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MOH Division # positives 1995 # positives 1996 # positives 1997 # positives 1998 # positives 1999

Embilipitiya 1150 1167 2414 3201 3879

Balangoda 2818 5683 2884 2012 3064

Opanayaka 699 240 2836 1565 1708
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High Risk Moderate Risk Low Risk

Number of GNs 3 27 10

API >100 50-100 <50

PF > 30% 20-30% <20%
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Several anopheline mosquitoes implicated
in malaria transmission in Sri Lanka:

Anopheles aconitus Anopheles annularis

Anopheles barbirostris Anopheles culicifacies

Anopheles pallidus Anopheles peditaeniatus

Anopheles nigerrimus Anopheles subpictus

Anopheles tessellatus Anopheles vagus

Anopheles varuna
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Hitherto: only B occurred, and was the major vector.

Now: B and E have been identified (Surendran et al. 2000).

The both siblings occurred in:
Moneragala District (Pelawatta)
Puttalam Disttrict (Elivitiya)
Trincomalee District (Puliyankulam)

Only sibling E occurred in Badulla District (Aluthwela)

Based on the limited study done, E seems to be more common
than B.

In Sri Lanka: An. culicifacies
Water Management
I n t e r n a t i o n a l

I n s t i t u t e
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Anopheles culicifacies consists of a complex of 5 sibling species
(A, B, C, D, E,)

INDIA

A B C D E

% Human 0-4 0-1 0-3 0-1 ?
Biting

Biting Activity All All All Upto ?
Night Night Night Midnight

Peak biting 22-23 22-23 18-24 18-24 ?

PV/PF vector non/poor vector vector vector
vector

Sporozoite Rate 0.51 0.04 0.30 0.40 0.46

Water Management
I n t e r n a t i o n a l

I n s t i t u t e
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Sibling species can be detected on the basis of:

JInversions on polytene chromosomes

JStructural variations in metaphase Y-chromosomes

JElectrophoretic variations in LDH-enzymes

JSpecies-specific cuticular hydrocarbon profiles

JDNA-probes

JPolymerase Chain Reaction (PCR) assays

Water Management
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Sibling species can be detected on the basis of:

JInversions on polytene chromosomes

JStructural variations in metaphase Y-chromosomes

JElectrophoretic variations in LDH-enzymes

JSpecies-specific cuticular hydrocarbon profiles

JDNA-probes

JPolymerase Chain Reaction (PCR) assays

Water Management
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All evidence points to the major vector being
Anopheles culicifacies.

Evidence also indicates that An. subpictus is a
secondary vector.

Other species that could be locally important in
transmission are: An. annularis, An. tessellatus,
An. vagus and An. varuna.

Sri Lanka
Water Management
I n t e r n a t i o n a l

I n s t i t u t e
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Abhayawardana  et al (1996) found sibling B in coastal
areas only, and sibling A predominating in inland areas.

Sibling B is a brackish water breeding species, and has
been implicated in malaria transmission in India.

Later, Abhayawardena et al. (1999) found that all 4 known
sibling species (A,B,C,D,) occur in the Chilaw area of NW
Sri Lanka.

Coastal site:   3% A, 74% B,  19% C,  4% D  (n = 1692)

Inland site:  17% A,   3% B , 73% C,  7% D         (n = 165)

Anopheles subpictus

Slide 11
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We have no precise information on

distribution
breeding ecology
biting habits
resting habits
vectorial  capacity
insecticide resistance status

of these two sibling species in Sri Lanka.

