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Global expansion occurred 
despite intense vector 

control responses

https://www.channelnewsasia.com/asia/thailand-dengue-mosquito-breeding-climate-change-3654856
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Thermal fogging, New Dehli IPL match 

2015 (courtesy Bruce Murphy, DFAT)



Zika is out…dengue burden continues increasing



Are ineffective vector control tools to blame?

“we do not have a clear understanding of  which of  the 

currently available interventions actually work, where or 

when they succeed or might work best, and the reasons 

why they succeed or fail”.

… the primary reason for the inability to 

recommend a specific existing intervention for 

either sustained management or epidemic 

mitigation is the absence of  data providing 

clear evidence of  a direct, positive health 

impact, i.e., reduced human dengue cases.



A leap forward: 10 years of  progress



Aedes aegypti flight and resting behaviors

Dzul-Manzanilla et al. 2016

17-fold greater chance of finding 
Ae. aegypti lower than 1.5 m. 

Similar low-height resting behavior: Iquitos (Peru), 
Acapulco (Mexico), Panama City (Panama). Jimenez-Vallejo et al. in rev.



What is a good ‘null model’ for mosquito flight?

• Quantifying behaviors requires knowing what is ‘normal’ or at least ‘expected’ if  mosquitoes showed no 
preference to anything (randomness). 

• Developed a 3D ‘random’ model for mosquito flight: Random Walk3D

Random Walk3D uses 2 
parameters from the 
PFMD to generate 
simulations of  
mosquito movement in 
3D space. 



Innate free-flight behavior: flight and resting preferences

100K 

trajectories 

simulated to 

capture 

‘expected’ 

behavior 

under 

randomness

Ae. aegypti 

shows an 

innate 

behavior 

focused on 

low (<1m) 

flight and 

resting.

Microclimatic 

conditions, 

visual cues 

and genetic 

factors jointly 

influence such 
behaviors. 

Jimenez-Vallejo et al. in rev.



Accounting for resting behavior: Targeted Indoor Residual 
Spraying (TIRS)

Spraying residual insecticides in walls below 1.5m and in 
key resting sites such as under or behind furniture. 
Excludes kitchens and bathrooms. 

Manrique-Saide et al. Trials (2020) 21:839

https://iris.paho.org/handle/10665.2/51637 

Targets the resting behavior of Aedes aegypti

https://iris.paho.org/handle/10665.2/51637


Climbing the public health evidence ladder: 15 years of 
research 



• How fast and effective is TIRS?

• Trials in 9 rented (real) houses in Merida and releases of resistant mosquitoes. 

•Houses are typically 120 – 140 m2: 2 bedrooms, 1 bathroom, 1 or 2 living spaces

•Windows and doors were screened and experiments conducted in temperatures of 28 - 32C

Whole wall 
and all 
furniture 
(“classic 
IRS”)

Only 
furniture
(Resting Site 
TIRS”)

2

3

Wall < 1.5m 
and all 
furniture
(“Targeted 
IRS”)

1

Phase II: showing selective applications ‘work’



Can behavioral targetting through TIRS work?

• Two arm, parallel, Cluster Randomized Controlled Trial evaluating

the epidemiological impact of  TIRS in Merida, Mexico. 

• Two paradigms were evaluated: 

– TIRS 

– Preventive application

• Covariate-constrained randomization. 

ClinicalTrials.gov NCT04343521. Registered on 13 April 2020



Pirimiphos-
methyl 
(Actellic 
300CS)

Average application time was 11 

min per house. 

Very high 

community 

acceptance

Two cases of  

multisymptom adverse 

events (e.g., nausea, 

watery eyes, diarrhea, and 

vomiting) were associated 

with the intervention.



Initial evidence: ABV illness

Positive entomological impact      

(70%)

Lower mosquito levels.

A significant community effect (across all ages): 

Test-negative: Overall DENV reduction of 24%.
Dean et al. N.Engl.J.Med 2025



Secondary endpoint: infection

Analysis population / model TIRS 
(cases / 

total)

Control 
(cases / 

total)

Effect estimate (OR, 
95% CI)

Efficacy (%) 
(95%CI)

p value

Per-protocol, unadjusted 300 / 516 268 / 487 1.14 (0.79-1.64) -14% (-64 to 21) 0.477

Sensitivity analysis, 
adjusted*
TIRS vs Control at up to 

2h/day outside
38 / 80 58 / 87 0.40 (0.18 – 0.92) 60% (8 to 82) 0.030

TIRS vs Control at up to 
3h/day outside

 

48 / 105 73 / 111 0.42 (0.22 – 0.81) 58% (19 to 78) 0.009

TIRS vs Control at up to 
4h/day outside

85 / 184 115 / 198 0.62 (0.38-0.99) 38% (1 to 62) 0.048

TIRS vs Control at up to  
5h/day outside

174 / 294 123 / 257 0.64 (0.41-1.00) 36% (0 to 59) 0.052

* Odds ratios (OR) were estimated using a mixed-effects logistic regression as the unadjusted model, but on a 
subset of participants in the PP set that matched the specified number of hours outside the house. 

Significant interaction between arm and mobility 

(hours out of  home during weekdays). Re-analyzed 

trial for less mobile participants.

Efficacy increased as time in home increased. 

2021-2023: 568 ABV 
seroconversions 
(N=1002). FRNT 
confirmed majority 
DENV3

Earnest et al. (in review)



Effect of TIRS on mosquito parity and age

Christophers-
Detinova method 
of assessing 
physiological age. 

Up to 3 months post-TIRS significantly higher 
nulliparous females in TIRS.

When looked by physiologic age (number of 
follicular dilatations), TIRS increased the mortality 
of younger females, leading to non-linear mortality 
hazard rate. 

Kirstein et al. 2023
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Phase III: Secondary endpoint (entomological impact)

• 2023 only. A total of 600 pools (300 TIRS, 300 Control).
• Trioplex rtPCR. 
•  

Che-Mendoza et al. in prep.

Number of potentially infectious ABV bites per 
host per 6-months

Cluster-level EIR



Phase II: direct and indirect efficacy in Iquitos

Actellic 300CS

Direct Indirect
Direct efficacy 

was highest 

during the first 

45 days post-

spraying (96%) 

but sharply 

reduced. 

Up to 45 days, 

indirect efficacy 

ranged between 

66% and 69%.

Morrison et al. unpublished



Country adoption and integration of TIRS

TIRS has been programmatically adopted: focused on ‘priority 
premises’ and hot-spots. Brazil is leading the way



Now considered for 
malaria vectors: 
selective IRS. 

Global Policy supporting TIRS



Aedes aegypti flight and resting behavior are remarkably 

biased towards lower heights indoors: TIRS is “targeting” key 

behavioral traits.   

Evidence from Phase II-III show significant and long-lasting 

impact, strongly entomological than epidemiological. 

Countries in the Americas are beginning to adopt and 

implement TIRS programmatically. Knowledge gap outside 

the Americas is major. 



Questions?
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