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including . In Africa, in spiteof the useof insecticidesor vectorcontrolin
manycountries dataon insecticideresistancandits underlyingmechanismsemain
scarceln this study,wereportfor thefirst time the occurrenceof arecentlydescribed
mutation,V410L,in Old World . from Angolaand Madeiraisland.Two other

mutations,V1016landF1534Cyverealsoidentifiedin populationsfrom Angolaand
CapeVerde,extendingour knowledgeaboutthedistribution of thesemutationsin Africa.
We found significantassociationbetween genotypesndtheresistancg@henotype
but only in the Angolanpopulation.Theseresultssuggesthat populationscarryingthe
same mutationsmayresponddifferentlyto the sameinsecticidestressindhe needfor
complementanstudiesvhenassessintheimpactof  resistancén the outcomeof
insecticide-basedectorcontrol.

Introduction

Vectorcontrol hasbeenamainstayfor preventingdiseasesausedy arbovirusegransmitted
by , andfor mitigating theimpactof thesenfectionson humanpopulations.
During anoutbreakinsecticide-basedectorcontrol interventionsareusuallyintensifiedto
reducemosquitoabundancexndinterrupt human-vectorcontact However increasediseof
insecticidesnayresultin the selectiorof mosquitoesarryinggeneticraits associatewith
insecticideresistanceTheemergencef insecticideresistancén naturalvectorpopulations
canultimatelyaffectthe efficacyof insecticide-basedectorcontrol.

Targetsiteinsensitivityis amajor mechanisnof insecticideresistancehat resultsfrom
point mutationsin genesncodingproteinsat the specificsitewherean insecticidebinds, typi-
callyin the nervoussysteni1]. Thesemutationscausestructuralmodificationsthat reduceor
evencompletelyblockthebinding of theinsecticide Thevoltage-gatedodiumchannel
(VGSCQ)isthetargetsiteof pyrethroidand organochloring(notablyDDT) insecticidesMuta-
tionsin the geneencodingthe VGSChavebeenimplicatedin insecticideresistancén several

insectspeciesaphenomenorreferredto asknockdownresistancgé ) [2].In . , a
totalof 10  mutationshavebeenreported[1]. Amongthesemutations,the V1016land
F15340mutationshavebeenextensivelynvestigatedn pyrethroid-resistant . popu-

lationsfrom Asia,SouthAmericaand,to alesseextent,Africa[2].

In 2017anovel  mutation,V410L locatedin domainl of segmen® of the VGSC was
describedor thefirst time in apyrethroid-resistant . laboratorystrainoriginating
from Rio deJaneiroBrazil[3]. Functionalanalysi®f mutant sodiumchannelexpresseth

oocytegevealedhat V410Lsignificantlyreducedsensitivityto both typel andtype
Il pyrethroids.Genotypingof naturalpopulationsfrom NortheastBrazildid not revealthe
presencef this mutation [3]. However,n alongitudinal studycarriedout in Mexico,the
V410Lmutationwasdetectedn asingleheterozygousosquitoin 2002andby 2012its fre-
quencyhadincreasedo 90%in oneof thelocalitiessurveyed4]. The samemutationwas
describedn naturalpopulationsof . from Colombia,with frequenciesangingfrom
0.06to 0.36[5].

In recentyearsAfrica hasbeenexperiencingnajor outbreakof  borne arboviral
infections.Suchwasthe casdor adengueoutbreakthat occurredin CapeVerde,in 2009,
which affecteckightof the 10islandsof this archipelagavith morethan21,000caseseported
andfour deathd6]. In 2015+2016Angola(South-CentralAfrica) experiencedhe worstepi-
demicof yellowfeverin thelast60yearswith 4,306notified casesnd 376deathsoccurringin
the provinceof Luanda[7]. Thecountry hadpreviouslybeenafflictedby a Dengueoutbreakin
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2013(https://www.ncbi.nlmnih.gov/pubmed/23784018n additionto the abovementioned
outbreaksAngolaand CapeVerdewerealsoaffectecby Zika outbreaksn 2015and2016,and
case®f congenitalZika syndromecausingmnicrocephalywerereportedin both countries[8+
10].

On Madeiralsland,a Dengueoutbreakinvolving 2,168notified case®ccurredin 2012+
2013[11]. Althoughthisislandislocated . 680km easbff the coastof Morocco,it belongs
administrativelyto Portugalandthe EuropeariJnion, raisingconcernabouttherisk of the
introduction of both vectorsandviraemiccaseso mainlandEurope.

