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can both reduce application time and insecticide volume with no apparent reduction in ento-
mological efficacy.

Author summary

Vectorcontrolis the primary strategyfor managingAedes aegypti andreducingtransmis-
sionof Aedes-bornediseasesiowevertheindoor restingbehaviorof Ae. aegypti andthe
evolutionof insecticideresistanceeduceghe effectivenessf manyvectorcontrol tactics.
Indoor residualspraying(IRS)is effectiveagainstAe. aegypti, but lengthyapplicationtime
makedRSdifficult to scalewithin urbanenvironmentsWe comparedthe application
andentomologicakfficacyof ClassidRSagainstwo novelAedes-targetinglRSapplica-
tion methods(TargetedRS[TIRS]- insecticideappliedto wallsbelowl.5m andunder
furniture andRestingSiteTIRS[RS-TIRS]-nsecticideappliedonly underfurniture)
within experimentahousesisingacarbamaténsecticideBoth TIRSandRS-TIRSook
lesgime to applyandusedliessnsecticidecomparedo ClassidRS.Mortality of pyre-
throid-resistantAe. aegypti did not differ amongtreatmentsout to two monthspost-appli-
cation,andtherewasno differencein mortality betweerClassidRSand TIRSout to four
monthspost-applicationThesedataprovideevidencehat IRSapplicationmethodscan
beimprovedto takelesgime andinsecticideyetnot loseentomologicakfficacymaking
TIRSmorescalablavithin urbanenvironmentsHowever Jargerfield studieswith epide-
miologicendpointsareneededo further assesthe efficacyof thesemodified TIRS
techniques.

Introduction

Vectorcontrol isthe principal approachfor managingAedes aegypti andreducingtransmis-
sionof Aedes-bornediseasefABD; e.g.,denguechikungunyaZika). Implementationof vec-
tor control targetingABDshasprimarily beenin responseo reportsof virus transmission,
usingmethodssuchastruck-mountedultra-low volumespraying(ULV)/thermal fogging,
sourcereductionandlarviciding[1, 2]. Recenassessments the public healthvalueof these
reactiveinterventions triggeredby the needto containZika transmissiorand preventthe dev-
astatingcongenitaimalformationsattributedto infection of pregnantwoman,hashighlighted
thedearthof datasupportingtherole of vectorcontrol tacticsin preventingABDs[3+5]. Mul-
tiple factorschallengehe efficacyand coverag®f existingvectorcontrol tactics,including
rapid urbanizationleadingto widespreadie. aegypti distribution [6], the occurrenceof cryptic
larvalhabitaty[7, 8], therapid riseof insecticideresistancg9] andthe multiplicity of virus
transmissiorlocationsgeneratedy fine-scalechumanmobility patterng[10, 11]. Giventhese
challengesnanagemenof Ae. aegypti requireshighly effectivejnnovativeapproacheshat
canbeimplementedacrossepidemiologicabettingsandwithin integratedvectormanagement
strategie$4].

Adult Ae. aegypti in urbansettinggypicallyrestindoors,wheretheyfeedfrequentlyand
almostexclusivelyon humanblood[12+14].Thisendophilicandanthropophilicbehaviompar-
tially explainsvhy outdoor spacespraying(e.g., truck-mountedultra-low volumespraying)
hasverylimited efficacyagainstde. aegypti and ABD transmissior{15]. Vectorcontrol meth-
odsthat deliverinsecticidesndoorsaremore promisingbecaus¢heycanexertadirectimpact
on restingadultmosquitoeg5]. Theprincipal methodsof applyinginsecticidesndoorsare
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indoor spacespraying(ISS;applicationof insecticidesvith adropletsizeof < 50um thatKkill
adultvectorsupon contact[5]) andindoor residualspraying(IRS;the applicationof aqueous
formulationsof insecticidesvith longerterm residualefficacyon the wallsand ceilingsof
houseghatkill the adultvectordandingon thesesurface$16]). In termsof applicationand
performance|SSandIRSareverydifferent.Indoor spacesprayingcanbedeployedapidly,
particularlyduring epidemicshecausé canbeappliedquickly (< 10min), but ISScan
requireup to threeapplicationcyclego achievamaximumefficacyand hasashort-livedinsec-
ticidal effect,asit only targetslying mosquitoesnaking contactwith the transientinsecticidal
cloud.Indoor residualsprayingcanprovidelonger-termprotectionafterasingleapplication;
howeverapplicationtime canbelengthyif all furniture andbelongingseedto beremoved
from the sprayarea Despitefield evidencepointing to significantepidemiologicaimpactsof
IRSIn preventingdengug5, 10,17],andrecentmodelingwork forecastingignificantlong-
termreductionsin diseasdurdenafterits implementation[18], the perceivedabor-intensive
natureof IRS(in comparisorto ISS)andissue®f community acceptancgl9] havehindered
its adoptionfor urbanvectorcontroltargetingAe. aegypti.

