
381Originalcontribution
Parasite,2012,19,381-387
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Summary:

Bedbugsarehematophagousinsectsresponsibleforare-emerging
andchallengingindoorpestinmanycountries.Bedbugs
infestationsmayhavehealthconsequencesincludingnuisance
biting,cutaneousandsystemicreactions.Thisresurgencecan
probablybeattributedtofactorssuchasincreasedinternational
travelanddevelopmentofresistanceagainstinsecticides.Resistance
againstpyrethroidshasbeenreportedseveraltimesfromtheUSA
andrarelyinEurope.InFrance,veryfewdataonbedbugsare
available.Thepresentstudyaimedtoassesstheinfestationbybed
bugsofacomplexoftwohigh-riseapartmentbuildingsinthe
suburbofParisandtoevaluatetheirsusceptibilitytopyrethroid
insecticides.Weinspectedforbedbugs192outof198apartments
units(97%)andinterviewedtheirresidents.76(39.6%)
apartmentswereinfested.Amongthe97residentslivingininfested
apartments,53(54.6%)reportedbedbugbites.Atotalof564bed
bugswerecollectedintheinfestedunits.Bioassaysshowedthat54
outof143bedbugswereresistanttopyrethroids(37.8%;95%
confidenceinterval:29.9-45.7%).DNAsequencingshowedthat
allbedbugstested(n=124)hadhomozygousL925Ikdr-likegene
mutation.Thelevelofpyrethroidresistancefoundindicatesthatthis
phenomenonwasalreadyestablishedinthesiteandpromptsthe
needtoreevaluatethewideuseofpyrethroidstocontrolbedbugs.

KEYWORDS:bedbugs,Cimexlectularius,pyrethroids,insecticide,
resistance.

Résumé:INFESTATIONPARDESPUNAISESDELITRÉSISTANTESAUX
PYRÉTHTRINOÏDESDANSLAPÉRIPHÉRIEDEPARIS,FRANCE

Lespunaisesdelitsontdesinsecteshématophagescosmopolites,
responsablesd’infestationsré-émergentesdansdenombreuxpays.
L’infestationparlespunaisesdelitpeutavoirdesconséquences
sanitairescomprenantlesnuisancesduesauxpiqûres,ainsiquedes
réactionslocalesougénérales.Cetterésurgencepeutprobablement
êtreattribuéeàdifférentsfacteurs,telsquel’augmentationdes
voyagesinternationauxetledéveloppementdelarésistanceaux
insecticides.Larésistancesauxpyréthrinoïdesaétérapportée
plusieursfoisauxÉtats-Unis,maisrarementenEurope.EnFrance,
trèspeudedonnéessurlespunaisesdelitsontdisponibles.
L’objectifdecetteétudeétaitd’évaluerl’infestationparlespunaises
delitdedeuximmeublesvoisins,situésdanslabanlieuedeParis,et
dedéterminerlasensibilitéauxpyréthrinoïdesdecespunaises.Nous
avonsinspecté192appartementssurles198(97%)composant
lesdeuximmeubleseteuunentretienavecleursrésidents.76
(39.6%)appartementsétaientinfestés.Parmiles97résidents
vivantdansdesappartementsinfestés,53(54,6%)ontrapporté
despiqûresdepunaises.Autotal,564punaisesdelitontété
collectéesdanslesappartementsinfestés.Lestestsexvivoont
montréunerésistanceauxpyréthrinoïdespour54punaisessur143
testées(37,8%;intervalledeconfiance95%:29,9-45,7%).Le
séquençagedel’ADNamontréquetouteslespunaisestestées(n=
124)étaienthomozygotespourlamutationL925Idugènekdr-like.
Lesniveauxderésistanceauxpyréthrinoïdesobservésindiquentque
cephénomèneestbieninstallédanslesiteetincitentàréévaluer
l’usageintensifdespyréthrinoïdespourcontrôlerl’infestationparles
punaisesdelit.

