


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

mological efficacy.

Author summary

Vectorcontrol is theprimary strategyfor managingAedes aegypti andreducingtransmis-
sionofAedes-bornediseases;however,theindoor restingbehaviorofAe. aegypti andthe
evolutionof insecticideresistancereducestheeffectivenessof manyvectorcontrol tactics.
Indoor residualspraying(IRS)iseffectiveagainstAe. aegypti, but lengthyapplicationtime
makesIRSdifficult to scalewithin urbanenvironments.Wecomparedtheapplication
andentomologicalefficacyof ClassicIRSagainsttwo novelAedes-targetingIRSapplica-
tion methods(TargetedIRS[TIRS]- insecticideappliedto wallsbelow1.5m andunder
furniture andRestingSiteTIRS[RS-TIRS]-insecticideappliedonly underfurniture)
within experimentalhousesusingacarbamateinsecticide.BothTIRSandRS-TIRStook
lesstime to applyandusedlessinsecticidecomparedto ClassicIRS.Mortality of pyre-
throid-resistantAe. aegypti did not differ amongtreatmentsout to two monthspost-appli-
cation,andtherewasno differencein mortality betweenClassicIRSandTIRSout to four
monthspost-application.Thesedataprovideevidencethat IRSapplicationmethodscan
beimprovedto takelesstime andinsecticideyetnot loseentomologicalefficacy,making
TIRSmorescalablewithin urbanenvironments.However,largerfield studieswith epide-
miologicendpointsareneededto further assesstheefficacyof thesemodifiedTIRS
techniques.

Introduction
Vectorcontrol is theprincipalapproachfor managingAedes aegypti andreducingtransmis-
sionofAedes-bornediseases(ABD; e.g.,dengue,chikungunya,Zika). Implementationof vec-
tor control targetingABDshasprimarily beenin responseto reportsof virustransmission,
usingmethodssuchastruck-mountedultra-lowvolumespraying(ULV)/thermal fogging,
sourcereductionandlarviciding[1, 2]. Recentassessmentsof thepublichealthvalueof these
reactiveinterventions,triggeredby theneedto containZika transmissionandpreventthedev-
astatingcongenitalmalformationsattributedto infectionof pregnantwoman,hashighlighted
thedearthof datasupportingtheroleof vectorcontrol tacticsin preventingABDs[3±5].Mul-
tiple factorschallengetheefficacyandcoverageof existingvectorcontrol tactics,including
rapidurbanizationleadingto widespreadAe. aegypti distribution [6], theoccurrenceof cryptic
larvalhabitats[7, 8], therapid riseof insecticideresistance[9] andthemultiplicity of virus
transmissionlocationsgeneratedby fine-scalehumanmobility patterns[10,11].Giventhese
challenges,managementofAe. aegypti requireshighlyeffective,innovativeapproachesthat
canbeimplementedacrossepidemiologicalsettingsandwithin integratedvectormanagement
strategies[4].

