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MEPINHWH

H Asiopavioon oamotedel P amod TG ooPopoTtepeC OOBEVEIEG, TIOPACLITOAOYLKAG
attiodoyiag, ya tov avBpwrto. To mapdotto Leishmania evdnpei, PeTa&l GAAWY, O OAEG TIG
XWPEG TNG Aekavng TG Meooyeiou kot otnv MopToyoAia TIPOKOAWVTAG OTIACXVIKH KOl
Seppatikn vooo. H ommAaxvikn popen (ZA) ival n o BTk Kot eivat Bavatn@opa xweig
Bepameia 0T0 95% TWV TEPMTWOEWVY. Ot KAWVIKEG EKONAWOELG, PETAEL GAAWVY, ElVOL TTUPETOC,
Sloykwon Asppoadévwy kat omAnvag. H Sspuatikn popen (AA) givat Ao Kot EKSNAWVETAL
pe SepUATIKG EAKN.

Ou okvimeg, yévog Phlebotomus, amoteAoUv Toug SaBLBaoTEC EEVIOTEG OTOV KUKAO
(wng Ttou mopaoitou. H SlaTpoPry TOUC OMOTEAE(TAL ATIO CAKXAPOA TIPOEPXOMUEVA OTIO
(PUOLKECG TINYEG. T BNAUKA OHWG, YLa VO OAOKANPWOOLV TNV WOTOKI, TPEPOVTAL KL LE OOl
OnAaoTikwy OTwg 0 dvBpwtog. Katd Tn SIAPKELX TETOLWY YEVUATWY, N OKVITIO HETAPEPEL
TO MAPAOLTO KAl GAAa TtaBoydva (OTIwG BakTtrpla Tou yévoug Bartonella kau Phlevoviruses)
otov avBpwTo Kat og dAAa {wa.

Jtov Modad Kéopo amavtwvtol 31 €idn okvimwy, tou yévoug Phlebotomus, Tou
naiCouv To poAo tou Safpaatn NG Leishmania. AlpopeTika €idn okvinag SwaPiBalovv
SloPOPETIKA  €idn Leishmania Kol €T0L, HMEAETWVTOG TN YEWYPOPLKH KOTOVOWN TWwv
TANBUOUWY TwV SLAPopwV EL8WV TOV EVTOUOU Kot yvwpilovtag ta emimeda péAuvVong Twv
oKVITTWV amd To Topdolto Leishmania, sivar Suvatdv va aflodoynBel to péysBog Ttovu
KwwSUVoU yla Tn Snuooia vyeia oe KABE TeEpLoXn cAAG Kat va yivel TipOPAewn tng e€dmAwang
NG VOOOU O€ VEEC TIEPLOXEC.

‘Onwg sival katavontd, n akplPng tumomoinon twv edwv tou yévoug Phlebotomus
glvat onuavtikh ywo tn Anpéoia Yyeio. Moapadooiokd, n tumomoinon yivetat wg emi to
TIAEloTO pE PBAON TIG LOPPOAOYLKEG TOUG SLAPOPES, EPAPUOLOVTOG ULKPOTKOTILKESG HEBOSOUC.
Qotb00, €xel yivel avepO OTL N HOPPOAOYLKN) TUTIOTIOINON TWV OKVITIWY OV gival TTavTa
okpPnG. Mo to Adyo autd avamtiooovTal HOPLoKEG peBodol Tumomoinong e oToXo TN
peiwon Tou xpdvou avayvwplong Twv €dwv kKol TNV ovénon TG okpifelag tng
Tawtomoinong. Evtoutolg, dsv xpnolpomoteital o kown poploky pEBodog tumomoinong
amd TOUG EPEVVNTEC WOTE VO EYKATAAELPOEL ) va Tapapeivel CUUBOVAEUTIKA N LOPPOAOYLKH
Turtomtoinon. Mépa amd tn ToVTOTNTA TWV EWOWV OKVITIaG TIoVv evinuovv oe k&Be Teploxn,
glval amopaitnT) Kol N yvwon TwV QUAOYEVETIKWY OXECEWV METOED TOuG Ta OTEVA
OUYYEVIKA €L6N OKVITIWVY EVEEXETAL VO CUUTIEPLPEPOVTAL [IE TIPOMUOLO TPOTIO WG SLaPLPaaTeq
Eeviotég Tou Topaoitov Leishmania. TopdAANAa, n éAAewpn Pabidg yvwong yx tn
OUOTNHOTIKA KATAOTAON TWV OKVITIWY odnyel o€ Sixoyvwpieg HETAEY TwY ELOIKWY OXETIKA
pe tn Taglvopnon oA WY elSwv.

OL PUAOYEVETIKEG OXETELG KOl N TuTtoTtoinan Twv €ldwv Phlebotomus, amd tnv Kpitn
Kot TNV Koumpo €xouv avoiuBei akpoBiywg kat &€ yvwpilovpe pe akpifela, oo Kol IOl
€idn evdnuouvv og aUTECQ TIG TIEPLOXEG. To yeyovdg OTL, Ta TeAeuTaia XpOVia, 0 aplOudg Twv
KPOUOMATWY Agiopavioong ota vnold outd €xel ougnBel otov avBpwTO Kol GTO OKUAO
eMPAAAEL TNV, o€ B&OOG peAéTn Twv okvimwy, SafPaoctwy EEvioTwy TNG VOOOU TIOU
EVEPYOTIOLOUVTOL O QUTEG TLG TIEPLOXEG.

H moapovoa Sidaktopikry Satplfry otdxeve otV €EaKPIPWON TWV QUAOYEVETIKWY
OX€0eWV €0WV OKVITIWVY TIOU amovTwvTtal otnv KpAtn kot otnv KUTpo Kol TEPALTEPW
OTIOOKOTIOVaE OTN SNULOVPYIA VEWY, QELOTILOTWY, CUCTNUATWY HOPLOKAEG QVAYVWALONG TWV



OUYKEKPLUEVWY EL6WV. H OUYKEVTPWON TWV ATOPWVY OKVITIOG Y TN MEAETN TIPOoNABe amd
SetypatoAnyieg katd ta €tn 2011 — 2014 ota mAaiola tou mpoypdppatog tng EE, FP7,
EDENext. H emidoyr) Twv okvimwy, TO00 0¢ aplOpd 000 Kol gg avodoyia QUAov, €ywve
TIPOOEKTIKA HE OTOXO TNV TAAPN Kol OKPPWG OTOOUIOMEVN OVTITPOCWTIEVON TWV
TIANBUOUWY TWV EVTOUWV TIOL KUKAOQOpoLaav TV Tiepiodo ekeivn ota SVo vnola.

H avdAuon Twv QUAOYEVETIKWY OXE0EWY TWV ELOWV OKVITIOG EYLVE XPNOLUOTIOLVTOG
™ MEBodo DNA barcoding, i Swdikacia oAAnAovxlong €vog TUAMATOG TOU
MLITOXOVEPLOKOU yoviSiou NG KLTOXpWHIkAG o&eddong I (COI). Ou aAAnAouxieg mou
TIPOEKUYOV OTIO TO OUYKEKPLUEVO Yovidlo pog €dwoav tn Sduvatdtnta apevdg va
OTIOKTAOOUUE TIANPOQOPIEG YLt TN HOPLAKH TOUTOTNTA TWV EWOWV TIOU HEAETAOOUE KAl
OUPETEPOV VA KATOOKEVAOOUE, PATEL TWV SESOUEVWV OUTWV, TO PUAOYEVETIKO SEVTPO TTOU
TIEPLYPAPEL TN CUOTNUATIKA KOTAOTAON K&BE €60UG KAL TN OXE0N TOV HE TA UTIOAOLTTA £16N.
Ta AMOTEAEOPATO, METOED GAAWY, aVESEIEQV, VI TIPWTN QoPQ, TG barcode aAAnAouyieg yla
Ta €idn P. neglectus kou P. similis, SlofiPaotéq Eeviotég twv mapoaocitwy L. infantum,
umevBuvo yla T A, Kot L. tropica uttedBuvo yla tn AA otnv EAA&Sa, avtiotoa.

H amoca@nvion tng QUAOYEVETIKAG Bong Twv €0WV oKviTtag Tou gpsuvhonkay,
avolée To S6popo yla var avortuxOel éva HOPLOKO EPYOAEi0 TUTIOTIOINGNG TOU UTIOYEVOUG
Larroussius xpnowotmowvtag tn néBodo PCR — RFLP. To umoyevog ouTtd EUTIEPLEXEL TOVG
SlaPiBaotég EevioTég TOU MOpocitov L. infantum, autloAoylkd mapdyovta Tng XA, Kot n
OLOKPLTIKN LKAVOTNTA TXUTOTIOINONG TWV ELOWV OUTWVY, HE TIG UTIAPYXoVoeG HeBOdoug, gival
eMmAG. To egpyoaleio mou avamtuxBnke eival yprAyopo kal alOTIOTO oTNV TumoTmoinon
OTOHWY TOU GUYKEKPLUEVOU, ONAVTIKOU, UTIOYEVOUG OTN TIEPLOXH HEAETNG.

Tédog, avamtixBnke €va VEo, KAl TIOAG UTIOOXOMEVO, EPYOAEID  HOPLOKNAG
TUTIOTIOINGNG OKVLTIWY XPNOLUOTIOLWVTOG TNV TIANPOQOPIa TOU TIPWTEWHATOG TOU OTOMOVY,
SnAadn TNV mMpwTEvik oVOTOCN TOU LOTOU TOu evtopou. H péBodog xpnolpormolel ™
TexvVoAoyla tumomoinong @aopatookomiag palag (MALDI — TOF MS). H avdiuon éywve og
Selypata okvimag epyaoTnPLaKNG KOANEPYELOG KL OTIOTEAEL TNV TIPWTN UEAETN oTO Tedio
TIOyKOOMiwG. Autr n pebBodog Ba Sadpapatioel 0TO PEAOV TPWTAYWVIOTIKO POAO OTO
€pYO TNG TUTOTIOINONG KAL TOUTOTIOINGNG OKVLTTWV.



ABSTRACT

Leishmaniasis is one of the most important parasitological diseases worldwide. The
parasite, Leishmania, is found, among other areas, in all the Mediterranean countries and
Portugal causing the visceral as well as the cutaneous form of the disease. Visceral
Leishmaniasis (VL) is the most aggressive form and it is fatal, if left untreated, for the 95% of
the cases. Clinical manifestations are fever, lymph and spleen enlargement. Cutaneous
Leishmaniasis (CL) is mild and manifests as cutaneous ulcers.

Sand flies, genus Phlebotomus, are the vectors of the parasite. Their diet consists of
plant sugars but females feed on mammal blood (such as humans) to complete egg
development. During those meals, sand flies transmit parasites and other pathogens, as
Bartonella sp. and Phleboviruses to humans and other animals.

In the Old World, there are 49 sand fly species of the genus Phlebotomus that act as
Leishmania vectors. Different sand fly species transmit different Leishmania species. Thus, by
studying the geographical distribution of sand fly species and knowing their Leishmania
infection rates is possible to evaluate the risk of leishmaniasis in an area. Furthermore, the
potential of disease emergence in a new area can be predicted if the sand fly species present
in an area is known.

Typing Phlebotomus species is done mainly by morphology using a microscope. In
addition, due to the limitations of morphological identification, molecular typing methods are
developed in order to save time and to increase specificity. Nevertheless, there is no universal
molecular typing method used by researchers. Phylogenetic relationships among Phlebotomus
species are not well studied and, as a result, morphological typing, on its own, often offers
limited information. Given that, researchers tend to have conflicting opinions regarding the
taxonomy of several sand fly species. It is clear that there is a need for quick and universal
molecular typing tools to be applied together with morphotyping. Using only morphological
typing can lead to incorrect conclusions regarding the geographical distribution of the
Phlebotomus species found in an area and hence the risks posed to human health in relation
to the pathogens the particular species may transmit.

Phylogenetic relationships and species typing of Phlebotomus species from Crete and
Cyprus have been remotely analyzed, therefore there is no detailed knowledge, on the species
that reside and transmit Leishmania in these areas. Human and dog leishmaniasis cases in
both these regions are increasing. Therefore, the knowledge on the sand fly vectors
responsible for this is imperative.

This work aimed at discriminating phylogenetic relationships of sand fly species from
Crete and Cyprus and to develop new, reliable molecular typing methods for doing so. Sand
fly sampling was done in years 2011 - 2014 during the EU, FP7, EDENext research project.
Choosing the sand flies for the analyses was done carefully in order to have the right gender
ratio and sample size, for a balanced representation of the sand fly populations circulating in
these islands during that period.

The DNA barcoding method was used to analyze the phylogenetic relationships of sand
fly species. This process consists of sequencing a fragment of the mitochondrial gene
encoding cytochrome oxidase 1 (COI). Sequences derived from that gene provided
information on the molecular identity of the species studied. They also provided the ability to
build, based on that information, the phylogenetic tree that defines the systematic status of



each species and its relationship with others. Results, among others, revealed, for the first
time, the COI barcodes for P. neglectus and P. similis, vectors of the parasites L. infantum
(causing VL) and L. tropica (causing CL) in Greece, respectively.

Resolving the phylogenetic position of the sand fly species studied has provided the
way to develop a molecular typing tool for Larroussius subgenus using the PCR — RFLP
method. This subgenus contains vectors of the parasite L. infantum, the VL causing agent.
Identification of the Larroussius subgenus members is difficult, based on current methods
especially that of the females. This tool proved to be quick and reliable in typing Larroussius
species from the study area.

Finally, this work helped to develop a new and promising sand fly molecular typing tool
using the individual's proteome information, i.e. the insect tissue protein composition profile.
This method uses mass spectrometry (MALDI — TOF MS). The first analyses were conducted on
laboratory reared sand flies and this was the first such study in the field, worldwide. This
method, in the future, promises to be one of the top tools used in identification studies of
sand flies and other insects.
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HIV Human Immudeficiency Virus

DNA Deoxyribonucleic Acid
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COI Cytochrome Oxidase I
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CYTB Cytochrome b

Mbo Moraxella bovis

MALDI-TOF Matrix Assisted Laser Desorption Ionization - Time Of Flight
EE-EU Evpwmaikn ‘Evwon - European Union
BLAST Basic Local Alignment Search Tool

PF Partition Finder

BIC Bayesian Information Criterion

BI Bayesian Inference
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KEDPANAIO 1

FENIKH EIZAIQrH

1.1 AEIZIMANIAZH

1.1.1 Jvotnuoatikn Tagvopnon Leishmania kKol LOTOPLIKA OTOLXELQ

Ot Aslopavidoelg sival pa opdda VOoWY TIoU TIPOKOAOUVTAL OO TO UTIOXPEWTLK
TopAoLTa TPWTOlWwa Tov Yévoug Leishmania (Trypanosomatida: Trypanosomatidae) (Eikova
1). H vboog pe TN YeVIKN ovopaoia Aslopoavioon €xel TIOAMEG KAWVIKEG HOPQPEG KOl €ival
EVONULIKA OF EKTETAUEVEG TPOTILKEG KOL UTIOTPOTIKEG TIEPLOXEC OAAX KOl OTn MECOYELOKN
Agkdvn. H mapoucio tng vooou sival smifefaiwpévn os mopamavw omd 98 xwpeg OTou
uTtoAoyiletal OtL utapxouvv 350 ekatoppupla avBpwtol g kivduvo Katl 12 eKATOMHUPLA
TEPLOTOTIKA  Agciopaviaones. Etnolwg eppavidovtal 2 €KATOPMUPL VEX  TIEPLOTATIKA
Aglopavioong (World Health Organization, 2010). H Acicpaviaon oto okVvAo sival éva akoua
pEYGAO TIPOPBANpa Kat uttoAoyiletal OTL, POVO 0T HECOYELOKN AgKAVN, €XOUV VOonoeL 2,5
gkaToppUpla okuAlx (Moreno and Alvar, 2002). Ot Bavatol avBpwTwy omd OTAXVLKH
Aglopavioon eival 50 xAadeg e€tnoiwg katatdooovtog Tn OeuTePn, OTO OelkTn TWV
TIXPOOLTIKWY VOOWV, HETA TNV EAOVOCIA KAL VTN OTO GUVOAO TWV HOAUOHUOATIKWY VOOWV
(World Health Organization, 2010).

