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TO MAKE A DIFFERENCE

YOU HAVEN’T SPENT A NIGHT
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EYXAPIXTIEX

H moapodoa ddaktopikn] dwtpipn eivor amotélecpo pHakpdg kot OVGKOANG epyaciog M
omoia Eekivnoe ot1o Epyaotmplo IN'ewpykng @appoakoroyiag tov I'ewmovikov IMoavemotnuiov
ABnvov vtd v kabodnynon tov tote Aéktopa lodvvn Bovra kot v emifreyn apyucd tov
Kabnyntm k. Bactkeiov Zidya kot otn ovvéyeto e Kadnynrplag k. Mopiag Xpvodyn kot
TEAOG TOV agipvnoTov AvaoTtacsiov MapkdyAov, TOVG 0TOIOVE Kot ELYOPLOTM.

Oa MBera va ekppdom Tig To Beppéc evyapiotiec pov otov emPrénovra Kabnynty .
Nworao Eppoavooni, Koabnynt oto Epyaompo I'ewpykng Zmoioyiag kot Evtopoioyiag,
tov ['ewmovikov IMoavemotpiov ABnvav yuo v apykd €vBepun vroot)pién Tov Yo TV
gvacyoinon pov pe 10 Bovpaotd KOGUO TOV KOLVOLTU®V OAAGL KOl Yo Tn HETEMELTO
EUMIGTOGVVT] TTOL LoV £0€1e ota Tedevtaio 6Tddla TS daTpiPng. Xwpig ) cvpforn tov M
oAOKAN PO TG StoTpPg avtg dev Ba NToV EPIKTH.

Nuwbw gpéog pov va gvyapiotiom Padvtata tov k. lodvvn Bovta, onuepa Avaminpot
Kabnynt oto Epyoaotipio Mopokng Evtopoioyiag tov Tunuotog BioAoyiag tov
[Mavemompiov Kpnng yia v avabeon tov 0épatog g mapovcag datpiPng, TNV OVGLUCTIKT
kaBodnynon ko emifreyn g Oha avtd T ypoévia. Emiong 6ého va ekppdow v
ELVYVOUOCLVN MOV Yoo TNV otNpi&n Kol TNV EUTIGTOGUVI) Tov £0€1Ee 610 MPOGOMTO OV
BonBdvtag e vo AMOKTNO® YVAOOT| KOl VIEPTOAVTIUN eUmEpia 610 BENa TG avdAvong Tov
LUNYOVIGUOV 0VOEKTIKOTNTOG GTO EVIOUOKTOVOL.

Eniong 0a 0eha va evyapiotiom v k. Potevy Oiovpn, Aéktopa tov Epyactnpiov
l'ewpywng Doppokoroyiog tov Iewmovikov Ilavemomuiov AOnvov wor péAOC g
Yvpupovrevtikng Emitpomng v 1o {eotd g YopoyEAd OAa avtd To xpovia. Kabdg Kot Tig
€00TOYEG TOPATNPNGELS TNG KOTA TN d10pBwon g dratpiPrc.

Evyapiot® modd ta pédn g Eetaotiknig Empomng Kabnyntés k.x. MatBildn
Yafporovrov-Xovitavn kKo ['edpylo [MomadovAn, Emikovpovg k.k. Atovvcio Ilepdikn ot
l'eopyro Zxdfon yoo v e&étaon g dwrpiPrig avtis. Ogpud evyapotd oeeihw oTov
Kafnynt tov Epyacmpiov I'ewpywmnc Evropoioyiog kow Zoworoyiog k. I'ewpyro Tamadovin
Y TNV €yKapolo evOEppLVOT TOV MOTE VO AGYOANO® LE Ta KOvvoLTlo, TOTE LAAIGTO TOV OV
éuowlov g amhd dimtepa, kabdg emiong kol tov K. Atovdcto Ilepdikn yio 116 e00TOYES
TOPOUTNPNGELS TOV ETL TOV EVTOUOAOYIK®V OEUATMOV TOV TOPOVTOG TOVILLOTOG.

®a MBeha emiong va guyopPOTNO® TOLG GLVAOEAPOLS ot AevBuvon Ilpocrtaciog
dutikng TMapaymyng tov Ymovpyeiov Aypotikng Avdamtuéng kot Tpoeipmv, oty omoia
VANPETD, Y10 TV APEPLOTI GUUTAPAGTACT] TOVG. [dtaitepa OU®S EVYOPIGTAD TOVE GLVAIEAPOVE
ABavacio Zovvo kot Baoileio Bday vy v mopdtpuvorn Tovg yuoo TV OAOKANP®OON NG

dwtppne.



‘Eva peyddo euyoplot® ypwotd® O©T0 TPOCOMIKO, TOVG UETOMTUYIOKOVS KoL
TPOTTLUYLOKOVG portntég Tov Epyactnpiov Tewmpywng P@oappokoroyiog tov I'ewmovikon
[Tavemomuiov, tov Epyactnpiov Evtopoxtovev Yyesiovopikng Enuaciog tov Mrmevakeiov
dvtonoboroyucov Ivetitovtov kan tov Epyactnpiov Moprakng Broroyiog tov IMavemotuiov
Kpftng yioo v katovonon mov £detyvay Kabe popd Tov TOuG «EVOYAOVCH» GUUUEPILOUEVOL
AmOALTA TIG OVAYKEG OV KOl HE YOUOYEAO OMUIOVPYOVGOV KAOE POPA EVYAPIOTO KOl PIAMKO
KAy

Idwaitepec evyapiotieg Ba MOeha va anevbBive otov Ap. I'edpylo KoAdmovro amd t0
Epyaocmpio Evtopoxtévov Yrysovouikng Enpaciog tov Mrevokeiov Pdutomaboroyikov
Ivotitovtov yio v aoteipevtn mpobuuia tov mpog emilvorn TAONG PLUGEMG TEXVIKOD
TPOPANLATOG TOL TaPoLSLHLOTAV KOTA To TPAOTO Prpate avtng g dtpPng, oAAG Kot v
€YKAPOLOL TPOTPOTY] TOL Yo THV OAOKANpwon ¢. Tov guyapiotd emiong yio v amAodyxepn
TOPOYN TEXVIKOV YVOGEDV YOP® OmO TIG EKTPOPEG TOV KOLVOLTIAV, TNV Tpoundsia tov
gvaiocOntov TAnbvopov avagpopdg Culex pipiens, alid kat yio Tov KoAd AOyo Tov mhvta iye
Va TEL.

Evyapioto tv EAlo Kovpredy amd 10 Nopopyaxd Kévipo Koatamoréunong
Kovvovmav kor IMoltwkng Ilpootaciag Zeppov, v Abavocio T'ovdovon amd v
Avantu&lokn Etopeio vopod ®socarovikng, tov [Hoavayuntn Ilepyavid xor tov I'empyro
EXlevOepiov yia ™ Ponbeid tovg otn cviloyn pépovg twv mAnbvoumv tov Culex pipiens.
Evyapiotod v Evayysiio Mopov ko v Avactoacio Kopmovpdkn and to Epyoctipro
Mopraxng Bloroyiog tov IMavemommuiov Kpnmg yu m Ponfeid toug oty ektédecn tov
Broynukov mepapdtov. Tov Apn HAio, v Bdooio Mrapiaun kot ) Baidvrn Tpdka yuo
OCLUUETOYN TOVLG OTNV EKTEAECT UEPOLG TOV HoplakdVv mepapatov. Tov Ap. Aviovn
Muyomiaxkn, tov AbBavdcio Torpdémovio wor tov T'bvvn ZtdOn amd 10 Mmevakeo
dvtomoforoykd Ivetitovto yia TV avTaAloyn andyemv Nt TEYVIKOV BEUATOV.

Téhog, Ba NBeha vo eKPpAo® EMKPIVELG EVYAPLOTIEC OTA PEAT TNG OKOYEVELAS WOV TTOV
névta TpoOBupa TPOGEPEPAV TNV AVIOIOTEAT] CUUTAPAGTACT TOVS. To HEYUADTEPO ELYOPIOTM
avikel ot ovluyo Kot cHVTPoPo NG LoNg pov Ayyelkn Xaposeaxion, n omoia TopOAES TIg
@ofieg g vy Ta éviopo, Hov mopeiye TV ouéPLoTn vrooTNPIEN OAd avtd Ta Ypdvia. Tnv
EVYOPLOTA EMIONG Y10 TY] GLAOAOYIKY] EMUEAELD TOV TEAMKOD KEWWEVOL TNG OTPIPNG Kot EMELON
HOV YAPloE VO KOTOMANKTIKA Todld To omoio aydmnoay To KOUVOUTIo Kot EMUEAONKaY

KOAMTEYVIKA TO E0MTEPIKO EEDPVALO.

Evyapiotd 6Aovg amd kapodg.

Hldog IT. KiovAog



ITEPIAHYH

2mv mopovca dwtpiPr] depevviOnkav to eminedo avOEKTIKOTNTAG GTO, EVIOUOKTOVO GE
nAnBvouovg Culex pipiens kou Aedes albopictus amd dwapopetikéc meproyéc g EALGSOC.
[MapdAinio diepeuviOnke M yevetikn cvotoon mAnbvoucdv Culex pipiens ce oyéon pe ta
Kpovouata Tov 100 Tov Avtikov Neilov to 2010.

Apykd cvAAExOnkav Tpovoupeg kovvovmidv CX. pipiens amd 13 SpopeTikég mEPLOYES
NG YDOPOS LLE IGTOPIKO TPOYPUUUATOV KOTOTOAEUNOTG KOVVOLTTIMV TNV TEAEVTOI0 OEKOETIO KOl
efetdotnke 10 SUVOMIKO KOU 1 EmKWOLVOTNTA oavarTtuéng avlektikdomrag. Téooepig
mAnfvopoi Topovciocay petdpévn gvoicincio oto opyavopwoeopkd temephos copeomva pe
T1g Prodokipég, evd OAot ot mAnbvopol epgdvicav vyniAn evacbncioc oto vIOAoUTO
TPOVLUPOKTOVA oKeEvAouata Tov eEetdotnkay (Bti, diflubenzuron).

Ev ovveyela, pe poplaréc pebddouvg mpocsdlopicTnKe 1 TopOVGia KOl 1) GLYVOTNTO YVOGTMOV
UETOAAOYDV avOEKTIKOTNTOG GTOVG TANOLGLOVE QVTOVGE, Y10 TNV EKTIUNGOT TNG EMKIVOLVOTNTOG
avantoéng ovlektikdmrag. H avdivon €6eie v dmapén V0 YVOGTOV UETOAAAYDV
avOEKTIKOTNTOG GE 0PYUVOPMGPOPIKE Kot KapPapdikd evropoktova o etepoluyotio (G119S
kot F290V). H tovtoypovn mapovsio Tov 600 aVTOV UETOAALAY®OV KATOYPAPETAL YIO0L TPMTN
eopad oe yopa ™S Mecoyeiov. H poplokr] avaivon tov mocootdv avOektikdtntog ot
nmopebpivoedn| (kdr, L1014F), £deie éva mohd vynid dvvapukd yio avamtoén avOektikdTnTag
o€ oVTH TV opdda eVIopokTOVEV 1img og TANBvuouovg amd v ILE. @sscarovikng, 6mov N
ovoyvotnta €ptave t0 63%, Opmc kvpiowg oe etepdluyn dtopa, Omov dgv EKONAMVETOL
ONUOVTIKA 0 GovOTLTTOG TG AVOEKTIKOTNTAG.

21N ouvérela, Yo To «Actatikd kovvovmt tiypny» Ae. albopictus éywvav cvAloyég wdv ue
nayideg wobeciag amd v Képkupa (mpdto onueio 16050V TOV EVIOUOL ALTOV GTN YOPO) Kol
and 1t PilodmoAn (mpdrto onpeio kataypagng ommv ATTIKN) Kol TpoypoTomoldnkoy
Brodokiuéc v tov €heyxo tng evoacinciog tovg cdupwve pe tov Iaykdopo Opyavicpo
Yyetoc. O mAnboopodg oamd v AONva  mapovcioce vynAn  avOekTkOTNTA  GTO
opyovoemo@optkd temephos kot pdAiota o ovviedeotig avlektikomtog (RRsg) Tov
mAnBvopov avtod Nrav katd 8,83 @opég vynAdtepog amd evaicOntovg mANBvoUoLS TOV
avagépovtor ot Pproypapioc. O 1dtog mAnBvoudg g ABnvog mopovcioce pelmpévn
evacOnoia tov télelwv eviopmv oty €kbecn tovg ota TUPEOPIVOEIdN O GYEON HE TOV
mAnBuopd mov mpoegpyotav and v Képkupa.

AxoloOOnoe 1 e€étaon v unyovioudv aviektikdtntog tov Ae. albopictus oto temephos.
Metd and epyastnplokn emioyn tov tAnfucspod amd v Abnva yo 10 yeviég damotddnke
g 1 avlektikdmta Tov Ae. albopictus oto temephos, opeiletar oto avénpéva eninedo Twv
EGTEPACDV.

270 TEAEVLTOIO KEPOAOIO TPOYUATOTOMONKE OVAALGN TNG YEVETIKNG ovotacng tov CX.
pipiens, Bacikod popia ¢ emdnuiog Tov 100 Tov Avtikod Neihov otnv Kevipikry Maxedovia
10 2010 cvykpvdpevn pe avTiGTOL(ES O1KO-EVTOUOAOYIKEG €0Tieg 610 Mapabova, dmov dgv
VINPYOV KPOVGLOTO TN cLYKeKpuévn mtepiodo. To €idog CX. pipiens amoteieitar omd 10 600
dtapopetikove  Protumovg Kot TpéPovtal &ite  OomokAsloTIKA o€ wrnva (pipiens form
opvifOQIAa), gite oe OnhaoTtikd (molestus form, avBpwndeira). Znv meploy T®V KPOLOUATOV
Bpédnke onuavtikodg aptOudc vepdimv, mov TPoEPYoVTOL OO GIAVIEC LOCTAVPDGELS LETOED
TV dV0 Pfrotimwv. Ot vPpdkol TAnBvcpol avtol lvar eapeTiKd eMKIiVOLVOL ETLONUOAOYIKA,
yti pmopet va tpépovtat 1d60 o€ TTNVa 660 Kot o€ ONAASTIKA YEYOVOS TO 0010 aVEAVEL TOAD
oV Kivouvo g dueomng petdooong tov oV tov Avtikov Nethov amd ta wtnvd (QLGIKN
deEaEVT TOL 10V) TPOG TOV AvBpwmo.



ABSTRACT

In the present study | investigated the insecticide resistance status of two medically
important mosquito species Culex pipiens and Aedes albopictus collected from Greece.

At first, the resistance status of thirteen Cx. pipiens populations from five regional units in
Greece over a three years period was examined, against four insecticides used for its control.
Bioassays demonstrated susceptibility of most populations to all insecticides, except temephos
in some regions. We also monitored the frequency of the pyrethroid target site resistance
mutations L1014F (kdr), as well as the G119S and F290V in the Acel gene. Acel insensitivity
mutations were found at low frequencies and always in heterozygocity. However, the
frequency of kdr pyrethroid resistance mutations was higher (up to 63% in Thessaloniki).

Concerning “Asian mosquito tiger” Ae. albopictus eggs were collected with oviposition
traps from two different localities (Corfu, first species’ site of introduction in Greece and
Rizoupoli, first detection site in capital city of Athens). Larvae and adult mosquitoes were
tested in the lab using all registered products in Greece for mosquito control according to
WHO guidelines. Population from Rizoupoli — Athens showed high resistance to temephos.
Resistant Ratio (RRs50=8,83) were high compared to other available data from literature.
Additionally adult mosquitoes from the same population showed reduced LTs, when exposed
to deltamethrin standard impregnated papers from WHO.

Athens’ population were further selected in the laboratory for 10-generation and the
molecular mechanism of resistance to temephos, was examined. Elevated esterases were
implicated in the temephos resistance phenotype of Ae. albopictus.

Finally, we have genetically characterized the composition of Cx. pipiens (pipiens and
molestus). Samples were collected during the 2010 outbreak from the region of Thessaloniki,
where WNV cases occurred, and from the region Schinias-Marathonas, with no reported cases
at the time. Information on bird fauna was also obtained for the two regions. Application of
genetic diagnostic tools revealed the presence of hybrids in Thessaloniki and suggested a great
receptivity for the establishment of WNV zoonotic cycles.
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1. KE®AAAIO 1°

TO NTPOBAHMA TQN KOYNOYNIQN

Ta kovvovma avikovv otnv okoyéveln Culicidae g tééng TV dSmMTéPOV NG
KAdong ‘Evtopa (Insecta). To dintepa (Diptera) dSwopodvior o11g vrotdéelg
Bpayokepa (Brachycera) kot Nnuatoxkepo (Nematocera). Ta kovvovmio avikovy oto,
Nnuatokepa poli pe dAA0 vYEOVOUIKNG onuociog oimtepa, Om®G avtd TNG
owoyévewng Ceratopogonidae, Psychodidae xou Simuliidae. Ta télela évtopo tng
owoyévewng Culicidae, 6nmg 6Aa ta dimtepa, yapaktnpilovrar omd v vrapén evog
pévo  Cevyoug pepppaveddv mrepbhymv oto pecobdpaxa. To oegdtepo  (gvyog
TTEPOY®V €XEL OTPOPNOEL Kol €yl petatpanel e £va (gbYog pomalogddV opydvay,
To. OTolo KOAOUVTOL «OATAPESH KOl €YOLV ONUAVTIKO pOAO oTn dTnpnon g
1GOPPOTHOG TOV EVTOUOL KOTA TN SLOPKELD TNG LT ONC.

Méypt onuepa £xovv meprypagel tovddyiotov 3.535 €idn KovvovmdV 6€ OAO TOV
koopo (Harbach, 2013). Ola avtd ta €idn avikovv oty 1610 owkoyévela (Culicidae)
N omoia dpeitar oe 3 vmoowoyéveleg: v Anophelinae, v Culicinae kot v
Toxorhynchitinae.

Ev vroowoyévewa Toxorhynchitinae aviiket éva povo yévog (Toxorhynchites) to
omoio dev maPoLGLAlEl VYEIOVOLIKO EVOQEPOV, KOOMG Tor TéEAEL EvTopa Ogv elval
atpopvlnTikd (peydAn kot kupti wpofookida). Or TPoOVOLPES TOV YEVOLG OVTOV Eivail
oKOVPOYPMUES MG KOKKIVOTES, Ueydlov peyébovg (émg kot 2ek.) kot umopei vo
BewpnBovv oc weéhpa évropa, KaBmG ExOVV aPTAKTIKEG 1010TNTEG KO TPEPOVTOL UE
TPOVOLPEG AV €10®V kovvovmumv (Steffan, 1975). To yévog avtd dev amavtdrtot
otV Evpdnn kabbhg meprapPdvel kuping €idn tav tpomikdv teproymdv (Samanidou-
Voyadjoglou & Darsie, 1993).

Yty vnoowkoyévelo Anophelinae avikovv &0 povo yévn KovvoLTIOV: TO
Anopheles kow Chagasia, evd otnv vmoowoyéveln Culicinae avikovv OAa To
vorowma yévn kovvovmidv (m.y. Aedes, Culex, Culiseta, Mansonia, Coquillettidia,
Uranotaenia «x.a.). Xvvolkd vmdpyovv 39 yévn kovvovmmdv (pnali pe 1o yévog
Toxorhynchites) kot vrodiarpovviatl o€ ToALG TeptocdTepa vroyévn (Reinert, 2001).

Ytmv EAAGSa ta kovvodmio Ta omoio aviikovv oty vroowkoyévela, Anophelinae
OTOKAAOVVTOL «OVO@EAT», EVED 0LTA 7oL aviikovy otnv vroowkoyévelo, Culicinae
gifotor va amokarovvion «kowvdy» (Eppoavouond, 1999; Boyiatl{dyiov-Zapavioov,

2011). Xtnv vroowoyévelo Culicinae avikovv kot to €idn Culex (Culex) pipiens
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Linnaeus 1758 ka1 Aedes (Stegomyia) albopictus (Skuse) 1895, &idn omovdaiog
VYEOVOUIKNG onuociog yul Tn YOpo HOS To omoie mpaypoatedeTor 1 mapovoa
SwTppn.

Téhog, €xel emMKPOTNOEL KOTA Tr GULVIOUOYPOQIKY YPOPY TMOV YEVOV TOV
KOLVOLTILDV VO, avarypapovtat dvo ypaupoto kat oyt éva povo (Reinert, 1975; 1982;
2001), yeyovog mov akoAovbeitor 610 TEPIGCOTEPO EMGTNUOVIKG GLYYPAUOTE KOt
otV Tapovca o TpPIPn.

Bioloyia

Ta xovvovmia, 6mwg 6ha ta dintepa, eivar odopetdfora eviopa. TO TpovopEd
GTA010 dLPEPEL TOAD € popPoroyia Kot cuviBetes and To TEAELO EVIONO, EVD HETAED
TOV TPOVLUPIKOD oTOSIOL KOl TOV TEAEWOL €VTOHOL TopeUParietar €va TEAEImS

SPOPETIKO GTAS10, OVTO TNG VOLENG (eKOva 1.1).

Ewova 1.1: Aypapplaticy ometkovion Tov PLloAoyikod KOKAOD TV KOLVOLTIOV
(zporomomuévo ard WwWw.wikimedia.org)
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Koatd xavova 1o Onivkd dtopo petd t ovlevén, t ANyn oipotog Kot tnv
opipavon Tov ooV eviog TG wobNKNC, evamobETel T M TOV G VOATIVY] ETLPAVELQ.
Amd o oA exkkoldmtovion ot Tpovoppes (larvae), ot omoieg {ovv kat avartdicGOVTOL
€VTOG TOL VOATIVOL HEGOL. META TV OAOKANP®OT TOV TEGGAPOV TPOVULOIKAOV
nAkiov (instars) ot TpovOueeg petapopedvovtal o€ Vopeess (pupae). Ot vopeeg Lovv
€VIOC TOL VOATIVOL HEGOL Kol HETE TN GULUTANP®ON TOV GTOSIOL  CVTOV
npaypotonoteitar 1 €€060o¢ tov Téletov evropov (imago v adult). Toa Onivka
ovlevyvoovTal KOVIA OTIC €0TIEG AVATTLENG TOV OTEAMV GTASIMV KOl GTN CLVEXELN
avalntodv EeVioT| Yoo TN AMyn oiploTog Kot 0 KUKA0G emavorlapfavetar. H didpkela
0V BloAoyikov KOKAOL TV Kovvovmdv e&aptdtar and To €idog, TN dbeciuodTnTo
TPOPNG Ko TIS cLVONKeG Tov TEPIPaALovTog. Mmopel va copumAnpwBel oe Alyeg pépeg
N o€ apketég efdouddec. T'a mapdderypo oe cuvOnkeg epyootnpiov to €idog Aedes
albopictus pmopei vo couminpmdcel 10 ProAoyikd tov KOKAO (06 O og TEAELO
évtopo) o Myotepo and 10 nuépeg (Hawley, 1988).

O apBudg tov wov mov evamotifevion kdbe @opd amd 10 ONAvkd moKilet
avaAoyo pe to €100¢ Tov KovVOLTIOV Kot Kvpaivetal amd 50 g 500. Zvvnbwg Ta
ONAvKd wotokoLV KaTd PEGO Opo 4-6 Popéc ot ddpketa TS {oNS TOVG.

To d ta omoia evamotiBevion gite oe opddec (Culex x.a.) eite pepovouévo
(Aedes, Anopheles), apyud eivar podokd Kot VTOAEVKO. ZVVTOpd OU®S CKANPAIVOLY
Kol maipvouv okovpo ypodpe. Ta o0 TOV avOEEAOV @EEPOLY  TEPIPEPELNKA
«mhompegy. Ta ©d tov yevov Mansonia kor Coquellettidia evamotifevtor kotd
ouddeg, otepewpéva e VOPOPIa Putd. Ta yopakPoTIKE TOV OOV KABDS Kol 0
TPOTOG e TOV OMOi0 €vOmoTiOeEVTAl, ATOTEAODV OlYVAOGTIKOVUG YOPOKTNPES UETAED

TV Yevov (ewova 1.2).
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Ewoéva 1.2: Qd xovvovmidv (o)) Mansonia sp. (zy: http://medent.usyd.edu.au), (B)
Anopheles sacharovi, (y) Aedes albopictus, (8) Culex pipiens)

H emhoyn g Béonc mobeciog and ta OnAvkd dropa mpaypotonoleiton Pe Peyoin
pocoyn, kabdg 1o yovipomomuévo OnAvkd avalntel kotdAAnin 0éom mote va
eEacpalotel N anpdokontn avAmTTLEN TOV amoyovev Tov. EkTtog tov Quoikdv
YOPOKTNPICTIKOV THG KAOe eotiag, ta OnAvkd eEetdlovv Kkat TV KATOAANAOGTTO TOV
vepov g eotiog. EmumAéov, ta yévn kovvoumidv mov gvamobétovy oyediec wamv, (T.y.
Culex, Culiseta «.a.) a@nvovv 610 Gved Gkpo KAOE ®OV HIKPOOTAYOVIOl0 GEPOUOVIG
(pepopdvn wobeciag - oviposition pheromone), mov Agitovpyel ®¢ @EPOUOVN
ovvabpotong, éAkoviag mepiocdTEpa ONAvkd vo mobetioovv oty dw eotia

(Clements, 1999) (ewéva 1.3).


http://medent.usyd.edu.au/
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Ewova 1.3:Evandbeon omv Culex pipiens (o), oxedic odv pe g0d1aKpITa oTaryovidia g
oepopOVN S mobeaiag oto avem dxpo (P)

Ot TPOVOLPES TOV KOVVOLTIIMOV GTEPOVVTOL PASICTIKOV ££0pTNUATOV (EVKEQPOAES
Gmodeg). Zovv OmOKAEIGTIKO GTO VEPO Kot TPooAauPdvovv o&uydévo pECH TOL
atpoc@alpikoy aépa. Ta copa Tovg amoteleitol amd Tpior EVSAKPLITO TUNUATO: TNV

KEQOAT], TO ODpaKa Kol TNV KOWAia.

B "Wf‘% s | SR
i YA TSR O ?J}” :
Anopheks ,,_(w; e

{ ]
t

//ﬁ\ / Cué‘ex

Ewoéva 1.4: TIpovoueeg Anopheles sp. kot Culex sp. ue yapaktnpiotikn otdon kotd tn Anyn
o&uydvou amo v empdavela Tov vepov (anyy: http://phil.cdc.gov)

Ot mpoviupeg TOV KOWAV  KOLVOLTL®V, €EoUTiOG TOL  YOPOKTNPLOTIKOD
eEQPTALATOC TTOV PEPOVY OTO TEAELTOAIO KOWMOKO TOVG TuAue  (cupmvio — Siphon),
KOTA TN O1pKEI ANYNG 0ELYOVOL OO TNV EMPAVELD TOL VEPOL, oYNUATICOLV Ywvia.
Avtifétmg, ot TPovOUPES TV OVOEEADV dgv dbéTouy olpdvio, Tapd UOVO
OVOTVELGTIKO (GVOlYHO Kot TN oTtypun ANyng o&vydévov tomobetovvior mopdAinia

POg TNV emMPAveL ToL vepol (ewova 1.4). Xapokmnplotikny emiong eivol Kot m


http://phil.cdc.gov/
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Kivon TOV TPOVOUPOV TOV KOLVOVLTIOV GTO VOATIVO HEGO OOV TPEPOVTAL LE GAYN,
TPOTO{®A, ACTOVOLAOVS  KPOOPYAVICUOVS KOl  GAAQ  OPYOVIKG COUOTIOW
pikpoTEPNG StopéTpov amd S0pm.

H dibpketa tov otadiov g mpovipneng e&optdtol amd to 100G TOL KOLVOLTLOV,
NV ENAPKELD TPOPNC, TN ObeciudTNTO YOPOL Kot TN Oeppokpacio. Xe oplopéva
€loM, Vo dP1LoTEG GLVONKEG, TO TPOVUUPIKO GTAOIO GUUTANPAOVETOL GE MYOTEPO OO 6
NUEPES EVA T€ AAAL YUYPOPIAQ €I0T GTO GTASLO TNG TPOVOLENG YIVETOL 1] dlaXEILOOT).

Ot eotieg avanTuéng TOV TPOVOLEAOV TAPOLSLALOVY TOAD HEYAAN TOKIAIL ™G
TPOg TNV TOOTNTA KOl TNV 7Tocotnta Tov vepoL N G PAdotnone. Ilapovcia
TPOVOLPADOV KOVVOLTILDV £XEL KATOYPUPEL G€ OAA GYEOOGV T VOATIVO, OIKOGVGTILOTA.
Emypoppoatikd avagépovtal 1o UOIKE okocvotnuoto Onwg €A, PdAtor, OxBeg
AUVOV KO TOTARDV, OPOEVTIKA KOl OTOGTPAYYIGTIKA KOVAALL, 0pLLOVES, KOIAOTNTEG
oévipov  k.o. IloAhég dAleg eotiec  avamTuéng TPOVLUEAOV  KOLVOLTUDV
onuovpyovvtor and ovOpdmivn dpactnpdtra’ eivol pHAMoTo TOAD KPES Kot
QOKAAOVVTOL «OTUEWKEG avOpmmoyeveic eotieg — man made containersy». Tétoteg
elvarl ta eyKaTtaAEAEUPEVO ENACTIKG OVTOKIVATOV, TETAUEVOL KOVPAOES, MOTAKLOL
YAOOTP®V, TAPOUEANUEVES TIGIVEG, TOOIKA Tty vidle, JSoyxeld GLAALOYNG VvePO,
BoBpot, crvtpiBdvia kot moALL dAAa onpeia, TOV PTOPEl VoL GUYKPATHCOLVY VEPO Yia
AMyeg nuépeg (Zappomoviov-XovAtavn et al., 2011).

Metd ™ counAnpwon tov ¥pdvov avAmTuéng TG, N TPOVOUPT UETAUOPPOVETOL
og vouoen (pupa), to tekevtaio VOPOPLO 6TAdI0. Ot VOUPES TOV KOLVOLTIOV £XOVV
YOPOKTINPIOTIKO GYNUO GOV «KOUUO», €lval TOAD KwnTIKES dAAQ Oev TPEPOVTOL.
[Tpochappdvovv oatpoc@apikd ofvyovo oamd OVO €LOEKPITO EEOPTNHUOTA GTOV
KepahoBmpaka, yoavoeldovg oyfuatog (trumpets). H didpkeia tov otadiov avtod
elvar oyetikd ovvroun (2 — 3 muépec) ko e&aptdton kvupimg amd 1o €00G TOV

KOVVOLTIIOV Ko 1) Beppokpacio Tov vepov (kdva 1.5).
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Ewova 1.5: Nouen xovvovmov (anys: http://www.landcareresearch.co.nz).

Ta télela kKovvovmo givar petpiov peyébovg évtopa (3-6 yAootd), pe AEmTO
cOpa kot pokpld Aentd oo Ta codpa toug dtarpeitor o€ Tpio €0OAKPLTO TUNLOTOL:
NV KEPAAN, To Odpaka Kot TNV KotAia.

Ta télela kovvovmia Saympilovrar amd GAAO EVTOUA, GALL Kol OO TO. GLYYEVN
dintepa g votaéne Nnuatokepa (Nematocera) oo to eENG YOPOKTNPIOTIKA: Eyovv
KoAG ovomtuypévn mpoPookidoa mov eEEXEL mTPOG TA EUMPOC, OAOL TOL TUNLOTO TOV
COMOTOS TOVG (KEPOAN, Odpakag, mOd0 Kol KOWAia) KOADTTOVIOL Omd TPiyes Kot
Aémia, Tapovslalovy YOPUKTNPIOTIKY OATOEN GTa vevpa TV TTephymv (éva amid
VEVPO aVAUESH GE dVO dtakAadiopéva) (eikdva 1.6).

210, ApPeEVA ATOUO Ol KEPOIEG PEPOVV PEYOAEC TPIYEG KOl POIVOVTOL KTEVOELDELG
(plumose), evd ota OnAvka M kepaio Eépel pkpég tpiyeg (pilose). Ta cTopatikd
pople Tov  TEAEIOMV  KOLVOLTII®V  €ivol VOGGMV-0UHOTog pulnTikov TOToL Kot
amoteAoOV TV mpofookida (ewova 1.7).

O yvaBikég mpooaktpides etvar ancOntiplo eEopTirata TG KEQAANG Kot LdAoTa
elvar 18iov pfrovg pe v mpoPookida ot Appeve ATopo OA®MV TOV YEVAOV. XTO
ONAvkd avoeedn KovvoLme Ol TPocakTPides eivar emiong icov unRKovg pe TNV
nmpoPookida, evd oto Kowvd OnAvkd Kovvovmia elval Katd moAd Ppaydtepes ™G

npofookidag.


http://www.landcareresearch.co.nz/
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Ewova 1.6: [Ttépuyo kovvoumiod. Meta&d 600 StakAadiopévay vedpwv (Umhe BEAN)
nopepParietor To 3° vevpo g mrépuyong (KOkKvo BEAOG) (tpomomonuévo amd
http://www.flickr.com)

O Bopaxog TV KoOVVoLTIOV PEPEL GLVIOME S1aKOGHO pe Aémia Kot Tpiyec. Amd T
Bopoaka ekpvovtar Tpia (evyn modldv, Eva (ebyog mTephywv kot éva (ebyog aATnpmy.
Awyvootikng o&log avatopkd yopoktnplotikd amotelel o Bupedg oto GKpo TOL
Ompoka, o omoiog givat eviaiog ota avoeeln kot TpiloBog oTa KOVE KOLVOVTLa. XTO
GKPO TNG KOG TOV TEAEI®OV KOLVOLTIADV VITAPYEL O YEVETIKOG OTMGUOC, EVO TO

Aéma o€ KABe KotMakd Tunpo oynpatiCouy 616Koco TaEVoUIKNG GToVdAtOTTOC.

Ewova 1.7: Apceviko (apiotepd) Kot Ontoko (de&id) dropo Aedes cretinus.


http://www.flickr.com/
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Awxwpiouog uetaév Anophelinae xaut Culicinae
O dwyopiopdg tov avoeeldv (Anophelinae) kot tov kowvov (Culicinae)

KOLVOLTILOV, UTOPEL va Yivel og O ToL OTALN Kol vt oNUAVTIKO va yivetanl Kabmg
GLYKEKPIUEVA €101 KOLVOLTIIDOV GYETILOVTAL HE TNV IKOVOTNTA TOVG VO LETAGIOOVV 1)
oYL oVYKEKPUEVES 0oBEvELEG (Yio TapAdELYLa To aVAOQEA €lval Ol LOVOOIKOL POPELS
TOV TAUGH®OT0V TG EAovoasiog Tov avOpmmov) (ekdva 1.8).

[Tepartépw 01dKpion o€ eninedo yEvoug 1| o€ eninedo €idovg yivetar pe 1n fondeia
OYOTOMK®V KAEWOV 1)/Kkol pe Hoplokés HeEBOdOVG, €101KA OTOV TPOKELTOL Yo

ocoumieypo eWdmv (species complex).

ANOPHELINAE CULICINAE
Anopheles Aedes Culex
VNN ZZN 0A
Vo 7 oO

O©HAYKO

Ewoéva 1.8: Baowkoi yapoktpeg didkpiong avoeehov (Anophelinae) kot kowmv (Culicinae)
KOUVOLTIL®V 6€ OA T 6TASLN TOL BLoAoytkoD TOLE KOKAOL (TPOomomotnuévo amd
http://www.cd3wd.com)
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MpofAfuata ov TPpoKaAovvTat And Ta KouvouTLa

Ta Kovvovmia givol I6MC TOL CTOVANOTEPA EVTOLLN LATPIKNG OCNUACTOG G GUYKPIoN
pe ta vroéAoura apBpoémoda. Mmopel va gival opeic apKeTdv emkivovvey acbevelmy,
ov mpocPdAlovy tov dvBpwmo, dnwc N eAovocia, 0 KITPVOg TLPETOS, O dAYKELOG
TVPETOC, 0 10¢ Tov Avtikov Neidov, N wmVIKA gykepaAitida, o 10¢ Chikungunya,
GAAEG EYKEQUAITIOEG Ko QLAOplboels. XOupovo pe ektipmon tov Ilaykdopov
Opyaviopot Yyeiog 3,3 dioekatoppvplo dvBpomol 6 6Ao Tov kOGO Ppickovtal Vo
TNV OTEAN TG EAOVOGING, LG VOGOV OV UETAOIOETOL AMOKAEIGTIKG [LE KOVVOUTLO.
To 80% twv kpovoudtmv aArd kot to 90% tov Bavdteov and glovosio cvppaivovv
otV vrocayapio. Appiky (WHO, 2012d).

H Evponn €xer xatapéper va eEalelyel acBéveleg onmg eival 1 ehovocio Kot o
dAyKel0g TLPETOHG €0 Kot TOAAG xpovia. Tnv televtain Opwg dekaetio ivatl cuyva ta
QOVOLEVOL ELOAVIONG EMOMMAOV Kot oty Evponn, kabmdg kot 1 eykatdotacn vémv
EI0AYOUEVOV EOMV KOLVOLTIOV HE HEYAAN vyswovouky onuacio. To «Actotikod
kovvovmt tiypnc» Aedes albopictus éyel eykatactabei ta televtaia ypoOvVia oTIG
neplocdtepec MecOYEIOKEG YDPESG Kol GE APKETES AAAEG YDpeS TG Popetag Evpadmng
Ko £yl kornyopnBet yuo v emdnuia tov 100 Chikungunya otv Itaiio (Angelini et
al., 2007). TIpbéoeoato kataypdenkay avtdydove KpoOGHOTO dAYKELOV TUPETOD OTN
ToA)ia (La Ruche et al., 2010; Marchand et al., 2013), tqv Kpoartia (Gjenero-Margan
et al., 2011) kot ™ viico Madépa tng [Toproyariag (ECDC, 2012a), evd mo évtoveg
NTov ot emdnuieg tov 100 Tov Avtikov Neidov ot FoAlio (Giudice et al., 2004),
Povpavia (Krisztalovics et al., 2008), tv Itaiio (Hubalek & Halouzka, 1999) ka1 tmv
EAMGSa (Danis et al., 2011).

MeTAS00M TTAPACITIKWY ACOEVELWY

Y& 6A0 1OV KOG, vVtapyovv mepimov 500 — 600 yvmortoi 10 Tov peTadidoviot pe
apBpomoda moyKoouing, and tovg omoiovg mepimov 100 pmopel vo mpokaAéGovv
acBéveln otov vBpwmo. Xty Evpdnn amovidvior wive and 50 and avtovg, ot
omoiotl avikovy o€ T€0oePLS olkoYEveleg: Togaviridae, Flaviviridae, Bunyaviridae ko
Reoviridae (WHO, 2004). Eidon kovvoumidv mov &ivol OLVNTIKOL QOpeis 1dv,
TAPOCITIKOV  TPOTOLw®V  (TAACU®IIOV) Kol  HIKPOPIAOPIDOV  OTOVTIOVIOL GTNV
Evpdnn kot otv EAAGSa oA dev pépovv Ta Taboyova ovtd Kot Yo avtd dev Exel

000¢i peydAn onuacio otnv mapovcio Tovg. AAAAYEG OUMC GTO TAYKOGUIO EUTOPLO,
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To. oo Kol M petavaotevon umopel va. cuvteAécovv otV €icodo maboyovav

(evepynTikn M ToONTIKN) GALA Kol VE®V E10GV KOLVOLTLOV POPEMY ACHEVEIDV.

Mivakag 1-1: AcBéveieg petadidodpeveg pe kovvoomia oty Evpdnn kot ot Bopeio Apepucn
(mnyn: Bonnefoy et al., 2008; Kampen & Schaffner, 2008)

Infection Pathogen Clinical Countries Important vectors
manifestations
Inkoo virus Bunyavirus (Bunyaviridae) No visible signs Northern Europe Aedes communis
Inkoo virus Aedes punclor
Lednice virus Bunyavirus (Bunyaviridae) No visible signs Cenlral Europe Culex modesius
Lednice virus
Batai (Calovo) virus Bunyavirus (Bunyaviridae) No visible signs Morthern and central Europe | Anopheles maculipennis
Batai (Calovo) virus sensu lato
Tahyna virus Bunyavirus (Bunyaviridag) Sometimes mild febrile illness; Germany and eastern Ae. vexans
Tahyna virus rarely meningilis Europe Aedes caspius
Aedes dorsalis
Sindbis virus Alphavirus (Togaviridae) Severe headache, muscle ache, Mediterranean Basin Culex spp.
Sindbis virus dengue-like symptoms Aedes spp.
Ockelbo virus Alphavirus (Togaviridae) Febrile disease with rash Finland, Norway, Russian Cx. pipiens
Ockelbo type and polyarthralgia Federation and Sweden Culex lorrentium
Aedes cinereus
WNV Flavivirus (Flaviviridae) Mild, flu-like iliness; Europe and Cx. pipiens
WNV sometimes meningitis North America Cx. modeslus
Culex quinquefascialus
Culex restuans
Culex tarsalis
St Louis encephalitis | Flavivirus (Flaviviridae) Usually mild, febrile iliness; Throughout Cx. pipiens
SLEV rarely meningitis the United States Culex nigripalpus
Cx. tarsalis
Eastern equine Alphavirus Usually mild, flu-like illness; Eastern United States Ae. vexans
encephalitis (Togaviridae) sometimes encephalitis, Aedes canadensis
EEEV coma, death Aedes sollicitans
Culex salinarius
Culiseta melanura
Coquillettidia perturbans
Western equine Alphavirus (Togaviridae) Usually mild, flu-like illness; Western and central Cx. larsalis
encephalitis WEEV sometimes encephalitis, United States Aedes melanconion
coma, death
La Crosse encephalitis | Bunyavirus (Bunyaviridae) Usually mild, febrile fllness; Upper mid-western Aedes triserialus
La Crosse encephalilis virus rarely seizures, coma and mid-Atlantic
United States
Malaria Plasmodium ovale Fever attacks, chills; Southern Europe, An. sacharovi
Plasmodium malariae in P falciparum infection, southern North America An. afroparvus
Plasmodium falciparum often renal failure, coma, death An. labranchiae
An. freeborni
An. pseudopunctipennis
An. quadrimaculatus
Filariasis D. immitis Dogs: cardiovascular filariasis; European Mediterranean Ae. caspius
D. repens human beings: pulmonary countries, throughout Ae. defritus
D. tenuis or subcutaneous lesions the United States Ae. vexans
Cx. pipiens
An. maculipennis s.1.
Mansonia spp.
r
EAovooia

H elovooia eivar icmwg n onuovtikdtepn acHévelo moykooping Kol PeTadidoeTon
OTOKAEIGTIKA 0O oplopéva. €101 Kovvouidv tov yévovg Anopheles. H voocog givat
evonuikn oe mepiocdtepeg and 100 yopeg oe OA0 TOV KOGHO Kot BETel oe Kivovvo

neptocotePo and 10 40% tov maykoouiov minbvcspod. Ta kpodouata g eAovooiog
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@Tavouv ta 219 ekatoppdpla T0 ¥POVO TOYKOGUIMG, EVM EMEPYOVIAL TEPIGGOTEPOL
ard 660.000 Bdvaror emoimg kvpiowg oe modd kdtow tov 5 etdv. To 68% twv
Bavatov mov mapatnpodviar cvuPaiver oe 10 povo yopeg (WHO, 2012d). Emv
Evpdnn mepropiopéva kpovopata eLovociog eviomilovial oe y®PEG TOV yeITVIalovv
pe v Acia. To 2012 onueiddnke avénuévog apBpdg KpOLGUAT®V GE GYECT UE TO
2011. Zvykekpyéva yo 1o €roc 2012 avaeépbniov cvvolkd 253 kpovouato
ehovoociog ot Tewpyla, 10 Alepumaitlav, to Tatluwotdv, v Tovpkio kot tnv

EALGSa (http://www.euro.who.int).

O at1oA0YIKOG TOPdyovVTOS TS EAOVOGING Yio TOV AvOp®TOo €lvorl To TOPACITIKA
tpwtolwa, tov yévovg Plasmodium (Bacilelo: Protista, ®vio: Apicomplexa, Taén:
Sporozoa, Owoyévela: Plasmodidae). To yévog avtd meptlapfdvel mepiocdtepa oo
100 &idn, aAld udévo to técoepa amd avtd poAdvovv tov avBpwmmo: Plasmodium
vivax, Plasmodium falciparum, Plasmodium malariae xo1 Plasmodium ovale.
[Ipoécpoato domot®bnke 6Tt Ko éva méunto €idog, to Plasmodium knowlesi, pmopet
Vo poAdveL Tov dvOpwmo.

O Proroywdg KOKAOG TOL TANGUMOIOL OAoKANpmveTal o€ dV0 EEVioTEG, TOV
omovoLA®MTO (AVOP®OTOG) KAl TOV AGTOVOLAO (AVOPEAES KOVVOLTL). XTOV AvOp®TOo 1
@don Tov Tapacitov givon povoyovikn (asexual), yvoot wg oyloyovia (schizogony),
EVMO ©TO KOoLVOUTL givarl aperyovikn (Sexual), yvooty og omopoyovia (Sporogony)
(ewova 1.9).

Yndpyovv tovhdyiotov 476 £idn kovvoumdy mov avikovv oto yévog Anopheles
aALG epimov ta 70 povo €10n pmopel va LETAdMCOVY TNV EAOVOGia 6ToV AvOpmmTo Kot
amd ovtd poMe ta 40 Bswpovvrar ta mo onuavtikd (Service, 2012). Ot popeic ¢
glovooiag ywpiCovtar oe kOplovg kot devtepevovies. H dibdkpion avtr pmopel va
00MYNGEL 6€ TaPOvOT oM O10TL £val £100¢ pmopel va eivol KOPLog PopEag G oL TEPLOYN
Kot devtepedmv og dAlec. TToAAd €idn KovvovTdV Tov petadidovv v glovocio
ATOVTOVTOL ¢ oVumAeypo €WV  (complex), to omoio amoteAovvtal omod
HOPPOAOYIKMG Opota €101 Kot dtoympilovion HETOED TOVG HOVO pe Proymuukéc 1 ko
poplakés texvikés. To mo koAd peAetnuévo oOUTAEYUHO €OV glval avTd TOL
Anopheles gambiae complex, to onoio amotelel tov cmovdadtepo Safifacth g
glovooiag otV AQpIKY| KOl TOV TTO EXIKIVOLVO TOYKOGUIMC.

Ymv EMGda  amoviovior tovAdyotov 14 €idn  avoeshov  (Samanidou-
Voyadjoglou & Darsie, 1993) ek t@v 0moi®v 6ToVdaOTEPA OO VYELOVOUIKTG ATOYNG

Bewpovvion o técoepa [Anopheles sacharovi Favre 1903, Anopheles maculipenis
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Meigen 1818, Anopheles superpictus Grassi 1899, Anopheles claviger (Meigen 1804)]
To An. sacharovi amotélece Tov KVPLOTEPO POPE TNEG EAOVOGING OTN YMOPO LOG OTO
péoso tov 20ov awwva (Livadas & Georgopoulos, 1953; Hadjinicolaou & Betzios,
1972; 1973b). And mhevpdg omovdordtnTag akolovbodv katd oepd To AN,
maculipenis, to An. superpictus, kot to An. claviger. To televtaio gidog mapovotdlet
{omG mEPLOPIoUEVT EMONUIOAOYIKT oNUavTikKOTTO eoutiog TV YapunA®v TANBvoumy
ov avoantoooel oty EAAGSa, ov Kot Oeswpeitor ¢ 0 KupldTEPOS (QOPENS TNG

ehovoaoiog otnv Avatolkn Meodyeto (Becker et al., 2010).

In mosquito gut

In human

@

Sporozoites

(3 —_—7T:X\ R
\

Zygote G\Mac'ogametocy(e oj
© Q
S £ @@6 @° &°

Exflagellated Gametocytes P falciparum Gametocytes P.vivax
microgametocyte

Ewova 1.9: Kbkhog petddoong g ehovoaiag (Imyr: Bousema and Drakeley, 2011).

H EAMGOa péypt to 1945 amotehovoe v mo «eAovoctoyeviy yopa tg Evpmmrng
Kol g Meooyeiov, Opwmg, kKupimg, pe v ektetapévn xprion tov DDT katopBmOnke
n Tpng e&aietyn ™g vocov amd t yopa. To 1974 o Maykdopog Opyoaviopog
Yyelag knpvée v EALGSa mg ydpa «eredBepn and elovocion. Amd toOTE KO PLéEYPL
TPOcEUTO EREOVICOVTOL UEUOVOUEVO, KOl CTOPAOIKE KPOVUGUOTO €AOVOGIOG OV
yopaxtnpiloviav o¢ «eooyopevay. Ta kpodopata avtd aQopovv €iTe PETAVACTESG
OV TPOEPYOVTOL OO YDPEG OOV evONuUel 1 vocog, gite amd 'EAAnveg ta&idimteg ot
omoiol EMOKEPTNKAY KATOw Ydpa 6mov vrdpyel 1 vococ. Ta televtaio 600 ypovia
(2011-2012) kpovouata erovociog pe evdeibelg eyymplag petddoong (avtoybova),
nov ogeidovtav oto Plasmodium vivax, £xovv kataypagei kuping oto dMMuo Evpota

Aokoviag, eved HEPOVOUEVE TEPICTATIKA TNV TEAevTOin dtetion Exovv onuelwbel oe
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évte akopa yeoypapikés meployés (Xaikioo EvPoiag, Ayid Adpioog, KaivPia kot
Mapabdvag Avatoikng Attikng, Opyouevog Bowwtiog, APonpa Edvong) (Danis et
al., 2013).

Apumoioi

H AéEn apumoiog (arbovirus) vmodnimvel 100¢ mov petadidovior pe apHpomodo
dwPipaoth (o 6pog arbovirus wpokdmtel and tov dpo arthropod-borne-virus). Otov
€vag apumoiog mpooAneOel amd éva apopuintikd €viopo, Omwg eival o KovvoLmia,
tote pmopet vo petadobel otov AvOpwmo 1 dALO GTOVILAWTO EEVIOTY, TPOKAAMVTOG
wopio. Evtog tov swfipact (kovvodmt) o 10¢ ToAAamAasIaleTonl Kot OAOKANPOVEL
évav KOKAo avamtuéng mpwv petopepbel otov dvBpomo katd ™ dbprela vEAG ANYNG
aipatog. ‘Evag apumoiog, emopévmg, veictatol LTOYPEMTIKY avaATTuEn €vtdg TOv
apBpomodov Eevioy. O kitpvog mLPETOC KOl O OAYKELOG TVPETOC €ival TLMIKOL
apuToioi, 0t 0Toiol HETAGIOOVTOL ATOKAEIOTIKA 0t0 KOVVOLTLL, TOV Yévoug Aedes.