MOTS-CLÉS:punaisesdelit,Cimexlectularius,pyréthrinoïdes,insecticide,
résistance.
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INTRODUCTION

Bedbugs(CimexlectulariusL.)arecosmopolite
hematophagousinsectsresponsibleforachal-
lengingandre-emerging indoorpest inmany

countriesaroundtheworld(Hwangetal.,2005;Gangloff-
Kaufmannetal.,2006;Dogget&Russell,2009;Levy
Bencheton et al., 2010; Tawatsin et al., 2011). The
presentresurgencecanprobablybeattributedtofac-
tors suchas increased international travel anddeve-
lopmentofresistanceagainstpesticides(Reinhardt&
Siva-Jothy, 2007; Mouchtouri et al., 2008; Dogget &
Russell,2009).Bedbugsinfestationsmayhavehealth
consequences including nuisance biting, which can
provokediscomfort and anxiety, and cutaneous and
systemicreactions(Delaunayetal.,2009;2011;God-
dard&deShazo,2009).Althoughbedbugscanharbor
over45pathogens,thereisnoscientificevidencethat
theyareinvolvedindiseasetransmission(Delaunayet
al.,2011).Recently,bedbugswerereportedcarrying
drug-resistantbacteria(Lowe&Romney,2011).
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Reactionstoinsectbites,inconvenience,andpsycho-
logicaldistresshavebeenthebasisforlawsuitsagainst
landlords and lodging industry. Bed bugs impact
tourismandmeansoftransportation,thislatterbeing
afactorthatcontributestothespreadofinfestations.
Economicimplicationsarealsosubstantialfortheresi-
dentsandthemanagementofficeofinfestedbuildings.
Duetotheirabilitytohideincracksandcrevicesand
tosurvivewithout feedingover severalmonths,bed
bugsarehardtocontrol,andoftenrequiremorethan
oneintervention.Althoughphysicalcontrolmeasures
such as heat, steam, vacuuming are important in
integratedpestmanagementprograms forbedbugs,
control of this pestmostly relies on the application
ofinsecticidesintheirenvironment.Themostwidely
usedinsecticidesarethepyrethroidsandtheorgano-
phosphates. Nevertheless, insecticide resistance in
bedbugsappearstoincreasedramaticallyintheUSA
andotherpartsof theworld(Boase&Naylor,2006;
Moore &Miller, 2006; Romero et al., 2007; Yoon et
al.,2008;Kilpinenetal.,2011).Reportsofpyrethroids
resistanceremainrare inEurope(Boaseetal.,2006;
Kilpinenetal.,2011).Thedeterminationofresistance
status of bed bugs is usually performed by topical
application tests or tarsal exposure tests. V419L and
L925I mutations in a voltage-gated sodium channel
a-subunit geneofCimex lectularius, havealsobeen
usedasmolecularmarkerofresistancetopyrethroids
inafewstudies(Yoonetal.,2008;Seongetal.,2010;
Zhuetal.,2010).

In France, there is limited information on the status
ofresistanceofbedbugstopyrethroids.Privatepest
controlpractitionersandmunicipalitiesreportsoaring
number of calls from individuals or institutions.We
evaluatedtheinfestationbybedbugsinacomplexof
twobuildingsinthesuburbofParisandassessedtheir
susceptibilitytopyrethroidinsecticides,usingmortality
bioassayandmolecularmethods.Thestudyaimedto
contribute to the management of the infestation in
thesebuildings.

MATERIALSANDMETHODS

STUDYSITE

The study took place from February to June
2011inSaint-Ouen,acityborderingthenorth
ofParis.Variousethniccommunitiesarerepre-

sentedamongthe45,600inhabitantsofthiscity.The
rate of social housing in the city reaches 45%. The
studysitewastwo16-storyapartmentbuildings,sepa-
ratedby30meters,locatedinthesouthofSaint-Ouen.
Thebuildingshave198apartments(102inbuildingA
and96inbuildingB),rangingfromonetosixrooms.

Attimeofthestudy,thebuildingsharboured473resi-
dents(288inbuildingAand185inbuildingB).

The residents of the building complex complained
vigorously to the management office due to heavy
andlonglastinginfestations(forseveralyearsaccor-
ding to themanagement office) of their housing by
bedbugs.TheowneroftheplacecalledtheRegional
HealthAgencytofindoutananswertotheproblem.
OurlaboratorywascontactedbytheRegionalHealth
Agency to evaluate the level of infestation and the
inconvenienceforresidents,andtotest thesuscepti-
bilitytopyrethroidinsecticidesthatwereoccasionally
usedinthesite.