Taxonomy of Leishmania

Family Trypanosomatidae
Genus  Crithidia Leptomonas Herpetomonas Blastocrithidia Leishmania Sauroleishmania Trypanosoma Phytomonas Endotrypanum
Subgenus Leishmania Viannia
-------------- e} 7
' I
! 1
| | [ | .
Species - g L : L g ; ! L s ¢ L .
complex L. donovani L. tropica . major L. aethiopica L. mexicana H . braziliensis H . guyanensis
' 1
‘ i :
.................... N SRS EESS
Speci L. chagasi* L. killicki* L. major L. aethiopica L. amazonensis 1 Not pathogenic to humans: ! L. braziliensis i Unassigned:: L. guyanensis
pecies : H S ' ' ; ' % ] :
L. donovani L. tropica L.garnhami , Old World: ! L. peruviana 1 L. lainsoni 1 L. panamensis
L. infantum L. mexicana \ L. arabica ' i '
L. pifanoi* ! L. gerbilli H { !
L. venezuelensis ' New World: : ! !
1 L. aristidesi ! ! !
i L. enriettil ' ' i
| L. deanei ' ' i
1 L. hertigi ' fespsermcne 4

*Species status is under discussion. L. chagasiin the New World is the same species than L. infantum
Ewova 1: Juotnuatiki katdto&n Leishmania (Bates 2007)

OL mepypa@ég poAUVoewy amod Leishmania Eekivolv SLACTIOPTA O TNV apXAOTNTA.
JUYKEKPLUEVQ, £XOUVV TIEPLYPAPEL SEPUATIKA EAKN TIAPOUOLA |E TA CUYXPOVA TNG SEPUATIKNAG
HOoP®nG TNG vooou (2500 — 1500 mt.X.) otnv apxaio Meoomotapia evw DNA tou mopaacitou
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Leishmania €xeL amopovwBOel amod pouueg TG Alyumttou tng meptodov 2000 — 800 m.X. Tov
18° auwva €ywve AETITOUEPNG TIEPLYPOAQPH TNG KAWIKAG €IKOVAC TNG Asiopavioong evw otnv
Iv8ia Tng 866nke to dvopa Koo aldp (Lapog TupeTdC/VOooq). Ita TéAn tou 19°° auwva,
OUUTIEPQIVETOL OTL TA SEPUATIKA €AKN TIOU TOPATNPOVVTAV Ot aoBevei ogsilovtal oe
Mpwtolwa. To 1901 o Leishman tumomoince Tov OPYyOaVIOHO OTO ETLXPIOCUATO OTIARVOG
0agBevolg Tov amefiwoe amd dyvwotng (ToTe) attiohoyiag véoo. Tnv idla xpovid o Donovan
emiPePaiwoe Ta eupApata Tou Leishman («owpata Leishman — Donovan») kot ouvedeos
QUTA TA «CWHATO» HE TN vOoo Koha alap. O Ross, To 1903, poTelve To dvoua Leishmania
donovani yl\& To «CWHOTO» TIOU HEXPL TOTE €YoV TAPATNPNOEl amo TTOAAOUG EPEVVNTEC,
ovayvwpilovtag Tn TPooPopd Twv SU0 TPWTOTIOPWV TIOU TA EVTOTILOOV. ATIO £KEl KAl OTO
€€ng to medio épeuvog NG Agiopoviaong avamtixBnke pe ypryopo pubud kot
XPNOOTIOWWVTAG OAd TA SLaBEoIUa epyaleia TNG EKAOTOTE XPOVIKNG TtepldSou (Akhoundi et
al, 2016). H tumomoinon Twv MoPAC{TWY EMEKTAONKE ONUOVTIKA OO TNV TEPIoSO TNG
amAng mapatipnong Kopfikd onueio amotédeos n xpron NAEKTpo@oOpnong LoosvlOpwvV
otnv evdoeldilk Katnyoplomoinon Twv mopacitwyv. Ms autd Tov TPOTOo €mITEVXONKE N
€UKOAN ETILONMLIOAOYLKA HEAETN TWV HOPPWV TNG VOOOU O EVUPUTEPECG YEWYPAPLKES TIEPLOXEG.
Ta wwoévlupa peépouv 1o xopaktnplotikd MON (Montpellier) akoAouBovUpevo amod evav
HOVOOIKO aplBud KABE OTEAEXOUC TIOU KOTOYPAPETAL KOl OVTLOTOLXEL OTO €EKAOTOTE
TapaTnPoVpevo TipdTuTto (Rioux et al 1990).

1.1.2 KVkAog (wnc Leishmania

To mopdolto cuvavTATal o SVO HOPPEG: TNV EVOOKUTTAPLA QHOOTIYWTA N oToia
TIOPATNPEITAL EVTOG TWV HOVOKUTTOPWY HOKPOPAYWY TOU BnAaoTikoU &evioth Kol TN
HOOTyopOpOo TPOHAoTYWTH (ElkOva 2) evTdG TOU €VTEPIKOU OWARVA TNG OKVvimog
(SaPipaotng &eVioTAC). H auaoTywth popen ival o@alplkol f woeldolg OXNHATOG HE
OLAPETPO 2 — 6 UM, PEPEL TTVPHVA KAL EVA KIVETOTIAGOTN. H TIPOUOOTLYWTH HOP@H £XEL HOKPY
Kot Aemtd owpat (15 — 30 pm) pe évav KEVTPIKO TIUPAVE, €V KIVETOTIAGCTN KOl HAOTiylo
(Dedet et al., 1999).
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Ewova 2: O1 Suo poppég Tou apaaitov Leishmania. (kullabs.com)

O kUkMhog¢ Cwng Ttou Tmoapaocitov Leishmania (Ewkdva 3) Eekwvdel poogov  Ta
TIPOUOOTYWTA avamTUXBoUV Kol TIOAATIAQCLOOTOVV HECO OTO TEMTIKO CUOTNHAX TNG
okvinag (Safipaotng Eeviotng) kot amd kel peTavaoTevovy ot pofookida Tou eviduov.
Y ouTO TO OTAS0, KATA MPAKOG TNG TPOPOOKIdOG TapATNPOUVTIAL TA TIAPACLTA
EVOWUOTWHEVD OE UL «YEAN» 1 OTIOI ATTOTEAELTAL ATIO COKXAPWOELG OUCIEG KOL TIPOEPXETAL
and Sepyaoie¢ Twv Topacitwy. To «OUUTAOKO» QUTO AEITOUPYEL WG OVOYKAOTIKOG
Ppaypog otig €Ew Sopég tng mpofookidag Tou evtopovu. Etol katd tn Sidpkela evog
YEVUOTOG Q{PATOC, SLEUKOAVVETAL N £€YXUON TWV TIPOUACTIYWTWY 0TO BnAaaTtiko &eviath. To
OVOOOTIOINTIKO CUOTNUA TOU BNnAaCTIKOU evepyomoleital kot ek va emTiBstal ota
TOPAOITA  HECW  POAYOKUTTAPWONG Méoa oTta  HOKPOPAYQ, T TPOUAOTIYWTIX
METOTPETIOVTAL O€ QUACTIYWTA Kot EEKVOUV val TTOAATIAGGLA{OVTOL KOL VO ETAVOOTEVOUV
ME TN KukAo@opia Kol gg GAAOUG LoTOUG (Kuplwg ATtap Kot oTAnva). Ta Ttapdotta £Xouv
QVaTTUEEL TPOTIOUG TIPOCOAPHUOYNG HETO OTO LOKPOPAY T, £XOVTOC ETILTUXEL TNV ATIOPUYN TNG
Bavdatwong toug. Mo mapddelypa, QEPOLVV UL UETOAOTIPWTEACN N oTola Spa amod To
eMMESO TWV AVTIYOVWY £WG TNV HETAPOAN TwV SLEPYATLWV TOU TTUPHVA TOU HAKPOPAYOU.
Entiong n Leishmania gaivetal va emayet peBuiiwaon tou DNA pe gtdxo T olyaan yovidiwv
TIOU €AEYXOUV TQ UIKPOPBLOKTOVA HOVOTIATIOL XE OUTO TO OTASIO €KSNAWVETAL N vOOOG
Agiopavioan. O KUKAOG OAOKANPWVETAL OTAV UL VEX OKVITIOL Ol TPO@EL e Ao LOAVGPEVOL
BnAaoTtikoV (§evioTAg TtapakaTadnkn) AaUBAvVoOVTaG Ta TIOPACITIOUEVO LAKPOPAYQ HE TNV
QUAOTYWTA Hop®n Leishmania. To QUACTIYWTA «KATEPXOVTIAL> TNV YOOTPEVTIEPLKA 080
OTIoV TTOAAATACLALOVTOL OTO HECEVTEPO N TO OTioBI0 €vteEPO TNG OKViMaG. Xe SldoThpa
miepimov 4 — 25 nuepwv (avaroya pe Tn Beppokpacion TEPIPAANOVTOG) UETATPETOVTIAL OE
mpopooTlywtd (Chang and Dwyer, 1976; Bates, 2007, Ueno and Wilson, 2012, Arango Duque
and Descoteaux, 2015).
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Ewova 3: O kukhog {wng Tov tapaacitou Leishmania (CDC.gov)

1.1.3 AvBpwtovooog kat Zwovooog Asiopavioon

O &eviotng mopokoatoaBnkn oto KUkAo (wng Tou Toapacitov opilel Kol TN
Kotnyoplomoinan tng vooou os {wovooo A avBpwTtiovdco. 2tnv avBpwTtiovdoo Asiocpaviaon
o &eviotng mapakatadnkn gival o avOpwWTIOg XWPLG TN CUPRHETOXH GAAWY BNAACTIKWY OTOV
KUKAO (WN¢ Tou Ttapacitou. TéTola mapadeiypata sival n Asppoatiki Aciopaviaon (AA) Tou
TipokoAsiTal amod To €idog L. tropica (Jacobson et al, 2003) kat n ImAoyxvikn Agiopavioon (ZA)
oAA& kol n AA Tou TpokoAouvTal and to L. donovani (Alam et al, 2009). H {wovdoog
Aglopavioon petadidetar pe TN ouppeToX GAAWVYV  BnNAcoTIKWY (KUplwg OKVAWVY N
TPWKTIKWV) PE TOV AVOPWTIO Vo amoTeAEL Tuxaio (Eukalplako) Eeviotn kat dev eival Suvato
va petadwaoel tn voco. H ekdAAwon tng vooou otov avBpwto efoptatal omd Thv
KOTAOTOON TOU OVOCOTIOINTIKOU CUCTAMATOG TOU EKACTOTE XTOHOU. ZWOoVOCOoG Asiopavioon
mpokoAsital and tnv L. infantum omou Pooikog eVioTAg TapakaTadnkn gival o okUAOG
(Moreno and Alvar, 2002). Entiong Zwovdoog Asiopavioon mpokoAsital kat ontd tnv L. major
omov &evioThg Tapokatadnkn sival tpwkTikd (Ready 2010).

Av kal k&Be €ibog Leishmania yevik& TIPOKOAEL OUYKEKPIUEVO TUTIO Aslopavicong
(Cwovooo 1 avBpwmovooo) exouv TtapatnpnBel meplotaolokeg eEatpéoslg. MNa mMapadeLypa,
n AA mou mpokaAei n L. tropica ival pev ouvnBwg avBpwmovooog 0AAG 8 PEPLKEC TIEPLOXEG
amaVTATOL Kl o€ GAa (wa. TEAOG, Yo pepLkd €idn Ttou TpokadoUv AA, 6Twg N L. aethiopica,
T oTtolal TUTTLKA €xouv (WA WG EEVIOTEG TTAPOKATAONKN, 0 AvOpwWTOg PTopEl va amoTeAEl
Mo eukaplakn Se&apevn) Eeviotwy (World Health Organization, 2010).
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114 KOpleg KAWVIKEG HOPPEG TNG VOOOU 0T MegodyeElo

1.1.4.1 ImmAaxvikn Aglopavioon

H ZA (Ewova 4) otov MoAawd Kdopo mpokoAsital amd mopdolta Tou GURTIAEYUATOG L.
infantum kou L. donovani. Ta TeploCOTEPO TIEPLOTATIKA €IVAL AOUPTITWHATIKA. AV n vOoo(
avamtuxOel, kot ot aoBeveic 6 AdBouv KATAAANAN Bepameia pmopel va kataAngouv. Ta
KUPLOTEPO CUUTITWHATA (VAL TTUPETOC, adlabsaia, oUyKpLa, amWAsX Bapoug, avopedia. Ta
KAWLIKG onueia eival ommAnvopeyoia pe 1 xwpig nmotopeyolio, AcppadevondBela, avatpic,
Agukotievia kal BpopPokuttapornevia. H @Twy SLATpo@R KOl N AVOCGOAOYLKN QVETIAPKELN
(Baitepa oL aaBeveig pe HIV) mpodiabétouv Tnv avamtuén tng vooou (Ready, 2014).

1.1.4.2 Aeppatikn Agiopavioon

H AA (Eiova 5) otov Modawd Koopo mpokoAeital kuplwg amod ta mapdotta L. major
ko L. tropica. Ot oAhowwoelg tng AN gpaviovtal 0To onpeio mov o aoBevrg ToUmRONKe
omd TN OKVITOL KoL PETA amo Wa Tepiodo emwoaong ep@avideTal o Kokkvn BAratida n
omoia ggehioosTal o TMAGKa ) olidlo. H mepiodog emwaong avtiotoel oTn PAsypovwdn
avTidpaan ToOU TIPOKOAELTAL ATIO TO AVOCOTIOINTIKO CUCGTNUO TOU aoBeVoU( N oTtola EAKEL
OTO ONMeEl0 TOU TOWTMAUATOG HAKPOPAYOQ TIOU (POYOKUTTOPWVOUV TO TOPACLTA. XTNn
OULVEXELD, Xwplg TN TapéuPoon BOepameiag n oAhoiwon KotoAnyel os SepUaTIKO €Akog. O
KUKAOG TNG VOOOU OAOKANPWVETOL PE TO EAKOG VO OUPAVEL LA XXPOAKTNPLOTIKA OVAN (de Vries
et al, 2015). H vooog eival autoldoiun av dev umdp&ouv SeuTtepoyeveiG MOAUVOELG TOU
£AKOLG.
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Ewova 4: Tuttiikn} Aoy vikn Agiopaviaon oto Zovdav (Zijlstra 2016)

Ewova 5: Aeppatiki Asiopavioon otn Kumpo (Antoniou et al. 2013)
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1.1.5 H Aslopavioon og taykoopo eminedo

AVAUEOQ OTIG EVONULKEG TIEPLOXEG TNG VOOOU KAl OTLC TEVTE NTEIPOVG, LTIoAOYICETOL
oTL umtapyouv 700 XIAadeg €wg 1,2 ekatoppupla TeploTatikd AA kot 200 €wg 400 XALGSEQ
meplotatika XA. H véoog sival amovoa otn Néa ZnAavdia kat oto votio Eipnvikd. H o
Kown pop®n NG vooou eival n Seppoatikn pe to 70 — 75% TWV TEPLOTOTIKWY VO
eppavidovtal oTig xwpeg Apyaviotdy, AAyepia, KodopBia, Bpadnia, Ipdv, Zupia, ABotia,
Bopelo Zoudav, Kéota Pika kat Mepov. To 90% OAWV TWV TEPLOTATIKWY TNG OTAXXVIKNAG
HOP®AG TNG VOoou gupavifetal oe PHOAG €8l xwpeg Ivdia, MmaykAavtég, Xouddav, Noto
Youdav, Bpaldhia kat AlBlottia (Alvar et al., 2012).

1.1.6 H Aelopavioon otnv EAAGSa

Ta teAevtaio 35 xpovia n vooog €xel Slodobsl OTI TIEPLOCOTEPEG TIEPLOXEG TNG
EAAGSag Adyw Tou Ttapaoitou L. infantum mou mpokaAel XA ko {wovooo Asiopavioon aAA&
KoL Tov Ttapaacitov L. tropica to omoio mpokoAel AA (Garifallou et al., 1984; Frank et al., 1993;
Tselentis et al, 1994; Tzamouranis et al, 1984). Ta étn 2005 - 2010 avoa@épBnkav 327
TEPLOTATIKA Agiopaviaong (297 XA kau 30 AA) (KEEATINO 2013). H mAsioyneio Twv
TIEPLOTOTIKWY NTAV EVAALKEG aaBeveig Kot oL nAkieg Toug KupaivovTav amod ta 15 éwg Ta 88
€N (10 77% TWV TEPLOTATIKWVY). To 70% OAWV TWV TEPLOTATIKWY ATAV AvOPEG KAl HOVO O€
éval TIEPLOTATIKO UTHPXE ouvAoipwén pe HIV. To €idog L. infantum MON-1, mou sivar to
KUPLO TIOU TIOPATNPELTAL OTN UETOYELOKN AEKAVN, €lval TTapov ae OAN tnv EAAGSa toco otov
avBpwTo 600 kat oto okVAo. To €idog Tov mpokaAel AA, To L. tropica, ep@ovideTal oA
évtova otnv Kpntn kat ta vnowd tou Ioviov (Ntais et al,, 2013) (Ekkdva 6).

310 vnol g Kpntng n Asiopavioon emoveu@OvIoTNKe HETA OO QPKETEG OEKAETIEC
amouosiog 1600 0Toug avBpwTmoug 600 Kal ot oKUVALWL (Etkdva 7). To kuplopxo €idog ZA
gival to L infantum MON-1, omwg kot os OAn TNV EAAGSa, evw gupavidetal kat to L.
infantum MON-98. H amouacio Tou CUYKEKPLUEVOU OTEAEXOUG AT TNV POpelat EAAGSa, oA
KOL TO Yyeyovog OTL €xel amopovwBel otnv meploxn t™¢ ABrvag, yvwotn €otia Tng vooov,
(Tselentis et al. 1994, Ntais et al. 2013) Seixvel OTL TOAVWG N EL0AYWYH LOAUCUEVWY GKUALWV
oto vnol €xel odnynoel otnv gykaBidpuon tou. Xto medio tng AA, n emavep@davion TG
vooou éywve o aoBeveig Tng TeiTNg NAkiog ol omoiot sixav poAuvOsl og veapr nAkio. Ao
ouToVG amopovwonke to otéhexog tng L. tropica MON-300 (povadikd Ttaykoouiwc). Amod
TOug okUAoug amopovwBnkav ta L. infantum MON-1 kou MON-98 (Christodoulou et al.,
2012). Npoopate, anopovwdnke atnv Kpitn to ateAéxoug MON-58 tng L. tropica amod vav
oKUAO Kol éva Ttaudi pe AA, 13 etwv kataywyng Agyoviotav. To taudi ApBe otnv KpAtn pe
oAoiwon amd AA kau n L. tropica MON-58 €xeL avapepBel povo amd 1o Agpyaviotdv. Tdoo o
OKUAOG 000 kot to Toudl Saflovoav atov Slo xwpo, KATL TTou Seixvel OTL TO TIAPACLTO
KOTAPEPE VO OAOKANPWOEL TOV KUKAO {WAG TOU XPNOLUOTIOWWVTAG OKVITIEG TNG TEPLOXNAS
TIOU MEXPL TWPO Sev ATAV yVWOoTO €Av umopovoav va unootnpiouv tn Siafifaon tou
OUYKEKPLUEVOL OTEAEXOVG. MapdAAnAa Tto MON-58 emiBiwoe tO00 oTov GvBpwTto 600 Kol
oto okVAo (Ntais et al. 2014).
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Ewova 6: lewypa@ikr katavopun IA kot AA atnv EAAGS, ta €Tn 2005 - 2010. H
Agiopavioon ota OKUALL PaiveETAL WG TTOCO0TO 0POBEeTIKOTNTAG EVvavTL TNG Leishmania. MON
1, 98: Leishmania infantum. MON 300, 58, 57: L. tropica (Ntais et al. 2013)
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Ewova 7: l'ewypa@ikn katavopn IA kat AA otnv Kpntn. H Agiopaviaon ota okuAd
paiveTol w¢ T0000Td 0poBeTIKOTNTAG Leishmania evw oTo X&pTn @aivovTtal Kat £i6n
okvinmwv Tou Slaflovv ato vnoti (Christodoulou et al. 2012)