O ddykelog mupetdg elvar n wo cofapn 10yeEVIG VOGOG 6ToV KOGHO. Ztnv EALGda
elyape ™ peyardtepn emdnpio ddykeov omv Evponn to 1927-1928, pe ndvo amod
1.500 6bpoto kupimg otnv ABnva (Rosen, 1986; Louis, 2012). ®opéag tng emdnuiog
Ntov to €idog Aedes aegypti, ot TPOVOLLPEC TOL OTOIOL AVUTTLGGOVTAY GE dOYEl KOt
Bapéiia amoBnkevong vepol yua oklakn ypnon. H katackeun diktvov vopevuong Kot
0l GLVTOVICUEVEG TPOooTabeies TG vEo-10pvBeicag EOvikng ZyoAng Anudciog Yyeiog
Katdeepav vo meptopicovy tn vOco ardd kat vo eEaleiyovv ko to Ae. aegypti and
v EALdda (Samanidou-Voyadjoglou & Darsie, 1993)

H oyetcd mpoéceartn eykatdotacn otnv Evpodan tov Ae. albopictus, gidovg pe
W0TEPO OIKOAOYIKA YOPAKTNPIOTIKA, B0 TPEMEL VAL OVI|CLYNGCEL Y10 TO EVOEXOUEVO
emaveykatdotacng tng vooov. To Ae. albopictus eivar popéag Tov ddykelov mupeTon
o€ OpKETE UEPN TOL KOGHOL Kol (QULAEG TOL evtopov omd v AAPavia, €yet
amodetyBel, 0Tt pmopovv gvkoia va petadd@covy tov 16 (Vazeille-Falcoz et al., 1999).
O ddyxelog moupetds eodyeton oty Evpdnn and taldidteg mov emioTpépovy amod
YOPES OOV €VOMUEL M| VOGOG. Xe ol TETOW0 TTEPIMTMOT, £VOG EMOKEMTNG O Lo
UTOPEL VO ATOTEAEGEL TO OPYIKO LOAVGHLA Y10 TV ETOVEVOPETN TOL OAYKEIOV GE KATOL0L
neployn, €pocov towumnbei amd to Ae. albopictus (WHO, 2004). IIpdécooata
avoeépnkay avtoxbova kpovopata daykelov Tupetod o€ ['odrio kot Kpoatia (La

Ruche et al., 2010; Gjenero-Margan et al., 2011; Marchand et al., 2013).
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O 16¢ Tahyna avikel otnv owkoyévelo Bunyaviridae kot mpokolei otov dvOpwmo
VOG0 UE cuopmtdpate avdAoya avutd g ypinng. O 10¢ €xel avapepbel oe apkeTég
YDOPEG TNG KEVIPIKNG Kupimg Evpdnng oAl kot tov Baikaviov (ZepBia ko Kpoartia,
WHO, 2004). Metadidetar pe kovvovmia tov €ddv Aedes kor Ochlerotatus kot
Kupimg pe to €idn Aedes vexans (Meigen 1830), Ochlerotatus caspius (Pallas 1771),
Ochlerotatus dorsalis (Meigen 1830), Ochlerotatus cantans (Meigen 1818),
Ochlerotatus annulipes (Meigen 1830), ta omoio. OMAVTOVIOL GE GNUAVTIKOVS
mAnBvopovg ko otn yopa pog (Becker et al., 2010).

O 16¢ Sindbis avikel oty okoyévela Togaviridae kot TpdTN POPA omouovmOnKe
and 1o ywp1d Sindbis kovtd oto Kdipo g Arydmrov. Tnv Evpodan topovoidotnke
Yo TPMOTH POopa 6N Lovndio o€ Kovvovmio Tov Yévoug Culiseta. Ao tote éxel Ppebei
Kol 6 GAAEG YDpeg Kupimg g Popetag Evpomng (Dhavdia, Pooia, Noppnyio) ot
éyel anopovobel and dAla €idn kovvovmmv (CX. pipiens, Cx. torrentium Martini
1925) (Becker et al., 2010). O 16¢ kvklo@opei ota dyplo TTNVA Kot peETAdidETOL GTOV
dvBpomo pe opviBOEIAa €01 KOLVOLTILOV TPOKOADVTOS TPNEWO oTIC apbpmdaoEls,
pooAyies, apBpaiyieg Ko mopeto.

O 16¢ Chikungunya mtpdceata (2007) npokdiece emdnuio ot yertovikn Itolkia
otV meployn s Papévva, pe mepimov 200 emPeParopéva kpodopata kot £vo Bévato
(Angelini et al., 2007). O 16¢ avikel otV owoyévela. Togaviridae kot otov dvOpmmo
TPoKaAEl TOVO KoL YOPOKTNPIOTIKY Kapym otig apbpdoels. To €idog Ae. albopictus,
10 omoio oyetkd tehevtain £xel eykataotabel oe mMOAAEC meployég g ItaAiag,
BempnOnke vaevBuvo ya v emdnpio avt (Rezza et al., 2007). H ovnovyia yio v
EKONA®OT MmNV Tov 100 otnv Evpdnn cuvoéetal pe v tayvtotn eEAnimon Tov
Ae. albopictus (Vazeille et al., 2008).

O 166 tov Avtikod Neidov (West Nile Virus — WNV) apywkd omopovabnke og
neployn Tov Avtikov Neidov otnv Ovykdvta to 1937 (Smithburn et al., 1940). Eivou
evp€mg O1dedopEVog 100G o OAeg Tig nmeipovc. To 1999 e10éPare OTIC OVOTOAIKES
axtég e Bopelog Apepwng kol péco oe téocepo xpovio eSamimOnke mwavTov
eTavovtag og TG dvTikég aktég (WHO, 2004).

0 166 éxet g KOPLOVG EevioTég VOPOPIa KoL Yepoaio TTNVA Kot pHeTadideTon petalhd
TOVG pe opviBopIAa £10m KovvouTidv. ‘Eyxovv kataypaeei tovAdyiotov 43 d10popeTiKa
€ldn kovvovm®V poAvcouéva ot eVoT pe Tov 10. Ta meplocoTEpa elvar €10m TOL
vévoug Culex (Hubalek & Halouzka, 1999). Kamowo amd avtd to €idn amavidvTon Kot

o yopa pog (Cx. pipiens, Cx. modestus Ficalbi 1889, Cx. perexiguus Theobald
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1903, Cx. tritaeniorhynchus Giles 1901, Cx. theileri Theobald 1903, Coquillettidia
richiardii (Ficalbi 1889), Ae. caspius, Ae. vexans (Meigen 1830), Ae. cantans (Meigen
1818), An. maculipennis).

Yrdpyovv coPapés evoei&elg HeTapopds Tov 100 amd TEPLOYN OE MEPLOYN UE TO
UETAVOOTEVTIKG 7INVE 1oV  petavootebovv otnv vrooayapioe Aepikny (ECDC,
2012Db).

H petddoon otov avBpomo kot to. OnAacTiKd yiveton Kupimg e KOLVOVTLOL TOV
Bpiokovtot o€ agBovia kot epgaviCovv Tpotipunon 1060 o€ TTNVE-EeVIoTEG OGO KOl OE
Onhaotikd-Eeviotéc. O 10¢ mpokoiel otov GvOpwmo cofapd cLUTTOUATA, TOVL
polalovv pe unviyyitido Kot €YKEQOAiTdo €mnpedloviag TO KEVIPIKO VELPIKO
GUOTNHA, TPOKOADVTAG TO Odvato 6 nAKiopéva Kupiog dropa too omoio cuvifwg
&yovv g&acbevnuévo avocomomtikd cvotnua. Kpovouata 100 tov Avtikod Neilov
TpoTogpPavicTnKay ot yopo pog o 2010 oty Kevrpkn kot dutikr] Maxedovia pe
™ popon emdnuiog (262 epyaoctmploxd emPeforwpéva kKpovopata, 35 Odavaror)
(KEEAIINO, 2010). Ané 161 mapovctdloviol £TMoing KpOUGUATO TOV 100 KOl GE

GAAEG TTEPLOYES TNG YDPOGS.

dAaplacelg

Ot pundpies (Baoirero: Animalia, ®vio: Nematoda, KAdon: Secernentea, Taén:
Spirurida,) eivar vipotoedeic, Aevkoi, ETUNKELS EMUVOEC TTOL KOTOAT)YOVV VTTOSOPLN
N og Aepeikég kohottes. 'Exyovv mapatetapévo kOkho avdmtuéng, Hépog Tov omoiov
SLUTANPAOVETOL 6 EVTOpO EevioTh (apopvlnTikd €viopo), evd o avBpmmog priolevel
Tov eviiAko EApuvBo. Av ko povo okt® elvan to maboyova €1om yo tov dvBpowmo,
porme tplar €idon evowpépovv ™ Anuodcion Yyeio (Bokding, 2004). H Aepogikn
ouopiaom evonpel oe tovAdyiotov 73 ydpec, TpocParroviag teplocoOTEPOLS oo 120
EKOTOUUVPL  OVOPOTOVG OTIG TPOMIKEG KOl VROTPOTMIKEG YOPES KLPIOG NG
Notoavatolkng Aciog kot g Aepwng. O vnuoatddng Wuchereria bancrofti,
amotedel 10 mopactTikd 0itio Tov 90% TOV KPOLCUATOV OVTAOV KOl Ol VITOAOUTEG
npocPoréc opeilovtar otovg vnuatddslg Brugia malayi kou Brugia timori. To gidog
Culex quinquefasciatus Say 1823, amoteAei TOV OmOLONIOTEPO (QOPER.  OTN
Notwoavatolky] Acio Kupimg 6€ 0CTIKEG KOL NUOOTIKES TEPLOYES, EVA GE OYPOTIKEG
TEPLOYES TIC UIKPOQIAAPLES peTapépouy €idn tov yévovg Anopheles (Ottesen et al.,
1997). H gulapioon dev Bewpeitar coPfapn vocog yia tqv Evponn. H pikpoeirdapia
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Dirofilaria immitis Tpoofdilel to okOAO kot omavidotepa ) yata. H mpooBoin otov
avBpwmo eival AGVUTTOUATIKY KAODS 01 PIAAPLIEG TOV €100V OVTOV OEV UITOPOVV VL

0AOKANPGGOLV T0 Proroyikd Tovg kKukho otov dvOpwmo (Becker et al., 2010).

‘OxAnon

Ta kovvouma otnv Evpodnn kon ot Bopea Apepikn, o€ avtiBeon pe ydpec mov
Bpiokoviar otV TPOMIKN KOl TNV LIOTPOTk) (dvn, dev Bewpoldvior onpaviikol
Qopelc aobeveldv (eKTOG GLYKEKPIUEVOV KOl TEPLOPIGUEVOV TEPIMTMOCEDYV TOV
avoEEPONKAY TOPATAV®), ENEWN T €101 TOL ATAVTOVTOL OTIS dVO AVTEC NIEIPOLG,
cuvnBmg dev gival poAvopéva pe kdmolo taboydvo mov TpokKaAel voco ctov avOpmmo
(ue €&aipeon iowg ta gwcayopeva €iom). Qotd6c0 1 dYAnon mov TPOKOAEiTOL LE TO
TOIUTNUOTO LEYAAOD ap1BLOoD KOVVOVTILOV UTOPEL VO TPOKAAEGOLY TPOPANLOTA TOGO
otov avOpmmo 660 Kot ota KTNVoTpoekd (ma. Ta mpofAnuata avtd ivor Kvpimg
emoylokd Kot cvpPaivouv O6tav peydior mAnbuopol kovvovmidv wapdyovror polikd,
amd peydleg exTdoelc TMANUULVPIGUEVES He vePO. AVTO cuyva cupPaivel Kupiog Katd
TO ADGIHO TOL YLOVIoD TV AvolEn, KoTd TV vIepyeilon motapdy, Katd m ddpkeio
eKTETOUEVOY  Oepvodv  Bpoyontdoemy, OAAAL Kot HETA amd TV avlpamivn
OpPACTNPLOTNTA OTIC YEMPYIKES EKUETOAAEVOELS OTMG 1] KATAKALOT] LEYOA®V EKTAGEMV
v TV KoAAEpyela pullod katd toug Bepprotc pvec. Ta €idn mov avantbccovial 6
TETOL0V €I00VG EVOLUTHUATO UTOPEL VO TPOKOAEGOVY TOAD peydAn oyinon (Lacey &
Lacey, 1990)

Meydror mAnbBvcpoi kovvovmmv epeaviovionr emiong kot HETd omd (QPLOIKEG
KATOOTPOPEG, €YOVIOG G GUVETELDL TV ONUIoOVPYiol EKTETAUEVOV  ETIPOVEIDV
TPOGEOPOV Y10, TNV avanTLEN TOV aTEM®V otadimv tov kovvovmiwv (Watson et al.,
2007). Xt yopa. Hog vadpyovy apkeTd €101 KOLVOLTIMOV TOV TPOKAAODY avénuéva
mpoPfAquato OYAnomg o€ MEPLOYEC HE QUOIKE OIKOGULGTNUOTO 1 HE EKTETOUEVEG
kaAMépyeleg pulov (POTda, Oeocarovikn, Zéppes, Kapdra, Zavon, 'ERpog kot
aALoV), 6mov kot eplopilovy TV avBpdTIVY dpacTNPOTNTA Kot TaPEUTOdILoVY TNV

01KO-TOVPIGTIKT OVATTLE.

18



Fevikd UEPOG

ANTIMETQMNIZH TQN KOYNOYNIQN KAI TQN
AZOENEIQN NMOY METAAIAOYN

H yvoon g Proroyiog ko ¢ nboloyiog tov kovvoumidv eivolr Poactkn
TOPAUETPOS YO TNV OVTILETOTION Tovg. H avrtipetdmion tov acbeveumv mov
petadidovtor pe To Kovvouma pmopel vo emtevybel pe ovo tpomove. O TPMOTOG
TPOTOG APOPd GTO TAPAGITO 1] TABOYOVO TOL TPOKAAEL T VOGO KOl O SEVTEPOS ALPOPAL
010 Qopéa mov TN petadidel. o tov meplopiopd TOL TOPAGiTov 1 TEBOYOVOL
YPNOLOTOI0VVTOL EUPOALN, YNUEIOTPOCTATEVTIKEG Kot Bepamevtikég ovoieg. O o1d)0G
TOV €AEYYOL TOV TANOLGLOV TOVL POPEN MGTE VO amoEevyel N petddoon g vocov
6TOVG EEVIOTEG €lval O S1adEOUEVOC, OGS KOL 1) TPMTY TEPIMTMOOT) OV EXEL EMPEPEL
IKOVOTIONTIKA AOTEAECLOTO LEYPL OTUYUNG.

O éleyyoc t@V KOLVOLTIOV QOPEMV—TafoyOvVmY, Le OKOmO TN HeElwon TV
acOeveldv mov petadidovv, amédwoe kapmod Kotd to péca tov 20°° cdva, onote
Kot epropiotnray achéveleg ol onoieg petadidovtor pe ta kovvovmia (Kupiwg pe ™
xpnon eviopoktovev) (WHO, 2012b).

[Ipwv axopo and to Agutepo [aykdopo T1oAepo 0 Eheyyoc TV EVIOU®V POPEDV
acleveldv ywvotav kupimg pLe Tov TEPLOPICUO Kot TN SlElplon TOV €0TIOV OTOV
OVOTTUGGOVTOL Ol TPOVOUPES TMV KOUVOLTL®V. Ol EVEPYELEG OVTEG ETIKEVIPDOVOVTIOV
o€ €0TieC, OmMov Ta &viopa QOpPElG TV acBeveldV ¥PMNOLUOTO0VGHV MG £0TIEG
avamrruéng. [laporo mov té€totov €idovg mopepPAcels eiyav opatd OmOTEAEGLOTO GTN
peimon g HETAdoong 0chevEIDY MGTOGO dev emTeV)ONKE TOTE N TAVTEANG eEAAEYT
toug. H éhevomn tov DDT kot dAA®V 0pYovoyA®PLOUEVEOV EVIOLOKTOV®OV GTI OEKOETIO
tov ’40, dAhace plikd tov TpOTO avTHETOTIONG TV acBeveldv. Ot LVTOAEUHOTIKOT
YEKAGLOL EMPAVEIDV ECOTEPIKDOV YOPWV UEIOGOV dpACTIKA TOV aplOud TV TéAelwV
EVION®V, 10IMG TOV QPOPEMY NG €AOVOCING, LE OMOTEAEGUO TOV TEPLOPIGUO NG
glovociog kot TV TANp” eEGAEYT TG VOGOL Ol OPKETEG YDPES.

H yvoon tov &ldovg tov eviopov mov mpokadel po voco mailel omovdaio poAo
kabmng otorela g Proroyiog kor mBoroyiog Tov eivor amopaitnTa Yoo TV
OTOTEAECUATIKOTEPT OVTIUETMOMION TOV. AmoTvyiot 6ToV aKplpn TPOGOHOPIGUO TOL
eldovg mov petédide v elovocio 6to Bietvdp odnynoe oe dotoyeg evépyeleg Yo TNV
OVTIUETMOMION TOV EVTOLOL — Qopéa Kol katd cuvénela tng vocov (Van Bortel et al.,
2001). Evo avtifeta, akpiPpig yvdon g mpoTiunons TV KOPLov eVIOU®mY QOpEmV

¢ elovooiag oto [lokiotdv, 0d1ynoe ce TEPLOPIGUO TNG EAOVOGTAG TPOKAAOVUEVIG
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and Plasmodium falciparum xotd 56% ko omd Plasmodium vivax kotd 31%,
€QopUOLOVTaG EVIOUOKTOVO GTO MU TV OIKOGIT®V (OOV (TPOTYLOVUEVOL EEVIOTES
TOV GIOVIALOTEPMY POPEMV NG EAOVOGING o€ KTNVOTPoIkéG Teployéc: Anopheles
stephensi Liston 1901 kot Anopheles culicifacies Giles 1901). To k6éctoc poioto
Ntav petpévo katd 80% cuyKkpITIKA Pe TNV €QOPLOYT VTOAEUUATIKOV YEKAGUOV
E0MTEPIKMOV YOPOV OV Ypnoiporotovviay £o¢ tote (Rowland et al., 2001).

Ymv EAAGoa 1 pun emompovikng eniePainon tov €i000¢ TOV EVIOUOV POPED TNG
glovociog oto oo Evpdta 0dnynoe oe dokonn extédeon enepPloemv EKVEQMOCEMV
KOTA TOV avoeeAdv, kotd v &vapEn g emonuiog to 2011. AvrtiBeta 1
emPefainon tov gidovg An. sacharovi mg @opéa g vocov KoTd TN StbpKeEL TNG
EVIOLOAOYIKTG €pevvag to 2012, meptopioe apykd To. KPOVGUOTO GTO EVa TPITO KT
T0 1010 £€T0C, LE EVTOMIOUEVEC TPOVOUPOKTOVIEG. XTN OULVEXELD, 1) YVAOOTN oVTh,
ooNyNoe ot AMYTN otoyevpEVeVY dpdoemv katd to 2013, ot omoieg apopovcav Ge
VTOAEUUOTIKOVS  WEKOOUOVS  ECMOTEPIKOV  YDOPOV  KOL YPNOYN  EUTOTIGUEVOV
KovvouTEpv. Ot evEPyeleg aTEG elval AppNKTA GVVIESENEVES e TV NBoLoYia TOV
€ldoovg avtov (e&atpetiKd evOOPIALO Kot 01K0diaLTo €100G).

Avaroyn yvoon amorteitot Kot yo v avtipetonion apunoiov (w.y. WNV), onov
KOprog @opéac eivar évtopa tov eidovg Cx. pipiens. To €idog avtd wotdc0
napovolalel dvo Eeympiotovg Protvmovg (pipiens kai molestus), ot omoiot éyxovv
OLOLPOPETIKT] CLUTEPIPOPE KOl {0mMG EMONUIOAOYIKY] omovdaidtnta. H yvodon tov
BloAoYIKOV YOPAKTNPIGTIKOV 0VTOV KOOMOG Kot Ot 11otepdTNTEG TOV TOPOVSIALovV
GTN GLUTEPIPOPA TOVS, UTOPEL VO 0ONYNGEL GE EVIOTIGUO TOV EGTIAOV AVATTLENG TOV
aTEAOV oTOdIMV KOl Opa GTOYEVUEVY] EPOPLOYT] TPOVLULPOKTOVAOV GKEVACUATOV.
[Tapdpoteg otoyevpéveg encpPdoetg Eywvav ko oty Itakia yio v avtipet®mion g
emdnuiog tov wv Chikungunya to 2007. H emPePaioon tov pdlov tov Ae.
albopictus omv ekdAwon TG EmMONUIOG OOYNOE OE OTOYXELUEVA  UETPOL
TPOoGapUocUEVE 6TV NOBOAOYIN TOL EVIOUOL (EKTETANEVT] KOUTAVIO TEPLOPIGLOV TV
OIKLOK(DV E0TIOV Kal eKTéEAEST akpatoktovidv) (Angelini et al., 2007).

Avrtiotoreg peyaing kiipokog emeppacelc vaépuikpov oOykov (ULV) eiyov
EMTLYN OMOTEAEGHATO OTAV EQAUPUOCTNKAY KOTA TNV TEPI0S0 TOV UEYIGTOV TTHONG
tov Ae. aegypti. Avtibeta 6tav eneufaocelg yio 1o 1610 €160¢ £yvav SLOPOPETIKES DPES
™G NUEPOAG amETLYOV Va £x0VV To mBuUNTA amoteAéopato mOavov enedn Ta TEAELN

évtopo avoaravovtov (Bonds, 2012).
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AVAAOYN YVOOTN OYETIKN HE TO €100¢ TOL QOPEN KOl TNV EMKIVOLVOTNTAE TOL
EMONUIOAOYIKA, TIG GLVNOELES TOV OAAA KO GAAEC 1O1TEPOTNTES TNG CLUTEPIPOPAS
TOv  (EVOIUTAMOTO  TPOVOUEAV,  onueion  Omupépevonsg  evnaikov,  ®po
dpactnplonoinong evNAIK®V, &VOALOKTIKOL TPOTHOOUEVOL EEVIOTEG Kot  GAAQ),
amOTEAOVV  OTOlYEl.  ONUOVTIKAG TANPOGOPNONG YL TNV KOTAPTIoN  €VOG
OAOKANPOUEVOD KOl OTTOTEAEGLLOTIKOD £PYOV OVTILETMMIONG UG VOGOV,

EmutAéov, otoyeio mov agopodv 6t YopToypPAeNon TOV E0TIOV OVATTLENG TOV
TPOVOLLPADV TOV EVTOLOL POpEn OAAG Kot To eimeda vancOnciog/aviexTikdTTOg GTOL
EYKEKPIUEVO GKEVAGUATO, OTOTEAOVV PaCIKOVS TOPAYOVIES GTN ANYT| ATOPAGEMVY Y10,
TN XPNOT TOV KOTOAANAOTEPOV LETPOV OVTLETOTIONG TMOV KOLVOLTIAV LLE UIKPOTEP

KOTOVAA®GT OIKOVOUK®DV TOP®OV 0ALAL Kot AydTtepT TEPIPAALOVTIKY ETPAPLVON.

M£0080L AVTILETWTIONG TWVY KOUVOUTILWV

Ot pébodotr mov Katd KVPLO AOYO YPNGUYLOTOLOVVTIOL Y10 TNV OVILETOTION TOV
KovvouTOV dtakpivovtal o PloOAOYIKEG, PUOIKES, YNUIKES, YEVETIKES Kol peBddovg
nepParloviikng dwyeiptone. IIpoxepévov va emtevybei 0 oAokAnpwuévog Eheyyog
TV acbeveldv mov petadidovtar pe dwPifactég mpoteivetar, and tov Iaykdouio
Opyoviopd Yyeiog (World Health Organization - WHO), n OlokAnpopévn
Awyeipion tov ®opéwv (Integrated Vector Management — IVM). Q¢ Ohokinpopévn
Awyeipion tov @opéwv opileton 1 dadKacio AYNG AOYIKGOV OmoPAcE®V 1 ool
Baciletor 610 cuvdvacUd OA®V TV dBEcIHOY HECOV Ko oty a&lomoinon OAwv
TOV TOPOV (OCTE VO €ivol OMOTELECUATIKOTEPT), MO OIKOVOUIKA GUUPEPOLTO,
owoAoykd opOn kar Pudoiun oe Pdog xpOVOL 1N AVTILETOMTICT TOV AGHEVELDY QVTOV
(WHO, 2012b).

H oloxkAnpopévn dwyeipion Poociletor ot ypnon OAov 10V EACUOTOC TV
Swbécuwv mapepfaocenv gite pepovopéva gite e ouvdovacud, AapPavovioag Vo
TN YVOON TOV EMUEPOVS QOPEMV, TOV 00HEVEIDV 7OV UETOSIOOLV KOl TOVG
TAPAyovTeG OV TLYOV emnpedlovy T petddoon twv acbeveidv avtdv. To mhaiclo
™mg OloxAnpopévng Awyeipiong tov @opéwv avtpeTOmILEl TOVTOYPOVE OPKETEG
acBéveleg, emedn ot 10101 QOpPelg PUmOpel Vo PETOPEPOLY TEPIGGOTEPEG MO pia
acOéveteg (.. eAovooia Kot LAaPLAGELS) Kot EXEON KAmoleg mapenpdoelg pmopet va

elval OMOTEAEGLOTIKEG Y10 APKETOVG SLAPOPETIKOVS POPELS.
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BloAoyiKOG €Agy)X0G

O Proroyikdg €reyyog amockonel otn Heimor Tov TANBLGHOD GTOYOV UE TN YPNOoN
OPTOKTIK®OV, TOPAGITOV, THHOYOVOV, AVTAYOVIGTOV 1| TOEIVAV HKPOOPYaVIGUOV. Me
70 Broloyikd ELeYYX0 TV KOLVOLTIMV EMTVYXAVETAL | TPOCTOGIO TOV AVOPOT®V ATd
TO. KOUVOUTL, YOPIC va Exovue TOEIKEG Kol 01KOTOEIKOAOYIKEG emmTtdoels. 'Etol dev
Ol0TAPAGGETOAL TO OIKOGVGTILLOL KOl TPOGTATELOVTOL T aVTdYOova £idn TV Onpevtdv
Kot Tov Tapacitov (Becker et al., 2010).

Y7rdpyet HoKpOOKEANG KOTAAOYOS OOTOVOLA®MY KOl GTOVOLAMTMOV OPYOVICUMV
o711 EOON 7OV TPEPOVTOL ATd, 1 BUVATMOVOLY TOL KOLVOVTILN GE KATO 0td T GTASIO
tov Proroywod Tovg KVUKAOL. Apketol axkopo ProAoywkoi mapdyovieg divovv
IKOVOTIOUNTIKG OMOTEAEGUOTO GE GLVONKES €PyacTnpiov, ®MCTOCO GTO MESO TIG
TEPLGGOTEPES POPEG amoTLYYOvovy. Ot opyovicpol, ot omoiol EmMTLYDS £YOVV GTO
apelBOv ypnoyomomBel yio Tov EAEYXO TOV TPOVLULPADV KOLVOLTIL®V, £ival Kupimg
Onpevtéc. XapoKTnploTikd TopdoELylo. ATOTEAOVY TA TPOVLUPOPAYd 1xHHo10 TOV
eidovg Gambusia affinis. EmmAéov, ot to&ivec dvo Paxmmpiov mov amavidviol ot
ovon (Bacillus thuringiensis israelensis kot Bacillus sphaericus) éyovv eumopikd
alomomBel ko €yovv eEedikevpuévo TPOTMO OPACNG KOATE TMV TPOVLUPDOV TOV
Kovvovmiav (PAéne: §“Mukpofrakd eviopoktova”, cel. 33). O vHLOT®OONG CKOANKOG
Romanomermis culicivorax éyet emiong ypnopomombei yio Ty KOTOTOAEUNON TOV
TPOVUUPADV TOV KOVVOLTTIDV.

Ta mAeovekTiuota 0L PlOAOYIKOD EAEYYOL TWV TPOVOUPADV GE GYECT UE TO
ANUIKO EAEYYO aPopohV TNV TANPN AGPAAELD TOV AVOPOTOL Kot GAA®YV OPYAVIGUAOV
pun otoyov omd T XpNomn Tovg Kot ot younAn mbavoétmrto  avamTtuEng
avlektikdOTTOG. Tl HEOVEKTLOTO OLPOPOVY GTNV OOLTNOT| Y1l ETAVOALUPOVOUEVES
eEamoldoel Tov PlroAoyikov Tapdyovio Kofdg mioNG KOl GTNV ETKIVOLVOTNTO TNG

eEamodAvong evog Lovtovol opyavicpov og Eva vEo TePBAALOV.

Mpovuu@o@aya tySudia
‘Exovv xatoypoapel apketd €idon 1ybvdiov mov katavaA®dvVouv  TPOVOLPES

kovvovmidv. Ta kuprotepa €idn eivan to Gambusia affinis kot To Poecilia reticulata.
To &idog Gambusia affinis mpoépyetar oamd TIG VOTIOOVOTOMKEG TOATEIEG TNG
Apepikng Kou elonyOn o€ mhpa TOALES YDOPES YO TNV KOTOTOAEUNOT TOV AVOPEADY
Kovvovmdv. Xtnv EAAGda etonyOnke yia mpmdtn @opd to 1927 ko kotd ™ dekaeTio

1930-1939 éywve ocvvioviopévn mpoomdbewo e&amimong tov Gambusia affinis oe
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TEPLOYEG e EAOVOGTN, OOV LANPYOV EKTETOUEVEG EOTIEG AVATTVENG TOL KUPLOTEPOL
eopéa g vooov tov An. sacharovi (Hadjinicolaou & Betzios, 1973a). Eivau €idog
Cwotoéko kot moAlomAactdleTon mwhpo TOAD ypIyopa, evd TPOcopUoletal TOAD
e0Kolo o6& S1apopa KAMpoTo Ko €0Tieg pe dtapopetikng ovuvleong voata (Becker et
al., 2010). To &idog awtd eyKaTACTAONKE OTIS TEPIOTOTEPEC MEPLOYES TNG YDPOG LOC
YOPIg 1010{TEPEG SVOKOMES KOl LAMGTO ATOVTATOL MG KOl CTIUEPQ OTIG TEPICCOTEPES
oT1g omoieg eiye ewoaybel (Mopabaovag, Evpdtag, Mecordyyl, Aapia) (Tpocmmikn

napotpnon; Kolomoviog, 2011).

Aomtdvdulot OnpeutéEg

Yndpyovv mépo mOAAOL 0GTOVOLAOL OPYOVIGHOT ONPEVTEC TV KOVVOLTILOV Kot
péAioto v Tpovope®dv Tous. Ta Brodoyikd YopaKTNPIGTIKE TOVS OUMG, ATOTPETOVY
™ paliKn Topaymyn Toug MoTE v cuveyeia va ElevBepwBolv Yoo va emTdoVV TO
Bloroyikd éheyyo. E&aipeon iowg oamotedolv €101 KOLVOLTIAOV TOL YEVOLG
Toxorhynchites (Diptera: Culicidae) tov omoi®v ot Tpovopeeg umopei va eKTpapovv
poalikd. To tédeta EvTopa ToL YEVOLS aVTOV OV Etvat apopuiNTIKE Kot 0t TPOVOUOES
TOVG, TOL givat Tépa TOAD PEYOADTEPES OO TI TPOVOLPES BAL®Y KOLVOLTILDV, dPOVV
Onpevtikd oe mpovOueeg Tov Yévoug Aedes, oe eotiec avanTLENG OTMG KOWMOTNTEG
OEVTPOV, KOUUEVO UTAUTOV, £YKOTAAEAEUUEVO doyela Ko AALEC TOPOUOIES £0TIEG
(WHO, 1982; Collins & Blackwell, 2000).

NNUOTWSELS OUWANKES
O1 vuatddelg okodinkeg tov yévoug Romanomermis (Nematoda: Mermithidae)

TAPOLGLALOVY EVOLUPEPOV YO TOV EAEYYO TMV KOLVOLTILAV KOOMDS 0 PLoAoyikog Tovg
KOKAOLG OAOKANPpOVETOL EVTOG Alywv gRdopddmV Kot UTopovy ehkoAd vo Tapayfovv
og peyarovg mAnbvopovg. To gidog Romanomermis culicivorax Ross and Smith éyet
mopoayOel palkd Ko £xel epapprootel o eotieg Kovvovmu®Y o1 dekaetio Tov 1970.
2T UEPEC HOG OEV  YPNOWOTOOVVTIOL o€  evupeio KAMpoka Adym  dSoeopmv
mpofAnpdtev ot SThpnon TOV OOV, 6TV evacincio TV VNUOTOI®OV OTIg
yopnAéc Oeppokpacicc tov vepod oAAd ko otnv vymAn aiatoétnta (WHO, 1982;
Becker et al., 2010)

Muxnteg

Yrdpyovv apkerol pOKNTES TOL £XOVV EVTOUOTOOOYOVES 1O10TNTEG KO EOIKOTEPL

EVOVTIOV T®V KOLVOLTIL®V. To 6Tdd10 TOoV £MnpPealeTonl Mo VKOAN Elval 1 TPOVOLPT,
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EVD YL TNV EMTEVEN OAMOTEAECUATIKOD EAEYYOL TOV KOLVOLTIAV OTOUTOOVTOL
emavorapPovopeves eEATOAVGEIC. ZVVOAMKE Ol HWOKNTEG TOV £YOLV KOTAYPOPEL MG
mafoyova ToV KovvouTIdV aviKkovy o€ 13 dapopetikd yévn. Ta kuptotepa yévn pe
KOToyeypappévn evioponafoyovo dpdon katd tov Kovvovmav eivor ta Lagenidium,
Coelomomyces kot Culicinomyces. Qotdc0, YRVOUOKNTEG OV OVAKOLV GTO YEVN
Metarhizium kon Beauveria kokAo@opovv o€ EUTOPIKN LOPPT Kol YPNCIUOTOIOVVTOL
v Tov éleyyo kot dAlmv evtopwv (reviewed by Scholte et al., 2004). To kovidw
SAPOPOV HVKATOV UTOPEL VO LOADVOLV T TEAEW KOVVOVTLO GTO KOTOPOYLO OOV
drayedlovv N exel mov avamavovral. 1o cvykekpuévo ta €idn Beauveria bassiana
ko Metarhizium anisopliae éyovv Jokipuootel ©TO0  €PYOOTAPO  KATA  EWODV
KOUVOLTTIOV POpE®V TG ghovooiag pe evBappuvtikd amoteléopoto (Scholte et al.,
2006).

Boxtrpla

H ypron tov cvpPiotikeov Boaktnpiov tov yévovg Wolbachia éyst apyioet va
TPOTEIVETOL MG €vo VEO HEGO OVTIUETOTIONG TOV acOeveldv mov petadidovtol e
kovvovma. To cupProTikd owtd PakTplo Exel EVIOMIOTEL G€ APKETH €101 KOVVOLTILOV
Oyt duwg oto Ae. aegypti ko oto avoeely — @opeic ™ glovooiag. Otav o1o
EPYOCTNPLO TPOYUOTOTOMONKE 1 EMPOAVVOT] OINAVKAOV KOUVOLTII®DV UE TO €100C 0VTO
peiwbnke o ypovog Cong tovg kotd 50%. H peiowon tov mpocdokipov (oG tov
TEALELOV KOVVOLTILDV KOTA TO MGV TEPLOPIlel OpOUATIKE Kot TNV KavOTNTO TOLS Vo
LETAOMGOLVV KATO0, LOAVGHOTIKY VOG0. EAmidopopa arotedéspata g pebodov elye
npoceata 1 anelevbipmon kovvovmidv Ae. aegypti, ota onoia eiye petapepbel to
oLUPLOTIKO BaKTAPLO, Y10, TNV AVTILETORTIOT TOL ddykelov mopetov (lturbe-Ormaetxe

etal., 2011).

FeveTIKOG €AEYXOG

H mopoywynq 610 €pyactnplo oTelp®V apceVIKOV EVIOU®Y Kot eEATOAVGN TOVG
oto mepidAdov Exel ypnowomoindel pe emrvyio oto moapeABov yio v eEdieyn
TANOVGUOV EVIOU®V OIKOVOUIKNG onuociog, oty ktnvotpogia (m.x. Cochliomyia
hominivorax) (Benedict & Robinson, 2003), t yewpyia (m.y. pwoyo ™ Mecoyeiov,
Ceratitis capitata) (Hendrichs et al., 2002) kou ¢ poyog toe-toe (Glossina spp.)
(Vreysen et al., 2000). H teyvikn tov oteipov apoevikdv atouwmv (Sterile Insect

Technique —SIT) éyel mpotabdei Kot Yoo Tov ELeYX0 TANOLVGUDV KOLVOLTIOV POPEMV
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coPapmv acheveldv ywpic OU®G va £xovv emTeLYDEl TO AVOUEVOUEVO, OTOTEAEGLLOTOL
e€atiog Kuplwg ™G UEIWUEVIC IKOVOTNTAG TOV OPCEVIKOV TTOL TOPAYyOVTal Vo,
AVTOY®VIGTOVV TOVG PLGIKOVG TANOLGHOVG TV apoevikav otn ovlevén (Knipling et
al., 1968; Lofgren et al., 1974).

Mo mopadhoyr] NG TEYVIKNAG OVLTAG HE YXPNON YEVETIKNG WNYOVIKNG ovTi
axtivoBoMMag, amotelel 1 e£0mMOALGON APGEVIKMOV TOV PEPOLY £val Bavatnedpo yovidlo
€6 vy to. Onivkd (Release of Insects with a Dominant Lethal gene — RIDL).
ZOUQOVA LE TNV TEXVIKN QT TOPAYOVIOL GTO EPYUCTIPLO YEVETIKAOG TPOTOTOMUEV
Gppeva. KOLVOLTLOL TOL GEPOVV €va YOVidlo mov givol Bavatnedpo yoo ta OnAvkd
dropa.

Ta dppeva dtopo mopdyovior ywpig axtivofoAia, £€T61 MOTE Vo UV €Yovv
CUELOUEVAY YOPOKTNPIOTIKA GE GYECT LE TOVG PLGIKOVS TANBVGHoVG. Ta dppeva Tov
elevBepadvovror dev givar otelpa aAld @épovv to Bvnotydvo Onivkd yovido. H
ovlevén toug pe ta ONAvKA amd ELGIKOVG TANBVGHOVG BavaTdvel Tovg BNAVKOVC
AOYOVOLG, LE OTOTELEGILO VO TPOKLITOLV OVo dppeva dtopa (Thomas et al., 2000;
Wilke et al., 2009). To Bvnoiyovo owtd yovidlo dlatnpeital 6To €PYASTHPLO VIO
KOTOGTOAN LE TN YPNON YMUKOV avTIOOTOL GTNV TPOPT T®V Kovvovmidv H teyvikn
QVTH EPOPUOOTNKE LE EMITUYIN GE pia Teplopiopévn meployn tov Grand Cayman tov
viicwv Cayman (otv Koapaifikn Odiacca) divoviag evBappuviikd amotedéouoto
YL TNV OVTILETOTION TOL OUYKEIOL TLPETOV HEC® NG €&dAetyng tov €idovg Ae.

aegypti - evtopov popéa g vocov (Harris et al., 2011).

‘EA€yXOG TPOVULPWY UE XPNON PUGIKWYV — UNXAVIKWY UECWV

"Evag peydiog aptBpog dS1apopetik®v ouciav £xel a5loAoynBel 6To epyacTiplo yo
TUYOV TPOVUUPOKTOVEG O1OTNTES UE PLGIKO 1| unyovikd Tpdmo. Ta dwabéoipa péca yio
mv enitevén ovtod TOL GTOXOL TOVL E£YOLV EPUPUOCTEL KOl O0TO 7EdI0 eivon To
SloyKoOEVE oPOIPIdLL TOAVGTNPEVIOD, O EMPAVEINKES LeUPpdves Kot 1 dtayeipion
TOV EGTIOV AVATTUENS TOV TPOVOLODV.

Ta odloykobueva oceopidle moAvotnpeviov oynuatifovv éva oTpOdUN GTNV
EMPAVELD TOL VEPOD TO OTO10 OeV EMTPEMEL 0T TEAELN EVIOUO VO EVOTOOEGOVY ®A,
eumodiletl TIc TPOVOUQES KOl TIG VOUQES A TN ANYT ATHOCOAPIKOD 0ELYOVOL Kot

TeAMKA Tteplopilel Tov aptBpd Tov tédelmv mov exdvovral (ekdva 1.10).
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H ypnon tétoiwv ocpapdiov moAvotnpeviov mpoopiletor yioo TOV TEPLOPIGUO
KOLVOLTTIOV KVPImg TpovOupec Tov Yévoug Culex mov avarntvccoviol e PdOOpovg M

GAleg onuelakég eotieg pikpng empavetlag (Rozendaal, 1997).

Ewova 1.10: Ztpdpa Stoykodpevov coaipidiov ToAvcTnpeviov Tov epmodilel TG TPovOLQEG
Vo, TPOGAABoVV TO aaTovpEVO aTpocPaptkd o&uyovo.(Rozendaal, 1997).

Ta ceapidio avTd Umopel vo TUPUUEIVOVY OMOTEAEGLOTIKA MG Kot Tpia ypoviaL.
[TeproproTikdg mapdyovtog TG ¥PNoMS Toug amoteAet to péyebog tovg. Mikpotepov
SWETPOL oPapidia dMpovpyodv €va Mo €Viaio KOl MO OMOTEAEGUOTIKO GTPMOLLOL
GTNV EMPAVELX TOV VEPOV AOIATEPACTO OO TIC TPOVOUPES TV Kovvovmwv. H ypron
TOVG UTOPEL Vo TEPLOPIoEL Kol TPOoVOUEES Tov Yévoug Anopheles mov avartdcoovTot
og mnydola N dAla doyeia.

Ov emoovelokés peppplveg €xovv katd kOpo Adyo ypnowomonbel oe
KOAALVTIKG  TTpoidvTo. Kot  amoppumaviikd  ywoo  oxeddv 30 ypdévwa. Ortav
YPNOLOTOOVVTOL Yo TNV OVIIHUETOMICY] TOV KOVVOLTI®V eQappoloviol oty
EMUPAVELD TOV VEPOV, OO OOV ATADMVOVTOL YPTYOPO KOl KAAVTTOUV OAN TNV LOATIVY
empaveln. mopokduntovtag VYOV eumodo. oynuatioviog €va moAD AEMTO QAU
mhryovg evog popiov (Lovopoplokd erip). Apovv pe GUOTKO TPOTO KoL Ol LE YNUIKO 1
BloAoyukd. Ot TPOVOUPES KOl 01 VOUPESG TOV KOLVOLTLAV KOTE TNV d1adtkacion ANyng
ATHOGPALPIKOD 0ELYOVOL amtd TNV EMPAVELD TOL vepoy mebaivouv amd aceuia
kabdg Oev KatopBmdvouv va dwamepdoovy Tn  pepPpdvn (QAp) ovtn pe T
aVOTTVELOTIKA  TOovg eEaptnuata. TEtowov  €idovg povopoplokés pHepPpdveg

e€etalovral mepopotikd amd ™ dekaetioo Tov 1980, addd poOMG to TteAevtaio £t
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€yovv 010000l Aiyo meprocotepo. Ta TpofAHaTa TOV YEVIKOS TOPOVGIAL0VV TETO10V
TOTOL TPOIOVTA EIvaL 1) SVOKOATL KAALYNG OANG TNG LOATIVIG EMPAVELNG, 1) LLIKPOTEPT
amoteleopaTIKOTNTO AOY® TG VTapéng vopoOPlag PAdcTNong 1| dAL®Y gumodiny Kot
TENOG 1] OPVNTIKY| ETIOPOAOT TOV AVEUOV GTN GLVEXELD TG pepPpdvng (Becker et al.,
2010).

MepParrovtikni dtaxeipion [ EAeyXOg TWV EGTLWV AVATTTLENG

O 7ePLOPIOUOG TOV EGTIOV AVATTVENG TOV TPOVULPAOV TOV KOLVOLTIAV givatl £vol
amo To oNUAVTIKOTEPO LETPO SLayElpLoNG TV EVIOU®Y POPEWV. APAGEIS TEPLOPIGLOD
TOV €0TIOV avamtuéng Eekivnoav apéowmg petd v avakdAvym Ot 1 ghovooio
petaodideton pe ta kovvovma. H mepiPailovriky dwayeipion €xel og otdyo ) peioon
TOV TANOLGUIOKOV TUKVOTHTOV TOV EVIOU®MV QPOPEMV HEGH TOV TEPLOPIGUOD TV
OOECIU®V E0TIOV AVATOPUY®YNG TOVG MOTE Vo MTEVYOEl M pHeElWON TG EMAPNG
avOpodrov-popéa-taboyovov. H mepifariovtikn dayeipion mepthappdvel 000 kupiwg
TEYVIKEG: L) TNV TPOTOTOINGCT TV EGTUDV OVATTLENG TOV TPOVULPADV TOV KOLVOLTILDV
(Loviun onAadn aAloyn TOV SLVNTIKOV EGTIOV AVATTUENG TOV TPOVUUPDOV) LECH TL.Y.
™G amo&Npoveng TV EADV, TNG ETYOUATOCNS TOV KOIAOTHTOV TOL £0GQOVE K.0l. Kol
B) t owyeipion TOV €GTIOV AVATTLENG TOV TPOVOUE®OV (TOPOSIKEG OAAOYEC OTIC
eotieg avamTLENG TOV TPOVLUE®OV (OCTE VO OTOTPEMETOL 1) GUUTANPW®GCT TOV
Boroyikod Tovg KOKAOV) pHEG® T.y. NG OWKOTTOUEVNS Gpdevong opulmdvev,
amopdkpouven g PAdotnong kot e£ac@AAon G pong Tov vepolh e KavdAla,
aAlayn ¢ odatotnTog Tov vepoo k.a. (Walker, 2002).

Tétowov €idovg mapeppaoelg (amoinpdvoelg eAdV, KOTAGKELN] PPOYUATOV K.0L.)
dgv divouv dipecsa amoteAEGHOTA Kot GUVIOWOG £(0VV LYNAG KOGTOC. 26TOGO TOL OPEAN
TOoVG Qaivovtol pokpompdPecuo Kol To KOGTOS TNG OPYIKNG €MEVOLONG UTOPEl va
oLYKpOEl pe TIc damaveg mov TPoopilovTal Yo TNV KATOTOAEUNOT) TOV KOVVOLTUDY
oe paxpoypovia Baon (WHO, 1982). Avdroyeg TopeufAcelg Eyvay Kot 6T XOPo. LLog
Katd T OdpKeELR TOV 0VOEAOVOGLOKOD OydVO, OTOTE Kol TPOYLLOTOTOON KAV Heydio

eyyeloPerTIOTIKA £pya, amosnpaveeEls EADV K.A.T..
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XNWUKI] KATATTOAE NG KOLVOUTILWY

H avtipetdmion tov Kovvoummv He YnUkd HEca apopd GTNV KOTOUTOAEUNOT TOV
aTEAMOV OTOdOIMV KOl TOV TEAEIOV EVIOU®MV LE YPNOT EVIOUOKTOVOV HE GTOYO TN
peimon tov TANuGHOY 1 TN ¥PNON ATOONTIKOV Yo T pelmon TG EnaENg TEAEI®V

EVIOUL®V UE TOV AVOPMTO 1/Kal GE GLVOLAGHO TOV dVO AVTAOV UETPWV.

» EvtopoanwOntikad

o EvtouoomwIntina xwpouv

Q¢ anwOntikd ydpov Bewpohvtal ot YNUKEG EVOCELS, TOL GTNV AEPLL PACT| TOVG,
napepumodilovv v emaen avOpodmov kot gviopov @opéa, emepfaivoviag otnv
(QUGLOAOYIKT] GUUTEPLPOPE TOL EVTOUOL €VTOG OPIGUEVNG TEPLOYNG N «OGPAAOVS
Lovney» (yopog o omoiog katokeital and avOpdmovg), KabioTOVTAS TO YDOPO OVTO
OKOTAAANAO Y10t TO EVTOLO.

O 1poTOG £QUPUOYNS TNG OPACTIKNG Ovoing Umopel va 0dnynoel otn dnpovpyio
nepoyng yopic évroua @opeig. To peyoddtepo mAgovéKTNUO TG XPNONG TOV
ameONTIKOV yoOpov &ivar 0Tt pmopel va dnuovpyndel po aceaing {ovn yopic
éviopa, TOG0 vtOg OKIMV 0G0 Kot €KTOG otKNudtomv. O 0YKog 11 0 Y®POS 0 0moiog
TEAKA TPOGTATEVETAL 1] 1] LEYIGTN KTV TPOGTAGING, £0PTATOL OO TIC WOOTNTES TNG
OpaCTIKNG 0vGiag Kot T cuvOnKkeg Tov TePPdAlovTog (Tayvtnta aépa, Beppokpacio
KOl OYETIKN vypoaocia). Xe kabe mepimtwomn, M Aoywkn ypnong TEToov €idovg
EVIOLOATOONTIKOV YDPOL vl 1 ATOTPOTN TNG IGO0V EVIOU®MV GE &va YMPO OOV
Swpévouy avBpmmot kot emopévag N pHelmon g mBavotntag emaens ovOpdmTov Kot
eviopov @opéa. Me tov Tpdémo ovTd chattdvETOl M THOVOTNTO UETASOOMG

nopoottik®v acbeveudv (Achee et al., 2012) (suwova 1.11).
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Ewova 1.11: H Baoikn apyn paong TV onmdnTikov y®pov: arnminon Tov KovvouTiav ond
NV €l0000 TOVG GE YMPO MOV KAUTOKEITAL A0 AVOPADOTOVG MOTE VO AmoPeLyYOel 1
mOavotnTo petddoong kamolov taboyovou (mnyn: Achee et al., 2012).

H yprion anodntikdv ydpov pe vrobavitieg 006G EVTIOUOKTOVOL Ta 0ol £Y0VV
®g otoY0 va. amwOnoovy to Evtopo Kot Oyt vo mpokoAEcovy o&ela ToSikoOTnTa 1
OvnodtTo. 68 CLYKPION UE TIG TOPAOOCLOKEG TEXVIKEG Ol omoieg epapuolovv
EVIOUOKTOVA ©€ 00GES mov Bovatdvouv To €viopo, ep@avilel ovyKekpluéva
mheovekmuarto: 1) kaBvotépnon g ELEAVIONG OVOEKTIKOTNTOG GLUYKPITIKG [LE TOVG
VIOAEIUUOTIKOVG YEKAGUOVG EMPOVEIDV gomTtepikon ydpov (Insecticide Residual
Spraying-IRS) ka1 T ypNon EUTOTICUEVOV UE EVIOUOKTOV®OV KOLVOLTEP®OV
(Insecticide Treated Nets-1TNS), 2) anotelecpatikoOtnTa Kot 6€ £EMTEPIKOVG YDPOLGS
(6mov IRS xar ITNS égovv ehdyiotn epapuroyn), 3) mapépuPacn oe Pacikég cuvnOeteg
TOV EVIOU®MV POPEMV OMOTPETOVTOS T dLVATOTNTO TPOTOTOINGNG TNG CLUTEPUPOPAS
tovg, 4) Opdomn o€ APKETO OLPOPETIKA €10N EVIOUOV-QPOPEWV UE OLOPOPETIKN
GUUTEPLPOPE KOt OYL LOVO GE OLTA TOV TPEPOVTAL KO OVOTOVOVTOL EVIOS OIKNUATOV'
dpo pmopel va mopEYETOL TPOGTAGIN Y10 TEPIGCOTEPEG AGHEVELIEC TOV UETAPEPOVTOL LLE
owpopetikd  apBpomoda. Télog o1  ovoileg oavtég mov  €yovv  avdioyn
OTOTEAECUATIKOTNTA KOl GE EVIOUOL L€ GTOLOAin. OIKOVOULKY] onuacio otn yewpyia,

apa n Propnyavia Tapdyet dapkmg tétoteg ovoieg (Achee et al., 2012).

o EvtouooamwIntind yto atopnr) mpoostocio
Yndpyovv didpopa TPOIGVTAL TOVL  XPNGILOTOOVVIOL Yol TNV TPOCOTIKN

npootacio Kot epappolovtar anevdeiog Tdve oto youvo dépua 1 6T povya Le 6TdYO
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TNV TPOCTUGIN TOV ATOUOL amd TO, KOVVOoUTa 1 GAA apopvinTikd apbpodmoda. o
va elvol emtuyng Tté€tolov €idovg mpootacio Bo mpémer To. mPOIOVIO aLTH VL
epappoloviotl 6g OA To aKGAVTTA PLEPT) TOL GMOUATOC. Ot o YVMGTEG 0VGiEg Elvart TO
DEET (N,N-diethylmethyl-3-methylbenzamide) to icaridin kot to ethyl butyl acetyl
aminopropionate kot dwotifevion oe dtapopeg popeéc. H didpkela mpoctaciog mov
TpocPéPOVY o1 ovoiec avtéc mowkiler (Becker et al., 2010). v yopo pog
KUKAOQOPODHV Y10, TO GKOTO 0LTO S10(pOP0. GKEVAGLOTO LE dPOOTIKEG ovoiec: icaridin,
geraniol, deet, IR3535 «ou citriodiol

(http://wwww.minagric.gr/syspest/syspest houses.aspx).
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> XnUKA EVTOUOKTOVA TTOL XPNGLULOTIOLOUVTAL YO TOV EAEYXO TWYV
KOUVOUTILW)V

Katatagn eviouontovwy avdioyo 1e To unxoviouod dpdong — xnuiny oudda
Me Baon 1o IRAC (Insecticide Resistance Action Committee), vrdapyovv 28
Swpopetikég opadeg evropoktoveov (Fishel, 2008). Ou onupavtikdtepeg mov

YPNOLOTOLOVVTOL Y10, TOV EAEYYXO TWV KOLVOLTLOV £lval o1 akOAovOEC:

OpYQVOXAWPLOUEVX EVTOUORTOVH

H xatnyopio avt) tov eviopoktéveov mopepmodilel ™) HETAOOON TWV VELPIKOV
ONUATOV, TPOKOADVTOG TOMATAES EKQOPTICELS, LEYAAT VEVPIKY JEYEPTT], CTAGHOVS
Kot TEAKA 10 Bdvato. To opyavoyAmplopéva EVIOPOKTOVA (TANV TOV KUKAOJIEVI®DV)
Bswpeitar 0Tl KpaTOOV OVOIKTEG TIC StodAovg Tov 10viov vatpiov (Na') otig
TPOCLVOTTIKEG UEUPPAVES TOV VELPIKAOV KVLTTAP®V TOV TEPUPEPELOKOD VEVPLKOD
GLGTNUATOG HE TPOGKOAANGCT] OTIC TPOTEIVIKEG TOVG VTOOUASES. ATOTEAEGUO TNG
dpaong avtic sivar N dtatdpacn e evaicOntng oppomiag niektporvtdv K¥, Na*
610 TEPPAALOV TOL VELPAEOVO.