SURVEYOFTHEBEDBUGSINFESTATION

A newsletter about the study has been sent to all
residentsofbothtowers.Visualinspectionbytrained
staff and resident interviews were performed about
thehistoryoftheinfestation,pastcontrolefforts,and
resident awareness of bed bugs in their apartments.
The duration of inspection of the apartments varied
fromaround30minforthesmallesttomorethantwo
hours for the largest.Thebeds, sofas,otheruphols-
tered furniture,wheelchairs, perimeter of the doors,
curtains, andboxes storedunder thebedsor in the
closetswere closely inspected.Bedsweredisassem-
bledifpossibleforinspection.

COLLECTIONOFINSECTS

All bed bugs (except the egg stage) were hand-
removed with flexible forceps (to not harm them)
duringinspections,andplacedin5mLhaemolysisvial
togetherwithapieceof foldedboundpaper, repre-
sentinganartificialsheltertoavoidexcessivemortality
ofbedbugsinthefollowinghours.

MORTALITYBIOASSAY

Thenumberof bedbugs tested varied according to
the levelof infestationof theapartments.When less
thanteninsectswerecollectedfromanapartment,all
bedbugsweresubmittedtotheeffectsofapyrethroid
insecticide.Whenmorethanteninsectswerecollected
from an apartment, the sample was divided in two
halves; one half of bed bugs was submitted to the
effectsofapyrethroid insecticideand theotherhalf
wasplaced incontactwith isotonic sodiumchloride
solution as a control. A standardizedmethod for ex
vivo assessment of efficacy of insecticide products
was used as previously described (Chosidow et al.,
1994). Briefly, Whatman grade n°1 filter papers of
8.5cmdiameterwere impregnatedwith0.5mLofa
lotion containing a combination of two pyrethroids,
Neopynamine and Sumithrin, at a concentration of
2.69g.L-1foreachcompound(commerciallyavailable
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asA-PAR®,OmegaPharma,Châtillon,France).Impre-
gnated papers, containing 474 mg of both active
ingredients/m2,wereplacedinPetridishesofthesame
diameterandnon-injuredalivebedbugswereplaced
ontoimpregnatedpaperandtrappedwithintheclosed
Petridishes.Theimpregnatedpaperswerenotallowed
to dry out before the test. Isotonic sodium chloride
solutionwasusedtoimpregnateWhatmanfilterpaper
as control group. Bed bugs were maintained in an
incubatorat24±2°Cand55-65%relativehumidity.
Bedbugswereexaminedforactivityunderabinocular
loupeonehourand24hafterinsecticideorisotonic
sodium chloride solution exposure. Bed bugs were
judgedas«dead»iftherewerenovitalsignsorminor
vital signs present (merely internal gut movements,
movementsofantennae,minimallegmovementswith
orwithoutstimulationbyaforceps).

DNAEXTRACTION

AdultbedbugswereindividuallyprocessedforDNA
extractionaccordingtothefollowingprocedure.Each
bedbugwascutinfourpiecesusingasterilescalpel.
Oneofthesepieceswasplacedinasterilemicrofuge
tube,incubatedat65°Cfor15minandcrushedusing
TissueLyserπ(Qiagen,Germany)for8minat30Hz
frequency.Thesamplewashomogenizedin180μLof
bufferATLand20μLofproteinaseK(QIAampDNA
Mini Kit, Qiagen, Courtaboeuf, Germany), vortexed
for20sandthenincubatedforthreehoursat56°C.
Furtherstepsweredoneaccordingtothemanufactu-
rer’sinstructions.

GENOTYPINGOFKDR-LIKEGENE

The amplification of 474-bp and 744-bp portions of
the voltage sensitive sodium channel-subunit gene
(kdr-likegene)spanningthecodon419(fragment1)
and925(fragment2)respectivelywasperformedon
2μLofDNAsolutionunderthefollowingconditions.
Ina25μLreactionmixturecontaining0.3μmol/Lof