Adult Ae. aegypti in urbansettingstypicallyrestindoors,wheretheyfeedfrequentlyand
almostexclusivelyon humanblood[12±14].Thisendophilicandanthropophilicbehaviorpar-
tially explainswhyoutdoorspacespraying(e.g.,truck-mountedultra-lowvolumespraying)
hasverylimited efficacyagainstAe. aegypti andABD transmission[15]. Vectorcontrol meth-
odsthatdeliverinsecticidesindoorsaremorepromisingbecausetheycanexertadirect impact
on restingadultmosquitoes[5]. Theprincipalmethodsof applyinginsecticidesindoorsare
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indoor spacespraying(ISS;applicationof insecticideswith adropletsizeof< 50μm thatkill
adultvectorsuponcontact[5]) andindoor residualspraying(IRS;theapplicationof aqueous
formulationsof insecticideswith longerterm residualefficacyon thewallsandceilingsof
housesthatkill theadultvectorslandingon thesesurfaces[16]). In termsof applicationand
performance,ISSandIRSareverydifferent.Indoor spacesprayingcanbedeployedrapidly,
particularlyduring epidemics,becauseit canbeappliedquickly (< 10min), but ISScan
requireup to threeapplicationcyclesto achievemaximumefficacyandhasashort-livedinsec-
ticidal effect,asit only targetsflying mosquitoesmakingcontactwith thetransientinsecticidal
cloud.Indoor residualsprayingcanprovidelonger-termprotectionafterasingleapplication;
however,applicationtime canbelengthyif all furniture andbelongingsneedto beremoved
from thesprayarea.Despitefield evidencepointing to significantepidemiologicalimpactsof
IRSin preventingdengue[5, 10,17],andrecentmodelingwork forecastingsignificantlong-
term reductionsin diseaseburdenafterits implementation[18], theperceivedlabor-intensive
natureof IRS(in comparisonto ISS)andissuesof communityacceptance[19] havehindered
its adoptionfor urbanvectorcontrol targetingAe. aegypti.

To overcomethetime-consumingaspectsof IRSandaccountfor Ae. aegypti-specific
behaviors,severalmodificationsto the`classic'IRSstrategyintendedto control vectorsof
malariaor Chagasdisease(i.e.,full housespraying,movementof furniture andtreatmentof all
wallsandceiling)havebeenproposed.In Cairns,Australia,IRSisperformedtargetingAe.
aegypti restingsites,andinsecticideisappliedto exposedlow walls(below1.5m), underfurni-
ture,insideclosetsandon anydarkandmoistsurfacewhereAe. aegypti maybefound resting
[10]. ThismodifiedIRSwasimplementedin Cairnsafterthedetectionof localdenguetrans-
missionanddramaticallyreducedIRSapplicationtime andresultedin thesuccessfulcontain-
mentof multiple outbreaks[10,17,20].

Oneof theuntestedassumptionsof themodificationsintroducedto theclassically-applied
IRSis that thereisno negativeimpacton entomologicalefficacy.Usinganovelexperimental
housesetting,weconductedacomparativestudyto evaluatetheresidualefficacyof classically-
appliedIRSagainsttwo novelIRSapplicationmethodsusinganon-pyrethroidinsecticide
againstalocally-derived,pyrethroid-resistantstrainofAe. aegypti. ForeachIRSapplication
method,theapplicationtime andvolumeof insecticideusedweremeasured.Entomological
impactovertime wascomparedamongtheIRSapplicationmethods.Wehypothesizedthat
thetwo novelIRSapplicationmethodswouldprovidesimilar levelsof entomologicalefficacy
asclassically-appliedIRS,but wouldbeappliedfasteranduselessinsecticide.Furthermore,we
hypothesizedthat theefficacyof anon-pyrethroidinsecticide,specificallyacarbamateinsecti-
cide(bendiocarb),wouldbesimilarbetweenthetwo novelIRSapplicationmethodsandclassi-
cally-appliedIRS.

Methods

Experimental design

Within areplicatedsystemof nineexperimentalhouses,wetestedtheresidualefficacyof three
IRSapplicationmethodson freeflying, field-derivedAe. aegypti. Theexperimentalhouses
werelocatedin Caucel,aneighborhoodat theperipheryof thesubtropicalcity of MeÂrida,
MeÂxico,andwererentedlong-termby theUniversidadAutoÂnomadeYucataÂn (UADY) after
explainingthepurposeandextentof thestudyto theowners.MeÂrida is thecapitalof thestate
of YucataÂn, hasapopulationof roughlyonemillion andexperiencesarainy seasonfrom May
throughOctober.Dengueisendemicandtransmissionoccursthroughouttheyear,although
peaktransmissionoccursbetweenJulyandNovemberandcorrespondswith therainy season
[18,21,22].Averagedenguesero-prevalenceratein thepopulationis73.6%[23]. Since2016,
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ChikungunyaandZika virusesalsocirculatewithin Merida,impactingthepublichealthsys-
temandvectorcontrol operations[22]. Localmanagementtacticsfor Ae. aegypti includeISS
with eitherpyrethroids(e.g.,deltamethrin)or organophosphates(e.g.,malathion)andULV
with organophosphateinsecticides(e.g.,chlorpyrifosandmalathion)[24]. Resistanceto pyre-
throids(both typeI andtypeII) occursin localAe. aegypti populations,howeverthesepopula-
tionsarestill presentlysusceptibleto carbamates[24±26].