2y mePInTOOoN TV KLUKA0OEVI®MV, YIVETOL TPOGKOAANGY OE TPMOTEIVIKES
VITOOUASEG TOV HETOGLVARTIKOD LTodoyéo Tov vevpodwfifacty GABA (GABA-
gated chloride channel antagonists), o onoiog e Aéyyet 10 dvoryua T@v ovlgvyuévov
dtvrhov 10viov yAopiov (ClI) oto kevipikd vevpikd cvotnua. ATOTEAEGUA TNG
opdong avtfg elvar M un mpookOAAnon tov vevpodafifacty GABA kor 1
TOPEUTOIGN TG €16000V TV 1OVTeV Cl” 61OV pETacLVARTIKOVG VEVPAEOVES KOl TNG

npeoTikng dpdong tov GABA (Zidyag & Mapkdyrov, 2007).

OpyavOPWa@OpINE EVTOUOXTOVA

Ta opyovopmo@OPIKE £VTOHOKTOVO OPOVV GTIG YOAMVEPYIKEG CUVAWELS, ONANON
OTlg ovvayel Omov vevpodwPifactng eivar 1 axeTvAoxorivn. O Proymukdg
UNYOVIGHOG Opdong TV  opyovoeOcEOPIK®Y ota  opfpdmoda, oAAL Kot oTo
Onhootikd, elvar M un avaotpéyun  wapeumdolon  tov  eviOUOL
aketvAoyoiveotepdon (AchE, acetylcholine esterase inhibitors) (Becker et al., 2010).

Y& KaTdoToon PUGIOAOYIKNG AELITOVPYING, N GLYKEVIPWOOT] TNG OKETVAOYOAIVIG GTO
GLUVOTTTIKO O1AKEVO, EAEYYETOL AUEGO OO TNV OKETLAOYOAVEGTEPAGT, 1| OTTOT0L LETEL T
owBifaocn tov vELPIKOD GNUATOG, VOPOAVEL TV OKETLAOYOAIVI] 6e 0&IKO 0ED Kot

YOAvN oV elvarl UGLOAOYIKE adpavig Kol €161 1) cvvayt amoeoptiletat. To 0&ikd
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o0&V Ko 1 yoAivn amopoakpvivovTot amd 10 EVELHIO TO 0010 GT GLVEYELN OEXETOL AL
HOPLo aKeETLAOYOAIVTG Kot 1 dradikacio exavarapupdverat. Otav opmg 10éA0el oToVv
0opYOVIGUO TOV  €VIOUOL  KOTOWOG OPYOVOPOGPOPIKOS E0TEPOG, TOTE  YiveTan
QPOCEOPVAIMON NG YOAVESTEPAGNC, LUE TPOCKOAANGN OTN GEPIVI TNG ECTEPUTIKNG
Béonc tov evlbpov. H pwoeopikn ouddo mopapével TpookoAnuévn oto Evivpo,
ToPEUTOSIoVTac T AEITOVPYiD TOV Y10 TOAAEC MUEPES, LE ATOTELEGLOL TV VITEPUETPT
GLGGMPELON NG AKETVAOYOAIVNG. H vrépuetpn cvocdpevuon tov vevpodafifacty
€xel oG amoTéAeopa TN «PPayLKHKAM®GN» TOL GLGTHUOTOS HETAOOCNG TOV VELPIKMV
UNVOUAT®V, TPOKOADVTIOG £T01 TANOMPO VEVPOUETAOOGEMY GTOVG VELPMVEG TOL
KEVTIPKOD VELPIKOV GUGTNUOTOG, LE OTOTEAEGILO VITEPOLEYEPTT], LEYAAT] KIVITIKOTN T,
TPOUO, CTAGHOVS, TapAAvot Kot TeEdkd Odvato (Ziwyog & Mapkdyrov, 2007; Becker
etal., 2010).

KopBoutdind evtopontova

O Pomuukodg pnyoviopds Opdonsg TV KopPopdK®V EVIOUOKTOVOV givat
avEAOYOG TMOV OPYOVOQMOCPOPIKMV, ONAdT OpPOLV GTNV OKETLAOYXOAVEGTEPAON
(acetylcholine esterase inhibitors)” wot6c0 M Tapeunddion g yolveotepdong amd

T kKopPopudikd stvor avastpéyun (Ziwyog & Mapkdyiov, 2007).

MupeSpLvoeldn evtouontdva

H dpdon tov ocvvBetikdv moupebpivadv evtomiletal 6to veuplkd GUOTNUO TOV
EVIOUMOV Kol OPEPEL OO OLTI] TOV OPYOVOPMOCPOPIKOV Kot KopPopdikdv. Ta
TVPEOPIVOELDN EVTOUOKTOVO £XOVV OVAAOYO TPOTO SPACTG LLE TO OPYOVOYAWDPLIOUEVAL,
TOPEUTOSILOVTOC TN HETAOOON TOV VELPIKOV onUdT®V Tpocsvvortikd. [Tpokaiodv
TOPOTETAUEVO AVOLYLOL TV SOA®V apol TPATO TPOGKOAANOOVV GTIG TPOTEIVIKES
VIOpOVAdES TV dlaviov 10vtov vatpiov (Na*) pe omotélecpa TV omdAELO 1OVTOV
Kkar TN STdpaln ™ evaicntng coppomiog petald vtov Ko kar Na* oto
ep AoV TV veupikav Kuttapwv. Ot cuvBetikég mupebpiveg yopaxtnpilovion and
akaplaio dpacn (knockdown effect). H ypiyopn avti katdppiym tov €viopov
opeiletor oTn YpNyop”n HLikn Tov mapdivon (Zivyog & Mapkdyiov, 2007; Becker et
al., 2010).

PuSuiotég avamtuéng (Insect Growth Regulators —IGRs)

O1 pvOuotéc avamtvéng (IGRS) avimpocmmehovy o véa YEVIA EVIOUOKTOV®V

0LGIMV, TOV TOPEUTOOILOVV TN PLGLOAOYIKY avAmTLEN Kot eEEMEN TV eviopwy. Ot
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0VLG1Eg AVTEG OPOLY GE GLYKEKPIUEVO GTAO0 TOL PLOA0YIKOD KUKAOD TWV EVTOU®V KOl
KOTA CUVETELD, O XPOVOG EPUPUOYNG TV EVOCEMY aVTOV Toilel KOBOPIoTIKO POLO
oV amoTEAECUATIKOTNTA TOVG. o avtd eivan amapaitntn n TapakorlobOnon Tov
TNBLoUOV TOV EVIOU®V MOOTE 1 €XEUPOCT VO TPOYUATOTOEITOL TNV KOTAAANAN
YPOVIKT GTIYUT).

Me Bdon to Proynuikd pnyovicpd opdone M TG HETAPOMKEG Olepyaciec mov
emnpealovv, ol EVACELS QVTEG UTOPOVV va dlakpliodv e 000 KUpPLeg KaTnyopies: o)
TOVG TTOPEUTOIOTEG TNG ProovvBeong tng yitivig Kot B) Tig evidoelg mov ennpedlovv
™ Aertovpyio Tov evdéokpivikoD cvothuatog tov eviouwnv (Becker et al., 2010).

Ta evropoktova mov mapepunodilovv T ProcvvOeon g yitivng, OLGLUGTIKA
TaPEUPAivOLV OVOGTAATIKG GTO GYNUATICUO VEOL OEPUATOCKEALETOD KOTA TNV £KOVON
Kot 6T PETAPOON TOV EVIOUOV amtd TO £va 6TAd0 6T0 GAA0. ATtotédecpa TG Opdong
avtg etvor 1 dtakomn ™G eEEMENG TOV TPOVLLPIK®V NAMKIOV 1 TG LETAPAONS GTO
GTAO10 TNG VOLPNG KOt TNG LETOUOPPOONG GE TEAELO EVIOUO KOl TEMKA 0 BdvaTtog Tov
EVIOLOV.

H mopepporn ot Aettovpyio Tov EVOOKPIVIKOD GUGTAUATOG TV EVIOUMV YiveTot
amd YMUIKEG EVAOGES TOL ppodvtar N avtayovifovior ) dpdomn TV OpHovOV
vedTNTOG ONAAdN TNG VEOTIVIG KOl TNG €KOLGOVNG KOl £XEL OC OMOTEAECUA TNV
TOPEUTOOIGT TNS PLGLOAOYIKNG avamTLéng Kol e£EMENG TV eviopwv o€ Télela. Ot
EVOGELS 01 omoieg ppovvtal Tn dpdomn g veotivng mapeumodilovy Tn PLGIOAOYIKT
eEEMEN TV eVTON®V, TO OO0l TAPAUEVOVY GE £V GTASLO YNPACUEVOV TIPOVOUO®OV
Kot teMkd mebaivouv, evd oty TEPITTOOT TOV EVOGEMV TOL HILOVVTAL T1 OPACT| TNG
€KOLGOVNG, ToPEUTOOILETAL 1] OAOKANPOGT TNG KOLONG LE OTOTEAEGLOL TO EVIOUO VO

nebaivel and aocttio kot apvddtwon (Ziwyog & Mapkdyiov, 2007).

MupoBLand evtouontéva

O Bacillus thurigiensis var. israelensis &ivat éva evtopomafoyovo Paktipio Tov
omoiov M eVtopomafoyovog dpaoT OPEILETOL GTNV TOPAYMYN EVIOULOKTOVAOV TOEIVAOV.
To €ldog avtd moapdyel TapacTOPOKA copatiow kotd T omopomoinon. Ta
TOPOCTOPOINKE OVTE COUOTIOW TEPEYoVY pio 1 TEPIOCOTEPES TPMTEIVEC GCE
KPUOTOAALKN HLOPOT), Ol 0Ttoieg elvar TOAD ToEIKEG e TOALA £10M dumtépmv. Ot To&iveg
avTEG etval YVmoTég mg evootoéives kol Ppiockoviol 6Ta TopacTOPOaKE COUOTIOW
¢ TPTo&iveg, 01 OTOIEC PETA TNV KOTATOGN 0O TO EVIOUO Kol TNV 10000 TOV GTOV

TENTIKO coAva (Kuplwg otdloy0), EvepyomolovvTon e&attiag Tov PH Tov evtépov twv
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EVIOL®V Kot PETA amd mpwTtedivon. Ot evepyomomuéveg toéiveg KataoTpEépovy To
emONAokd KOTTOPO TOV LEGEVTEPOV Kol T EvTopa Bavatdvoviot puetd amd 1-2 puépeg
(Zwyag & Mapkoyrov, 2007; Becker et al., 2010). Avdaloyn dpdon éxel kol o
Bacillus sphaericus (B.S) o omoiog £xet avamtuyfel ce gumopikny KAipako yioo tnv
OVTILETOTIGT TWV TPOVUUPADV TV KOVVOLTLOV.

Ot omvooiveg elvar mpoidvta devTEPOYEVONS UETABOMGHOD TOV OKTIVOUDKNTO
Saccharopolyspora spinosa. Xto eumopto KUKAOQOPOHV UiYUATO T®V GTIVOSIVOV A
kow D, xotomoAepmvrog €vpd @dopo  eviopov. IlpookoAddvior kuvplowg o€
TPOTEIVIKEC VTOPOVAOEG TOV VTOOOYE®V TNG OKETLAOYOMVNG, KOl OEVTEPEVLOVIMG
6TOVG VTTOVdOYELG TOL Y-aptvoPBovTupikov 0&Eog (GABA). Avto éxet og amotélesiia )
STApacn TS KOVOVIKNG HETAS0ONG TOV VELPIKAOV onudtov (Zioyag & Mapkdylov,

2007).

JUVEPYLOTINES OVOLES

Ot cLVEPYIOTIKEG OVGIEG 1] GLVEPYIGTEG Elval YNUIKES ovaieg ot omoleg avEdvouy
MV T0EIKOTNTO. TOV EVIOUOKTOVOV, TOPOAO oL ot idteg eivar pn ToiKéS oTIg
GLYKEVIPAOOELG OTIG 0moieg ypnoorotovviot (Bernard & Philogene, 1993).

Ot ovvepylotég kupimg dpovv mepropilovtag cuyKekpipéva VoL TOV EVTOU®V,
T OTO{0L KOTOKPOTOVV 1)/KOL ATOTOEIKOTTOLOUV TO LOPLL TOV EVTOHOKTOVOV. EmmAéoy,
opoUEVOL  oLVEPYIOTEG  €xel  amodelyBel OtL mapéyovv avénuévn  deicdvon
vrofonbovroc éva evtopoktévo vo @tdoel oto onueio o6mov dpo (Bernard &
Philogene, 1993).

INo tovg mapoamdve AOyoug ot cuvepyloTtég Bewpovvtal xpnoita epyaieia, pLe
BonBeia TV omoiwv yivetan QKT 1 ¥PNON WKPOTEPOV TOGOTNTMOV EVIOUOKTOVMV
Katd evoaicOntov eviopmv M kol Eemepviétor N petafoAlkr] avlektikdtnro TV

EVIOL®V.
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Katatataln eviouortovwy avaioyo Ue ToV TPOTO XPNONG

o Avtiuetwnion oxpoiwy

YroAewpatikol pekaopol emtipavewdyv (Indoor Residual Spraying - IRS)

H pébBodog avt vmp&e o¢ n mo dadedopévn pébodog yoo v eEdhetyn g
ghovociog oe mOALEG yopeg g Aciag, g Evponng kot g Aatwvikng Apepikng.
AkOpO Kol OTIG LEPEG OGS TOPOUUEVEL OG 1| TAEOV XPNGLLOTOLOVEVT HEB0JOG EAEYYOL
MG €AOVOGIOG GE OVOTTUGGOUEVEG YMPEG. Ot VITOAEUUATIKOT WYEKAGHOT ETPAVELDV
aPOpPOHV GTNV TANPT KAAVYT EMPAVEIDV KTIGUATOV LE TIC OTOIEG £PYOVTIOL GE ETOPN
T oKpoio Kouvoovma: Toiyovs, 0poPEs, vdcteya Comv k.a. (ewova 1.12). O €heyyog
EMTLYYAVETOL LLE TN LELMOT) TNG GLVOAIKNG TUKVOTNTOG TOV EVIOU®V POPEMV KOl TOV
1pocdoKiov (one Tov akuaiov kovvovmdv (longevity) dote va unv pmopodv vo
UETAOMGOVV TEPUITEP® TO TAAGLAOIIO TNG EAOVOGING. TN YMOPO. LG KOTE TN StdpKeLo
oV ovBglovoslokoy aydva, 1M ektetopévn ypnon tov DDT mpwtoctdmoe oTtig
mpoondbeieg yio v e€dAetyn g ghovociag otn oekaetia Tov 1950. H yprion tov
aPopovoe OV KAALYTN EMPOVEIDV ECOTEPIKAOV YOPV (OKIDV, GTAPA®V,
amodnkmv) pe otdéyo To TéAEW EVIOHO TOV €OV QOpEMV NG €Aovociog

(Hadjinicolaou & Betzios, 1973b).

Ewova 1.12: YRoAelppatikol YEKAGLOT ECOTEPIKMDY YOPOV Y1 TIV OVIUETMTIOT] TEAEIOV
kovvoumidv (Insecticide Residual Spraying — IRS) (anyn:
http://simple.wikipedia.org).

Yndpyovv ocvvolkd 14 S1000peTikd €VIOHOKTOVO TPOTEWVOUEVO OO  TOV
[Mayxoopio Opyavioud Yyelag 7y VROASUUATIKODS WYEKOGHOUS ECMOTEPIKAOV

EMPOVEIDV TO. OMOI0. OVKOLV OE TECOEPLS OLUPOPETIKEG YMUKEG opddes (€&
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TopebpPIvoEdr], TEGCEPO  OPYOVOPOGPOPIKH, 000  KapPoudikd kot €va

opyavoyrAwplouévo) (ITivakag 1-2).

IMivaxag 1-2: TIpotewdpeveg and tov Haykosuo Opyaviepud Yyeiag (I1.0.Y.) dpaotikéc
0VGIEG Y10l VITOAEYUHOTIKOVG WYEKAGUOVG ECMTEPIKMDV YDPOV Y10 TIV
OVTILETATIOT POPEWV TNG EAovoaiog (nyn:
http://www.who.int/whopes/quality/en/- 25.10.2013)

Duration of

Insecticide compounds and affective
formulations' Mode of action action

(months)
DDT WP ocC 1-2 contact >6
Malathion WP OP 2 contact 2-3
Fenitrothion WP OP 2 contact & airborne 3-6
Pirimiphos-methyl WP & EC OP 1-2 contact & airborne 2-3
Pirimiphos-methyl CS OP 1 contact & airborne 4-6
Bendiocarb WP C 0.1-0.4 contact & airborne 2-6
Propoxur WP C 1-2 contact & airborne 3-6
Alpha-cypermethrin WP & SC PY 0.02-0.03 contact 4-6
Bifenthrin WP PY 0.025-0.05 contact 3-6
Cyfluthrin WP PY 0.02-0.05 contact 3-6
Deltamethrin SC-PE PY 0.02-0.025 contact 6
Deltamethrin WP, WG PY 0.02-0.025 contact 3-6
Etofenprox WP PY 0.1-0.3 contact 3-6
Lambda-cyhalothrin WP, CS PY 0.02-0.03 contact 3-6

(1) WP: wettable powder-B8p£Eiun oxdvn, CS: capsule suspension-evaiwpnua uixpoxapudiwy, EC:
emulsifiable concentrate-mtuxvd yadaxtwuatonotioluo, SC: suspension concentrate-ruxvo
evalwpnuatomnotijoo, WG: water dispersible granule-8p€&uuot xéuxot,

(2) OC: opyavoxAwptopévo, OP: opyavo@wopopurd, C: xopBauidind, PY: mupedpivoetdes

H emioyn g kotaAAnAdtepng dpacTikng ovoiag Ba mpémel va yivetal faon g
GLUTEPLPOPES TOV EVTIOLOV POpEn Kot TNV TUXOV avaTTLEN avOeKTIKOTNTOG 68 Koo
OpacTIKN ovcio amd TIG TOPATAVE OUAOES, TNV ACPAAELNL TOL OVOPOTOL Kol TOV
nep1fariovtog Kot T oyéon kootovg-anoteréouatog (WHO, 2006). Xt ydpa pog to
EYKEKPIUEVO EVIOUOKTOVO Y10 TNV KOTOTOAEUNOT TOV OKUOIOV KOLVOLTIDV e
VIOAEWLUATIKOVG YEKOOCUOVS EMPAVEL®V g€lval cvvoAkd 41 kot €xovv ®G dpov
oVoTOTIKO HOVo dVo kotnyopies, Kupimg TG ovvletikég mupebpiveg. Movo éva

okgvaoua £xel ¢ dpaotikn ovoia kapPapudikn évoon (IMivaxag 1-3).
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Mivakag 1-3: ApacTikég ovoieg Kol GKEVACHATH EYKEKPIUEV OTT] XDPO LOG Y10
VTOAEUUATIKODG YEKAGHOVE EXLPAVEIDY (TNY1:
(http://wwww.minagric.gr/syspest/syspest_bycat_byactive.aspx, 2013).

Apaot’u(r] an;mn Epttopko 6vopa (oKevaoua) ):uvo}\’o
ouaia ouada OKEVAGUATWY
Steel 25EC, Imperator 25EC, Attack 25WP, lanos 25EC, Amcothrin
permethrin PY 25EC, Kerbofos 25EC, Blata 25EC, Permethrin Nitrofarm 25EC, 9
Sospin 25EC
lamda Py Bombex®A, Icon 2,5 CS, Regviem 2,5CS 3
cyhalothrin
aloha AlphaCypermethrin FARMA-CHEM 6CS, Fendona 6SC, Canasta
P . PY 1,55C, Result 6SC, Power AC, Segefos 6SC, Alphaban 10SC, Ellacop 8
cypermethrin 65C
K-Othrine WP, Deltamethrin FARMA-CHEM 2,5WP, Segethrin
. 2,5WP, Trianos 2,5WP, K-Othrine 7,55C, Deltamethrin NITROFARM
| h PY ! ’ ’ ’ ’ 1
deftamethrin 2,5WP, Killmethrin 2,5WP, Killmethrin 2,55C, Deltasect 2,55C, K- 0
Othrine 250WP
cyfluthrin PY Solfac 50EW, Solfac 10WP 2
bifenthrin PY Dobol Microcap 3CS 1
tetramethrin Py Tetrameth.rm — Zapi 1DP, Tetramethrin — Zapi 1WP, Tetramethrin & 3
PBO - Zapi 10/10EC
d-phenothrin PY Resquard S102 1
etofenprox PY Phobi-E 1
bendiocarb C Ficam W 1
tetramethrm/ PY Amcosin 1
cypermethrin
tetramethrin/ Amcosin PLUS
. PY 1
deltamethrin

EC: emulsifiable concentrate-tuxvd yadaxtwyuatonotoiuo, WP: wettable powder-8p€&iun oxdvn, CS: capsule
suspension-evatwpnuo wixpoxopuiwyv, SC: suspension concentrate-muxvo evaiwpnuatonotjotuo, EW: emulsion in
water-eAalwdeg yaddutwuo o€ vepd, DP: dust powder-oxdvn enimacng, PY: mupeSpLvoelSeg, C: napBoutdind

AvayKn yio S1evEPYELD VTOAEUUATIKOV YEKACUDV EGOTEPIKMOV YOPOV GTN YDPOL

pog oe gupela KAlpaka, dNUovpynONKe HETA TNV ELPAVIOT KPOLGUAT®OV EAOVOGTOG
oto onuo Evpata Aakwviag to 2011 kou 2012. Xe avt v mepintmon ot yekaopol
APOPOVCAV OTIG EMPAVEIEG ECOTEPIKMV YDOPWV OOLUOVIG KoL EYIVOV L€ CKELAGLLOTOL
EYKEKPIUEVO GTN YOPO. LLOG, LLE YVOOTH OMOTEAEGUOTIKOTITO OE YMDPEG LE EAOVOGTAL.
Wekaopol/kanviouol xwpwv (Space spray/fogging)

Ot yekaopol T€1o1ov €100VG aPOPOHV GTNV EPUPLOYYT] EVTOUOKTOVOL GE LOPON
TOAD LiKpo¥ peyéBovg otayovidiov, Mote va Potdlet pe Kamvo 1 opiyAn 1| 6€ YEKAGHO
vréppuikpov O6ykov (Ultra Low Volume - ULV). H gpappoyf avtig g puebddov
yivetar xvpiog kotd T ddpkewn EEapong Kamoog emdnuiog 7 0TaV amooKomeiTot
dueca 1 peimon tov TANBVOUOD TV TEAEL®Y KOVVOLTIMV OGTE VO TEPLOPIGTOVV TO

TOGOCTA MOUVIG UETASOONG KATOWG VOGOV, AVTOC 0 TPOTOG £PUPUOYNG EYEL MG
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OTOTEAEGHLO 1] EVIOLOKTOVOG OVGIN VO dpaL 010 ETAPNS, YOPIG VO EYEL VITOAELLOTIKY|
oapketa. O ypovog Tpaypatomoinong pog tétotag enéppaocng Oa mpénet va cuumintel
HE TO YPOVO HEYIGTNG OPOCTNPIOTOINONG TOV TEAEI®V KOLVOLTI®OV, KaOdg To
KOUVOUTILOL 7OV  OAMG  ovoavovTol Ogv  avopévetal vo. emmpeactovv. O mo
KOTAAANAOG YpOVOG €POPUOYNG avtig TG HeBddove kabopileton kotd mepintmon
avaloya pe to ekdotote £idoc kovvovniov (Raghavendra et al., 2011).

To eviopoktOVO. 7OV YPNCYLOTOOVVIONL YO TO OKOTO OVTO OVIKOLV OTO
ouvleTIKA TLPEBPIVOELDT|. LT YDOPO HOg ypNolLonomdnke avt n uébodog katd tnv
emonpia tov 100 to Avtikod Netdov oto 2010 ot Avtikr] Oeccarovikn kot to 2011
010 MopaBdva ATTIKAG e WYEKAGUO LIEP-UKPOD OyKov pe dVvo mupedpivoedn
evropoktova (Pesquard S102, pe dpaotikr) ovsio d-phenothrin kot Aqua - K - othrine
ue dpaotikn ovcia deltamethrin).

Xprjon KOLVOUTILEPWY EURATTTIOUEVWY O€ evTopoKkTova (Insecticide-Treated
Nets, ITNs)

Eivarl mpoototentikd vAIKA o€ open diythov (OTMG 01 GNTEG 1} Ol KOVVOVTIEPES),
pe evropoktovo. Eumotilovror 1M katackevalovtol pe KAmowo mupedptvoetdég
EVIOUOKTOVO Kol €Yovv omodetyfel mOAD amoTeAeCUATIKA Yoo TOV EAEYXO NG
elovociog o€ TePLOYES OTOL TO £100C POPENG ELGEPYETOL EVTOS OIKNUATMOV Y1 T ANy
aipaTog Kot paAlota Katd T otdpkela g voytog (evooeiro). Ta gumotiocpéva diytoo
O)l LOVO TPOGPEPOLY TPOGTAGIO GTOV AVOP®TO amd TO. KOLVOVTLA, TAPEUTOOILOVTAG
UnyYovikd v emaen, oAld emmpodcheta Bovatdvovv Kot To. KOLVOUTIL T Omoin
épyovron o emapn Le avtd. Mo mo eEglypévn HopeOn TOV EUTOTIGUEVOV OLYTLOV
eivan to diytva pokpdg ddpkelag (Long Lasting Insecticidal Nets —LLINS), mwov
TOPOUEVOVV OTOTEAEGUATIKA Yoo OAN TN drdpkewn TG {ong Toug (3-5 xpovia) ywpic
VO, Y AVOLV TNV EVTOHOKTOVO dpAct Tovg akopo Kot petd oo 15-20 mivoipoto (WHO,
2008; Alonso et al., 2011).

‘Eva amd 1o pé€tpa yioo v ovTIipeT®dmon g eAovociag oto dnpo Evpdta tov
vopov Aokoviag to 2013 Ntav kot 1 xpnon terpokociov (400) eumoticuévav
kovvovmiépav (bednets), and petavicTeG-EpYATES, OL OO0l TPOEPYOVTOV OO YDPEG

omov evonpuei n ehovooia (ewodva 1.13) (MALWEST, 2013).
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Ewoéva 1.13: Xpnon bednet ot Zkdro tov dnuov Evpdta Acakoviog (2013) (ewtod. I
Koiiomovlog).

o AVTIUETWTILON TTPOVUUPWV

H ymuwn oavipletomon tov Tpovopeav TOV KOUVOLTIMV GTOYXEVEL GTNV
KOTOTOAEUNOT TOVG LE T YPNOT TOEIKOV 0LGLOV OTIS £6TIEG AVATTVENG TOVG, ONANON
amevbeiog epapproyn Toug oto vepd. H epappoyn e mpovoppoktoviag pe otdyo v
OVTILETOTION UoG acOévelag £xel vonua Lovo 6tav T0 T0G00TO KAALYNG TMV EGTIMV
avATTLENG TOV POPEN LE TPOVVUPOKTOVO glvar 1dtntépmg vYNAd. ['a va copfet avtd
O Tpémel og [ TEPLOYN Ol £0TIES OVATTLENG TV TPOVLUPGOVY va givat: (o) AyooTéc,
(B) ovykekpévee kar (y) vo pmopovv gokoAa vo. evtomiotovv (WHO, 2012c¢). Ou
MUKEG ovoieg mapepPaivouv oTig PLGIOAOYIKEG Kot Plodoykég Asrtovpyieg twv
TPOVOLPADOV 00NYDOVTOS TEMKE 6T0 Bdvato Toug. ['a 10 6Komd avTd YPNCLOTOIOVVTOL
SLAPOPO TPOVUUPOKTOVO CKEVAGLOTO TTOV OVIIKOUV GE SLOPOPETIKEG YNIUKES OULADES,

TVTOTOMEVA 6€ daPopeTIKES nopeég ([Mivaxag 1-4 & ITivaxag 1-5).
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Iivaxoeg 1-4: Evtopoktova KatdAANAa Yo ¥p1ion ©g TPOVOLLPOKTOVE (TTNyN:
(http://www.who.int/whopes/quality/en/, 2013).
Dosage (active ingredient)

nseetididts copeinds & i Class groupz General (open water bodies) ~ Container-

2 breeding
@ha)  (mghm) Pl

formulation(s)'

Bacillus thuringiensis israelensis 3 3 3
strain AM65-52, WG (3000 ITU/mg) i 125730 12.575 1>
Bacillus thuringiensis israelensis 3 3
strain AM65-52, GR (200 ITU/mg) BL >/000-20,000" | 500-2000 i
Chlorpyrifos EC OP 11-25 1.1-2.5 =
Diflubenzuron DT, GR, WP BU 25-100 2.5-10 0.02-0.25
Novaluron EC BU 10-100 1-10 0.01-0.05
Pyriproxyfen GR JH 10-50 1-5 0.01
Fenthion EC OP 22-112 2.2-11.2 =
Pirimiphos-methyl EC OP 50-500 5-50 1
Temephos EC, GR OP 56-112 5.6-11.2 1
Spinosad DT, EC, GR, SC SP 20-500 2-50 0.1-0.5
Spinosad 83.3 monolayer DT SP 250-500 25-50 -
Spinosad 25 extended release GR

Open bodies of water SP 250-400 25-40 -
Control of Culex quinquefasciatus in open
bodies of water iithiigfm organic mafter l 1000-1500 100-250 )

'DT: tablet for direct application; GR: granule; EC: emulsifiable consentrate; WP: wettable powder;
WG: water-dispersible granule.

’BL: Bacterial Larvicide; BU: Benzoylureas; JH: Juvenile Hormone Mimics; OP: Organophosphate; SP:
Spinosyns.

*Formulated product.

Hivaxkag 1-5: Eykekpiuévec OpaocTikéG OLGIEG KOl OKEVAGUOTO YO KOTOTOAEUN O
TPOVLLLPOV KOLVOLTILOV TNV EALGda pe amevbeiag epaproyn g VOATIVEG EMPAVELES
(mnyn: http://wwww.minagric.gr/syspest/syspest_bycat_byactive.aspx, 2013).

ApaoTiki ovsia Xnuwn opada IKevaoua

Baa‘Hus thun.ngtens;s Microbial pesticide Vectobac 12SC, BITOR
var israelensis
DU-DIM 15SC, DU-DIM 2DT, DU-DIM 2GR,
diflubenzuron PuBuotrg avdamTugng OPRAH 15SC, OPRAH 2DT, Diflubenzuron ZAPI
10SG, Diflubenzuron ZAPI 2DT, LIMAC 2GR

s-methoprene PuBuiotric avdmtugng Biopren BM 20EC
pyriproxyfen PuBuotrg avamtuéng Sumilarv
spinosad Spinosynes Mozkill 120SC

SC: TTUKVO EVaLWPNUATOTIO oL, DT: eTOLOXPNOTN TAUTAETA, GR: KOKKWOEC, EC: TTUKVO
YOAOQKTOUATOTTOU|OLULO.
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Av kot ot ovvOeTikég moupebpiveg elval AmMOTEAECUOTIKEG KOTA TOV TPOVOLPOV
glvar ToAD TOEIKEG Yo TOVG VOPOPIOVE OPYOVIGHOVG KOl KUPIMG To waplo. Q¢ ek
TOVTOV Ogv ypnoyomolovvtan ®¢ mpovopgoktova (Raghavendra et al., 2011). Ou
pLOUGTEG avanTuéng Tpokalohv To BAvaTo 6TIG TPOVOLPES KOTA TN dtadikacio TG
£KOVONC KOl EIVOL OYETIKMG O ACPAAEIS Yio TOVG opyavicpove un otdyovg (Mulla et
al., 1989).

EmumAéov autdv TV dpacTIKOV OVGIMV, Y10 TNV OVIILETOTICN TOV TPOVUUP®YV,
VIAPYEL OTN YOPO Hag okevaco pe Pdon tn otlkovn (polydimethylsiloxane). Otov
TO TPOIOV aVTO EQPOPUOCTEL GE i VOATIVI] EMPAVELD, ONUIOLPYEL £V LOVOLOPLAKO
VUEVIO (QUAN) KOADTTOVTOG OAN TNV EMPAVELD. TOV VEPOL OKOU Kol YOP® omd
VOPOPia PAdotnon. H dnuovpyia e pepPfpdvng avtig oy ETQAVELL TOV VEPOD
TopeUTOdilel TV OVOTVON TOV TPOVOUPOV KOl TOV VOUEAOV TOV KOLVOLTIDV
TPOKAADVTOS TEMKA TO Bdvato Adyw acevéioc. O punyavikdc avtdg Tpdmog dpaong
dgv EVIAGOETOL GTNV KOTNYopio T®V PlOKTOVOV TPOTOVI®MV Kol Y10, 0vTO, TO €V AOY®
oKeHUG LA (AquatainTM) dgv ouumePIAAUPAVETOL GTOV KATAAOYO TV BlOKTOVOV Kot
€XEL «OTOYOPOKTINPIOTED amd TV apuddlo vanpesio tov Ymovpyeiov Aypotikrg
Avantoéng & Tpoeipwv. To mpoidv avtd emnpedlovtag TNV EMPAVEINKT TAGT TOL
vepov, pumopel vo TpokaAésel T PuOiomn Kot TEAKA ToV TVIYUO ToV akpaiov OnAvkdv
oV VYOV Tpoceyyilovy ™V emipdvelo Tov vepob Yo wobecio (Bukhari & Knols,

2009; Webb & Russell, 2009).
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AVOEKTIKOTNTA GTO EVTOUOKTOVA

AvBextikdtnta (resistance) ovopdaletor n wovotnto €vog mAnducpon eviopmy, va
emPridvel oe O0CEI €VIOUOKTOVOL 7oL Kovovikd Bo ntov  Boavoammedpeg. O
[Maykoouiog Opyaviopds Yvyeiog opilet g avBekTikdOTNTO TO KANPOVOUOLUEVO
YOPAKTNPIOTIKO EVOG TANOVGLOD EVIOU®V Vo EMPLOVEL 0€ OOGEIS EVIOLOKTOVOD, TOL
Oo émpeme voa Bavotdvouv TNV TAEOVOTNTO TGOV OTOU®V €VOG QUGLOAOYIKOV
mAnBvcpo tov 1iov gidovg (Brown & Ral, 1971).

H avBekticotta sivor éva @avopevo emhoyng omAadn eivorl 10 amotéAecpa
aALOYDV 0TI GLYVOTNTEG TV Yovdiov og éva mAnBuopd. Ilpwv and v ecaymyn
evOg EVIOUOKTOVOL GE [0l TEPLOYT, O TANOBLGUOG TOV EVIOUOL GTOXOL OmaPTIlETON
amd evaicOnta ko eEldytota avlektikd dropo.. H epappoyn g mieong emioyng, amnd
TNV TOPOVGIO TOV EVTOUOKTOVOV, £XEL MG OMOTEAEGHA 1) GLUYVOTNTO TOV YOVOTOTT®V
mov dgv emmpedlovtol amd Vv €kbeorn oe avtd va avEdvel Ko €16t vor aAlalel M
Katavoun tov mAnbvopod (awénuéva ta avlektkd dtopa) (Ziovyag & Mapkdyiov,
2007).

H yprion evtopoktovev and povn g dev odnyel otn dnpiovpyio avOekTikdTNTOC.
H avBextucomta epgoviletar 0tav yevetikés LeTalAayég mov cuppaivovv otn euon
EMTPENMOVY GE ATOUA £VOC TANBVGLOD EVIOU®MV VO OVTICTEKOVTOL Kol VO ETPUDVOVV
TG Bavatnedpeg emdpdoelg evog eviopoktovov. Edv 10 mieovékTnuo TtV atOu®V
avtov otnpnOel pe v emavaiopfavopevn ypnon Tov i010L EVTOHOKTOVOL, TO
avBexticd Evropa Bo avamapayBovv Kot o1 KANPOVOUOVUEVES OVTES OLUPOPOTOLGELS,
0Tl omoieg ogeidetar M avBektkOTTA, B pETOPEPBOVV GTOVS AMOYOVOLG MOTE
TEMKE 0vTol Vo emkpaTovy péca oe Evay TANBuouo (swova 1.14).

H avBekticotnta dev Ba mpémetl va cuyy€etan e v avtoyn TV omoio umopel va
emdeifel €éva éviopo petd oamd €xbeon tov oe pn Bovamnedpa doorm  evodg
EVTOPOKTOVOV. TO avOUeEVO NG OVTOYNG, 6€ avtifBeon pe avtd ¢ avOeKTIKOTNTAG,
OgV KANPOVOLEITOL GTNV ETOUEVT YEVEQ.

Ta yovidle mov em@épovv avBekTikOTNTA pmopel va elval Kvpilapyo, HEPIKMS
Kupiapyo N vrwoAewmdueva. Ot mepiocdtepol unyovicpoi avlektikdtrag (m.y. kdr)
e EyyovTol amd vroAemdpeva yoviola. Xtn evon mAnbucpol eviopuwv, ol omoiot moté
dev €yovv ektebel og evropoktova, ivor cuvnBwg ToAD gvaicOntot Kot TuyodV yovidia
avOekTikOTNTOG 6 aVTOVE TOv TANOLVGHOVG eivanl TOAD omdvia. Avtd cvuPaivel

eMEW T0 GTOMO. 7OV EEPOLV  TO avOEKTIKG yovidln oTEPOLVTAL KATOU®V
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YOPOAKTNPIOTIKGOV TO. 0Ttoio KAvouv Ta gvaicOnta dropa va kuplapyobv e GuVOTKEG
OTOV OV LILAPYEL Ttieom amd evTopokTOvo. Tao yopakTnploTikd avtd umopel va eival o
UELOUEVOS aplOUOC TV amoYOV®V, TO TPOGIOKILO (®NG TOL EVIOUOL KOl 1) EDPOGCTIO
Tov aviektikdv atouwv (fitness cost). Avbektikoi mAnbvcol 610 gpyactiplo cuyva
HETOTPETMOVTOL G €vaicONTOVG €POCOV Ogv dlotnpeitan 1 EMAEKTIKN TiECT UE TO
EVIOLOKTOVO. AVvALloyo @owvouevo cvuPaivel kot otov aypd O6mov 1 evaichncio ce
évav TANBvopd emavépyetol LOALS Yivel oAAay| TNG EMAEKTIKNG T{EONC TOV OOKEL TO

evtopoktovo pe éva dAro (IRAC, 2011).

10% resistant 30% resistant
R S 8 Chemical Survivors S S S
S s applied R reproduce . S S
s S _’ S S _} S
s S R S
S R
30% resistant 90% resistant
S S S Chemical Survivors R R R
S S applied R reproduce - S
R R R R
s, =P s R = R
R S R R
R

Ewoéva 1.14: TTiBavo oevapio eEEMENG pavouévou avBsktikodmrog (IRAC, 2011) .

O avtikTuTOg TOL PAUVOUEVOL TNG AVOEKTIKOTNTAG A0 TOEIKOAOYIKY Aoy sivat
orrtdc. Apyikd, m xpnon YNUIKAOV EVIOUOKTOVOV Y1o. TNV KOATOTOAEUNOT EVIOU®OV
exOpav, &gl odMyNoEL 0 €QPAPUOYT €VOG HEYEAOL aplBpov, cuyvd TOAD TOEIKAV,
ANUIKOV 0VGLDV 6T0 TTEPPAALOV TPOKOADVTOG coPfapd TpoPfAnuaTe pOTOVONG TO
televtaio 60 ypovia. Agdtepov, N dueon avBpomivny avtidpacrn oy avlektikdtTa
gtvar n avénon g 00GoA0YI0C, LE GLVETELN TNV EMWOEIVOGCT TOL TPOPANUOTOS TNG
avOeKTIKOTNTOG Kol TNV TEPUTEP®  emMPApvvon Tov  TEPPAALOVTOS KOl TNV

TapdAANAN avénon tov k6eTovg epappoyng (Feyereisen, 1995).
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To @avopevo ™ avOekTIKOTNTOS £YEL OMOGYOANGCEL Y10, TOAAEG OEKOETIEG TOVG
emotnUoveg Ko €xel Bécel oe Kivouvo 1060 TN PLOCIUOTNTA TOV TPOYPUUUATOV
KOTATOAEUNONG TV KOVVOVLTLAOV OGO Kol T1) ONpdcio vyeia.

1 Baon tev enionuov Kotoyeypappévov aviektikov apbpornddmv (Insecticide
Resistance Action Committee-IRAC) vmdpyovv kataympnuéve tovidyotov 125
OLOLPOPETIKA €101 KOLVOLTLAOV HE OVOPEPOUEVT] OVOEKTIKOTNTO, GE EVIOUOKTOVA GTO

nedio (http://www.pesticideresistance.com/search.php, 2013). An6 ta €idn avtd, &xst

Kotaypopel mePImTOon avOekTIkOTNTOS TOVAJYIOTOV Yo €vav TANOLGUO Kol of
TOLAGYIGTOV L0, OPAGTIKY OVGIAL.

Avamtoén avOekTIKOTNTOG £XEL KOTAYPOPEL TAYKOGUIMG GE KOVVOUTLL TOV YEVOUG
Aedes amd S1AQOPES TPOTIKES KOl VIOTPOTIKES YDPES OOV €16M TOV YEVOUG QVTOD
(xvpiomg Aedes aegypti kar Aedes albopictus) eivot ot 6movdatdtepot Popeic d1dpopwv
coPapdv acheveimv (daykelog, kitpvog mupetdg, 10g Chikungunya, x.d.) (ITivokog
1-6). Avdroya mpoPAnuata avBextikdOmntag £yovv Kataypoest kot yuo €idn Tov
vévoug Culex (Cx. pipiens ko Cx. quinquefasciatus), to omoio amotehobv TOVG
ONUOVTIKOTEPOLS POPEIC PIAAPLAGEMY KOl S1APOPMV EYKEPUAITIO®MV (10¢ TOV ALTIKOV
Neidov, gykepoAitida tov St. Louis «.d.) (Jones et al., 2012b; Osta et al., 2012).
Exteveic koataypagés avbektikdémmrog, oe oudgopa €idn tov yévovg Anopheles,
VILAPYOLY OO YDOPEG HE KPOVGUATO EAOVOGIOG GTOVS SAPOPOLS GNUOVTIKOVS KATH
TOmOVG Popeic g vooov (WHO, 2012a).

2mv EAAGoa €xet emionpa dwomotwel, cvppova pe to IRAC, 1o povopevo g
avhektikdTTog o€ evtopoktove oe  Tpia (3) €idn  kovvovmumv:  Anopheles
maculipennis, Anopheles sacharovi Ko Culex pipiens

(http://www.pesticideresistance.com/search.php?page=I). AvBektikdtnTo ®6TOCO EYEL

avaeepBel oe GAAa pépn G YNg v €01 KOLVOLTLOV TO. OTOi0 ATAVIAOVIOL GTNV
EA\ada (An. atroparvus Van Thiel 1927, An. hyrcanus (Pallas 1771), An. melanoon
Hackett 1934, An. messae Falleroni 1926, An. superpictus Grassi 1899, Ae. vexans,
Ae. albopictus, Oc. caspius, Oc. detritus (Haliday 1833), Oc. cantans, Oc. dorsalis,
Cx. pusillus Macquart 1850). H dwamictwon g avlektikotntog o€ Evav nAnbucpo
evog €ldovg, vodnidvel v VapEn TPoHTOBEGEDV avATTLENG AVOEKTIKOTNTAG Kot
oe GAAovg mAnBvopovg tov Wiov €idovg. T'a to AdYo avtd Ba mpémer va vVIApEet
wlaitepn pépva otnv mapoakorovdnon yu toxdv avdmtuén avlekTikdTNTOS Yoo TO
TpoavapepOEVTA elon (Arthropod Pesticide Resistance Database:

http://www.pesticideresistance.com/search.php).

44


http://www.pesticideresistance.com/search.php?page=l
http://www.pesticideresistance.com/search.php

FEVIKO UEPOG

Mivakag 1-6: Zvvortikdg Tivakog TV oNUAVTIKOTEPOV aVIPOP®Y GE BLOSOKIUES LE

evtopoktova yo. to Ae. albopictus (zporomomuévo ars.: Vontas et al 2012).

Country  Region (year) DDT

Fenitrothion

Malathion

Temephos

Deltamethrin

Permethrin

Propoxnr

larvae
LC50

(ppm)

paper %- larvae
mortalCo) LC50
(ppm)

adults larvae
paper % - LC50
mortal (%) (ppm)

paper %
mortal(%) LC50

larvae
Oppm)
mortal

(%)

larvae

(ppm)

larvae
LC50

(ppm)

adults larvae
paper % - LC50
mortal (%) (ppm

adults

paper % -
mortal (%)

adults
paper % -
mortal (%)

China Hunan (1991) 12.05
Jiangsu (1991) 0.016
Guangdong 13.94
(1991)
Shanghai
(1991)
Guizhou
(1991)
Kerala (2004) -

1.36
3.91
India

Assam (1980) 0.24
Maharashtra 0.08
(1991)

K. Lumpur -
(2004)

Selangor -
(2004)

Penangisl. -
(2010)
Jaffiia (2005)
Barticaloa -
(2008)
N. Sawan
(2003)
N.Ratchasima -
(2003)
Songkhla -
(2003)
Kanchanaburi -
(2003)

Tak Surat -
(2003)
Thani (2003)
Phatthalung -
(2003)
Chumphon -
(2008)
Prachuap
K.(2008)
Song-Sadac -
(2008)

Yaounde -
(2007)

Bertoua -
(2007)

Buea (2007) -
Libreville -
(2007)

Parana (2006) -

Malaysia

Sri Lanka

Thailand

Cameroon

Gabon
Brazil
USA Maryland -
(1988)

Alabama -
(2002)

Genoa (2002)
Roma (2002) -

Italy

- 0.019
- 0.020
- 0.027
- 0.018

- 0.024

- 0.034

4-23 -
4-4 -

4-36.3 -

4-80.5 -

4-47 -

- 0.194
- 0.161
- 0.174
- 0.140
- 0222

1-100

1-100 0.074

- 0.124

0.5-100 -

0.5-99 -

0.5-96

0.5-91 -

- 0.15
- 0.42

05-100 -

05-100 -

05-100 -

5-100

5-100

5-100
0.8-55

0017 -
0.007 -
0010 -

0009 -

(0.02)-
995

(0.012)-6

- (0.012)-
43

- (0.04)-99

_ (0.04)-
100

- (0.04)-
100

- (0.04)-
100

0026 -

0009 -
0015 -

0005 -
0005 -

0.007 -
0.007 -

- (0.006)-
87
(0.005)-
12

0.009

0003 -
0.006 -

0.0007
0.0007
0.0007

0.0013

- 0.008
- 0.004
- 0.014

- 0.008

0.06-99

0.06-100

0.06-100

0.06-100

- 0.023

- 0.004
- 0.002

0.05-100 -

0.05-100 -

0.05-100 -

0.06-83 -

0.06-100 -

0.06-100 -

0.7-99

0.25-92

0.9-98

0.9-100

0.9-100

0.9-100

0.75-95

0.25-96

0.25-78

0.1*

0.1-100

0.3-100
0.3-100
0.3-100

0.3-98

0.3-100

0.3-100

0.3-100

2 xdpa pag,

KOTOYpAPOVTOL GE

0l TPMOTEG OVOPOPES Yo VTLOPEN OVOEKTIKOTNTAG GTO. KOLVOUTTLOL

elon avoeeAdv oto opyovoyroplopéva evtopoktéva DDT ko

dieldrin xotd Vv opyn MO TOL avBerovooiokod ayova. MdalMota 1M TPOTN

Kataypaen moykoopuing oviektikov atedéyovg An. sacharovi onueidbnke ot ydpo
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nog (Livadas & Georgopoulos, 1953) oto onuepivo dnpo Evpota Aakwoviag, émov ta.
o000 terevtaia £1n €xel mapatnpnbel GuPPoN KPOLOUATOV €AOVOGING He eVOeilelg

EYYOPLOG LETAGOOTG.

v Alaotavpwth avOekTtikOTNTA (Cross resistance)

H dwotavpot) avBektikdtnto copPaivel 0tav Evag unyoviopog avOekTiKOTToC,
OV EMITPEMEL GTOL EVIOUO VoL UMV Bovatdvovtal amd £vo EVIOUOKTOVO VO EMLPEPEL
avOeEKTIKOTNTA Kot G AN EVTOHOKTOVO NG 1010G YNUIKNG OpAdag M Kot GAA®V
ANUIKOV OpAd®V, ovVOAOY®OS TNG GUONG TOL UNYovicpov. Ta eawvduevo ovtd gival
OYETIKA cLYVvO ota évtopa @opeis acBeveldv. o mopdderypa, €xet mapotnpndel
peTaEh 0pyavOP®GPOPIKAOY Kol KAPPUOIK®OY EVIOUOKTOVAOV OTaV 1 avOeEKTIKOTNTO
eivar amotélecpo G Tpomomomuévng aketvloyolveotepdong (altered AChE)

UETOED OPYAVOYA®PLOUEVAOV Kol TUPEDPIVOEIODV.

v MoAAanAn avOektikotnta (multiple resistance)

H molhamAn avBektucomnta eivan emiong éva obvnbeg poavopevo kot cvpPaivet
otav OlapopeTikol unyoavicpoi avlektkottog speovifoviar tavtdypove ce Eva
avOextiKo évropo. Ot S1aPOoPETIKOL aVTOT UNYAVIGHOT UToPEl VO, GLVOVOGTOVV LETAED
TOVG KOU VO OMOOVV OVOEKTIKOTNTA GE OPKETEG OLUPOPETIKEG YMMKEG OUBAOES

EVIOLOKTOVOV.

OL 6TTOVS A TEPOL TTAPAYOVTEG TTOV ETNPEALOVY TNV AVATTUEN TNG
AVOEKTIKOTNTAG

Ot mapdyovteg, ot onoiot mailovv poro oty guedvion kot to puBud eEdmimong
Mg ovOekTiKOTTOG pmopel vo doywplotobv oe Tpelg Pacikés katnyopieg kot

enpavifovron otov mapakdto wivaka (TTivakag 1-7).
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IMivaxag 1-7: T'vootol kol TPOTEWVOUEVOL TOPAYOVTEG TOV EMNPEALOVY TNV EMAOYN

avlektikdv TAnBvoudv oty eHon (tpomtomomuévo amd Georghiou &
Taylor, 1986).