1.1.7 H Aglopavioon otnv Kumpo

Ytnv Kompo evénuouv dvo €idn Leishmania. To L. infantum mouv mpokaAel (wovdoo
Aglopavioon kat 1o L. donovani mou mpokoAel avBpwTmiovoco Asiopaviaon (SEpUATIKA KoL
OTIAQXVLKH) QVAAOYQ HE TO YEWYPAPIKH TEPLOXH ep@aviong (Antoniou et al, 2008, 2009,
Mazeris et al., 2010). (Ewova 8). ‘Exel deixBel 6TL To L. donovani MON-37 mipokael tn voco
(A kau AA) otov avBpwto (Gouzelou et al, 2012) kou elkaleTtal OTL €xel eloayOel amo ™
yeltovikny Toupkia péow poAvopévwy avBpwnwv. H amoucia kpovopdtwv tng voéoou ot
avBpwtioug mpokohovpevn amod L. infantum eivol ofloonpeiwtn. Me autd TO TPOTO,
paivetal 6Tl dnuovpyeital eva "mapddoo” eAdxlotng TBavVOTNTOC HOAUVONG avOpwTWY
amd L. infantum o€ OUyKplON HE TOV OKUAO. AuTH n €MSNUIOAOYIKA Tapatrpnon Sev
QavETAL VO LOXVEL OE YELTOVIKEG XWPEG Omou n XA kat n Agiopgavioon otov okUAO
ouvuTtapxouwv. H amopdvwaon tou L. donovani amod SEPUATIKA KOL OTIAXXVIKX KPOUOHATWY O
avBpwtoug oAA& kat n povadikn mepimtwon SmAng poAuvvaong L. infantum/L. donovani og
okUAo (Mazeris et al, 2010) Ssixvouv OTL TO «Ttapddoo» tng Kumpou xpilel mepattépw
€pEuvac.
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Ewova 8: Mewypaikn katavoun Asiopaviaong otov okVAo otn KUTpo mpokaAoUpevn amod
L. infantum. AvBpwmovooog Aeppatik Kot ITTTAaX VKN Aglopaviaon TipokoAovpevn amo L.
donovani. Mapovoia okvimwy gTo VOTIO TUAKA Tov vnalov (Mazeris et al. 2010)
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1.2 HXKNIMA, AIABIBAXTHX =ENIXTHX TOY MAPAXITOY LEISHMANIA

1.2.1 Yvotnpoatikn katatagn - Tumomoinon

Ot okvimeg gival K& EVTOU TWV OTIOIWVY TO HAKOC TOU CWHATOG OTIAVLIO EETIEPVAEL
Ta 3 xWwotd H téén mouv avikouv eival ta Almtepa (Diptera) evw n uvmotagn Ta
Nnuotokepa (Nematocera). H mepattépw Kat&tagn toug eival otnv otkoyévela Wuxwdidwv
(Psychodidae) kat otnv umooikoyévela PAsBotouwy (Phlebotominae) (Lane 1993) (Eikdva 9).
Ta €idn Twv okvinwv Saxwpifovtal o ekeiva ou StaPlovv ato Néo Koéopo (apeptkavikn
AmeLpoc) kat atov Moiatd Koopo.

Eva amd ta dlaitepa XOPAKTNPLOTIKA TWV OKVITIWY gival n Béon Twv QTEpWV OTOV
Bpiokovtal koBrjpeva og o eMPAvELR Ta oToilal PplokovTal TAVW OO TO CWHA TOUG
oxnuatiCovtog pia eEapeTIKA o&ela ywvia avepOpevVa KABETA TOU CWHATOG Toug (Elkova
10). To cwpa TNG OKVITIAG KOAUTITETAL OO TPIXEG Ol OTtoleG TIpoaPEpouV aBopufn kivnon,
ovTiOeTa pe ot TWV KouvouTlwyv. H mtAon toug Sev eival Slapkng kol atabepr) oA
OAMATWENG KOl OXETIKA aKOVOVLIOTN. AUTO TO XOPOKTNPLOTIKO €XEL OUUBAAAEL OTO YEYOVO(
OTL TAL OUYKEKPLUEVO EVTOPA SEV ATIOUOKPUVOVTAL AVW TOU EVOG XIAMOMETPOU ATIO TO OhUEin
avamnapaywyng toug (Alexander & Young 1992). H tpo®r Toug amOTEAEITAL ATIO GAKXAPO
PUTWV EVW HOVO TO BnAukd TpépovTtal Kal PE alpa amd Ao (wa KaBWwE amalTouvTol
TPOOOETA BPEMTIKA CUOTATIKA yla TNV wotokia (Schlein & Warburg 1986). O kikAog (wng
MLoG oKviTag, amd To oTAdlo Tou afyou €wg TNV ERPAVION TOU evAAlkou Eemepvdael Tig 40
nuépeg (Killick-Kendrick & Killick-Kendrick 1987). ‘'OAo to €0pog Twv SpaotnplotTwy TwV
OKVITTIWV (TpO®N, YeVLHOTA aipotog, (euydpwua-avamapoywyn) Yivetal katd tn SidpKela
TOUu nABaCAEéPOTOC N Kot TNG VUXTAG. Kot Tn SepKela TNG NUEPOCG OL OKVITIEG
avamauovTal BplokovTag KATAPUYLO 08 OTITIA (TTOAAEG (POPEC EYKATOAEAELUPEVQ), UTIOVELQ,
KEAAPLO, OTINALEG, TIETPEC 1} AVAUETO OE TIETPLVEG OUOTOLXIEG KOL KOVTA ] PHECO OE XWPOUG
1oV Bplokovtal oTafAlopéva (wa.
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Ewova 9: Juotnuatiki katdotacn PAefotopwy (Akhoundi et al. 2016)

 Ray Wilson. |

Ewova 10: Ikvineg og otdon avanovonc (Killick — Kendrick 1999)
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Méxpt Twpa, €xouv avayvwplotel mévw amd 800 &idn OKVIMWVY 0f TIAYKOOLO
eninedo. Xtov Modatd Koopo Saflovv 375 €idn evw otov Néo Koopo €xouv mieplypapel 464
€idn (Seccombe et al. 1993, Galati et al. 2003). MoAXOTEPQ, N CUCTNUATIKA KOTATOEN TWV
OKVITIWV OpLle TO SLAPOPA TAEX TWV OKVITTWYV SlaxwpllovTag, PEoWw TIAPATAPNONG, KATIOLEG
€CWTEPLKEG SOPEC TOU KADE EVTOUOU (TIX. T XPTEVIKA QVATIAPAYWYIKX OPYAVQ) I} TIOGOTLKEG
METPNOELG PAKOUG TtapOpowy Sopwv (pAsfotopetpia — phlebotometry). tnv cuvéxelo, pe
TO TIEPAOUA TWV ETWV, TNV TPO0SO TNG HIKPOOKOTIOG KAl TNV TipoaBnikn OA0 Kol VEOTEPWV
TGEQ, TTPOOTEONKAV TIEPLYPOAPEG ECWTEPIKWY SOUWY, OTIWG N OTIEPUATOONAKN 1 O PAPLYYOG
ot OnAuka atopa (Perfil'ev, 1966). Ito MoAad Koopo, ouvumdpxouv SUO yévn, TA
Phlebotomus kau Sergentomyia. Xto Néo Koopo, tpia yévn €xouv meplypagel: Ta Lutzomyia,
Brumptomyia kow Warileya (Ewéva 12) (Lewis et al. 1977).

Mopadoolokd, n TUTOTOiNCN - TOUTOTOINON TWV OKVITWVY Yivetal pE T XPHON
KAEISAG, OUYKPIVOVTAG HOPPOAOYIKEG KOL HOPPOUETPLKEG SLAPOPEG TWV ATOHWY TIOU
aXpoAwTiCovTal KATW omd To MIKpookoTo. KaBwg auth n pEéBodog moapapével To
KUPLOTEPO EPYOAEID KATNYOPLOTIOINONG ATOPWY QYVWOTOU TOUTOTNTAG O TOEQR, VEOTEPEG
pEBoSOL €TIKOVPOUV TN MHOPPOAOYIKN avayvwplon. Ta gpyodeio autd TepAapfdvouv
XPWUOOWUIKEG, LOOEVOUUOTIKEG, HOPLOKEG KOL (QUAOYEVETIKEG OVOAVCELG KOl TIPOTPATA
avoAVoELlG pacpatookoTiog palag. ‘OAa ta SaBsoipa epyodeio BonBnoav va epfabuivel n
YVWon otnv GUCTNHUOTIKA KOTAOTOON TWV OKVITIWY KOATOVOWVTOG TNV eVOOESIK Kal
SLoESIKN TIOKIANOTNTA TWV UTIOYEVWVY KOL TWV TIANBLGUWY TOUG.

1.2.2 Ouokvineg otnv EAAGSa

Jtnv EAAGSQ, N HEAETN TWV OKVITIWV WG ALTIOAOYLIKOG Ttapdyovtag Tou sand fly fever
Eekivnoe amd to vnot tng KpAtng to 1910. Ta oTpaTeVHATA KATOXNG KOl EMLOTACING TIOU
Katé@Bavav 0To vnol Tapousiacay EMMPOCOETA CUUTITWHATA KOG SEPUATIKAG VOGOV, TIOU
Twpa yvwpifovpe wg AA. To €idog P. papatasi, péow TEPOUATWY O €0EAOVTEG, PAVNKE VOl
glvatl ikavo va Slofipdoel TNV TOTE AYVWOTN AUTiA TIOU TIPOKOAOVOE VPNAO TIUPETO Kall
ke@oAoyieg (Birt, 1910). Mepikd xpovia apyotepa, To 1926, CUOXETIOTNKE N TIAPOVCIia TOV
P. papatasi kot Tov P. sergenti (arpepa P. similis) pe TEPLOTATIKA Agiopavioong otn meploxn
¢ Meoonviag (Ioannidis, 1926). To 1931, to P. perniciosus (onuepa P. tobbi), dvnke OTL
glval o amodedelypévog SafiBaoctrig Tou L infantum otn Meooyelo (Hindle 1931). Xtnv
EMaSa dpwg, to 1932, To 1810 €idog, S ouumeplpépeTal wg Slafipaotng. AvtiBeta, @Avnke
OTL To P. major (onuepa P. neglectus) pmopel va oupmeplpepBel koAvTEpa WG SaPLpaatng
TOU TIAPAGITOV KABWC, O TIEPAUATA TIOU €YV, TIEPLOCOTEPA ATONA oo auTO TO €(60C¢
ATav Suvatd va AdBouv Tapdotta amo Evav LOAVCUEVO OKUAO OE OXean [ TO P. perniciosus
(=tobbi) (Adler & Theodor 1932). To cuumépacpa outo, padl pe TIq SelypatoAnwieg mou
¢delav 6Tl TOo P. major (=neglectus) vmeptepel MANBUCUIOKA OTOV €AANVIKO XWpPO Tou P.
perniciosus (=tobbi), £deixve, ekeivn tnv emoxn, Tov Paoikd vmomto SwafiBaoct Tou L
infantum otnv EAAGSa.

Katd tn Stdipkeia tng Sekaetiog tov 1980, pe to TpoPAnpa NG A Kot Tng AA va gival
Waitepa peydho ota vnotd tou loviov, avagépBnkav SetypatoAnyieq yio okvimeg ota
vnola Képkupa, Keparovid kat ZakuvBo. MapdAAnAa, SstypatoAnyieg Eylvav Kal oTta vnoLd
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Tou Awyaiou: Avdpog Trvog, Ikapio kat ZApOG WA «oAucida» vnNolwV TIOU EVWVEL TNV
AvatoAy pe tnv evbéoxwpa 1Tng EAGSag amd onpeia Tng omolag €ywav  emiong
SewypatoAnyiec. To €idog P. major (=neglectus) kuplapxel okoAouBovpevo oamd Ta P.
perfiliewi ko P. tobbi (0Aa €i6n Tov uTtoyévoug Larroussius) e €i6n Tou yévoug Sergentomyia
va €xouv g€loou oxupn mapouaia (Pesson et al. 1984). H vPnAni mukvoTnTa TWVY EW8WY TOU
uTtoyévoug Larroussius (BA. TapokdTw) ota Iovia vnold kKatadelkvisl To TPOPANPA TG
OTIAQXVIKAG HOPYPNG TNG VOoOU Tov petadidouv evw n mapovcia tou P. sergenti (=similis)
odnyel o€ EIKAOLEG YLa TO POAO TOU OTNV eKSHAWON TNG SEPUATIKAG Aslopaviaonc.

Tédog, to 1986, n cuoTNUATIKA SElYUOTOANYIO YLt OKVITIEG KOL N KATOYPOA®r TOU
TIANBUOULOKOU SUVOULKOU TOUG O8AYNOoE Ot TPELG MHEAETEC OL OToleg ouvoyloav omod
LOTOPLKAG Kal ouyxpovng Amoyng TNV TAPOUsia OKVIMwY otov eAAasIkd xwpo. Etol, n
okvineg otnv EAAGSa katnyoplomoBnkav os dVo yévn, ta Phlebotomus (e 9 €idn) ko
Sergentomyia (pe 3 €idn). To yévog Phlebotomus meplapfdvel 4 vmoyévn. Autd sival to
Phlebotomus pe eva €id0og, to P. papatasi. To Paraphlebotomus pe Vo €idn, Ta P. alexandri kau
P. sergenti (=similis). To Larroussius pe tpla €idn, Ta P. major (=neglectus), P. perfiliewi ko P.
tobbi. TéAog, to Adlerius pe akdpa tpla €idn, Ta P. balcanicus, P. mascittii kou P. simici. To
yévog Sergentomyia meplAapfdvel tpla €idn, Ta S. dentata, S. minuta kau S. theodori. Mépa
amd tn AMota Twv 8wy, dnuoupynBnkav Kot KAEISEG ylar TN HEAETN TUXOV HOPPOAOYLIKWY
SLaPOPOTIONCEWV ATIO €L6N TNG EVPUTEPNG PECOYELOKNG Askavng (Leger et al. 1986a, 1986b,
19860).
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Mivakag 1: Eidn okvimwy Tou £xouv atxpoAwTiotel otnv EAMGSa tn mepiodo 1999 — 2016 (Ivovic et al. 2007, Xanthopoulou et al. 2011, Christodoulou et al. 2012, Ntais et al. 2013, 2014,
Kasap et al. 2015, Alten et al. 2016, Chaskopoulou et al. 2016, Dokianakis et al. 2016, 2018, Boutsini et al 2017, Tsirigotakis et al. 2018).
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1.2.3 Ot okvineg otn Kompo

Jto vnol tng Kumpou &e€nxOn, tn OSekoetia tou 1940, éva TPOYPOppA
KOTATIOAEUNGNG EVTOUWY HE OTOXO TNV €£dAewPn tng ghovooiog (Constantinou 1998). To
TIPOYPOUMD, OV KAl O OTOXEVE OKVITIEG, KATAPEPE VA ETNPEGOEL KOl OUTOUC TOUG
mANBuopovg Sumtépwy. To 1944, o Adler (1946) mpaypatomoinos SsiypatoAnyisg oe
SLAPopEG TEPLOXEG TOL VNOLOV Kol auypoAwTioe Tepimou 2000 dtopa okvimag. H peAétn
QUTH ATAV N HOVN SLOBECLUN OTNV ETILOTNUOVIKY KOWOTNTA £WE TA LETA TNG SEKAETIOG TOV
1980. Aéka €ibn BpeBnKav va KUKAOPOPOUV OTIC TiEpLoxEG SetypatoAnyiog. To eidog P.
papatasi Kuplopxovoe TOVIOU €XOVTAG TNV €VTOVOTEPN TOPOLCIa O OPOUO ATOUWV.
AvtiBeta, ta €idn P. perfiliewi (=galilaeus) kau P. larroussei (=mascittii) eixov eAdxlotn
mapovcia otn SetypatoAnyio tov Adler (amd éva dtopo kdBe €idog). Ta umtdAoma €idn
nTav to: P. perniciosus (=tobbi), P. sergenti, P. alexandri, P. fallax cypriotica (=S. fallax), P. azizi
(=S. dentata) ko P. parroti (=S. minuta).

Ta €tn 1971 ko 1980 &avagywvav SstypatoAnyieg oto vnot yx okvimeg. ‘Opwg Sev
dnpootevbnkav éwg to 1989 omoTE KOL OouuTEPLEANPONnoav otn Snpooievon plag
SewypatoAnyiog tou 1985 (Minter & Eitrem 1989). Ou &Vo mpwteg SetypatoAnyieg
aveépepav povo Ta €idn P. papatasi, P. sergenti, P. galilaeus kou S. minuta. To 1985
avedeixBnoav 0Aa ta €idn Tov eixe apoAwTtioet kat o Adler (1946) ektog Twv P. sergenti, P.
alexandri kow P. mascittii. Ot dsypotoAnyieg tng dekaetiog Tou 1940 éywoav oto Bopetlo
TUAMO TOU vnNoloU (UG TOUPKIKH KOTOXN ONHEPR) eVw Ol umdAolreg SelypatoAnyieg
TIPAYHUATOTIOINONKAV OTO VOTIOAVATOAIKO TUAMO TNG ONMeEPLVNG Anpokpatiog Tng Kimpou
KaBwg amayopsvdTav n MPOaPacn 0TO POPELO KATEXOUEVO KOUUATL TOU vNnotov. Mapoia
ouTE, N Kotaypon dwv okvimog Sedopévou OTL kKoAUTTETAL OAO TO vnoi, Bswpeital
oKPLPNG Kot v ToANolG TauTiCeTal pe Tt onpepvr). ‘OAeg oL peAéTeg ouvodsvovTay amo
KAeldeg TuTtoTtoiNGNG Yyl TNV KGALWN TWV HOPPOACYIKWY OLAUTEPOTHTWY TWV OKVITIWV
¢ Kumpou.
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Mivakag 2: Eidn okvimwy mou €xouv ayuoAwTlotel atn Kompo tn mepiodo 1993 — 2014 (Aransay et al 1999, Leger et al. 2000a,b, Depaquit et al. 2001,
Demir et al. 2010, Mazeris et al. 2010, Ergunay et al. 2014, Kasap et al. 2015, Alten et al. 2016, Dokianakis et al. 2016, 2018).