An. culicifaciesB and E

Slide 10
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Anophelesannularis:
Two siblings, Status in Sri Lanka unknown

Anophelesbarbirostris:
Two siblings, status in Sri Lanka unknown

Anophelesmaculatus:
Nine siblings, status in Sri Lanka unknown

Other Species

Slide 13
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Cattle-baited net traps:
Coastal site: 1% A 92% B 5% C 2% D (n =
1282) Inland site:9% A 9% B 69% C 13% D (n = 55)

Cattle-baited huts:
Coastal site: 10% A 18% B 63% C 9% D (n = 410)
Inland site: 21% A 0% B 75% C 4% D (n = 110)

Indoor hand-aspirator collections:
Coastal site: 13% A 39% B 45% C 3% D (n = 75)
Inland site: 13% A 2% B 80% C 4% D (n = 46)

Sibling C: MP sporozoite ELISA-positive

Anopheles subpictus (cont.)
Water Management
I n t e r n a t i o n a l

I n s t i t u t e
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IWMI involvement in
Uda Walawe

• 1986-1993: Research on improvements
in water management and crop
diversification

• 1997: Request from MASL to assist in
studies to conserve water and increase
productivity

Water Management
I n t e r n a t i o n a l

I n s t i t u t e
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Human health study
• Increase the productivity of water while

reducing human health risks
• Develop a methodology for an integrated

approach to agricultural water management
in river basins

• Evaluate the impact of different water
management regimes on:
�  vector mosquito breeding
�  availability of water for domestic use
�  need for agrochemicals

Water Management
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I n s t i t u t e
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Project Outline

Multiple use
IWMI
McGill

Malaria
IWMI
AMC

Pesticides
IWMI

Sri Jayaw.

Water Savings
MASL
IWMI
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Admissions for pesticide poisoning in
Embilipitiya Base Hospital
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Drinking Water Sources

Fecal
contam.

F, salt, iron

Surface water ++ -

Deep wells - ++
Shallow wells ± ±

Water Management
I n t e r n a t i o n a l

I n s t i t u t e
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,17(5$&7,21

,55,*$7,21���*5281':$7(5

•Shallow wells near irrigation canals form
  an important drinking water source

•Recharge of shallow wells by seepage
  from canals/paddy fields?

•Consequences of concrete lining of
  irrigation canals for water availability???

Water Management
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I n s t i t u t e
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CANAL LINING: Reduced seepage to wells?

???

Water Management
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Alternate wet dry irrigation in rice
cultivation

•Water saving

•Increased yields

•Control of vector mosquitoes

Water Management
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Malaria Risk Map

• Identify environmental determinants of
malaria

• Target priority areas with control
activities

• Decision support tool in HIAs for water
resources development projects

• Early warning system for impending
epidemics

Water Management
I n t e r n a t i o n a l

I n s t i t u t e
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Factors of importance for malaria

• Climate: rainfall, temperature, humidity
• Landuse pattern, vegetation
• Livestock
• Socio-economic status
• Use of preventive measures
• Malaria control program
• Demographic situation: population

movement

Water Management
I n t e r n a t i o n a l

I n s t i t u t e
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HURULUWEWA WATERSHED
ANOPHELES CULICIFACIES   IN RELATION

TO THE YAN-OYA STREAM
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Huruluwewa: 7 villages
n = 210 cases, 1100 controls

Distance house -
stream

Relative Risk for
malaria

< 250 m 13.6
250 – 499 6.8
500 – 749 9.2
750 – 999 1.3

1000 – 1249 1.7
>= 1250 1.0
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“ Data collection for action”.

• In the surveillance it is important to have
the data collection in a regular ,
frequent and timely manner, and
orderly consolidation,evaluation and
descriptive interpretation of data with
prompt dissemination  of findings.

SURVEILLANCE AND
SPATIAL TARGETING OF

MALARIA CONTROL

D.M.Gunawardena and Lal Mutuwatta

International Water Management

Institute(IWMI)

Risk Mapping Workshop- March 29, 2001

What is surveillance?

• “ is the ongoing systematic collection,
analysis, and interpretation of health data
essential to the planning, implementation
and evaluation of public health practices,
closely integrated with the timely
dissemination of these data to those who
need to know. The final link in the
surveillance chain is the application of
these data to prevention and control (CDC).