A. T'evetikol
o. ZuxvoTnNTo ELEAVIONG OVOEKTIK®VY YOVIdIWV
B. ApBuédg yovidimv mov empépovy aviekTikdTnTa
v. Kvpapyio tov avOektikdv yovidiov
d. [Iponyovpuevn ékbeom Ge EVIOUOKTOVA
B. Broloywkoi / owkoroykoi mapdyovres
1. Biotixoi mopdryovteg
a. Taydmra avarapaywyng
B. ApBudg amoyovav avd yevid
2. Okoloyixoi/nBoloyixol
a. [Tocootd amopdvoong tov TAnbvcon
B. Kintikdétnta ko petavdotevon
v. Tuyaia emPioon N xpron KoTaELyiov
I'. Ilapéyovteg TOL 0.POPOVV GTO EVTOUOKTOVO KL TOV TPOTO EQUPLOYNS TOV
1. 2Zkedaoua
o X1Kn opdido EVIoHoKTOVOL
B. ZxetikdtTnTO LE CKEVAGUOTO TOVL £XOVV YPTGLLoTOMOel TAAOTEPQ
v. YToAepaTIKY] S1dpKELnL
0. TYmog okevdopatog
2. O tpomog EQOpPUOYHS TOD OKEVATUOTOS
o. ZTG010 TOL EVIOUOL TO OTOI0 KOTOMOAEUEITOL
B. Zuyvomra emepfacewv

v. llocootd KAAVYNG KaTh TV £QOPLOYN

Evtopoktova to omoio. mopopéVOuV  OmOTEAECUATIKE Yo HEYOAO YPOVIKO
Slotnuol (LEYOAT VTOAEUUOTIKY JIOPKELD), EMPEPOVLY piol CLVENILOUEVT] EMAEKTIKNY
nieon mov opotdlel pe avt tov emavarapPavopevov encupdocwv. Ot emeppdoetg
YOPOV EYOLV HKPY] VTOAEYUUOTIKY] OLAPKELD Kol OOKOVV EMIAEKTIKY] TEOT LOVO GE
pie yevid kovvoumidv. Aviifétwg ot emepUPACELS VTOAEWWUATIKOV YEKAGUMDV

ecotepikav empaveldv (Insecticide Residual Spray - IRS) 1 n ypion kovvovmiépwv
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gumoticpévav pe evropoktovo (Long Lasting Impregnated Nets - LLINS) mapapévoov
OTOTEAECUATIKEG Y10 UNVEG 1] Kot ¥PpOVIO. KOl OlOKOVV EMIAEKTIKY TECN GE OPKETEC

YEVIEG TOV 1O10V EVTOLOVL.

SUSCEPTIBLE RESISTANT

PENETRATION

METABOLISM

SITE
INSENSITIVITY

Ewcova 1.15: Awrypoppatikn angikoviorn Tov TpLdV 6ToudaIOTEPOV UNYOVICUOV
avOektikdémtag (mnyn: Georghiou 1994).

Mnxaviopol avOekTIKOTNTOG

O1 BacikdTePOL UNYOVICUOT AVOEKTIKOTNTOG GTO EVTOHOKTOVA Elval TEooeptg: (o) M
petaforkn avbektikotnta, (B) N avlektikdtnTo 6TdOYOVL, (Y) N AVOEKTIKOTNTO HECH
NG TPOTOTOINGNG TNG CLUTEPLUPOPAS TOV EVIOU®V MOTE VO, AmOPEVYETOL 1| £kOeoT
T0vg otovg Tofkovg mopdyovteg kot (0) M avOekTikOTNTO AOY® UELOUEVNG

dwmepototnTog NG emdepuidag tov eviopov  (Hemingway et al., 2002).
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AlLPOPOTOMNGEIS OTNV  EMOEPUION KOL OAAAYEC OTN GULUTEPLPOP, TOL  E€iTE
eunodiouv v €loodo, e€lte avEAvouvy TNV OMEKKPIOT, TOV  EVIOUOKTOVOV
(puctoroyikn — NBOAOYIKY AVOEKTIKOTNTA), ATOTEAOVV TNV TPMTN Ypapuu duvvog. H
devtepn  ypapunq auovac, 1 Poynuikn  avlektikdmrta  (metabolic  resistance)
ovviotator omd évlouo mov «uetaforilovvy Ta eviopoktoOva (1] evepyomomuéva
TOPAY®YE TOVS), TPV OVTA PTACOVV GTOLG 6TOYOVE TovG. H tedevtaio ypouun
dpuovog TOV eviOp®V, 1 Omoio. GLYVO TPOKOAEL TO. 7O EVIVATMOOOKA EmimedQ
avOEKTIKOTNTOG, OPOPA CE SLPOPOTOMNGEL OTN HOPLOKN OOU) TOV TPOTEIVOV-
otoyov (altered target resistance), mov tig kKGvovy Ayotepo gvaicHnteg ota TOEIKA
puopo, pe amotéAecpa T UeloN 1 Kot TNV OTOAEW TNG ATOTEAECUATIKOTNTOS TOV

eviopoktovav (Bovrag kot cuvepydreg,2007) (ewova 1.15).

MeTafoAkn avOekTIKOTNTA

H petafoikry avlextikdémmta eivor o mo  ovvnOopévog  Unyoviorog
avOekTIKOTNTOC TOL amovidTot ota £viopa. O pnyaviopds avtdg Paciletor ota
evlupikd cuotaTo To 0toie O1BETOVV Ta VIO Y10l VO ATOTOEIKOTO00V PUGTKOVS
towovg mapdyovies. Ot kvpidtepeg koatnyopieg evldopmv vredbBvoveov yio ™
petaforkn avlektikdTnTo givan Tpelg: ol eotepdoeg (esterases), ot povoo&uyevaoceg
(monooxygenases) kot ot petagopdoeg G yiovtabewdovng  (glutathione-S-
transferases, GSTS). Avtd ta evlupikd GLOTAUATO GLYVE EVEPYOTOLOVVIOL GTO.
avBektikd Eviopa, 6ivovtdg Toug ) dvvatdtnTa va peTaforilovv 1 va modopovy Ta
EVTOLOKTOVA TPV TTPOKaAEGOVV Kamola To&kn emidpaon (IRAC, 2011).

O goteplioeg eUMAEKOVTOL KVUPIWG GTNV AVOEKTIKOTITO GTO OPYAVOPOGPOPIKA KO
KapPopdikd Kot o€ Ayotepo Babud ota mupedpvoedn| eviopoktova. Ta Evivpa avtd
UTOpEl VO GUUUETEYOLV GTO UNYOVICHO OavOEKTIKOTNTOG, €ite O0EGUEVOVTOG TOAD
YPNYOPO. TO EVTOUOKTOVO KOl OTn OLVEXEl ameAlevfepdvovtds to apyd, Eglte
petafoArifovtag éva TOAD TEPLOPIGUEVO €VPOG EVTOUOKTOVOV OV TEPLEYOLV EVOV
KOwo €0TepIKO Oeopo. H mhetovotnta Tov £6TEPACHOV TOL OPOLV GUUP®VO LE TNV
PO TEPITT®OT, Tapovsldlovy avénuéva emineda PEC® YOVIOLOKNG €vioyvong,
omoc £xel Ppebel oe kovvodma tov yévovg Culex kar oe didpopa €idn aeidwv
(Blackman et al., 1999; Hemingway, 2000).

Ot petagpopdoeg g yAovtabeldvng epmiékovtol Kupiwg oV avOeKTIKOTNTA GTO
OPYOVOYAMPIOUEVA, GTO OPYOVOPOGPOPIKE Kol oTo Tupebptvoedn evropoxktova. H

opdon tovg gvbiveton Yoo TV avOEKTIKOTNTA pHe dAPOPOLS TPOTOLS: () HE TNV

49



Fevikd UEPOG

mpocOnkn avorypévng yiovtabewdvng (GSH) oto evtopoktovo 1M ot KLpL
petafoikd wpoiovta tov, (B) pe v KoTtdAvoT TG avTidpaons amoidpoyAmpiveoong
tov DDT, oty onoia 1 YAovtaBeiovn dpa og cupumapdyovtag (awtdg ivorl Kot o mo
KOWOG pnyoviopog ovhektikdtmrog tov kovvovmiwv oto DDT), (y) pe opdon
TEPOEEWOAONG  UTOPOVV VO TPOCPEPOVYV  TPOCTACIO KATA TWV  OEVLTEPOYEVDV
emopacemv G €kbeong o€ evIopUoKTOVA, OTMC TO OLEWMTIKO oTpeg Ko (0) pe
OECLEVOT TV EVTIOUOKTOVOV, HEIOVOVTIOS TNV TOCOTNTO TOV EVTIOHOKTOVOL 7OV
etavel oto otoyo (Hemingway, 2000; Ranson & Hemingway, 2005).

Ot povoo&uyevaoceg tov kvtoypopoatog P450 sivor pio onuaviikny otkoyévelo
evlOpov mov gumAEKOvVIOl 6To UETAPOAICUO OA®V oYedov TV eviopoktovev. H
dwdkacio avt yivetar coviBm¢ pe ™V amoto&IKomoinoen ToV VTOCTPMOUATOS UE
ofeidwon (ewodyovv éva poplo o&uyovov 61O VIOGTPOUA), €VE afloonueimt
eaipeon amotedel M gvepyomoinom TV OPYOVOPOGPOPIKMY EVIOUOKTOVOV amd
Belopwopopikd oe meplocdTEPo TOEIKEG popeéc ofwviov (Feyereisen, 1999). H
TowKopopeio Tovg £yKeltar oty VIapEn moAL®V P450 1copopemv, oTo dlopopeTiKd
potifa ékppacng kot 6to gupbd Pace vrootpoudtov (Hemingway & Ranson, 2000;
Hemingway et al., 2004). T'ia mapadetypo oto gidog Anopheles gambiae Giles 1902

vrapyovv 111 cvvolikd P450 éviopa.

AVOEKTIKOTNTA GTOXOL

H avBektikétto otdyov elvarl 0 de0TEPOG MO KOOGS UNYOVIGHOS AVOEKTIKOTNTAG
TOL OmAVTATOL OTO £VTopo. To €EVIOUOKTOVOL OpOLV GE OLYKEKPIEVES OEcelg
(oTOY0VG) TOV EVTIOUOL, T.Y. TO VELPIKO GUGTNUO. XTO AVOEKTIKG GTEAEYN EVIOU®V O
610Y0G aVTOG pmopel vo tpomonombel MCTE TOL EVIOUOKTOVO, VO UMV UTOPOLV Vo
OEGEVTOVY  OMOTEAECUOTIKA OO  avtdV. AVTO €Yl ©C OmMOTEAEGHO TN UN
OTOTEAECUATIKY] OpAoT 1M TN HEWOUEVY] OTOTEAEGUOTIKOTNTO TOV EVTOUOKTOVOL
(IRAC, 2011).

Onwg éxst avoeepbel mopamdve, To mopebptvoetdn eviopokTdve Kot  To
0PYOVOYAMPIOUEVA, TANV TOV KLKAOOIEVI®OV, GTOXEVOLV GTOVG OLHAOVS TMV 1OVIWOV
vatplov GTOVG VELPAOVES TV eviopwv. Tpomomomoelg otn 0éom dpdong Tovg
TPOKOAEL AVOEKTIKOTNTO GTOL EVTOLOKTOVE, 0VTA, 1 0Ttoia ovuyva kaAeitoan knock-down
avBextucomta (knock down resistance, kdr), Aoy® ¢ kavoTTag TOV EVIOU®V TOL
owfétouv ovtd TO OAANAOMOPPO, VO avTEYOoLV G€ TopaTeTApéVY €kbBeon ota

EVTOLOKTOVA T Ympic vo Bovatdvovtal akaplaio. Xta yévn tov kovvovmimy Culex
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kot Anopheles, and Tic o KowéC avTikataoTaoelg apvocémy mov oyetiletan ue v
avOekTIKOTNTO 0TO TVPEDPIVOELN E1VaL 1 VTTOKATAGTACT TNG AEVKIVNG GTO KWOIKOVIO
1014 eite pe @awvvraravivn (L1014F) eite pe oepivn (L1014S) ot0 Kava vatpiov
(Martinez-Torres et al., 1998; Martinez-Torres et al., 1999; Ranson et al., 2000). Ot
petolAayég oty avtiototyn tpmAéta voukAeoTidimv eivar amd TTA oe TTT kot TCA
avtiotolyo, oTo YeveTikd tOmo para voltage-gated sodium channel. H petdiioén
L1014F eivar ko ot dvtiky Aepikry (West kdr), evo n L1014S omv avotohkn
Aopwn (East kdr). To apvoéd ot 0éon 1014 dev paivetal vo aAANAETIOPE AUECO [UE
TO €VIOUOKTOVO oAAG Bempeitar 0Tt aAAGlEl TNV KIVNTIKN TNG EVEPYOTOINGNG TOL
kavaiiov (O'Reilly et al., 2006). ITpocedtmg avayvopictKe pio emmAéov petddlaén
7oV odnyel o€ VITOKATAGTOOT TG OoTaPAYivNg o€ Tupocivn ot Béon 1575 (N1575Y)
o010 KovaAl vatpiov oto €idoc Anopheles gambiae. H petdAloén oty avtictoyn
tpumAéta voukAeoTidiwv eivon and AAT og TAT (Jones et al., 2012a).

O vmodoyéag tov vevpodwPifact; GABA elvar n 0éom oOpdong tov
KuKAOOlEViov. Xe ToAAG  éviopa, ovpmeplapPovouévng g Drosophila, n
avlextikoTTo 6710 gviopoktovo dieldrin amodidetar oe pio petdAraén oto yovidlo
Rdl mov kwducomotel ywow pio vropovédo tov vrodoyéa tov GABA. H M2
OWUEUPPAVIKNY TTEPLOYN TOL VIOOOYEN OVTOV TEPLEYEL VO KATAAOUTO aAMvVivNg GTO
koowkovio 302. Avo vrokotaotdoelg apvoéémy, otn Béon avtr|, and aAavivny oe
oepivn (A302S) 1 oe yivkivn (A302G) oyetilovion pe ™V avOeKTIKOTNTA GTO
evropoktovo dieldrin. Ot petodhayéc oty avtictoryn TPAETO VOUKAEOTISIWV givorl
and GCA oe TCA kot GGA avtictoya. H avtiotoyn petodiayn oto Anopheles
gambiae s.s. eivar 1 vrokaTAOTOON TNG AAAVIVIIG 6TO KOAIKOVIO 296 pe yAvkivn
(A296G) ka1 oto Anopheles arabiensis Patton 1925 ¢ alavivng pe oepivn oto id10
Kodikovio (A296S) (Du et al., 2005). EmumAéov, avdAioyn petolhoyn Topotnpeitot
kot oto Aedes aegypti (L.) 6mov 1 aravivn vrokalictator amd oepivn (Ffrench-
Constant et al., 1994).

H axetvloyolvestepdon eivor 1 B€om OpAong TOV 0PYOVOQPOCPOPIKAOV KOl TOV
KapPopdikdv evtopoktovev. Xt Drosophila vrapyet pévo éva yovidio, to Ace, 10
omolo  KOOWKOmolel Yy TNV OKETLAOYOMVESTEPAOY, Kol OlAPOPES ONUELNKES
petahdayéc éxovv meprypoei ot avbektikd otedéyn (Mutero et al., 1994).
Mepovopévee ot petaAhayés avtég mapEyovy yoaunin oavlektikdtro, yopic vo
emnpealetar TOAD 1M VOIPOALON TNG AKETVAOYOAIVNG, EVO O GLVIVOGUOG TOLG TNV

evioyvetl. Ta kovvovmia xovv dvo drapopetikd yovidia Ace, ta Ace-1 kot Ace-2. Ze
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avOektikd oteléyn tov Cx. pipiens (Mori et al., 2007) kaw An. gambiae £yel Bpebei 6Tt

70 Ace-1

yovidlo oyetileTon

pe v ovlektikotnra. Ilo ovykexpéva, 1

avOEKTIKOTNTO amodIdeTAL KUPIMG GTNV OVTIKATAGTAOT TNG YALKIVNG, Tov PplokeTon

o™ Paon tov gvepyov KEVTIPOL Tov eviVpov, pe oepivny otn Béon 119 (G119S) Adyw

™G HeTdALaéEng g TpmAétog vovkAeotidiov GGC oe AGC (Weill et al., 2003).

Mivaxag 1-8: Ot petarhayéc avOekTikOTNTOG GTOYOV GTA, EVIOUOKTOVO OV £xovv Ppebel Yo
€101 KOLVOLTLOV-POPEDV GNUAVTIKOV 0aGOEVELDY.

Y1606 Eidog Ofon petairaync Biproypaguki) avagpopa
(mpuci] opada) KOULVOLTTLOD
el L1014F Martinez-Torres et al., 1998
Anopheles
gambiae L1014S Ranson et al., 2000
N1575Y Jones et al., 2012
L1014F Martinez-T t al., 1999
Para voltage-gated C_ul_ex L 10145 artinez-Torres et al.,
sodium channel pipiens
(Topedpvoctdn L1014C Wang et al., 2012
0pvavoYL®PLopéva) 11011M, G923V, V1016G, . :
Aedes L982W, V10161, 11011V, Vor:fa‘;"z‘;"gld o1
aegypti D1794Y, F1534C N
S989P Rinkevich et al., 2013
Aedes .
albopictus F1534C Kasai et al., 2011
Anopheles :
gambiae G119S Weill et al., 2003
Culex G119S Weill et al., 2003
Ace-1 L.
(opyovopospopukd, | PPIEMS F290V Alout et al., 2007b
KapPapdid) [ Aedes _ _
aegypti
Aedes i i
albopictus
Anopheles
gambiae A296G Du et al., 2005
Culex i i
Rdl pipiens
(kuKA0d1EVILEY) Aedes i i
aegypti
Aedes ) i
albopictus

Emumiéov éxer Bpebel  avikatdotaon g eawvoloravivng oe Paiivn ot 0éon

290 (F290V) o¢ kovvodmia tov gidovg Culex pipiens amd v Konpo (Alout et al.,

2007b) ko1 m avtikotdotaon T eowvAodovivig ue tpumToedvn otn 0éon 331
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(F331W) o¢ kovvobmia Tov gidovg Culex tritaeniorhynchus amo v avatolikr Acia
(Alout et al., 2007a).

Mewpévn dieicduon

Tpomomomoelg 6TV EMOEPUISA TOV EVIOUOV 1| GTOV EVIEPIKO TOV COANVO UITOPET
vo gumodicovv N va. emPpadhvouy TV SmEPATOHTNTO TOVE OO EVIOUOKTOVO, GE
avOEKTIKG OTEAEYM EVIOU®Y. AVLTH 1 LOPPN OVOEKTIKOTNTOG UITOPEL VO EMNPEACEL TN
Oplon  OPKETMV EVIOUOKTOV®V, ©OCTOGO Ol TEPUITOCES OVTOL TOL TOTOV
avlextikotntog eivor meplopiopéves. H petopévn oeicdvon evog EVIOUOKTOVOL GE
CLUVOLOGUO Kot HE GAAOV pnyaviopd avOektikdtntog €xel amoderyfel mmg £xet
nolManldoia ertintmon otnv aviektikdtnto (Raymond et al., 2001; Pittendrigh et al.,
2008).

TpoTmomoinon NG CUUTEPLPOPAS

Q¢ oAhayn ™G CLUTEPLPOPAS EVOG EVTOLOL Bewpeitan 0mo10dNTOTE TPOTOTOINGT
™G oLVNOIGUEVNC GLUTEPLPOPAS TOV, OV £YEL OC OMOTEAEGUO TNV OTOPLYN TNG
t0&KNg emidpaong TtV eviopoktovev. H avBektikdmta TV Kouvoummv dgv
opeileton  mhvta o POoyNUIKOLG  UNXOVIGUOVG Om®G  gival M HETOPOAKN
amoto&ikomoinon N LETOAAAYEG TOV 6TOYOL, AAAG pmopel va oQeileTon Kol 68 AAAOYES
61N ovumEPLPOopd. Ot aAOYES OVTEC GTY| CUUTEPLPOPE TOV EVIOU®V YEVIKOG OEV
Bewpovvtor to 1010 onuaviikég 6000 T GAAo €idn avBekTikoOTNTOS (pETABOAKY,
avOeKTIKOTNTO 6TOYXOV), 0AAG pmopel va BewpnBovv wg évag coPapdc mapdyovtag o
omoiog umopel va cupfaiiel otn amoPuyn g £kbeong Tov eviopov ce Bavatneopeg
dooelg evog evtopoktovov (IRAC, 2011).

O Russell et al., (2011) ava@épet OTL 1 GLUTEPIPOPH, TOV CTUAVTIKOTEP®OV POPEDV
™m¢ ehovooiag oty Taviavie (An. gambiae s.l. xow An. funestus Giles)
tpomomoOnke petd amd 12et) €QOPUOYN VTOAEIUUATIKOV YEKACUDV ECOTEPIKAOV
YOPOV KO YPNON EUTOTICUEVOV KOLVOLTEPOV HE OMOTEAECUO 1) HETAOOOT 1TNG

glovooiog vo yivetar TAéov 6g eEMTEPIKOVS YMPOVS Kot Ol EVTOG OIKNUATOV.
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Alayeiplon Kot AVTILETWTLOT TNG AVOEKTIKOTNTOAG

H éykapn ddyvoon g avlekTikdTNTog, 1N OVAALGN TOV UNYOVIGUOV GTOVG
omoiovg Paciletar, kabmg kal 1 mopakolovOnon (Monitoring) tov TAnbvoudv yio
Tov €AEYY0 TNG KOTOAVOUNG TV ovOekTIK®V Yovidiwv amotedel amapoitntn
npovmdOeon Yoo TNV aVTIUETOMION NG Apketéc uéhodotr  mapakorovdnong
(Brodokipés, Proymukéc, popakéc) Eyovv  avamtvuybel kol ovveyilovv  va
aVOTTOCCOVTOL, TPOKEEVOL Vo YiveTan Eykatlpa 1 O1dyvmon Kot 1 Topakolovdnon
™ avOextikotntag (Bovrag et al., 2007).

Ot péBodot Prodokipumv mov mpoteivovian amd tov [aykoouio Opyoaviopd Yyeiog
[xaptid epmotiopéva pe evropoktovo (WHO, 1981a)] kot amd to Kévipo EAéyyov
AocBeveunv [Center of Disease Control, CDC yvdiwveg @ibAeg eumotiouéveg ue
evtopoktovo (Brogdon & McAllister, 1998)] amotehovv kaAovg Oeikteg yioo v
mapovsio avhektikdtTTag o¢ €va TANOVoUO, OAAL Elval OVOTOTEAEGUATIKES Yol TV
axp1Pn kot Eykarpn TpoOPAeYN TG AvOEKTIKOTNTAG OTOV TO PUIVOLEVO £lval GE apyLKo
otado avamtvéng (Casimiro et al., 2006).

‘Eva Bacwkd mnua ot dwayeipion g avlextikdtntog eivor 0Tt amouteiton m
aviyvevon g otav PpiokeTol oe akOUO TOAD YOUNAES GUYVOTNTEG, OTOTE AMALTOVVTOL
péBodol mov  SlELKOAVVOLV TN UETPNOT] TV  GLYVOTHTOV TOV  JPOPETIKMV
UNYoviIc oV avlekTikdtToS € TANBuoHoVG 6T0 Tedio. Tétoleg pnéBodot mokilovy wg
TPOG TN PLA0GOPTa KoL TNV EVKOALN GTN YP1oN TOVG.

Apketég Proymuikég pébodot givor StaBEGLES Yoo TNV aviyvevon g aVENUEVIG
evepyoOTTOG TOV TPLOV EVELHIKOV GUGTNUATOV, TOV EGTEPACAV, TOV UETUPOPAGHV
g YAovtaBetovng (GSTs) kot twv P450s ot ovBekTikd kovvovmia.

Avagpopikd pe v avlekTikdtnTo 6TOYXOL, HOVO YO TNV TEPITTOOY 1TNG
aKeTvAoyoMveotepdong &xel  avamtuyBel Puoynuikn  péBodog  avaivong g
evooOnciog tov evlbpov oe kopPfopdikd 1 avdioyo oEwvimv BE0P®EPOPIKOV
evropoktovav. H cuykexpiuévn nébodog eivar tkovomomtikd akpipng yro t pHéTpnon
TOV GLYVOTNTOV TOV YOVIOIOV avOEKTIKOTNTAG, EMTPEMOVING TN OLPOPOTOINGN
peta&d oudlvyov kot etepolvynv avlektikov atopmv (Coleman & Hemingway,
2007).

Moprokég pébodot €xovv avamtuyBel v apketég PETOAAAYES avOEKTIKOTNTOGC
otoyov, Omwg tov GABA vmodoyéa, ta wavdio vatpiov (kdr) wor v

aketvhoyoiveotepdon (AChE) (Bass et al., 2010). Aedouévov 61t ot petoAloyéc
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0QeIAOVTOL OE AVTIKOTAGTAGELS VOC VOUKAEOTIO0V, o1 péBodot avtég Pacilovtal oe
€0éEG Yoo alAniopopeovg PCR avtwpdocelg (allele specific PCR, AS-PCR), cg
€101KOVG y1o. aAAnopdpeovg vPRpdtopove (allele specific hybridization), ce PCR-
RFLP avtidpdoeig, oe avidpdoelg evonoinong (Ligation Detection Reaction) kot og
TagMan.

H avtipetomion g avlektikdttog €6TIALETOL GTOV TEPLOPIGUO TNG EMAEKTIKNG
mleong OV eVTOHOKTOVOV. Avtd emitvuyydvetor pe tn pobuion g 66ong tov
EVIOUOKTOVOV, TOV aplOLOL TV TPOYLATOTOOVUEVOV ENEUPAceE®V Yia T dlathpnon
TOV evoicnTOV aAANAOUOPE®Y, TN XPNON EVIOUOKTOVOV YOUNANG VTOAEULLOTIKNG
OWIPKELNG, TN XPNON OLVEPYICTIKAOV ovcoldv  (eviupikol TApPEUTOIGTES OV
QIEVEPYOTOLOVV OUASES TNG PLOYNIIKNG GUVVAG), TNV EPAPLOYN TOTIKAOV ENeUPAcemV
Kol Tn OoTpNoT Kota@Lyimv Yyl T EVTORO GTOYOLG KOl HE EMGTNUOVIKY Pdon
EVOALOYT) EVIOLOKTOV®V.

Y& OMOVIOTEPES MEPUITAGCELS, OTAV OVTO eMPAALETOL, Umopel va akolovBeitor n
otpatnyKn g e€aretyng avlekTiK®V TANOLVGUOY — OAANAOLOPP®V aVOEKTIKOTNTOG,
1 omoia EMTVYYAVETOL LE TN YPNOT TOAD VYNADV 0OGEMV EVTOUOKTOVOV 1 UIYUATOV
EVIOUOKTOVOV, IE GKOTO TNV MOPAKAUYN TOV GLVNOMG EEWOIKEVUEVOV UNYAVIGUAOV
avBextucomtog. H otpatnywn avtr| g eEdAetyng tpoimobétel mpooektikn avdivon
TOV TEPPAAOVTIKOV TOPOUETP®V, £XEL TAVTOG YpNoipomondel pe oxetikn emtruyio
(aArd pe mepParioviikd KOGTOG) ©TO0 TAPEABOV OtV EEAAEWYT  AVOQEADV
KOLVOLTILDV POPEWV TG glovoaiag e xpnon tov DDT (Bovtag et al., 2007)

o ™ dwyeipion tov @awvopévov g ovBektikotntag o Georghiou (1994)
poteivel TIg akOAoVOeC YeVIKEG Tpooeyyioelg: dayeipion pe petplacud (management
by moderation), diayeipion pe kopeoud (management by saturation), kot dwoyeipion
pe moAhomAn TpoosPoAr (management by multiple-attack). H dwyeipion pe petpocpd
oTOoYEVEL OTN JTNPNON TOV YoVIdiov gvoicOnciog. Avtd emTVYYAVETOL e YOUNAES
00GEIC EVTOUOKTOVOL, OTOPLYTN GLUYVOV EQPUPUOYDOV Kol XPNON EVIOUOKTOVOV LE
piKpn obpkela. Av Kot ovT 1 TPOCEYYIon Kavomolel ta TePBaAlovTikd TpoTLTA,
dgv gtval 1000 EAKLGTIKN Y10 TOV EAEYY0 PopémV acBevelmv. H dayeipion e Kopeopo
0TOYEVEL OTN YPNON TOCOTHTMV EVIOUOKTOVOV IKOVAV va. Bavatdcoovv dha T dtopa
tov ANBvouoY. Avti N Tpocdyyion €xel meplocdtepn alia oTa aPYIKE GTAOIO TG
EMAOYNG, OTOL T Yovidld avOekTIKOTNTAG VLEApPYoLvy Kupiwg o€ eTepoluym®T
katdotoaon. H dayeipion pe morhamAn tposfoin mpoimobétel 6t o EAeyyog pmopel

vo emtevyfel HE €QOPUOYN  OWPOPETIKMOV, ®G TPOS TO UNYOVIGHO dpdong,
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EVIOLOKTOV®V TTOV TO KOOEVO 00KEL EMAEKTIKN TIECT KAT® TOV EMMEOOV TOV 0ONYEl
o€ avOeKTIKOTNTO. AVTO EMTLYYAVETOL UE YPNON WYUATOV EVIOUOKTOVOV 1 UE TNV

EVOALOYT, YPOVIKA 1] YOPIKA, TOV EVIOUOKTOV®V TO 0TToio e@appolovat.
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Avtikeipevo g Swrping MTav M depedvnorn G ovOekTikdTTOG  OTO
evtopoktTova o mAnbvouovg kovvovmidv Culex pipiens kot Aedes albopictus omd
StapopeTikég meployéc e EALGdag. EmumAéov diepeuvnOnke ko 1 YEVETIKY cVOTOON
mAnBvoucdv Culex pipiens and v EALdda og oyxéon pe kpovopata 100 Tov Avtikol
Neilov.

Ewdwotepa, ta empuépoug avtikeipeva — kepdioio g otaTpiPng ntov to €Ng:

e Aviyvevon TV eMmESOV TOL OLVOUIKOD Kol TNG EMKWVILVOTNTOG OVATTLENG
avOektikémrog TAnbuopmv Culex pipiens omd S1dpopec TEPLOYEG TG XDPOS GTO.
evropoktova (Kepdraro 2).

e Atgpehvnon g avbektikdtroag tov gidovg Aedes albopictus ota gviopoktova
(Acatikd kovvovmt tiypng) (Kepdrato 3).

o Awgpehvnon tov pnyoviopmv avbektikémroag tov Aedes albopictus oto
opyavopwo@opkd temephos pe Proymuikéc nebddove (Kepdrato 4).

e Atgpehvnon g yeveTikng ovotacng mAnbuvcumv Culex pipiens otnv EXLdda g

oyéon e kpovopoto 100 Tov Avtikod Neidov (Kepdiato 5).
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2. KEDAAAIO 2°

Avixveuon Twv eTMESWY TOL SUVALIKOU KAl TNG ETKIVELVATNTAG
avdantuing avoektikdtnTag mAnduouwv Culex pipiens amd didgopeg
TLEPLOYEG TNG XWPOG OTO EVTOUOKTOVA

EIZATQIH

To &idoc Culex (Culex) pipiens Linnaeus 1758 &ivat svpémg dradedopévo otn xmpo.
Hog TOG0 YEWYPAPIKA OGO Kol amd TAELPAG TOKIAGTNTAG TOTOL £0TIOV. Bpioketal oe
oxedov kabe gidovg eotia (Avopeddng et al., 2007; Kiodrog et al., 2007; Avtpa &
Eppoavouni, 2011; Ztéeov et al., 2011). Eivat €id0¢ 6movdaiog VYEOVOUIKTG OTHaGTiog
0oV amoterel To KLPLOTEPO €100G Popéa Tov 10V ToL AvTikov Neihov otn Ydpa HoG
“kotnyopnnke” paicto yioo v emdnuic tov 2010 otmv EAAGOa pe 262
emPeParopéva kpovopoto kot 35 OBavatovg (Danis et al.,, 2011). Amavtdtor cg
peydiovg mAnBuopovg oty kevipikn kol kvpiowg ot Popsio EAAGoa Adyw tov
EKTETAUEVOV EKTAGE®MV KOAMEPYEWG POy KOODS Kol TV EKTETAUEVOV LGIKAOV
OKOGLOTNULATOV.

H extéheon mpoypappdtov peydAng kMpoKog vy TNV  OVIIHETONION TOV
Kovvovm®dv otnv EALGSa Eexivioe oto Téhog tng dekaetiag Tov “90. Ta mpoypdppata
avtd agopodcav eneUPACELS TPOVOUPOKTOVIOG OTIG QLOIKEG Kuplwg €oTieg TV
KoLVOLTIL®OV (0pLLMVES K.0.), LE YEKAGHOVS Omd TO £00POG 1 KOl e evoépta péca. Me
TNV TAPOO0 TV ETOV 1| OTOTEAECUOTIKOTNTO TOV TPOYPUUUATOV OVTOV OAOEVOL KOt
BeAtiwovoToy e T (PNoN Kol GUYYPOVOV TEXVOAOYIKE HECWV.

H omotehespotikdOT o TV €QUPUOYOV KOTOTOAEUNGONG 0TOvG opulimveg elval
TEPLOPIGUEVT], WO10UTEPA KATA TIG TEPLOOOVS OTAV T PLTA TOL PLLIOVL EEMEPVOVV KATA
TOAD TO VYOG Tov vepoL. Tnv mepiodo exeivn ot emtuynuéveg eneUPACELS e evaépla
péoa givol TpokTikd adbhvareg, Kobmg ta LT Tov PLOL dNUIOVPYOHV EUTOO0 Kot
OgV EMITPEMOLY VO PTAGEL TO YEKAOTIKO OldALUO OTNV EMQEAVEL TOL vePOVL. Ta
terevtaia €11 emiong, vwdpyovv evoeitelg petowpévng evocnoiog TV TPOVLLEOV
(avBekTikOTNTO) O©TOL  YNUKO OKELAGUATO TOL  YPNOUYLOTOOVVIOL Y. TNV
KOTOTTOAEUNOT) TOVG,.

To 2008 Eekivnoe oty dmaBpo g SVTIKNG OECCAAOVIKNG TPLETEG TEPAUOTIKO
TPOYypoppe enepPdcewv akpotoktoviog and aépog. [paypoatonomdnkay telpopaticég

emeuPdoelg, pe e€eMypévn  TEXVOAOYIOL TPOGOPUOCUEVT) GE  EMKOTTEPO, OVO
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dapopetikdv  Tupedpivosddv okevacpdtov (d-phenothrin - & deltamethrin) o¢
TEPOLOTIKA TERAYLO OEKO YIMAdWV oTpEPUdTOV TO Kabéva. EmmAéov, ol ekteTapéVEC
emepPaoelc  okpotoktoviog (amd  €ddpovg N amd  aépa), TEIVOLV VO
SLUUTEPIAOUPAVOVTAL, OC CUUTANPOUATIKO HETPO, GTO TPOYPUUUOTO OVTLLETMOTIONG
TOV KOLVOLTLAOV KOl WOTEPWS KATA T1 ANYT EKTOKTOV LETPOV Y10 TNV OVTILETMTION
EMONLULODV.

Ta d100c1p0 GKELAGHOTO TOV YPNGILOTOIOVVTOL GTV OKLOLOKTOVIOL OVIIKOVV GTN
ANUIKN opada Tov mopedpvav. Qotdco ot Tupedpiveg ¥PNCILOTOIOVVTOL GLYVA Kot
amd TOVG KOTOIKOVG TEPLOYDV TTOV YEITVIALOLV e 0pLLMOVEG LE GTOYO TNV OTOLIKT TOVG
TPooTacio (ATOUKE 6TPEL, ammONTIKEG AOGLOV, KOTVOYOVEG GTEIPES K.0L.).

[Mupebpiveg emiong xpNOYOTOOVVTOL KOl GTOVG OPLLMVEG YO TNV OVTILETMOTION
TOV EVTOUOAOYIK®V €XOpdv NG KaAMEPYELas. Ot ovcieg avTég KATAAYOVV OTIC €0TIES
OOV AVATTOGGOVTOL TPOVOLPES KOVVOLTILAV (TT.). OMOGTPAYYIOTIKE KavaAla).

H yvoon tov emmédwv avOekTikOTNTOS TOV KOLVOLTLOV WG CUYKEKPLLEVNG
TEPLOYNG OOTEAEL GNUOVTIKO GTOLYEO Y10 TN S10TPNON TG OTOTEAEGUOTIKOTITOS TOV
TPOYUATOTOOVUEVOV ENEUPhoemV Ko amotelel amapaitntn Pdon yoo v epapuoyn
EVOALOKTIKOV — peBOdwV, otV mepimTmon  EUEAVIONG TOL  QOVOUEVOL  TNG
avlextikomrag. To dedopévo ®otdco Yoo v evoicOncio/avlextikdmmra TV
KOLVOLTIOV 6T XOpo pog givatl Todd weplopiopéva (Livadas & Georgopoulos, 1953;
loannidis et al., 2001).

2KOMNMNOxX KE®DAAAIOY

YK0mOG TOV TaPOHVTOG KEPAANIOL MTav 0 EAEYX0G TG avOeKTIKOTNTOS TANOLGUOV
tov &idovg Culex pipiens amnd diapopo onueion ™¢ EAALGOAG oTor evTOopOKTOVA TOV
YPNOUOTOOVVTAL Yol TNV KOTOTOAEUNGY] TOV, KOOMOC €miong M KoTtoypoen TNng
TOPOVGIOG KOl TNG CLYVOTNTOG YVOOTMOV UETOAALNYDV OVOEKTIKOTNTAG Y1 TNV EKTIUNON

NG EMKIVOLVOTNTOG OVATTUENG OVOEKTIKOTNTOC.
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YAIKA KAl MEOOAOI

NAnBuopol Culex pipiens

O1 meproyég amd Tig omoieg cLAAEXONKaV ot dtdpopotl mAnBvopoi tov CX. pipiens apopovv
o€ TMEPLOYEC He €viovo TPOoPANUOTE amd TO KOUVOUTIN OAAL Kol TEPLOYES oL OlabéTovy

opL{OVEC KOl EKTETAUEVO VYPOTOTIKA OWKOCLGTNUOTA. X€ OPKETES OMO TIG MEPLOYEG OVTES

EKTEAOVVTOL TTPOYPALLUOTO KOTOTOAEUN GG KOVVOVTILAOV €L 0P TOV (Xapng 2.1).

N

GREECE

Xaptng 2.1: Inueio cviloyng minbvoumv Culex pipiens.

Yuykekpipéva cvAAEXONKav TAnBucpoi Culex pipiens and tig mepipepelaxég evotnteg (I1E)

Attikng, POOTO0G, Oeccarovikng, Zeppav kot EBpov and moikideg €0tieg 610 MEPLAOTIKO
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mePIPAALOV 1| o€ €0Tieq MOAD KOVTA G€ OKIGUOVS amd To TEAOC Avyohoto €mg To PEcO
YentepuPpiov. [To cvykexpéva and v IE Attikng cuiréyOnkav 6vo (2) tAnbucpoi: and to
péua g Xeldovovg (yavtakt ot dxpn dpdpov, mAnbvucudg 1) kot amd tov Mapabdva-Zywvid
(omootpayylotikd kavail, mAnbvoudc 2). And v IIE ®Oidtidag cvAiéybnkav dbo (2)
mAnbvopoi: omd v AvOnAn (yavtdkt ot dxpn dpopov, TAnbBvcpog 3) kot and ™ Aapio
(yavtakt otn dxpn dpopov, TAnbvcpog 4). Ano v IE Oeccalovikng cuAléxOnkov 1€66EpIC
(4) mAnBuvopoi: and ™ XoAdotpo Yoo dvo cuvveyopeva £t (opvlwveg, 2009 & 2010,
mAnBvopoi 5 & 6 avtictoya), amd tov Ayro ABavascio (opvldvac, TAnBvucudc 7) kot and v
Aompofddrto (xaviakt otn akpn dpopov, TAnbvopog 8). Amd v IE Zeppdv cvrdéydnkav
tpelg (3) mnbuopoi: amd to Mavdpakt (apdevtikd kavait, TAnBvopog 9), ta Xpovooympapa
(opdevticd koval, Tinbvoude 10) kot and v Ayio EAévn (opvlovag, minbvuoudg 11). Télog
a6 v IIE 'EBpov ocviiéybnikov dvo (2) mAnbuvopoi: amd 1o Oéhta tov 'Efpov
(amootpayyotikd kavioit, mAnBuoudc 12) kot 1o Awdvpdteo (apdevtikd Kaviail, TAnvouds
13) (xéptng 2.1). Térog, o gvaicOntog TANBVGUOS AVaPOPES TTOV YPNOLOTOMONKE TPOEPYOTAV
and 10 Epyoompio  Evropoxtéovov  Yyswovopikng EInupoacioag  tov  Mmevokeiov
dvtomaboroykod Ivetitohtov OTOL Kol TUPAUEVEL GE EPYOCTNPLOKEG GLVONKES Kt YwpPig TNV
EQOPLOYT| EVIOLOKTOVOL GKEVAGLOTOG Y10 TTAV® A0 TPLAVTA XPOVIa.

H ovlhoyn derypdrov ywvotay pe TPovOUEOGLAAEKTN (OELYLOTOAMTTN TPOVOUO®V LE

extatd Ppayiova, (ewova 2.1) and eotieg pe vyMAovg TAnbvopove.

Ewova 2.1: TTpovopupocvAAékTeg (ap1oTepd) Kot DAKA Y10 T1 S10A0YT KOl LETAPOPE MMV, TPOVOUO®OV
KOl VOUP®V 0TO £pyaoTtiplo (0e€1d).
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Ewova 2.2: Zviloyn detypdtov (dipping).

Kotd ™ ocvAroyn tov derypdrov (ewova 2.2) dvotov 101aitepn TPOCOYN OTN GLAAOYN
TPOVOUEOV veaphc nhtkiag (1™ kot 2™ kot oyedieg wdv). Metd ) puetapopd tov derypdtmv
010 gpyaotiplo ['ewpyikng Dappakoroyiog Tov N'ewmovikod [avemotnuiov AOnvav, yvotov
0 J®WPIOUOS TOV TPOVUUEAOV TOV KOLVOLTIMV amtd AAAeG VOPOPLEG TPoVONEES Pdoel TV
LOPQOAOYIKGV TOVG yapaktnplotik®v (Service, 1993). H ektpoef| TV TPOVOUODOV
TPAYLOTOTOWONKE 0 OvOLXTEG ELOYE AeKAvES e avoryTOypoo (VTOAEVKO) edvTOo (E1KOVQL
2.3) dwothoenv: 28ek. dduetpoc, bek. vyoc (Oeppokpasio: 25°C + 2, Tyetiky vypooio (RH)
80+ 2 ko dwromepiodo: 14:10 pwg: okotddl). H kdbe Aekavn mepieiye 1.000 ml vepod ko
150-200 mpovoppec, evd kabe pépa ywotav mposbnkn tpoeric (JBL Novo Tom Artemia -
babyfish food powder JBL GmbH & Co. KG).

XTI TEPUWITAOCELS OOV O OPBUOG TOV OELYUATOV NTOV 1KOVOTOTIKOG Ol TPOVOUQES
EKTPEPOVTOV €MG TO GTASI0 TOL OKUO{iOV OOV KOl TPAYUATOTOOVVTOV Ol Blo00KIUES e TOL

téhewa éviopa. Emmiéov téhetn évropa mapéuevay otovg -80°C yio mepatépo avévon pe

Broymuucég Kot HoploKes TEXVIKEG.

Ewova 2.3: Apiotepd : AeKavn eKTpOQNG, 06£1d. EKTPOPT TPOVLUPDY GTO EPYACTNPIO Kot KAmPBoi
EKTPOPNG.
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BIOAOKIMEZX

BioSoniuég og mpovoupeg
Ta okevdopoto mov ypnoyomombnkav oy mapovcoa epyacio Nrav o ABATE (d.0.:

temephos), o DU-DIM (.0.: diflubenzuron) ka1 to VECTOBAC (6.0.: Bacillus thurigiensis
var. israelensis - Bti). I'ia ka0 petayeipion yivovtav 4 emavolqyelg pe 20 mpovoueeg FO
vevidg, 4°° otadiov N avertuyuévou 3% coppnvo pe tov ILO.Y. kot to T0c0otd Ovnoudtnrog
KOTAYPAQOVIOV UETH amd 24 dpec, evd TopdAAnio vanpye UApTLpag XWpPig TV TPocsHnK
npovoppoktovov (WHO, 1981b; WHO, 2005). Aokipdotnkay apyikd 1 dloyvooTtiky 666 yio
K60e dpacTiKi] ovcio AAAL Kot VITOTOAAATAGGLO OVTAG OTAV O OPOUOS TOV TPOVLLEAOV TO
enétpene. H dwyvootiky do6orm eviopoktévov tov WHO, yio kdmowo €idog kovvouvmion
dwPifoactn, TPOKLATEL amOd TO OMAACIOGUO TNG OOONG/CLYKEVIPMOONG EVIOUOKTOVOL TTOV
Bavatover to 99,9% evaicOntov mAnBucpov. Ot ddcel/cVYKEVTPMGELS avTES Kabopilovtal
amo tov [L.O.Y. yia k60e evTopokTdVo Kol YEVOG KOUVOUTILDV.

O1 S0y veoTiKES 00GELS TTOL XPNCLULOTOMONKAY TPOETOYUAGTIKAY LE SLUOOYIKESG OPAULDCELS
amd To dbéciua EUTOPIKA okevdopata, cOpemvo pe t pebodoroyia tov I1.0.Y. (swdva
2.4), otic {dec ocuvBrkec ot omoiec ywotav 1 ektpon (Ogpupokpooio; 25°C + 2 &
Ddotonepiodo: 16:8 pwg: okoTad).

Y10V TEMKO 0YKO, OTTOL LETOPEPOVTAY Ol TPOVOUPES, YvOTOV Tposbnkn 99ml vepol kot

Iml and 10 Sidhvua mov &iye TPOKLYEL AMd TIG OUSOYIKEG OPULDGES OO TO, EUTOPIKE

OKEVAGLOTA MGTE VO TPOKVYEL 1 EMBLUNTN CLYKEVTPOOT) Yo KAOE tepinTmon.

Ewoéva 2.4: Apiorepa: Amortodpeva VAKE Yo, TV TPOyUATOnoiNoN PLOSOKIUMY GE TPOVOLPES,
obupova pe tov I1.O.Y. (WHO, 1981b), deid: extéleon Plodokiung.

BioSonuég og onuaio Evroua
Mo tov éheyyo ™ avOekTIKOTNTAG TOV OKUOI®V EVIOU®V YpNoLomTomdnKay yoptid

watman eumoticpéva ot SlyveoTiky ovykévipowon (deltamethrin 0,05%) mov mpoPAémetan

a6 tov I[1.O.Y. ya kovvovmo Cx. pipiens. H dwadikacio g éxbeong tov akpaiov (20-25)
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EVIOU®V TEPLEAAUPOVE TNV TOPOUOVH TOVG EVTOG TAAGTIKOD KLAWVOPIKOD Baddov, o omoiog
€PEPE TO EUTOTIOCUEVO L€ EVIOUOKTOVO, GE TPOKOOOPIoUEVT] CLYKEVIPp®OT, YopTi watman.
Metd and pio opa to Evropa petagépoviav oe Bdlopo pe kabapd yapti watman 6mov Kot
toug mapeiyeto tpoen| (Coxapovepo). Metd amd 24 ®peg YvOTaV 1 KOTOUETPNON TOV VEKPAOV

atop®v (ekdva 2.5).

.
U

Ewova 2.5: Zynpotikn ameicovion g o1adikaciog frodoKiung oKuaimy Kovvoumidy GOUPOVO, LLE TOV
I1.0.Y. (WHO, 1981b).

65



2° ke@AAaLo

MOPIAKA AIATNQZTIKA

Moplaka dlayvwoTIKA ETUTES WY avOEKTIKOTNTAG

Xpnouonomdnkov yvootég poplakés dayvaotikég texvikég (Martinez-Torres et al., 1999;
Weill et al., 2004) yia tov éleyyo g Tapovacioc/cvuyvotntog g petariayng kdr (knock down
ressistance) L1014F (TTA og TTT) kot TV petadlaydv g aketvioyoivestepdong (IAChE)
G119S (GGC oe AGC) xou F290V (GTT o¢ TTT) (Martinez-Torres et al., 1998; Weill et al.,
2003; Alout et al., 2007Db).

V' Amtop6vwon 0Akov yoviduwpatikov DNA

o v amopdveon tov oAkod yovidtwpatikod DNA oand «kdbe téleto dropo Culex
pipiens, ov giyov mapapeivel otovg -80°C, ypnowomomOnke to DNAzol reagent tng etoupiog
Invitrogen. H dwdwkacio omopdvoong ovolvtikd divetar otv  Ilopdypago 1  tov

[Mapaptpatog L.

v Avi}veuon ouyvotnTag HeTAAAAYHG AVOEKTIKOTNTAG OTA TUPEOPLVOELST)
gvtopoktéva tumov kdr (L1014F)

Xpnowonomdnkav katdAiniot ekkwnrég (Cgdl, Cgd2, Cgd3, Cgd4), tov omoiwv ot
aAAniovyieg dtvovtal otov Ilivaka 1 tov IMapaptipartog I, yioa va gvioyvbel n meproyn 6mov
evromiletan n petoriayn avBektikomrag L1014F.

INo k@O dropo mpaypatomomdnkay dvo aAvcdwtég avidpdoelg (PCR) (mapdypapog 4,
wapaptuo ) pe v towtdxpovn Topovsio TPUOV EKKIVNTOV (OGTE VO TPOKOLWYOLV Ol
dwyvootikég Loveg mpoidvtov g PCR. v swova 2.6 Ko oy €ikova 2.7 emOekvOgTOL M

apyn ™g LebBoOdov oL YpPNGILOTOONKE.

481-510 bp (common band)

354-383 bp (susceptible)

Cgd1
e

o,

Cgda ‘Fd?

Ewova 2.6: Zynupatikn aneicovion tov dumhot dayvootikov PCR, tev meploymv mov vppidilovy o
ekkvntég oto para voltage-gated channel locus kot tov peyebdv T@v avapevopevmv
npoioviwv (Martinez-Torres et al., 1999).
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Ot cuvdvacpol TV EKKIVIITOV ToL ypnotomomdnkay oe ke (evyog avidpldoemy mov
&ytvav ywoo kdbe drtopo @oaivovtol evOeTikG oty ewovo 2.6. Atopa opdlvya yio TO
@LG1LOA0YIKO-gvaicONTO aAANAOpop@o L1014 (cupforilovian wg SS) divovv dvo (®dVveg e Tovg
exkivntég Cgdl1,2,3 wo pia pe tovg exkwvntég Cgdl,2,4. Atopa opodlvya yuo 10 avBektiKd
aAAniopopeo F1014 (cvpporifovior g RR) divovv pia {ovn pe toug exkivntég Cgdl,2,3 ko
ovo Coveg pe toug ekkwvntég Cgdl,2,4. Atopo etepodluya vy to 000 GAANAOLOPPO
(ovppoirilovian w¢ RS) divovv dvo {dveg 1060 pe toug exkivntég Cgdl1,2,3 660 Ko pe Touvg

exkivntég Cgd1,2,4.

e—
—
—
—
—
.

Cgdl,2,3
Cgdl, 2,4
Cgdl,2,3

Ewova 2.7: Aneicovion tov avapevopevoy tpoidviav Tov PCR dtlayvootikdv avtidpdceny (TpdT
oTAAN: paptupog poplokod Papovc)(tporomomuévn and: Martinez-Torres et al., 1999)

v Avi}veuon ouyvotnTag HETAAAAYHG AVOEKTIKOTNTOG OTA KAPPAMSIKA KOt
OPYOAVOPWOQOPIKA EVTOUOKTOVA (HETAAAay aKETVAOXOALVEGTEPATNG G119S).

