of these two siblings in Sri Lanka. Four siblings (A,B,C,D) of An. subpictus

are present, with the salt-water breeding sibling-B prevalent in coastal areas, and the freshwater
breeding sibling-C prevalent in inland areas. Whilst An. subpictus s.l. has been regularly
incriminated in malaria transmission, we have little information on which sibling is involved—a
very limited study has implicated sibling-C, but this study is certainly of inadequate size and
duration for firm conclusions to be drawn. Two sibling species are presently known for An.

annularis, but their status in Sri Lanka is unknown.  Investigating this is a matter of some
importance because An. annularis, too, is a species that has been involved in malaria transmission
in several instances in the recent past. Research on these subsidiary vectors of malaria is very
relevant because it is likely that they will assume greater importance in transmission as human
populations increase and more and more natural resource areas are opened up for human settlement.
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PowerPoint slides presentation



22



23



24

Towards a Risk Map for Southern Sri Lanka: Results from the
Uda Walawe Region

Eveline Klinkenberg, Malaria Consultant, IWMI

In the Uda Walawe region six Divisional Secretary Divisions (DSs) were selected: Embilipitiya,
Thanamalvilla, Sevenagala, Angunukolapelessa, Ambalantota and Sooriyawewa. All confirmed
malaria cases, for these areas, reported to the government health facilities were collected for the
period January 1991-August 2000. Data were also collected from health facilities just outside the
six DSs. Malaria data from private clinics were unavailable and therefore could not be included.
For each GN2 the malaria incidence (number of cases per 1000 inhabitants) was calculated for
each month in the period January 1991-August 2000. These malaria incidences were mapped using
GIS software (ARCVIEW)

The malaria incidence pattern showed:

- an overall high incidence in the Thanamalvilla DS throughout the years studied

- some GNs with high incidence along the Ratnapura road

- relatively low incidence in the rest of the area

- no clear seasonal pattern in malaria incidence over the years studied

A second step, which is still ongoing, is to relate the malaria incidence pattern to possible
explaining factors. Information on the following parameters is available: land use, presence of
water bodies (rivers, streams, tanks), rainfall, socioeconomic data (percentage of families receiving
“Janasaviya” or food stamps, being landless, having electricity, ownership of a house), control
measures (spraying, use of bed nets), soil moisture data (from satellite images). Additional data
are needed on type of house construction and entomology.

The first results of the statistical analysis show that malaria incidence is high in the chena
(slash and burn) areas and low in the paddy and other crop and plantation areas. This could partly
be explained by the lower socioeconomic status of people in chena areas. At first sight it is
surprising that GNs where insecticide house spraying takes place and where people use more
mosquito control measures have a high incidence of malaria. However, it is likely that these malaria
control measures take place because of the high density of mosquitoes and of malaria.

In Uda Walawe, chena cultivation is mainly practiced in the Thanamalvilla area. Comparing
the presence of water bodies in the high and low incidence areas revealed that the Thanamalvilla
area has a large number of abandoned tanks that are not present in the rest of the area. These
tanks could serve as an additional breeding source for malaria vectors. During a field visit on

2GN is Grama Niladari, the smallest administrative unit in Sri Lanka.
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March 28, 2001 it was found that many of these tanks are, in fact, not abandoned but used by
private users or groups of farmers. During this small survey of 8 tanks several anophelines were
found breeding in the tanks (Klinkenberg 2001). The main vector for Sri Lanka, An. culicifacies,
was not found, but several secondary vectors were identified, especially An. annularis and An.
vagus. It could be that these secondary vectors are locally important in malaria transmission.

In the near future additional fieldwork will be carried out to investigate if there is a difference
in the presence and density of vectors in high and low incidence areas.

PowerPoint slides presentation
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Surveillance and Its Use in Malaria Control in Sri Lanka

Dr. A. R. Wickremasinghe
 Senior Lecturer, University of Sri Jayawardenapura

The primary objective of any disease control program is the reduction of morbidity and mortality.
In order to prevent the occurrence of disease, a thorough understanding of the distribution of cases
in a given geographic area is required. Surveillance is the ongoing systematic collection, analysis
and interpretation of health data essential to the planning, implementation and evaluation of public
health practice. In simple terms this means the collection of health data for action. Surveillance
data can be used for planning future programs, implementation of plans, and monitoring and
evaluation of activities. Surveillance is a cyclical process that involves collection of data,
consolidation and evaluation of the data and dissemination of findings.

The major objective of the national malaria control program in Sri Lanka is the reduction of
morbidity and mortality due to malaria. The strategies used to achieve these objectives include
early diagnosis and prompt treatment of cases, selective use of integrated vector control methods,
provision of chemoprophylaxis to high-risk groups, building and sustaining partnerships and
community participation. Surveillance data is essential to the implementation, and monitoring and
evaluation of these strategies.