Slide 1 Slide 2

Slide 3 Slide 4
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Surveillance Mechanism of
Malaria Control in Sri Lanka.

• Epidemiological surveillance - Case data
(Blood smears/ Species/ Sex/Age
groups)

• Entomological surveillance - Vector data
(Density, Biting rate/inoculation rate/
Resistance status)
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Matters discussed at the workshop on malaria
surveillance

(FHB, Colombo 22-24 Sep 1999).
Major issues
1. Lack of staff for routine surveillance (Surveillance

agents/diagnostic facilities)

2. Slow flow of Surveillance data (more than one month)
3. Invalid malariometric indices calculation (API / % FR)
4. Data not being optimally used for planning purposes

(especially entomological information).
5. Lack of feedback on surveillance data (Monthly

report/annual report?)

Risk Mapping Workshop- March 29, 2001

Spatial analysis of malaria risk would be
a useful tool for evidence based decision

making

• in identifying risk areas and risk factors.
• in stratification for interventions
• use of limited resources in a cost-

effective manner.
• Delay the emergence of resistance.

Risk Mapping Workshop- March 29, 2001
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Annual precipitation (mm)
June 1999 to May 2000

Major
Land Use
types in

Sri Lanka

Forest

Paddy

Tea

Rubber

Coconut

Other

Major Land Use types in Sri Lanka
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Use of advance spatial
analytical technologies in

spatial targeting

• GIS (Geographical Information
System)

• RS (Remote Sensing)

Risk Mapping Workshop- March 29, 2001

Other issues discussed
• Geographic Unit (Village/GN)

• Frequency of reporting (Weekly/Monthly)

• Unequal distribution of surveillance (most of the
facility available at town level)

• Availability of other relevant data (demographic
data/housing/climate/land use)

• Additional data (treatment failure/severe &
complicated cases/deaths/prophylaxis etc)

• Private sector case data (over 50% of malaria
patient from private sector)

• Data collection format (deficiencies) new?
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WKH�DQDO\VLV�RI�GDWD�DFTXLUHG�E\�D

GHYLFH�WKDW�LV�QRW�LQ�FRQWDFW
�ZLWK�WKH�REMHFW��DUHD�RU�SKHQRPHQRQ

XQGHU�LQYHVWLJDWLRQ
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E ���������5�486
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E �����	��5�7I6

E %�(�	��������5�746
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E J�����������5�876
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E 3����������5�7G6
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Low risk

High risk

- Uda Walawe (195)
- Ratkarawara (185)
- Thimbolketiya (193)
- Panahaduwa (187)
- Gangeyaya (157)
- Yaya 2 (191)
- Kolombageara ?? (186)
- Miriswelpotta ??  (160)

Uda Walawe tank
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Kaada Ara

Malala Ara

Irrigation canal

low/no risk

high risk
medium risk

Walawe River

Tank
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 Name Designation Address