To overcomethe time-consumingaspectsf IRSandaccountfor Ae. aegypti-specific
behaviorsseveramodificationsto the “classicdlRSstrategyintendedto control vectorsof
malariaor Chagasliseaséi.e., full housesprayingmovementof furniture andtreatmentof all
wallsandceiling) havebeenproposedin Cairns,Australia,|RSis performedtargetingAe.
aegypti restingsites andinsecticides appliedto exposedow walls(belowl.5m), underfurni-
ture,insideclosetsandon anydark and moistsurfacewhereAe. aegypti maybefound resting
[10]. This modified IRSwasimplementedn Cairnsafterthe detectionof localdenguetrans-
missionanddramaticallyreducedRSapplicationtime andresultedin the successfutontain-
mentof multiple outbreakq10,17,20].

Oneof the untestedassumption®f the modificationsintroducedto the classically-applied
IRSis thatthereis no negativampacton entomologicakfficacy Usinganovelexperimental
housesetting,weconducteda comparativestudyto evaluatehe residualefficacyof classically-
appliediIRSagainstwo novellRSapplicationmethodsusinganon-pyrethroidinsecticide
againstlocally-derivedpyrethroid-resistanstrain of Ae. aegypti. For eachiRSapplication
method,the applicationtime andvolumeof insecticideusedweremeasuredeEntomological
impactovertime wascomparedamongthe IRSapplicationmethods We hypothesizedhat
thetwo novellRSapplicationmethodswould providesimilar levelsof entomologicakfficacy
asclassically-applietRS,but would beappliedfasterand uselessnsecticide Furthermore we
hypothesizedhat the efficacyof anon-pyrethroidinsecticide specificallya carbamatensecti-
cide(bendiocarb)would besimilar betweerthe two novelIRSapplicationmethodsandclassi-
cally-appliedRS.

Methods
Experimental design

Within areplicatedsystenof nine experimentahouseswetestedheresidualefficacyof three
IRSapplicationmethodson freeflying, field-derivedAe. aegypti. Theexperimentahouses
werelocatedin Caucelaneighborhoodatthe peripheryof the subtropicalcity of Mérida,
México,andwererentedlong-termby the UniversidadAutdnomade Yuca#én (UADY) after
explainingthe purposeandextentof the studyto the owners Méida is the capitalof the state
of Yucathn, hasa populationof roughlyonemillion andexperiencearainy seasorirom May
through October.Dengueis endemicandtransmissioroccursthroughoutthe year although
peaktransmissioroccursbetweenJulyand Novemberand correspondsvith therainy season
[18,21,22]. Averagedenguesero-prevalencetein the populationis 73.6%423]. Since2016,
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ChikungunyaandZika virusesalsocirculatewithin Merida,impactingthe public healthsys-
temandvectorcontrol operationg22]. Localmanagementacticsfor Ae. aegypti includelSS
with eitherpyrethroids(e.g., deltamethrin)or organophosphate®.g., malathion)and ULV
with organophosphatsecticidege.g., chlorpyrifosand malathion)[24]. Resistanceo pyre-
throids (both typel andtypell) occursin localAe. aegypti populations howeverthesepopula-
tionsarestill presentlysusceptibléo carbamatef4+26].
Distancebetweerexperimentahousesangedfrom 0.3to 2 km. Thehousesveresimilarin

floor plananddesignall wereconcretesingle-storyandhadoneor two living rooms,two
bedroomspnebathroomandonekitchen (Fig 1). Housesvereon averagé7.8+ 2.8m?

(mean+ SEM)anduniformly hadwalls2.5m in height.Constructioncharacteristicsverethat
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Fig 1. Layout of experimental houses. (A) Generalayout,(B) setupof bedrooms(C) exteriorentranceand(D) living room anddouble-scregedentrance

of experimenal houses.

https://cbi.org/10.1371durnal.pntdd007203.g001
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of subsidizedniddle to low-incomehousingin Mérida, typicalof areaswith high ABD trans-
mission[22].