The current surveillance system for malaria in Sri Lanka is a legacy of the eradication era. A
number of deficiencies in the system have been highlighted, among which non-responsiveness to
a control strategy, delays in the reporting system and the non-use of existing information in the
planning process are the most important. A new computerized surveillance system is to be
introduced rectifying some of the deficiencies in the current system.

PowerPoint slides presentation
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Use of GIS and Remote Sensing Tools for Malaria Research and Control

Lal Mutuwatta, GIS & RS Specialist
and

Eveline Klinkenberg, Malaria Consultant, IWMI

Computerized information management systems incorporating Geographic Information Systems
(GIS) provide a powerful means of capturing, storing and displaying spatial information. It would
be a useful tool for evidence-based decision making in malaria control. This technology could be
used in identifying risk areas and risk factors,  stratification for malaria interventions, allocation
of limited resources in a cost-effective manner and forecasting epidemics or identifying sudden
outbreaks.  A microepidemiological study of malaria conducted in southern Sri Lanka used GIS
technology to display house type distribution and incidence rates in relation to different house
types.  In this study, GIS was used to generate nearest distance between houses and bodies of
water and forest edges, and to create a buffer zone around water bodies. Finally, the findings were
used to estimate the impact of malaria risk reducing interventions (Gunawardena et al. 1998). In
a study in India (Mutuwatta et al. 1997) GIS techniques were used to correlate malaria, irrigation
density, rainfall and rice intensity making use of Thiessen Polygons.

Remote sensing is the science and art of obtaining information about an object, area or
phenomenon through the analysis of data acquired by a device that is not in contact with the object,
area or phenomenon under investigation. This tool can be used in studies of disease transmission
and vector ecology. There are many earth-observing satellites and the features of some commonly
used satellites in health studies are given below:

SATELLITE Temporal Spatial

Resolution (d) Resolution (m) Remarks

NOAA

AVHRR Daily 1,000-4,000 Free, low resolution

SPOT 2-7 days 2.5-20 US$ 2500

LANDSAT 16 15, 30, 60  US$ 600/image-(180kmX180km)

Ikonos 8-14 days 1-5  US$ 3000 - Suitable for detailed information

Terra ASTER 16 days 15-90  US$ 100 on request (60kmx60km)

In many malaria studies remotely sensed data have been used to derive vegetation cover,
landscape structures and water bodies. Remotely sensed factors have potential links with malaria,
especially vector habitat and vector survival.
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Potential links between RS factors and malaria

Factor Opportunity

Vegetation/crop type Breeding/resting/feeding habitats

Vegetation development Timing of habitat creation

Permanent water Mosquito habitat

Flooding/flooded forests Mosquito habitat

Soil moisture Mosquito habitat

Wetlands Mosquito habitat

Rivers/streams/canals Dry season mosquito-breeding habitat

Remotely sensed data have been used in malaria research. In a study carried out in Mexico,
LANDSAT-TM satellite derived information was used to characterize and detect larval habitats
(Beck et al. 1994) and in a study conducted in Belize, SPOT data were used to predict vector
densities based on distances to larval habitat (Rejmankova et al. 1995). In a Kenya study, satellite
images were used to predict key malaria transmission factors such as biting rates and Entomological
Inoculation Rates (EIRs), using NDVI and modeled Soil Moisture (Patz et al. 1998).
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Development of an Epidemic Forecasting System for Malaria in
Sri Lanka by Monitoring Remotely Sensed Soil Moisture Data

Dr. D.M. Gunawardena
Research Associate, IWMI

Malaria continues to be a major public health problem and the leading cause for hospital admissions
in many disease endemic countries. The disease hinders the general development of poor rural
communities who are mainly dependent on an agricultural livelihood. One of the difficulties in
reducing malaria transmission risk is the lack of prior information on transmission potential in
space and time. Therefore, there is a clear need for developing an effective and simple forecasting
system of malaria transmission that could be incorporated into decision-support systems for malaria
control. Such a system could be feasible and give adequate time for preparing for the prevention
and control of transmission. It would also provide timely information for a rapid response and
will alert and assist planners, program managers and policy makers in their planning process and
implementation of a successful prevention and control program. Prediction of malaria outbreaks/
epidemics in advance would facilitate the allocation of resources in a cost-effective manner with
savings to both the government and the individuals, alert populations on transmission risks and
introduce preventive measures through health education campaigns.