Asaresponséo theseoutbreaksyectorcontrol programstendto intensifyinsecticide-
basednterventionsasameansof rapidly halting arbovirustransmissionThis mayleadto
emergencef insecticideresistancén thelocalvectorpopulationsinsecticidesusceptibility
testscarriedoutin 2009n . from the city of Praia,the capitalof CapeVerde,
revealedesistancéo DDT but susceptibilityto all otherinsecticidegested12]. Subsequently,
asurveycarriedoutin 2012and2014in the sameurbanarearevealedesistancéo deltame-
thrin andcypermethrinbutno  allelesveredetected13]. Thelocal . population
of Madeiralslandwasfoundto beresistanto all majorinsecticideclassesurrentlyusedin
public healthpracticesThis populationdisplaysmultiple mechanism®f resistanceincluding
thepresencefV1016landF1534C  mutationsatahighfrequency[14].

In Africa,information on mechanismsf insecticideresistancén . populations
remainsscarcg2]. Thepresencef both F1534CandV1016lhasbeendetectedn Ghana[15]
andin BurkinaFasd16], althoughit hasalsobeeninvestigatedn Cameroon17], Cape
Verdeandthe CentralAfrican Republid18]. Noneof the previousreportshaveanalysedhe
newV410L  mutation.Consideringthat this mutation hasshownpotentialto significantly
reducesodiumchannelsensitivityto bothtypel andll pyrethroidandto increasaesistancén
combinationwith F15343], it isimperativeto determinethe currentdistribution of this
mutationin natural . populations asits presencenaygreatlyunderminethe utility
of awidevarietyof pyrethroidinsecticideswhich arecurrentlythe majorinsecticideclass
usedin vectorcontrol.

In this study,wegenotypedhe lociof . populationsfrom Angola,Cape
VerdeandMadeiralsland,collecteceitherduring or afterthe onsetof arboviraloutbreaks.
Theobjectivesvere:i) to determinethe presencendfrequencyof the VV410L,V1016land
F1534Qmutationsandii) to investigatahe associatiorof thesemutationswith the pyrethroid
andDDT resistanc@henotype.

Material and methods

Samples

In CapeVerde,mosquitocollectionswerecarriedout from Septembe2017to March2018in
two islands:SantiagandMaio. In Santiagomosquitoesveresampledn Praia(N 14°55'15°
W 23°30'30°), the capitalof the country, and SaoLoureni dos®rgaos(SLO)(N 15°6' W 23¢
60").In Maio, samplingwasperformedin the main city, Maio Village(N 15°13'W 23°10").In
Angola,collectiongook placein October-Decembe?016jn the citiesof Huambo(S12°46'E
15°44" andthe capital,Luanda(S8°50'18°E 13°14'4°). On Madeiraisland,mosquitoes
werecollectedn Funchal(N 32°39'W 16°55") betweerSeptembeand November2013[14]
(Fig1).

In all but oneof the localitiessurveyedmosquitoeggsverecollectedusingovitraps,
adaptedrom the modelof Faye& Perry[19]. Ovitrapswereplacedoutdoorsat peridomestic
sitesfor 5+7daysIn Funchal eggsverecollectedusing78ovitrapsdispersedhroughoutthe
entiremunicipality below200metersof altitude[14]. Theseovitrapsarepart of Madeira's
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Fig 1. Collection sites, allele frequencies (pie charts) and genotypic frequencies (bar charts) for each of the kdr mutations analysed. In eachallelefrequeng pie chart,
light colourrepresentshe wild-type (susceptite allele)anddark colour the resistanceassociatdallele Map sourceeditedin QGISv.3.8.0(July,2019).

https://doi.org/1A.371/journal ptd.000826.9001

surveillancgorogramandtheir geo-localizations availableat http://iasaude.sras.

gov-madeira.pt/naomosquitoln CapeVerde,collectionswereperformedwith 40ovitraps
distributedto covermostof the areaof eachlocality surveyedCollectionsn Luandawerecar-
ried out using49ovitrapscoveringanareaof . 70km?in the GreatLuandaregion.Larval
collectionswith dipsand pipettesvereperformedin two areaf the city of Huambo,the city
centreandonesemi-ruralarea.

Collectedeggdor larvae)weretransportedto locallaboratoryfacilitiesandrearedto adults
usingstandardprotocolsfor mosquitorearing[20].