Me ypnon katdAnAov ekkwvntov (CxEx3dir, CxEx3rev) svioyonke n meproyn O6mov
evromiletan 1 petoddayn avhektikotntag G119S. Zrov Iivaxa 2 tov [Hapaptiuarog I divovral
ol aAANAOLYIEC TOV EKKIVNTOV TTOL Ypnoilpomomjnkayv. Ztnv eikova 2.8 kot oty gikdéva 2.9

emMAEKVOETOL 1) apy1| TNG LEBOOOV OV YPNGLOTOONKE.
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SUSEPTIBLE GCGGUCCGTCATGCTGTGGATCTTCGGCGGCGEGGCTTCTACTCCGGUCACCGLCACCCTGGACGTG
RESISTANT GCGGCCGTCATGCTGTGGATCTTCGGCGGCA%ETTCTACTCCGGCACCGCCACCCTGGACGTG

AluT

Alul recognition site

Ewova 2.8: Tpqpo g arintovyiog tov Ace-1 yovidiov oto €idog CX. pipiens mov gvioydetar pe mv
PCR avtidpaon. Me okobpa ypdupotoa givar to Kodkovio 119 to omoio amotedel Tunua
g Béong avayvapiong tov evldpov Alul. Katm de&id diveton n Béon avoyvopiong tov
evlopov Alul. Kéto de€ua divetar n Béom avayvopiong tov eviopov (Weill et al., 2004).

o kéBe dropo mpoaypatomomOnke pion avtidpaon pe tovg exkwvntés CxEx3dir ko
CxEx3rev. AxoloOOnoce méyn tov mpoidvtog pe 10 évlopo Alul. Atopa oudlvya yioo to
@LOo10A0YIKO-gv0ioONTO aAANAOpopeo G119 (ovuPoriloviar g SS) &dwcav pia {dvn,
dedopévov 01t o mpoiov g PCR dev ménteton (sucdva 2.9). Atopa opdluya yio To avOekticd
aAnAopopeo S119 (cvpporiloviar wg RR) €dmwoav 600 (oveg dedopévov 0Tt T0 TPoidv TG
PCR ménteton kabdg n petoddayr dnpovpyel o Béon avayvopiong tov evidpov. Atopo
etepoluya yia ta 600 aAniopopea (cupporiloviar mg RS) édmwoav tpeig (dveg dedopévov Ot
10 Tpoidv ¢ PCR mémteton pepikd (o £vag eivat evioyvuévog oAANAOUOPPOG [LOVO).

To péyebog tov avapevopevov mpoidvtog e 10 cvuvovaoud tov ekkivntov CxEx3dir kot
CxEx3rev nitav ot1g 520 bp. Metd v eneéepyacia pe 1o Evlopo nepropiopot Alul to péyebog
TOL OVOUEVOUEVOL TTPOidVTOG Yo Ta. opolvya gvaicOnta droua (SS) ftav otig 520 bp, yio ta
opdluya avlektikd dropo (RR) ntav otig 357 ot 163 bp ko yio o etepolvya dropa (RS)

ot 520, 357 ko 163 bp.

Ewova 2.9: Anecdvion tov avapevouevev rpoidviov e PCR dtayvmotikig avtidpacng yio
petoArayn G119S. (TTpmtn othAn: naptopag poptakod Bapovg). (tpomomomuévn omro:
Weill et al., 2004).
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v Avixveuon cuxvotntag HeTAAAayng avOeKTIKOTNTAG 0TA KAPPOAMSIKA Kat
OPYAVOQPWOQOPLKA EVTOUOKTOVA (LETAAAAYH AKETVAOXOALVEGTEPAGNG F290V).

Me ypfion katdAiniov ekkwvntov (CxExSdir/Valrev & Valdir/CxKrev2) evioybbnke n
neployn O6mov evtomiletar n petodhayn avlextikdomrag F290V. Zmyv ewova 2.10 kot otnyv

ewova 2.11 emdewcvoetal n apyn e LeBOd0L TOV ¥PNCLLOTOMONKE.

CxExSdir Valrev
_.. .‘_
1 TTT [,
o GTT 13
— e
Waldir CxKray?
........................................................ B D e
S D e —
....... 143 hp - —

Ewova 2.10: Tufua g ariniovyiog tov Ace-1 yovidiov oto gidog CX. pipiens mov evioyvetot pe v
PCR avtidpaon (Alout et al., 2007b).

Ewova 2.11: Ameicovion tov avopevopevov tpoioviav g PCR dioyvootikig avtidpaong yio ™
petalhoyn F290V (tpomomomuévo amd: Alout et al., 2007b).

Y& 0lo ta dropo £yovpe mpoidv 542 bp mov mpoépyetar amd tovg exkivntég CXEXSir kot
CxKrev. T'a ta opdluyo gvaicOnto dtopa (SS) maipvovue emimiéov mpoiov povo 148 bp mov
npoépyetar  amd Tovg ekkivntég CXEXSdir xor Valrev kot dnAdver v mopovcio
eowvlodavivng. Xty mepintoon tov opdluymv aviektikov atopov (RR) maipvovpe emmiéov
npoiov povo 435 bp mov mpoépyetor amd tovg exkvntég Valdir ko CxKrev2 kot dnidvet v
omopén Parivng amokAeloTikd. Ty mepintwon tov etepdluymv atdépwv (RS) mapatnpovvial
Kol To 000 TOPUTAVED EMITALOV TPOTOVTA, TA Omoic. dNAMVOLV TNV VIOPEN Kol TV OO

apIVoEEWV.
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ATIOTEANAEZMATA

e Biodonuég:

Ta ovvolkd amoteAéopoto TV  PlodoKipu®dy pe Tto  mpovupeoktove temephos,
diflubenzuron, Bti kot to akpotoktovo deltamethrin amd tovg mAnbvopodg mov cvAAEXONKav
o€ OlAQOpPEG TMEPLOYEG TNG YDPOAG YO YPOVIKO SUCTNUO TPLOV £TOV Topovoldloviol oTov

napakdto mivoko (TTivakag 2-1).

IMivaxag 2-1: TTocootd Bvnopotrag (%) minbucudv Culex pipiens petd and £ékbson tovg oe dtdpopa
EVIOHOKTOVA, OTIC S1oyveOoTIkEG 000€1g cOppova pe tov [LO.Y. (o1 diryvootikég d6celg divovtan
oTIg mapeVOETELC)

TPOVLLLPOKTOVOL OKLOLOKTOVOL
[Meprpepetoxn IMeproyég temephos  diflubenzuron Bti deltamethrin
Evomra (TIE) (0,02 ppm)* (0,02 ppm) (0,008ppm) (0,05%)
Attikng 1 Pépa Xeldovoug 97,7 - - 63,8
2 Mopabdvag-Zyvidg 100 100 91,0 100
DOOTIS0C 3 AvOnin 55,0 98,0 100 96,0
4 Aopio 44,5 - - 100
®eccalovikng 5 Xoidotpa 2009 88,0 100 100 92,1
6 Xordotpa 2010 - 100 100 97,2
7 Ayog ABavactog 74,8 73,9 95,0 90,5
8 Aocmpofdita 78,3 - - 95,6
Yeppmv 9 Movdpdaxt 100 100 93,0 99,0
10 Xpvocoympoapo 98,0 100 100 100
11 Ayio EXévm 88,0 100 86,0 95,0
"EBpov 12 Aékta’Eppov 100 100 100 100
13 Awdvudteygo 97,5 100 100 86,9
Epyaotmpioxog 100 100 100 100
(evaicOnrog)
TANOVGUOC

*: S10yvOOTIKEG BOGELC

Xopupova pe tov I1.OY. 6tov ta mocootd Ovnowwomntag Eemepvovv to 98% 101E O
mAnBuopds yopakmmpiletor wg gvaichnrtog, 6tav 10 Tocoostd Bvnoyottog sivarl petav 80%

kot 97% 101e 0 TANOBLGNOG Bewpeitan OTL Tapovcldlel AavOdvovca avOEKTIKOTNTA, EVD OV TO
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1060010 Bvnootnrag gival kdto and 80% tdte 0 TANBLGUOC YapakTnpiletal g avOekTikdg
(WHO, 2009).

Y1ic 600 televtaieg Katnyopieg M Olepediviion TOV ENYOVICUDV OvVOEKTIKOTNTOG HECH
Bloynukng avaivong 1 HoploK®V SOKIH®VY, 6tav Kot 6mov avtd givar duvatdv, Bondd oty
emPePainon TOV AnoTEAECUATOV TV BLOSOKIUDV, KOl TAPEYOVTAL EMTAEOV TANPOPOPIES Yo
T EMIMESO OVOEKTIKOTNTOC KO TNV KAAVTEPT EPUNVEIN TOV OMTOTEAEGUATOV TOV BlOSOKIUDOV
(WHO, 2009)

Métpla €o¢ ToAD vynAd emineda avBextikdOTTag TapatpnOnKay oty OOdOTIdN 6TOL 1M
Bvnowdmro oto temephos Ntav 45% kot 55% ya tovg TANOBVGHOVG OV GLAAEXONKAY GTN
Aapio kot v AvORAn avtictoyya (mAnbvopoi 3 kot 4 xaptg 2.1).

Xouniotepa eminedo avOektikdOTNTOC TOpATPRONKAY 6TO0 VOuod BOgoocalovikng oémov n
Ovnowomrta kopdvinke and 74,8% £wc 78,3% vy toug mAnbuopotdg otov Ayo ABavacto
(minBvopog 7) kar v Acmpofdita (mAnBvopog 8). Xapunidtepo mocooTd avOEKTIKOTNTOG
napovciocay ot vrolowmor mANBvopol, evd pepwkol mapovciacov TANPN  evatcOncio
Mapabdvog — minbovopnog 2, déita ‘Efpov — mAnbuoupdg 12). Olot ot wAnbvouoi tov
e éxOnoav dev mapovoiacov avlektikdétnra oto diflubenzuron mapd povo o minbvoudc and
t0v Ayto ABavdcio (Bvnopodmra 73,9%, tainbuoudg 7). Kavévag minbucpog dev topovcioce
avOektikdémro oto Bti. Télog dhot ot TAnbuopoi mapovsiocav evarcOncio oto deltamethrin
extog amd tov mAnBuoud mov cLAAEXONKE amd 1o pépa TG XeAdovovs 6To VOud ATTIKNG
(minBvopog 1), mov mapovcioce 65% Ovnowomro. Xauniéc evoeielg  mbavnig
avOektikoémrog oto deltamethrin Tapovoiacav ot IAnOvopoi amd 10 Advudteryo (TAnBLGUOS
13), tov Ayio ABavdcio (mAnbocpdc 7) ko ™ Xaidotpa 1o 2009 (mAnBvopdg S)
(Bvnowotta: 86,9%, 90,5% kot 92,1% avtictoya,).

Moplakda SlayvwoTtika:

v’ Zuxvotnta HeTAAAAyNG AVOEKTIKOTNTAG OTA TTUPEDPLVOELST EVTOUOKTOVA TUTTOV
kdr (L1014F)

Ta amoteléopota deiyvouy TNV TEPOVGIO KOl TOV TPV SOPOPETIKDOV YOVOTUTMV Y10l TNV
kdr petolayn oe OAovg tovg mAnBvopovg Cx. pipiens mov eAéyyOnkav (ITivakag 2-2).
Aviyvebhnkav opudluya gvaicOnta dtopa, opdluyo avlektikd dtopa kot etepdluya dTopa Yo
ToV avOeKTIKO Kot Tov gvaicinto arAnAdpopeo. H cuyvotnta petadlayng avbektikotntog kdr
(L1014F) Bpébnke oe aoonueiota vynid eminedo kot kopdvOnke amd 28,5% oto voud

Yeppov €moc kot 63% oe mAnBvoud amd 10 vopud Osocorovikne. H mAeovomto tov
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TANOLVOUOV TTOV EEETAGTNKOAV £XOVV KLPIMG ATOHO TTOL GEPOVV T avOEKTIKG Yovidlo o€
etepoluyotia, evod e&aipeon amotehovv dvo TAnbucpol amd to voud Peccalovikng (mAnbvopol
5 kot TAnBvcopde 7) ol omoiot Epepav 31,8% (14 and 44) ko 43,4% (10 and 23) tov atdpmv
nov e&eTdotnkay og opolvyotia.

H mepopotiky epapuoyn otovg opuvldveg ¢ vraibpov g Avtikng ®eccaiovikng
OKUOOKTOVOVY (Tupebptvav) omd a€poc Thve amd Tig €0Tieg TV TPpovOUP®VY (TAnbucpol 5 &
6) dev paiveton va emnpedlel v epeavion g petaAroyng kdr (L1014F) otovg nAnfuopong

™G TEPLOYNG, TOLAAYIGTOV KT TO, OVO TPADTA £T1 EQAPLOYNG TNG TEPAUATIKNG eBddov.

MMivaokog 2-2: Zoyvotnra g petariayng L1014F (kdr) oto kavilt 1d6viev vatpiov (610)0G TV
mopedpvoedmv), e avdivon PCR.

MAn0vopoi N SS RS RR a(ﬁ(; IIES
1 18 4 9 5 52,7
2 37 8 21 8 50,0
3 24 5 14 5 50,0
5 44 13 17 14 51,1
6 26 8 16 2 38,5
7 23 4 9 10 63,0
8 28 13 11 4 33,9
9 25 13 10 2 28,0
10 13 5 8 0 30,8
11 14 6 8 0 28,5
12 65 10 36 19 56,9
LAB 30 26 4 0 133

N: 0 apBudg Twv atdpwy Tov EAEXONKaY, SS: opndluya evaiodnta dtouo; RS: etepdluya dtoua, RR:
opdluya gvaioBnta dtoua, LAB: evaicbntog epyactnplakdg mAnbuoudg avagopag,.
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v Zuxvotnta METAAAAYWY AVOEKTIKOTNTAG OTA KOPBAULSIKA Kalt
OPYAVOPWOPOPIKA EVTOUOKTOVA (LETAAAAYEG AKETVAOXOALVEGTEPAONG G119S

Ko F290V)

Extoc amd ™ petardayn kdr, otovg idiovg mAnbvopovg Cx. pipiens eléyybnke xor

oLYVOTNTO LETOAAOY®DV ovOEKTIKOTNTAG TNG aKeETVAOYOAvesTEPdong (G119S ko F290V). T

T0 OKOTO 0VTO ypnolpomombnkay ot SloyveooTikég HEBOOOL 7OV  aVOEEPOVTAL OTIG

TPONYOVUEVEG TTOPUYPAPOVS (0N, 66-69) ToL TaPOVTOG KEQUAAIOV.

Ytov [livaxa 2-3 divoviol To 0mOTEAEGLOTO TOV YOVOTVTIK®OV GUYVOTHTOV TV EANeOncav

a0 TNV EPAPLOYT| TOV S10yVOGTIKOV.

Mivaxag 2-3: Zuyvotra tov petoddayov G119S & F290V ¢ axetvloyolveotepdong (otdyog Tmv
0PYAVOQPMOGPOPIK®V), ue avdivon PCR.

IIAn0vopoi G119S F290V

N ss RS RR _°% N ss RS RR _°%
2 %5 19 6 0 12 20 20 0 0 0
3 2 20 4 0 83 2 2 0 0 0
5 20 11 9 0 225 21 19 2 0 48
6 20 16 4 0 100 20 20 0 0 0
7 8 10 8 0 22 21 20 1 0 23
8 29 17 12 0 207 2 29 0 0 0
9 2% 0 0 0 0 0 0 0 0 0
10 0 6 4 0 20 2 12 0 0 0
11 1 8 3 0 136 12 10 2 0 83
12 30 30 0 0 0 27 2% 1 0 18
LAB 30 29 1 0 33 30 30 0 0 0

N: 0 apOUSg TwY aTopwWY TTov EAEXBNKAY, SS: opdluya evaloOnta dtopa; RS: etepéluya dtoua, RR:
opdluya evaioBnta dtoua, LAB: evaloOntog epyaotnplakdg TAnOuoudg avagopds

Kot ot 800 yvootéc petadlayés otig omoieg opeihetar n avOekTikOTTO GTO KAPPOpIOIKA

EVTOLLOKTOVO DITPYALY GTOVS TEPLGGOTEPOVG TANOVGLOVG TToL eEgTdotnkay. [Tapdrho Tov Kot ot
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dvo petarrayég Ppeédnkav oe yapniég ocvyvotmreg (22,5% kar 8,3% yw v G119S ko v
F290V avtictoiywg), To vyniotepa eninedo eviomilovtal 1o vouod Ococcorovikng (mAnbucpol

5 ko 7, BAéme yaptn 2.1).
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2YMNEPAZMATA - ZYZHTHZH

oupwvo pe to amotehéouata TV Prodokipumy ot mAnbvopoi towv kovvovmmv Culex
pipiens Ntov gvaicOntol oto oKELAGCUATO TOV EEETAGTNKAY EKTOC GO TO OPYOVOPMGPOPIKO
temephos. Ymnp&ov técoepic mAnbvopoi (0md Tovg OMOEKN GLVOMKE) 7OV EUPAVIGOV
avOektikdmTo oto temephos coupwva pe to kprrpro tov I1.0.Y. (Maykocuov Opyavicpond
Yyelag) (Bvnowdmra <80%). Ot mAnbucpoi avtol mpoépyovtav and v ILE. ®hwtidog,
eppavifovtag Bvnootra pikpotepn amd 55%.

H extetopévn ypnon tov tpovoupoktovov temephos ta tedevtaio £t 6T0VG 0pLLMOVES TNG
TEPLOYNG, TO OPOEVTIKG KOVAAO KOL TO OTOCTPAYYIGTIKO OikTLO, KOOMG emiong Kot 1 xpnon
OPYAVOPOCPOPIKMOV GKELACUAT®V Y0 TNV OVILETOMICT EVIOUOAOYIKAOV €XOpdV OTIg
KaAMEpyeleg g mepoyns (apafodcttog ko Popfdxt) pumopet va éxovv cvuPdirer otnv
eupavion g avlektikdtnTog oty mEPLoyn. Q6TdG0 1 GLAALOYN GTOLEILV avaPOPIKE LE TO
IGTOPIKO TOV YEKAGUMY €V NTOV EPIKTN VOl Yivel amd TIG aprodIEG VANPEGieg dEEAYMYNG TV
TPOYPUUUATOV  KOTOTOAEUNONG KoLvOLT®V TG kéBe mepoyns. Kor ot 600 yvootég
petaAlayés  avlekTikdTNTOG GE  OPYOVOOMGPOPIKE Kot KopPopdkd  EVTOROKTOVQ
gvtomiotnkay otoug TAnOvopovg Cx. pipiens mov avolvdnkav, av Kot 6 YOUNAEG GLYVOTNTES
kot Tavta og gtepoluyotio. H yaunin cvyvotnta g petariayng F290V icwc amodidetor 6to
€100G TV EVIOLOKTOV®V TOL YPTCLOTOI0VVTOL GE TOTIKO EMIMEDO, KOOGS Exel amoderyBel Ot
eV AOY® HETAAAOYT ETLPEPEL AVOEKTIKOTNTO GTO OPYOVOQPMGPOPIKO gviopoktovo dichlorvos to
omoio dev ypnowonoteiton e oty EALGSa. Ztnv 0o petadiayr amodidetal katd £va pKkpo
100067TO Ko 1 avlekTikdTnTa oto temephos.

[Mapéro mov to temephos é£xet amocvpbel omd tv EANGSa, TLXOV 0mo@doelg
EMAVOLYPNGLOTOINGCNG  OPYOVOPOCPOPIKAOV  EVIOUOKTOVOV GE  KOTOOTOCELS —emONuiog
acBeveidv Bo mpémer va  AdPouvv  vmOYn Ta  OmOTEAECHOTO TG ovdAvong  mov
TpaypoatoromOnkay oty mapovoa dTplPn, Kabdg emiong Kou NG mOPOLGING TMV
UETOAAOY DV avOEKTIKOTNTOG 6TOVG TANBVGHOVG.

A&loonueioto mapapével 1o yeyovog 0Tt kot ot dVo Kotayeypapupuéveg petaddayés Acel
EVTOTIGTNKOY OTN YOPO. HOG KATO TNV TOPOVGH £PYAcia, TapOAo Tov dev GLVEPN To 1010 o€
dAleg Meooyeloxég ydpeg (Alout et al., 2007b; Osta et al., 2012). To owvouevo owtd mibavov
va opeileTon otnv vmoapén vPpkdv mAnbucumy Cx. pipiens kot Cx. molestus ot omoiot amd
LOVOL TOVG GLVIGTOVV JPOPETIKEG TANOBVGUIOKES dOUES YEYOVOG OV 1omG OV cLUPaiveL OTIC

vorome MeCOYEIOKES YDPES.
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XapnAd mocootd avbektikotnTog Tapatnpndnkoayv oto mopedpivoetdéc deltamethrin. Movo
évag TANBVoUOG yapakTnpioTnKe @ avOeKTIKOG Kot pepkol akoua e mbovotnta avantuéng
avlexTIKOTNTOG. 26TOC0, N EPAPLOYN HOPLOKADV SLOYVOCSTIK®OV, TO OTTOloL £XOVV TNV KOVOTNT
VO OVIVEDOLV KOl TOLG €V duvdpel avOektikovg TANOLuGHoLg, £0e1&e OTL 11 GLYVOTNTO TNG
petaAlayng tov mopedpvosdmv elvar Wwaitepa vynAn, €og kot 63% ce mAnducud amd
®ecoaAoViKT, YEYOVOS TOL VTTOONADVEL KIVOUVO avATTLENG aVOEKTIKOTNTOG GTO AUECO HEALOV,
ePOGOV M Olayeiplon TV TVPEBPIVOEWBDV GTNV OVTILETOMION TOV KOVVOLTIOV OgV Yivel
opBoroyikd.

H extetopévn ypnon mopedpivoeddv mov mpoopilovial yio OTOUKY TPOcTUGio Kuplwg o€
AOTIKG Kot TEPLAOTIKG TEPIBAALOVTA, Ol TPOCPATEG EPAPIOYEC VIEEPUIKPOL dykov (Ultra Low
Volume - ULV) ya v peioon g TukvOTTog TOV 0KUOi®V KOUVOLTIOV KOl 1] EKTETOUEVN
YPNON TUPEDPIVOEIODMY  EVIOUOKTOVOV OTIS KOAMEPYEIEG EVOEYETOL VO EMTAYOVOLV TN
oLYVOTNTO EUPAVIOTG avOEKTIKOV aAANAOLopewV oto moupedpivoedn. H yaunAn coyvotmra
ELOAVIONG TV OAAMNAOLOPe®V oV £pepav T petarroayr avOektikémrog kdr (L1014F) og
opoluymtia, epunvevel T YoUNAN £VTOoTn TOV EMTES®V OVOEKTIKOTNTOG GTO TLPEDPIVOEIN
EVTOLOKTOVA, 0E00UEVOL OTL 0 aAANAGHOpPOg avOekTikdTTag 1014F givor voiewmdpuevog kot
0 ovOEKTIKOG PavOTLTTOG EKONAMVETAL LOVO G€ OpOlVYa Yol TN LETOAAXYT) GLTOLOL.

YynA evawoOncio oto mpovoupoktovo Bti (Bacillus thurigiensis var israelensis)
TOPOVCIACTNKE 6€ OAOVG TOVS TANBVCUOVG oV eEeTAGTNKAY €KTOG OO Evav TANBuoud Tov
napovciace Bvnoyotra pikpotepn and 90% (Ayia EAEvn, T1LE. Zeppov). Avdioya svprpata
LEIOUEVIG AmOTELEGHOTIKOTNTAS TOV Bti éxovv kataypagei and nAnbvopodc mpoepyOUevoLs
and v dwa ILE. (loannidis et al., 2001). Qo1660, dgv vIEapyoLY EMPEPAMUEVES TEPITTMOGCELG
avOektikdmtog oto medio (Paul et al., 2005; Lacey, 2007; Loke et al., 2010), mapd povo
eMdyoteg eplotactakég avapopéc (Paul et al., 2005). Avagopég anotvynuévav eneppdoemv
ue Bti oto medio evdéyetan vo unv opeilovtor o€ avOektikdOTT, OAAL 6€ GAAOVG TOPAYOVTEG
nov oxetiCovial Le TNV EPAPUOYN TOL 1310V TOV OKEVAGHATOS. MeTa&) aVTOV T0 GTASIO TOL
EVIOLOL GTOYOVL, 1 TOPOLGIN OPYOUVIKOD POPTIOL GTO VEPO, 1| TOPOVGIO PUTMV N/KOL ETIOPAOT
afloTIKOV TapayovIov Tov mNPeAlovV TO EVOLOLTHUOTO TOV TPOVOUEAOV OT®S &ivol M
Oepuokpacio, 1  mMAlokn  oktwvoPforion k.o givor  mbavév  va  emmpedlovv Vv
amotelespatikotnTa Tov Bti (Becker et al., 2010; Tetreau et al., 2012).

To mpovopgoktovo diflubenzuron, pvBuiotig avarntuéne (Insect Growth Regulator — IGR),
NTOV OMOTEAECUOTIKO GE OAOVG GYEOOV TOLG TANOLGHOVG oL efeTdoTNKAY LE HOVOOIKN
e€aipeon lowg évav minbvopd amd 1 Oeccarovikn (Ayiog AbBavdaoiog, meployn yapt 7,

Bvnowomta <80%). To evpnua avtd iomg amoteAel OplaKn TEPITTOON TNG PLGLOAOYIKNG
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TOPUALAKTIKOTNTOG OTNV ATOKPION PUOIKOV TANBUGU®OV Kal 0yl 6€ avATTLEN avOEKTIKOTNTOG
kabmg 1 ypron tov diflubenzuron éyel Eexvrioetl otnv EALGS0 oyetikd mpoceata (2006) kot
givor pdArov amibavo va €xer avamtvydei avBextikétra. To diflubenzuron sivar popo pe
e€edkevpévo tpomo dpdong mapepunodilovrog tn Procdvleon g yrtivng yio to omoio dev
VILAPYOLY aVAPOPES AVOEKTIKOTNTAS UE EANYIOTEG EEAIPECEI OMMG 1 TEPIMTMOT UELOUEVNG
gvatcnociog mov éyel kataypapei oe mAnbvouovg tov Cx. pipiens molestus mov cvAAéxOnkav
og aoTIKEG eployég oty lamwvio (Kasai et al., 2007). IMapdra avtd 1 xpron tov o tpénet va
TPOYUATOTOLEITOL LEGO AT EVaL TPOYPOUUO OlaXEIPLoNG TNG AVOEKTIKOTNTOC MOTE VO, GLVEXICEL
va glvar amotedeouatikd Kot vo mapatadel o ypdvog mov Ba ypnoyomoteital yioo Tov EAEYY0
TOV EVIOLMV VYEOVOUIKNG OTULACTOG.

H mpoécpatn kvkhopopia otn ydpa pog dvo akdpo dpactik®v ovoidv (spinosad kot S-
methoprene) Kotd ToV TPOVOLP®OV TV KOLVOLTIOV GVEAVEL TIG EVOAMAKTIKEG ADCELS TNV
KOTOTOAEUNOY] TOV TPOVOUPOV TMV KOLVOLTLOV KaODG emiong Kot ) otayeipion mbavig
EUPAVIOTNG aAVOEKTIKOTNTOG.

Oa 7pémel ®OTOGO VO VEAPYEL TPOYPOUUUO  TOPOKOAOVONONG TG mopeiag NG
avOekTIKOTNTAG HE PLOOOKIUES KOl HOPLOKEG TEXVIKEG MOTE Vo Umopel va yivetol cotd 1
dwxeipon TV SBEGL®V dPACTIKOV 0VGLOV AOGTE VO amoTpEnetal N mhavn arotvyic TV

TPOYPOUUATOV KATOTOAEUNONG AOY® AVATTUENS OVOEKTIKOTNTOG.
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3. KEDAAAIO 3°

Aepebivnon Twv emmESwy avOekTikOTNTAG TANOLGUWY Aedes albopictus tng
EAAGSOG 0TA EVTOUOKTOVA

EIZATQTIH

To «ovvobmt Aedes (Stegomyia) albopictus (Skuse) 1895, eivar iocwg tO 7O
nolvou{nmuévo O1ebvag €idog kovvoumod TIG TeEAevTaieg OVO dekoetieg e&outiog NG
EMTLYNUEVNS EEATAMGNG TOV G€ YOOV OAN TNV VPNAL0 ALY Kot ETELDN UTOPEL VO LETAPEPEL
neplocotepes omd 20 coPfapés yia tov avBpwmo achéveies. Metalhd avtdv Tov acbeveudv sivol
0 dGyKel0g, 0 dAYKELOG OUOPPaYIKOG TLPETAC, 0 10¢ Chikungunya k.o.

To €idog avtd €yl e€amiwBel and 1 Notoavatolkn Acio oe mWOAAEG TEPLOYEG TOV
TAOVITY. ApYKd LECH TOV EUTOPION TOV UETUYEPICUEVOV EAACTIKOV HETAPEPONKE GE peydla
Muavia g Bopetag Apepikrg (Hawley et al., 1987) kot moAd chviopa 6€ d14Qopeg YMPES TNG
Kevtpumg kot Notwog Apepikng emdetkviovtog pia alompOceKTn EVKOAID 6TV £YKATACTOON
(Forrattini, 1986; Rossi et al., 1999).

Motpaia kot 1 Evponn dev eEapébnke kot 1o €id0¢ avtd KOTOYpAONKE OPYIKA OGTNV
AXBavio (Adhami & Reiter, 1998) tv Itaiio (Romi et al., 1999), kot mAéov £xet emPePformbel
oe OAeg TIc Meooyelakég ydpes, ta Bakkavia oA kot tnv OMavdia (Scholte et al., 2007),
v EABetia kot To Béhyo (Schaffner et al., 2001).

To Ae. albopictus kotaypdenke yio TpdT™ Eopd ot ydpa pog to 2004 oty Képkupa kot
™ Ogonportia (Samanidou-Voyadjoglou et al., 2005). TToAd ypryopa €ytve Kotaypopn NG
TapovGiog Tov eviOpoL Kot otnv Attikny émov mapoatnpnOnke otabepd avomapoyOUEVOg
TAnBuopdg oty meployn g Plovmoing (Kolwdmovog et al., 2008). Qotdéco n dvvordTa
ToV €100VG aVTOV Vo PeTOO10EL TOALEC Ko coPapéc acBiveleg dmmg avapépOnie mopandve o€
ocuvoLACUO HE TNV KAVOTNTE TOL VO TPOCHPUOLETOL KOl VO OVOTOPAYETOL GE  VEQ
neptdAlovio.  avnovynoe  OAOLG  TOVG  EMICTHMUOVEG 7OV  OGYOAOLVTOL  HE  TO
evtopopeToddopeva voonuata. H e£dmimon Tov kot 6 GAAES TEPLOYEG TNG YDPOS NTOV ALEST
Kol TOAD ypiyopo dpyoav va, Kataypdeovior TpoPfAuate arnd v mopovcio tov poall pe
avnovyies yo TNV avaykn Ayng UETpmv GYETIKO ue thv katoamoréunon tov (Voutsina &
Karagiannidis, 2007; KoAlomovog et al., 2008; Giatropoulos et al., 2012).
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ZKOMNOZ KE®GAAAIOY

v mopovco dtpiPn £yve KaToypapn TOV ETMMEO®V OVOEKTIKOTNTOG OTA EYKEKPIUEV
omv EALGda okevdopato yio Kotamoléunon kovvoumiay, o€ mtAnbvouovg Ae. albopictus mov
CLAAEYTNKOV amd TO apykd oNUElo KOTAYPAPNG TOV evTOpov otn yopa pog (Képkupa), kot
mv ABMva (Pilodmoin — mpdtn katoypapr oty ATTIKY]), KOOMOG Kot GLYKPITIKES BlodoKiég

mAnBvopov amd v Itaiio (Poun).

YAIKA KAl MEOOAOI

e MAnBucpoi Aedes albopictus

Meproxég ueAétng nou ovAdoyn Setypatwy
H ovAloyn tov minbvouodv tov eidovg Aedes albopictus tov «Aoctatikod KovvoLTLOD

tiypn» €yve pe moryideg wobeciag (ewdva 3.1).

Ewova 3.1: Iayida wobeciog «tiypn» Aedes albopictus.

Apyika emAéyOnke to vnot g Képkupag amd dmov £yve ) TpATN KATOYPOPY] TOV EVIOLOV
oTN Y0P pog Ko fewpeitonr og n TOAN €16000V ToL gvtOpov oty EALGS amd T yeIToviKN
Itodio 7 AABavio (Samanidou-Voyadjoglou et al., 2005). ITayidec moBeciag tonobenOnkav o

TEPLOYEG OTOL TOL TTPOTNYOVLEVO, £TN €iye mapatnpnOel dpacTtnproTnTa TOV EVIONOL (XApTNG 2).
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Xaptne 2: Inpeio cvrroync wdv Aedes albopictus otnv Képrupa.

‘Eva dgvtepo onpeio cviloyng mav tov Ae. albopictus ntav n mepoyn g Pilodvmoing
Kovtd oto pépa tov I[TodovdeTn 6mov NTav TO TPAOTO onueio evtomopod Tov oTabepd
avamapayopevov TAnbvouov tov eviopov oty Attikn (Kolomoviog et al., 2008). O tpitog
mAnBuopde mpogpyotav and v Itorio kKot o cvykekpyéva and v meproyn g Poung émov
Kot €xel dwamotwbel 1 vmapén tov €idovg avtov amd to 1997 (Romi et al., 1999). o v
EKKOALOYT TOV TPOVOUEAOV TO. VTOooTpOpote mobeciag supontiloviav o vepd pe mpocohnkn
mocOTNTOG TPOPNG. Ot TPOVOUQPES EKTPEPOVTOV O OVOLYTEG AEKAVEG LE AELKO (QOVTIO
(01dpetpog avoiypatog 27,5ek., vyog 7ex., dwapetpog Paong 13,5ek., ewodva 3.2) pe v
npoodnkn 500 ml vepov kar pe 100-150 mpoviupeg (COUPOVA LE TPOKATAPKTIKA TELPALLOTOL
v T BEATIOTN TLKVOTNTO EKTPOPNG), eV KaBe pépa yvdtav mtpochnkn tpoenc (JBL Novo
Tom Artemia - babyfish food powder JBL GmbH & Co. KG) xot ot Prodokipég

TPAYUATOTOLOVVTAV OTAV Ol TPOVOUPES NTAV OVERTLYUEVEG Tpitng nAkiag (late 31 instars) 1
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veapéc tétaptne niuclac (early 4™ instars). Ot Bodokipuéc AapBavay ydpo oe eAeyXOHEVES
ouvOnkeg (Oeproxpacior: 28°C+2& dortonepiodo: 12:12 pug : okotdor) (ewova 3.3).

Ewoéva 3.2: Agkdvn extpoenc (apiotepd), EKTPOPN TPOVOLO®Y GTO £pYAOTNPLO (5eE14).

Kotd v exxdiaym tov tpovopedv, £va Hépog toug avayvopilovtav pe m Pondeia tov
dwbéowv dyotopkadv kAewmv (Samanidou-Voyadjoglou & Harbach, 2001) ®ote va

QOKAEIGTEL 1] TTOPOVGIO, TOV GVYYEVOVE KO TOPOUOTIOV HopPoroyikd gidovg Aedes cretinus.

Ewdva 3.3: @dlapog ektpoeng ereyyopevev cuvOnkov (apiotepd). KAwPoc extpoenc (de&1d).

e XpnoWWOTOLOVUEVA EVTOULOKTOVA

To evropoxktéva mov ypnoipomomdnkay aopovcay To EYKEKPEVA Ploktdva e
TPOVLUPOKTOVO Opdorn okevdouata ot yopa uag (temephos: ABATE, s-methoprene:
BIOPRENE, diflubenzuron: DU-DIM ka1 OPRHA, Bti: VECTOBAC, spinosad: MOZKILL)
Kobm¢ kot o axpoatoktovo deltamethrin. O dpactikég avtég ovoieg avikovy og SOPOPETIKEG
ANMIKEG OUAOES KO EXOVV OLOPOPETIKO TPOTO OpAomNg Kol €ivol Ol EYKEKPIUEVEG OPOUCTIKES

OVLGIEG Y10 KATATOAEUN G TPOVLUPDV KOLVOLTILADV GTIV YDPO LLOG.
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e [paypatonolovueveg BlLOSOKIUES

Mpovoupseg

O1 Brodokipég mpaypatoromdnkav copemva pe to Tpdtuma Tov I[aykdspov Opyovicpon
Yyeiog (WHO, 1981b). [To cuykekpiéva petd mm GuALOYN TOV VTOCTPOUATOV m0oBesiog Kot
HeTAPOPA TOVG OTO gpyaothiplo ywotav eufdntiony tovg ce vepd. Ov mPOVOUQEES TOL
EKKOAAMTOVTOV EKTPEPOVTAV GE CLVONKEG TOV TEPLYpdPNKay vopitepa. XTI Prodokipég
YPNOLOTOMONKAY TPOVOUQES TPOY®PNUEVNG TPITNG NAKIOG 1| TPOWNG TETOPTNG MAKIOG
(WHO, 1981b; WHO, 2005). E@apupootnkav mEVIE €TOVOAYELS Yo KOOE Ol0pOPETIKT
OLYKEVTIPOOT), VD ypnooromdnkayv 20 mpovopeeg oe KABe emavainym, eved mapdiinio
YPNOLOTOMONKE Kot LAPTVPOS YOPIC TNV TPOSONKN EVIOUOKTOVOV (s1kdva 3.4).

H 6vnowdémra tov apovopeodv petpninke petd and 24 opeg (temephos, Bti, spinosad)
Kot petd amd 72 dpeg (Y toug pubuotég avamtuéng: diflubenzuron, s-methoprene) avdioyo
LE TO YPTOCLOTOOVUEVO TPOVUUPOKTOVO Kot T Ogdopéva avoidbnkay cOueove pe tnv
avaivon probit (Finey, 1971). Ot Bavatn@opes GVYKEVIPMGELS TOV TPOKAAOVY Ovnoidtnto
oto 50% tov TAnBvopov (LCsp) vmoroyiotnkav pe 1o otatiotikd mokéto PoloPlus 2.0, kot
avaeépoviol og pépn oto ekatoppdpro (ppm). O deiktng avOektikotntag (Resistance Ratio -
RRs0) mpoodopiotnke ypnoonoidvtag PPAoypapikéc avapopés oxeTiKA e gvaicOnto

mAnBooud tov eidovg Ae. aegypti (Rockfeller strain) kot yapaxtnpiletoar og younioc (<5),

uétplog (5-10) kar vymiog (>10) (Mazzari & Georghiou, 1995)

Ewova 3.4: Tlpaypatomoinomn BrodoKiudv g TpovouQeEs.
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TéAeio évtopa
[No tov éheyyo g avBekTIKOTNTAG TOV OKUOI®V EVIOU®OV YPNCLULOTOMONKAY YopTLd
watman eumotiopéva pe deltamethrin (0.05%), dnAodn ™ SlYVOOTIK GLYKEVIP®GON OV
npoPAéneton amd tov IMaykdéouo Opyavioud Yyeiog (IT.O.Y.) ywo xowd wovvovmo. H
dwdkacio g £kBeong Tov akpaiov (20-25) evtopwv nepthopfavel TV TOPALOVE] TOVG EVTOG
TAACTIKOD KLAWVOPIKOL Bohdpov o omolog @Eépel TO EUMOTICUEVO WE EVIOUOKTOVO Yopti
watman. Metd and pio dpa ta évropa petapépovtal o kabapd Balapo 6mov Kot Tapatévovy
ywo. 24 dpeg omdTE Ko yivetal 1 Kotopétpnon tov nocootdv Bvnodmrag (WHO, 1981a).
[Mpokeévovr va peketnBovv yapnAdtepo emimeda avOekTiKOTNTOG, KOl €WOKOTEPA 1)
EMKIVOLVOTNTA avAmTLENG avBekTkOTNTOC, YpnoomomOnke n O pébodoc, yw Tov
TPOGIOPIGUO TV Xpdvev Bavitwong tov peod ainbvopod (LTsg). Tnv mepintwon avt
axolovOnOnke 1 B pebodoroyion aAld o ypdvog mapapovig oto Bdiopo €kbeong MTav

mowkidog (ewova 3.5).
Epoppdotmrav mévte emoavoinypelg ywo k0Be Opopetikd ypovo Ekbeong Kot M
Ovnowomrta tov oxpoiov petpinke petd amd 24 opeg kol ta dedopéva avaivonkay

obpemva pe v avdivon probit (Finey, 1971). Ot Bavatngopor ypdvol mov TPOKUAOVV

Ovnowomta oto 50% tov TANBvopov (LTsp) vmoAoyiotnkov pe TO OTATIOTIKO TOKETO

PoloPlus 2.0.

Ewova 3.5: Tapapovi eviopwmv evtog tov BaAdpov pe To evTopoktovo o pio opo (0aAapog pe
KOKKV EvOEIEN, aplotepd). TTapapovi Tv evioumy gviog tov Balauov ywpic
EVTOLOKTOVO Y10 24 dpeg (Odhapog pe Tpaoivn Evoelén Aeid).
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ATIOTEANAEZMATA

Ta amoteréopoto T@V PLOSOKIUMOV e TPOVOUPES Y10 OAL TO TPOVOUPOKTOVH CKEVAGLOTOL
mov dokipdotnkay divovtar otov Iivaka 3-1.

O deiktng avlextikdtrag (RRsp) mov mapovoidletal otov mivaka yio to temephos agopd
OLYKPITIKES TIEG pe Bavatnedpec d6oelg evaicOntov minbvuopod Ae. aegypti (Rockfeler
strain) mov mapadoolakd dSaTtnpeital o€ SLAPOPO. EPYUOTNPIN KOl  OVOPEPOVTAL OTN
Biproypapia (Ponlawat et al., 2005; Gomez et al., 2011). Agv mapovcidlovtal dedopéva. yio
10 Ogiktn avlextikdtrag (RRsp) v T1g mepiocdtepec dpaotikég, KoM dev vdpyovV
b dedopéva and evaicOnto TAnBvoud Aedes albopictus 1| Aedes aegypti.

O1 ovykevipmoelg Tov temephos mov givar Bovatneopeg yio o0 50% tov TANBVGUOD TV
TPOVLLEOV Kupaivovtal ard 0,047 ppm ywo tov tAnbuopd and v Attikn| émg 0,019 ppm yuw
Képrvpa kot Itorio (WHO diagnostic dose: 0,02ppm). O minBuoudc g ABnivog napovcioce
uéco deiktn avlextikdtntag oto temephos (RR50=8,83) evd ot mAnbucpoi g Itaiiog kot tng
Képrvpag mapovsiocay younio deiktn avlektikdtrag (3,59 ko 3,54 avtictoyya).

H gvaicOnoio tov mpovopedv kot tov tpiov tAnbucumv oto Bacillus thurigiensis var
israelensis eivan vymAn mapovoldlovtag TOAD YOUNAES GLYKEVIPOGES Yo, Bavotnedpo
ovyKkévpwon tov 50% tov TAinbucpov (LCsp=0,006-0,002ppm).

YynAr evaicOnocio mapovoidotnke kot otig Prodokipéc pe to spinosad, kabdc ot
Bavaneopeg ovykevipooelg Ntav (LCso= 0,01ppm kot LCs0=0,04ppm Yo Tovg TAnBvuGHOovG
aro v Itodio kot v Attikn avtiotoyyd, eved dgv mpaypoTonomOnke Plodokiun pe tov
TAnBvoud and v Képkupa

O1 pvOotég avamtvéng mov eEetdotnray (diflubenzuron kar s-methoprene) anodeiyOniay
ToOAD amotedecpatikol kot poAota oe yoapnAés 06celc. Ot mpovOUeeS KOl TV TPLOV
mAnBuopudyv mov eEETAGTNKAY TAPOLGIOCAY VYNAN gvoicOncio kot 6toug 000 pPLOCTEG
avamtoéne. Ot Bavatneopeg cvykevipaooelg (LCsp) kot yia Toug tpelg mAnbvouoie eivar katd
TOAD YOUNAOTEPEG OO TIG EUNMOPIKO TPOTEWVOUEVEC OTNV ETIKETOL TOL TPOIOVTOG Yo TNV
EPOPLOYN OTO TEDT0. ZNUEIDVETOL OTL, 1) EVOLCONGIO TOV TPOVVUEDOV G PLOUIGTES AVATTVENG,
KOl Gpo 1 OMOTEAEGUATIKOTNTA TOV PLOUCTOV  avanTuéng, WHETPATOL GE TOGOGTO
napepnddiong e£660v Tov akuaiov evtopmv (Inhibition of Emergence-1E) oe cOykpion pe 1o

péptopa Kot Oyl ot OVNoOTNTA TOV TPOVOLLE®V PEr SE.
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IMivokog 3-1: Amoteléopato Brodokipmv Tpovopemyv Aedes albopictus.

n0vopég N LCgxp(ppm) LCs(95% CL)  Slope + SE RRso X
AMva (Plovmoin)
temephos 383 0,04767 0,043-0,053 4,647 +0,463 8,83 10,64
Bti 395 0,00175 0,0016-0,002 4,710 + 0,449 - 10,85
diflubenzuron 400 0,00191 0,008-0,03 1,424 + 0,212 - 37,88
spinosad 383 0,01002 0,09-0,11 5,196 + 0,535 - 10,64
s-methoprene - - - - - -
Itoio (Popun)
temephos 394 0,01937 0,017-0,021 3,62+0,334 3,59 8,02
Bti 394 0,00651 0,005-0,01 1,947 + 0,296 - 7,63
diflubenzuron 480 0,00064 0,00032-0,001 1,216 +£ 0,166 - 21,8
spinosad 386 0,04222 0,03-0,05 2,525+ 0,245 - 23,9
s-methoprene 402 0,00781 0,005-0,011 1,301 + 0,133 - 21,47
Képrvpa (drapopeg
TEPLOYEC)
temephos 552 0,01912 0,017-0,02 5,046 £0,423 354 15,29
Bti 553 0,00237 0,0021-0,0026 4,272 +0,343 - 29,88
diflubenzuron 480 0,00181 0,001-0,002 1,619+ 0,176 - 41,82

spinosad - - - - - -

s-methoprene - - - - - -

N: 0 cuvoAikog aplBudg Twv Tpovuueav, LCsy (Lethal Concentration for 50% mortality): favatnedpog
ovykévipmon yio o 50% tov TAnfvouov, Slope & SE: khion gvbeiag kat amodxhion, RR: deiktng
avBekTidTTOC, X S0kl KOAYG AvIITpos®menong omd Ty evdeia

[MopdAinio pe Tic Prodokipég oTIg TPOVOUPESG TpaypatomolOnkay Kot Plodokiués Le
axpaio évropa, coue®va pe Tig Tpodtypapés Tov Iaykdopov Opyavicpov Yyeiag (IT.O.Y.).
Metd amd ékbeon piog dpag eviog TV GuokeL®OVY Brodokiumv Yo akpaio Evtoua tov WHO,
HE TO EVIOHOKTOVO OA0 To. okpaio Kou omd tovg Tpels mAnBuouovg epedvicayv 100%
Bvnowotmra, yeyovdg mov onpaiver 0t dev vdpyel avOekTikdTnTO, COUEOVE TAVTO LE TO
kpupa. wov opilovian amd tov IMoykdopo Opyavicpd Yvyeioc. Ipokepévov wotdso va
dtepevvnlel M emkvovvoOTTO. — TO SLVOIKO avATTLENG OvOekTIKOTNTOG, dlevepynOnKay
Blodokipés mPosdloptGoy Tov Ypovov Bavitmone Tov picoh TANOLGHOVD TV aKUaiwV
eviopov (LTsp). Ta amoteléopata Tmv mocootdv Ovnoyotntog petd myv ékbeon axpaiov

evtopv nikiog 1-3 nuepdv 6€ EUTOTIGUEVO YOPTIOL LLE EVIOUOKTOVO ameikovilovtal pe v
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KOUTOAN Bvnolpndntog Tov eviopmy ot povada tov ypdvov kbeong oe evtopoktovo (WHO,

1981a).
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Ewéva 3.6: LTsy oo deltamethrin (0,05%) yio axpaio évropa Aedes albopictus coppmva pe ta
dryvootikd tov I[1.0.Y..

ZOUQmVa LE TOV TPOGOOPIGUO TOL ¥POVOL BovATmong TV aKpaiov eVIOR®V eaiveTol 0Tt

0 TAnBuoudg mpoepyodpevos and ™ Pilovmoin eivan Atydtepo gvaicOntog and tovg dAlovg dvo,

&xovtag péco ypovo Bavdtwong (Hetd amd €kBeomn oe eviopoktdéVo) TO. ENTO AEMTA Kol

akolovBel o TAnBvopog amd v Itoda pe mévte Aemtd, eved o TAnBvopdg and v Képrkupa

enpaviCetoar ¢ o mTAéov gvaicntog pe pnéso ypdvo Bavatmong petd amd £kbeon to 1,5 Aemtd

(ewova 3.6).

Avtd onpaivel 6Tt 0 TANOLVSPOS TG ABMvag mapovctalel Eva aVENUEVO GYETIKA OLVOLLKO

avOeKTIKOTNTAG.
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2YMNEPAZMATA - ZYZHTHZH

H yvoon tov emmédov evoucOnoiog evog mAnbucopov kdmotov €idovg Kovvoumoh sivat
ONUOVTIKN TOPAUETPOS TPOKEUEVOD VO KOTOPTIGTOVY TPOYPAULOTO KOTATOAEUNONG TOV UE
ANUIKA péca. Edikdtepa yio €101 to omoia Bewpodvial veo-e16ayOUEVO 1] YOPOKOTAKTNTIKY
(invasive mosquito species — IMS) og o Teploy” Kot LOAMOTO EI01 [E EMEKTUTIKESG IKOVOTNTES
To omotol etvanl kot dvvnTikol Qopelc achevel®dy, OTMG elval T0 «AcLOTIKO KOVVOUTL Tiypno»
Aedes albopictus omatteiton ektOC TV GAA®Y SpACE®MV GYETIKA UE TOV EYKOLPO EVIOTIGUO KOl
NV 0K TOVTOTOINGN Kot 1) ¥EAPaEN GTPATNYIKNG Y10 TV OVTILETOTICT TOVG UE YNUKE HéGo
(ECDC, 2012b)

Metd v €icodo Tov gviopov and to 2004 otnv Képkvpa (Samanidou-Voyadjoglou et al.,
2005) kot akoAovBwg TV e€dmlwon tov oty Nrepotiky EALGda kot v Attikny (2008)
(KoAomovhog et al., 2008) o apyikd pETPO. AVIHETOTIONG TOV OPOPOVGOV GE UETPO OTOUIKNG
TPOGTAGIOG.

Ymv mopovoa  OSatpPn  Eywve  alohdynon TV EYKEKPYUEVOV  TPOVOUPOKTOV®V
OKEVAGUATOV 6T XOPa pog 0mov gaiverar 6tL to Ae. albopictus mapovcidlel evaisbnoia,
ektOg amd Vv mepintwon tov temephos. Ot péoeg Bavaneopeg ovykevipmoelg (LCsp) twv
dPUoTIKOV 0VGlLmdV TTov eEetdotnkay (ektdg Tov temephos) sival oAy younAdtepes amd Tig
dyvmotikég 06c€1g mov divovrtan and tov [Haykdouio Opyoviopd Yyeiog.

H ovBextikotnta oto temephos icwg oyetiCetar pe v mbavi mpoérevon tov eviOHo
omv EAMéGoa. H yerrovik) Itodio iowg omotedel tnv mbavy meployn mpoéAevomng Tov
mAnBvopov ¢ EALGOaG otnv omoila mpoypatomolovvion TEUPAGELS TPOVOUPOKTOVIOG LLE
temephos yio apketd én.

Yeg avédAvon  HoplaKOL  TOALUOPPIGHOV 7OV  Tpaypatomombnke mpoceato  dgv
nopatnpnOnke mopailakticomro petasd minbvopmv Ae. albopictus mov mpoépyovtav amd
mv Attikn, v Képkvpa, v Itoria kor ) ToAra, yeyovdg mov emPePaicdyvel v mbavi
TPOGPATN EEATAMGT TOL £100VE AVTOV Ao TNV TEPLoY| KoTaywyng tov (Bévrag 1., mpocwmikn
EMKOVOVIQ).

