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Integrating control methods
Biological, mechanical, cultural, genetic, chemical

Principles of IPM:

Integrating control methods
Methods based on local vector biology, 

disease transmission morbidityLIFE SCIEN
C

Principles of IPM:

1. Grow a healthy crop

2. Conserve natural enemies

disease transmission, morbidity

Intersectoral collaboration

Engage local communities & CES

3. Observe crops regularly

4. Farmers become experts

public health framework

No link to farmer occupation +

Farmer Field Schools

Link to farmer occupation + economic incentive

No economic incentive
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IPVM
reduced vector
populations
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less agro-
insecticidesCES
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reducedawareness/
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1. Select provinces with high malaria transmission 
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2. Select provinces with high pesticide use

3 Screen pesticide-intensive crop typesCES 3. Screen pesticide-intensive crop types

4. Develop maps showing vector insecticide resistance due to 

agrochemicals and potential areas for IPVM

T i i id ibili i i5. Test insecticide susceptibility in mosquito vectors
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Step 1. Provinces with high malaria transmission

ER
SITY O

F LLIFE SCIEN
C

1

CES

2

3 4

www.umb.no

IVM
potential

area



N
O

R
W

EG Top 20 malaria provincesG
IAN

 U
N

IVE

Top 20 malaria provinces

ER
SITY O

F LLIFE SCIEN
CCES

www.umb.no



N
O

R
W

EG Top 20 malaria provincesG
IAN

 U
N

IVE

Top 20 malaria provinces

ER
SITY O

F LLIFE SCIEN
CCES

www.umb.no



N
O

R
W

EG Step 2 Provinces with high pesticide useG
IAN

 U
N

IVE

Step 2. Provinces with high pesticide use
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12 selected provinces
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of pesticide-using land 
holders in top 20 malaria 
provincesCES provinces
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Step 3. Screening of pesticide intensive crops
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Planted area and farm value
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ChiliChili

Cabbage
Baby corn

Mango

Tangerine
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Step 4a. Stratification of malaria areas
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A. Control area with transmission
1 Perennial transmission areas: transmission occurs >6 months per yearLIFE SCIEN
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1. Perennial transmission areas: transmission occurs >6 months per year

2. Periodic transmission areas: transmission occurs <6 months per year

CES

B. Control area without transmission
1 High-risk non-transmission areas: no transmission for at least 3 years1. High-risk non-transmission areas: no transmission for at least 3 years, 

primary malaria vectors present
2. Low-risk non-transmission areas: no transmission for at least 3 consecutive 

l t d t tyears; only suspected vectors present

C Pre integration areas (PA)C. Pre-integration areas (PA)

D Integration areas (IA)
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D. Integration areas (IA)

Malaria Division 1993
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4b. Classification of insecticide intensive land uses
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Overgaard, HJ. 2006. Malaria mosquito resistance to agricultural insecticides: Risk area mapping in Thailand. Colombo, Sri Lanka: IWMI Research Report 103.
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Malaria transmission areas Insecticide-intensive land 
uses
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A1 and A2 High and Medium

CES

• Risk areas for vector insecticide resistance Land use map
due to agrochemicals

• Potential area for implementing IPVM
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Results from GIS overlay
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Chiang Mai

Malaria area stratification Insecticide-intensive land useER
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Malaria area stratification Insecticide intensive land use
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76% in A1 and A2 12% in High and Medium
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Chiang Mai

Potential area for implementing IPVMER
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Potential area for implementing IPVM
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5 7% potential IPVM area5.7% potential IPVM area
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Malaria area stratification Insecticide-intensive land useER
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Malaria area stratification Insecticide intensive land use
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81% in A1 and A2 26% in High and Medium
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Chantaburi

Potential area for implementing IPVMER
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Potential area for implementing IPVM
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19.1% potential IPVM area
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Step 5. Insecticide susceptibility in mosquito vectors
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Question

Do agricultural pesticides affect mosquito vectors?LIFE SCIEN
C

Do agricultural pesticides affect mosquito vectors?