To preventanymosquitoesisedin the experimentdrom escapindrom the housesall win-
dowsanddoorswerescreenean both the outsideandinsideof eachhousebeforethe study
beganAdditionally, adoublescreened-doovestibulevasbuilt into the main entranceof each
houseto allowpersonneto enterandexit while preventingmosquitoesrom escapindFig 1).
Sinks,drainsandtoiletswerealsosealedvith window screeningExistingfurniture within
housesvasremovedandwherefurniture could not beremoved(e.g., built-in kitchenor closet
cabinets)t wassealedvith window screeningHousesverethenrefurnishedwith standard-
izedfurniture andclothingthat representedypicalelementdound within housegFig 1). Fur-
niture within in theliving room (or split betweertwo living rooms)includedtwo blackplastic
tablesandfour plasticchairs.Within eachbedroomwasabedmadeout of PVCtubing and
blackcloth, ablackplasticnight standandsix articlesof clothing (3 blackand 3 white) hung
within the closet Additionally, four plasticbucketq1 L) werehalffilled with waterandadark
clothand placedthroughouteachhouseto providemoistureinto the environmentandreduce
mosquitomortality dueto desiccationAnt baits(Antex Gel,Allister de México) wereplaced
nextto eachdoor or anyotherlocationwhereantswereobservedo enterthe experimental
housesThehousdayoutwascarefullydesignedo mirror elementsand surfacematerials
foundin regularhomes put makingsurethat theywerestandardizedn awaythat allowed
replicationand comparabilitybetweerreplicates.

Insecticide application

Insecticidewasappliedwithin experimentahousesn 3 July2017 A manualcompression
sprayer(Hudson93793X-Pert)fitted with flat nozzlesandaflow control valve(model CFV.
R11/16SYV.STCFValue Gatel LC) wasusedto sprayhousesat aflow rateof 550mL / min.
Bendiocark{Ficam80%WP, BayerCropSciencet 25g sachet 7.5L water),acarbamate
insecticidewasappliedat adosagef 0.375g activeingredient/ m? asrecommendedy the
WHO [16]. Bendiocarbwvasusedbecausef the known susceptibilityof local Ae. aegypti popu-
lationsthatwereresistanto syntheticpyrethroids[24]. Additionally, apreviousRCTin
Mérida found high community acceptancef bendiocarbwith no reportedadverseeactions,
whenit hadbeenappliedwithin homeg24]. Thesamendividual appliedinsecticidefor each
of the nine experimentahouses.

Houseswnererandomlyassignedo oneof threedifferentIRSapplicationmethods) Clas-
sicIRS-insecticideappliedto wallsandunderfurniture (n = 3houses)?2) TargetedRS
(TIRS)-insecticideappliedto wallsbelow1.5m andunderfurniture (n = 3 housespr 3) Rest-
ing SiteTIRS(RS-TIRS)4insecticideonly appliedunderfurniture (n = 3 houses)Furniture
wasnhot removedfrom experimentahousesiuring theinsecticideapplicationandinsecticide
wasnot appliedto clothingor the plasticbucketswith water.Duration of applicationwasmea-
suredfor eachhouse startingwhenthe applicatorenteredthe houseandendingwhenthe
applicatorexited.To estimateghe volumeof insecticideappliedwithin eachhousetheinsecti-
cidewithin the sprayemwasmeasuredisingagraduatedtylinderbeforeandaftereach
application.

Mosquito strain

To testtheresidualefficacyof eachiRSapplicationmethod,atotal of 100Ae. aegypti females
werereleaseavithin eachexperimentahouseThestrainused(SanLorenzostrain)waslocally
derived hadahigh levelof resistancéo pyrethroidsandfull susceptibilityto carbamatef?4,
26]. The SanLorenzostrainwasrearedand maintainedat the insectarie®f the Unidad
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ColaborativgparaBioensayo&ntomoldgicos UADY, Méida, México. Mosquitoegeleased
into housesverethreeto severdaysold from the F4generationpeforereleasdnadonly been
providedsugarsolutionandwerenon-bloodfed.