Insecticide resistance phenotyping

Mosquitosamplesrom CapeVerde(Maio and Santiagadslands) Madeiraislandandfrom
Luanda-Angolaverephenotypedor their susceptibilityto deltamethrin0.05%and permeth-
rin 0.75%usingWHO testkits andprotocols[21,22].In Madeira,cyfluthrin (0.15%)wastested
insteadof deltamethrin Non-bloodfed 3+5days-oldfemalesvereusedin thetests Bioassay
readingsveremade24 hourspost-exposureDeadmosquitoesvereconsideredsusceptible
while survivorswereconsideredesistantBothwerekeptin silica-gefilled tubesuntil DNA
extraction.
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Kdr genotyping. DNA samplesvereextractedrom individual wholemosquitoesusing
the Collinsprotocol[23]. DNA pelletswvereelutedin 200pL of ultrapurewater.Genotypingof
theV1016land F1534Qnutationswasperformedby allele-specifi® CRusingpreviously
reportedprimersandprotocols[24,25],modified asdescribedy Seixa®tal.[14]. For V410L,
two protocolswereused:1) Direct sequencingf a150bp fragmentof the geneamplified
usingtheprimersAe410Fland Ae410RMdescribedn [3]. PCRassaywerecarriedoutin a
25l volumecontaining:1x GreenFlexiPCRbuffer,1.5mM MgCl,, 0.4Mm dNTP mix, 100
nM of eachprimer, 1 unit GoTaqG2 FlexiDNA Polymeras¢PromegalJSA)and10ngtem-
plateDNA. Thecyclingconditionsconsistecf denaturationat 94 ECfor 2 min, followedby
35cyclesof denaturationat 94 ECfor 40s, primer annealingat 58 ECfor 45s,and extensiorat
72ECfor 1 min, with afinal extensiorof 10min at 72EC The PCRproductswerepurified
usingAntarctic phosphataséNEB)and Exonucleasé(NEB)to removeunincorporated
dNTPsandprimers.Thepurified PCRproductswerediluted 1:30and subjectedo direct
sequencingn an ABI Prism3500XLsystenmatthe DNA sequencinglatform of the Aggeu
Magalhaednstitute/FIOCRUZ(Brazil) or in an ABI 3730XL instrumentatthe STABVIDA
DNA SequencingervicgPortugal).Sequencingvasperformedin both directionsusingthe
primersAe410F2nd Ae410R13]. 2) An allele-specifieCRassayvith primersV410Fw,
L410Fwand410Redescribey Saavedra-Rodrigugz]. Thereactionmixturesconsistef
~10ng of templateDNA, 0,1uM of eachprimer, 1x GreenFlexiPCRbuffer,1.5mM MgCl,,
0.4Mm dNTP mix, 1 unit GoTaqG2FlexiDNA PolymeraséPromegalJSA)in atotal vol-
umeof 25uL. EachPCRassayncludedpositivecontrolsfor eachhomozygousind heterozy-
gousgenotypeshat hadbeenpreviouslyconfirmedwith directsequencingindanegative
control (no DNA template) PCRproductswerevisualizedn aagarosgel4%stainedwith
Greensaf®remium(NZYTech,Portugal)by transilluminationunderUV (Fig 2).

Statistical analysis

To assestheassociatiobetween  genotypesndresistanc@henotypeskisher'sexacttest
wascalculatedvith contingencytablesusingVassarStatd/assarstatdVebsitefor Statistical
Computation).Pairwiseestimate®f linkagedisequilibriumcoefficientsandassociatedhi-
squaredestsbetweerloci werecalculatedisingLINKDOS [26], following previously
describedyuidelineq4,27].