Distancebetweenexperimentalhousesrangedfrom 0.3to 2km. Thehousesweresimilar in
floor plananddesign;all wereconcrete,single-storyandhadoneor two living rooms,two
bedrooms,onebathroomandonekitchen(Fig1).Houseswereon average57.8± 2.8m2

(mean± SEM)anduniformly hadwalls2.5m in height.Constructioncharacteristicswerethat

Fig 1. Layout of experimental houses. (A) Generallayout,(B) setupof bedrooms,(C) exteriorentrance,and(D) living room anddouble-screenedentrance
of experimentalhouses.

https://doi.org/10.1371/journal.pntd.0007203.g001
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of subsidizedmiddleto low-incomehousingin MeÂrida, typicalof areaswith highABD trans-
mission[22].

To preventanymosquitoesusedin theexperimentsfrom escapingfrom thehouses,all win-
dowsanddoorswerescreenedon both theoutsideandinsideof eachhousebeforethestudy
began.Additionally,adoublescreened-doorvestibulewasbuilt into themainentranceof each
houseto allowpersonnelto enterandexitwhilepreventingmosquitoesfrom escaping(Fig1).
Sinks,drainsandtoiletswerealsosealedwith windowscreening.Existingfurniture within
houseswasremoved,andwherefurniture couldnot beremoved(e.g.,built-in kitchenor closet
cabinets)it wassealedwith windowscreening.Houseswerethenrefurnishedwith standard-
izedfurniture andclothingthat representedtypicalelementsfoundwithin houses(Fig1).Fur-
niture within in theliving room (or split betweentwo living rooms)includedtwo blackplastic
tablesandfour plasticchairs.Within eachbedroomwasabedmadeout of PVCtubingand
blackcloth,ablackplasticnight standandsixarticlesof clothing(3 blackand3 white)hung
within thecloset.Additionally, four plasticbuckets(1 L) werehalf filled with waterandadark
clothandplacedthroughouteachhouseto providemoistureinto theenvironmentandreduce
mosquitomortality dueto desiccation.Ant baits(AntexGel,Allister deMeÂxico)wereplaced
nextto eachdoor or anyotherlocationwhereantswereobservedto entertheexperimental
houses.Thehouselayoutwascarefullydesignedto mirror elementsandsurfacematerials
found in regularhomes,but makingsurethat theywerestandardizedin awaythatallowed
replicationandcomparabilitybetweenreplicates.

Insecticide application

Insecticidewasappliedwithin experimentalhouseson 3 July2017.A manualcompression
sprayer(Hudson93793X-Pert)fitted with flat nozzlesandaflow control valve(modelCFV.
R11/16SYV.ST,CFValue,GateLLC) wasusedto sprayhousesataflow rateof 550mL / min.
Bendiocarb(Ficam80%WP,BayerCropScience;125gsachet/ 7.5L water),acarbamate
insecticide,wasappliedatadosageof 0.375gactiveingredient/ m2 asrecommendedby the
WHO [16]. Bendiocarbwasusedbecauseof theknownsusceptibilityof localAe. aegypti popu-
lationsthatwereresistantto syntheticpyrethroids[24]. Additionally,apreviousRCTin
MeÂrida foundhighcommunityacceptanceof bendiocarb,with no reportedadversereactions,
whenit hadbeenappliedwithin homes[24]. Thesameindividual appliedinsecticidefor each
of thenineexperimentalhouses.