Post-insecticidapplication mosquitoesverereleasednto the experimentahousesight
timesoverasixmonth period;1) +1 day,2) +14days,3) +1 month, 4) +2 months,5) +3
months,6) +4 months,7) +5 monthsand8) +6 months.To facilitatemosquitorecoveryall
experimentahousesverevacuumedand sweptcleanof anydebrison the floor onedayprior
to mosquitoreleaseAfter 24 hrs exposureateamof four field techniciansenteredeachhouse
andsearchedor live mosquitoesisinga Prokopackaspiratorf27] andsearchedby handfor
deadmosquitoesSearchingor Ae. aegypti ceaseavheneither100mosquitoesverecollected
or > 20minuteselapseafterthe lastmosquitowascollectedcirca30+40min / house) Natu-
ral mortality within experimentahousesvasmeasuredy placingthreeunsprayedontrol
cups(250mL) within eachhousewith eachcup containingl10SanLorenzostrainfemales.
Control cupswereplacedwithin experimentahousesimultaneouslyguring themainrelease
of mosquitoesluring the +4, +5 and +6 monthspost-applicatiorevaluationsAfter searching
for releasedie. aegypti ceasedthe numberof live anddeadAe. aegypti within control cups
werecounted.

Statistical analyses

For eachsamplingperiod, mortality wascalculateger houseby dividing the numberof dead
individualsby the numberof individualsreleasedMissingindividualswereassumedo be
dead Mortality wascomparedbetweerlRSapplicationmethodsusingmixed-modelanalysis
of varianclANOVA) in R 3.2statisticakoftware(https://www.r-project.org/)Samplingdate,
IRSapplicationmethod,andtheir interactionwereclassifiedasfixed effectsand experimental
housewasclassifiecasarandomeffect When significantdifferencesveredetectedpairwise
comparisonsveremadeusingLSMEANpackageandalphalevelsvereadjustedor multiple
comparisonsisingthe Tukeycorrection.Additionally, regressioranalysisvasusedto assess
therelationshipbetweerapplicationtime and volumeof insecticideappliedamongthe three
IRSapplicationmethods.

Ethics statement

Thiswasan experimentabktudy,andbecausenosquitoesverereleasednto uninhabited
housegentedon long-termcontractswedid not requirean Institutional ReviewBoard.

Results
Insecticide application

Comparedo ClassidRS,TIRSreducedapplicationtime on averagdoy 5.8min / house(31.3%
reduction),whereafS-TIRSeducedapplicationtime on averagdy 15.2min / house(82.0%
reduction)(Tablel). Similarly,comparedo ClassidRS, TIRSusedon averag®.02L / house
lessnsecticidg(37.9% eduction),while RS-TIRSsavedn averagel.53L / house(84.8%
reduction)(Tablel). Comparedo TIRS,RS-TIRSeducedboth applicationtime by 9.40

min / house(73.8%reduction)andinsecticidevolumeby 2.50L / house(75.5%eduction)
(Tablel). Reductionsn both applicationtime andinsecticidevolumeweresignificantlylinear
(F=140.1df=1,7;P < 0.0001)jndicating consisteninsecticideapplicationamongIRS
applicationmethods.
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Table 1. Application time and volume of insecticide applied within experimental houses for the three IRS application modes.

Application Method Total Area® Range Application Volume
(Mean % Treated) Time (min) Applied (L)
ClassidRS 13741412 (100+ 0%) 18.6+ 3.7 5.34+ 0.58
TargetedRS 137+173n? (65.8+ 0.6%) 12.7+1.1 3.32+0.18
RestingSiteTargetedRS 160+£17I? (5.9+ 0.1%) 3.3+ 0.4 0.81+0.11

@Totalarea= sumareaof wallsplusthe areaof the furniture within the experimentahouse.
b Meanz+ Standarderror of themean

https://da.org/10.1371¢urnal.pntdd007203.t01

Mosquito recovery and mortality

A total of 7,200Ae. aegypti femaleaverereleasedvithin the experimentahouseghroughout
thetrial. Mosquitorecoveryaverage®6.9+ 0.82%Mean+ SEM;n = 72releasesBasedn
pilot data,weattribute high recovenyto pre-cleaninghefloorsof experimentahouseghe day
beforemosquitoesvererelease@ndto effectivemanagementf antsusingbaits.

Mortality within control cupsaveragé.4+ 1.3%,1.5+ 0.7%and5.0+ 1.7%(Mean+ SEM)
for evaluationdrom +4,+5 and+6 monthspost-applicationrespectivelyindicatinghigh Ae.
aegypti survivalwithin the experimentahouseenvironments.