Results

In total, 314 . weregenotyped91of which werefrom Madeiralsland,168from
CapeVerde(80from Praia,39from SaolLourenio dosérgéos(SLO)and49from theislandof
Maio) and95from Angola(67from Luandaand 28from Huambo).Of thetotal samplemuta-
tion V410Lwasscreenedy directsequencingn 91individualsfrom Madeira,67from Cape
Verdeand95from Angola.Sequencesbtainedfrom . mosquitoesrom Madeira
areavailablan GenBankwith accessiomumbersMK656133-MK65623.Apart from the
V410L,no othergeneticpolymorphismwasdetectedn the 104bp fragmentanalysedor
Madeirapopulation.Thegenotypeandallelefrequencie®feach  mutationareshownin
Fig1l.The41O0Lallelewasnot observedn CapeVerde.Theresistancallele1534Cwas
detectechtalow frequency(2%)in Praia.the capital,alwaysn heterozygosityvith thewild
typeallelel534FLikewisethe 1016lallelewasfound in two heterozygousdividualsfrom
the SLOpopulation.In Angola,allele410Lwasobservedatahigh frequencyin Luanda(71%)
andatmoderatefrequencyin Huambo(13%).Allele 1534Cwasobservedat high frequencyin
both citiesof Angola,while allele1016lwasdetectedat much higherfrequencyin Luanda
(91%)thanin Huambo(29%)(Fig 1). On Madeiralsland,the410Lallelewasobservedta
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Fig 2. Agarose gel (4%) stained with GreenSafe Premium containing the amplified products of the AS-PCR assay to detect the V410L
mutation. Lane 1: homozygous 410L genotype, lanes 2-5: homozygous 410V genotype, lane 6: heterozygous 410V/L genotype, lane 7:
DNA size marker GRS DNA Ladder 50 bp (GRiSP Research Solutions, Portugal). Lanes3+9:negativecontrols.

https://cbi.org/10.1371durnal.pntd008216.g002

moderatefrequency(18%).As previouslyreported[14,28],the 1534Cmutation wasfound to
befixed,and 1016lwaspreseniatamoderatefrequency.

Pairwisdinkagedisequilibriumanalysigevealeaignificantgenotypicassociationbetween
positions1016and410in all populationstested(Tablel). For positions1016and 1534 0nly
the Huambopopulationshowedsignificantlinkagedisequilibrium.Finally, positions1534and
410werein linkageequilibrium in all threepopulationstested This analysisvasnot per-
formedin CapeVerdedueto thealmostcompleteabsencef mutantalleles.

Mortality ratesfor theinsecticidesestedvariedbetweerregions peinghighestn the popu-
lationsof CapeVerdeislands(89.9%-100.0%gndlowestin Luanda-Angolg2.6%-7.4%)These
resultsaredetailedin S1Table Mortalitiesof 10.9%-52.8%btainedin Funchal Madeiraisland,
wereintermediateto thoseof the othertwo regions,asdescribedn Seixas . [14].

Table 1. Linkage disequilibrium coefficients (R;) and associated chi-squared tests between kdr mutations in Aedes aegypti populations.

410-1016 410-1534 1016-1534
R; 7 P R; Ve P R; 7 P

Luanda 0.19 4.53 0.033 0.18 2.94 0.087 0.07 0.25 0.619
Huambo 0.33 7.67 0.006 0.22 2.74 0.098 0.29 5.15 0.023
Funchal 0.95 79.65 <0.001 * * * * * *

*An alleleatoneor bothloci is fixed

https://da.org/10.1371durnal.pntd008216.t01
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Table 2. Knockdown resistance genotype-phenotype associations in Ae. aegypti populations from Luanda (Angola) and Funchal (Madeira island).

Locality Phenotype N | VV

Luanda | Deltamethrinresistant | 24
Deltamethin susceptible 10

Funchal Cyfluthrin resistant 32
Cyfluthrin susceptible | 19
Permethrinresistant 32
Permethrinsusceptit# 8

n.a.:not applicablgfixed mutation)

https://da.org/10.1371¢urnal.pntdd008216.t02

4
8
20
15
21
6

V410L V1016l F1534C

VL | LL | F(L) | p-value | N | VV | VI | II | F(I) | p-value | N | FF | FC | CC | F(C) | p-value
0 | 20| 0.83| <0.001| 25| O 0 | 25| 1.00| <0.001| 25| O | 12 | 13 | 0.76 | 0.699
2 0 | 0.10 1| 0 6 5| 073 8| 0 3 5 | 081

9 3 /023 0387 | 32| 20 10| 2 | 0.22| 0491 | 32| O 0 | 32 | 1.00 n.a.
4 0 | 0.11 19| 15| 4 | 0 | 0.11 19| 0 0 | 19 | 1.00

11| 0 | 0.17| 1.000 | 32| 21 | 11| 0 | 0.17| 1.000 | 32| O 0 | 32 | 1.00 n.a.
2 0 | 0.13 8 6 2 | 0013 8| 0 0 8 1.00

For the populationsof MadeiraandLuanda.,t waspossiblgo analysehe association
between mutationsandtheresistanphenotypeln Luandathereweresignificantassocia-
tions betweerresistance@henotypesndgenotypidrequenciegor mutationsV1016land
V410L ,but not for F1534QTable2). No significantassociatiorbetweerphenotypesndindi-
vidual  genotypesvasfoundin the populationof Madeira.This lackof associatiorin
Madeirawasalsoevidentfor tri-locus genotypeswherethe mostfrequentVV/CC/VV was
commonto both susceptibl@andresistanindividuals(Fig 3).