Mévog Phlebotomus Sergentomyia
YToyévogq Larroussius Phlebotomus Paraphlebotomus Transphlebotomus Adlerius Sergentomyia

Eidog tobbi galilaeus perfiliewi neglectus papatasi sergenti jacusieli alexandri | mascittii economidesi killicki | (Adlerius) sp. | minuta dentata fallax
Appdxwotog v v

N&pvoka v v

/\epgo’éc v v v v v v v v v v v
Nevkwoia v v v v v

Népoc v v v v v v v v v v v
Bdpeto TApo v v v v v v v v v v v v v
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1.24 Moplokeg peBodol Tumomoinong - TAUTOTOINONG OKVITTWY

1.2.4.1 Bloaywyn - lotopikd

H emikivduvotnta Twv eldwv okvimwy otn petadoon tng Asiopavioong odiynoe otnv
QVAYKN OKPLBOUE TAUTOTIOINONG TWVY EL8WVY TIOU KUKAOPOPOUV OE ML TIEPLOXNG LEAETNG TNG
vooou. H Tumomoinon Kol OTn CUVEXELA TOUTOTOINON TWV OKVITTWV YIVETAL OTWC
TIPOOVAPEPONKE, KUPIWG HEAETWVTOC HOPPOAOYLIKA KOl LOPPOUETPLKA XOPOKTNPLOTIKA TWV
oTOpWV. MopoAa aUTd, N LOPPOAOYLKN TIOIKIAOTNTA IOV £UPavi{ouv oL TANBuapol okvITtwv
(Killick — Kendrick 1999) odnynoav Tnv €MOTNUOVIKA KOWOTNTA VX ava{NTAOEL ETITIAEOV
epyoleia Tuttomoinong. H xprion Seiktwv DNA otn peAétn tng Ta&vopong Twy OKVITTWY
OTOTEAETE LA OO TLG TIPWTEG ETUSIWEELG TWV gpguvNTWY Tov Tiediov. H dekaetior Touv 1990,
omoTe Kal &ekivnoe n eupeia gpappoyrn g Sadkaoiag ™ cAvoldwTAG avtidpaong
ToAupepaaong (PCR — Polymerase chain reaction) (Mullis et al. 1986), ntav amoAvta
TIXPOYWYLKN OTLG EPEVVNTIKEG SNUOCLEVOELG TNG LOPLAKNAG ZUOTNUATIKAG OKVITIWVY. OL TIPWTEC
peAéTeg xpnotpomoinoav pdptupeg DNA (probes) yla tnv avixvevon twv avtiotoywv €do-
eldlkwv meEploxwv ota delypata mov g€gtacav (Adamson et al. 1991, Booth et al. 1991,
Maingon et al. 1993, Zeledon et al. 1993, Booth et al. 1996). To S€UTEPO KOPUATL TWV PHEAETWV
epdppoos Tt péBodo RAPD - PCR péow tng omoiag Atov Suvatd va ouykplOovv ta
TIOXPOYOUEVA TIPOTUTIO PETOED SEYPATWY Kol va €§axBoUv OUUTIEPACHATO OHOLOTNTOG
(Adamson et al. 1993, Dias et al. 1998). ‘Oco ot pEBodol ekouyxpovidovtav Kat n aAAnAovxlon
Tou DNA €ywve @OnvOTEPN, OL EPEVVNTIKEG OPASEG OTPAPNKAV OTN OTOXEVCN CUYKEKPLUEV WV
YOVISLOKWY TIEPLOXWVY Ol OToleq TOAAAMACLAloVTaV Kol ywotav n oAAnAoUxnon Toug.
Enertae amd TNV KATAMNAn  eme€epyaoioc  Tng  MAnpogopiag Tou  avTAouvTav
KOTAOKEVALOVTOV (PUAOYEVETIKA OEVTPA KOl HEAETOUVTAV Ol OUYYEVLKEG ((PUAOYEVETIKEG)
ox€0elg Twv umo Slepsvvnon Setypdtwv (Esseghir et al. 1997, Friedrich & Tantz 1997,
Depaquit et al. 1998).

‘OMNot oL SelKTEG TIOV XPNOLUOTIOLOVVTAL OTN HOPLOKE HEAETN TWV OKVITTIWVY £ival LOXUp&
gpyoleia ouv BonBouv va meplypa@ouv TTANBUCUOL PE EKENAEG ETILONULOAOYIKEG ETUTITWOELG
OTIG TIEPLOXEG MEAETNG Ol emMTWOoEl auTéG kaBopilovtal amd ToOV XOPOKTNPLOUO TOU
gldoug wg SaPiBaoth &evioth N OxL amod TNV UTMopEn TuXOV KPUTTIKWVY €0WV Kol TN
onpacial Toug, TNV TOUTOTIOINON AYVWOTWY BNnAUKWVYV aTOpWV N TNV TPOPAsYn -
povtehomoinon g e&dmAwong os véeg TepLoxEC — evdlautipata. H poplakn mpooéyylon
TWV £PWTNUATWY OUTWV TEIVEL TIAEOV VO CUVETIKOUPEL TN HOPQOAOYLKH HEAETN TWV
OKVITIWV Ylo OPKETOVG AOYOUG. APXIKG, N MOPQOAOYLKH avayvwplon — TUToToinan &ival
xpovofBopa kot SuokoAdtepn amd TNV avtiotolxn poplokh. H SuokoAia dsv éykeltal oTo
0TtoX0 NG Sadikaoiog (Ta&lvounon i QUAOYEVETIKA avAAUCH) OAAG OTO ETIUEPOVG TEXVIKA
BApata TnG K&Be pueBodov. Eva Paaikd eumodlo TNG CUGTNUATIKAG LOPPOAOYIKNAG aVAAUGNG
TIOMWVY TAEX TIOU EUTIEPLEXOUV HN LOLOITEPWE CUYYEVIKA €10n omd TIOAAEG SLOPOPETIKES
ToToBsoieg amaltovv Babiég TOAVETITIESEC YVWOELG TNG HEASTWHEVNG opadag. ‘Etol, povo
pepwkol Ta&VopuLoTEG eivarl SuvaTd VA TIPAYUATOTIO|C0UV pia TETola epyaoia. To emueipnua
oUTO, 08 CLUVSVOONO HE TNV TITWON TOU KOOTOUG TWV HOPLOKWY epYOAsiwv petd to 2000,
08NyNoaV TN HEAETN TWV OKVITIWY VO 0TPA@Pel OAO KOl TIEPLIGOTEPO OTA HOPLAKA £PYOAEID
XWPIG OUWG VA EYKATOAEITIEL TNV TIOAVTIUN TOEWOUNON TIOV TIPOGPEPOUV OL LOPPOAOYLIKOL
KOl HOPQOUETPLIKOL OelkTEG. TO TIAEOVEKTAMOTO TWV HOPLOKWY SEIKTWY Kol Twv HEBOSWV
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TIOU TIG MEAETOVV €lval Kupiwg n eviaia XprRon Toug os TIOAAY EPYQOTNPLN TIAYKOOUIWG KAl
TO Yeyovog OTL Sev amatteital fabd yvwaon yla TNV LTTOOLKOYEVELX TWV PAELOTOUWV.

TNV SLApKELD TNG XPNRONG HOPLOKWY HeBOSWY TUTIOTIOINGNG — AVAYVWPLONG OKVITTWV
EQAPUOTTNKOV Ol OVOAUCELG TPLWV OLKOYEVELWV HOPIWV: TPWTEIVEG OTWE TA Loogv{uua
OAAG KOl OAOKANPO TO TPWTEWUR (TIPWTEIVIKO TIPOPIA — BA. ke@. 4), edeppkol (cuticular)
vdpoyovavBpakeg kot aAAnAovxieq DNA. Yuykekpiéva oTnv avdAuon Twv CAANACUXLWY
DNA, mépav Ttwv peBodwv Tou Nén avagépbnkav mopamavw, XPNoomowr|dnkav ot
péBodol  RFLP  (Restriction Fragment Length Polymorphism) kot pikpoSopugpopot
(microsatellites) (Depaquit 2014).

1.2.4.2 DNA barcoding

To DNA barcoding (papdokwdikag) sivat pia wéBodog yia tn ypryopn Kot pe akpifela
TUTIOTtOINON KAl TowToToinon evog eidoug N yevikdtepa Ta&VOULKAG povadag. H peBodog
Baoiletar otnv avdyvwon (aAAnAouvxnon) &vog TpApatog yovwdiov oto DNA. H
ovykekplpevn Sadikaoia Spa g dVo G&oveg. O TPWTOG €ival N xpPAon TNG WG epyoisio
Slepevivnong (tumotoinaong) Tng PLOTOKINGTNTAG. AUTO onpaivel OTL eival Lkavr) Vo GUUPBAAEL
OTN MEAETN 0wV N TAEQ TIOU MEXPL EKEIVN TN OTLYPR ATOV AYVWOTO OTNV ETUOTNHOVIKA
kowotnta. O SeUTEPOCG €ival N XPAon TNG wg gpycAeio avayvwplong (tautomoinong) ylo
T Tou n TAnpoopia umdpxel Adn o Paoelg SeSopEvVwV TIOU EUTIEPLEXOUV TN
TAnpo@opia Twv barcodes.

Ta TexVik& PApato Tou amattovvtal yla TNy Xprion tou DNA barcoding eivan vo.
MpwTtov, n Ymapén pag PPAOAKNG Tou Ba Slabétel T barcodes yvwotwv eldwv pe
TIANpo@opieg Tumomoinong ylox k&Be €idog OTwg n oAAnAouvxioe DNA Tou Asttoupyei wg
barcode, n meploxr cuAAoyNG Tou SelypaTog, N ouaTNHATIKA B€on Tou €idoug, PwToypaPieg
MIKPOOKOTIOU KATL. Ag0Tepov, N avTimapafBoAr puag oAdndovxiog DNA barcode amd éva
AYVWOoTO Selypa EVaVTL TNG TIPoaVAPEPOUEVNG BBALOBNAKNG HE OTOXO TNV TaTOTIOINGN TOV.

H peAétn twv Hebert et al. (2003) €Beoe TIg PAoE Y& TN XPACON TOU TPWTOU
TUAMOTOC TOU yoviSiou TIou KWwSIKOTOLEL TNV UTIOHOVASa 1 NG KUTOXPWHLKAG o&elddang
(COI) wg DNA barcode ywx tnv Tumomoinon kat Toutomoinon ewdwv. OL gpeuvnTéqg
vntootApEav OTL N CUYKEKPLUEVN cAAnAovXior uTtopEl va KaTaTAEeL vEX (AYyVwoTa) TAEA 0TOV
KOTAAANAO QUAOYEVETIKO TOUG KAGSO. Emtiong €del&av oTL n aflomiotia tng peBodou eivar
TETOL WOTE OKOUO KOL OTEVA GUYYEVIKA (6N UTOPOUV var SlaXwpLloTouv oA Kol va
UTIOAOYLOTEL TO «KATWEAL» Sla- Kot EVOOELSIKNG TIOIKIAOTNTAG,.

1.2.4.3 DNA barcoding okvimtwv

Y10 meblo peAéTng Twv okvimwv n pEBodog DNA barcoding epoppodoTnke 0TN
neplypa@n véwv eldwv (Depaquit et al. 2009, Scarpassa & Alencar 2012) oAA& kot yla T
MEAETN PUAOYEVETIKWY OXETEWV PeTOEV eldwV (Azpurua et al. 2010). Emtiong, €xeL epappooTEl
otn SLEUKPIVION Kol YeVIKOTEPO SlEpetivnon HOPPOAOYIKWY OVWHOALWY  ETILKOUPWVTAG
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poppoAoyikeg Tieplypa@ég (Florin et al. 2010), 6Twg Kot o PEAETEG TIANBUVOULOKNG YEVETIKNG
os ev60sldIkO oAA& Kot Slasldikd sminedo (Florin et al. 2011, Boudabous et al. 2012). Ot
peAETEG TUTTOTIOINONG KO TOwToToNONG €lval apKETEG, OPWG SEV XPNOLUOTIOLOVVTAL EVITiEG
ouvOnkeg PCR kot mpwtokoAa eEaywyng DNA (Kumar et al. 2012, Scarpassa & Alencar 2013,
Gajapathy et al. 2013, Minter et al. 2013, Bounanous et al. 2014, Contreras Gutierrez et al.
2014). H meploxn barcoding tou COI xpNOIWOTIONONKE KOL Yl TNV YEVETIKA avAaAuon
Blovoulkwv WSloTATWY 08 epyaoTnpLlakeg amolkieq okvimwy (Seblova et al. 2013). To gupog
XPNONG TOU OUYKEKPLUEVOU YEVETIKOU TOTIOU (POIVETOL VO  ETEKTEIVETAL OUVEXWC
ETUTPETOVTOG VA amovTnOoUv OAO KOl VEX EPWTAMOTA YIX TNV TAEWOULKA OMASa Twv
OKVLTTWV.

1.2.5 EEEAIKTIKEG OXETELG OKVITIWV UE TO TIapAoLto Leishmania

To dimoAo okvina — Leishmania amoTelel €va LOVTEAO GUVEEEALENG YLl Ta €16n ekeiva
Tov eival Stofipaotég EevioTég Tou apaaitov. H pakpdxpovn eEEALKTIKNA OTOPI TOUG €XEL
odnynoeL o apopoleg yewypagikeg katavopgg (Killick — Kendrick, 1985). Ta meplocotepa
€idn Leishmania @aivetal va eival ieplocdTePo €elOIKEVPEVD e TOUC SLaPLBaoTEG EEVIOTEG
Toug TOPG pe Toug EEVIOTEC TtapaKkaTaBnkn toug. H yvwon mdvw oTo QaVOUEVO gival
okOpa eAmng (Ready 2000). Ou amodedetypevol 1 umomtol SoBpacTteg EEVIOTEG TNG
Leishmania og taykooplo minedo sival mepinov 166 £idn okvinoag. Xtov MaAad Kdapo, ta
49 amod autd Ta £idn (0Aa Tou yévoug Phlebotomus) epmAékovial w¢ StaPLBaoTtég EevioTég
evw 31 amd outd sival Ta €idn tar omoia amote AoV amodedetypévoug SlaPLBaoTtég EeViaTEG
Ba&on twv kplLTnpiwv Tou £xouv BeoTioTel Yl TNV PEAETN TETOWWV gpwTnRaTwyY (Akhoundi
et al. 2016).

H amodeién o1t éva €idog okvimog sivat Stafipaotng Eeviotig g Leishmania sival éva
OUPNEYOEVO Kol akOpo uTtd oulAtnon Ofua. Mevikg, TEVTE €lval T KPLTAPLX TIOU
oploBeTovyv éva €idog okvinag wg StaPiBaotnh eviotn (Killick — Kendrick et al. 1986, Maroli et
al. 2013). Apxlkd, TIPETEL VO KATAYPAPOVTAL TA €TONMIOAOYIKA Sedopeva TG TEPLOXNG
eVOLUTANATOG TNG OKvimag padl He TN SATPOPIKN CUUTIEPLPOPA WG TIPOG Tov TBavO
EevIoTH) TOPOKOATOONKN. XTN OUVEXELD, Elval amapaitnTn n Amouoévwaon TapaciTwy otV
TIPOUOOTIYWTN HOpYN omd Tn okvima kot omd Tov Tlavo &eviotr mopakoatadnkn. H
TANPNG VATITUEN TOU TIOPACITOU OTO TIEMTIKO CUOTNUX TNG OKVITIOG QPOTOU €val YEUUO
aipotog €xel petafoAlotel mpémel var eival emTUXAG. TEAOCG, N TEPOAUATIKA peETASO0N
Leishmania péow VAYHOTOC (TOWUTIAUOTOC) MOAUCHEVWY OKVITIWY O (WIKA HOVTEAQ, KAl N
ovtiBetn Stadikaoia (Eevodiayvwan) pe otdéxo va olokAnpwbel o kukAog {wng Tou
ToPAo{ToV. TO TIEUTITO KOl TEAELTAIO KPLTHPLO TIOV £XEL sl0aXOel Ta TeEAeuTaia Xpovia elvat o
XOPOKTNPLOUOG TOU OTEAEXOVG TNG Leishmania pe TToAMamAEg peBdSoug Tumtontoinang (DNA,
loosvuua) Kol oUT To oTolElor Tumomoinong va €ival TIOVOHMOLOTUTION HETAEV TOU
Safipaotn Kot Tou EEVIoTH TTAPAKXTAORKN.

OL peAéteg mou avoépouv Tmopoucia Leishmania DNA oe okvimeg eival TAéov
EKATOVTASEG KOBWG T HOPLOKA epyoAeia elval eVpEWG TIPOGRACIUO KAl OXETIKA (ONVA.
MopOAad UTE, OL AVAPOPEC AUTEG SeV Elval LKAVEG amtd HOVEG Toug va amodei§ouv OTL eva
€ido¢ okvinag dpa wg StaPiBaoctig Eeviotng. Ta oTolkela Touv Ba Tpémel va epguvnBouvv
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META amo aUTO TO €VPNUA Eival TIOAAATAG. EEGANOV, N oupfiwon okvimwy — Leishmania €xgl
Babiég PloxNULKEG TIPOEKTATELG. Y& UL HeEAéTN Twv Kamhawi et al. (2004) avogépBnke 6TL TO
L. major avayvwpilel £160e61koVG UTTOSOXELG OTO TEMTIKO oUoTNUA Tou &eviotr) Ttou P.
papatasi Kol TPooSEVETAL 0€ UTOVG. MNMapopoLeg eEESIKEVTELG KOL OTEVEG £EEALKTIKEG OXEDELG
@aiveTtal va €xouv kol ta P. duboscqi kol P. sergenti dAA& n MEAETN TAVW O OUTO TO
powopevo givat akopa ehAmig (Dostalova & Volf 2012).
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1.3 3KOTIOZ THX AIATPIBHX

To TPWTO EPWTNUA TIOU N TIOPOVOX SLATPLPA KOAEITAL VO OAVTAOEL £lval N LOPLOKN
TuTtoTIoiNON TWV €8WV OKVITTag Tou amoavtwvTal otnv KpAtn kot tnv Kompo kot n
Slepelivnon TWV (PUAOYEVETIKWY TOUG OXECEWV HEOW TNG TIAPAYWYNG EVOG (PUAOYEVETIKOU
Sévtpou Poaoiopévo ato yovidio tou DNA barcoding. Mo autdv 1o OKOTIO, HEAETABNKE éva
oUVOAO aTOpWVY TO oTmoio TepAapfave OAa Ta €idn okvimwy TOL apoAwTioTNKOY o€
SewypatoAnyieg Tpuwv €Twv ota dvo vnold. Eva onpeio oto omoio 80Onke Swaitepn
ONMOCIO ATOV VA CUUTIEPIANPOOVY OPCEVIKA OAG Kal BnAuK& ATopa OTn  HOPLaKN
Tuttomtoinon. Ta apoevIKA ATopa eival ouoLaOTIKE 0 08nNydG eTeldn PAan TN LOPPOAOYIKNAG
TOUG TUTIOTIOINONG TIPOKUTITEL O TIOLO €i60G avikel kK&Be dtopo. Ta BnAukd, Ta omola gival
OPKETA SUOKOAO VO avayvwpLloBoUV HOPEOAOYIKA CUUTIANPWVOUV TN HEAETN KOl TIAéOV
MEOW TNG OUYKEKPLUEVNG HEBOSOU MTTOPOUV KOl QUTA VA TOUTOTIOOUVTOL aLOTILOTO
SloAevKaivovToG OKOUA TIEPLOGOTEPO TN KATAVOUA TWV OKVITIWVY O€ [LOL TIEPLOXN.