TherewasasignificantinteractionbetweenRSapplicationmethodand samplingtime
postapplication(F = 6.3;df = 14,42;P < 0.0001)Fig 2). Almostcompletemortality of all
releasednosquitoesvasobservedip to two monthspost-applicatior(rangingfrom 97.3to
100%)therewereno significantdifferencesn mortality amongthethreelRStreatments
within thefirst 4 samplingperiods.At threemonthspost-applicationmortality of Ae. aegypti
droppedsignificantlyin housegreatedwith RS-TIRSfrom 97.3%at+2 monthsto 48.1%at
+3 months)comparedo ClassidRSand TIRShouseswheremortality remainedhigh (99.7%
and94.5%r espectively)At four monthspost-applicationmortality of Ae. aegypti from Clas-
siclRSand TIRStreatedhousesiroppedto 79.8%and74.2%respectivelybut wereboth sig-
nificantly greatercomparedo mortality of Ae. aegypti from RS-TIRShouseswhichdropped
to 19.7%Mortality in experimentahouseswith ClassidRSremainedhigh five monthspost-
application(78.4%))andwassignificantlygreatercomparedo both TIRS(25.5%)and RS-TIRS
(10.8%)whichdid not differ from eachother.Efficacyof all threetreatmentswvasgreatly
reducedsix monthspost-application(onemonth beyondthe expectedesidualduration of
bendiocarb)Mortality in ClassidRStreatedhousesvasreducedo 39.2%yetwassignifi-
cantlygreatercomparedo RS-TIRS10.4%)althoughneithertreatmentdifferedsignificantly
from TIRS(16.6%)Fig2).

Discussion

We comparedheresidualefficacyof ClassidRSagainstwo novelIRSapplicationmethods,
TIRSandRS-TIRSin experimentahousesandhypothesizedhat the two novelIRSapplica-
tion methodswould beasefficaciousasClassidRS.Furthermore wehypothesizedhat the
efficacyof anon-pyrethroidinsecticidependiocarbwould be similar amongthe two novel
IRSapplicationmethodsand ClassidRS.Althoughboth TIRSandRS-TIRSoo0k lesgime to
applyandusedessnsecticidecomparedo ClassisRS(Tablel), thesedatasupportour
hypothesesaspyrethroid-resistantie. aegypti mortality did not differ amongthethreelRS
applicationmethodsup to two monthspost-applicatioranddid not differ betweerClassidRS
and TIRSup to four monthspost-applicatior(Fig 2).

Usingbioassaywithin experimentahouseghat closelysimulatetypicalliving conditions,
this studyprovidesimportantinformation that canhelpimprovethe modeof IRSapplication
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and cost-effectivenessithin the urbancontextof ABD transmissionlmprovementsn IRS
efficiencyandapplicationarekeyfor increasingscalabilityand adoptionof this management
tactic[28]. Recentandrapid scaling-upof IRSfor malariacontrolillustratethe potentialpublic
healthbenefitsof this approacH29], but alsopoint to the difficulties of reachingand sustain-
ing high coveragdevelsdueto IRS'dabor-intensivenature[30]. If IRSwereto bewidely
adoptedfor urban Ae. aegypti managementessondrom IRSscale-ugdor malariavectorcon-
trol shouldbetakeninto consideratiorto betterframethe operationalconditionsand
approachesor interventiondelivery.

Fieldobservationastudiesrom Centraland SouthAmericahavefound that Ae. aegypti
primarily restindoorsandbelowl.5m, particularlyon or neardark placesuchasbehindor
underfurniture, underbedspon clothingandon lower partsof walls[13,27,31]. This low-
restingbehaviorhasalsobeenobservedn experimentahut studiesusingan Ae. aegypti strain
from Thailand[32]. Modifying IRSto accountfor key Ae. aegypti restingbehaviorgesultedn
importantreductionsin applicationtime andinsecticidevolume(Tablel) without sacrificing
entomologicakfficacyfor two to four monthspostapplication(Fig 2). Thefactthatwe
detectechigh mortality with no statisticalifferencebetweerClassidRSand TIRSmethods
showthat Ae. aegypti arenot avoidingtreatediocationsby shifting restingbehaviorsabove
1.5m. Additionally, RS-TIRSwvasappliedonly to commonrestingsites(beds chairsand other
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furniture) andresultedin to up to 2 monthsof full protection,providing further evidenceof
theremarkablepreferencef Ae. aegypti for specificrestinglocations.

