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RECAP
• IR is increasing worldwide
• Types of resistance mechanisms
• Mechanism matters

• Ae. aegypti vs. Cx. quinqs
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Responding effectively even when resistance is STRONG

• Integrated Vector Management 
Plan (IVM)

World Health Organization, 2012. Handbook for integrated vector management. World Health Organization.
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• Biological larvicides
• Target other life stages
• Bti, B. sphaericus
• Methoprene

• Gambusia
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Responding effectively even when resistance is STRONG

• Integrated Vector Management 
Plan (IVM)

• Sterile insect technique
• Successful against

• Screw-worm fly (Cochliomyia
hominivorax)

• Fruit fly (Ceratitis capitata and 
Anastrepha ludens)

By The Mexican-American Commission for the Eradication of the Screwworm - The Mexican-American Commission for 
the Eradication of the Screwworm, Public Domain, https://commons.wikimedia.org/w/index.php?curid=6996390
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Responding effectively even when resistance is STRONG

• Integrated Vector Management 
Plan (IVM)

• Sterile insect technique
• Males sterilized by irradiation cannot 

produce viable sperm
• Mass release of insects (millions over 

time)
• Pilot programs in FL (USDA, Anastasia 

Mosquito Control)

https://radsource.com/solutions/sterile-insect-technique-sit/
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• Sterile insect technique
• Males sterilized by irradiation cannot 

produce viable sperm
• Mass release of insects (millions over 

time)
• Pilot programs in FL (USDA, Anastasia 

Mosquito Control)

Moreno, B.J., Aldridge, R.L., Britch, S.C., Bayer, B.E., Kline, J., Hahn, D.A., Chen, C. and Linthicum, K.J., 
2021. Preparing irradiated and marked male Aedes aegypti mosquitoes for release in an operational sterile 
insect technique program. JoVE (Journal of Visualized Experiments), (169), p.e62260.
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World Health Organization, 2012. Handbook for integrated vector management. World Health Organization.

History of Insecticide Resistance and Its Operational 
Management: Operational Responses to Insecticide Resistance



Responding effectively even when resistance is STRONG

• Integrated Vector Management 
Plan (IVM)

• Sterile insect technique
• Drawbacks

• Most effective in small areas
• Dedicated mass-rearing facility + 

constant releases = very expensive
• Impacted by weather

World Health Organization, 2012. Handbook for integrated vector management. World Health Organization.

History of Insecticide Resistance and Its Operational 
Management: Operational Responses to Insecticide Resistance



Responding effectively even when resistance is STRONG

• Integrated Vector Management 
Plan (IVM)

• Sterile insect technique
• Drawbacks

• Most effective in small areas
• Dedicated mass-rearing facility + 

constant releases = very expensive
• Impacted by weather

History of Insecticide Resistance and Its Operational 
Management: Operational Responses to Insecticide Resistance



Responding effectively even when resistance is STRONG

• Integrated Vector Management 
Plan (IVM)

• Sterile insect technique
• Drawbacks

• Most effective in small areas
• Dedicated mass-rearing facility + 

constant releases = very expensive
• Impacted by weather

World Health Organization, 2012. Handbook for integrated vector management. World Health Organization.

History of Insecticide Resistance and Its Operational 
Management: Operational Responses to Insecticide Resistance



Responding effectively even when resistance is STRONG
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• Integrated Vector Management 
Plan (IVM)

• Wolbachia infections
• Male mosquitoes infected with 

Wolbachia
• Produces non-viable eggs with females
• For Ae. albopictus (ZAP Males®) or Ae. 

aegypti (Debug)
• Drawbacks – similar to SIT

• Transgenic males
• Males are genetically modified with a 

“self-limiting gene”
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• Integrated Vector Management 
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• Adulticides effective if IVM is DATA 
DRIVEN

• kdr testing, wind tunnel, field spray 
tests

World Health Organization, 2012. Handbook for integrated vector management. World Health Organization.
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Applying data driven IVM to manage different species 
with differing resistance profiles