Houseswererandomlyassignedto oneof threedifferentIRSapplicationmethods:1) Clas-
sicIRS-insecticideappliedto wallsandunderfurniture (n = 3houses),2) TargetedIRS
(TIRS)-insecticideappliedto wallsbelow1.5m andunderfurniture (n = 3 houses)or 3) Rest-
ing SiteTIRS(RS-TIRS)-insecticideonly appliedunderfurniture (n = 3houses).Furniture
wasnot removedfrom experimentalhousesduring theinsecticideapplicationandinsecticide
wasnot appliedto clothingor theplasticbucketswith water.Duration of applicationwasmea-
suredfor eachhouse,startingwhentheapplicatorenteredthehouseandendingwhenthe
applicatorexited.To estimatethevolumeof insecticideappliedwithin eachhouse,theinsecti-
cidewithin thesprayerwasmeasuredusingagraduatedcylinderbeforeandaftereach
application.

Mosquito strain

To testtheresidualefficacyof eachIRSapplicationmethod,atotalof 100Ae. aegypti females
werereleasedwithin eachexperimentalhouse.Thestrainused(SanLorenzostrain)waslocally
derived,hadahigh levelof resistanceto pyrethroidsandfull susceptibilityto carbamates[24,
26].TheSanLorenzostrainwasrearedandmaintainedat theinsectariesof theUnidad
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ColaborativaparaBioensayosEntomoloÂgicos,UADY, MeÂrida,MeÂxico.Mosquitoesreleased
into houseswerethreeto sevendaysold from theF4generation,beforereleasehadonly been
providedsugarsolutionandwerenon-bloodfed.

Post-insecticideapplication,mosquitoeswerereleasedinto theexperimentalhouseseight
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 facilitatemosquitorecovery,all
experimentalhouseswerevacuumedandsweptcleanof anydebrison thefloor onedayprior
to mosquitorelease.After 24hrsexposure,ateamof four field techniciansenteredeachhouse
andsearchedfor livemosquitoesusingaProkopackaspirator[27] andsearchedbyhandfor
deadmosquitoes.Searchingfor Ae. aegypti ceasedwheneither100mosquitoeswerecollected
or> 20minuteselapsedafterthelastmosquitowascollected(circa30±40min / house).Natu-
ral mortality within experimentalhouseswasmeasuredbyplacingthreeunsprayedcontrol
cups(250mL) within eachhouse,with eachcupcontaining10SanLorenzostrainfemales.
Control cupswereplacedwithin experimentalhousessimultaneouslyduring themain release
of mosquitoesduring the+4,+5 and+6 monthspost-applicationevaluations.After searching
for releasedAe. aegypti ceased,thenumberof liveanddeadAe. aegypti within control cups
werecounted.

Statistical analyses

Foreachsamplingperiod,mortality wascalculatedperhousebydividing thenumberof dead
individualsby thenumberof individualsreleased.Missingindividualswereassumedto be
dead.Mortality wascomparedbetweenIRSapplicationmethodsusingmixed-modelanalysis
of variance(ANOVA) in R3.2statisticalsoftware(https://www.r-project.org/).Samplingdate,
IRSapplicationmethod,andtheir interactionwereclassifiedasfixedeffectsandexperimental
housewasclassifiedasarandomeffect.Whensignificantdifferencesweredetected,pairwise
comparisonsweremadeusingLSMEANpackageandalphalevelswereadjustedfor multiple
comparisonsusingtheTukeycorrection.Additionally, regressionanalysiswasusedto assess
therelationshipbetweenapplicationtime andvolumeof insecticideappliedamongthethree
IRSapplicationmethods.

Ethics statement

Thiswasanexperimentalstudy,andbecausemosquitoeswerereleasedinto uninhabited
housesrentedon long-termcontracts,wedid not requireanInstitutional ReviewBoard.