Ta emopeva epwTAMATA TNG STPPNE NTav n Slepevvnon TG SuVaTOTNTOAG
ovamtuéng epyoieiwv mov va BonBouv otn ypriyopn Kot Y akpifela Tumomoinon kol otn
OUVEXELX TAUTOTIOINGN OKVITIWY O€ ULX TIEPLOXH MEAETNG. TO TIPWTO OKEAOG QTIOTEAOVCE TNV
gpappoyn tng peBodou PCR — RFLP €xovtag wg Paon tn HEALTN Twv edwv pe Tn pEBodo
Tou DNA barcoding. Xt6X0G Tou HOPLaKOU pyaAEiou TTou avamtuxBnke fTav va apoyBolv
TPOTUTIA TUTtOTIo(NONG Yyla Ta £i6Nn TOL LTtOoyévoug Larroussius TO omolo eumePLEXEL OAOUG
Toug Stafpaotég Eeviatég Tou L. Infantum, attioAoyikol apayovTa Tng XA,

O teleutaiog 0td)0¢ TNG SlatpPng Ntav va Seiel, ya Tpwtn Qopyd, TV £papuoyn
™¢ @oaopotookomiag pélag MALDI — TOF otnv tumomoinon kat Tov SlaXwplopo eldwv
okvimag (apoevikwy Kot OnAukwvy). Tal TIAEOVEKTAUOTA TNG WG AVOAUTIKO epyoieio sival n
guouoBnaoia Kol n eEeLSIKEVPEVN IKOVOTNTA TNG OF £PAPHUOYEG TUTIOTIOINONG ME EEAUPETIKA
TIOCOOTA EMAVOANYIUOTNTOG. ATIOTEAEL X TAXVTOTN KoL TTOAD olkovoutkr péBodo. MNa tov
oKOTIO aUTO, AVOAUBNKAV T TPWTEIVIKA TIPOPIA TEPLOCOTEPWY TWV Tplakooiwv (300)
OTOHWY £PYAOTNPLOKAG ATIOLKIOG IOV avinkouv o€ Tievte €idn okvimag Phlebotomus kaBwg
glvat SlafLpaoteg EevioTEG SLaOopPETIKWY €WV TOL Ttapaaditov Leishmania.
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KEDPAAAIO 2

MOPIAKH TYNOMOIHZH KAI ®YAOTENETIKEZ ZXEZEIZ
2KNINQN ANO TH KPHTH KAI TH KYIPO

2.1 EIZAIQrH

310 Ke@AAao NG Mevikng Eloaywyng eidape 6Tl n Tumomoinon — Tavtonoinon Twv
eldwv okvimag yivetal emi To TAsioTov pe PAON TIC HOPPOAOYLKEG TOUC OLOPOPEG, e
MIKPOOKOTILKEG HEBOSOoUG (Lewis 1982). Mépa Ao TN LOPPOAOYIKI) TUTIOTIOINCN TWV GKVITTWV
QVOTTUOOOVTOL Moplakég WéBoSoL TumoTmoinong HeE OTOXO TN Melwon Tou XPOvou
oVaYVWPLONG TwV I8WV cAAA Kat TNV av§non tng akpifelag tng tavtomnoinong (Depaquit
2014). Evtoutolg, Sev XpNOLHOTIOLEITOL Mo KO popLakr peBodog TumoTmoinong amod Toug
EPEVUVNTEC WOTE VA eYKATOAEPOel 1 v Tapapeivel OUUBOUVAEUTIK N HOPPOAOYIKA
turtomtoinon. MapdAANAQ, Ol PUAOYEVETIKEG OXEOELG METOEY TWV €0WV OKVITWY Sev eival
KOAG LEAETNUEVEG UE OTIOTEAETUA N LOPPOAOYLKH TUTIOTIOINON, ATO HOVN TNG, VO TIPOCPEPEL
M) TAnpoopia pe emakoAovBo tn S oyvwpia HETAED TWV EOIKWY OXETIKA HE TNV
Ta§LvOpUNGCn TIOAAWY ELSWV.

Mo mopadelypa, oto vnoyevog Paraphlebotomus cupmephapfovotav peTagy GAAWY
dvo €idn, ta P. chabaudi ko P. riouxi, vrtomttol StafBaoteg EevioTeg Tou Tapaaitou L. killicki
(MEAOG TOU OUpTAEypaTOG TNG L. tropica) otn Tuvnoia (Croset et al 1970, Depaquit et al.
1998). H ouotnpaTikr LeAETN KoL 0 pOAoG Toug w¢ SLaPLPaaTég EeVioTEG TOL TTaPaaTiTou, KAl
yla oo SU0 €ldn oKvITOG TIPOXWPOUOE KAl N EPEVVNTIKN KowoOTnTa Bewpovae OTL gival
OUUTIOTPIKA 0TO Mapdko kot otn voTwa Tuvnoia (Tabbabi et al 2011). ‘Opwg, Ta APOEVIKE
Slépepav POVO OTO OXNUO EVOC QVOTIOPOAYWYIKOU OPYAvVOU TOUG, evw Ta BnAukd ATtav
TPOKTIKA adloxwplota (Bounamous et al. 2008). Otoav otn PeAETN TwY SVO AUTWV ELOWV
okviTag TPooTEBNKAV Kol GAAOL YEVETIKOL TOTIOL TTou BorBnoav oTnV TEPALTEPW MEAETN TNG
YEVETIKNG TOUG OXE0NG Kal emava&loAoynOnkav Hop@oAoyLKOl XOPAKTHPES TUTIOTIOINGNG e
B&on Ta yeVIKOTEPA MOPQPOAOYIKA XOPOKTINPLOTIKA TOU UToyévoug Paraphlebotomus,
PAVNKE OTL TO P. riouxi eV elval 0UTE PUAOYEVETIKY, OUTE BLOAOYIKA EEXWPLOTO €id0g amd To
P. chabaudi (Tabbabi et al. 2014).

H mepimtwon edwv okvimag Twv omolwv T OnAuvkad eival advvato va
QVOYVWPLOTOVV OVAHPECSD O GAAO ATOPA TOU (810U PUAOU TIPOEKUWE O OTEVA GUYYEVIKA
€idn tov yévoug Lutzomyia. ‘Etal, Ta €idn L. longipalpis, L. cruzi kau L. gaminarai oto eminedo
Twv BnAukwv avayvwpilovtal Baon tng TEPLOXNG SEYHATOANYPIOG KOl PECW CUOXETIONG UE
QVOYVWPLOUEVO OPOEVIKA TIOU OUAAEXONnkav otnv Sl meploxn e autd (Galati, 2003).
E€autiog autwyv twv TpofAnuatwy, avamtuxOnke pla peBodoroyia n omoia otnpiletal ota
VEWHUETPLKA HOPPOUETPLIKA SESOUEVA TWV PTEPWY OO T OTEVA CUYYEVIKA €i6n w¢ péco
TUTIOINONG, KOL TO ATOTEASTpaTO eival evBappuvTikd (Giordani et al 2017). ‘Opwg, T PTEPX
TWV OKVIMIWV €ival EQPETIKA AETITETAETTA KOl €VuaioONTA Kol GUXVA XAvovTol KAt Tn
SLApKELa TNG ALXHOAWOTIAG TOU EVTOHOU OTIG SELYUOTOANYIEG.

35



Eivaw &ekdBapn Aomov n avAykn yla fo YPRyopn KAl KOwr Of £pYOAsin LOPLOKN
TUTIOTtOINON 0 CLUVSLAOUO PE TNV AVTIOTOLXN HOPPOAOYLKH YLOTL, XPNOLLOTIOWVTAG HOVO
HOPPOAOYIKOUG XOPOKTAPEG TUTIOTOINONG TOAVOV Vo KATOANEOUNE OF YEVIKEVOELG TIOU
0oényouv og AABOC CUUTEPAOUATA VIO TNV KATAVOMUR KoL TNV €MIKWVSLVOTNTA TWY EL5WV
Phlebotomus Ttou aMOVTWVTOL O A TIEPLOX . EMmpdoBeta, yia va KATaANEOUE O aTPOAR
OLUTIEPAOUATA OO0 APOPA TN CcVVTAEN HaG AloTOG €LOWY OKVITIAG TIOU EUTIEPLEXOVTAL OF
évav TTANBUVOUO, OL TOEVOUIKEG KAEIOEG TIPETIEL VO avavEWVOVTAL CUXVA. Ol TIEPLOCOTEPEG
oamd auTEG elval Gvw Twy 35 eTwv Kat ev avTamokpivovTal otny evO0ELSIKN PAVOTUTILKA
TIAQOTIKOTNTX OV KOl TIOPOUEVOUV TIOAU XPNOWIEG OTNV OPXLKN KATnyoplomoinon o€
MOPQPOTUTIKA €i6n. H HOP@POAOYIKN TUTOTIOINON OKVITIWV UTIOPEl VO UNV ETUTUXEL VX
Olelodvoel og BdBog oto SlaXWPLOPO LTOTANBUCUWY TIOU PEPOUV OTOLXEX YEVETIKNAG
amOKALONG Kol TO OTolor aKOpa &gV eK@PAlOVTOL WC PALVOTUTIKEG SLAPOPEG OTAV
oUYKplvovTal PE TOV «TATPIKO» TIANBLOUO. AUTOC O UNXOVIOUOG €L60YEVEONC WTTOPEL VO
ovadei&el kpumTika i8N oL glval dyvwota péxpt Twpa (Pinto et al 2015).

H poplokn tumotmoinon Sev amattel ta delypata va Pplokovtal 0 CUYKEKPLUEVO
oVamTUELOKO OTASLO 1 VO AVAKOUV GE OUYKEKPLUEVO PUAO (apoevikd/BnAukod), Bépata oy
ovTlpeTWT(oVTal 0Tn Hop@oAoyiky Tavtomoinon. H pebodoroyia tou DNA barcoding
dnpovpyndnke pe otdxo TNV avATTUEN MG Eviaiog TTayKOopLaG BBALOBAKNG aAAnAouxiwy
€VOG OUYKEKPLUEVOU TUNAMATOG TOU MITOXOVOPLOKOU Yovidiou Tou KwOIKOTIOEL TNV
untopovada 1 TnG KUTOXPWLIKAG 0&eldaang (COI). Ot aAAnAouxieg auTég TTPOEPXOVTAL OO
KGO &TOPO EXWPLOTA KAl QVTIMPOCWTIEVOUV Ta barcodes k&Be eidoug smitpémovtag oTiq
EPEVVNTIKEG OUASEG VA QVTIIAPAOETOVY TIC CAANAOUXIEG IOV €XOUV OTNV KATOXN TOUG ME
™V &v Aoyw PLBAOBNKN Kol PE oUTOV TOV TPOTIO Vo SLEPEVVOUV T CUCTNHOTIKA TOUG
epwtApata (Hebert et al. 2003).

310 medlo TNG MOPLAKAG ZUOTNMOTIKAG Twv okvimwy, To DNA barcoding (wg
oAnAovxnon tou COI) eival n Sevtepn mo SNUOPARG UEBOSOC HOPLOKNAG TUTIOTIoiNONG,
META TNV 0AANAOUXNON TUAMOTOC Tou yovidiou Tou KwOLKOTIOLEL TO KUTOXpwHa B (cytB).
Eldikotepa atov Néo Koopo, €xel xpnotpomolel ektevwg evw otov Modawd Koopo kepdilet
ovvéxela £dagog (Depaquit 2014). H peBodog BonBnoe va amokoAu@Bovv KpuTITIKE €i6n
Tou yévoug Sergentomyia otn XIpt Advka (Gajapathy et al. 2016) evw avayvwploe Ayvwota
OnAuk& dtopa eldwv Tou yévoug Lutzomyia otn Bpadia (Pinto et al 2015). tnv EAGSq,
TPOoPOTA, N HEBOSOC EPAPUOTTNKE YLt TNV KATAYPAPH TTANBUOUWY OKVITIOG OTN TIEPLOXN
™ng Oeaoaovikng (Chaskopoulou et al. 2016).

H mapovoa evotnta mapouatadel TNV spappoyn tng dtadikaciag Tou DNA barcoding
ylal TN HOPLAKK TUTIOTIOINON KoL aVEAUG TWV (PUAOYEVETIKWY OXECEWVY OKTW ELOWV OKVITIOG
Tov apoAwtiotnkav otn KpAtn kot tn Kompo. Ot QUAOYEVETIKEG OXETELG TWV EWOWV
mepNOUPAVOLY Kot QAN €16n OKVITIOG TIOU KUKAOQOPOUV OTN HECOYELOKN AgKAvN
ovTAWVTAG To barcodes amo tn Bdon dedopeévwy. H dnpooicvon twv oAAnAouxiwv mou
mpoékuPav amod TG avoAloelg tng SoTplPric Ba PonbBriosl 0TOV EUTAOUTIONO TNG
BLBA0OrKkNG Tou TepAapPavel Ta barcodes OAWV TwWV PEXPL TWPA YWWOTWV ELOWV TKVITIOG,
Mg kat n péBodog DNA barcoding eival mo ypriyopn Kot okplprig o€ oxéon Me TNV
HMOPQPOAOYIKN) TUTIOTIOiNON, €ival IKavh va emikoupel autn T Tapadootakn Sadikaoia
TUTIOTIOINONG  KATW OO TO HIKPOOKOTILO OUTWG WOTE VA €MAVEL T Op@ionpa
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amoteAéopata. Mg auTOV Tov TPOTO, TBAVA AXON 1N AUEBOAIEG Yl TN CUOTNUOTIKN
KOTAoTaon €WV okvinag Ba EeMepacTOVV Kol OAX Ta ATOMO Ba KATAYPOAPOUV Kol
KotnyoplomolnBouv ota avtioTo o TEEX TOUG.

2.2 YAIKA KAI MEOOAQI

2.2.1 Ykvimeg

OuL okvineg mou avayvwpiotnkav Bdost t™¢ peBodouv  DNA  barcoding
QUXMOAWTIOTNKOV KOTA TN SIAPKELX TOV EPEVVNTIKOU Tipoypdppatog tng EE EDENEXT (FP7-
261504) pe ™ xpnon mayidwv ewtdg (light traps) koau mayidwv €AENG kaoTopeAatov (sticky
traps) (Alten et al. 2015, 2016) (Eikova 11). Xto vnol tng Kprtng ot teploxeg detypatoAnwiog
ntav 1o ®odeAe (35° 22" 57" B, 24° 57' 30" A) kou n Ayla PoupeAn (35° 14' 0" B, 23° 58' 0" A).
310 vnoi tng Kumpou n meploxn dstypatoAnyiog ntav n Xtevn (34° 59' 54" B, 32° 28" 17" A)
ko o TéptL (35°6' 2" B, 33° 25" 10" A). H pop@oAoyLKr TOUG avayvwplon €yve Pe TN XPnon
KAeldag (Lewis 1982, Kasap et al. 2015) HEAETWVTOG TO KEPAAL KOL TA YEVWNTIKA Opyava TOU
KG&Oe aTOUOV, amo ToV SISAKTOPLIKO POLTNTA TOu gpyactnpiov MapaottoAoyiag Tng Iatpikng
IxoAng Kpntng, NwikoAoo Toplywtdkn. Ta LTOAOMA CWHOTIKX MEPN TOU €VTOHOUL
amoBnkevBnKkav ge aBavOAn HEXPL TN XPHON TOUG YL TN MOPLOKH avAAUON TNG TIApoVoag
SlaTPLPNG. ZUVOAIKE, €TAEXONKaV Tuxaia 62 OKVITIEG, APOEVIKOU Kal BnAukol @UAov, TIou
QVTITIPOCWTIEVOLV OKTW €8N, TIEVTE UTIOYEVN Kol SUO yevn TIPOEPXOMEVEG amto T KprAtn Kot
™ Kompo (Mivakag 3).
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Ewova 11: Mayida pwTog (emdvw) kot Ttayideg EAENG KAOTOPEAALOU (KATW)
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Mivakag 3: Alota okvimwy Tov avoAudnkav pe tn péBodo DNA barcoding. A: apoeviko, ©:

OnNAUKO.
, , , , Téroc , AmtotéAeopa oAyopiBuouv
Mévog Ymoyévog Eidocg dvAo , Kwdikdg BLAST
AL LOAWTLOG
(E value)
1 Phlebotomus Larroussius tobbi A Xtevn, Kompog 146 P. tobbi (0.0)
2 Phlebotomus Larroussius tobbi A Y1evn, KUmpog 147 P. tobbi (0.0)
3 Phlebotomus Larroussius tobbi A Xtevn, Kompog 148 P. tobbi (0.0)
4 Phlebotomus Larroussius tobbi A Y1evn, KUmpog 149 P. tobbi (0.0)
5 Phlebotomus Larroussius tobbi A Xtevn, Kompog 150 P. tobbi (0.0)
6 Phlebotomus Larroussius tobbi A Y1evn, KUmpog 151 P. tobbi (0.0)
7 Phlebotomus Larroussius tobbi A Xtevn, Kompog 213 P. tobbi (0.0)
8 Phlebotomus Larroussius tobbi A 2tevn, Kompog 182 P. tobbi (0.0)
9 Phlebotomus Larroussius tobbi ] Xtevn, Kompog 152 P. tobbi (0.0)
10 | Phlebotomus Larroussius tobbi © 2tevn, Kompog 156 P. tobbi (0.0)
11 | Phlebotomus Larroussius tobbi ] Xtevn, Kompog 160 P. tobbi (0.0)
12 | Phlebotomus Larroussius tobbi © 2tevn, Kompog 161 P. tobbi (0.0)
13 | Phlebotomus Larroussius tobbi ] Xtevn, Kompog 162 P. tobbi (0.0)
14 | Phlebotomus Larroussius tobbi © 2tevn, Kompog 100 P. tobbi (0.0)
15 | Phlebotomus Larroussius perfiliewi A Y1ev, Kumpog 158 P. perfiliewi (0.0)
16 | Phlebotomus Larroussius perfiliewi A Y1evn), KUTpog 159 P. perfiliewi (0.0)
17 | Phlebotomus Larroussius perfiliewi C] Y1ev, Kumpog 153 P. perfiliewi (0.0)
18 | Phlebotomus Larroussius perfiliewi ] Y1evn), KUTpog 154 P. perfiliewi (0.0)
19 | Phlebotomus Larroussius perfiliewi C] Y1ev, Kumpog 155 P. perfiliewi (0.0)
20 | Phlebotomus Larroussius perfiliewi ] Y1evn), KUTpog 163 P. perfiliewi (0.0)
21 | Phlebotomus Larroussius neglectus A DodeAeg, Kprtn 234 P. syriacus (0.0)*
22 | Phlebotomus Larroussius neglectus A A. PoupéAn, Kpitn 235 P. syriacus (0.0)*
23 | Phlebotomus Larroussius neglectus A A. PoupéAn, Kpitn 236 P. syriacus (0.0)*
24 | Phlebotomus Larroussius neglectus ] Podele, Kptn 190 P. syriacus (0.0)*
25 | Phlebotomus Larroussius neglectus C] DodeAe, Kprtn 224 P. syriacus (0.0)*
26 | Phlebotomus Larroussius neglectus ] Podele, Kptn 176 P. syriacus (0.0)*
27 | Phlebotomus Larroussius neglectus C] DodeAe, Kprtn 177 P. syriacus (0.0)*
28 | Phlebotomus Larroussius neglectus ] Podele, Kptn 226 P. syriacus (0.0)*
29 | Phlebotomus Larroussius neglectus C] DodeAe, Kprtn 227 P. syriacus (0.0)*
30 | Phlebotomus Larroussius neglectus ] Podele, Kptn 233 P. syriacus (0.0)*
31 | Phlebotomus Larroussius neglectus C] DodeAe, Kprtn 193 P. syriacus (0.0)*
32 | Phlebotomus Transphlebotomus killicki © 2tevn, Kompog 090 P. killicki (0.0)
33 | Phlebotomus Transphlebotomus killicki A 21evn, KUmpog 091 P. killicki (0.0)
34 | Phlebotomus Phlebotomus papatasi C] Z1evy, Kumpog 189 P. papatasi (0.0)
35 | Phlebotomus Phlebotomus papatasi C] Mépl, Kompog 002 P. papatasi (0.0)
36 | Phlebotomus Phlebotomus papatasi A MepL, Kompog 001 P. papatasi (0.0)
37 | Phlebotomus Phlebotomus papatasi A Ttevn, Kumpog 143 P. papatasi (0.0)
38 | Phlebotomus Phlebotomus papatasi A Z1evy, Kumpog 144 P. papatasi (0.0)
39 | Phlebotomus Phlebotomus papatasi C] DoSeleg, Kprtn 243 P. papatasi (0.0)
40 | Phlebotomus Phlebotomus papatasi C] DodeAeg, KpAtn 191 P. papatasi (0.0)
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41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62

Phlebotomus Phlebotomus papatasi ] ®odele, KpAtn 111
Phlebotomus Phlebotomus papatasi o Dobehe, Kpntn 112
Phlebotomus Phlebotomus papatasi A ®odele, Kpntn 109
Phlebotomus Phlebotomus papatasi A Dobehe, Kpntn 110
Phlebotomus Paraphlebotomus similis ] ®odeAe, Kptn 117
Phlebotomus Paraphlebotomus similis o Dobehe, Kpntn 118
Phlebotomus Paraphlebotomus similis ] ®odeAe, Kptn 010
Phlebotomus Paraphlebotomus similis o Dobehe, Kpntn 198
Phlebotomus Paraphlebotomus similis A ®odeAe, Kptn 009
Phlebotomus Paraphlebotomus similis A Dobehe, Kpntn 244
Sergentomyia Sergentomyia minuta C] DodeAe, KpAtn 174
Sergentomyia Sergentomyia minuta C] I1evn, Kmpog 216
Sergentomyia Sergentomyia minuta A Ytevn), Kompog 165
Sergentomyia Sergentomyia minuta A T1evn, Kumpog 131
Sergentomyia Sergentomyia minuta A Y1ev, Kumpog 130
Sergentomyia Sergentomyia minuta A 21evn), KUTpog 164
Sergentomyia Sergentomyia dentata C] Y1ev, Kumpog 185
Sergentomyia Sergentomyia dentata C] 21evn, KUmpog 083
Sergentomyia Sergentomyia dentata C] Y1ev, Kumpog 082
Sergentomyia Sergentomyia dentata A 21evn, KUmpog 085
Sergentomyia Sergentomyia dentata A Y1ev, Kumpog 184
Sergentomyia Sergentomyia dentata A 21evn), KUTpog 086

P. papatasi (0.0)
P. papatasi (0.0)
P. papatasi (0.0)
P. papatasi (0.0)
P. sergenti (0.0)*
P. sergenti (0.0)*
P. sergenti (0.0)*
P. sergenti (0.0)*
P. sergenti (0.0)*
P. sergenti (0.0)*
P. sergenti (0.0)*
S. minuta (0.0)
S. minuta (0.0)
S. minuta (0.0)
S. minuta (0.0)
S. minuta (0.0)
S. dentata (0.0)
S. dentata (0.0)
S. dentata (0.0)
S. dentata (0.0)
S. dentata (0.0)
S. dentata (0.0)

* Mpwtn oupPoAn otn Paaon SeSOUEVWV TNG TIAPOVCAG HEAETNG

2.2.2 MoplakEG avoAVCELG

To oAkkd yevwpikd DNA (gDNA) amopovwOnke pe Tn xprion tou gumopikou KIT
QIAGEN QIAamp DNA micro guppwva pe TG 0dnyieg Tou kataokevaoth (Mapaptnua). To
barcoding koppdtt TOU yovidiov COI moAAamAaoidotnke pe tn HéBodo 1tng PCR
XPNOWOTIoOWwvVTaG Toug €kkvntég LCO1490/HCO2198 kot peTd TOV KABAPOHO Twv
mpolovtwy (Mapdptnua), N aAAnAovxnon toug £ywve otn CEMIA (Mavemiotpio Osoooiag).
H moldtnta TwV amoTEAEOUATWY TNG CAANAOUXNONG €YWVE OTITIKA EVW N TOUTOTNTX TOUG
eENEYXONKke péow TOU  OAyoplOpov  BLAST (blast.ncbi.nlm.nih.gov/Blast.cgi) petd TNV
ene€epyaoia Toug pe To Aoylopikd CodonCode Aligner™.

H emeepyaoio Twv amoteAsopdtwy TePLEAdUPave éva oeT SedSopévwy Tou Tiepleixe
OUVOAIK& 108 aAAnAouyieg COL Ot aAAnAouxieg autég epA\apufdvouy Tn TAnpoopia Tou
TIPOEKVE ATIO TN TtapoVaa evOTNTA OAAG Kot Snuooteupeveg oAlnAovyieq COI amd t Bdon
dedopévwv GenBank (ncbi.nlm.nih.gov/genbank) (Mapdptnua). ‘OAeg ot aAAnAovyxieg DNA
METATPATINKOV O AUWVOEIKEG OAANAOVXIEG XPNOLUOTIOLWVTOG TO AOYLOUIKO MEGA 6 (Tamura
et al 2013) kat Sev mopatnpABOnkav KwOIKOVIX ARENG. XTN OUVEXEWR £€yWE OTOlXlON
TIOAMOTIAWY  OAANAOUXLWY XPNOLOTIOWWVTOG Tov oAyoplBpo CLUSTALW (Thompson et al.
1994) péow Tou Aoylopikol MEGA.
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2.2.3 QUAOYEVETIKEG AVOAVOELG

OL UAOYEVETIKEG AVOAVOELG EEKIVNOOV XPNOLUOTIOWWVTAG TO AOYLOMLIKO PartitionFinder
(PF) (Lanfear et al 2012) ywa va evtoTiioTtel To KATAANAO TAaiolo SlaxwpLlopov (partitioning
scheme) (unpartition rj codon partition) kot To pPOVTEAO VOUKAEOTIOIKAG UTIOKATAGTAGCNG TIOV
Taiplale katdAAnAa ota Sedopéva pog To PF «étpege» Svo popég epappodloviag Ta
MOVTEAQ TNG HOPLOKNG €EEAENG TTOL ATav SlaBéopa ota Aoylopika MrBayes (Ronquist et al
2012)  RAXML (Stamatakis 2014) xpnolpomolwvTtag &mANoTo (greedy) eUpeTIKO aAyOopLOO,
OUVOEOPEVEG ATTOOTACEL KAGSWY O0TOUG UTIOAOYLOMOUG TWV TIBAVOTATWY Kol To Bayesian
Information Criterion (BIC). Tat povtéAa Ttou mepteAddufavav ta G kot I dev eAjpBnooav urtdwn
(Yang 2006). Ot QUAOYEVETIKEG OVOAVCEL TIPOYUATOTIOONKAV XPNOLLOTIOWWVTOS TIG
peBodoug tng Mmeblavng Tupmepaopatoloyiag (ML) (Bayesian inference, BI) kot Méyiotng
MBavotntag (MIM) (Maximum likelihood, ML).

H MX xpnowionoui@nke oto Aoylopikd MrBayes v.3.2.6 yia téooepa «Tpegipato» Kat
€€l «aAuoideg avalAtnong» (chains) avd «Tpé€§lpo» yla 10’ YEVIEG amoBnkevovTog Eva
5¢v8po KABe ekaTooTh yevid. To amotédeopa ftav 10° Sévtpa. Emione, epappootnkav
OPKETEG SlayvwaTikeg avorvoselg MCMC (Markov Chain Monte Carlo) yia va eAeyxOet €év n
Sladlkaoion €@Tacs 0 KATAOTOON OTABepOTNTAG Kol OUYKAONG. To mpwto 25% Ttwv
Sévtpwv (mepiodog «burn-in») amoppipOnkav wg éva petpo detypatoAnyiog amd v un
emBUPUNTA TIEPLOXH KATOAVOMAG TwV SévTpwv wate va amo@suxBel n mbavétnta va
OLUTIEPANPBOUY Tuxaiar aKATGAANAQ SEvTpa. Eval OUYKEVIPWTIKO «pTel{loavd Sevtpo»
UTIOAOYIOTNKE ATO TNV €K TWV VOTEPWV KaTawvopn (posterior distribution) Twv dévtpwy, kot
Ol €K TWV VOTEPWV TBaVOTNTEG (posterior probabilities) umoAoyioTnkav wW¢ TO TTOCOGTO TWV
SElYHATWY Tou avamapeotnoav omolovonmote kAado (Huelsenbeck and Ronquist 2001)
OTIoV OL TIBAVOTNTEG AVW TOL 95% BewpnBOnKav EVOELIKTIKEG GNUAVTIKAG UTIOCTHPLENG.

Ot avoAvoelg tng MM Sie€nxOnoav pe to Aoylopikd RAXML v.8.1.21 xpnoyLoTolwvTog
Tov aAyoplBpo RAXMLGUI v.1.5 (Silvestro and Michalak 2012) untd 1o povtédo €€€AEng ov
EMAEXONKe amod TOo PF, OMOU Ol TOPAUETPOL UTIOAOYIOTNKAV OveEAPTNTA Yyl KA&Be
Sloxwplopod (partition). To BéATioto Sévtpo MI emréxOnke amod 500 smavoAfPelg kot n
EUTLOTOOLVN TWV KAGSWV Tou KoAUTeEpo Sevipou MMM ofloroyriBnke Bdon twv 1000
bootstrap smavoAnpewv.

2.3 ATIOTEAEEMATA

2.3.1 Moplakn TUTIOTIoiNON — T TOTIOINCN OKVITIWV

H peBodog DNA barcoding xpnotgomotfnke yla tTnv Tumomoinon 62 atopwy OKVITIag
(34 BnAuka, 28 aposvikd) amod Tig detypatoAnyieg og Kpntn kat Kimpo (Mivakag 3). Ta €idn
P. papatasi kot S. minuta Ppédnkav kat ot VO vnold. ATG To GUVOAO TWV OTOPWY, Ta 14
nTav P. tobbi (Kbmpog), Ta 6 Ntav P. perfiliewi (Kdmpoc), ta 11 ntav P. neglectus (KpAtn), Tar 2
ntav P. killicki (Kbmpoc), Ta 11 Atav P. papatasi (5 amtd t Kumpo kat 6 artd t Kpntn), to 6
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ntav P. similis (Kptn), Ta 6 Atav S. minuta (1 and tn Kpntn kat 5 and tn Kimpo) kat ta
tedevtaia 6 Atav S. dentata oamd tn Kumpo. Katd tn Sidpkela NG HOPPOAOYLIKAG TOUG
tavtomoinong, &ev mapoatnpnOnke evdoeldik TAACTIKOTNTA. AUTO onuaivel OTL oL
MOPPOAOYIKOI/LOPPOUETPLIKOL XOPAKTPEG TIOU €EETAOTNKAV SeV ElXQV QATIOKALON MO TLG
KAE(SEG TUTTOTTOINONG TIOV XPNOLUOTIONONKAY OTN TIOPOVOA UEAETN.

Ot oAAnAovyieg COI Tou mapAxBnoav amd Ta MOPATAVW ATON AVTITOPATEONKAVY
kot avalnTRBnkav évavtt Tng Paong Sedopévwy GenBank kot pe T Xprion Tou aAyoplBpou
BLAST, mou eumepiéxetal o€ authy, emPBeBatwbnke n TAUTOTNTX TOUG (AvayvwpioTnkav)
omov owTod Atav duvato. Ot odnAouyieg Twv P. neglectus kat P. similis Sev Atav Suvatov va
ovTlotolxnBovv pe Snuoacteupéveg Slwv eldwv kaBwg dev umnpxav otnv v Adyw Pdon
Sedopévwy. Ta AMOTEALOUOTA TNG avTIAPABeong yla auTtd Ta Svo €8N Tou eAnPBnoav
ATav cAAnAouxieg Twv dwv P. syriacus ko P. sergenti avtiotolxa. Aedopévou OTL Ta SUo
ouTa €(6n gival oTeVA CUYYEVIKA pe TA €i6N IOV ALXHOAWTIOTNKAV ATIO TN TIAPOVCA PEAETN
Kot AApPAavovTog umtoyn Tn QUAOYEVETIKN avAaAuan (BA. TApAKATW) N avayvwplon Twv dvo
eldWwV KplveTal EMITUXNAG.

2.3.2 Av&Auon QUAOYEVETIKWY OXEOEWV — MEVETIKEG ATTOOTAOELG

To ot Sedopévwv TNG PUAOYEVETIKAG avaAuong Tiepleixe 636 (evyn Pdoswv Twv
oMniovxiwy COL Amd oautég oL 245 Atav mowopopeg (variable) kot ot 217
TANpo@oplakég  (parsimony informative) wg mpog Tto KkprtAplo NG @edoAwtntag. O
UTIOAOYLOMOG TWV ava {EUyN YEVETIKWY aTOOTACEWV £8€lEe OTL kupaivovTal amno 0 £wg 25%.
Meta tnv opadomoinon Twv mapaxBevtwy cAANAouxlwv avd €idog (Mivakag 4), Ta ATopa
TOU Yévoug Phlebotomus gixov HEON YEVETIKA QMOCTOON TIOU KUPOWOTOV omd 5.7% £wg
21.5% evw ekelva Tov yévoug Sergentomyia gixov pikpotepn amootoon (13.3% ¢wg 16.8%). H
VPNAOTEPN €vOO-€I8IKA WEDN YEVETIKN amOoToon (evOOEIOIKO «KATWPA» - intraspecies
delimitation) pe Bdon ta dedopéva Tng PeAETNG, Ty 3%. AUTH N TTAPATNPOVUEVN ATOCTACN
TIPOEKVPE PETOEY TWV OTOUWVY Tov €idoug S. minuta. AvtiBeta, n avtiotolxn XoUnAOTEPN
Ola-eldikn omoéotaon (Slaeldlkd «kaTtw@A - interspecies delimitation) ntav 6%. To
OTOTEAETUA AUTO EVTOTIOTNKE PETOEY TV 8wV P. neglectus kau P. syriacus. Ot aAAnAouyieg
TWV atopwv tou €idoug P. papatasi mov Bpednkoav otn Kpntn eixav 1% péon yeveTikn
andéotaon ond ouTd tng Kumpou. O avtioTolxog UToAOYIONOG yia TIG dAAnAouxieg Tou
gidoug S. minuta amd tnv EAGSa ko tn Kumpo Rtav 4%. Eldikdtepa yia T aAAnAouyieg Tou
€idoug S. minuta VTIOAOYIOTNKE KAL N HEDSN YEVETIKA ATOCTAON HETAEY TWV CAANAOUXLWY TWV
atopwv TG KpRtng kat tg NrelpwTikig EAMGSag ko Bpébnke 3.3%. TéAog, n evdoeldikn
MEon YeVETIKN amdotaon Tou €idoug S. minuta ot KAOEPI amO TIG TPELG YEWYPOPLKEG
evoTnTeg HEAETNG (KpnTn, KUmpog, nrelpwtikn EAAGSa) utoAoyioTnke OTL eivat Atyotepo amo
1%.

