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WHO multi-center study to establish new DCs and procedures

Study duration
• 2017 – 2021
• 23 participating laboratories in five WHO regions 

Key outcomes 

• Built capacity of laboratories on test methods & procedures

• Established and validated 17 new insecticide DCs for Aedes 

spp. 

• Established and validated 13 new DCs for Anopheles spp. 

• Developed and validated the new standard bottle bioassay 

method, “the WHO bottle bioassay”,  

• Developed the first version of the SOPs

• Created a database of bioassay records of concentration–

response tests for > 400 000 mosquitoes including source of 

variations in test outcomes under different test conditions

• Identified and recommended  measures to improve laboratory 

testing procedures and to guide the selection of DCs of 

insecticides commonly used for vector control.

• Identified knowledge gaps for future work.

https://apps.who.int/iris/handle/10665/352616
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New DCs for WHO tube test

Anopheles

Aedes
• Species specific discriminating 

concentrations (DCs)

• New DCs for Aedes replace all 
previous tentative DCs

• For pirimiphos-methyl, 
programs and partners are 
advised to validate results 
obtained with the former 
tentative DC against the new 
DC
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The new WHO bottle bioassay

• Developed for insecticides that cannot be impregnated on filter papers: transfluthrin, 
prallethrin, metofluthrin, clothianidin, flupyradifurone, chlorfenapyr, pyriproxyfen

• Similar to the CDC bottle bioassay but with endpoints aligned with those of WHO tube 
tests:
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DCs based on the WHO bottle bioassay

Anopheles

Aedes

MERO (surfactant) was used to 

allow for adequate coating of 
bottles and prevent 

crystallization of technical 

materials (insecticide active 
ingredients) 
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Automated spread sheets for preparing stock solutions

Available at: https://cdn.who.int/media/docs/default-source/ntds/vector-ecology-
mangement/calculation-tables-paper-impregnation-bottles-17jan2022-
locked.xlsx?sfvrsn=83a556a4_7
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WHO bottle bioassay with Chlorfenapyr

PROCEDURE

CONFIRMING RESISTANCE
Three bioassays with same mosquito population for the same site and at different time 
points are needed to confirm resistance. Resistance is confirmed when:

• the mortality of test mosquitoes 72 h post-exposure is <90% in all 3 tests

• the mortality in the susceptible laboratory colony, tested in parallel to the wild 
mosquitoes, is ≥98% in all 3 tests

• Test to be 
conducted 
strictly at: 
27 °C ± 2 °C

• Susceptible 
colony 
mosquitoes 
to be tested 
in parallel
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WHO bottle bioassay with Pyriproxyfen

First part of the test is a WHO bottle 
bioassay but with:
- Blood fed mosquitoes
- Mortality measured at 24h, 48h and 72h

Second part of the test is new:
- Chambering mosquitoes individually
- Counting the numbers that lay eggs

The process is done with mosquitoes from field and a susceptible colony in parallel

End point: 
oviposition 
inhibition
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Ordering test kits and impregnated papers
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Form and catalogue available at: https://www.who.int/teams/control-of-
neglected-tropical-diseases/vector-ecology-and-management/vector-
control/insecticide-resistance

The catalogue of the Universiti Sains Malaysia (USM) is being updated



New insecticide resistance monitoring manual

• Replaces the former ‘Test procedures for insecticide 

resistance monitoring in malaria vector mosquitoes’

• Integrates Anopheles, Aedes and Culex spp. 

• Includes:

o 27 DCs for Anopheles (13 of them new) and 13 DCs for 

Aedes 

o Description of the WHO bottle bioassay and special 

requirements and processes for chlorfenapyr and 

pyriproxyfen

• Provides new guidance on:
o Prioritizing resistance tests amid 

limited resources and mosquitoes

o Testing a representative sample of 

mosquitoes

o Data management and reporting

o Using resistance data for decision 

making

Soon online!
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New Standard Operating Procedures (SOPs)

Available at: 
WHO IRIS or 
https://www.who.int/teams/
global-malaria-
programme/prevention/vect
or-control/insecticide-
resistance

* For research & product development purposes

*
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Provide step by step instruction to conduct all WHO susceptibility 
bioassay. A tool for field technicians that are running the bioassays.



Update DHIS2 modules for resistance monitoring

Include:

- New insecticide DCs (enhanced option set)

- New data elements for bioassay with chlorfenapyr and 

pyriproxyfen

- New data elements to enter data per replicate (tube or bottle 

bioassay)

- New data elements to record temperature during bioassay

- New data elements to capture bottle coating and filter paper 

impregnation date

- Demo at: 

https://extranet.who.int/dhis2-ento-vc
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New GMP webpage on insecticide resistance in malaria 

vectors
Bringing all resources together to improve accessibility:

Link:
https://www.who.int/teams/glo
bal-malaria-
programme/prevention/vector-
control/insecticide-resistance



Updated NTD page on insecticide resistance

To be replaced by new manual soon
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Moving towards better-informed decisions

Thank you for your attention
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