Results

Insecticide application

Comparedto ClassicIRS,TIRSreducedapplicationtime on averageby5.8min / house(31.3%
reduction),whereasRS-TIRSreducedapplicationtime on averageby15.2min / house(82.0%
reduction)(Table1).Similarly,comparedto ClassicIRS,TIRSusedon average2.02L / house
lessinsecticide(37.9%reduction),whileRS-TIRSsavedon average4.53L / house(84.8%
reduction)(Table1).Comparedto TIRS,RS-TIRSreducedbothapplicationtime by9.40
min / house(73.8%reduction)andinsecticidevolumeby2.50L / house(75.5%reduction)
(Table1).Reductionsin bothapplicationtime andinsecticidevolumeweresignificantlylinear
(F = 140.1;df = 1,7;P< 0.0001),indicatingconsistentinsecticideapplicationamongIRS
applicationmethods.
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Mosquito recovery and mortality

A totalof 7,200Ae. aegypti femaleswerereleasedwithin theexperimentalhousesthroughout
thetrial. Mosquitorecoveryaveraged96.9± 0.82%(Mean± SEM;n = 72releases).Basedon
pilot data,weattributehigh recoveryto pre-cleaningthefloorsof experimentalhousestheday
beforemosquitoeswerereleasedandto effectivemanagementof antsusingbaits.

Mortality within control cupsaverage4.4± 1.3%,1.5± 0.7%and5.0± 1.7%(Mean± SEM)
for evaluationsfrom +4,+5 and+6 monthspost-application,respectively,indicatinghighAe.
aegypti survivalwithin theexperimentalhouseenvironments.

TherewasasignificantinteractionbetweenIRSapplicationmethodandsamplingtime
postapplication(F = 6.3;df = 14,42;P< 0.0001)(Fig2).Almostcompletemortality of all
releasedmosquitoeswasobservedup to two monthspost-application(rangingfrom 97.3to
100%);therewereno significantdifferencesin mortality amongthethreeIRStreatments
within thefirst 4samplingperiods.At threemonthspost-application,mortality ofAe. aegypti
droppedsignificantlyin housestreatedwith RS-TIRS(from 97.3%at+2 monthsto 48.1%at
+3 months)comparedto ClassicIRSandTIRShouses,wheremortality remainedhigh (99.7%
and94.5%,respectively).At four monthspost-application,mortality ofAe. aegypti from Clas-
sicIRSandTIRStreatedhousesdroppedto 79.8%and74.2%,respectively,but werebothsig-
nificantly greatercomparedto mortality ofAe. aegypti from RS-TIRShouses,whichdropped
to 19.7%.Mortality in experimentalhouseswith ClassicIRSremainedhigh fivemonthspost-
application(78.4%)andwassignificantlygreatercomparedto bothTIRS(25.5%)andRS-TIRS
(10.8%),whichdid not differ from eachother.Efficacyof all threetreatmentswasgreatly
reducedsixmonthspost-application(onemonth beyondtheexpectedresidualdurationof
bendiocarb).Mortality in ClassicIRStreatedhouseswasreducedto 39.2%,yetwassignifi-
cantlygreatercomparedto RS-TIRS(10.4%),althoughneithertreatmentdifferedsignificantly
from TIRS(16.6%)(Fig2).

Discussion
Wecomparedtheresidualefficacyof ClassicIRSagainsttwo novelIRSapplicationmethods,
TIRSandRS-TIRS,in experimentalhouses,andhypothesizedthat thetwo novelIRSapplica-
tion methodswouldbeasefficaciousasClassicIRS.Furthermore,wehypothesizedthat the
efficacyof anon-pyrethroidinsecticide,bendiocarb,wouldbesimilaramongthetwo novel
IRSapplicationmethodsandClassicIRS.AlthoughbothTIRSandRS-TIRStook lesstime to
applyandusedlessinsecticidecomparedto ClassisIRS(Table1), thesedatasupportour
hypotheses,aspyrethroid-resistantAe. aegypti mortality did not differ amongthethreeIRS
applicationmethodsup to two monthspost-applicationanddid not differ betweenClassicIRS
andTIRSup to four monthspost-application(Fig2).