Duration of protectiondifferedbetweenTIRSandRS-TIRSpplicationsAlthough
RS-TIRSouldbecompletedon averagén 3.3min / house(Tablel),the protectionprovided
(using> 80%mortality asathreshold)by this approachastediwo months,or halfthe dura-
tion of ClassidRSor TIRS(Fig 2). Oneof the challengesf RS-TIRSvhenappliedin real
householdgwhich would likely be more clutteredandfull of personaitemsthan our experi-
mentalhouses)sthatit mayentailthetreatmentof personabelongingshat arepreferentially
usedby Ae. aegypti asrestingsites(e.g., suitcases;lothesgtc.). Applying insecticideto per-
sonalbelongingould potentiallyleadto community disapprovabf the methodologyaswell
aspotentiallyresultin unanticipatedexposureo insecticide$19]. Assuch while therearesig-
nificant reductionsin applicationtime andinsecticidevolume,performingRS-TIRSnaybe
more challenginghanperforming TIRS.Giventhat TIRSprovideslonger-termprotection
(up to 4 months)comparedo RS-TIRSwe seethe former asamethodologyhighly suitable
for implementationwithin the contextof urban Ae. aegypti management.

A randomizedcontrolledtrial evaluatinghe entomologicalmpactof ClassidRSusing
bendiocarbagainspyrethroid-resistanpopulationsof Ae. aegyptiin Mérida, México,demon-
strateda 65+ 75%eductionin adult Ae. aegypti abundancen treatmentclusterscomparedo
controls,up to threemonthspost-applicatior{24]. Furthermore the applicationtime of Clas-
sicIRSfrom thistrial averagedpproximately30min / house[24]. Our experimentabtudy
demonstratedhat anapplicationof TIRSrequiredroughly 12min to completebut resulted
in a4-month protectionof treatedhousesTheresidualeffectobservedveredriven by the
insecticideused(bendiocarbresidualityis expectedo lastbetweer8 and5 months),and
its interactionwith treatedsubstrategin our casepaintedwalls,cloth,woodandplastic).
Giventherecentdevelopmenbf newresidualinsecticidgformulationsfor malaria,which
extendresidualduration out to 6:8monthsandareeffectiveagainspyrethroid-resistantmos-
quitoes[33, 34],thereis potentialfor extendingresidualpowerof TIRSbeyondthe 4-month
mark.

Despitethe highercostof novelinsecticideformulations,applyingnovelinsecticidevia
TIRSwould not only reduceapplicationtime but alsopotentiallyincreasecost-effectiveness.
Furthermore extendingresidualduration canprovidealongerwindow of protectionandshift
IRSapplicationfrom reactive(in responséo reportedclinical casesasin [10]) to pro-active
(performedprior to the transmissiorseasorp18]). A recentanalysif historicaldenguechi-
kungunyaandZika casegieocodedo the householdevelfound asignificantlevelof spatial
overlapof thethreepathogensvithin specificgeographiainits thataccumulatednorethan
half of all case$22]. Thepro-active(pre-seasonjleploymeniof high-qualityinterventions
suchasTIRSwithin hot-spotareascould offer additionalprotectionto areaghat consistently
reporthigh ratesof ABD transmissior[22, 35]. An insecticidewith residualduration that
lastsmorethan5 monthscould protectahouseholdor anentiretransmissiorseasorfwhich
lasts5to 6 months)usingasingleTIRSapplication Additionally, usinginsecticidegro-
activelyshouldbecoupledwith insecticide-resistanamonitoring andinsecticidesisedfor
TIRSchangedvhenresistancés first detectedPreviousstudieshavedemonstratedhat
fitnesscostsassociatewith pyrethroidresistancén Aedes aegypti do existandthatsusceptibil-
ity canberegainedn the absencef selectior{36]. While the efficacyof suchpro-active
TIRSimplementationin preventingABD will requirefurther evaluationsith properepide-
miologicendpoints[37], thefindings presentechereprovideclearevidencdor how IRSappli-
cationscould beoptimizedfor urban Aedes managementdowever largerfield studieswith
epidemiologieendpointsareneededo further assesthe efficacyof thesemodified TIRS
techniques.
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