H avdivon pe to Aoylopikd PF umootipiée to Slaxwplopd (partitioning) tou oet
Sedopévwy OTIG TPELG BETELG TWV KWEIKOVIWY. Tal HOVTEAX OVTIKATAOTOGNG VOUKAEOTISOIWV
ATav, ylx To pev MrBayes, To SYM+I yia to pwTo kwdikdvio, To HKY+I yia to Seltepo Kkal
T0 GTR+G yla T0 TPiTo evw yta To RAXML ftav 1o GTR+G yla dAa Ta KwdLkovia.
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Mivakag 4: MeVETIKEG ATIOOTACELG TWV ELOWV TIOU PEAETAONKOV PETA TNV opadoToinon Twv

avTioTolXWwVv cAANAoUXLWY. H Slaywviog, e EVTovn Ypo@r, QVTITPOCWTIEVEL TIG eVOOEISIKEG

YEVETIKEG amooTdoelg (MovTtého Tamura — Nei, 1993). H ykpt oKl UTTOSEIKVUEL T OPLODEVTA

CKOUTWPALO.
1 2 3 4 5 6 7 8 9 10 11
1 P.papatasi 1%
2 P.similis 18% 2%
3 S.dentata 20% 20% 2%
4  P.tobbi 14% 19% 18% 1%
5  S.minuta 18% 20% 17% 18% | 3%
6  Pperfiliewi 14% 21% 17% 8% 16% 2%
7 P.neglectus 16% 21% 21% 14% 18% 13% 0%
8  P.killicki 12% 16% 18% 13% 16% 12% 16% 1%
9 P.syriacus 12% 18% 20% 13% 17% 11% 6%  13% 0%
10 P.sergenti  15% 12% 18% 12% 18% 16% 16% 16% 15% 0%
11  S.fallax 17% 19% 13% 14% 17% 18% 16% 18% 16% 16% 1%

H avdAvon twv MM kot MX (-InL = 4340.76 kaw —InL = 4352.85 avtiotolxa) odrynoe o¢

TIOPOMOLEG TOTIOAOYIEG Yl TG OAANAOUXiEC TIou avoAvuBnkav. Aaupavovtag unoyn tnv

avaAuon tou MrBayes, ta Stayvwaotikd MCMC oUykAong, SnAadn n péon tutikry amdkAlon

Slaxwplopol ouvxvotTwv (split frequencies), Ta ypo@NUOTO TNG YEVIAG €VaVTL TOU

AoyopiBuou mBavotntag Twyv dedopsvwy, To péco Potential Scale Reduction Factor kat n

eAGXLOTN T Twv eAdxloTwy Estimated Sample Sizes £del&av OTL dev UTpXAV OTOLXEIX N

oVYKALONG (non-convergence) VTToSEIKVVOVTOC 0TABEPOTNTA OTO XPOVO.

To pmedllavo @uAOYeVeTIKO Sevtpo @aivetal otnv Ewkdva 12. ‘OAa ta €dn mou

avoAVONnkav (SetypatoAnyiag kot Snuootevpeva) Slaxwpiotnkav PETAEU TOUG KATEXOVTOG

TO KaBéva évav kKAGdo. Emtiong, Staxwpiotnkav kavomoinTikd ta SUo yévn Phlebotomus kot

Sergentomyia kaBwg KOl TA TIEVTE VTIOYEVN TNG MEAETNG, Ta Phlebotomus, Paraphlebotomus,

Transphlebotomus kou Sergentomyia.
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KX826018 P. tobbi Cyprus

KX826019 P. tobbi Cyprus

KX826021 P. tobbi Cyprus

KX826022 P. tobbi Cyprus

KX826023 P. tobbi Cyprus

KX826034 P. tobbi Cyprus

KX826035 P. tobbi Cyprus

KX826036 P. tobbi Cyprus

KX826037 P. tobbi Cyprus

KX826038 P. tobbi Cyprus

KX826043 P. tobbi Cyprus

KX826044 P. tobbi Cyprus
0.9/63 KX826025 P. tobbi Cyprus

KX826041 P. tobbi Cyprus

KT634317 P. tobbi Greece

KU519502 P. tobbi Greece

KU519503 P. tobbi Greece

KF483675 P. tobbi Israel
KX826020 P. perfiliew Cyprus
KX826024 P. perfiliewi Cyprus
KX826026 P. perfiliewi Cyprus
KX826027 P. perfiliewi Cyprus
KX826039 P. perfiliewi Cyprus
KX826040 P. perfiliewi Cyprus
KU519508 P. perfiliewi Greece
KUS19507 P. perfiliewi Greece
KU519506 P. perfiliewi Greece
KU519505 P. perfiliewi Greece
KU519504 P. perfiliewi Greece
KJ481176 P. perfiliewi Algeria
KJ481175 P. perfiliewi Algeria
KJ481081 P. perfiliewi Algeria
KJ481080 P. perfiliewi Algeria

KX826028 P. neglectus Crete
KX826029 P. neglectus Crete

1/89

071146

KX826030 P. neglectus Crete

KX826031 P. neglectus Crete
199 KX826032 P. neglectus Crete

KX826033 P. neglectus Crete
0.97145 KX826042 P. neglectus Crete
199 KX826045 P. neglectus Crete
KX826046 P. neglectus Crete
KX826047 P. neglectus Crete
KX826048 P. neglectus Crete

KF483674 P. syriacus Israel

11100

090 P. killicki Cyprus
KR336633 P. killicki Crete
KR36632 P. killicki Crete
1/98 KR336623 P. killicki Turkey
091 P. killicki Cyprus.
I» KR336631 P. killicki Turkey
KR336629 P. killicki Turkey

{{ 001 P. papatasi Cyprus

189 P. papatasi Cyprus
112 P. papatasi Crete
{ 143 P. papatasi Cyprus
144 P. papatasi Cyprus
002 P. papatasi Cyprus
178 ‘t 243 P. papatasi Crete

110 P. papatasi Crete
111 P. papatasi Crete
199 109 P. papatasi Crete
- 191P. i Crete
+ KR349298 P. papatasi
Ir KF483666 P. papatasi Israel

KR020561 P. papatasi Ethiopia
 JN172077 P. papatasi India

JN172080 P. papatasi India
 JN172082 P. papatasi India
L JUN172084 P. papatasi India
009 P. similis Crete
010 P. similis Crete
117 P. similis Crete
244 P similis Crete

1793

1/98 198 P. similis Crete

17100 118 P. similis Crete
Sfp—a 1100 [ KJ481075 P. sergenti Algeria
I KJ481074 P sergenti Algeria
KJ481073 P. sergenti Algeria

083 S. dentata Cyprus
085 S. dentata Cyprus
184 S. dentata Cyprus
082 S. dentata Cyprus
185 S. dentata Cyprus

086 S. dentata Cyprus

09583 KU519509 S. dentata Greece
KJ481104 S. fallax Algeria

I{ KJ481100 S. fallax Aigeria

lkJ481098 S. fallax Algeria

130 S. minuta Cyprus

216 S_ minuta Cyprus

KP828545 S. minuta Cyprus

KP828544 S. minuta Cyprus

164 S. minuta Cyprus

131 S. minuta Cyprus

165 S. minuta Cyprus

KP828572 S. minuta Greece
KP828571 S. minuta Greece
KP828570 S. minuta Greece
KP828569 S. minuta Greece
KU519510 S. minuta Greece

174 S. minuta Crete
KX826049 S. minuta Crete
KP828547 S. minuta Crete
KP828546 S. minuta Crete
KP828549 S. minuta Crete
KP828548 S. minuta Crete

1/100

0.61/64

199

11 —— HQT724615 C. pipiens

Ewova 12: Mellovo SEVTPO (PUAOYEVETIKWY OXECEWVY OKVITTIWVY ATO TN TIAPOVCO UEAETN
(umoothpEn KAGdwv BI/ML). To outgroup €idog sivat To Culex pipiens. Ta €idn avtiotoLyouvv
otn Alota tou Mivaka 3 kat Tou MapapTARATOG evw CouVodevovTAL omd TO accession
number Tou GenBank 1} Tov povadiko Kwdkd TNG TAPOVOOG HEAETNC,.
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24 XYZHTH2ZH

2.4.1 Phlebotomus papatasi, Scopoli 1786

To ¢€idog Phlebotomus (Phlebotomus) papatasi sivar o SwafiBactng &eviotng tou
napacitov Leishmania major ou Tipokoel AA og TTOAEG XWwpPEG TNG APPLKAG Kat TG Aciag
(Maroli et al. 2013). H mapovuoia tou gival emiBePalwpévn TOTIKA 0 OAOKANPN TN VOTIX
Eupwmn oAA& Sev UTIAPXOUV HEAETEG Yl TN evEeXOMeVn Spdion Tou wq SafiBaotr &eviot
otnv EAAGSa (Ready 2010) por ko Ta TPWKTIKA-EEVIOTEG TapakataOikn (Rhombomys
opimus) Tov Leishmania major gv amovVTWVTAL OTIG TIEPLOXEC OTEG. Aedopévou OTL To £idog
P. papatasi sivan eykaBidpupévo otn Kpntn kat atnv evdoxwpa tng EAM&Sag (Christodoulou
et al. 2012, Ivovic et al. 2007, Ntais et al. 2014, Depaquit et al. 2010, Xanthopoulou et al. 2011),
oMG& kot otn Kompo (Mazeris et al 2010, Ergunay et al 2014), n mAnBuoulokr TOU
KoTaypo@n Oa TPETEL VO GUVEXLOTEL yla val SLEVKPLVIOTEL EGV €lval LKOWVO VOl GUUHETEXEL OTOV
ETUSNULOAOYIKO KUKAO TOV L. major otn TePIMTWOon Tov €L0oXB0UV HOAUGUEVD TPWKTLKA TIOU
€VOEXOUEVWG B ATTOTEAECOUV TOUG EEVIOTEG TTIOPOAKATAONKN.

21N apoVaa HEAETN, Ta ATOPA Tou P. papatasi Sioxwplotnkav oAU KoAa (Etkova 12)
and MG opadeg ldWV Kal KaTataxOnkov padi pe atopa Tou idlov gidoug amo AGAAEG
TEPLOXEC TNG Méong AvatoAng tng A@pikAg kat tng Ivdiog. Autd umodelkviel TNV TIOAV
MLIKPH YEVETIKN TIOKIAOTNTA TOU €60UG AUTOV, TIOPA TNV EKTETAUEVN YEWYPAPLIKH KATAVOUNA
Tou. [MoAaudTeEpPEG MEAETEG €XOUV Oceiéel TO TAPOTAVW OTOTEAEOUA OTOXEVOVTIOQG TO
prtoxovdplako yovidio cytB (Esseghir et al 1997) aAA& kat TO GUVSUACOUO €VOG TTUPNVIKOY
TOTIOV KAl VoG pLtoxovdplakol yovidiov (ITS2 ko ND4 avtiotowxa) (Depaquit et al. 2008).
Eivaul aloonpeiwto 611 otn peAétn twv Depaquit et al (2008) ta dropa P. papatasi anoé tn
KpAtn kot tn Kimpo katédofov EeXwpLloTtd QUAOYEVETIKO KAASO HETA amd avaiuon 22
TANBUOUWY TOV eVTOUOU KaTayopevol amd 16 xwpet. MNMapdAANAQ, Ta GUYKEKPLUEVA ATOUO
€KElVNG TNG MEAETNG €PEPAV TIOVOHOLOTUTIOUG OMAOTUTIOUE, SnAadr potpdlovtav tnv Sl
oAnAovxiot Twv SVO UTIO PEAETN YeveTIKwY TOTIwWY oto DNA Ttoug. Ta dedopéva autd
UTTOSEIKVUOUV TIOAD GUYYEVIKN YEVETLKI OXEON TWV TTANBUOUWY aTtd AUTA TA VNOLA TIOPA& TN
YEWYPOPLKN) ATTOCTACN TOUG N OTIO ATOKAElEL yoviSlakr pon HETA&) Twv ATOUWY TOUG.
Jtnv mopovoa peAéTn, Svo dtopa P. papatasi (kwdikol 002 [Kumpoc] kot 191 [Kprntnl)
E€pepav Tov (Slo amAOTUTIO. AUTO TO OTOTEAEOMUQ, O OUVOUOOUO HE TNV MECN YEVETLKN
andéotaon 1% Twv KPNTIKWY EVOVTL TWV KUTIPLOKWY OTOMWY Tou €i00ug, KATW amod To
EVOOELBIKO  «KATWPAL» TOU 3%, TPOCOELTEL TEPATEPW OTOLXEIX Y@ TN OTAPLEN TOou
OUYKEKPLLEVOL CUUTIEPATUATOC,

310 eminedo NG LOPPOAOYLIKNG TauTOoToINONG, Ta Atopa P. papatasi amd tn KpARtn kat
N KUTpo Topouciaoav OOLOYEVELX OTO XOXPOAKTNPLOTIKA TOUG KAL QUTO EVIOXVEL TIEPALTEPW
TO OUPTEPOOUO OTL TBoVOTATA &gV amoTEAOUV Eexwplotd TAEA. XTn (PUAOYEVETIKN
ovAAUON TWV OXE0EWV HETOEY TWV €OWV TIoU PEAETABNKAV oTn Tapovoa PeAETn (Elkova
12) ta dtopa tou €idoug P. papatasi KaTEAAPoV Evav KoL HOVO KAGSO TOU (PUAOYEVETIKOU
SévTpou MapPOAO TIOU TIPOEPXOVTAL OTIO SLOPOPETIKEG YEWYPOAPIKEG TIEPLOXEG EEAUPETIKA
OTOPOAKPUOHEVEG PeTAEL TOouG (Ivdia, ABloTtia, IopanA). H apouasion KpuTTikwy 1 adeA@wv
eldwv dev €xel akoua peAetnOel o TMANBuouoUg P. papatasi. Me Pdon TO TAPOV OE€T
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Sedopévwv Kal TAP& TOV EVTOVO YEWYPOPLIKA SlaXWPLOHO Twv TANBuouwv Ttou, &gv
TIXPATNPOVVTOL KPUTITIKA TAEA. ‘OUwe, N avBAVon TEPLOCOTEPWV YEVETIKWY TOTIWV, KAl N
OUVOUOIOTIKA UEAETN TOUG MUTOPEL var amavTIAoel ge Tétolou €idoug epwthpata. H eviaia
YEVETIKN TOUTOTNTA 0 OAO TO (PACHO TNG YEWYPOPIKNG TOU KATAVOUNG Kablotd to P.
papatasi €€ioou eTMIKIVOUVO 0g OAEC OUTEG TIC TIEPLOXEC WG Safipaotn &evioth tng L. major.
To oupmépaopa auTo vTtootnpideTal amd To yeyovog TNG LOXUPHE OUVEEIAIKTIKAG LoTopiag
Twv &Vo opyaviopwv (Killick-Kendrick 1985, Kamhawi et al. 2004) ouvemikoupoUpevn amo
évtova pawvopeva cupmnatpiog Stafipaotn Eeviotn kat tapaoitov (Rafizadeh et al. 2016).

2.4.2 Phlebotomus similis, Perfiliev 1963

To €idog Phlebotomus (Paraphlebotomus) similis sivar to adeA@o €ibog Tou P.
(Paraphlebotomus) sergenti koaw tou P. (Paraphlebotomus) jacusieli (Depaquit et al. 2000). Ta
€idn autd eival MOAU TBavO va €xouv Tapopola dSuvatotTnTa Spdong w¢ SaPBaoTéq
&eviotég tou Leishmania (Killick-Kendrick, 1990, Depaquit et al. 2002, Ready 2010). To P.
sergenti amoteAel Tov kUplo Safipaotr) &eviot Tou L. tropica 1o omoio mpokoAel AA
(Depaquit et al. 2002, Volf et al. 2002, Ajaoud et al. 2013). Aedopévwv auTwv, KAl Of
ouvduaopd e TO yeyovodg TnG mapovaiog tou P. similis os gotieq AN og OAn TNV EAAGSa
(Ntais et al. 2013), TuoteveTan OTL TO P. similis eivat o Safpaatng &eviotng tng L. tropica os
auTAV TN Tteploxn (Antoniou et al. 2013).

310 MopeABOV oL SetypatoAnyieg otnv EAAGSa avépepav podvo Tn Tapouaio Tou P.
sergenti atn xwpa (PA. Keg 1). To oupmepaoua quTO EPOLALE, YO TNV ETTOXT, AOYLIKO LG KO
Ta epLoTatika AA otn Kpitn kat ta lovia vnowd ntav og €é€apon. Opwe, o€ pot PHEAETN TOUG
ot Depaquit et al. (2002) avaBswpwvTag Ta pEXPL €kelvn TN XPovikh Tiepiodo Sedopéva,
€deléov OTL OL TIPONYOUpEVEG avaopég oe P. sergenti otnv EAGSa avapépovial otn
TpaypaTikdTNTa o€ P. similis, BacllOpevoL O HOPLOKO SEOOUEVA TOU YEVETIKOU TOTIOU ITS2.
H peAétn exeivn katéAn&e oOtL ta Svo €idn elvar aMomdtpla kat Ssv  @aivetal va
OUVUTIAPXOUV TIOUBeVA ekTOG TNG Toupkiag OTOU OUWG KOL EKEL EXOUV COPN YEWYPAPLKA
opla petagy toug. H mapavonon petadl Twv SU0 AUTWV, OTEVA OUYYEVIKE, €WV gival
onpepa katovont KaBwg (e8I ot BNAVKA) 0 SlaXWPLOPOG HETOEY Tou P. sergenti Kol
Tou P. similis TIPOYPATOTIOLEITOL OUYKPIVOVTAG LOPPOUETPLKA XOPAKTNPLOTIKA (UAKN) TOU
@apuyya k&Be atopou (Lewis 1982). Onwe Opwg ival katavonto, ol KAsideg yw n
OUOTNUOTIKA TOUTOTIOINGN €XOUV OLUVTOXOEl PE YVWHOVA TUTIOTIOLNHEVA ATOMO KoL [N
AapPavovtag umoyn TUXOV HOPQPOMETPLKN TAXOTIKOTNTA TOTIUKWY TAnBuopwv. ‘Etoy,
oupumepAapupavovTag Ta poplakd Ssdopéva Tou AapuBdvovTal TAéoV amd TO ATOUN TWV
SetypatoAnPwv SnULoVPYEITaL PO TIEPLOTOTEPO OAOKANPWHEVN EIKOVA YLO TN GUOTNUATIKA
KOTAotaon Twv TANBUOHWY OUENEYOUEVNG TOUTOTNTAG Ol PEAETEG TIOU QVAPEPOULV
SetypatoAnyieg okvimwy amd to 2002 kot Emerte, Sev avo@EPOuV Tn Topousio Tou P.
sergenti (Ivovic et al. 2007, Xanthopoulou et al 2011, Christodoulou et al. 2012 Ntais et al.
2013, 2014, Chaskopoulou et al. 2016, Dokianakis et al. 2016, Boutsini et al. 2017).