Avogopikd pe ) a&loldynon g evoichnciog Tov akpoiov oto Tupedptvoedn paiveton
otL M pelwpévn evaichncio mov mapovstalel o TANBVOUOG amd TV ATTIKY) CLYKPITIKA LE TOV
mnBovopd oand v Képxvpa, evdoeyouévmg vo, epUNVEVETOL OO TO. GLOTNUOTIKO UETPOL
OTOMIKNG Tpootaciag kad’0An tn ddpkela e Nuépag (Kupimg pe T ¥pNHon KAmTvoyovov
onelpmv) kKobmg to Ae. albopictus eivon dpactipio Wiaitepa KaTd T SIEPKELD TG NUEPAS, EVE

oAV EIGEPYETOL OE KAEITTOVG YDPOLG.
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To Ae. albopictus eivar eEm@ilo €160¢ Kol ETOUEVMOG VEIGTOTOL AIYOTEPT] EMAEKTIKY TiEoT
omd TO EVIOLOKTOVO TOL £PAPUOLOVTOL LLE VTOAEIUUATIKOVS WYEKAGLOVE ECMOTEPIKAOV YDPOV,
TPOKTIKY] OV €QOPUOleTal TOPASOGIOKE Yoo TN UEION TOV KPOLGUATOV TOL OQyKELOV
nmopetov. [a 10 AOyo avtd to eminmedo avOekTIKOTNTOG OV TOpaTPovVTOL dEBVvmG givar
YOUNAOTEPO. GE GUYKPION UE TO OLYYEVEC €idog Ae. aegypti Tov KOPLov POpEN TOL JAYKELOL
nupetov (Ranson et al., 2010; Vontas et al., 2012).

Ymv EAAGSa 0 k0plog TPOTOC avTILETMOMIONG TOV €I00VE AVTOV APOPOVSE OPYIKE GTN
YPNON LETP®V Y10 OTOUIKY TTpooTacia (.. KAmvoyoves oneipes, ammOnTikd d€pratog), Hétpo
ov epapudloviov o OAN TN SApKeELD TNG NMUEPOS. ZVVTOUN OUMG EMEUPACEIS UE YMUKA
OKEVAGLOTO TTOV 0POPOVCAY OVTLLETMOTICT] TPOVOUPDOV GE CNUEWKES ovOpOTOYEVELS £0TiES
(0e&apevég, moives, BpoayOKNTOVG, EPEATIO. K.0.) YO TNV OVTIUETOMION KOl GAADV €OV
Kovvoumidv (Kupimg Culex pipiens) doknoav eTAEKTIKN TEST Kol OTIC TPOVOUPES TOL A€.
albopictus koBm¢ pmopei vo. cuvuThpyEL 6E TETOO0L €100VG E0TIEG KOl LE TPOVOUPEG AAAMV

100V KOLVOUTILOV.
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4. KEDAAAIO 4°

Atepebivnon Twv unxavicpwy avoektikdtntag tov Aedes albopictus oto
opyavopwac@opiko temephos pe Bloxnukég peodoug

EIZATQTIH

H vynAiy omovdadtnta tov Aedes albopictus ywo ™ dnudoia vyeio kot 1 ekteTopévn
¥PNOM TOL TPOVLUPEOKTOVOL temephos debvag ya Tov Edeyyo TtV TANOLVGUGV Tov, KAODS Kot
N avlektikdmTa oto temephos mov dmeT®NnKe 6GTO TPONYOVLEVO KEPAANLO 6TOV TANOLOUO
arndo v AOnva (PWodmoin), odnynoe oty mEPUTEP® OEPELYVNGON TOL UNYOVIGLOV
avOexTIKOTNTOG HE PLoymUkés TEXVIKEG.

H Boynuik avOektikdtnra opeiretar e Evlvua to omoia petafoAilovv ta eviopoktova
TPOTOV OaVTd @TAGOLY oT0 O6TOYX0 TOovG. Boaowd évilvpo mov  emeépovv  Proymukm
avOeKTIKOTNTO €lval 01 £6TEPATEG, Ol LUKTNG Asttovpyiog P450 o&elddoelc Kot ot HeTapopioes
™m¢ yAovtabeidvng (GSTs) (Hemingway & Ranson, 2000). H avbektikdémro otdyov oto
0pPYOVOQ®GPOPIKA Ommwg To temephos, opeideton 6€ PETOANOYEC GTO VITOUOPLKO GTOXO TOV
0PYOVOPMOCPOPIKAYV, TNV OKETVAOYOAVEGTEPAGT, MOV HEWOVOLV TNV gvocOncia ¢ oto
EVIOUOKTOVO.

H yvoon tov pnyovicpov avlektikdmtog evog eVIOUOL 6 KOTOW0 EVIOLOKTOVO 1| G
OlAd EVTOHOKTOVOV omotedel Pacikn mpobmdOeon yio Tov GYedOCUO KOl EPAPUOYT TMV

oTPATYIKOV avTipeT®niong tng (Brown & Brogdon, 1987; Hemingway, 1989).

ZKONOxz KEOAAAIOY

O okomdg 6€ aVTO TO KEPAANLO MTOV VO dtepevVNOOVV 01 UNYAVICLOL TTOL EUTAEKOVTOL GTIV
avOektikdTTo Tov Aedes albopictus oto opyavopmcpopikd temephos mov dwmetddnke 6To

TPOTYOVLEVO KEPAAOLO.
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YAIKA KAl MEOOAOI

e MAnBuopoi tou Aedes albopictus

O mnbvopdc tov Ae. albopictus amd v Abfva, kol eWdkdTEpO OO TNV TEPLOYT TNG
Pilovmoing ypnoomomdnke wg apyikdc mAnbvopoc. Ilpokeévov va amoktnOel €vag mo
OUO10YEVING TANOLGUAC, OGOV aPOPA GTNV AVOEKTIKOTNTA, EMAEYONKE O AVOEKTIKOC PAVOTVTTOG
LLE EPYOCTNPLOKT EMAOYT ETL APKETES YEVIES.

[Teprocodtepa amd 1000 dtopo ypnowomomdnkay yio v €vapén g véag amoikiog m
onoio ovopdotnke MHTPIKH (parental strain).

Mépog g untpikng avtig anotkiog tov Ae. albopictus dwatnprnfnke oto epyactpio ywpig
EMAOYT EVIOLOKTOVOV.

I"a ) ddikacio emtAoync tov avBektikod TAnbvcspod (R) oto temephos axoAovOnOnke n
dwadikacio mov meprypapetan and tovg Melo-Santos et al. (2010) pe pikpéc amoxhicelg. Ot
GLYKEVIPAOGELS TOV YpNoiomodnkay enépepay Kabe popd Bvnopotto petacd 60-80% otig
TpovOUEEC. [0 To Adyo avtd ypnoiporomdnkay opddec twv 50 Tpovouemdv (avertuypéveg 3%
otadiov-L3 f/kan wpdipeg 4°° otadiov-Ly) eviog mhaotikdv Soysiov mov mepieiyav 300ml
AMOVIGUEVOL VEPOV. TNV GLVEXELD YVOTAY TPOocHNKN ¢ avaloyng tocdtnrag temephos kot
N Bvnowdmra Kotoypaeotoy HETE omd 24 dpeg, COLPOVE LE TO TPOAVOPEPOUEVES 00N YiEg
(WHO, 1981b).

Ot mpovOpgpeg mov emPiovay HETAPEPOVTOV O000YIKA o€ OV0 TANCTIKG O0Yelol TOL
nepteiyov kobapo vepd kot petd omd T OV0 aVTE EEMADLATO LETAPEPOVTAY GTO TEMKO doYEl0
O6mov kot ywotav mpocsOnkn TpoPns. To tedikd doyeio NTOV CKEMAGUEVO LE AETTY] ONTA EVD
KaOnuepvd Kotoypa@otoy Tuoxov €mMmAEOV BVNGIUOTNTA TOV TPOVOUP®V OAAG Kot eEEMEN
TOVG GTO GTASIO TNG VOUENG. ZTO OKUA{0 KOLVOVTILN TOV TPOEKLTITOV KATOYPAPOTOY TO QVAO
Kol HETOPEPOVTAV £VTOG VEOL KAMPOV pe avdAoyn onuavon 6mov vanpye doxeio pe didlvua
yAokolng (10%). Xe ke yevid emhoyng ypnopomomdnkay 1.200-1.400 mpovOpees Kot ta
axpaio Tov e16EPYoVTIaY £VIOC TOL KAWPBOU TPEPOVTOV LE Ol Yo Vo dOGOVY ®d. ATO T A
OV TPOEKLTTAV Ol VEEC TPOVOUPES LIOPAALOVTAY GE PlOdOKIUY] EMAOYNG LE OLOPOPETIKN

doom Kabe popa.

* BlOSOKIUEG UE CUVEPYIGTES

H ypion ouvepyloTiKdv ovcldv 1 GLVEPYISTMOV EXEL TOPAOOCLOKA EQOPUOCTEL GE
TOEIKOAOYIKEG  OoKIUEG dote vo  depgovnbel m mBavny ovvelwspopd TtV eviduwv

amotoéikonoinong omv avbektikdotnto. TEtoleg ovvepylotTikég ovoieg eivan to piperonyl
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butoxide (PBO) kot to S,S,S-tributyl phosphorotrithioate (DEF), mov mopeumodilovv ta
evlupkd ovotiuata tov oeldachv WK Asttovpyiog kot tov gotepacov (Metcalf, 1967;
Bernard & Philogene, 1993; Sanchez-Arroyo et al., 2001).

Mo vo dwmiotobel 1 enidpacn TV GUVEPYIGTIKGOV 0VGLOV og avOekTikd oto temephos
nAnBvoud tov gidovg Aedes albopictus akolovbnbnke m 01 dadikacio OV TEPLYPAPNKE
vopitepo pe Tig Prodokipéc otic mpovoppsc. Qotdco n mpocHnkn tov cvvepyioty (PBO)
ywotav mévie (5) dpeg vopitepo amd TV TPOcONKn TG avAAoyng CLYKEVIPMONG TOL
temephos. Mdaptopec ypnoonomdnkay pe TpocOnkn UOVO GUVEPYIOTH Kol UE TN OKETOVN
(1AM G oTOV 0TO10 Elval S1IAVUEVOG O GUVEPYIGTNG).

H ovykévipoon PBO mov ypnoipomombnke ntav 1ppm. H cvykévipoon avty dev
npokadel ToEikotnta ota Evropa (Cornel et al., 2002). £t cvvéyela vroloyiotnke o deikTng
ovvepylopov (Synergism Ratio — SR), mov ovclootikd givar o Adyog tng S00MG TOL
EVTOHOKTOVOL oL Bavatavel To 50% tov mAnBucpod mpog T dOoM TOV EVIOUOKTOVOL HE TNV
pooOnkn ocvvepylot) mov Bavormdvel o 50% tov mTAnBvopov (LCso insecticide without

synergist/LCsg insecticide with synergist)

e Ev{uuikd vmootpwpata Kat VAKA

[Mpocdopiotnkav ot evepydotmnteg twv  gotepacdyv  (COE)  wor g
OKETVAOYOALVEGTEPAONG GE TPOVOLPES, YPNCLOTOIOVTOS KATAAANAQ eviLHIKE VTOGTPOLLATOL
kot Tpwtokorlia tov WHO. Ta vrootpodpata tpoépyoviay amd v etotpio. Sigma (Steinheim,
Germany). T66o M GLYKEVIP®OOTN TPWOTEIVIG, OCO KOL Ol EVEPYOTNTEG TV EGTEPUCDV

ueTpriOnkav oto potopeTpo Spectramax M2e microplate reader (Molecular Devices).

o Bloynukég peBodot dlepevvnong TNG AVOEKTIKOTNTAS
Mpostowacia detypdatwy

Ot evepydNTEG TOV E0TEPACHOV LETPNONKOY 0TOV 0vOeKTIKO TANBVOUO emAoyNg (EmAoYN
ue temephos) kat cuykpifnkay pe Tov apyikd —unTpikd TAnBvcuod Kot pe gvaiocdnto mAnbovoud
avagopds. IpaypatoromOnkav 3-4 emovoinyelg yio kébe opdoo eVviopmy.

[Tpovopgeg amd tov avlektikd kot 10 pnTpkd mAnbvoud (2 mpovoueeg 4ng mikiog)
opoyevomomOnkav e 100 pl 100mM poBuiotikod dtoAdpoTog pmceopikov votpiov (sodium
phosphate buffer), pH=7,8 mapovcia 1% Triton pe opoyevomomt mov epapudler o 1,5 ml
eppendorf tube. AkolobOnoe euyokévipnon tov derypdtov ot 10.000 otpopés avd Aemtd

(rpm) ya 10 Aemtd 6TOUVG 4°C xau aKoAoVONGE GLALOYN TOL VITEPKEILEVOL OLOADILOTOC.
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IMa ™ pétpnon g ovykévipmong e TPpOTEIVNG Tov Kabe detypatog ypnoipomomdnke n
uébodog Bradford (Bradford, 1976). H katackevn) Tng TpodTLMING KOUTOANG EYve pe TV ypron
tov evlopov BSA (bovine serum albumin) oe Stadoykéc apoidoel; o€ pukpomidka (96-
wellplate). To deiypa TV TPOVOUPOV apaiddnKe 6 EOPEG Kot 6N UIKpOoTAdKa TorodetOnKay
5 ul amd to apaid opoyevomomuéva delypato evdd otnv ovvéyewn mpootédnkav 300 ul
dwwAdpatog Bio-Rad Protein (Cat no 500-0006) apatwpévo 1:4 pe vepd. H amoppdenon
petpnOnke oe unKog Kopatog 595nm.

MéTpnon evepyoOTNTAG ECTEPACWV
[Mo tov vmoAoyoUd TG €vEPYOTNTOS TOV ECTEPACOV YPNCULOTOMONKAV TO TOPOKATM

evlupkd vrooTpOpaTa, HE TNV akOAovdn pebodoroyia:

Yroorpwuo PNPA(p-Nitrophenylacetate).
Ye 10 ul omd to opoyevomoinua Twv Tpovopedv mpootédnkay 190 pul dwwAdpatog “A”

[Zvotoon  AwwAdpotog “A”: oe 20ml 0,05M Sodium Phosphate Buffer (SPB) pH:7,2

npootibevtar  0,1ml  Saivpoatog PNPA  ocuykévipwong 200mM]. Zto pdptopa  ovri
OLLOYEVOTIOMUATOG YPNOIoTomOnke avtiototyog dykog pubuictikov daavpatog (0,05M SPB
pH: 7,2). H evepydmta 1oV £6TEPACOV HETPHONKE GTO POTOUETPO o€ KOG KOpatog 405nm

Yo 2 AETTA KIVNTIKA.

Yroorpwuo a-Napthylacetate xaz - Napthylacetate.
To opoyevomoinua tv TpovoueGV apaimdnke 6 eopéc. 2ul amd to apotd opoyevomoinpua,

enwdomke pe 0.2ml amd 1o diddvpa “B” yio 20 Aemtd o€ Oeppokpocio dopatiov.

[Zvotaon Sdwivpatog “B”: oe 12ml 0,02M Sodium Phosphate Buffer (SPB) pH:7,4

npootédnkav 0,12ml dadduatog o ) B naphthylacetate cuykévipwong 30mM]. v covéyesia
npooténke oto detypa 0.05ml omd to Sddvpa “T” kou enmdotnke 5 AewTd OKOUO GE

Bepuokpacio dopotiov. [Evotacn dwwiduatog “T™: og 7,5ml 0,05M Sodium Phosphate Buffer

(SPB) pH:7 xouw 2,5% SDS mpootébnkav 23mg ypwotikng fast blue). H amoppdenon
petpnOnke ota 570nm.

MéETpnon evepyoTNTAG AKETUAOXOALVEGTEPACS
[ v evepydTTA TG AKETLAOYOALVEGTEPAGTG YpNotponomOnke n pébodog Ellman’s. Xe
25 pl and 1o opoyevomoinua twv mpovoue®mv mpootédnkoay 145 ul pubuotikod SteldpTog
ewopopikov vatpiov 100mM, pH=7,8 napovcia 1% Triton, 0,01M ka1 DTNB [5,5 di- thio-

bis (2- nitrobenzoicacid] kot 25ul dtddpartog acetyl-thiocholine- iodide cuvykévtpwong 0,01M.
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Ye plo owmAavn 0éom g pkpomAdkog (mMnyaddkl) mpooténkov ektdg amd Ol To
TPONYOVUEVO, KOl EVIOUOKTOVO Propoxur, paraoxon, kot chlorpyriphos-oxon. H evepydtnrta

petpnOnke kivntikd ota 405nm yuo 5 Aentd.
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ATIOTEANAEZMATA

o va evtomotel 1 akpifrig d0on emhoyng Kabe @opd ywvotav vopitepa Prodokipég
e€evpeonc g KoTAAMNANG d6ong ovppova pe tov Ilaykdoouio Opyovioud Yyeiog (WHO,
1981b). H emloyn cvveyiomnKe yio 0EKa YEVIEG OTTOTE KO TPOEKLYE O avOeKTIKOC TANOVOUOC
(Resistant/Selected - R). O deiktng avOexticotnrag (Resistant Ratio - RRsp) mov mpoékvye
npoépyetal omd ™ ovykpion Tov LCsy Tov avBektikod mAinbuouot pe 1o LCsy Tov gvaicOntov
mAnBvopov Ko avépyeton oe 11,26, yeyovoc mov onpaivel 0Tl amouteiton mEPIGGOTEPO Omd
déKa. opéc peyaldtepn ovykévipoon temephos ywo ™ Oavatoon tov 50% tov TANOVGHOD
TOV TPOVOUP®OV TOV avOEKTIKOV TANOLGHOV, GUYKPITIKA LE TN GLYKEVIPMOT OV OMOLTEITON
v Bavatmon tov 50% tov TANOBVGHOV TV TPOVLLPEADV TOL UNTPLIKOL TANBVGLLOD.

O odeilktng avBektikdTTOS TOV OVOEKTIKOD TANOLGHOV glval KATO TOAD PEYOADTEPOS OV
ovykplBel pe degdopéva and 1t Oebvny Pphoypapia (PAéme mivaka 1-6). Avépyetar oe

neptocotepo amd 30X cuykprtika pe TAnBvopod and to Kapepoov.

IMivaxog 4-1: Tvykprtikd anotedéopoto frodokipdv tpovopedv Aedes albopictus pe temephos

Albo strain N  LCso(ppm) LCso(95%CL) SLOPE+SE RRss' RRs’

Resistant/

498 0,169 0,154-0,188 4,220+0,384 11,26 33,8
selected
Parental 472 0,048 0,043-0,053 4,647+0,463 3,2 9,6
Susceptible 316 0,015 0.009-0,019 3,987+0,643 - -

Most susceptible 500 0,005 0,0035-0,0079  6,22+14,17 - -
in literature

1: LCso/LCso susceptible, 2: LCs/LCsp most susceptible (from Cameroun: Vontas et al., 2012,
Kamgang et al., 2007)
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Aepelivnon TG EMIdpACNG TWV CUVEPYLETWY

Ta amoteAéopato TV Prodokiudv mapovoio cuvepylotikdv ovoldv (PBO), mpokeipévon
vo ektunBel mn mOov CLUPETOYN TOV E0TEPUCHV KOl TOV HOVOOELYOVOCHV GTNV

avOektikdTTo 670 temephos eaivovtat otov mapaxdte wivaka (TTivakag 4-2).

Mivakog 4-2: Oavatnedpes GLYKEVIPAOGELG TOL TPoKoAoDV 50% Bvnoipdtnta (LCsp) e ™ xprion
ovvepylotikig ovaiog (PBO) yio ) avBextikr oto temephos amoikia tov Aedes
albopictus.

Albo  Insecticide and Slope + SE LCso (95% CL)* X? SR

strain synergist

Resistant  temephos 4,220+0,384 0,169 3,412 2,45

(0,154-0,188)

temephos+PBO 3,675+0,350 0,069 4,786

(0,061-0,078)

*mg/L, SR: synergist ratio — deiktng cvvepyiopov, LDsy temephos/LDsy temephos + synergist

H mpocOnikn tov PBO avénoe v to&ikdtnta tov temephos otny emheypévn (avOektikn -
resistant) oto temephos amowio (deiktng ovvepyiopod 2,45). O delktng cvvepylopHon
(SR=2,45) vmodnrmver v mbovn cvppetoyn evibpmv amotoéikonoons, 1060 a&eldacnhv
600 Kol gotepacdv oty avBektikomnto tov Ae. albopictus. T'eyovoc mov pdlorto

emPefordveTor amd To AmTOTEAECUATO TV PLOYNUKAOV TEPOUATOV TOL 0KOAOVONCAV.
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Evepyotnta E0TEPACWV
O avBextikdg TAnbvopdg (Selected/resistant) napovcicce oTATIGTIKG GNUAVTIKES S10POPES
oT1g evepyotteg TV evOOH®V ™G Ploynukng avOekTIKOTNTOG GUYKPIVOUEVOS LE TO OPYLKO-
untpikd mnboopd (parental) kor tov evaicOnto mAnbvoud avagopdg (susceptible). ITo
CUYKEKPILEVL 1] EVEPYOTNTO TV €0TEPACOV TOL 0ovOeKTIKOL TANBvopoy pe Oha TO
vrootpopata wov eéetdotrav [p-Nitrophenyl acetate (PNPA), a-naphthyl acetate xou [-
naphthyl acetate] eppaviotnke Wioutépmg avénuévn o€ oyéon pe o PNTpkod mAnducud Kot Tov

evaiocOnto TAnBvouod (sikdva 4.1 & ewcova 4.2).

PNPA

mOD/min/mg
N

susceptible parental selected

Ewova 4.1: Adypappo uEtpnong evepyotntog eotepac®dv pe to eviuuikd vrootpoua PNPA.
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B)
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Ewova 4.2: Metaypouatioildg VTOSTPOUATOV (o) KoL LETPTOT) EVEPYOTNTAG ECTEPACOV LIE TO
evlupka vrootpopato a-naphthyl acetate (B) kot B-naphthyl acetate (y)
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EvepydTnTa AKETUAOXOALVEGTEPACTG

Téhog, mapatnpnONKe OTL TO. EVTOROKTOVO, OV YpNooTombnkay (propoxur, paraoxon,
koaw  chlorpyriphos-oxon)  umAokdpovv — oyxeddv  100% v evepydmrta NG
OKETVAOYOAVESTEPAOTNG, TOGO GTA €VOICONTA, OGO Kol OTO OVOEKTIKA £VTOud, YEYOVOS TTOV
VTOONAMVEL OTL 1] OKETVAOYOAVEGTEPAOT OEV PEPEL HUETAAAAYES TTOV TNV KOOIGTOOV A1yOTEPO

evaicOnn oTo EVIOHOKTOVA, EMOUEVAG OEV EYOVUE TEPIMTOON OVOEKTIKOTITOC GTOYOV.
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2YMNEPAZMATA - ZYZHTHZH

To omoteréopoto T@V PLOSOKIUMOV LE TOLG GLUVEPYIOTEG KOL TOV PLOYNIK®OV TEXVIK®OV
delyvouv OTL ol €otepdoeg amoteAobv €vo eviUkd cOoTue T0 omoio oyetileTon pe v
avOektikdmTo Tov Ae. albopictus oto opyavopmopopikd Tpovupueoktdovo temephos. Ola to
evQOUIKG VTOGTPAOUATO TOL YPNoILoToOmOnKay ey OTL Ol €0TEPACEG Elval 1O10UTEPMG
avénuéveg otov avlektikd mAnbvoud tov Ae. albopictus. Avtibétmg to. vrorowra evivuikd
ovotnuata (GSTs kot P450s) mov xoatayeypopupévo eumiékovior oty ovOekTIKOTTO TOV
KovvouTidv o€ dtdpopa evropoktova (Hemingway & Ranson, 2000) dev gaivetot va mailovv
Kamowo poro ot ovykekpyévn mepintoon (Kapmovpdxn, 2012). Ta oavénuéva emimeda
EOTEPUCOV  OMOTEAOLV €va GLYVO WEGO OMOTOEIKOTMOINGNG TMOV  OPYUVOPMOGPOPIKADV
EVTOUOKTOVOV Kot 6€ GAlo €101 xovvovmav. T cuykekpiéva otig avénpéveg eotepdoeg
opeiletar M avOEKTIKOTNTA GTA OPYAVOPOCPOPIKE gvtopoktova tov CX. tritaeniorhynchus
(Karunaratne et al., 1998) kot tov Cx. quinquefasciatus (Karunaratne et al., 1993) and ™ Zpt
Adwvka, tov Cx. pipiens (Cui et al., 2007) kot tov Ae. aegypti (Hemingway et al., 1986; Bisset
et al., 2011) and d14popeg YOPES. X& AVTO TO KEPAANLO QOIVETOL Y10 TPMTH OPOPE TOYKOGHIMS
oG ovENUEVES eotepdoeg sumiékovior Kor otnv avlektikomrta tov Ae. albopictus oto
0PYOVOPOCPOPTKAL.

H yvdon tov axpipf] unyaviopov ovBektikdtntag tov Ae. albopictus oto gvropoktova
umopei vo. fonBNcetl v MV KATOGKELY] d1yVOOTIKNG HeBddov M omoia Ba elvar dvvatdv va
avayvopilet v mbovn avOiekTiKOTTO KON Kol 68 YaUNAEG GLUYVOTNTES e T XPNon VOGS 1
Myov atopov (Hemingway & Ranson, 2000). Agdopévov Ot ) yprion tov temephos 7 dAlov
0PYOVOPMOCPOPIKAOV EVIOUOKTOVAOV Y10 TNV OVTILETOTION TOV KOVVOLTI®V £l amayopevdel
amo TN XOPO HOG TO EVPNLOTE THG TTapovcag dtTpiPrg Ba wropodv va xpnoiomroindovv yio
NV KOADTEPT OVILETMOTIOT TOV QALVOUEVOD TG avBektikdtnTag Tov Ae. albopictus o ydpeg
OmoL 10 €100G aWTO amoteAel GoPapd TPOPANUA Yo T OMNUOGLO LYEIX KO 1) OVTILETMIGY] TOV
ompiletan oT0 TPovLuEokTdVo temephos.

Téhog n yvddon tov unyavicpov avBextikdOTog B umopel voo 0dNYNGEL 6TV AVATTLEN
GUVEPYIGTIKOV OVCIHOV OV O UTAOKAPOVV TIG €GTEPACESG, 1 YPNOY TOV OMoiwV Umopel vo
EMUNKVVEL TOV OMOTEAEGUATIKO YPOVO OLAPKELNG EVOG YNUIKOV GKEVAGUATOS GTNV ayopd TV

Bloktovmv mov TpoopilovTtal yio TNV AVIUETOTICT EVIOU®V VYEIOVOUKNG OGN LOGTOG.
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5° KEPAAALO

5. KEDAAAIO 5°

Aepevivnon tng yeveTikig ouotaong mAnbucouwy Culex pipiens otnv EAAdda o¢
OX€0N LE KpououaTA LOV TOL AuTiKoU Neidov

EIZATQTIH

To &idog Culex pipiens s.s. Linnaeus, 1758 Oswpeitar évog amd TOL OMUOVIIKOTEPOLG
@opeig tov 100 Tov Avtikod Neilov (West Nile Virus - WNV) oty Evponn (Hubalek, 2008).
AmoteAeital and 600 SUPOPETIKEG LOPPES TOV dEV SAPEPOVYV GYEOOV KABOAOV LOPPOLOYIKA
OAAGQ TAPOVGIALOVY CNUOVTIKEG PUGIOAOYIKES OLPOPES OAAG Kol O10LPOPES GTN CLUTEPLPOPEL.

O puotomoc Culex pipiens molestus yapaxktnpiletonr omd otevoyapio (n oblevén
TPOYLLOTOTOLELTOL GE TEPLOPIGUEVO YDPO), Eivarl awtdyevos (N TpdTN evamdbeon wdv yivetot
Ko Yopic v ANym aipotog), kot avlpomdeiiog (tpotipnon Ayng aipatog amd Tov dvipwmo)
EVD TOVTOYPOVA Topovctdlovv opodvvapio (tapovcidlovtal evepyd kad’ 6An T SidpKelo TOV
£tovg, akoua Kol To yewava). AviiBétog o Piotvmog Culex pipiens pipiens agopd oe
KOLVOUTTLeL TOL €iva eupyapo ( o0levEn TpaypaTonolEital 6 EVPY YMPO), 1 Evandbeon wdV
wpoomattel T ANym aipatog, ivol Kupimg opviBOQIAL (TpoTILODY TTTNVA Y10 T ANYN oiatog)
Ko dev glvar dpactipila Katd ™ dibpketa Tov yeudva (draravovv) (Clements, 1999).

O dwywpiopdg TV dVo avT®OV PlOTVTEOV givar £QkTdc ota Bopela KAHOTO HECH TV
EGTIOV aVATTLENG TOV TPOVOUP®Y Tovg. O Protumog molestus mpotyd vedyeleg €otieg evd ot
TpovouPeG Tov Protumov PIPIENS amovidvTol 6€ VOATIVEG €0Tieg mov Ppiokoviar otV
emdvela. Xe votiotepes yopeg ™ Evpodnng éxovv Ppebel mpovippeg kot twv dvo Protdinwv
o€ £oTieg otV eMEAaveLn, Tov £ddpovg (Gomes et al., 2009). Avt 1 cuvomapén oe gotieg otV
EMPAVELN TOV EOAPOVE SLEVKOAHVEL TNV dnpovpyia vEpimv peta&d tov 6vo popeav (Gomes
et al., 2009). H napovcio tét0100v TANOVOUOV e GVUTEPIPOPA TTOL YOPOKTNPILEL Kot TOVG dVO
Brotomovg éxel kotaypoesi ot votia Evponn (Gomes et al., 2009). Tétoior vPpidikoi
minbucpot mopovotdlovv  HEYAAN  EMONUOAOYIKY)  GTOLOMOTNTO KOODG €VOEyeTanl va
TAPOVGIALOVY OUTEPOTNTES O TPOS TOVS EEVIGTES OV TTPOTOVV Yo T Aym aipatog. Ot
OLOTEPOTNTEG MG TPOG TIG TPOTIUNOELS TOL EEVIOTN evdEyetar va Kabiotovv o €idog Culex
pipiens s.s. w¢ popéa-yEeupa. To 100 Tov Avtikod Neihov amd TI¢ amodnKeg SlaTpPNong Tov 100
ot ebvon, ta TTva, otov avBpmmo (Hamer et al., 2008).

Ta petavactevtikd Tmva £xovv cvvoedel pe ) petddoon tov 10H Tov Avtikod Neidov.

YynAd mocooTd LOADVONG LE TOV 10 £XOVV KATOYPAPEL OE LETAVACTEVTIKA TTNVA Kot avTd £)EL
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Bewpnbel wg o mOBavoTepOg MOPdYOVTOG TNG EMOVEISAY®YNG TOL 100 otnv Evpdnn kol
Bopeia Apepikny (Hubalek, 2004). To petovaotevtikd to&idi TV OmOdNUNTIKOV TTNVOV
ocuvnBw¢ akoAovBobv Jdtadpopés Omov cuvoéetar o Poppds pe to vOTo. OYT® GLVOAIKA
LETAVOOTEVTIKEG 0001 glvan avayvopiopévor (Si et al.,, 2009). And avtég 1 HETAVOGTEVLTIKY
000G Mecoyeiov — Mavpng Odraccag givor 1 LEYAADTEPT GTN YN KOl GLVOEEL TN OVLTIKY
Appucny pe ™ Zipnpia. Xto otevd tov Boomdpov yiveror ovclooTikKd 1M €i0000G TMV
LETOVOGTEVTIK®OV TTNVAV 61NV Evpdnn 6mov o€ avtd 10 61ev0 mépacua ta Ttnvé avalntovv
10 TPOTA KatapLylo otnv EALGda kot t Bovdyapio 6mov Egkovpdloviot Kot avamapdyovTol
(Birdlifelnternational, 2012). ¢ avtég Ti¢ meploy£ Kovvovmia duvntikoi gopeig Tov 100 (Culex
pipiens s.s. Culex modestus) pmopei vo toluanoovy ta TTnva Kot vo, EEKIVAGEL [o TOTKN
HETASOCT TOL 10V.

To 2010 o Poperor EALGOO onueidbnke pio amd Tig peyoddtepeg emonpieg 100 ToL
Avtikod Neilov oty Evpdnn, pe 262 kpovopata o avOpdnovg, pe 35 Oavdatovg (Danis et al.,
2011). H emdnuio mepropiomke oty Ileppépeia Kevipikng Maxkedoviag Sutikd g
Beocarovikng Kupimg o TEPLOYES OOV 0pilovTon amd EKTETAUEVO PLGIKA OIKOGUGTYLLOTO, TTOV
opifovtar amd TOVG TEGOEPLS TOTAUOLG Tov ekPdAovv o610 BOgpuaixd KOAmo (Aovdiag,
AMdkpovag, Tarlikog, A&og) (Valiakos et al., 2011). Mopiakr tavtomoinon Tov 100 Gg
TNVa, 6€ KOTOmovAa Ogikteg Kol o€ kovvovmo. Culex pipiens s.s. amd v mepoyn g
emdnpiog, anédelée 0t mpokettal yio, T o€pd 2 Tov 100 (lineage2) (Chaskopoulou et al., 2011;
Papa et al., 2011b; Valiakos et al., 2011).

Qo1660, 1 emONUIOAOYIKN €épevva Tov deENyOn exelvn v mepiodo yeploTav To
kovvouria Culex pipiens s.s. ¢ éva kat povadiko €160g, Yopic vo yiveTol Ko avaopd yio. T
mBavn avapelEn tov tAnbvouov tav dvo Plotumwv (pipiens kot molestus) kot v evoeyduevn

GLVEIGPOPA TOVG OTN eEAMAMOT TNG EMONULAG.

2KOMNMNOxz KE®AAAIOY

2KomoG avToH TOL KEPOAOIOV MTOV VO OIEPEVVIGEL TV TOPOLGIO KO GUYVOTNTA TV VO
dapopeTikmv Protomwv molestus kon pipiens e TAnBuopovg Culex pipiens s.s. kabmg kot Tv
VPPV Tovg peta&d g meproyng s B. EALGSag mov onpeiddnkav ta kpodhopoto Tov 100
tov Avtikod Nethov 1o 2010, kol piog 01KOAOYIKA «1c0dvvaung» mepoyns ot N. EAAdoa
(pvowkd owkoovoTua Moapabova — Zywvid) Omov d0ev  avagépdnKay KPOUCUOTO OTN

ovykekpipévn mepiodo.
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YAIKA KAl MEOOAOI

AgtypotoAnyies akpoimv KOLVOLTUOV TPAYLOTOTOWONKAV GtV mEPLOYN TNG OVTIKNG

Oeccarovikng (mepoyn A, onueia 1-9, Xdaptng 3) kot 610 Mapabova-Zyvid (meproyn B,

onueto 10,11, Xaptng 3) pe ) ypnon nayidowv tomov CDC.

Xaptne 3: Inueia derypatoinyiog: (A) Kevrpikn Makedovia, (B) Moapabdvag-Zyvide.

H ovlhoyn Tov kouvoum®dv mpoypotomomdnke kot otic Vo meployés amd T 20
Avyovotov €wg Tig 15 Zentepufpiov tov 2010 and mayideg mov eiyav avaptnei oe eEmTePKong
x®dpovg mepimov 1,5 pétpa amd 10 £00.pog Kot TovAdytotov 20 pétpa pokpld and avlpomivn
katowkio. TTayideg avaptnOnroay ota Ywpid OTOL KOTAYPAPNKOY KPOVGUOTO 100 TOL ALTIKOV
Neidov 1o karokaipt tov 2010. [To cvykekppéva detypato Aedncav ond t Xaidotpa, 10
Avatohko, ta Kipwa, ta Méiyopa, To Adevopo, T Bpayid, to Babvoiaro, tv Ereodoa kot
™ Néa XaAkndova. Xe Odo avtd ta yoptd vanpéov Kpovouato 100 Tov Avtikov Nethov kot
Bpébnkav mtnvad kot kovvovmia polvopéva pe tov 10 (Papa et al., 2011a; Valiakos et al.,
2011). H meproyn yapaxtnpiletar amd Oeppod khipa pe (eotd kolokaipto Kot HIovg XEWMVEG
(xatnyopia: Csa, cOupva pe o chotnua Katnyoplomoinong Koppen, (Peel et al., 2007). Ola
10 Y0P Ppickovtal Kovid 6to 0EATO TV ToTap®V Ao Kot AAGKUOVE, EVD DTTAPYEL KoL

EKTETOUEVO OPOEVTIKO GVUOTNUO 7OV eEumnpetel TIC avdykes vy vepo mepimov 200.000

105



5° KEPAAQLO

otpeppatov opulovov. Extoc and to Tig peydrec avtéc eotieg avamTuéng KOULVOLTTIMV GTOVG
opu{dveg emmALOV €0TIEC AVATTLENG TPOVUUPDOV KOLVOLTLOV VITAPYOLV EVTOS TWV OIKICUMV
0TOVG BOBPOVG KOt TO AVOIKTO TOAAEG POPEG AMOYETEVLTIKO GUGTNLO. LTV TEPLOYN VILAPYOVV
emiong kot wepimov 70 dypla GAoya, EKTPOEN POOEODOV AYOTPOPATOV KOl OIKOCIT®V TTNVOV
o€ oYeddv Kabe okiopd. O cvYKeEKPIUEVOC TOTOG Toyidag XPNOILOTTOLEL PMC Kal 010&€1010 TOV
avOpaka (CO2) wg myn TpocéAkvong Tov akuaiov Kovvoumidv. Emmiéov and v meproyn
100 MapaBova £yive Kot GLALOYN TEPLOPIGUEVOD APIBLOL OKUAIOY KOVVOLTIL®V pe T forfsia
unyavikod avoappoentipa (mouth aspirator) avamavopevov (resting) eviog kot yopm omod
owiec. H meployn tov Mopabova-Zywvid (mepoyn B, xdptg 3) yapokmpiletar and 1o id10
nepimov KMpo Ommg Kot otV mePoyn A, dAAL KoAlepyeitar omd €TNCEG KOl ETOYLOKA
Aoyovikd vraifplo Kot v kKaAvyn. To ekteTapévo euoikd otkosvatnua Tov Efvikov Tlapkov
Mopabova-Zyxvid kabng ko Maxapio [Inyn kot ot BoOpot evidc twv okicpmv amaptilovy Tig
TOPAYOYIKOTEPES £6TIEG OVATTLENG TPOVLLPAOV KovvoLTwV. Katd tv mepiodo g cuAroyng
detypdraov (2010) dev giyav kataypoaesl kpobopata Tov 100 Tov Avtikod Neilov 6e OAN Vv
Attikr. Ztnv TEPLoyn LIAPYOoLV ayompoOBoTa, OKOGITA TTNVA KOl TEPLOPIGUEVOS aplOpog

aAOY@V.

Ewova 5.1: Apiozepd: noyido cuiloyng axpaiov kovvoumidv (tomov CDC), defid: avalinon
AVOTTOVOUEVOV OKUAImV Y100 GVAAOYT HE UNXOVIKO avappoenTipo otopotog (mouth
aspirator).

[TAnpopopieg yio v opviBomavida Tov d00 TEPLOYDOV AvIANONKAY od TOV 1GTOTOTO TNG
EMnvikic Opviboroyikng Etaipeiog (OrnithoTopos, 2012), énov mapovoidloviar dedopéva
amd eBeAovtég mopaTNPNTEG TINVOV Ge cvykekplpéves tomobeciec. o kdBe €idog mov
TOPOTNPEITAL KOTAYPAPETOL O UEYIGTOS aPOUOG TOV OTOU®V TOV GLUVOVTE O TAPOTNPTNTHS.
Ymv moapovoa epyacio ypnoipomomOnkayv kKaToypapsés Tov  GLAAEYONcOv e TpElg
SLLPOPETIKEG TTEPLOYEG OoTNV TTEPLOYN TS Oeccarovikng (0éAhta A&ov, déhta Aovdia, déATa
AMdxpova) kol og dV0 SAPOPETIKEG TTEPLOYES TNV TTEPLOYN Tov Mapabdva-Zywvid (Zyvidg

Kot wopoiio Zywvid) kot apopovsav v mepiodo, lavovdpiog 2008 mg Aeképupprog 2010. Eidn
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TTNVOV Y10, T 0010 OEV VINPYE KOTAYPOUPY] TOL HEYIGTOV aplBuol (Ywpic onTiKn TopaTipnon)
dgv ypnoomomdnkay oty avaivon. To mapatnpovpeva €idn kotnyoplomomdnkay g
ATOONUNTIKG TTNVE TNG LITOoAYAPLOG APPIKNG cVpPmva e Tov KatdAoyo Walther (Walther,
2004). Ta €idn T@v ITNVOV oL amavtoviol ot Evpomn kot ™ Bopeio Apepikn kot éxovv
Bpebel polvopéva amd tov 10 Tov Avtikod Nethov aviAndnkov and moikileg PPAtoypopucéc
avaeopéc (Malkinson et al., 2002; Rappole & Hubalek, 2003; Hubalek, 2004; Figuerola et al.,
2008; Hubalek, 2008; Valiakos et al., 2012).

Moplaka SlayvwoTiKd SlepEVVNONG YEVETIKAG OVOTAGNG TANOLGUWY

I v amopdveon tov oAkov yovidtopatikod DNA oo kabe téheto dropo Culex pipiens
s.l., ypnowonomOnke to tpwtoxoAro (Kit) DNAzol (Invitrogen).

Kd&be dropo yovotumibnke pe SoyvooTikovg ekKivntég ot omoiot avayvopilovv Tig
Brodoyikéc popeéc pipiens/molestus ocoupwve pe ) pébBodo mov TEPLYpAPETAL OO TOVG
Bahnck kot Fonseca (2006). Atopo pe tov aAANAOHOpPO TG Hopeng pipiens divovv uia {dvn
ue tov ekkivnery CQ11 evd dropa pe Tov ahAndlopopeo g popeng molestus divovv pia {dvn
dtapopeTikoh poplakov Bépovs. Atopa mov gival vPpidia Tapovstdlovy kat Tic dvo {dVeC.

EmumAéov g KAAOOIKNG QTS avAAVOTG, 1] YEVETIKT] GVOTOOT KOl T VBpidta peAetn ooy
TEPOULTEP® LLE XPNOT HKPOSOPLPOPp®V amtd T cvvepyalopevn opada tng IToptoyodriog (Gomes
etal., 2013).

IMa ™ otatiotikn avdAvon g d10Popds TV VO TEPLOYDV GTNV OVOAOYio TOV E0MV TOV
TTNVOV TOL XAPoKTNPILovTol PLE LITOCAYAPLO LETAVAGTEVGT], OALL KOl E0MV EEVIGTAOV TOL 100
tov Avtikov Nefhov ypnowomombnke mn  oviivorn Tov xz. Q¢ deikng mowIAOTNTOG
ypnoworomnke o degiktng Shannon (H’ index) (Shannon, 1948), o omoiog vmoloyictnke
oOUP®VO, LE TO HEYLETO aptBpd atdpmV yio Kabe €160g. Ot d10popég LETAED TV 0V0 TEPLOYDV

vroloyioTnkav copemva e to Student’s t-tests, (Jayaraman, 1999).

ANOTEAEZMATA

Moptaxn dtayvwaon tng yevetinng cuatoong tov Culex pipiens

O\a o delypata mov yovotvmOnkay (77) otnv Topovca epyacio e TOV EKKVNTY ace-2
onwg meprypdoetar amd ) pébodo twv Smith and Fonseca (2004) avayvopictnkav mg Culex
pipiens s.s.

[Mepartépw Oumg, oavdivon opadomoinong (Bayesian) oamokdAvye o600 GLGTASES

YEVEOAOYIKNG TPOoEAEVONG. TNV TPp®TN cvotdda (Cluster—1) givan opadomompéva 29 detypota
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and ™ Oeoocalovikn, evod ta mePocdTEPA amd Ta detypota omd 10 Mapabova - Zyowvid (N=
39), opadomolovvtar o€ dapopetikny cvotado (Cluster—2), n omoia mepieAdupave emiong Kot
té60epa dropa and ™ Oescarovikn. [1évte detypota (téooepa and T Oeccarovikn kot Evo
ar6 Moapabova — Zyowid tov cuvolkov delypatog (N= 77)) mopovciocov ovopeUyHEvn
KOTOywyn.

Ta anoteléopata TV SlAyVOOTIKOV OEKTOV 7ov epapudotnkay (molestus/pipiens)
delyvouv 0Tl KGOe Sl0POPETIKY GVOTASO, amTOoTELEL o dtopopeTikny poper CX. pipiens S.s.
YynAdtepo mocootd TG popeng pipiens (79,3%) moapatnpinke ota deiypota amd T
®cocarovikn (Cluster-1), eved n mielovotnta Tov atdpmv and 1o Mapadova-Zywvid (Cluster-
2) £pepav to yovotumo molestus (78,0%) (ITivakag 5-1).

Amo 1o 29 dtopa g Tpd ovotadag (Cluster—1) ta 28 Bswpovviar mg «kabapdotpoy
pipiens (96,6%) kot 6ho ta dropa (41) tng dedtepng ovotddog (Cluster-2) Bswpodvior wg
«koBapoaa» molestus (100%). Qotdco, emtd Oeiypote HE OVAUEIKTN KOTOY®YN
KatnyoptromomOnkav wg molestus.

Xmv mepoyn g Oecoalovikng mapatnpOnKoy GTOTIGTIKOG CNUAVIIKA TEPIGGOTEPO
vPpida. H ocvumeprpopd twv vppdiov autdv el peydAn emONUOAOYIKY omovdatdtnTo
KaOdg pmopel va tpépovtar 1660 pe v 060 Kot amd Oniactikd, cuvifsla Tov avéavet
KaTd TOAD TOV Kivouvo tng dpeong petddoons tov 100 tov Avtikod Nethov amd to mtnvé (ta

omoia amoteAovV TN 0e&apevn Tov 100) TPog Tov AvOpmTo.

IMivakag 5-1: Xvoyetiondc T@v opddov Kataymyng Tov yovotomemv molestus/pipiens pe
avdivon pe to yovotumikd Ogiktn CQILIFL wor 1t pébodo apydv opddwmv

NEWHYBRIDS.
CQFL11
N Q
M H P
2 4 23
Cluster-1
(6,9 (13,8) (79,3)
6 1 0
STRUCTURE Admixed
(85,7) (143) (0,0
32 7 2
Cluster-2
(78,00 (17,1) (4,9
40 12 25
Total

(51,9) (156) (32,5)

N: aptBud¢g atdéuwv, M: molestus, H: hybrid, P: pipiens
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O apBudg TV €0OV TOV TTNVOV KOl 0 OEIKTNG TOWKIAOTNTOG Yoo TV K&Oe meploym
avaeépovtor otov Ilivaka 5-2, evd to €idn TV TTNVAOV TOL £Y0VV KataypaPel Kol oTig 000
neployéc  ovaeépovior otov Ilivaka 5-3. Zvvolwkd eiyov kotaypaesi 172 €ldn ot
®eccarovikn kot 167 oto Mapobova-Zywvid. H avaioyio Tov omodnuntikov otnv
vrocaydplo. Appikn gival 1 101 Kot Yo Tig 0Vo mePoyEs (62%), evad mepimov 22% TtV 10DV
Kol TV 000 TEPLOY®V £xouv avaeepbel pe poéAvvon and tov 16 Tov Avtikov Netdov. Qotdc0
vIpEE GTATIOTIKMG CNUAVTIKY Olapopd petabd tov 600 Teploy®v cOUE®VE pHe To Ogiktn
Shannon.

YUVoMKG 1 moKIAOTNTO, TV €8GOV NTav vyniotepn (t-test: P< 0.001) ot Ococaiovikn
Kot ovOAOYT NTOV Kot 1) TOKIAOTNTO HETAED TV 0MV POpEMV TOV 100 Tov AvTtikob Neilov.
AvTiotpdem¢ oty Teployx Mapabdva-Zywid domotdbnke peyaAldvtepn motkiAdtnto pnetald

TOV 106GV TOL amodNHodV otny vrocaydplo. Agpikr (t-test:P< 0.001).

Mivaxag 5-2: ApBudc 100GV TTNVAOV KoL OEIKTES TOIKIAOTNTOG TV dVO TEPLOYDV.

Y0OVOAO Y-X WNV
N 172 108 (62,3%) 40 (22,3%)
®eooodovikm H’ 2,817 2,001 2 458
0, 0,
Mopadiva - N 167 103 (61,7%) 38 (22,8%)
THVihg H’ 1772 3,249 0,763

2ZUvoA0: GUVOALKO APOUGG KATAYEYPAUUEVWY EBWY, Y-E: HETAVAOTEVTIKA €8N 0TV uTtoTAXApLA APPLKT,
WNV: E(®n pe wéAuvorn 1ov touv Autikol Neldov, N: aplBudg eldwv (o€ TapeévOeon: oXETIKN avaAoyla 8wy
Tou €xouv Kataypael), H’: 5elktng Shannon
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IMivaxkag 5-3: Eidn nttnvav oe Ogocarovikn kot Mapabova-Zyivid mhovol gopeig Tov 100 Tov
AvTtikod Nethov pe HeETaVAGTEVOT TNV VTTOGUY AP AQPIKY).

. Kordota Mswg’i‘]’:sw“ IMvkvotnreg WNV
Eidn rtnvev otnv EALada Taén o1 otV A
Ergde?  UTLOMAPe ® M-I EU BA
Agpuc)
Anas platyrhynchos (ITpactvoké@aln) Xnvopopea. W/R <100 <100 X
Anas querquedula (Sapoéha) (Anseriformes) W >100 <100 X
Chlidonias niger (MovpoyAapovo) ST X <100 0
Larus ridibundus (Kaotavoxépon) W/R >100 =100 X
Philomachus pugnax (Mayntg) Xopadpiopopea ST X <10 <10
Sterna hirundo (ITotapoyrépovo) (Charadriiformes) gt X <100 0
Tringa ochropus (Aacdtpuyyog) W/ST X >100 <100 X
Vanellus vanellus (Kainpéva) W/R <100 0 X
Ciconia ciconia (Agvidg mehapydq) S X <100 O X*
Egretta garzetta (Aevkotoikvidg) S X <100 <100
Ardea purpurea (ITop@upoToIKVIAG) S X <100 <10
. . [ehapydpopoa
Ardeola ralloides (Kpvgotoikvidg) (Ciconiiformes) S X <100 <100 X
Nycticorax nycticorax (Nvytokdpoxoq) S X <10 <10 X
Platalea leucorodia (Xovapopbdro) S X <100 0
Plegadis falcinellus (XaAxoxota) S X <100 <100 X
Columba livia (Ayplomepiotepo) Tepiotepdpoppa R >100 =100 X
Streptopelia turtur (Tpuyévy) (Columbiformes) S X <100 <10
Falco vespertinus (Mavpokipkive(o) Tepakopopea S X <100 <10
) . (Falconiformes)
Milvus migrans (Toietg) S X <10 0
Fulica atra (Pohapida) Tepavopopga—yyp >100 =100 X
(Gruiformes)
Acrocephalus spp (ITotapideg) SIR* xX* <100 <100
Corvus corone (Kovpovva, toaytid) R >100 >100 X
Erithacus rubecula (Koxkwolaipng) Zrpovbiopopea /R <100 <100
o (Passeriformes)
Locustella luscinioides (KoAapotpiliotig) S X <10 0
Passer domesticus (Zmovpyitt) R >100 =100 X
Sturnus vulgaris (Yopovi) W/R >100 =100 X X

'Birdlife International (2012);*(Mullarney & Zetterstrom, 2009); R: péviun mopovcie; W: HETOVOGTELTIKO TTNVO TOL
Eeyepovialet otnv EALGSa, S: petavactentikd ntnvd mov tepvd 1o kahokaipt tov oty EAAGSa; ST: mpocwpvi otdon katd
™ petavdotevon, ©: @eccarovikn; M-X: Mapabovas-Zywids, EU: aviyvevon WNV oty Evpann (Hubalek, 2008), BA:
aviyvevon WNV ot Bopewo. Apepwcry (Rappole & Hubalek, 2003), 0: ywpic xatoypaen, <10: Ayotepa and 10 dropo
kotayeypoppéve, <100: Aydtepa amd 100 dropa koatayeypappéva, >100: tepiocdtepa and 100 dropa katayeypappéva; X:
Beticn xataypaen; +: (Malkinson et al., 2002); *: mowiket pe to gidog.
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2YMNEPAZMATA - Z2YZHTHZH

H avdlvon ¢ yevetrknig ovotaong tov  minbvopdv  tov  CX.  pipiens,
(pipiens/molestus/vfpiokcdrv wAnBooumv) tov KuptdTteEPOL Popéa Tov 100 Tov AvTikoh Neidov
katd v emdnuio tov 2010 iowg oyetiletor pe v YTOPEN KPOLGUATOV GTNV TEPLOYN TNG
Avtikiig Moxkedoviog kot Oyt ot0 Moapabdva-Zywid. Zmmv mepoyn ™G Oeocarovikng
Kuplopyel o Protumog pipiens. O Protvmog avtdg £xel Kupimg opviBoeihikég cuvibeleg Kot dpa
umopel va dttnpeiton 1 KukKAo@opio Tov 100 PETAED TV TIMVOV Eeviotdv. EmimAéov n
nTopovsio Tov Protvov Molestus kot kKvupiog tov VPEPimv, Tov eival Wiaitepa emkivovva
emonoloywcd (Hamer et al., 2008), dbvotor pe gukoria vo petapépetl Tov 10 amd o TtV
otov GvBpomo. Ta svpnuato avtd evoeyouévmg oyetiCovior e TO YEYOVOG OLTO KOl OF
GLVOLOGUO WE TNV TOPOVGIR CTUAVTIKOD aplBod HETAVOCGTEVTIKOV TTNVOV, EW0MV EEVIGTOV
70V 100 10V Avtikob Nethov pmopet vo eEnyovv v emdnuio mov EECTOGE GTNV TEPLOYY| TO
2010.