1 Dr. J.B.Senerath DPDHS-Hambantota DPDHS Office, Hambantota

2 Mr. H.M. Faizal RMO Anti Malaria Campaign, DPDHS Office,
Community Hall Road, Moneragala

3 Mr. N.B. Munasingha RMO Anti Malaria Campaign, Embilipitiya

4 Mr. W.K. Sirisena FA, AMC Embilipitiya Anti Malaria Campaign, Embilipitiya

5 Mr. A.B. Dayasiri FA, AMC Embilipitiya Anti Malaria Campaign, Embilipitiya

6 Mrs. B.S.L. Peris RMO RMO Office, Anti Malaria Campaign,
Hambantota

7 Mr. G.H. Wimalarathna Senior PHI RMO Office, Anti Malaria Campaign,
Hambantota

8 Mr. A.C.S. Shermath Senior Entomological
Assistant RMO Office, Anti Malaria Campaign, Hambantota

9 Mr. C. Weerasooriya Senior PHI RMO Office, Anti Malaria Campaign, Hambantota

10 Mr. K.H. Weerasena Divisional Secretary Divisional Secretariat Ambalantota

11 Mr. R.W.M. Dissanayaka Divisional Secretary Divisional Secretariat Angunukolapelessa

12 Mr. P.A. Muthukumara Divisional Secretary Divisional Secretariat Embilipitiya

13 Mr. K.A.J. Premalal Divisional Secretary Divisional Secretariat, Sevanagala

14 Mr. K.G. Witesinghe Assistant Divisional
Secretary Divisional Secretariat Sooriyawewa

15 Mr. Ruchira Wickremaratne DLUPP Officer Land Use planning Office, District Secretariat,
Matara

16 Ms. Chandra Liyanaga DLUPP Officer Land use Planning office, new town, Ratnapura

17 Dr. K.A.W. Weerasekara MOH MOH Office, Ambalantota

18 Mr. A. Jayasundara PHI MOH Office, Ambalantota

19 Mr. G.N. Chandana Kumara PHI MOH Office, Ambalantota

20 Mr. P.A.S. Pradeep Rathnasiri PHI MOH Office, Ambalantota

21 Mr. A.J.R. Wimal PHI MOH Office, Ambalantota

22 Mr. R.M. Chandana Lal PHI MOH Office, Ambalantota

23 Mr. S.H. Sugathapala PHFA MOH Office, Ambalantota

24 Mr. A.T. Gunapala PHFA MOH Office, Ambalantota

25 Mr. K. Somapala PHFA MOH Office, Ambalantota

26 Mr. A.H. Shaliyadasa PHFA MOH Office, Ambalantota

27 Mr. A. Warnasooriya PHFA MOH Office, Ambalantota

28 Dr. H.A.S.S. Ariyarathna MOH MOH Office, Angunukolapellessa

29 Mr. D.S.K. Dewasiri Senior PHI/AMC MOH Office, Angunukolapalessa

30 Mr. K.L. Gunapala PHI/AMC MOH Office, Angunukolapalessa

31 Mr. R.S.P. Priyadasa PHI/AMC MOH Office, Angunukolapalessa

32 Mr. Gurunge PHI/AMC MOH Office, Angunukolapalessa

33 Mr. G. Pathirana PHFA MOH Office, Angunukolapalessa

34 Mr. H.B.Mahipala PHFA MOH Office, Angunukolapalessa

35 Mr. I.A. Ariyapala PHFA MOH Office, Angunukolapalessa

36 Dr. J.K. Liyanage MOH MOH Office, Embilipitiya

37 Mr. H.A. Gunapala Senior PHI-Embilipitiya MOH Office, Embilipitiya

38 Mr. K. Subasinghe PHI-Kolombage-Ara MOH Office, Embilipitiya
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 Name Designation Address