There have been some efforts to develop systems for predicting malaria transmission through
indoor resting densities of vectors (Lindblade et al. 2000), biting and entomological inoculation
rates and modeled soil moisture (Patz et al. 1998). Malaria control services, however, have still
neither developed nor used a successful mechanism to predict malaria transmissions in advance
(WHO 1998). The Water, Health and Environment Theme of IWMI initiated a study on mapping
malaria risk and development of an epidemic forecasting system by monitoring remotely sensed
routine soil moisture in the Moneragala district of Sri Lanka. The soil moisture (cm3/cm3) data
derived from NOAA (National Oceanic Atmospheric Administration) images gives clues on
availability of surface water that could be favorable for breeding of malaria vectors. In this study,
Grama Niladhari (GN) level malaria incidence of Moneragala district on a 10-day basis from June
1999 to July 2000 were correlated with 40 days lagged soil moisture.  The preliminary data analysis
did not reveal a significant relationship between soil moisture and malaria incidence. The outcome
could have been constrained by the following: 1) though there are many factors involved in malaria
transmission we considered only one factor (soil moisture index) for the data analysis; 2) the low-
resolution images used could not be adjusted to fit exactly with some small GN areas; 3) soil
moisture data were only available for a one-year period and were present for the latter part of the
epidemic and 4) in some areas, case data were unavailable or not represented due to lack of
diagnostic facilities or patients seeking treatment from private facilities. Therefore at the next
stage of data analysis we need to consider more specifically other geographical and environmental
factors that influence malaria transmission such as NDVI (normalized difference vegetation index),
surface temperature, land use pattern etc. The factors derived from high-resolution images in
conjunction with long-term epidemiological and entomological data series of known high-risk areas
will be useful for the development of an epidemic forecasting system for malaria.
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PowerPoint slides presentation
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DISCUSSION

Led by Dr. Felix Amerasinghe

Dr. Felix Amerasinghe opened the discussion with the questions:

Would risk mapping be of use to you in your area of work?
Would the RMOs see risk mapping as a benefit to their work?

Dr. Felix Amerasinghe went on to say that the questions asked at the Uda Walawe workshop3

could also be asked here, although the Uda Walawe workshop was different in its approach and
presentation. For instance, would the RMOs have sufficient entomological information for their
area and what is the information that is available on surface water accumulations, rivers/streams,
tanks, cultivation patterns etc. If this information was available with the RMOs, they could be
provided with digitized maps of their area to compile risk maps. It was stated that forecasting of
epidemics is different from risk mapping, but uses the same tools.

 Dr. Gunawardena was carrying out research in the Moneragala District where all available
information would be incorporated in a map of the area and the data used to firstly develop a risk
map and secondly develop prediction patterns. Dr. Felix Amerasinghe inquired whether this kind
of work had been done in other areas apart from Moneragala.

From the discussion it emerged that risk mapping was not operational in any of the regions,
but there was interest in developing this capability. For instance, Mr. Ranjith de Alwis, RMO of
Polonnaruwa stated that there had not been many malaria cases in the Polonnaruwa District for
the last 6-7 years. However, he was interested in a mapping exercise incorporating the available
malaria incidence information, irrigation systems, malaria estimates, spreading patterns etc. The
lack of facilities prevented them from carrying out such research. Ms. Devika Perera, RMO of
Anuradhapura inquired whether a risk map could be generated with the past entomological data
available with them.  She said Anuradhapura had data for 6-10 years, collected from six sentinel
sites.  Dr. Felix Amerasinghe stated that if there was reliable data for the past six years for
Anuradhapura, IWMI could consider extending the project to Anuradhapura, because one of the
problems at Moneragala was that the available entomological data were scattered and not
continuous.

Ms Peiris, RMO of Hambantota stated that in Lunugamvehera there was an association between
water bodies and malaria and that most malaria cases were reported from the Kirindi Oya upstream
close to the Moneragala boundary and upstream of the Uda Walawe-Samanala Wewa area.

Mr. Premasiri, the RMO of Puttalam said that in his area there were only major irrigation
systems, and no minor irrigation works, but that they did find malaria in these major irrigation
areas in contrast to what was found in Uda Walawe.

Mr. Munasinghe, RMO of Embilipitiya stated that apart from land use and other environmental
factors, an important factor to take into account was also the breakdown of the health system
management. Moneragala has a lot of cases but for quite some time there was no RMO present
in the area and there was a lack of resources. Factors like this should also be considered when
analyzing high and low-risk areas.

3See Klinkenberg, E., 2001.
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The question was raised whether data collected for one year could be used for developing a
risk map. Dr. Felix Amerasinghe stated that while this was possible, data over several years would
give a clearer picture of risk patterns over time.

During the discussions it transpired that although the RMOs had been provided with computers,
they were not trained in the use of GIS software. The question arose as to who could be trained in
the use of such GIS software—whether it had to be the RMO or some other member of his staff. It
was pointed out that the RMO due to government restrictions could not hire people from outside to
work on computers. At present it was difficult for them to even obtain the services of a data entry
operator. As such, what they needed was some support from an organization like IWMI.