XOoppova pe v €EEMEN TOV KPOLGUAT®OV KOl TN YEWYPAPIKY £EGTAMOTN TOL 100 TOV
Avtikov Nethov oty EALGda evoéyetar tnv enduevn ypovid g perétng (2011) va vapEav
tétotol VPpwKol mAnbvopol kot oo Mapabovo — Zywvid Omov kol vafpEav KPOoLCUATO
(ECDC, 2011; KEEAIINO, 2011), to yeyovog 6pwmg avtd Oa mpénel mepattépm va diepevvndet.

Ta dedopéva ovTd LITOSMADVOLY TNV avAYKN €YKOTAOTOONG €VEPYOD GLOTNUOTOG
TaPAKOAOLONONG TOV 100 G€ TEPLOYEG OGS EMAEYUEVOL VOPOPLOTOTOL OOV YPTGLOTOLOVVTOL
¢ onueia otafpol KaTd T LETAVAGTELGT TOV ATOONUNTIKOV TTNVOV TPOS TNV APPIKT).

H g0peon tov €0TIOV avATTVENS TOV TPOVOUEOV, VTGOV TOV VEPOIKOV TANBLGHOY, ivat
OTNUOVTIKT TANPOPOPIa Y10 TNV EPAPLOYT TPOVLUPOKTOVIDV, TPOKEEVOL VO dIvETAL EPPAOT)
omv &&dAeyn TV emikivovveov ovtodv  emdnuoroyikd vppwinv. Emiong o éAeyyog
KukAogopiog Tov 100 Ba pmopovoe vo meploplotel HOVO o TEPLOYES OMOL LEAPYOLV
vopoPrdtonmol o1 omoiot PLAOEEVOLY OmOONUNTIKE TTNVA TTOVv PEPOLY TOV 10, divoviag €101

gyKaipmg evoei&elg yio tnv Aqym pétpawv mtpy v Evapén emonuiag (Gomes et al., 2013).
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FENIKH ZYZHTHZH - ZYMMNEPAZMATA

To &idoc Culex pipiens givat o kowvd oiklakd KovvovTL Tov amavtdtol oe OAN TV EAAGSa
Kot amoTeELEL TO GTOVONOTEPO POPEN TOV 100 TOv AvTiKoV Nellov 6T Ydpa Hog. ZOUPOVO [UE
TOL ATOTEAEGUATO, TOV TPMTOV KEPAANIOV TNG Topovcog dtatpiPng mAnbvucpoi tov CX. pipiens
ELPAVIcaY  avOEKTIKOTNTA 6TO  Opyavoemo@opikd temephos. Xvykekpuéva, TECOEPIG
nAnBvopoi CX. pipiens, amd tovg dddeko mov eEETAGTNKAY, EUPAVICAV UEIOUEVT gvouodncia
oto temephos (Bvnowotnta pikpotepn tov 50%).

[Mepartépw poplakn avédivon otovg TANOBLGHOVG aVTOVS PavEp®ae TV VTaPEN dVO NN
YVOOTOV UETOALOYDV aVOEKTIKOTNTOS GE OPYUVOPMGPOPIKE KOl KApPopdtkd eviopokTovo
(Achel). H tavtoypovn vmapén tev 600 avtdv HeToAoydv 6€ Kovvoimio, and thv EAAGda dev
Exel xataypogel oe dAleg Meooyelakég yopeg (Alout et al., 2007b; Osta et al., 2012). To
gvpnua owtd iowc amodidetar oty Hrapén VRpLOIKGOV TANBLVoudV CX. pipiens kot Cx. molestus
ot omoiot GVVIGTOUV SPOPETIKES TANBVoUIKEG amd LOVOL TOVG, YeYovog mov TOAVAOG dgv
ovupaivet o €1010 PaBUd oTIG VIOAOUTEG MEGOYEIOKES XDPEC.

H avBexktikétta mov mapatnprinke eivar mbBovd va o@eiletol o©TIG EKTETAPEVEG
enepPdoelc mpovoueoktoviag pe to temephos otovg opvldves, Ta OPOELTIKA KOl TO
OTOCTPAYYIOTIKA KOVAALY, KOODG €MIONG KOl GTN YPNOYN EVIOUOKTOVOV GE KOAMEPYELES
(opvldveg, Paupdxt, apafdcitoc), LIOAEIUHOTO TOV OTOIMV TOAVOG VO KATOANYOLV OTIG
€0TIEC AVATTLENG TV KOLVOLTLADV.

Ta mocootd avOekTikOTNTOG 0TA TVPEOPIVOEN PaiveTal TG Elvol CYETIKA YOUNAQ, UE
Baon ta (owotmpd) mpotoxoira tov WHO. Ilapdio avtd, To €upipoto TG HOPLOKNG
avdAvong OgiyvouV TNV GUECT] KoL GNUOVTIKY EMKIVOLVOTNTO OvVATTTUENG avOEKTIKOTNTOS GTaL
Tupedpvoeldn], agov ot petaAlayéc avlektikotnrog e Kdr etavouv émg kot o 63% ot
Oeocoarovikn.

nuetdveton 0Tt M petaAlayn  avbektikotntog oto mwopebpwvoewdn kdr (L1014F)
EKONADVETOL OG VITOAEITOUEVOS KO O AVOEKTIKOS POVOTLTTOG EKONAMVETAL LOVO G opoOluya pe
™ petaAloyn atopo. H exktetapévn xpnon tov mupedptvoelddv evIopoktévey ot yewpyia, M
EQOPUOYY| TOVG GTO OKIKO TEPIPAAAOV YLl TV OTOMIKN TPOGTAGIO 0td KOVVOVTLN KOl AL
apopvlntikd évtopon, kKabmg emiong kol epappoyéc evpeiag kAipokag (ULV) yuoo v
OVTILETOMION EMOINUIOV (acOeveldV HETASWOOUEVOV amd KOLVOUTIL, T.X. 105 TOL AVLTIKOV
Neilov) evdéyetarl vo emtayhHvovv T cuxvOTNTA ELPAVIONG OVOEKTIKOV aAANAOUOpO®V oTO

mopedpvoeon.
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Y ynAn mapapével n evotodnoio tov mAnbucumv mov egtdotnKoy 6To TPovLIPoKTOVo Bii
(Bacillus thurigiensis var israelensis). Qotd6co 1310UTEPOTNTEC TOV EO0TIOV OVATTLENG TV
TPOVOLPAOV (To1dTNTA VEPOV, 0PYOVIKO (OPTIO K.0.) OALY KOt d1dpopot afloTikol TapldyovTeg
dvvavTol vo emnpedoovy Ty amotedecpuatikotnTa tov oto nedio (Becker et al., 2010; Tetreau
et al., 2012). Avagopéc peliopévng omotelecpatikotntag tov Bti oto medio eivar povo
neplotactokéc (Paul et al.,, 2005) kot 6mote cvuPaivovv Oo mpémel va eotidloviol oTIC
WutepdtnTeg TG KaBe otiog kabmg emPePfarwpéveg mepTOOELS avOEKTIKOTNTOS 6TO TTEdIO
dev vrapyovv péypt tmpa (Paul et al., 2005; Lacey, 2007; Loke et al., 2010).

O1 mAnBvopoi Cx. pipiens, mov e€etdotnkoy, Tapovsioacay gvoichnocio otovg pvOUIGTEG
avartuéng (IGRs- diflubenzuron kou s-methoprene), ektdc and pio opraxn mepintmon n onoia
fowg pmopel va cvopmepnedel 0NV TAPOALAKTIKOTNTO OV OTOVIATOL GTOVS (PLGLKOVG
mAnBucpovg. H katnyopia avth Tov Tpovopgoktovev £xet e&edikevuévo tpdmo dpdong katd
TOV ATEADV GTAOIOV TOV KOVVOLTILOV XOPIg VA £XEL EMTTOCELS GTO TEAELD EVTOLLO.

To «Acwtikd wkovvovmt tiypne» Aedes albopictus mpotosupaviotnke mpwv omd pio
dekoetio otnv EALGSa kot €ktote eEamimOnke 6 OAOKANPN GYESOV TN YOPA, TPOKOAADVTOG
avnovyio ywo v OyAnon v omoia mpo&evel Kol KLPLOTEPA YO TO. VOOTLOTO TO OmOio
duvnTikd pmopet va peTa@épetl. Xtnv mapovcsa dtoTpiPr| TpoypaTorodnkay Plodokipés mote
va gvtomiotel 0 Babuoc evaioOnoiog oe dbpopa eviopoktdva. H gvaicOnoio tov mpovopedv
OV TPOEPYOVTAY OO TNV ATTIK)| O©T0 0pyovoemcpoptkd temephos Mtav peimpévn.
Amontnke pdAota 1 SIMAACIO OO TNV TPOTEWVAOUEVN OlyVOOTIKY d0on tov Tlaykdspov
Opyaviopod  Yyeiog ywoo va BovatwBet 10 100% tov mpovoppmv. O ocvvieheotng
avOextikdmrog (RRsp) Tov mAnBvopod avtod frav katd 8,83 popéc vynAdTEPOG amd AAAOLG
evaicOntovg TAnBvoovg Tov avagépovtarl oty PiAoypagio.

Emniéov, o mAnBuouog and v ATTIKN Tapovciace GYETIKA LEUEVN gvouctncio Tov
axpoiov oty ékbeon tovg ota mupebpivoedn (LTsp=7 Aentd) evd o mAnBuopog and v
Képxvpa mapovoiace peyarvtepn evoicOncio (LTso=1,5 Aentod), yeyovoOg OV KOTASEIKVOEL OTL
T ovvnOn pETpO ATOUIKNG TPooTaciog mov AdpPdavovior otnv ATtk (cuveyn Kot
TOPATETOUEVT] YpNOoN TLPEDPIVOEWBDV GTO OEpUa. OAAG Kol 0TO Y®po) Thavov va Exovv
CUVEICQEPEL OTNV EMAOYT AVOEKTIKOV OAANANUOpO®V. Evoéyeton emiong va onpaiver 6tL ot
mAnBucpot g Attikng kot g Képkupag va €xouv S1apopeTIKY YE®YPAPIKT TPOEAELOT, LE
SLLPOPETIKO TPOPIA avOEKTIKOTNTOG.

¥t ovvéyelo eEetdotnkay ol unyoviopoi avartuéne avlektikdotntog tov Ae. albopictus
oto temephos. O avOektikdc TANOLoUOS TOV evTomioTNKE aPYIKE, EMAEXONKE Yoo HEKO YEVIEG

LE TO 0OPYAVOQ®GPOPIKO temephos mpoKeWEVOL Vo EMAEYOVV TO, AVOEKTIKA GTOM KOl VO
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dtevkolvvOel M avdilvon tov pnyovicpov. O avBektikdg mAnBvoudg mapovsionce LYNAL
EMIMEDD €0TEPACHOV GE OY€on HeE TOV Oapylkd mAnBvopd kol oe oyéon He evoaicOnto
epyaotnplokd mAnbvopd. To vroérouma evOLIKE GUGTHLOTO YVOGTEH Y10 TI] GUVEIGPOPH TOLG
OTNV OTOTOEIKOTOINGT EVIOUOKTOVMV GTO. KOLVOUTILO. OEV (QOIVETOL VO GUUUETEXOVV OTNV
aviektikoTnTo ToLv emAeyuévov Ae. albopictus oto temephos (Koumovpdxn, 2012). Ot
avENUEVES E0TEPACEG ATOTEAODV YVOGTO GUGTNIO ATOTOEIKOTOINGNG 0PYAVOP®GPOPIKMY Kol
KOPPOUIOIKDY EVTOLOKTOV®OV, TOV £)EL YOPAKTNPLOTEL G AAA €101 Kovvovmidv (Hemingway
& Ranson, 2000), avaeépetal ®6Td00 Yo TpdTN Popa ToyKocpimg oto Ae. albopictus.

H perém tov unyavicuov avhektikdtntag amotedet facikn Tpodmddeon yia v epunveio
NG OVATTLENG TOL POVOLEVOD TNG AVOEKTIKOTNTOG KOl EYEL OC ATADTEPO GKOMO, HETAED AAA®V,
™ dnuovpyia SlayveoTikdv epyaieiov mov Bo Tapéyovy Tn duvatdtnTa aviyvevong oto tedio
TETOL®V  UNYOVICU®V, HE OYETIKO amAd Tpdmo, ®ote vo, yivetar £ykaipn Odyvemon Kot
dwxeipion g avBekTiKOTNTOGS.

Y10 tehevtaio KePGAalo avaivdnke 1 yevetiky ovotacn Tov mAnbvoudv Culex pipiens
Ao TNV TEPLOYN NG EMAINUioG Tov 100 ToL AvTikod Neilov to 2010. v meployn ™S SLTIKNG
vraifpov g Oescarovikng Ppédnikayv vyMAL T0600TA VRPOIKOV TANBLVGU®Y TV PloTHTOV
pipiens ka1 molestus. H vmapén tétoiwv vPpdikdv minbdvopdv mbovov va epunvedel v
TOPOVGIO. KPOLCUAT®V TOV 100 GTNV TEPLOYN OVTH, ooV To LVPPId umopel vo petadidoovv
€VKOAOTEPA TOV 10 amd To mInvd (amodnkeg Tov 100) otov avBpomo (teAikdg Eeviotg). H
HETOQOPE/TOpovGia TOL 100 o€ pia meployy] €xel ovvoeDel pe v VTOPEN APKETOV VOPOPLLY
LETAVOCTEVTIKOV TTNVOV, LE OTOTEAEGLA VO VILAPYOVY aLENUEVES TOAVOTNTEG LETOPOPAS Kot
KUKAOQOPIOG TOV 100 Gg TEPLOYEG 01 OMOoies AmoTELOVV GTAOUOVS Y10 TOL LETAVAGTEVTIKA TTNVL
670 Ta&id1 TOVG TPOS TNV LTOCAdPLL APPIK.

Xoppova pe tov Iaykoopio Opyaviopd Yyeiog n avOexkTtikdtnTo TV KOLVOLTI®OV OTO
EVTOHOKTOVA OmoTeAel €va amd ta. GoPapdtepa TPOPANUOTA TNG AVIYLETOMIONG CNUAVIIKOV
voowv mov petadidovral pe ta kovvovma (WHO, 2012a). H kotamoAéunon T@v KouvouTiov
HEe yMukd péoa mpémel vo yiveton pe wdwaitepn mpocoyn Kot vo Aapfaver mévto vroyn o
emimedo evocOnoiog TV 0OV GTOYWV.

Aedopévov 0Tt ta d1aféoipa yMUIKE HEGO Yol TNV OVIYLETMOMION EVIOU®V VYELOVOUIKNG
onpoacioc, Onmg eivarl Ta KovvovTLa, gival TepLopoUéva Kot Tetvouy va teplopilovion axkopa
TEPLOGOTEPO OALA KOl KOODG 01 EVOAAAKTIKEG LEDOJOL YL TNV AVTIUETOTICT TOVG EIVOIL OYETIKAL
Myeg, Bo mpémel o TPpAOTA Vo xpNoonoovvIot ophoroyikd dote va eEakoiovfolv va givarl

OTTOTEAECLOTIKAL.
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revik ov{jtnon - cuumepdopata

H moapokorovOnon g avlextikdttog pe amiés Plodokiués 1 e HOPLOKA dSloyVOOTIKA,
OV €YOVV CNUAVTIKA TAEOVEKTNHATO (£yKOupn Kol 0oQOAn Oldyvmon K.0.) 0o mpémer va
amotedel amopaitnn 7wPobmOOeoNn Yo TNV KATAPTION KOU EKTEAEGN TPOYPOUUUATOV
KOTOTOAEUNONG KOUVOLTIMV LE YNUKE HECAL.

H napaxorovOnon e avlextikdtntog oe £va Eviopo oot duvatol vo TapaTeivet )
SLAPKELN TNG OMOTEAECUATIKNG OPAONG TOV EVIOUOKTOVIOV TTOV YPTCLULOTOI0VVTOL Y10, T YNUIKT
KatamoAéunor] Tovg. To yeyovog avtd eivar dtaitepa onuavtikd edv Anedsi vdym o mToAy
TEPLOPIOUEVOS OPLOUOG EYKEKPIUEVOV OPOUCTIKMY OLGLOV Yl YPNON EVOVTIOV EVIOU®OV
VYEIOVOIKNG onuociog, o omoiog ogeileton HETOED GAA®V OTNV TOAD WHIKPY oyopd Tng
EAMGSag vy tétotov €ldovg mpoidvta. H orokAnpopévn ovIETOMION VOOT|UATOV 7OV
petadicovrar pe €vtoua OaPipactéc Oo mpémer va yivetor HEC® TNG OAOKANP®UEVNC
dwayeipiong Tov popiéwv TV acbevelmv (Integrated Vector Management — IVP) kot tpoomattet
petad ALV T dnuovpyio GLETAUATOG TapaKolovONGoNG Veosloayouevey gW®v (invasive
species) omd  GAAEG  YOPEG,  MOPAKOAODONON NG OMOTEAEGUOTIKOTNTOG — TOV

TPOYUATOTOLOVUEVOV EMEUPAGEDV Kot 0pOOLOYIKN ¥pNoN TV S100EGIHL®Y YNUKOV LEGOV.
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Mopaptnuo |
1. Amopdvmon yovisropatikov DNA pe ypijon tov DNAzol Reagent

> Opoyevomoinon «dBe atopov oe 200 ul DNAzol reagent pe xkotdAAnio yovdi
Aetotpifiong.

> To opoyevomomuévo viko euyokevtpeitat yio 10 min o€ 10.000 rpm otovg 24°C.

> To vmepkeipevo petoapépeton oe véo eppendorf ko mpootiBevion 100 ul oaubBavorng
100%. AxolovBel avduén tov piypotoc.

> To piypa euyokevipeiton yuo 20 min o 13.000 rpm otovg 24°C.

> To vmepkeipevo amoppinteTor.

> 210 ilnpa mpootifetar 1 ml aBavoing 75%.

> AxolovbBel puyokévipnon ywa 5 min o€ 13.000 rpm cTOULG 24°C.

> To vmepxeipevo amoppinteTor.

> To i{nua apnvetor va oteyvodoet yio. TovAdytotov 30 min.

> AxorovBel emavadidivon tov Wnpatog og 50 ul TE buffer n oe H20.

2. Exxivntéc Yo TV gvioyvon tov Tufpotog mov mepiéyel ™ 0<on g perarirayng kdr
(L1014F).

ivaxag 1: NovkAeoTIdkég aAANAOVYIEG TOV EKKIVIITAOV OV YPTCLUOTOONKAV Y1 TV TOVTOTOINoT|
g puetaArayng avlektikomrag tomov kdr (L1014F) ota mupebpivoeidn eviopoktova 6To
eidog Cx. pipiens.

Exxwntg Alinrovyio

Cgdl 5" GTGGAACTTCACCGACTTC 3’

Cgd?2 5" GCAAGGCTAAGAAAAGGTTAAG 3’
Cqd3 5" CCACCGTAGTGATAGGAAATTTA 3’
Cgd4 5" CCACCGTAGTGATAGGAAATTTT 3’

3. Exkivntéc mov ypnoipomon)0nKay 1o Ty Evicyvon Tov TUNHATOS Tov TEPLEYEL T 0Eon
™G petorhayns axetvroyolveotepdons Ache (G119S) ko (F290V).

Hivaxag 2a: NovkA£oTIOKEG AAANAOVYIES TV EKKIVITTAOV TTOL Y¥PNCUOTOMONKAY Y10 TV TOVTOTOINo™
NG HeTaAAaYNG avlekTikotnTag TOTOV akeTvAoyoAvestepdon (G119S) ota kapPapuducd
KOl 0PYOvVOPMGPOPIKE evTopokTova oto £idog CX. pipiens.

Exxinmig AlMiovyia
CxEx3dir 5'CGACTCGGACCCACTGGT 3’
CxEx3rev 5'GTTCTGATCAAACAGCCCCGC 3°
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Hivaxag 2f: NovkdeoTidwég aAANAOLYIES TV EKKIVIITAOV TOV YPTCILOTOONKAY Y10l TV TOVTOTO{No
™G HETaAAAYNG avBekTIKOTTOG TOTOV akeTvAOYOoAvesTEPdoT (F290V) ota KapPfapidtkd
KOl 0PYOVOQPMGPOPIKE EVTOLOKTOVA 670 £100¢ CX. pipiens.

Exxawvntig AMAnhovyia

CxEx5dir 5'"GTCTGGCCGAGGCCGTCA 3’
CxKrev?2 5’tgcttetgtgegtgtacagg 3”

Valrev 5'TCCACAACCGGAACGAACGGAAA 3’

4. Alvordot) Avtidpacn Hoivpepaong (PCR, Polymerase Chain Reaction)

H aAvoidmm avtidpaong moAvpeEPAONS GTOYXEVEL GTNV EVIGYLON TUNUATOV diKA®VOL
DNA pe pio aAvcidot] avtidpoon mov kataivetat and ) Oeppooviektik) DNA moAivpepdon.

KdéBe éva amd 1o cvotatikd e avtidpaong TpoctiBevial 6€ COANVL YOPNTIKOTNTOG
0.5ml kataAAnio yw avtdpdoelg PCR mov eivar tomofetnuévog otov mdyo. Xn cuvéyela
OVOLLELYVOOVTOL KOAG, (QUYOKEVIPOUVTIOL Yot Alyo ®GTE Vo GLYKEVTIp®OOOV otV dKprn TOL
colva Kot Torofetovvrol oty Ke@oAn g cvokevnc BioRad DNA Engine-Peltier Thermal
Cycler mov éxst Mon mpoypappatiotel pe 1o KatdAinio mpdypoppo. Ot Bepudxviiot
emA&yOnkav pe Pdon 1o TPOTLIO TOV TAPOLGIALETAL TOPAKAT®D

1x o) Amodidtaén tov DNA pntpa yio 2-5min 6tovg 94-95°C avaroya pe v
TOAVUEPAGT] TOL YPNGULOTOLEITOL.

25-40x | B) Amodidtaén otovg 94°C yia 20sec

v) YBpdopog ekkivnrav cuvifog o Beppokpacio mov eaptdrol amod to
Tm tov exkkivntadv Yo 30-40 sec.

0) Empunxvuvon otovg 68-74°C avdioya pe tnv moAvpepdon mov
YPNOUOTOIEITOL KOl TO UNKOG TV TPoidviwv. O ¥pdvog motkiiel avdioya
pe 1o péyebog Tov TOAVUEPIGIOD KO TMV TPOJLYPUPADV TOL eVEDLLOV

1x ) Tehkn emprkuvon Kot KatavaAwon tov eviopov yu 7-10min, ot
Oepurokpacio empkuveng tov Kabe evivpov

To mapandve anoteiet £va moAD yevikevpévo mpoid Beppokpacidv kot otadiov PCR
avTiOpaoNg oL EMOEYETOL pLeYOAo aplOud tapepfdoemv avdloya pe tig embountég
EPAPLOYES KO 1O10TEPOTNTEG,.

5. Avaiven o€ Tkt ayapolng

Mo v avdivon KAOCUATOV VOUKAETKOV 0EEMV SLOPOPETIKOL UEYEDBOLE KOl SLOUPOPETIKAOV
SlHopP®oE®V ypnolpomomdnke 1 niektpoeopnon o€ mnkt ayopdlne. O doywpiopodg
ypapukov popiov DNA elvar avahioyog mpog 1o péyebog towv popiov. Toa pdpia tov
VOUKAETKAOV 0EEWV Yivovtol opatd otnv TNkt ayopodling pe m Pondeio piog ypwoTiknig mov
nopepPaiietor peTald TV Bdoewmv n omoia eivar o Ppopiovyo abido (EtBr) kot €xel v
womrTa va eOopilel mapovsio vepiddoVg PTdC. H mepiektikdOtNTa TS TNKTNG GE Oyopdln
e€aptator and to péyebog TV popiov mov TPoKELTAL Vo dloy®PLoTOVV. Zuvi0me ToKiAAEL amd
0.8% w¢ 2% ayapoln w/v.

[Mapaokevn kg ayapolng

> KatdAinin mtocotnta ayapolng npootifeton o dSidivpa 1XTAE.
> Oépuavon tov SAVUNTOS GE POVPVO UIKPOKLUAT®V PEYPL va dtaAvbel mAnpmg 1 ayapoln

KOl TO piypa yivel Stopovec.
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[poctnin drodvpatog Bpopodyov cibidiov oe tehikr| cvykévipmon 0.005% v/v.

H mmktn tomoBeteiton oe KatdAinio doyelo cLGKEVTIG NAEKTPOPOPNGNS LE TNV AVAAOYN YTEVA
Kol aprveTol va otepeonotn et o Beprokpacio dmpatiov.

210 delypata mov mpokettal vo avorlvBodv mpootifetal KATAAANAN TOGOTNTO YPOCTIKNG SX
loading dye.

Meta v mé&n amopoakpivetor N yTéve Kot tpootifetal kotdAAniog dykog 1x TAE, mov
amotelel To pLOOTIKG S1ALUO NAEKTPOPOPOTC.

Ta deiypato tomobetovvTol oTic E101KEC BE0ELG TG TNKTNG TTOL dNUovPYNRONKaY oo TN YTEVAL.
Aoppaver yopa n nAekTpo@dpMoN Tapovsic cuveyos tdong 50-120V, n omoia mowkiAdet
avéioyo pe v embounty toxdTTE SloY®PICHOL, TO uéyeBog NG MNKTNG Kol TNV
TEPIEKTIKOTNTA NG o€ ayopoln. To Jeiypoto HETOVOGTELOVLY GO TOV OPVNTIKO TPOC TO

0eTiKd TOLO ALPOV EIVOL APVITIKA POPTIGUEVO.

Av Bélovpe va extipuioovpe 1o péyebog twv Lovav tov DNA, niektpopopoipe dimia oto
detypatd pog deikteg (ladders) ot omoiot éxovv kabopiopéva Kot YvooTd Loplakd Bapm.

AoAOUOTO NAEKTPOOOPNGNC

>

>

TAE 50x
24.2gr (w/v) Tris-base, 100ml 0.5M EDTA pH 8 (Ethylene- Diamine- Tetracetic Acid
disodium salt), 57ml CH3COOH for 1lt of buffer

Ethidium Bromide (EtBr)

10mg EtBr e 1ml H20. Amoffkevon o€ 6KoTEWO UmovkdAL, og Bepuokpacio Smpatiov

>

Aldloua ypooTikne yio niektpoodpnon DNA

1x Bacwkov dradvpatog ypwotikodv (10x) mov mepréyet 1.25% (w/v) bromophenol blue ko
1.25% (w/v) orange G oe dH20, 50% covkpdln.
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Anpoctevpéva dpbpa & avakovdGELS TOL TPOEKLYAY otd TNV TAPOVGO SIOOKTOPIKT dtaTtpipn
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Abstract

BACKGROUND: One of the largest West Nile virus outbreaks in Europe occurred in Greece in 2010. Use of insecticides against
Culex pipiens was substantially scaled up, as an emergency tool. Although mosquito control has been based on insecticides for
several decades in Greece, insecticide resistance data are not available.

RESULTS: An examination was made of the resistance status of 13 Cx. pipiens populations from five regional units in Greece
against four insecticides used for its control over a 3 year period. Bioassays demonstrated susceptibility of most populations to
all insecticides, except for temephos in some regions, and deltamethrin and diflubenzuron on one occasion each. The authors
also monitored the frequency of the pyrethroid target-site resistance mutations L1014F (kdr), as well as G1195 and F290V in the
Acel gene. Ace1 insensitivity mutations were found at low frequencies and always in heterozygocity. However, the frequency
of kdr pyrethroid resistance mutations was higher (up to 63.0% in Thessaloniki).

CONCLUSIONS: The high frequency of kdr mutations indicates a risk that needs to be addressed, should the use of pyrethroids
be further extended. There was no strong evidence of significant resistance levels against Bacillus thuringiensis var. israelensis
and diflubenzuron. Continued monitoring of insecticide resistance is recommended for the application of appropriate

management tactics.
(©) 2013 Society of Chemical Industry
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1 INTRODUCTION

Mosquitoes represent a major cause of human suffering through
the pathogens they transmit. Several potentially important
mosquito vectorsare prevalentin southern Europe/Mediterranean
Basin, such as Culex pipiens, which transmits filarial worms,
West Nile virus (WNV) and viral encephalitis,’? Aedes albopictus,
which transmits Chikungunya (CHIKV)? and dengue viruses,* and
Anopheles sacharovi, the main vector for malaria.>® In 2010, Greece
experienced one of the largest WNV outbreaks described in Europe,
with 262 human cases of WNV infection and 35 deaths.” Cx. pipiens
mosquitoes, which are considered to be the main vector of WNV
in Europe,® were found to be infected with WNV lineage 2 in the
areas of the outbreak.” The occurrence of a significant number of
hybrids between the sympatric molestus and pipiens forms, which
may have a more opportunistic biting behaviour that facilitates
the direct transmission of the virus from birds to humans, was
subsequently associated with the outbreak.?

The prevention of mosquito-transmitted pathogens largely
depends on vector control and involves the use of insecti-
cides. Chemical control of Cx. pipiens is the main way to prevent
WNV transmission in Greece. Insecticides, employed as larvicides
[temephos, Bacillus thuringiensis var. israelensis (Bti) and difluben-
zuron] added to the mosquito breeding sites (i.e. rice fields,
drainage canals and isolated urban breeding sites) or adulticides
(such as pyrethroids, applied on surfaces by residual spray around
larval habitats, or sprayed along the roads in villages and around
houses, or used as vaporisers or coils for personal protection) have

been used in Greece. While insecticide-based interventions have
effectively controlled Cx. pipiens populations for several years, the
strong dependence on a limited number of active ingredients
registered and used in public health, together with the use of
analogous chemicals in agriculture, is likely to select for insecticide
resistance. Indeed, in a number of recent studies in neighbouring
countries, such as Cyprus,'® Lebanon,'!, Tunisia'? and Egypt,'* the
development of insecticide resistance phenotypes in the field has
been reported. Studies into the molecular mechanisms of resis-
tance mechanisms have also been conducted in some cases.'%"!
Several possible adaptations permit mosquitoes to survive
lethal doses of an insecticide, including biochemical changes
(detoxification — decreased target exposure) and mechanisms of
decreased response to the insecticides (alterations in the target
site). The presence of target-site resistance mutations has been
reported in Cx. pipiens populations from the Mediterranean basin,
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with variable frequencies over different geographical regions and
time.'>!'" The possible sympatric presence of different Cx. pipiens
s.s. biological forms (denoted pipiens and molestus, which are mor-
phologically indistinguishable but exhibit important behavioural
and physiological differences in their mating behaviour, egg devel-
opment, life cycle, synanthropy and host preferences®) may have
also complicated this analysis, as Cx. pipiens populations have been
treated as a single entity in most insecticide resistance studies.

Information about the status of resistance to insecticides is an
important prerequirement for the rational selection of insecticides
for use against disease vectors.* Bioassays are the standard
measures used to detect insecticide resistance in mosquitoes.
However, these assays alone may not efficiently detect resistance
at low levels (incipient resistance; the presence of resistance
alleles in the population that have not yet significantly affected
the phenotype - resistance levels in the population), and neither
will they provide clues for the mechanisms underlying resistance.
Moleculardiagnosticassays have been developedand have helped
to overcome some of the bioassay limitations.'®

Unlike several studies of Cx. pipiens in other geographical
regions, information about insecticide resistance in this major
vectoris notavailable in Greece. The presentauthors monitored the
insecticide resistance status of 13 Cx. pipiens populations from five
representative regional units in Greece against four insecticides
used for its control over a 3 year period. The study involved
the application of established World Health Organisation (WHO)
bioassays as well as molecular diagnostics for known target-site
resistance mutations, aiming to determine the occurrence, range
and degree of insecticide resistance.

2 MATERIALS AND METHODS

2.1 Study sites and mosquito collections

Mosquitoes were collected as egg rafts or first- and second-instar
larvae from breeding sites located in representative regional units
where mosquito control programmes have been conducted for
the last 20 years (Fig. 1). Some of these areas in the regional
unit of Thessaloniki are highly overlapping, with reports of human
cases of WNV during the recent outbreaks in Greece, where
Culex mosquitoes were found to be infected.” Collections were
performed from a variety of breeding sites located in inhabited
areas or from sites very close to villages. Larvae were collected
from rice fields (Agios Athanasios-site 7, Chalastra -sites 5
and 6, Agia Eleni-site 11), irrigation channels (Mandraki - site
8, Chrysochorafa -site 10, Didymoteicho -site 13), drainage
channels (Evros’ delta - site 12, Marathon - site 2) and roadside
ditches (Asprovalta - site 8, Chelidonou - site 1, Anthile - site 3,
Lamia - site 4) (Table 1 and Fig. 1). Collections were performed
towards the end of the mosquito control season (from the middle
of August to the end of September each season). Insecticides had
not been applied in the breeding sites for at least 2 weeks prior
to the sampling. Egg rafts or first- and second-instar larvae were
transferred to the laboratory on the same day and reared in clean
water in an incubation chamber [at a temperature of 25 £+ 2 °C
and a relative humidity (RH) of 80 + 2% with a 14:10 h light:dark
photoperiod]. Some of the collected egg rafts/larvae were used
for larval bioassays and the rest were reared to adult to perform
adult bioassays or molecular assays.

2.2 Bioassays
Tests for adult susceptibility were carried out according to the
standard methodology of WHO'® and subsequent modifications.!”

GREECE

"o =

Figure 1. Collection sites 1 to 13 (as described in Table 1) for the Culex
pipiens populations analysed during the 2008-2010 survey.

Adult bioassays were conducted using batches of 2025 females,
1-3-day-old unfed FO generation females exposed for 1 h to
insecticide-impregnated (0.05% deltamethrin) and control papers.
Four replicates (20-25 females per replicate) were used for
each location, and adult mortality was measured 24 h after
the 1 h exposure. The larvae were tested against the WHO-
recommended diagnostic dosages (temephos 0.02 ppm; Bti 0.008
ppm; diflubenzuron 0.02 ppm). Response to insecticides was
based on four replicates (20-25 larvae per replicate) for each
location. Mortality was measured after 24 h of exposure. All
bioassays were conducted at room temperature (25 £ 2 °C) and
80 + 2% RH with a 14:10 h light:dark photoperiod. A standard
Cx. pipiens molestus laboratory strain that had not been exposed to
insecticides for more than 20 years, kindly provided by Dr George
Koliopoulos (Benaki Phytopathological Institute, Athens, Greece),
was included in all bioassays as a reference susceptible strain.
The percentage mortality, at 24 h post-treatment, was used to
determine insecticide susceptibility status. Mortality at 98-100%
indicates susceptibility, 80—97% mortality suggests the possibility
of resistance that needs to be further confirmed and mortality at
less than 80% denotes resistance.'®

2.3 Molecular diagnostic assays

Genomic DNA (gDNA) was extracted from single mosquitoes using
the DNAzol protocol according to the manufacturer’s instruction
(Invitrogen). An allele-specific PCR (AS-PCR) was used to identify
L1014F, as previously described.'® Briefly, two PRC reactions were
run in parallel: the primers Cgd1 (5'-GTGGAACTTCACCGACTTC-
3'), Cgd2 (5-GCAAGGCTAAGAAAAGGTTAAG-3') and Cgd3 (5'-
CCACCGTAGTGATAGGAAATTTA-3') were combined in one
reaction, and the primer Cgd3 was replaced with Cgd4 (5'-
CCACCGTAGTGATAGGAAATTTT-3') in the second reaction. The
PCR conditions were: 30 s at 94 °C, 30 s at 48 °C and 1 min at
72 °C for 35 cycles, followed by 72 °C for 10 min. DNA fragments
were separated by electrophoresis on 1.5% agarose gel and were
visualised by ethidium bromide staining under UV light. G119S
was detected using a PCR/RFLP test, as previously described,?®
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Table 1. Geographical description of collection sites

Population Regional unit Study site Collection date Collection site GPS coordinates

1 Attika Chelidonou 8/2008 Roadside ditch 38° 05' 30-23° 46' 52
2 Attika Marathon 9/2010 Drainage channel 38° 08' 42-24° 01' 51
3 Phthiotis Anthile 8/2010 Roadside ditch 38° 50’ 59-22° 28' 59
4 Phthiotis Lamia 8/2008 Roadside ditch 38°52'55-22° 25" 41
5 Thessaloniki Chalastra 9/2009 Rice field 40° 35’ 14-22° 45’ 33
6 Thessaloniki Chalastra 9/2010 Rice field 40° 35’ 14-22° 45’ 33
7 Thessaloniki Agios Athanasios 9/2009 Rice field 40° 36' 16-22° 48' 55
8 Thessaloniki Asprovalta 9/2009 Roadside ditch 40° 43’ 33-23°42' 30
9 Serres Mandraki 8/2008 Irrigation channel 41°15'14-23°08' 34
10 Serres Crysochorafa 8/2008 Irrigation channel 41°11'14-23°14'14
1 Serres Agia Eleni 8/2008 Rice field 40°59' 57-23°33'12
12 Evros Evros' delta 9/2008 Drainage channel 40° 48’ 38-26° 07’ 39
13 Evros Didymoteicho 9/2008 Irrigation channel 41°21'10-26°31' 24

with slight modifications. gDNA was PCR amplified using the
primers CxEx3dir (5'-CGACTCGGACCCACTGGT-3') and CxEx3rev
(5’-GTTCTGATCAAACAGCCCCGC-3'). The PCR conditions were: 30
s at 95 °C, 30 s at 54 °C and 1 min at 72 °C for 35 cycles,
followed by 72 °C for 10 min. The PCR fragments were digested
with Alul restriction enzyme (Invitrogen) and fractionated on 1.5%
agarose gel. An F290V diagnostic test was performed using a PASA
diagnostic test, as previously described.'® gDNA was amplified
using the primers Valdir (5-ACGCTGGGGATCTGCGAGG-3'),
CxEx5dir (5-GTCTGGCCGAGGCCGTCA-3'), CxKrev2 (5'-TGCTTCT
GTGCGTGTACAGG-3') and Valrev (5'-TCCACAACCGGAACGAAC
GGAAA-3'). The PCR conditions were: 30 s at 94 °C, 30 s at 51
°C and 40 s at 72 °C for 35 cycles, followed by a final extension
step at 72 °C for 5 min. CxEx5dir and CxKrev2 amplified the 543
bp control band; CxExdir/Valrev and Valdir/CxKrev2 amplified a
148 bp fragment specific to phenylalanine and a 435 bp fragment
specific to valine respectively. Amplified fragments were analysed
by electrophoresis on 1.5% agarose gel.

3 RESULTS

3.1 Bioassays

The results of the bioassays with temephos, Bti, diflubenzuron
and deltamethrin against 13 Cx. pipiens populations from five
representative regional units from Greece (Thessaloniki, Serres,
Attika, Evros, Phthiotis) collected overa 3 year period (2008-2010)
are summarised in Table 2. Moderate resistance against temephos
was recorded in several regions, with higher levels observed in
Phthiotis (mortality 55 and 45% in populations 3 and 4 respectively)
(Table 2) and relatively low levels in Thessaloniki (mortality 75 and
78% in populations 7 and 8 respectively) (Table 2). No population
tested was resistant to diflubenzuron or Bti, with one exception
for diflubenzuron (74% mortality, population 7 from Thessaloniki).
Finally, apart from one (population 1, from Attika, mortality 64%),
no population was resistant to deltamethrin (Table 2), based on
the standard WHO diagnostic assay, although slight indications
of possible resistance were observed on some occasions (such
as populations 5, 7 and 13, with mortalities of 92, 90 and 87%
respectively) (Table 2).

3.2 Prevalence of known target-site resistance mutations
Molecular diagnostic assays were used to analyse the presence
and frequency of the pyrethroid-resistant mutation L1014F (kdr)

Table2. Percentage mortality after testing of Cx. pipiens populations
with several insecticides according to WHO protocols (the diagnostic
insecticide concentrations used are given in parentheses)
Larvicides Adulticides
Temephos  Diflubenzuron Bti

(0.02 (0.02 (0.008 Deltamethrin
Population ppm) ppm) ppm)  (paper 0.05%)
1 97 +£25 _ _ 64+93
2 100 100 91 =42 100
3 55+ 49 98 +20 100 9 +1.5
4 45+122 —_ — 100
5 88 +£56 100 100 92 +44
6 _ 100 100 97 +1.5
7 75+ 6.6 74+ 46 95+20 90+33
8 78+ 24 _ _ 96 +2.0
9 100 100 93+20 99+2.0
10 98 + 1.0 100 100 100
1 88 +22 100 86 4 3.0 95 +4.2
12 100 100 100 100
13 97 +14 100 100 87+29
Lab 100 100 100 100

in the para-type sodium channel gene and the organophosphate
and carbamate resistance mutations G1195 and F290V in the Acel
gene. All three mutations were present in Cx. pipiens populations
from Greece (Tables 3 and 4). Acel insensitivity mutations were
found at low frequencies (up to 22.5 and 8.3% for G119S and
F290V respectively), with relatively high levels in populations 5
and 7, both from Thessaloniki (Table 3). However, the frequency
of the kdr resistance mutation (L1014F) was significantly higher,
ranging from 28.5% in population 11 from Serres to 63.0% in
population 7 from Thessaloniki (Table 4). With the exception
of populations 5 and 7 (both from Thessaloniki), where 31.8%
(14 out of 44) and 43.4% (ten out of 23) of the individuals
tested were kdr homozygotes (a situation where the resistant
phenotype is primarily expressed), the majority of the resistant
alleles were found in heterozygocity (Table 4). The frequency of
the kdr mutation (L1014F) did not increase after the application
of pyrethroid insecticides in Chalastra (Fig. 1), where pyrethroids
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Table 3. Frequency of the G1195 and the F290V mutations in Acel
(target site of organophosphate insecticides), based on diagnostic
PCR analysis®

G1195 F290V

%R %R
Populations N SS RS RR alleles N S5 RS RR alleles
2 25 19 6 0 12 20 20 O 0 0
3 24 20 4 0 83 22 22 0 0 0
5 20 11 9 0 225 21 19 2 0 438
6 20 16 4 0 100 20 20 O 0 0
7 18 10 8 0 222 21 20 1 0 23
8 29 17 12 0 207 29 29 0O 0 0
9 24 0 ] 0 0 o 0 0 0 0
10 10 6 4 0 20 12 12 0 0 0
1 1 8 3 0 136 12 10 2 0 83
12 30 30 0 0 0 27 26 1 0 1.8
Lab 30 29 1 0 33 30 30 O 0 0

?Indicated are the frequencies of each genotype; N is the number
of mosquitoes analysed; SS, susceptible mosquitoes; RS, mosquitoes
heterozygous; RR, mosquitoes homozygous for the resistant mutation.

Table 4. Frequency of the L1014F kdr in the para-sodium channel
(target site of pyrethroid insecticides), based on diagnostic PCR
analysis?

Population N SS RS RR % R alleles
1 18 4 9 5 52.7
2 37 8 21 8 50.0
3 24 5 14 5 50.0
5 44 13 17 14 511
6 26 8 16 2 385
7 23 4 9 10 63.0
8 28 13 1 4 339
9 25 13 10 2 28.0
10 13 5 8 0 30.8
1 14 6 8 0 285
12 65 10 36 19 56.9
Lab 30 26 4 0 133

* Indicated are the frequencies of each genotype; N is the number
of mosquitoes analysed; SS, susceptible mosquitoes; RS, mosquitoes
heterozygous; RR, mosquitoes homozygous for the resistant mutation.

were extensively applied in 2009 (populations 5 and 6, collected
from the same breeding sites in 2009 and 2010 respectively).

4 DISCUSSION

A 3 year study was conducted in order to examine the insecticide
resistance status of Cx. pipiens populations from five representative
regional units of Greece against fourinsecticides used formosquito
controlinthe country. The aim was to identify therange and degree
of insecticide resistance and potential risks for the effectiveness
and sustainability of control applications against the major WNV
vector in Greece.

Bioassays demonstrated an overall susceptibility of most
Cx. pipiens populations to the insecticides tested, except for
temephos. Four out of 12 populations were resistant to temephos

(mortality <80%),'® with mortalities, after the application of
diagnostic doses, below 50% in two populations from Phthiotis.
Extensive use of temephos in well-defined breeding sites, such as
rice fields, roadside ditches and irrigation channels, as well as the
use of organophosphate insecticides in agriculture (for example
in the rural Phthiotis, where organophosphates have been used
for many decades), may have fuelled the selection of temephos
resistance. Both known Acel insensitivity mutations were found
in the Cx. pipiens populations analysed, albeit at low frequencies
and always in heterozygocity. The low frequency of F290V may
depend on the nature of the insecticides used locally, as it has
been shown that this particular mutation confers resistance to
dichlorvos —an OP insecticide not used for mosquito control in
Greece - butvery low (compared with G1195) against temephos.'?
Carboxylesterases (CCEs) were found at relatively high levels in
the samples from Phthiotis, and they were selected for after
brief laboratory selection with temephos (data not shown - it was
not possible to obtain a comprehensive set of biochemical data
owing to sample size limitations). The use of temephos is banned
in Greece at present; however, its possible reapplication in the
case of outbreaks or the introduction of novel organophoshate
adulticides (such as pyrimiphos methyl - vulnerable to the G1195
mutation'?) needs to consider the risk for the further selection
of AChE insensitivity mutations. It is interesting that both Acel
resistance mutations were found in Greece, which was not
the case in other neighbouring Mediterranean countries.’%!! A
sympatric occurrence of both molestus and pipiens forms in Greece
and hybrids (admixed individuals),® which might constitute a
different population structure of Cx. pipiens populations compared
with other Mediterranean countries, is possibly associated with
this discrepancy. Further studies are required to elucidate the
distribution of resistance mutations in different Cx. pipiens forms.

Low levels of deltamethrin resistance were detected, with
only one population classified as resistant and a few showing
indications of possible resistance (Table 2). However, the frequency
of the L1014F (kdr) resistance mutation was relatively high, scaling
up to 63.0% in population 7 from Thessaloniki (Table 4). The
extensive use of pyrethroids for personal protection in domestic
applications in the urban environment, the recently introduced
ULV sprays against mosguitoes, as well as the long-term use of
pyrethroids in neighbouring intense agricultural activities may
have accelerated the selection of pyrethroid resistance mutations.
The relatively low number of 1014F/1014F homozygotes, where
the insecticide resistance trait is primarily expressed, given the
recessive mode of the kdr resistance mutation inheritance?'
may possibly explain the relatively low levels of pyrethroid
resistance recorded in the bioassays. Furthermore, it is known that,
when coselection of metabolic resistance (primarily P450 based)
occurs alongside target-site insensitivity mutations, resistance
levels scale up and compromise the efficacy of pyrethroids at
the operational level.”>?? More quantitative measurements of
pyrethroid resistance, such as by using CDC bottles and time
response assays (LTsp), are required to determine the exact level
and dynamics of pyrethroid resistance which may be currently on
therise in Greece. These monitoring tests are highly recommended,
given the high frequency of target-site resistance mutations,
should current use of pyrethroids (when air application in rice
fields is not possible - end of the season, and also to complement
larviciding as a precaution in WNV infection situations) against
Cx. pipiens in Greece be further extended in the near future.

None of the populations tested was found to be resistant
to Bti, and on one occasion only was mortality below 90%.

wileyonlinelibrary.com/journal/ps

(© 2013 Society of Chemical Industry

Pest Manag Sci (2013)



Mapdptnua ll

Resistance status of Culex pipiens from Greece

O
SCI

www.soci.org

Thus, reports of occasional reduced bacterial toxin efficacy in
certain types of breeding site are not likely to be associated with
insecticide resistance, but possibly with other factors, such as the
developmental stage of the target organisms, the organic content
of the water (pollutants or plant compounds) and other abiotic
factors present at the breeding sites?® that may impact on the
effectiveness of some Bti formulations.

The IGR diflubenzuron was highly effective against all
Cx. pipiens populations tested, except for one (population 7 from
Thessaloniki — notably a population from the most heavily sprayed
area of Agios Athanasios, which was not classified as susceptible to
any of the insecticides tested) (Table 2), where mortality was below
80%. This finding possibly indicates a tolerance case, as the use
of diflubenzuron against mosquito larvae has only recently been
introduced in Greece, and thus itis unlikely that resistance has been
already selected for. Diflubenzuron, a highly selective molecule
that disrupts moulting and affects chitin content, is considered to
be one of the most reliable and effective tools against Cx. pipiens
larvae in Europe, particularly after the dramatic reduction in the
use of temephos. It has a remarkable ability to cause mortality
in all larval instars, compared with other IGRs,2* and it also has
very low toxicity to humans and vertebrates. However, its use
has to be coordinated within appropriate insecticide resistance
management strategies in order to extend the lifespan of this
important tool for controlling disease vectors.

Continued monitoring of insecticide resistance using both
bioassays and molecular assays is highly recommended in order
to prevent the alarming prospect of mosquito control failure as
a consequence of the rapid selection and spread of insecticide
resistance.'® The recent registration of two additional insecticide
formulations for mosquito control on the Greek market (such as
methoprene and spinosad) might increase the options for the
implementation of resistance management tactics, such as the
use of rotation systems whereby insecticides are alternated on a
yearly basis.
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In 2010, an outbreak of West Nile virus (WNV) infections occurred in the region of Thessaloniki, Central
Macedonia, in northern Greece. During this period, Culex pipiens sensu stricto mosquitoes were found
infected by WNV lineage 2. Cx. pipiens s.s. presents two distinct biological forms, denoted molestus and
pipiens. Hybrids between the two forms may potentiate the accidental transmission of WNV to humans.
We have genetically characterized the form composition of Cx. pipiens s.s. samples collected during the
outbreak from the region of Thessaloniki, where WNV cases occurred, and from the region Schinias-Mar-

ﬁggo;?fe virus athonas, with no reported cases at the time. Information on bird fauna was also obtained for the two
Greece regions. Application of the CQ11FL diagnostic marker revealed a 350 bp variant of the pipiens-specific
Culex pipiens allele. Sympatric pipiens and molestus populations were detected in Thessaloniki, whereas Schinias-Mar-
Molestus athonas presented a more genetically homogenous molestus population. A pattern of asymmetric intro-

gression between molestus and pipiens was also observed in Thessaloniki. The presence of hybrids
between molestus and pipiens forms suggests a greater receptivity of the Thessaloniki region for the
establishment of WNV zoonotic cycles. However, the Schinias-Marathonas region also displayed charac-
teristics to sustain WNV transmission cycles. These abservations highlight the importance of maintaining
active surveillance systems in selected regions geographically located within the range of major migra-
tory bird flyways.