Usingbioassayswithin experimentalhousesthatcloselysimulatetypicalliving conditions,
thisstudyprovidesimportant information thatcanhelpimprovethemodeof IRSapplication

Table 1. Application time and volume of insecticide applied within experimental houses for the three IRS application modes.

Application Method Total Areaa Range

(Mean % Treated)

Application

Time (min)

Volume

Applied (L)

ClassicIRS 137±141m2 (100± 0%)b 18.6± 3.1b 5.34± 0.58b

TargetedIRS 137±173m2 (65.8± 0.6%) 12.7± 1.1 3.32± 0.18

RestingSiteTargetedIRS 160±171m2 (5.9± 0.1%) 3.3± 0.4 0.81± 0.11

a Totalarea= sumareaof wallsplustheareaof thefurniture within theexperimentalhouse.
b Mean± Standarderror of themean

https://doi.org/10.1371/journal.pntd.0007203.t001
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andcost-effectivenesswithin theurbancontextof ABD transmission.Improvementsin IRS
efficiencyandapplicationarekeyfor increasingscalabilityandadoptionof thismanagement
tactic[28]. Recentandrapidscaling-upof IRSfor malariacontrol illustratethepotentialpublic
healthbenefitsof thisapproach[29], but alsopoint to thedifficultiesof reachingandsustain-
ing highcoveragelevelsdueto IRS'slabor-intensivenature[30]. If IRSwereto bewidely
adoptedfor urbanAe. aegypti management,lessonsfrom IRSscale-upfor malariavectorcon-
trol shouldbetakeninto considerationto betterframetheoperationalconditionsand
approachesfor interventiondelivery.

Fieldobservationalstudiesfrom CentralandSouthAmericahavefound thatAe. aegypti
primarily restindoorsandbelow1.5m, particularlyon or neardarkplacessuchasbehindor
underfurniture, underbeds,on clothingandon lowerpartsof walls[13,27,31].This low-
restingbehaviorhasalsobeenobservedin experimentalhut studiesusinganAe. aegypti strain
from Thailand[32]. Modifying IRSto accountfor keyAe. aegypti restingbehaviorsresultedin
important reductionsin applicationtime andinsecticidevolume(Table1) without sacrificing
entomologicalefficacyfor two to four monthspostapplication(Fig2).Thefactthatwe
detectedhighmortality with no statisticaldifferencebetweenClassicIRSandTIRSmethods
showthatAe. aegypti arenot avoidingtreatedlocationsbyshiftingrestingbehaviorsabove
1.5m. Additionally,RS-TIRSwasappliedonly to commonrestingsites(beds,chairsandother

Fig 2. Mortality of pyrethroid-resistant Ae. aegypti by IRS application method using bendiocarb over time. Symbolsdenote
samplemeansanderror barsarethestandarderror of themean.Lettersdenotesignificant differencesamongIRSapplication
methodswithin sampledate.

https://doi.org/10.1371/journal.pntd.0007203.g002
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furniture) andresultedin to up to 2 monthsof full protection,providing further evidenceof
theremarkablepreferenceofAe. aegypti for specificrestinglocations.