each primer: 5’AACCTGGATATACATGCCTTCAAGG3’
(forward) and 5_TGATGGAGATTTTGCCACTGATG3_
(reverse) for fragment 1; 5_GGAATTGAAGCTGC-
CATGAAGTTG3_ (forward) and 5_TGCCTATTC-
TGTCGAAAGCCTCAG3_ (reverse) for fragment 2,
200μmol/LdNTPs,buffer(50mmol/LKCl,10mmol/L
Tris-HCl,pH8.3,and1mmol/LMgCl2),and2.5Uof
ThermusaquaticusDNApolymerase(AmpliTaqGold;
PerkinElmer Life and Analytical Sciences, Boston,
MA).Thesamplewas incubatedfor10minat95°C
fordenaturationbeforecycles(94°C×40s,52°C×
40 s (fragment 1) / 55°C × 40 (fragment 2), and
72°C× 40s). After 40 cycles, primer extensionwas
continued for 10min at 72°C. PCRproducts purifi-
cation andDNA sequencingwereperformedby the
Qiagen laboratory (Qiagen, Courtaboeuf, Germany).
Electrophoregramswerevisualizedandanalyzedwith
theAutoassemblerprogram(AppliedBiosystem).The
obtained sequences were compared with wild-type
sequences (GenBank accession numbers, GU123927
and GU123928). The presence of single nucleotide
polymorphisms(V419KandL925I)wasconfirmedby
readingbothforwardandreversestrands.

ETHICSSTATEMENT

The agreement and the authorization of the owner
oftheplacewereobtainedforthestudy.Noconsent
from the residents was required for this study. The
residentsofthissocialhousinghadalegalobligation
toparticipateintheprogramofbedbugseradication.

RESULTS

SURVEYOFTHEBEDBUGINFESTATIONS

Inall,99outof102apartmentshavebeenvisitedinbuildingAand93outof96inbuildingB(Table
I).InbuildingA,24apartmentshadlivebedbugs

BuildingA BuildingB Total

Numberofapartments

Numberofvisitedapartments(%)

Numberofresidents

Infestedapartments(%)

Suspectedinfestedapartments(%)

Infestedorsuspectedinfestedapartments(%)

Residentsininfestedapartments

Residentsbittenininfestedapartments(%)

Residentsnotbittenininfestedapartments(%)

Residentsbittenininfestedapartmentsbutinsensitive(%)

102

99(97)

288

24(24.2)

35(35.3)

59(59.6)

 90

49(54.4)

38(42.2)

3(3.4)

 96

93(96.9)

185

2(2.1)

15(16.1)

17(18.3)

  7

4(57)

3(43)

0(0)

198

192(97)

473

26(13.5)

50(26)

76(39.6)

 97

53(54.6)

41(42.3)

3(3.1)

TableI.–Infestationofthetwobuildingsbybedbugs.
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(Fig.1).Obviouscluesofacurrentorpastpresence
of bedbugs (excreta of bedbugson amattress for
example)werefoundin35otherapartmentsinwhich
no bed bug have been foundduring the inspection
(Fig. 2). 90 residents lived in infested apartments.
Amongthem,49(54.4%)reportedbedbugsbites(Fig.
3).38residents(42.2%) livedin infestedapartments
butdidnotnoticebites.Threeothersubjects(3.4%)
lived alone in an infested apartment and thuswere
consideredasbeing“insensitive”tobites.Inbuilding
B,only twoapartmentshad livebedbugs.Obvious
cluesofacurrentorpastpresenceofbedbugswere
found in 15 other apartments inwhich no bed bug
have been found during the inspection.Only seven
residents lived in infested apartments: four (57%)
complained about bedbugsbiting and three (43%)
did not notice bites. In summary, the complex of
buildingswasheavily infested: 39.6%of apartments
(59.6% of inspected apartments in building A and
18.3%inbuildingB)harboredbedbugsduringins-
pectionorinarecentpast.

COLLECTIONOFINSECTS

Atotalof548and16bedbugsofallstages(except
eggs)werecollectedininfestedunitsofbuildingAand
B,respectively.Thenumberofinsectscollectedvaried
accordingtoapartmentsfromonlyonetomorethan
30.Despiteourprecautions,294bedbugsweredead
before their inclusion in insecticide resistance tests,
whichwereperformedwithin12hoursaftercollection.

MORTALITYBIOASSAY

Onlyadultbedbugswereselectedforthetest.Inall,
215bedbugsweresubmittedindividuallytothetest.
Seventy-twobedbugswereusedascontrols,ofwhich
only one was dead at the end of the test. Among
the143bedbugsexposedtoinsecticide,54(37.8%)
were reportedas resistant (95%confidence interval:
29.9-45.7%)and89 (62.2%)weresusceptible (95%
confidence interval: 54.3-70.1%). Most resistant bed
bugs(37out54)werecollectedintwohighlyinfested
apartments. Eight apartments harbored at least one
resistantbedbug.