Migratory birds

@ 2013 Elsevier B.V. All rights reserved.

1. Introduction While in northern latitudes molestus and pipiens forms are

physically separated by occupying underground and surface habi-

Culex pipiens Linnaeus, 1758 sensu stricto is considered a main
vector of West Nile virus (WNV) in Europe (Hubalek, 2008). This
mosquito species comprises two distinct forms, denoted pipiens
and molestus, which are morphologically indistinguishable but ex-
hibit important behavioral and physiological differences. The
molestus form is stenogamous (mates in confined spaces, ie.,
<0.1 m>; Clements, 1999), autogenous (can oviposit without a
blood meal), homodynamic (remains active during winter) and
mammophilic (prefers to feed on mammals, including humans).
In contrast, the pipiens form is eurygamous (mates in open spaces),
anautogenous (oviposition requires a blood meal), heterodynamic
(undergoes winter diapause) and ornithophilic (feeds predomi-
nantly on birds) (Harbach et al., 1984, 1985; Vinogradova, 2000).

* Corresponding author at: Universidade Nova de Lisboa, Unidade de Parasito-
logia Médica, Instituto de Higiene e Medicina Tropical, Rua da Jungueira 100, 1349-
008 Lisboa, Portugal. Tel.: +351 213652666; fax: +351 213632105.

E-mail address: jpinto@ihmt.unlpt (J. Pinto).

1567-1348/S - see front matter © 2013 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.meegid.2013.02.006

tats, respectively, populations of both forms have been found at the
surface in southern European regions (Chevillon et al., 1995;
Vinogradova, 2000; Gomes et al., 2009). This sympatric occurrence
in aboveground habitats promotes hybridization between forms
(Fonseca et al., 2004; Gomes et al., 2009). Populations with inter-
mediate behavior between the two forms have been described in
southern Europe (Callot and Van Ty, 1943; Pasteur et al., 1977;
Gomes et al., 2009). Hybrids are considered of great epidemiolog-
ical importance as they may display a more opportunistic biting
behavior. This behavior may potentiate the role of Cx. pipiens s.s.
as a bridge-vector for the transmission of WNV from their avian
amplification hosts to humans (Fonseca et al., 2004; Hamer et al.,
2008).

Bird migrations have been associated with the spread of WNV.
High infection rates in migratory birds have been described and
this has been considered a possible cause for virus introduction
in Europe and in North America (Rappole and Hubalek, 2003;
Hubalek, 2004; Figuerola et al., 2008). Bird migrations normally
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follow a north-south axis, linking breeding regions (arctic and
temperate) with non-breeding regions (temperate and tropical).
Eight well-established migration routes (flyways) have been iden-
tified (Si et al., 2009). Of these, the Mediterranean/Black sea flyway
is the largest bird migration system in the world, linking a vast area
from Africa to west Siberia. The Bosphorus strait is the main en-
trance for African bird populations in Europe and it is the major
migratory bottleneck of this flyway (Birdlife International, 2012).
After the passage of the strait, migratory birds find their first Euro-
pean refuge in Greece and Bulgaria, where they rest and breed. In
these locations, migratory birds may be bitten by local Cx. pipiens
5.5. mosquitoes, or other WNV vectors (e.g. Culex modestus), which
may lead to the establishment of local WNV transmission cycles.

In 2010, northern Greece experienced one of the largest WNV
outbreaks described in Europe, with 262 human cases of WNV
infection: 197 with neuroinvasive disease (encephalitis, meningi-
tis, or acute flaccid paralysis) and 65 with West Nile fever; 35
(13.4%) cases were fatal (Danis et al., 2011). The outbreak was re-
stricted to the north of the country and most human cases were
observed in Central Macedonia, in wetland areas located between
four major rivers, west to the city of Thessaloniki (Valiakos et al.,
2011). Molecular analyses identified the WNV lineage 2 strain in
birds, sentinel chickens and Cx. pipiens s.s. mosquitoes in this re-
gion (Papa et al., 2011a,b; Valiakos et al, 2011; Chaskopoulou
et al, 2011). However, WNV epidemiologic studies conducted dur-
ing this period have treated Cx. pipiens s.s. as a single entity, with-
out determining the relative composition of molestus and pipiens
forms and their relative impact in WNV transmission. Furthermore,
it is still not fully understood why the outbreak was largely con-
fined to the region of Central Macedonia in northern Greece.

In this study, Bayesian model-based clustering methods were
applied to multi-locus microsatellite genotypes to infer the genetic
structure of Cx. pipiens s.s. in Thessaloniki during the 2010 WNV
outbreak and also in Schinias-Marathonas, southern Greece, a re-
gion without WNV transmission. Information on the wild avian
fauna was also collected for each region, with particular attention
to trans-Saharan migratory birds and species for which WNV infec-
tion has been reported in previous studies in Europe and North
America. Our objectives were: (i) to assess differences in the mole-
stus/pipiens form composition of Cx. pipiens s.s., as well as in hybrid
frequency, between northern and southern Greece; (ii) to compare
the distribution of migratory bird species and/or species with pre-
vious records of WNV infection between the two regions; (iii) to
determine if differences in both Cx. pipiens s.s. form composition
and avian fauna could be consistent with a higher receptivity of
northern Greece (Thessaloniki) for the establishment of a WNV
transmission cycle when compared to the region of Schinias-Mar-
athonas in southern Greece.

2. Material and methods
2.1. Study regions and masquito collections

Mosquito collections in the region of Thessaloniki (northern
Greece) were performed between 20th August and 15th September
2010 by CDC light traps baited with CO, (Sudia and Chamberlain,
1962). Traps were hung outdoors at ca. 1.5 m height and approxi-
mately 20 m away from human dwellings. Sampling was carried
out in the villages of Chalastra, Anatoliko, Kimina, Malgara, Aden-
dro, Brachia, Vathilakos, Eleousa and Nea Xalkidona, located ca.
10-15 km west of Thessaloniki city (Fig. 1). These villages lie in
the region where most human cases of WNV were reported during
the outbreak and also where both mosquitoes and avian hosts
were found infected (Papa et al.,, 2011b; Valiakos et al., 2011). This
region has a warm temperate climate with hot dry summers and
mild winters (class Csa, Koppen Classification System; Peel et al.,

2007). The villages are located close to the delta of rivers Axios
and Aliakmonas. Irrigation channels derived from these rivers feed
ca. 20,000 hectares of rice fields, the main crop in the area, and
provide suitable breeding sites for mosquito larvae. Additional
breeding sites such as open sewages and cesspits are found in or
close to the villages. A population of ca. 70 wild horses is present
in an isolated part of the river delta. Cattle, sheep and domestic
birds are common in most villages of the region and domestic
horses are found in several horse-riding schools.

Mosquito collections in Schinias-Marathonas region (southern
Greece) were performed in the same time period as in Thessaloniki.
Two collection methods were used. CDC light traps baited with CO,
were placed outdoors at an average height of 1.5 m and approxi-
mately 20 m away from human dwellings in the wetland area of
Marathonas-Schinias. Collections of resting mosquitoes were per-
formed with mouth aspirators inside and around houses at the vil-
lage of Marathonas (Fig. 1). The region has the same warm
temperate climate with hot dry summers and mild winters as in
Thessaloniki (class Csa; Peel et al., 2007). A large number of annual
vegetable crops and greenhouses are cultivated in the area. The
extensive wetland of Schinias-Marathonas, as well as neighboring
streams and cesspits in villages constitute the major mosquito
breeding sites of the area. No cases of WNV infection during
2010 were reported in the Schinias-Marathonas area, as well as
in the whole district of Attiki, to which the area belongs. Sheep,
chickens and a few horses are the main domestic animals found
in this region.

2.2. Migratory birds and WNV avian hosts

Information on bird species diversity for each study region was
obtained from the OrnithoTopos database, hosted at the Hellenic
Ornithological Society website (OrnithoTopos, 2012). This database
displays bird species observation records from birdwatchers, orga-
nized by geo-referenced locations. For each species recorded, the
maximum number of individuals counted at a single observation
is also given. Information from location summary reports, between
January 2008 and December 2010, was collected from three loca-
tions in Thessaloniki (Axios, Loudias and Aliakmon estuaries) and
two locations in Schinias-Marathonas (Schinias and Schinias
marsh). Species without information on maximum bird count
(i.e,, corresponding to non-visual records) were excluded from
the analysis. Recorded species from each region were classified
as trans-Saharan migratory birds according to the list of Walther
(2005). Information about records of WNV infection in bird popu-
lations of Europe and North America was also obtained for each
species based on published reports (Figuerola et al., 2007, 2008,
2009; Formosinho et al, 2006; Hubalek, 2004, 2008; Jourdain
et al., 2008; Malkinson et al., 2002; Rappole and Hubalek 2003;
Valiakos et al., 2012).

2.3. Molecular analysis

DNA extraction from individual females was performed using
the DNAzol method (Invitrogen). Each specimen was identified to
species by multiplex PCR assay targeting species-specific polymor-
phisms at the intron-2 of the acetylcholinesterase-2 (ace-2) gene
using primers specific for Cx. pipiens s.s., Cx. quinquefasciatus and
Cx. torrentium (Smith and Fonseca, 2004).

Fourteen microsatellites (Fonseca et al., 1998; Keyghobadi et al.,
2004; Smith et al., 2005) were analyzed following the procedures
described in Gomes et al. (2009). Amplified products were sepa-
rated by capillary electrophoresis in a genetic analyzer ABI3730
(Applied Biosystems) at Yale DNA Analysis Facility (USA). Fragment
sizes were scored using the software GeneMarker 1.4. (Softgenet-
ics, USA).
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Fig. 1. Map of Greece showing collection sites. (A) Thessaloniki region (total N = 37); (B) Schinias-Marathonas region (total N = 40); 1: Vathilakos (N = 2); 2: Eleousa (N = 5); 3:
Nea Xalkidona (N = 5); 4: Adendro (N =5); 5: Brachia (N = 4); 6: Malgara (N =4); 7: Kimina (N =5); 8: Anatoliko (N = 3); 9: Chalastra (N = 4); 10: Marathonas village (N = 40);

11: Schinias-Marathonas wetland (N = 20); BS: breeding sites.

Mosquitoes were also genotyped for the molestus/pipiens diag-
nostic marker described by Bahnck and Fonseca (2006). This mar-
ker consists of a size polymorphism in the 5’ flanking region of the
CQ11 microsatellite of Cx. pipiens s.s that differentiates specimens
of the pipiens form (200 bp PCR product) from the molestus form
(250 bp PCR product). Hybrids exhibit both amplicons. Individuals
displaying doubtful genotypes were clarified by sequencing of the
microsatellite CQ11 (that contains the CQ11FL polymorphism),
using primers CQ11R3 and CQ11F2 and conditions described by
Smith et al. (2005). The PCR products were purified with the QIA-
quick PCR Purification kit (Qiagen) and sequenced (forward and re-
verse) using the same primers. Sequencing reaction products were
electrophoresed on an ABI3730XL automated sequencer (Applied
Biosystems). Sequences were aligned using BioEdit 7.0.9.0 (Hall,
1999) and identified by comparison with CQ11 sequences depos-
ited in GenBank.

2.4. Data analysis

Chi-square tests on contingency tables available in VassarStats
(Lowry, 2012), were performed to assess differences between re-
gions on the proportion of trans-Saharan migratory bird species
and species reported as WNV carriers. As a measure of diversity,
Shannon’s H' index (Shannon, 1948) was calculated using the re-
cords of maximum bird count for each species as an approximation
of abundance. Differences in H' between regions were determined
by Student’s t-tests, according to Jayaraman (1999).

Bayesian clustering analysis as implemented by STRUCTURE
2.3.3 (Pritchard et al., 2000) was used to infer population substruc-
ture/ancestry from the data set. Calculations were performed with-
out prior information of sampling groups under the conditions of
admixture (o allowed to vary between 0 and 10), and allele
frequencies correlated among populations (4 was set at 1, default
value). Ten independent runs with 10* iterations and 10° replica-

tions were performed for each value of K (K= 1-10 clusters). The
information from the outputs of the 10 runs for each K was com-
piled by the Greedy method implemented in CLUMPP (Jakobsson
and Rosenberg, 2007). To infer the most likely number of clusters
in the sample, we used a combined approach between the estima-
tion of In[Pr(X|K)], described in the original publication (Pritchard
et al., 2000), and the AK statistic (Evanno et al., 2005). Following
the suggestions of Vihd and Primmer (2006), individual genetic
assignment to clusters was based on a minimum posterior proba-
bility threshold (Tq) of 0.90. Individuals displaying 0.1 < ¢; < 0.90
were considered of admixed ancestry.

Genetic diversity at each microsatellite locus was characterized
by estimates of expected heterozygosity (Nei, 1987) and inbreeding
coefficient (Fs). Significance of Fis values was assessed by randomi-
zation tests. These analyses were performed using FSTAT v. 2.9.3.2.
(Goudet, 1995). Estimates of allele richness (Ag) adjusted for the
lowest sample size, were obtained by a rarefaction statistical ap-
proach implemented by the program HP-RARE (Kalinowski, 2005).
Departures from Hardy-Weinberg proportions were tested by exact
tests available in ARLEQUIN v.3.5 (Excoffier et al., 2005). The same
software was used to perform exact tests of linkage equilibrium be-
tween pairs of loci based on the expectation-maximization ap-
proach described by Slatkin and Excoffier (1996). The software
MICRO-CHECKER 2.2.3. was used to search (99% confidence inter-
val) for null alleles at loci/samples (Van Oosterhout et al., 2004).

The Bayesian method implemented by NEWHYBRIDS 1.1.
(Anderson and Thompson, 2002) was used to assign individuals
into six classes: Two pure and four hybrid (F1, F2 and backcrosses
with the two pure classes). The approach of uniform priors was
used because it down-weighs the influence of low frequency al-
leles, thus preventing sampling and genotyping errors in closely re-
lated populations. Results were based on the average of five
independent runs of 10° iterations. Following the suggestions of
Anderson and Thompson (2002), individual genetic assignment
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to classes was based on a minimum posterior probability threshold
(Tq) of 0.50.

Whenever multiple testing was performed, the nominal signif-
icance level of rejection of the null hypothesis ( =0.05) was cor-
rected by the sequential Bonferroni procedure (Holm, 1979).

3. Results
3.1. Bird species

A list of the bird species retrieved from OrnithoTopos database
can be found in Supplementary Table S1 of the Supplementary
materials. The list was compiled based on 144 data records avail-
able for the region of Thessaloniki and 157 for the region of Schi-
nias-Marathonas. Number of bird species and diversity indexes
obtained per region are shown in Table 1. Overall, there were
172 species recorded for Thessaloniki and 167 species in Schi-
nias-Marathonas. The proportion of trans-Saharan migratory bird
species was around 62% in both regions (¥?=0.02; df=1;
P=0.888) while approximately 22% of species in both regions
had previous records of WNV infection (x?=0.01; df=1;
P =0.920). However, there were significant differences between re-
gions in the Shannon's H' index estimates. Overall bird diversity
was higher in Thessaloniki (Student’s t-test: P<0.001) and so
was the diversity within the group of WNV carriers (Student’s t-
test: P < 0.001). Conversely, Schinias-Marathonas displayed a high-
er diversity within the group of species with a trans-Saharan
migration route (Student’s t-test: P <0.001).

3.2. Molecular identification of Cx. pipiens s.s. forms

All 77 individuals analyzed in this study were identified as Cx.
pipiens s.s. by the ace-2 marker of Smith and Fonseca (2004).

Bayesian clustering analysis implemented by STRUCTURE re-
vealed two clusters, as determined by both In[Pr(X|K)] (Pritchard
et al., 2000) and the AK statistic (Evanno et al., 2005) (Fig. 2A; Sup-
plementary Fig. S1). Cluster-1 grouped 29 specimens from Thessa-
loniki, while most of the specimens from Schinias-Marathonas
(N =39) were grouped in cluster-2 that also included four individ-
uals from Thessaloniki. Five females (four from Thessaloniki and
one from Schinias-Marathonas) of the total sample (N = 77) exhib-
ited admixed ancestry (i.e, 0.1 < g; < 0.90; Fig. 2A).

Estimates of genetic diversity and tests for Hardy-Weinberg
equilibrium for the 14 microsatellite loci in the whole sample
(N=77) and in subsamples determined by clustering analysis
(STRUCTURE) and geographic location are shown in Supplemen-
tary Table S2. Locus CQ41 exhibited heterozygote deficits in the
cluster-1 sample of Thessaloniki and cluster-2 sample of Schi-
nias-Marathonas (as well as in the total sample), possibly reflecting
locus-specific effects. The analysis performed by MICRO-CHECKER
suggests the possibility of null alleles at locus CQ41. The exclusion
of locus CQ41 from Bayesian clustering conducted in STRUCTURE

Table 1
Number of bird species and diversity indexes recorded in the study regions.
Total T-5 WNV
Thessaloniki N 172 108 (62.8%) 40 (22.3%)
H 2817 2.091 2.458
Schinias-Marathonas N 167 103 (61.7%) 38 (22.8%)
H' 1.772 3.249 0.763

Total: total number of species recorded; T-S: number of trans-Saharan species;
WNV: number of species with record of WNV infection; N: number of species (in
brackets: proportion relative to the total number of species recorded); H': Shan-
non's index.

shifted the assignment of two Schinias-Marathonas specimens
from cluster-2 to admixed (Fig. 2B).

The results of the molestus/pipiens diagnostic CQ11FL marker
are shown in Table 2. The combination of STRUCTURE and CQ11FL
analyses suggest that each Bayesian cluster represents a different
form of Cx. pipiens s.s. A higher proportion of the pipiens CQ11FL
genotype (79.3%) was observed in cluster 1 while the majority of
individuals in cluster 2 (78.0%) had the molestus CQ11FL genotype
(Table 2).

The results obtained by NEWHYBRIDS were similar to those of
STRUCTURE (Table 2). Of the 29 individuals of cluster-1, 28 were
assigned to a purebred pipiens class (96.6%) and all 41 cluster-2
individuals were assigned to a purebred molestus class. However,
the seven admixed individuals revealed by STRUCTURE were clas-
sified as pure molestus. All individuals classified as molestus by
NEWHYBRIDS showed a g; > 0.850 for this class. There were 15
individuals (53.6%) assigned to the pure pipiens class with
qi < 0.850 for that class (Fig. 3). There was a single hybrid individ-
ual (backcross pipiens) identified by NEWHYBRIDS, collected in
Thessaloniki.

3.3. CQ11 sequencing

One specimen of Thessaloniki (collected in the village of Anato-
liko) showed a previously unknown fragment of 350 bp in the
CQ11FL PCR assay. This novel fragment, here termed as Anato-
liko_350 bp, was amplified by the primer combination pipCQ11R
and CQ11F2 that normally amplifies the 200 bp pipiens-specific
fragment. Excluding the variable microsatellite TG repeat (139-
156 bp), there was an almost complete similarity between Anato-
liko_350bp and the CQ11 pipiens-specific sequences (Table 3;
Supplementary Fig. S2). The single exception was a 149 bp inser-
tion starting at position 219 found in Anatoliko_350 bp that was
absent from both molestus and pipiens sequences. This unique
insertion explains the size difference of the Anatoliko_350 bp that
could otherwise be considered as a pipiens-specific allele.

4. Discussion

The genetic analysis conducted in this study revealed important
differences in Cx. pipiens s.s. between the two geographic regions
studied. The combined results of the two Bayesian analyses and
of the CQ11FL genotyping suggest a sympatric occurrence of mole-
stus and pipiens forms in Thessaloniki, northern Greece, albeit
with a higher frequency of pipiens. In this region, admixed individ-
uals were consistently identified by the three analyses. Conversely,
results point to a more homogeneous molestus form population in
the region of Schinias-Marathonas, southern Greece. NEWHYBRIDS
did not detect any hybrid and no pipiens individual was identified
by any of the methods in this region. The detection of a higher pro-
portion of admixed individuals by STRUCTURE (9.1%) when com-
pared with NEWHYBRIDS (1.3%) may reflect differences in power
and accuracy of the methods in detecting contemporary hybridiza-
tion (Vdha and Primmer, 2006).

If the initial subdivision of Cx. pipiens s.s. samples into two clusters
obtained by STRUCTURE was coincident with the geographic origin
of samples, subsequent genotyping of the diagnostic CQ11FL marker
disclosed a further partitioning corresponding to molestus and pipi-
ens forms. This result agrees with the usefulness of the CQ11FL mar-
ker in identifying the presence of molestus and pipiens forms at the
population level, even when inter-form hybridization occurs (Bahn-
ck and Fonseca, 2006; Gomes et al., 2009; Kothera et al., 2010). In this
context, it is worth mentioning the finding of a previously unknown
350 bp allele at this locus. Sequence analysis supports that the novel
allele is a variant of the 200 bp pipiens-specific allele. Moreover, the
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Fig. 2. Bayesian clustering analysis conducted by STRUCTURE. (A) Individuals sorted by region and ancestry probability (all loci). (B) Individuals serted by region and ancestry
probability (excluding locus CQ41). C1: Cluster 1; a: admixed individuals (0.1 < Tq < 0.9); C2: cluster 2. Columns correspond to the multilocus genotype of each individual,
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Table 2

Association between ancestry clusters revealed by STRUCTURE with molestus/pipiens genotypes at the CQ11FL marker and NEWHYBRIDS pedigree classes.

N CQFL11 NEWHYBRIDS
M H P M H P
STRUCTURE Cluster-1 29 2(6.9) 4(13.8) 23(79.3) 0(0.0) 1(3.4) 28 (96.6)

Admixed 7 6 (85.7) 1(14.3) 0(0.0) 7 (100.0) 0(0.0) 0(0.0)
Cluster-2 41 32 (78.0) 7(17.1) 2(4.9) 41 (100.0) 0(0.0) 0(0.0)
Total 77 40 (51.9) 12 (15.6) 25(32.5) 48 (62.3) 1(1.3) 28 (36.4)

N: number of individuals; M: molestus CQ11FL genotype or NEWHYBRIDS pure class; H: hybrid CQ11FL genotype or NEWHYBRIDS class; P: pipiens CQ11FL genotype or

NEWHYBRIDS pure class.

specimen harboring this allele was consistently assigned to a pipiens
form genetic background in both Bayesian analyses. Future analyses
of Cx. pipiens s.s. populations with the CQ11FL marker should take
into consideration this novel allele as a variant of the pipiens form
specific allele.

In the analysis conducted by NEWHYBRIDS, a higher degree of
genetic backcrossing (mean: 16.2%) was detected in pipiens form
individuals when compared to molestus form individuals (mean:
2.6%), in the region of Thessaloniki. This result is consistent with
previous observations from a wetland region of Portugal, with cli-
mate and ecological landscape similar to Thessaloniki, suggesting a
pattern of asymmetric introgression with more molestus genes
being introgressed into the pipiens form (Gomes et al., 2009). How-
ever, the apparent genetic homogeneity of the molestus form in
Thessaloniki should be taken with caution due the low number
of molestus individuals identified in this region (N = 4, Fig. 2A). If

confirmed, it appears that asymmetric introgression between
molestus and pipiens forms is not a localized phenomenon and
may reflect intrinsic reproductive isolation mechanisms (e.g. dif-
ferent mating strategies, Gomes et al., 2009) shared among south-
ern European Cx. pipiens s.s. populations. It would be interesting to
investigate the extension of this phenomenon in other regions of
southern Europe such as Spain, Italy and France, and whether this
bears any correlation with WNV circulation.

The occurrence of hybridization between sympatric molestus
and pipiens forms found in Thessaloniki suggests the possibility
of a more opportunistic feeding behavior of Cx. pipiens s.s., which
may potentiate its role as bridge-vector for WNV (Fonseca et al.,
2004; Hamer et al, 2008). This could thus be a major factor
contributing for the establishment of WNV transmission in this re-
gion. It may also explain the apparent confinement of the 2010
WNV outbreak to northern Greece. To confirm this hypothesis,
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Table 3
Nucleotide differences at microsatellite CQ11 between C. pipiens s.s. forms and the Anatoliko_350 bp sequence.
Sequence Form 34/40 41 45 55/66 81/85 91/99 131/134 139/156 159 219/367
DQ470141.1 Pipiens - Cc - - -TTTC - GTGAA (TG)9 T -
DQ470148.1 (TG)6
DQ470149.1 Molestus 7bp T C 17 bp AGATT 9bp - (TG)4 (TG)4 C -
DQ470150.1
Anatoliko_350 bp - C - - -TTTC - GTGAA (TG)5 T 149 bp
C: cytosine; T: thymine; G: guanine; A: adenine; -: without nucleotide; bp: base pair of nucleotide.

genotyping of samples from geographic locations intermediate to
those here analyzed is required in order to determine the extent
of molestus/pipiens sympatry and hybridization southwards of
northern Greece. Furthermore, bioecological studies focusing on
biting behavior and host preference are necessary in order to fur-
ther characterize the vector potential of molestus and pipiens
forms in northern Greece. These studies should also include differ-
ent mosquito sampling strategies as these may affect the correct
estimation of the relative abundance of both forms. In the region
of Comporta (Portugal), the molestus form was predominant in
samples obtained by indoor resting collections while the pipiens
form prevailed in outdoor collections performed by CDC light traps
(Gomes et al., unpublished observations). In this context, the pro-
portion of molestus individuals in Thessaloniki could be underesti-
mated since no indoor collected mosquitoes from this area were
analyzed.

Thessaloniki and Schinias-Marathonas are lowland humid areas
with excellent conditions for wild bird fauna. These areas can serve
as stopover places (bird sanctuaries) for migratory birds following
the Mediterranean/Black Sea flyway during their travel between
Africa and their breeding sites in Europe. The possibility of intro-
duction of WNV infected birds in northern Greece via this migra-
tory route is consistent with the genetic characterization of the
virus strain isolated during the 2010 outbreak (Papa et al.,
2011a). This analysis has shown that the WNV lineage 2 found in
northern Greece was closely related to a virus strain that emerged
in Hungary in 2004, with both strains forming a monophyletic
group that clustered with lineage 2 strains isolated in South Africa
(Papa et al, 2011a). The analysis performed on the avian fauna
composition did not disclose any major differences in species rich-
ness (i.e., number of different species recorded) between the re-
gions studied in northern and southern Greece. The proportion of
trans-Saharan migratory birds and of species with records of
WNV infection was similar in both regions. However, differences
were found in the estimates of Shannon's H' index which suggest
that levels of bird diversity may differ between regions. The higher

Shannon’s H' estimate obtained in Thessaloniki for the group of
WNV carriers, indicating a more balanced number of species in
terms of relative abundance, is consistent with a higher receptivity
of this region in northern Greece for the introduction of WNV. On
the other hand, the higher diversity of trans-Saharan migratory
species evidenced by the Shannon’s H' estimate in Schinias-Mara-
thonas also suggests a potential of this region in southern Greece
for receiving WNV infected birds. However, care should be taken
when interpreting these diversity estimates, since values of abso-
lute abundance for each species were not available (only maximum
bird counts).

5. Conclusion

The results obtained on the genetic structure of Cx. pipiens s.s.
suggest a greater receptivity of the Thessaloniki region for the
establishment of WNV zoonotic cycles. The region has a Cx. pipiens
s.s. population with a predominance of the pipiens form. This form,
being ornithophilic, should be able to maintain the enzootic viral
cycle among avian hosts. Furthermore, the sympatric presence of
the molestus form and the occurrence of hybrids may promote a
more opportunistic biting behavior that would facilitate the acci-
dental transmission of the virus to mammalian hosts, including hu-
mans. This coupled with the presence of an important fraction of
migratory bird species, some of which have been previously de-
scribed as potential WNV amplification hosts, could have favored
the onset of the 2010 epidemic that occurred in the region.
Although the situation of Schinias-Marathonas, in southern Greece,
appears to be different, with a more genetically homogenous mole-
stus form population, the region is still likely to meet conditions to
sustain WNV transmission. In fact, the last data on WNV cases re-
ported by the European Centre for Disease Prevention and Control
show an increase in the number of confirmed cases in this region
(ECDC, 2012). These observations highlight the importance of
maintaining active surveillance systems in selected regions such
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as wetlands that lie within the range of major migratory bird
flyways.
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ABSTRACT

Aedes mosquitoes are major vectors of human diseases, such as the dengue fever, chikungunya and yel-
low fever. Their control largely relies on insecticides applied to mosquito larvae habitats, or indoors
against adult mosquitoes. However, insecticide resistance has evolved in many Aedes aegypti mosquito
populations worldwide and there is evidence that it has compromised the success of control interven-
tions. The levels of resistance in Aedes albopictus is relatively low at present compared to Ae. aegypti, pos-
sibly due to the reduced exposure of this more exophilic species to insecticides, particularly those
targeting the adult stage. This paper reviews Ae. albopictus susceptibility/resistance status, as well as
reports some new bioassay data from European populations (Greece and Italy). The most recent molec-
ular research into Ae. aegypti insecticide resistance mechanisms is also reviewed, with emphasis on neu-

rotoxic insecticides.

@ 2012 Elsevier Inc. All rights reserved.

1. Introduction

Aedes mosquitoes represent a major cause of human suffering
due to the mosquito borne diseases they transmit which include
dengue fever, chikungunya and yellow fever. These diseases collec-
tively infect 50-100 million people every year, while over 2.5 bil-
lion people live in areas where the diseases can be transmitted
[1]. Aedes aegypti is found throughout the tropics and subtropics
worldwide (S. America, Southeast Asia, Africa) and poses a major
long term public health problem for numerous countries [1]. Aedes
albopictus was initially considered an endemic species in SE Asia,
however its geographical range has dramatically increased in the
last century due to trade and climate changes which opened new
ecological niches in temperate areas [2]. Recent epidemics of the
febrile illness, caused by chikungunya virus in Europe, are associ-
ated with the expansion of Ae. albopictus [3].

Aedes mosquitoes are closely associated with the human habitat
and lay their eggs in water found around houses. The accumulation
of plastics and tires provides further breeding sites and contributes
to the increased density of their population in urbanising areas. Ae.
albopictus is more exophilic compared to Ae. aegypti [2].

Control of the Aedes vectors is the main way to prevent dengue
and chikungunya transmission. Removing of mosquito breeding
sites can be effective, however it is not easily applicable where

* Corresponding author at: Department of Biology, University of Crete, 71409
Heraklion, Greece.
E-mail addresses: vontas@biology.uoc.gr (J. Vontas).

0048-3575/5 - see front matter © 2012 Elsevier Inc. All rights reserved.
http://dx.doi.org/10.1016/j.pestbp.2012.05.008

larvae mosquito habitats are small, dispersed and difficult to find.
Insecticides, employed as larvicides added to the mosquito breed-
ing sites or via applications against mosquito adults, including
insecticide residual sprays (IRS), space sprayings and treated/
impregnated materials are used more often. Insecticides such as
the organophosphate temephos, a compound with very low mam-
malian toxicity, as well as insect growth regulators (i.e. pyriproxy-
fen, novaluron and methoprene) and bacterial toxins (i.e. Bti), can
be applied in the mosquito breeding sites to target mosquito lar-
vae. Over the past decade the use of pyrethroids such as delta-
methrin and permethrin has been gradually increasing as a
proportion of all the total insecticide use for dengue control [4].
Pyrethroids, are used in IRS, space spraying (i.e. thermal fogging),
and treated “plastic” material [4,5]. Organophosphates, such as
malathion, fenitrothion and pirimiphos methyl, are also widely
used in, particularly in response to disease outbreaks or at times
when mosquito numbers are high. The organochlorine dichlorodi-
phenyltrichloroethane (DDT) played a central role in the control of
Aedes vectors for several decades; however it is now rarely used.
While insecticide-based interventions have efficiently con-
trolled Aedes mosquito populations for several years, as a result
of the reliance on a few active ingredients registered and used in
public health, resistance has now evolved [6]. Resistance to all four
classes of insecticides (carbamates, organochlorines, organophos-
phates and pyrethroids) has developed in Ae. aegypti [6], and there
is mounting evidence that this resistance is compromising the suc-
cess of control interventions: for example, pyrethroid resistance is
negatively impacting on adulticide campaigns in Caribbean [7,8],
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while temephos resistance is dramatically reducing the duration of
control obtained by larviciding in Cuba [9,10]. The levels of resis-
tance in Ae. albopictus appears relatively low at present, compared
to Ae. aegypti [6]. A possible explanation might be that Ae. albopic-
tus mosquitoes have been exposed to household insecticides and
organized indoor spray treatments less often than Ae. aegypti.
However, due to the expansion of Ae. albopictus populations into
areas where insecticides are used intensively (adulticides, or selec-
tion pressure by agriculture in its new breeding sites) [2], it is very
likely that insecticide resistance will eventually negatively impact
on our ability to control this vector as well in the near future.
There are several possible adaptations that permit a mosquito to
survive lethal doses of an insecticide, usually classified based on
their biochemical/physiological properties as either mechanisms
of decreased response to the insecticides (alterations in the target
site), or mechanisms of decreased exposure (increased excretion/re-
duced uptake, distribution, detoxification) [11,12]. Most cases in-
volve changes in the sensitivity of the insecticide target due to
mutations, which reduce the affinity of the insecticide for its target,
or detoxification/sequestration of the insecticide before it reaches
its target site due to changes in detoxification enzymes [13-15].
Understanding the molecular mechanisms responsible for the
resistance phenotype, can aid in the development of tools to control
the development and spread of resistant mosquito populations.
This paper reviews (a) studies of Ae. albopictus susceptibility/
resistance (including new bioassay data from European populations
presented here for the first time) and (b) the current status of molec-
ular research into Ae. aegypti insecticide resistance mechanisms,
with emphasis on the most widely applied neurotoxic insecticides.

2. Resistance status of Aedes albopictus

The majority of the data available for Ae. albopictus are from
simple WHOQ susceptibility assays (dose response or single diag-
nostic dose bioassays) using insecticide impregnated papers or lar-
vicide standard assays. Historical data, up to 2008, has been
previously summarized in a review by Ranson et al. (2010) [6].
Here, we provide an update by presenting bioassay data extracted
from the most recent literature (2008-2012) but also include
selective data from each continent from the earlier literature.
New bioassay data from Ae. albopictus populations from Greece
and Italy are also included (Table 1).

As discussed in [6], the methods that have been used on many
bioassay studies, including modifications of the original protocols
and variations in the way in which the results were interpreted,
complicates cross study comparisons. The changes in the WHO
guidelines (i.e. revised diagnostic doses), the absence of standard
diagnostic doses for some insecticides (for example, different con-
centrations [ exposure times used across studies for fenitrothion)
and the independent determination of diagnostic dose in some
cases (following determination of the dose response of a suscepti-
ble strain from the region) all contribute to large discrepancies in
the methodologies (Table 1). Thus, the data among different stud-
ies cannot be easily compared, particularly if they were summa-
rized as Resistant Ratios (RR). Presentation of actual LC50 or
exposure time/mortality values is therefore preferable (Table 1).

Ae. albopictus larvae collected from China (Hunan) in 1991 had
very high LC50 (>12 ppm) to DDT compared to other populations.
Adult Ae. albopictus from Sri Lanka (2005, 2008) [6,16] and Camer-
oon (2007) [17], showed resistance to DDT (mortalities less than
50% after 1 h exposure to 4% DDT). In contrast, all adult populations
(from India [6], Thailand [6,18] and Cameroon [17] that have been
tested for fenitrothion were susceptible to this active ingredient.

A considerable variation was observed in temephos bioassays
against larvae from different regions (LC50s 0.003-0.048), with
lowest values (LC50 < 0.01) observed in Ae. albopictus populations

from China (1991) and Cameroon (2007) and highest values
(LC50s > 0.03) recorded in Greece (2009) and Italy (2009), areas
where temephos has been used for many years extensively for
mosquito larvae control. Temephos resistance was also observed
in Malaysia in 2004, based on WHO diagnostic doses of temephos
(0.012 ppm), which resulted in less than 50% mortality in two pop-
ulations tested [6,19] (Table 1). The LC50s for the organophosphate
malathion were estimated at similar levels across many regions
(between 0.07 and 0.42 ppm), with the exception of a population
from Alabama [6] (LC50 1.6 ppm) (Table 1).

The pyrethroids deltamethrin and permethrin, all seem to be
very effective against Ae. albopictus adults, as all populations that
have been tested from a wide geographical area (India, Malaysia,
Thailand, Cameroon, Greece, Italy) over a range of years remain
susceptible to pyrethroids (Table 1). Adults of this species also ap-
pear susceptible to the carbamate propoxur and the organophos-
phate malathion. The results of these bioassays possibly reflect
the reduced exposure of the exophilic Ae. albopictus adults to insec-
ticides. In contrast, evidence of insecticide tolerance in larvae may
be associated with larviciding control campaigns or selection pres-
sure from agriculture.

Very little is known about the molecular or biochemical basis of
resistance in Ae. albopictus. The enzyme activities of permethrin
resistant Ae. albopictus were elevated compared to the Bora Bora
susceptible strain, indicating that detoxification may have an
important role in resistance [20]. However, the differences ob-
served may have reflected different basal activity between the
two different species and not be directly associated with resis-
tance. Temephos resistance has been recently analysed in a resis-
tant Ae. albopictus strain isolated from Greece after laboratory
selection. Comparison with the unselected parental strain impli-
cated esterase-based, but not target site resistance mechanisms
in conferring resistance in this population (Kioulos and Vontas,
unpublished results).

The Rdl resistance allele 302S encoding a g-aminobutyric acid
(GABA) receptor resistant to dieldrin was detected in Ae. albopictus
populations for Reunion Island [21]. Most recently, the presence of
the pyrethroid resistance mutation F1534C in the voltage gated so-
dium channel of nerve membranes was reported in Ae. albopictus
from Singapore, at relatively low frequencies in the field [22].

3. Resistance mechanisms of Aedes aegypti against neurotoxic
insecticides

The increasing amount of reports regarding Ae. aegypti insecti-
cide resistance (particularly against neurotoxic active ingredients)
has fuelled further research to determine the molecular basis of
resistance. Recent progress in this area is summarized in Table 2.
Most studies focus on pyrethroid resistance, since pyrethroid
insecticides have been more often used for Aedes control. However,
DDT resistance and temephos resistance mechanisms have also
been analysed at the molecular level (Table 2).

3.1. Pyrethroid resistance

A number of mutations in the voltage gated sodium channel of
nerve membranes have been reported in pyrethroid resistant
strains of Ae. aegypti (Table 2). These include the amino acid substi-
tutions 11011M/V [23,24], G923V [23], L982W [23], V1016G/I
[23,24], D1794Y [25], and F1534C [26] (Table 2). Many of these
are clustered within the domain 11S4-S5 linker, 11S5 and 11S6 helices
and the corresponding regions of domain III, which are predicted to
form the binding pocket for pyrethroids (reviewed in [27] and
[28]). Only a few of these mutations (i.e. V1016G, F1534C) have
been clearly associated with the resistance phenotype [29]. Further
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Summary of the most representative and recent insecticide bioassay reports in Aedes albopictus.

Country

Region (year) DDT

Fenitrothion

Malathion

Temephos

Deltamethrin

Permethrin

larvae
LC50

(ppm)

paper %- larvae
mortalCo) LC50
(ppm)

adults
paper % -
mortal (%)

larvae
LC50

(ppm)

paper % larvae
mortal(%) LC50
(ppm)

larvae
Oppm)
mortal

(%)

larvae
LC50

(ppm)

adults larvae
paper % - LC50
mortal (%) (ppm

adults

paper % -
mortal (%)

Propoxnr
adults
paper % -
mortal (%)

Reference

China

India

Malaysia

Sri Lanka

Thailand

Cameroon

Gabon

Brazil

USA

Italy

Greece

Hunan (1991) 12.05
Jiangsu (1991) 0.016
Guangdong 13.94
(1991)
Shanghai
(1991)
Guizhou
(1991)
Kerala (2004) -

1.36

391

Assam (1980) 0.24
Maharashtra 0.08
(1991)

K. Lumpur -
(2004)

Selangor -
(2004)

Penangisl. -
(2010)

Jaffiia (2005) -
Batticaloa -
(2008)

N. Sawan -
(2003)
N.Ratchasima
(2003)
Songkhla -
(2003)
Kanchanaburi -
(2003)

Tak Surat -
(2003)

Thani (2003) -
Phatthalung -
(2003)
Chumphon -
(2008)
Prachuap -
K.(2008)
Song-Sadao -
(2008)
Yaounde -
(2007)

Bertoua -
(2007)

Buea (2007) -
Libreville -
(2007)

Parana (2006) -

Maryland -
(1988)

Alabama -
(2002)

Genoa (2002) -
Roma (2002) -
Roma (2009) -

Athens (2009) -

Corm (2009) -

- 0.019
- 0.020
- 0.027
- 0.018

- 0.024

4-23 -
4-4 -

4-36.3 -

4-80.5 -

4-47 -

1-100

1-100

0.5-100

0.5-99

0.5-96

0.5-91

0.5-100

0.5-100

0.5-100

0.194
0.161
0174
0.140

0.222

0.074

0.124

0.15
042

- 0.017
- 0.007
- 0.010

- 0.009

5-100

5-100 -

5-100 -
0.8-55 -

- 0.026

- 0.009
- 0.015

- 0.005

- 0.005

- 0.007
- 0.007

5-100

0.009

- 0.003

- 0.019

- 0.048

- 0.019

(0.02)-
995

(0.012)-6

(0.012)-
43

(0.04)-99

(0.04)-
100
(0.04)-
100
(0.04)-
100

(0.006)-
87
(0.005)-
12

0.0007
0.0007
0.0007

0.0013

- 0.009
- 0.004
- 0.014

- 0.008

0.02-100

0.06-99

0.06-100

0.06-100

0.06-100

- 0.023

- 0.004
- 0.002

0.05-100 -

0.05-100 -

0.05-100 -

0.06-83 -

0.06-100 -

0.06-100 -

0.05-100 -

0.05-100 -

0.05-100 -

0.25-100

0.7-99

0.25-92

0.9-98

0.9-100

0.9-100

0.9-100

0.75-95

0.25-96

0.25-78

0.1*

0.1-100

0.3-100

0.3-100

0.3-100

0.3-98

0.3-100

0.3-100

0.3-100

[6]
[6]
[6]
[6]
[6]
[6]

[6]
[6]

[6]
[6]
[19]

[6]
[16]

[6]
[6]
[6]
[6]
[6]. [20]

[6], [20]
[6]. [20]

[18]
[18]
[18]
[17]
[17]

[17]
[17]

[17]
[6]
[6]

[6]

[6]
This
study®
This
study®
This
study®

ppm: Parts per million.
adult mortality: After 1 h exposure, unless otherwise stated
# Adult mortality after 2 h exposure.

b Number of larvae tested: 5 replicates with 20 larvae each, at 5 different doses; number of adults tested

work is needed to determine whether the additional mutations in

this region confer resistance to pyrethroids.

: 7-9 replicates with 20-25 adults each.

Several genes that encode cytochrome P450s, a family substan-

tially expanded in Ae. aegypti (160 genes, representing an
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Table 2
Summary of main reports of Aedes aegypti insecticide (neurotoxic) resistance cases that have been analysed at the molecular level.
Location Insecticide® RR® Susceptible strain  Genes implicated in metabolic resistance® Target site Ref?
used mutations®
Brazil Permethrin 8.6 Bora Bora Not screened [1011M, G923V [23]
Indonesia Permethrin 296 Bora Bora Not screened V1016G [23]
Vietnam Permethrin 169 Bora Bora Not screened L982wW [23]
Cuba Deltamethrin >1000 Rockefeller CYP9J9,CYPIJ10, CYP9J26,CYPSJ27, CYP9J28, CYPGZS, CYPGZ9 Vvioiel no1v [14,15,24]
Mexico Permethrin - CYP9J24,CYPI)26, CYP9J32, GSTE2, GSTE? vioiel noinv [15,24,30]
Taiwan Permethrin >190  Bora Bora Not screened for metabolic activity D1794Y, V1016G  [25]
Thailand Permethrin 25 PMD CYP9)24,CYP9)26, CYP9J32, GSTE2, GSTE7 F1534C [15.26,30]
Grand Deltamethrin/ 30/ New Orleans CYP9J9, CYP9j10, CYPI[19,CYPIJ26, CYPIJ27,CYPOJ28, CYP6Z8, V10161, F1534C  [7,14,15]
Cayman  Permethrin 109 CYP6Z9, ABCB4
Thailand DDT >100 New Orleans GSTE2, GSTES, GSTE7 V1016l, F1534C [34.35]
Brazil Temephos 175 Rockefeller GSTI1, GSTO1, GSTX2, CCae3A, CYPGN12 [40]

* Representative and/or first report of pyrethroid resistance.

P Resistance ratio.

© Bold indicate functionally validated gene/mutation responsible for resistance.
9 Review articles have been cited where applicable.

expansion of approximately 52% compared to Anopheles gambiae
and 86% compared to Drosophila melanogaster [30,31]) that are
over-expressed in pyrethroid resistant strains of Ae. aegypti have
been identified (Table 2). Most of these belong to the CYP9 gene
family. For example, CYP9J9 and CYP9/10 were over expressed in
pyrethroid resistant populations of Ae. aegypti from Thailand, Latin
American and Caribbean [14,30,32]. CYP9)28 is over-expressed in
pyrethroid resistant populations from Peru, Mexico, Caribbean
and Vietnam ([30,32] and Warr and Ranson, unpublished data),
while CYP9J27 is over-expressed in resistant populations from
Thailand and Caribbean [30,32]. The CYP9s are greatly in Ae. aegypti
compared to other insect species, with more than five times as
many members as in Drosophila melanogaster [30,31].

In addition to the CYP9, members of the CYP6Z subfamily
(CYP6Z6, CYP6Z8 and CYP6Z9) have been found over-expressed in
multiple populations from South-East Asia, Latin America and
Caribbean (Table 2).

Gene amplification was identified as a possible contributing
mechanism for the elevated level of CYP9J26 transcripts in pyre-
throid resistant strains from the Caribbean [14]. A similar observa-
tion has been made in other insects, where multiple gene copy
numbers of P450 genes have been associated with resistance [33].

A subset of Aedes P450s that have been associated with pyre-
throid resistance has been confirmed to be able to metabolise pyre-
throids by functional in vitro studies, supporting their likely role in
resistance. Four CYP9 enzymes, CYP9]24, CYP9]26, CYP9]28 and
CYP9J32, are each capable of metabolising the pyrethroids per-
methrin or deltamethrin [15], and thus may play a role in insecti-
cide detoxification, contributing to the resistance phenotype seen
in strains with elevated levels of expression (Table 2). Interestingly,
the above CYP9 enzymes do not metabolise the insecticides DDT,
propoxur or imidacloprid and hence elevated expression of these
enzymes is unlikely to have been selected for by past or current
use of these insecticides [15].

The extensive expansion of the P450 family in Ae. aegypti [30]
and the finding that multiple enzymes are able to metabolise pyre-
throids [15] suggest that there are multiple putative means by
which Ae. aegypti could develop metabolic resistance to pyre-
throids. However, the identification of a subset of genes, consis-
tently over expressed in resistant population, suggests that the
development of specific inhibitors targeting certain subfamilies
of detoxification enzymes might be possible [15].

Other detoxification genes, such as the glutathione transferases
GSTE2 and GSTE3 were also found over expressed in an Ae. aegypti
permethrin resistant strain from Mexico (Table 2, [30]). The applica-
tion of RNA silencing techniques has demonstrated the importance

of GSTs (GSTE2 and GSTE7), in conferring pyrethroid resistance [34]
but the mechanism by which this occurs remains unresolved [35].

3.2. DDT resistance

Several sodium channel target site mutations are also known to
contribute cross resistance against DDT [27]. In addition, GSTs have
been implicated in DDT resistance in Ae. aegypti by metabolism
studies [36]. Several decades ago, Lumjuan et al. [37] looked in de-
tail at a DDT-resistant strain of Ae. aegypti and identified a single
upregulated GST, which was shown to dehydrochlorinate/detoxify
DDT. Recent microarray studies have identified members of the
Epsilon class of GSTs that are expressed at elevated levels in DDT
resistant populations of Ae. aegypti [36]. Functional studies showed
that the Ae. aegypti Epsilon GST, GSTE2 is very efficient at metabo-
lizing DDT [34]. Additional members of the GSTE family, such as
the GSTE5, have been characterised and shown to be capable to
metabolise DDT, albeit with much lower catalytic efficiencies com-
pared to GSTE2 [37]. The role of the GSTE7 in DDT resistance re-
mains unclear. This gene is highly expressed in DDT resistant
populations [30,36], but the recombinant GSTE7 has no DDT dehy-
drochlorinase activity. It is possible that regulation of GSTE7, GSTE2
and GSTES5 is controlled by a single cis-acting factor and the fact
that these three genes are clustered on the same chromosome
may support a putative coordinated regulation mechanism.

Surprisingly, partial silencing of GSTE2 (or GSTE?7) had no effect
on the ability of a highly resistant to DDT strain to survive DDT
exposure [34]. However, the level of DDT resistance in that partic-
ular strain was extremely high, due to two amino acid substitu-
tions in the voltage gated sodium channel [34], and thus the
presence of more than one resistance mechanism might have com-
plicated the analysis of the RNAi experiments; the possibility of not
achieving adequate GSTE2 | GSTE7 silencing in the most relevant
tissues where detoxification occurs, can not be excluded.

3.3. Temephos resistance

Temephos targets the enzyme Acetylcholinesterase (AChE). As
in other mosquito species, Ae. aegypti contains two ace genes
[30]. Mutations in ace-1 have been associated with resistance to
insecticides in other mosquitoes, but no such mutations have been
reported in Ae. aegypti to date [38], although altered AChE - based
resistance mechanisms have been indicated [39].

Temephos resistance has been more often associated with
detoxification - based resistance pathways. The phenotype was re-
cently analysed at the molecular level, in a highly resistant
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(RR = 175) laboratory strain isolated from Brazil [40]. Classical bio-
chemical assays had indicated the involvement of insecticide
detoxification — based resistance mechanisms. Six genes were
highly over-expressed in resistant mosquito larva compared to a
susceptible strain, including three GSTs (GSTI1, GSTO1, GSTX2),
one esterase (CCae3A) and one P450 monooxygenase (CYP6N12)
(Table 2). The role of these genes (if any) in temephos resistance
remains to be established by functional assays.

4. Conclusions and future prospects

Significant progress has been achieved in our understanding of
insecticide resistance mechanisms in Ae. aegypti. Progress is being
made in elucidating the molecular basis of resistance to insecticides,
with the identification of resistance associated genes or mutations.
The relative contribution of each mutation/gene to the resistance
phenotype is often poorly defined, particularly in populations with
multiple resistance mechanisms which are now rapidly emerging in
the field. Insecticide resistance research in Ae. albopictus has not
kept pace with that in Ae. aegypti. Possible explanations include
the lower levels of resistance in this species, compared to Ae. aegypti,
and the lack of genome sequence. However, the expansion of Ae. alb-
opictus and the increasing public health importance of this species
has fuelled recent molecular studies to look into Ae. albopictus resis-
tance mechanisms. A consortium has been initiated for sequencing
Ae. albopictus genome within EU-FP7 funded project INFRAVEC
(http:/fwww.infravec.eu/) which will deliver the complete anno-
tated genomic sequence and large EST data sets in public databases
(due in 2012). The availability of sequence information will greatly
facilitate the study of insecticide resistance mechanisms, as well as
stimulate research for determining weak points for the develop-
ment of novel control tools.

Translation of insecticide resistance research into practical
applications to improve control of Aedes mosquitoes is the next
challenge. The design of rapid and sensitive molecular diagnostics
for resistance management and the development of add-ons and
‘resistance-breaking compounds’ for existing insecticide formula-
tions will hopefully improve the sustainability of insecticide appli-
cations and help combat the onset and spread of resistance.
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