Dr. Felix Amerasinghe stated that if the Ministry’s plans to introduce a computerized malaria
surveillance system were serious, then GIS-based risk mapping could be added giving careful
consideration to the number of staff required and training needs in computer use and software
etc. The risk mapping that IWMI had already done was based on epidemiological data from three
Divisions but the analysis carried out so far using GIS was basic. IWMI was aware that many
different types of analyses could be done. However, all areas in the country would not be like
Thanamalvilla or Walawe and as such IWMI could introduce risk mapping as a separate project.
This project could be included into the RBM program as a GIS training component in Sri Lanka.
However, the support of both the AMC and the WHO was needed to work out such a project.

Dr. Wim van der Hoek stated that there was a GIS software program, namely Epi Map, which
could be downloaded free from the Internet. He stated that the Epi Map program was simpler to
use than the sophisticated GIS programs available and that it would be sensible for RMOs to use
such a software to map malaria incidences in their area.  Basic training in the use of Epi Map
could be provided by IWMI. It turned out that some RMOs already had received copies of Epi
Map and that the new surveillance system developed by Dr. Wickremasinghe is based on Epi Map.
This would be introduced in the second half of this year to all health units.

Dr. Fernando stated that it would be ideal if IWMI could conduct a training program since
the expertise was available. For this a project could be developed for funding. IWMI representatives
confirmed that this would be possible. Such a project could take the form of a few staff members
from the AMC being sent to IWMI for basic training and drawing of maps. Once the maps were
drawn, they could be taken back to the RMOs to incorporate the regional information available
with them. The other alternative was to source the map drawing to an outside agency while IWMI
would conduct a training program for the RMOs to use the GIS software package.

If such a project could be implemented, then a decision had to be made as to what sort of
maps would be required; whether it would be at DS level or GN level.  Digitized maps at DS
level were already available with IWMI.  It was felt that maps at GN level should be available at
the local level, mostly as sketch maps i.e., not geo-referenced. The RMOs stated that they had
already provided Dr. Wickremasinghe with hand drawn maps showing the GN Divisions, following
a Workshop held in November 1999, but stated that none of these maps were geo-referenced.

Lal Muttuwatta stated that if the sketches were available incorporating this information into
the DS maps would be possible but geo-referencing them would take quite some time depending
on the quality of the sketches.

Dr. Felix Amerasinghe explained that IWMI had managed to develop a map for the Uda
Walawe area and the Moneragala District that reflected the geo-referenced GN Divisions. If an
RMO would be interested in working with the basic data available for GIS work, IWMI would
be ready to help since a basic model has already been developed.   However, it was emphasized
that the data collection would be the responsibility of the RMO of the District and IWMI’s role
would only be to incorporate the data and develop the maps on the parameters available or
requested. Dr. Felix Amerasinghe also suggested that the PHIs working in the areas should be
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involved in collecting data since they had personal knowledge and experience about malaria
occurrences and its relationship to the habitat, vegetation etc.  The Yan Oya study was an example
of how the PHI was able to provide IWMI with information on malaria transmission.

Dr. Felix Amerasinghe also stated that Dr. Gunawardena was working on relating soil moisture
to malaria incidences in the Moneragala District.  The soil moisture maps were obtained from
the Meteorological Department and attempts were being made to relate soil moisture to malaria
incidence.  Dr. Wim van der Hoek indicated that a soil moisture study would be more productive
in a country such as Africa rather than Sri Lanka since development of water bodies would be
easier to monitor in dry Savanna areas than in more densely vegetated areas like in Sri Lanka.

Dr. Fernando inquired whether the Meteorological Department would provide different types
of data on request.  Lal explained that the Meteorological Department recorded data on a daily
basis and they would provide it in either digital or electronic form on request. The Health Ministry
could probably enter into an agreement with the Meteorological Department for provision of this
data at special rates.

Regarding vector importance Ms Handhunnetti stated that An. vagus could be important as a
vector through its high numbers. In general only a low infection rate is found in this species;
however it can occur in very high numbers which could still lead to significant transmission.

Two important outcomes of the discussion were:

1. Dr. Gunawardena undertook to develop a proposal incorporating GIS/RS and field based
studies to identify risk areas and develop control strategies in the Moneragala District,
especially the Thanamalvilla DS. This would be forwarded for priority funding to WHO
as a joint proposal between IWMI and the AMC.

2. In discussions Dr. Felix Amerasinghe, Dr. Fernando (Director AMC) and Mr. Piyatilleke
(DRPM 4 Agriculture-Mahaweli Project, Walawe) agreed that the AMC would reserve
bednets for provision to settlers in the newly developed Left Bank Extension area of the
Walawe Irrigation Scheme during the course of 2001-2002. This would be further coordinated
by direct official contacts between the Mahaweli Authority-Walawe and the AMC.

4Deputy Resident Project Manager.



4
3

District wise malaria incidence in Sri Lanka 1961-1990
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