Converselyin Luandatherewasatrend for individualswith aresistanphenotypeto carry
tri-locus genotypesvith resistance-assocatallelesHere,the triple mutanthomozygotel/
CC/LLwaspresentn nearly50%of resistanindividuals.

Discussion
This studydescribegor thefirst time the occurrenceof therecentlydescribed/410L
mutationin old world . populationshamelyfrom Madeiraislandand Angola.ln

both caseghis mutation coexistsvith mutationsF1534Cand V10161, which arewidelydis-
tributed acrosghe Globe[4]. TheV410Lmutationwasoriginally describedn Centraland
SouthAmericanpopulationsof . ,  hamelyfrom Brazil,Colombiaand Mexico[4,5].
Thismutation appeardo increaseconsiderablyesistancéo pyrethroidinsecticidesvhenin
combinationwith other  mutations[3,4]. It islikely that the occurrenceof this mutation
will haveanimpacton the efficacyof pyrethroid-basedaontrol measuresgainst .
currentlyimplementedn Africa.

The detectionof mutationsF1534CandVV1016lin two sitesfrom Angolaextendsour
knowledgeabout  distribution to southernAfrican populationsof . . Previous
reportsrevealedhe presencef the two mutationsonly in WestAfrican populationsof Ghana
andBurkinaFasd15,16].Howeverthenumberof  surveyss still scarcdor the African
continent(reviewedn [2]) sothatabsencef recordsmayresultfrom under-samplingather
thantrue absencef thisresistancenechanismThereforejt islikelythat  mutationsare
morewidespreadn . acrosdhe African continentthan previouslythought. Addi-
tional  surveyshouldthusbeprioritisedin orderto clarify the currentdistribution of these
mutationsin African . populations.

In additionto mainlandAfrica, = mutationswerealsofoundin . from two
outerWestAfrican archipelagodyladeiraand CapeVerde.In CapeVerde,mutation\V410L
wasnot detectedvhereasnutationsV1016land F1534Gverefound atlow frequency
(< 3.0%)in Santiagothe main islandof the archipelagoPreviousanalysiof sampleollected
in the sameslandin 2007,2010and2012did not revealthe presencef anyof thesemutations

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0008216 May 8, 2020 7/12


https://doi.org/10.1371/journal.pntd.0008216.t002
https://doi.org/10.1371/journal.pntd.0008216

PLOS NEGLECTED TROPICAL DISEASES Kdr mutations in Aedes aegypti from Africa

Luanda

LL/Il/CCA Il Susceptible
LL/I/FCH

LL/VIICC- Resistant
VL/Il/CCH
LL/VI/FCH
VL/II/FCH
VV/II/FCA
VL/VI/FC-

W/VI/FC'# r : I I
0 20 40 60 80 100

Percentage

Tri-locus genotypes

Funchal

LL/ice B Susceptible
LL/VI/ICC Resistant
VLNVI/CC

VL/VVICC

VVIVI/CC

Tri-locus genotypes

VVIVVICC

1
0 20 40 60 80 100
Percentage

Fig 3. Frequencies of tri-loci genotypes in phenotyped mosquitoes from Luanda and Madeira. Eachtri-locus
genotypeds namedaccordingto the genotypiccompositionateach ~ mutationfollowing theorder410(VV, VL or
LL)/1016(VV, VI or Il) / 1534(FF,FCor CC).

https://abi.org/10.1371durnal.pntdd008216.9003

[13,29].Thissuggestaveryrecentorigin of ~ mutationsin thisisland.Whetherthesemuta-
tionsrepresenintroductionsor independenmutation eventss unknown. A recentphylogeo-
graphicstudysuggestthat . from CapeVerdeoriginatedfrom populationsof
Senegdl?9]. Onecannotrule out the possibilityof arecentintroduction of ~ mutations
from neighbouringregionsof mainlandWestAfrica, specificallyof mutation F1534Cfound in
thecity of Praia,whereaninternationalairport andport arelocated On the otherhand,the
detectionof the V1016Imutationin the remoteinland locality of SaoLoureri dosérgéos
arguesn favourof anindependenimutation event.Therecentemergencef  mutationsin
CapeVerdemayalsoexplainthe low frequencyof resistant-associatedlelesdespiteéncreased
insecticidepressureimposedby vectorcontrol sincethe Dengueepidemicof 2009[30].