GENOTYPINGOFKDR-LIKEGENE

TheDNAofall143bedbugsthathavebeenexposed
to insecticide during the mortality bioassay was
extracted.Bothpartsofkdr-likegeneencompassing
codons419and925weresuccessfullyamplifiedand
sequenced for 124bedbugs (Fig. 4), corresponding
to 75 susceptible and 49 resistant bed bugs accor-
ding to the bioassays. All sequenced bed bugs had
homozygouswild-typeV419codonandhomozygous
mutatedL925Icodonofkdr-likegene.

Fig.1.–Adultbedbugsandexcretainaflat.

Fig.2.–Bedbugsexcretaonamattress.

Fig.3.–Lesionsonahumanarmcausedbybedbugsbites.
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DISCUSSION

The complex of buildings appeared heavily
infestedwithabout40%ofinfestedapartments
in mean. This prevalence did not necessarily

reflect the situation in thewhole city of Saint-Ouen
orothercitiesaroundParis.Thisprevalencewascom-
parable to that found(45%) ina recentlypublished
study which was performed in a 15-story tower of
Indianapolis,USA,including223one-bedroomapart-
ments (Wang et al., 2010). Building A was much
moreinfestedthanbuildingB,thoughbothbuildings
were located in a very similar environment.We can
hypothesizethatbuildingAwasinfestedearlierthan
buildingB,whichcouldexplainthelargerspreading
ofbedbugsinthefirsttower.Otherfactorsmayalso
interveneasbothtowerswerenot identical in terms

of distribution of apartments. Thus, building A har-
bouredagreatnumberoflargefamilieswithrelatively
lowincomeinvastapartments.BuildingBhadmore
smallapartments,harboringcouplesorfamiliesofless
thanfivepersons.TheapartmentsofbuildingBhad
alsoabetteraspect (maintenance,cleanness, tidying
up).Wecanonlyassumetheoriginoftheinfestation.
It seemed that many residents bought second-hand
furnitureinthefleamarketofSaint-Ouen,aglobally
renowned market including second-hand furniture
stores, located at only two hundred meters of the
complexbuilding. Those furnitures are suspected to
frequentlycarryoverbedbugsinnewhousings.

Duringthestudy,wehaveinspected192apartments
outof198(97%)ofthecomplexbuildingandinter-
viewedtheirresidents.Therewasnoemptyflatinthe
complexbuildingbutafewresidentswererepeatedly

Fig.4.–A:alignmentofapartofthesequenceofthevoltage-gatedsodiumchannela-subunitgene,encompassingcodon419(highlighted
inyellow), fromapyrethroid-susceptiblebedbug [Genbankaccessnumber:GU123927]and124adultbedbugscollected in thestudy.
NucleotidesidenticaltothoseoftheGU123927sequenceareindicatedbyperiods;B:alignmentofapartofthesequenceofthevoltage-
gatedsodiumchannela-subunitgene,encompassingcodon925(highlightedinyellow),fromapyrethroid-susceptiblebedbug[Genbank
accessnumber:GU123928]and124adultbedbugscollectedinthestudy.NucleotidesidenticaltothoseoftheGU123928sequenceare
indicatedbyperiods.

A

B
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absentorcouldnotbereached.Othersrefusedobs-
tinately to participate despite a notification of legal
obligation.Residentshavebeeninterviewedinalmost
all apartments. Among residents living in infested
apartments,more thanahalf complainedaboutbed
bugsbites.Someresidentsdevelopedmoreimportant
reactionsthanothers(Fig.3)buttherewasnoreport
of severeclinical signs toourknowledge.Bedbugs
biteatnightwhentheirhostsaresleeping.Theusual
responsetoabedbugbiteappearstobenoreaction
with abarely visiblepunctumat the locationof the
bite (Delaunay et al., 2011). Otherwise, cutaneous
reactionsmayvary fromnone tobullous rashesbut
the common dermatological presentations are 2- to
5-mm itchy maculopapular, erythematous lesions.
Lesionsusuallyresolvespontaneouslywithin two-six
weeks.Thus,bedbugbitesmayhavebeenunnoticed
by residentsand thenumberof individuals living in
infestedapartmentsandwhowereconsideredasnot
bitedwasprobablyoverestimated.Conversely,bitesof
otherorigin(mosquitoesorfleasforexample)could
havebeenmisleadinginsomeoccasions.