• Aedes aegypti
• Pyrethroid resistance

• Moderate > Strong
• Mechanism – Genetic SNPs (kdr)

• OP resistance
• Weak

• Aedes albopictus
• Pyrethroid resistance

• Weak

• OP resistance
• Weak

Chen, M., Du, Y., Nomura, Y., Zhorov, B.S. and Dong, K., 2020. Chronology of sodium channel mutations associated 
with pyrethroid resistance in Aedes aegypti. Archives of insect biochemistry and physiology, 104(2), p.e21686.
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• Aedes aegypti
• Pyrethroid resistance

• Moderate > Strong
• Mechanism – Genetic SNPs (kdr)

• OP resistance
• Weak

• Aedes albopictus
• Pyrethroid resistance

• Weak

• OP resistance
• Weak

Kraemer, M.U., Sinka, M.E., Duda, K.A., Mylne, A.Q., Shearer, F.M., Barker, C.M., Moore, C.G., Carvalho, R.G., 
Coelho, G.E., Van Bortel, W. and Hendrickx, G., 2015. The global distribution of the arbovirus vectors Aedes aegypti 
and Ae. albopictus. elife, 4, p.e08347.
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Applying data driven IVM to manage different species 
with differing resistance profiles

Aqualuer 20-20 – synergized pyrethroid• Aedes aegypti - Pyrethroid IR
• MCA testing
• Determine kdr genotypes

• # of IC mutations determines 
pyrethroid efficacy

• IICC = resistant to all pyrethroid 
products we tested
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• Aedes aegypti – MCA testing
• high-throughput
• fast
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• works on all sample types
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Applying data driven IVM to manage different species 
with differing resistance profiles

• Aedes aegypti – adulticiding
• Low IICC frequency – synergized 

pyrethroids
• High IICC frequency – OPs
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Applying data driven IVM to manage different species 
with differing resistance profiles

• Culex quinquefasciatus
• Pyrethroid resistance

• Moderate > Strong
• Mechanism – enzymatic detoxification

• OP resistance
• None > Strong
• Mechanism – enzymatic detoxification?

– genetic?

• Other Culex….
• Unknown
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Applying data driven IVM to manage different species 
with differing resistance profiles

• Culex quinquefasciatus – CDC bottle 
bioassay

• Synergized pyrethroids
• OPs
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Managing resistance in public health vectors when vector 
control is not the only source of pressure

• Residential spraying
• Nurseries
• Farms

• Miami-Dade – 6/7 OP resistant 
populations from ag locations
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Managing resistance in public health vectors when vector 
control is not the only source of pressure

• IVM is always the answer
• Public education
• Relationships with tire dumps, ag 

farms
• Methoprene and BTI briquettes for 

abandoned pools
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New tools for vector control to add to an IVM

• Drones
• Marsh/swamps hard to reach
• Affordable

• New actives – ReMoa Tri
• Marketed for control of permethrin 

resistant Aedes and Culex
• 3 modes of action

• Fenpropathrin - pyrethroid
• Abamectin
• C-8910
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Operational Responses to Insecticide Resistance

• Responding effectively even when 
resistance is STRONG

• Environmental - Source reduction, 
habitat manipulation

• Biological – larvacides, mosquitofish, 
SIT

• Chemical – test for IR, ONLY use 
adulticide if susceptible
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Alden Estep – Research Entomologist
Neil Sanscrainte – Molecular Biologist

USDA ARS Center for Medical Agricultural & Veterinary Entomology

Thank you!
Questions?
 Just reach out…
 alden.estep@usda.gov
 neil.sanscrainte@usda.gov

mailto:alden.estep@usda.gov
mailto:neil.sanscrainte@usda.gov


“Mention of trade names or commercial products in this publication is solely for the purpose of providing specific 
information and does not imply recommendation or endorsement by the U.S. Department of Agriculture.” 

“The findings and conclusions in this presentation are those of the author(s) and should not be construed to represent 
any official USDA or U.S. Government determination or policy.”

“The U.S. Department of Agriculture prohibits discrimination in all its programs and activities on the basis of race, color, 
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