Duration of protectiondifferedbetweenTIRSandRS-TIRSapplications.Although
RS-TIRScouldbecompletedon averagein 3.3min / house(Table1), theprotectionprovided
(using> 80%mortality asathreshold)by thisapproachlastedtwo months,or half thedura-
tion of ClassicIRSor TIRS(Fig2).Oneof thechallengesof RS-TIRSwhenappliedin real
households(whichwould likely bemoreclutteredandfull of personalitemsthanour experi-
mentalhouses)is that it mayentailthetreatmentof personalbelongingsthatarepreferentially
usedbyAe. aegypti asrestingsites(e.g.,suitcases,clothes,etc.).Applying insecticideto per-
sonalbelongingscouldpotentiallyleadto communitydisapprovalof themethodology,aswell
aspotentiallyresultin unanticipatedexposureto insecticides[19]. Assuch,while therearesig-
nificant reductionsin applicationtime andinsecticidevolume,performingRS-TIRSmaybe
morechallengingthanperformingTIRS.GiventhatTIRSprovideslonger-termprotection
(up to 4months)comparedto RS-TIRS,weseetheformerasamethodologyhighlysuitable
for implementationwithin thecontextof urbanAe. aegypti management.

A randomizedcontrolledtrial evaluatingtheentomologicalimpactof ClassicIRSusing
bendiocarbagainstpyrethroid-resistantpopulationsofAe. aegypti in MeÂrida,MeÂxico,demon-
strateda65±75%reductionin adultAe. aegypti abundancein treatmentclusters,comparedto
controls,up to threemonthspost-application[24]. Furthermore,theapplicationtime of Clas-
sicIRSfrom this trial averagedapproximately30min / house[24]. Our experimentalstudy
demonstratedthatanapplicationof TIRSrequiredroughly12min to completebut resulted
in a4-monthprotectionof treatedhouses.Theresidualeffectsobservedweredrivenby the
insecticideused(bendiocarbresidualityisexpectedto lastbetween3 and5 months),and
its interactionwith treatedsubstrates(in our case,paintedwalls,cloth,woodandplastic).
Giventherecentdevelopmentof newresidualinsecticideformulationsfor malaria,which
extendresidualdurationout to 6±8monthsandareeffectiveagainstpyrethroid-resistantmos-
quitoes[33,34],thereispotentialfor extendingresidualpowerof TIRSbeyondthe4-month
mark.

Despitethehighercostof novelinsecticideformulations,applyingnovelinsecticidesvia
TIRSwouldnot only reduceapplicationtime but alsopotentiallyincreasecost-effectiveness.
Furthermore,extendingresidualdurationcanprovidealongerwindowof protectionandshift
IRSapplicationfrom reactive(in responseto reportedclinicalcases,asin [10]) to pro-active
(performedprior to thetransmissionseason[18]). A recentanalysisof historicaldengue,chi-
kungunyaandZika casesgeocodedto thehouseholdlevelfoundasignificantlevelof spatial
overlapof thethreepathogenswithin specificgeographicunits thataccumulatedmorethan
halfof all cases[22]. Thepro-active(pre-season)deploymentof high-qualityinterventions
suchasTIRSwithin hot-spotareascouldofferadditionalprotectionto areasthatconsistently
reporthigh ratesof ABD transmission[22,35].An insecticidewith residualduration that
lastsmorethan5 monthscouldprotectahouseholdfor anentiretransmissionseason(which
lasts5 to 6 months)usingasingleTIRSapplication.Additionally,usinginsecticidespro-
activelyshouldbecoupledwith insecticide-resistancemonitoring andinsecticidesusedfor
TIRSchangedwhenresistanceis first detected.Previousstudieshavedemonstratedthat
fitnesscostsassociatedwith pyrethroidresistancein Aedes aegypti do existandthatsusceptibil-
ity canberegainedin theabsenceof selection[36]. While theefficacyof suchpro-active
TIRSimplementationin preventingABD will requirefurther evaluationswith properepide-
miologicendpoints[37], thefindingspresentedhereprovideclearevidencefor howIRSappli-
cationscouldbeoptimizedfor urbanAedes management.However,largerfield studieswith
epidemiologicendpointsareneededto further assesstheefficacyof thesemodifiedTIRS
techniques.
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