Bioassaysshowedthatpyrethroidsresistantbedbugs
werepresent inmany apartments. Pest control ope-
rators rarely use pyrethroid insecticides in Paris and
itssuburb.Theyusemostlycarbamatecompoundsas
bendiocarb(FicamW®,BayerEnvironmentalScience,
Lyon, France).Theseproducts are soldonly topro-
fessionalpestcontroloperators.Fourapplicationsof
bendiocarb were done by pest control operators in
the buildings within two years before we collected
bedbugs. Those applicationswere single treatment,
separatedbysixmonthsinmean.Conversely,private
individuals frequently use pyrethroid insecticides,
which are easily available in stores. As a result,
pyrethroid insecticides are often improperly used in
termsof concentrationsandnumberof applications,
whichmayinduceunnecessaryinsecticidepressureto
bedbugsandotherpests.

Contrarytootherstudies,wehaveperformedbioas-
saysdirectlyonbedbugscollectedonthefield,and
notinadaptedcoloniesfedseveralweeksormonths
in the laboratory. Thus, the experiments on insecti-
cideresistancewereperformedinaquasireal-world
settingthatapproximateswhatresidentsandbedbugs
wouldexperience.Thespontaneousmortalityofbed
bugs observed within 12 hours after their capture
was high (52.1%). This could be due to unnoticed
injuries or stresses done during the capture and/or
transportationtoourlaboratory.Previousaggressions
of bed bugs may have also be done before their
capture(insecticidesorothermeansofcontrol).This
relative fragility of bed bugs may have led to an
overestimation of the activity of pyrethroids. Using
tarsal exposure test to commercial formulations of

permethrinanddeltamethrin,Kilpinenetal.reported
recentlyhighresistanceratesinbedbugspopulations
collectedinprivatehomesinDenmarkandfedona
humanvolunteer1-2weeksbefore testing(Kilpinen
etal.,2011).Thesedataandoursshowedthatresis-
tancetopyrethroidsispresentinatleasttwodistant
countries in Europe. As pyrethroids are among the
mostwidelyusedinsecticidesbypeopleagainstbed
bugsinFranceandothercountries,theseresultsare
worrying.

An identical kdr-like gene haplotype, homozygous
mutatedL925Icodonandhomozygouswild-typeV419
codon,wasfoundinallbedbugs.Thishaplotypecor-
respondedtobedbugsreportedasresistantaccording
to previous studies (Yoon et al., 2008; Seong et al.,
2010;Zhuetal.,2010).Toourknowledge,ourdata
aretheonlyresultsofgenotypingofCimexlectularius
kdr-likegeneinEurope.Thishaplotypewasalready
foundbyZhuetal.inbedbugpopulationscollected
in 2006 and 2007 in various cities of USA (haplo-
type B) (Zhu et al., 2010). Using bioassays, those
authors evaluated the susceptibility to deltamethrin
ofthreebedbugspopulationshavingthishaplotype,
which revealed a resistant status. Our data showed
less clear-cut associationwith bioassays results with
38%ofresistantbedbugs.Contrarytopreviousstu-
dies,weexposedbedbugs toanassociationof two
pyrethroids,whichmayhaveenhancedtheapparent
insecticide activity. In addition, the proportion of
susceptible bed bugs may have been overestimated
duetothepoorgeneralconditionofsomeofthecol-
lected insects, thoughbedbugs exposed to isotonic
sodium chloride solution as control groups did not
reveal such spontaneous mortality during the test.
TheV419Lmutation couldplay a role inpyrethroid
resistance, but less than the L925I mutation which
has been selected more intensively than the V419L
mutationandwhichprobablyplaysacentral role in
resistance to pyrethroids (Seong et al., 2010). Resis-
tance topyrethroidswasnot always associatedwith
theV419LmutationinpopulationsfromtheUSAand
thismutationwasnotalwaysassociatedwiththeL925I
mutation to form a resistant haplotype (Yoon etal.,
2008;Seongetal.,2010).Thebedbugstestedinour
seriespresentedagenomic resistance topyrethroids
by possessing the L925I mutation at a fixation rate.
Further studies are required to know whether bed
bugshavingbothmutationsaremoreresistantornot
thanthosehavingonlytheL925Imutation.Neverthe-
less,ourresultsadvocatedtonotrecommendtheuse
ofpyrethroidsasinsecticideforthecontrolanderadi-
cationofbedbugsinthissite.Resultsofthepresent
studyshowed thepresenceofpyrethroids resistance
inthesiteandwarranttomonitorthesusceptibilityto
insecticidesofbedbugsinthefuture.
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