AimCES Aim

Test mosquito resistance in insecticide-intensive land use systems

Locations

Chiang Mai and Chantaburi
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Insecticide susceptibility study in Chiang Mai
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Sites and mosquito collections

Fruit orchard with high Fruit orchard with lowER
SITY O

F L

Fruit orchard with high
pesticide use (HIGH)

Fruit orchard with low
pesticide use (LOW)
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Collection

Rearing
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Diagnostic dose and threshold for resistance

ER
SITY O

F L

100

Methyl parathion
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80

100 Diagnostic dose:
The lowest
concentration that kills
100% of susceptible Threshold for CES

40

60

or
ta

lit
y 

(%
) mosquitoes in shortest

time
resistance

20

40

M
o 5ug / bottle

10ug / bottle
30ug / bottle
40ug / bottle

Threshold for 
resistance:
The time interval 
where 100% mortality 

0
0 10 20 30

Time (min)

g
60ug / bottle

y
occurs in a susceptible 
population

Time (min)
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Overgaard, H.J., Sandve, S.R., Suwonkerd, W. 2005. Evidence of anopheline mosquito resistance to agrochemicals in northern Thailand. Southeast Asian Journal of Tropical 
Medicine and Public Health 36 (suppl 4): 148-153.
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Susceptibility in wild caught mosquitoes
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An. minimus LAB
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Overgaard, H.J., Sandve, S.R., Suwonkerd, W. 2005. Evidence of anopheline mosquito resistance to agrochemicals in northern Thailand. Southeast Asian Journal of Tropical 
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Mortality in wild caught Anophelines 
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Insecticide Species
Mortality n Mortality n

MeP An. maculatus s.s. 74 % 214 92 % 244

HIGH LOW

MethylCES

An. sawadwongporni 94 % 237 99 % 244
Methyl
parathion

CYP An. maculatus s.s. 99 % 171 100 % 166
An. sawadwongporni 100 % 166 100 % 154
An minimus A 100 % 56 - -

Cyper
methrin

An. minimus A 100 % 56 - -

www.umb.no
Overgaard, H.J., Sandve, S.R., Suwonkerd, W. 2005. Evidence of anopheline mosquito resistance to agrochemicals in northern Thailand. Southeast Asian Journal of Tropical 
Medicine and Public Health 36 (suppl 4): 148-153.
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Insecticide susceptibility study in Chantaburi
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Sites and land use

Chum Tha Ruang D Jik

ER
SITY O

F L

Chum Tha Ruang Dong Jik
Chum Tha Ruang
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• Densely populated village
• Fruit orchards close to village

• Widespread settlement
• Fruit orchards far from dwellings

• Mixed fruit orchards, but
mainly longan

• Mixed fruit orchards: Mangosteen,   
rambutan, durian

www.umb.noMari Steinert. 2009. MSc thesis. Norwegian University of Life Sciences. Norway.
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Mosquito mortality in Chantaburi
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Public health
insecticide Agricultural insecticides
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Mortality adjusted with Abbott´s formula if control mortality exceeded 4%.

www.umb.noMari Steinert. 2009. MSc thesis. Norwegian University of Life Sciences. Norway.
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Conclusions

Agricultural crop protection affects insecticide resistance in anophelines
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Agricultural crop protection affects insecticide resistance in anophelines

Potentially also in dengue vectors

C tl di t th t t t t l
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Currently no direct threat to vector control

Beware of…

I d f h id i i l

CES – Increased use of pyrethroids in agriculture

– Development of cross-resistance

IPVM can be a valuable vector control option in areas with
insecticide-intensive agriculture

IPVM
reduced vector
populations

less agro

g

transmission
reduced

less agro-
insecticides

less insecticide
resistance

increased
profit

awareness/
understanding

better

www.umb.no
less
disease

better housing/
nutrition

protection
better
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