In contrastto CapeVerde thethree  mutationsanalysedverepresenin Madeiralsland.
Oneof thesemutations,F1534Cywasfixed while the othersdisplayednoderatefrequencies.
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These frequencieslo not seemnto befully explainedoy insecticidepressuregjiventhat
vectorcontrolin Madeirahasbeenpredominatelybasedn the elimination of mosquito
breedingsites A moreplausibleexplanationisthat  frequencieseflectthoseof the source
populationsthat colonizedMadeiralsland[31]. Phylogeneti@nalysisuggestthat .
wasrecentlyintroducedinto Madeiralslandfrom South-Americarsourcepopulationsnota-
bly from Venezueld31]. Thisregionhaswell-documentednsecticideresistant .
populationsdisplayinghigh frequencyof the F1534Candvaryinglevelsof the V1016Imuta-
tion [32].

In LuandaAngola,significantassociations/erefound betweerresistant-associated
allelesandtheresistanphenotypeo deltamethrin.Thiswasevidentfor tri-locus genotypes
andindividually for mutationsV410LandV1016l.Thelackof associatiorof mutation
F1534Qwith resistancés consistentvith previousobservationsuggestinghat this mutation
aloneconferdow levelsof resistancéut co-evolvedvith V1016lyieldinghigherlevelsof resis-
tance[27,33].Linkagedisequilibriumcoefficientaverealsohighestbetweerthesev410Land
V1016Imutations,which mayreflectepistaticselectiorthroughinsecticidepressureDuring
the 2016yellowfeveroutbreak vectorcontrol basedn larvicidesandindoor/outdoor pyre-
throid sprayingwasintensifiedin Luandawhich substantiallyeducedthe mosquitopopula-
tion [34]. It shouldbenoted,howeverthatthisisthefirst  surveyin . from
Angola,sothatno historicaldataareavailabl€or comparisonln Angola,insecticidesiave
beenwidelyusedfor vectorcontrol sincethe DDT-basedmalariaeradicationcampaigns
implementedn the 1950435,36].

Theresultsobtainedin Luandaoverallagreewith thefindingsof longitudinal surveyscar-
ried outin Mexico,wherepyrethroidhavebeenroutinely usedby operationalprogramsto
control malariaandarbovirusvectorssince2000[4,37].Coincidently the frequencyof V410L
hassubstantiallyncreasedlongsidevith V1016Land F1534hetweer2000and 2016and
significantassociationsverefound betweerresistant-associatedlelesand pyrethroid-resis-
tant phenotype$4]. However the estimate®f linkagedisequilibriumcoefficienty ) found
in Luanda(0.07x0.33)veregenerallymuchlowerthanthoseobtainedin Mexico(0.31+0.99;
[4]), whichmayreflectan earlierstageof selectiorof resistant-associateleles.

In contrastwith the observationén Luandaand Mexico,therewereno associations
betweerresistancassociated allelesandpyrethroidresistancén Madeiraisland.This
resultwasunexpectedut it probablyreflectsthe complexpatternof multiple insecticideresis-
tancemechanismgresentn thelocal . population[14]. In additionto , areces-
sivetrait, microarray-basedeneexpressioranalysigprovidedevidencdor metabolicand
cuticularresistancenechanismsyhichmaydisruptthe statisticabssociatiobetweerpheno-
typesand  genotypesAlsonoteworthyis thatthe highestinkagecoefficientbetween
V410LandV1016lwasfoundin Madeiraisland,aresultthat agreesvith the hypothesisof
thesemutationsbeingintroducedin theislandfrom afewcolonizingindividualsalreadycar-
rying multiple resistancassociatedlleleq14].

In summarywereporttheoccurrenceof theVV410L  mutationin populationsof

from the old world for thefirst time. Asalsoobservedn SouthAmerica,this
mutation appeargo coevolvewith V1016lproviding substantiahigherlevelsof resistanceo
pyrethroidin the populationof Angola.However this wasnot the caseof Madeiraisland,
whereassociatiobetween andpyrethroidresistancés probablydisruptedby the
coexistencef multiple resistancenechanismsThesedindings suggesthat populationscarry-
ing  mutationsmayresponddifferentlyto pyrethroid.Furtherstudieswill berequiredto
assestherealimpactof ~ mechanismén the outcomeof insecticide-basedontrol of .
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