39 Mr. R.M.K. Bandara PHI-Mulendiyawala MOH Office, Embilipitiya

40 Mr. W.T. Dias PHI-Panamura MOH Office, Embilipitiya

41 Mr. K.M Kumararatna PHI-Thimbolketiya MOH Office, Embilipitiya

42 Mr. A.K.Ariyadasa PHFA- Hagala MOH Office, Embilipitiya

43 Mr. N.M. Somapala PHFA-Gangeyaya MOH Office, Embilipitiya

44 Mr. G. Jinasena PHFA-Nawinna MOH Office, Embilipitiya

45 Mr. B.G. Samson PHFA-Panamura MOH Office, Embilipitiya

46 Mr. L.A. Jinadasa PHFA-Uda Walawe MOH Office, Embilipitiya

47 Dr. M. Weerarathna MOH MOH Office Sooriyawewa

48 Dr. G.R.K.H. Halpage MOH MOH Office Sooriyawewa

49 Mr. K.N. Senaratna Senior PHI/AMC MOH Office Sooriyawewa

50 Mr. P. Asarappuli PHI/AMC MOH Office Sooriyawewa

51 Mr. E.L.A.S.S. Kumara PHI/AMC MOH Office Sooriyawewa

52 Mr. A.G. Lalith Devandra PHI/AMC MOH Office Sooriyawewa

53 Mr. R. Karunarathana PHFA MOH Office Sooriyawewa

54 Mr. A.A. Nandasiri PHFA MOH Office Sooriyawewa

55 Mr. S. Hettiarchchi PHFA MOH Office Sooriyawewa

56 N.A.S.B. Nissanka PHI MOH Office, Thanamalvilla

57 R.N. Ratnasiri Bandara PHI MOH Office, Thanamalvilla

58 W.P. Gunapala PH FA MOH Office, Thanamalvilla

59 P. Siripala PH FA MOH Office, Thanamalvilla

60 N.K.D. Chandrasekera PH FA MOH Office, Thanamalvilla

61 S.P.P. Kulatunga PHFA MOH Office, Thanamalvilla

62 Miss T. Malkanthie MTC Uva Kudaoya Malaria Treatment Centre, Uva Kudaoya,
Thanamalvilla

63 Dr. W. van der Hoek Theme Leader Water,
Health & Environment, IWMI PO Box 2075, Colombo,
IWMI Sri Lanka Tel: 1-867404 Fax: 1-866854

64 Dr. F.A. Amerasinghe Principal Researcher POBox 2075,
IWMI IWMI Colombo,

Sri Lanka Tel: 1-867404 Fax: 1-866854

65 Mr. D. Gunawardena Research Associate IWMI PO Box 2075,
IWMI Colombo, Sri Lanka Tel: 1-867404 Fax: 1-866854

66 Mr. L. Mutawatta GIS - Remote
Sensing Specialist IWMI PO Box 2075,
IWMI Colombo, Sri Lanka Tel: 1-867404 Fax: 1-866854

67 Ms. E. Klinkenberg Consultant Malaria, IWMI PO Box 2075,
IWMI Colombo, Sri Lanka Tel: 1-867404 Fax: 1-866854

68 Ms. M. Ranawake Software & Database
Helpdesk Coordinator, IWMI PO Box 2075,
IWMI Colombo, Sri Lanka Tel: 1-867404 Fax: 1-866854

69 R. Karunaratna IWMI-fieldstaff IWMI PO Box 2075,

Colombo, Sri Lanka  Tel: 1-867404 Fax: 1-866854

70 I. Gamage IWMI-fieldstaff IWMI PO Box 2075,

Colombo, Sri Lanka  Tel: 1-867404 Fax: 1-866854

71 M. Dayananda IWMI-fieldstaff IWMI PO Box 2075,
Colombo, Sri Lanka Tel: 1-867404 Fax: 1-866854

72 S. Lionalratne IWMI-fieldstaff IWMI PO Box 2075,
Colombo, Sri Lanka Tel: 1-867404 Fax: 1-866854
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Name Designation Address

1 Dr. W. P. Fernando Director AMC Anti Malaria Campaign,
555/5 Elvitigala Mawatha, Colombo 5

2 Dr. A.R. Wickremasinghe Senior Lecturer Department of Community Medicine

Medical Faculty & Family Medicine, University of
Sri Jayawardenepura, Gangodawila,
Nugegoda

3 Dr. D.A.B. Dangalle DPDHS-Ratnapura DPDHS Office, 75,
Dharmapala Mawatha, Rathnapura

4 Dr. Asela Gunawardena DPDHS-Moneragala DPDHS Office, Community Hall
Road, Moneragala

5 Dr. R.P.S. Rajapakse MOH MOH  Office,Thanamalvilla

6 Mr. J.A. Geenthananda PHI/AMC MOH Office, Angunukolapalessa

7 Mr. S.C. Withana Divisional Secretary Divisional Secretariat Thanamalvilla
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