Ot aAAnAouyieg COI tou €idoug P. similis PEAETWVTAL YLO TIPWTN POPA KAL ATIOTEAOUV
TO TMPWTO PrApa ywx TN TapakoAovBnon tou eidoug péow DNA barcoding. H mapovoa
MEAETN, avoAVovTog TIG oAAnAouxieg COI tou P. similis umtoAOyloe TN MECN YEVETIKA
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andoTaon Toug 0To 12% évavTl ekeivng Tou P. sergenti (poéAevong AAyepiag) To omolo,
enedneival avw Tou SLAEBIKOU «KATWPALOU», Soxwpilel exdBapa ta dvo tééa. To
uTtoyévog Paraphlebotomus €xet peAetnOel Paon Tou TUPNVIKOU YeVETIKOU TOTOU ITS2
(Depaquit et al. 2000) ko n Béon tou P. similis (Gtopo amd TNV EAMGSQ) 0TO PUAOYEVETIKO
SEVTPO TOU UTIOYEVOUG CUMQPUWVEL E QUTH TIOU N TIAPOVOA HEAETN TtaPOoVaLaleL otnVv Elkdva
12.

2.4.3 Phlebotomus killicki, Dvorak, Votypka, Volf 2015

To €idog Phlebotomus (Transphlebotomus) killicki Bp€Onke KoL TIEPLYPAPNKE TIPOTPATA
w¢ MéAog Tou umoyévoug Transphlebotomus otnv Kpntn kot tv Toupkio. Madi pe outd
TEPLYPAPNKE Kol To €60¢ P. (Transphlebotomus) anatolicus (Kasap et al. 2015). Xto &0
UTIOYEVOG QVAKOUWV Ta P. economidesi ka P. mascittii Ta omola €xouv Ppebei kaw otn Kumpo
(Leger et al. 2000a, Mazeris et al 2010). To TeAsuTaio MEAOG TOU UTIOYEVOUG
Transphlebotomus, to P. canaaniticus, Siofiel otn Méon AvatoAn (Sawalha et al. 2003). H
TIOPOUOA HEAETN QVAPEPEL YL TIPWTN POPA Tn Tapoucia tou P. killicki otn Kimpo kau
Seixvel 6Tl mBavoTata sival ouumndTplo pe ta €idn P. economidesi kal P. mascittii. Xtn
(PUAOYEVETLKN aVAAUON TWV OXECEWV TWV EWOWV TOU UTIOYEVOUG, Ta &topa P. killicki tng
Kompou dev Slaxwpifovtal amod ekeiva tng Toupkiag i tng Kpntne.

To P. mascittii €xeL €uplTATN YEWYPAPIKH KaTavoun, amd tn leppoavia kat Tnv
Avotpia (Melaun et al. 2014, Obwaller et al. 2016) £wg t™ Kpntn (Ivovic et al. 2007,
Christodoulou et al. 2012). Mpdogata, 0 POAOG Tou P. mascittii GTov eTUSNUOAOYLIKO KUKAO
tou L. infantum epguvriBnke otnv Auotpia (Obwaller et al. 2016). Ot epsuvnTéG avépepav OTL
éva amo ta dwdeka BnAukd Tou éAeyEav épepav DNA tou moapacitou. MoapdAAnAa, otnv
TIEPLOXN EVTOTIOTNKE KAl éva autoxBovo kpovaua KA egattiog tou iSlov eidoug Leishmania.
H unoBeon epyaoiog Twv gpsuvnTwy ATAv OTL TO TOPAGCLTO UETASOONKE amo TNV (emiong
@épovoa Leishmania DNA) untépa TOu OKUAOU KATA TNV KUnon (ouyyevig petadoon -
vertical transmission). H pntépa {ovoe ektog AvoTtpiag kot TIOavOTOTA HOAVVONKE ekel amd
TO TAPAOLTO. TO GNUAVTIKO TNV uTtoBean autr eival 6Tt n okvina tou €idovg P. mascittii
NTav Kavh va AGPeL yeupa aipatog amod tov v Adyw HOAUGHEVO OKUAO. MapdAAnAa, to P.
mascittii €xeL Ppebel poAvopevo pe Leishmania kol otny Itohia (Zanet et al. 2014).

To umoyévog Transphlebotomus eival otevd ouyyevikd pe Ta uttoyevn Adlerius kot
Larroussius (Depaquit et al. 2005). EldikOtep, TO LTIOYEVOG Larroussius €UTIEPLEXEL TOUG
KUpLlovg SlofipaoTég Eevioteg Tov L. infantum otn pecoyelokn Aekdvn (Alten et al. 2016) (BA.
Ke®. 3). ETol, Adyw auTAG TNG QUAOYEVETIKNG OXE0NG KAl AOYw TOU YEYOVOTOG OTL OKVITIEG
TOu umoyevoug Transphlebotomus evtomifovtal ouxvotepa amd OTL ouvnBLloTaY HEXPL
TWPO, Ol PEAETEC YLo ToV TIIBOVO TOug poAo wg StafiBaoteg Eeviotég ouveyiCovtal (Obwaller
et al. 2016).
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2.4.4 Sergentomyia minuta, Rondani 1843 & S. dentata, Sinton 1933

H peAétn tou DNA barcoding meptédafe kot €dn tou yévoug Sergentomyia Kol
eldkotepa Ta €idn S. minuta kot S. dentata. Autd ta €6n €xouv Ppebel oe SelypatoAnPieg
oTtnV NElpWTkA EAAGSQ, TNV Kpntn aAA& kat tnv Kutpo (Leger et al. 1993, Ivovic et al. 2007,
Mazeris et al. 2010, Xanthopoulou et al. 2011, Ntais et al. 2013, 2014, Ergunay et al. 2014). To
S. minuta €xgL EAPETIKA APPAEYOHEVN TOEOVOULKN KATAOTAON KAL LA LSLaiTEPN EVOOELSIKN
TolKNOTNTa (Depaquit et al. 2015). AUTA T XOPOKTNPLOTIKA £XOUV TIPOEKTACEL, OTNV
a&loAdynon tou wg TilBavog SlofLBaotnic §evioTrg Tov apaacitou Leishmania.

‘OM\a Tt ATOpOL TOU Yévoug Sergentomyia oto omola poapuootnke n HEBodog DNA
barcoding, katnyoplomoOnKav QUAOYEVETIKA avd Yévog, €l60G Kol  YEWypO@LKA
TIPOEAEVON, OTIWG OKPLBWG Kat e TtponyoLpeveg peAeteg (Chaskopoulou et al. 2016, Maia et
al. 2015). EldkéTepa, 0 KAGSOC TNG S. minuta (Eikkova 12) xwplleTal TEPATEPW TE TPELG UTIO-
KAGSOLG avBAoya e TNV yewypa@Lkn TipogAsuon (KUmpog, nrelpwtikn EAAGSa, Kprtn), kaTt
1oV Seixvel OTL ol TANBuouol auTol eival PKETA KOAX SLoXWPLOUEVOL YEVETLKE, BAON aUTWV
OMOTEAEOUATWY. Ol HOPPOAOYLKEG TIAPATNPNOELG HETOEY TWV atdpwyv amod tnv KpAtn kot
v Kompo Sev £dei&av Stapopec. Ol HECEC YEVETIKEG ATIOOTACEL, METOEY TWV TPV UTIO-
KAGSWV, EeTtepVAEL TO 3% evw OL EVE0-KAASIKEG ATIOGTATELG £ival AlydTepo Tou 1%. Me Bdon
T Sedopéva autd, ol TAnBuopol awTtoy Tou €idoug Selxvouv Vol ATMOPOVWVOVTAL KAl T
OTMOTEAEOUATO  TOU  UTIOAOYLOMOU TWV  YEVETIKWY QTOOTACEWV €VIOXVEL OUTO TO
OUUTIEPATHOL.

H po amd tig SVo peBodou atXpoAwoldg OKVITIWY TNG TIHPOVoOG HEAETNG ATAV Ol
iayideg €AENG kaoTopeAatou (sticky traps) ol omoieg TomoBeTABNKaV KLpiwG o€ TEXVNTOUG
TIETPLVOUG OXNUATIOROVUG o€ Tipavn (Eilkova 13) pog Kot ol OKviTieG Bplokouv KaTa@UyLlo o
tétolovg oxnuotiopovg (Killick — Kendrick, 1999). Xe ovutég okplpwg TG 6Ofoelg
QLXMOAWTIOTNKE N CUVTIPIMTIKA TAcOYNn@ia Twv S, minuta. OL oxnuotiopol oautol
TIPOOPEPOLY  LOAVIKO eVOL{TNMA Yot oaUpeg Kot Ao epmieTd. To yevog Sergentomyia
EUTIEPLEXEL €LON TIOU TPEPOVTOL amd €PTETA (Yeupata aipatog) kat StafiBalouvv mapdoita
Tou yévoug Sauroleishmania, ta omoila Tapaoitovv ota v Adyw gpmeta (Killick — Kendrick,
1990). Evw Aowmdv oL oKviTte UTEG TIPOCTATEVOVTOL AVAUETO OTLG TIETPEG Kot SeSopévou
OTL €lvVal EVTOPO PE HETPLA LKAVOTNTA TITHONG KAl SLAoTtopAg, ol TTAnBuopol Toug Teivouv va
TIXPOPUEVOUVY O eyyVTNTA pe TIG TiNyeg atpatog (Killick — Kendrick, 1999). Edv AngBouv oAx
QUTA UTIOYN, cupTiepaiveTal OTL ol TTAnBuouol S. minuta, TIOPAUEVOVTOC OTA EVOLAULTAUATA
oUTE, TBVWE VA EPEaviCouV aVaTIPaywWYLKR XTIOPOVWON HE TOXVTEPOVS PuBUoLG (Bdon
Tou yeveTikoV tomou COI) og ox€on pe Ta GAAA €8N TIOU PEAETAEL N TTapovoa SlaTpLpry. Me
QUTOV TOV TPOTIO, SNULOVPYEITOL N EKTEVEDTEPN €VOOELSIK TIOIKIAOTNTA TIOU TIOPOThPEiTAL
070 0T TWV dedopévwy (Mvakag 4, Eikova 12).
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Ewova 13: Mayideg éAENG kaoTopéAaiov EvavTl Béoswv TBavVwWY eVvOLATNUATWY

Sergentomyia minuta

To DNA barcoding £&¢i&e OtL T0 S. minuta pmopel va gumepléxel KpUMTIKE Ta&a. Ot
TEPALTEPW SELYUATOANYIEG amd €MIMPOCOETEG TEPLOXEG KA 1 ETILKOUPLKN HEAETN TNG
HOPPOAOYIOG KOl TIOAATIAWY YEVETIKWY TOTIWV Ba TTAPEXEL TIEPLOCOTEPEG TIANPOPOPIES YL
oUTO TO ONUOVTIKO Bépa. H eakpifwon Tng CUOTNUATIKAG KOTAOTOON Tou €idoug aTig
€otieq Agiopaviaong sival eEXPETIKA ONUAVTIK KABwWG OAO KOl TIEPLOCOTEPEC MEAETEC
Setxvouv tnv mapovoia Leishmania os okvimeg Tou yévoug Sergentomyia (Berdjane-Brouk et
al. 2012, Campino et al. 2013, Nzelu et al. 2014, Jaouadi et al. 2015). BéBaia, n Tmapousio Kot
povo DNA tou mapoacitou o€ 1oTd evog Selypatog Sev amotelel tkavr amodeln yx 1o otl
elvat éva eidog okvinag Stafpaotng EevioTng Tou ouykekplpévou Tapaacitou (Seblova et al.
2014). Mpooeata, Lo LEAETN Ao TN ZeVveydAn avapépel OTL Ta €i6n Sergentomyia dubia kau
S. schwetzi sivat ot Sofipaotéq Eeviotég Tou L infantum otn mepLloxr MEAETNG ME €0TiEC
Aglopavioong Tou oKUAOU. ZNPELWVETAL OTL OTN CUYKEKPLUEVN TIEPLOXN TO €6N TOU YEvoug
Phlebotomus eival amévta rj TTOAU kPN TANBUOHIOKAG TTUKVOTNTAG (Senghor et al. 2016)
EVW N EPEVVNTIKN OPASA OKOAOUONOE TA KPLTAPLA HEAETNG — OPLOUOU VoG €idoug okviTag
wc StaPiBaotn Eeviotn (Ready 2013).

JUNTIEPOOUOTIKG, 000 TEPLooOTEPEG oAAnAovxieg DNA (barcodes) mpootiBevtal otn
Baon Sedopévwy, n Sadikacia TawTOTOINONG KOl KATNYOPLOTIOINONG ATOUWY OKVITIOG Of
Ta&a B ylveTal EUKOAOTEPD KOL UE PEYOAUTEPN aKpiBela. OL okviTeg elval TTOAD CNUOVTIKEG
oTNV €MIONUOAOYLKY cAuaida Tou Tapacitov Leishmania KoL €TOL N YEWYPOPLKA KOATAVON
Kot n BavotnTta n SuvatoTNTa SpAcng Tou KABe £idoug we SLPLPAOTEG EEVIOTEG TIPETEL VO
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a&loroyeital €1¢ féBog. To DNA barcoding BonBaet mpog aut T katevBuvaon BéTovTtag Ta
BepéAla yla Tn katavonon TG ZUOTNHATIKAG TOUG.
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KEDPAAAIO 3

TYNOMOIHZH ZKNIMNQN ME TH MEOOAO PCR-RFLP

3.1 EIZATQrH

To TponyoUpEVO KEPAAQLO TG TIapovoag SLTPLPRC avaépBnke otnv oaAAnAovxnaon
MEPOUG TOU Yyovidiou TnG KuToxpwHikng o&sddong 1 (COI barcoding) pe okomd va
QVOYVWPLOTOLV £16Nn okvimwy amo tnv Kpntn kat tnv Kompo. Méoa ato o€t SeSopévwy Tou
TPOEKUPOV OmoO TN MHEAETN UTIAPXEL €va UTIOYEVOG OKVIMIWY, TO Larroussius, Tou
mepAapuPavel €idn ta omoia eivat amodedetypévol SaPipaatéq Eeviotég tng L. infantum, Ttou
mipokoAel ZA (Killick-Kendrick, 1990, Maroli et al 2013). Na mapdadsypa, ta €i8n Phlebotomus
ariasi (Rioux et al. 1979), P. neglectus (Leger et al 1988) ko P. perniciosus (Bettini et al. 1986)
OUMMETEXOUV OTnNV  emdnoAoyk) oAvoida tng XIA. Emiong Tto P. tobbi eivar évog
Slafipaotng &evioTig Tou apaacitou Tou Tipokael AA otn Toupkia (Svobodova et al 2009),
A kot AN otnv Kumpo (Leger et al 2000b, Antoniou et al., 2008, 2009, Mazeris et al. 2010). To
€ldog P. tobbi ¢xeL amodelxBel 0TI pmopei va umootnpi&el TNV avamtuén vBpLdiwv Leishmania
(Seblova et al. 2015), k&tL To omoio uTodelkvueL OTL gival tkavd va ailel pdAo SaPipaotn
EevioTr) Ko yla GAAa €i8n Leishmania. O poAog tou P. tobbi 0Tov eSNULIOAOYLKO KUKAO TNG L.
donovani, £va veéo-laeABev Ttapdaotto otnv Kimpo, dev €xel akOpa anoca@nviotel (Antoniou
et al. 2008,2009,2013, Mazeris et al. 2010).

Ta teAsuTaia 16 xpOvia UTIAPXEL O TACON VO GUVOUALETOL N HOPLOKN ZUCTNUOTIKY ME
TNV KAQOLKA ZUOTNUATIKA OTO TOMEQ TNG TUTIOTIOINONG KOl TOWUTOTIOINONG TWV OKVITTWVY
(Depaquit 2014). Itn mepimtwon Twv €WV Larroussius, To HOPLOKA epyodeior €xouv
BonBnost oAU emeldn, av Kal Ta APOEVIKG avayvwpilovtal ukoAa o€ Ttolo €i80¢ avnkouv
XPNOHOTIOWWVTOG HOPPOAOYLIKA EPYOAEi, Ta BnAukd gival oxedov aduvato, 8IKA PeTag
Twv P. tobbi kau P. perfiliewi (Absavaran et al.,, 2009, Depaquit et al., 2013). H emudnpioAoykn
ETUKLVOUVOTNTA TWV ELSWV IOV TIEPIAARPAVEL TO UTIOYEVOG Larroussius oAAG Kall oL SUOKOA(EG
TIoU ep@avi(ovTal 0Tn HOPYOAOYLKA TOug TowToTmoinon, Wwitepa otar OnAukd, Ta omoia
glval kot ekeiva ou SlaoTieipouv To TapAaoLto Leishmania, eival otolyeia TTov pag wbouvv va
peAeTAgoVE €1¢ BABOG TNV opdda auTh TwV okvimwv. Exovtog pop@oAoylkd dsdopéva yia
T €idn amd T SetypatoAnyieg tpoomaBnooUE VO AVOTITUEOUUE EVa HOPLOKO £PYOAEio
TUTIOTIOINONG TWV E0WV TOU CUYKEKPLUEVOU UTIOYEVOUG TIOU KUKAOMOPOUV Of auTH ThV
meploxn tnG Meooyeiov pe Bdon TG aAAnAouxieg Tov pogékuPav amd TNV avaAuon Tou
eppavideTal 0To KEPAAQLO 2.

Eva tétolo epyareio eival n meéYn mpoidvtwyv PCR pe évQupa TEPLOPLOMOV TIOU
avayvwpifouv kot koBouv T oaAucideg DNA og ouykekpluéveg Béoelg (Ewkdva 14)
TIXPAYOVTOC TIPOTUTIA TEPLOPLopoy. H peéBodog autr (PCR — RFLP, Restriction Fragment
Length Polymorphism) mpoo@épel toax0TNTA KOL OPKETH aloTiloTiol 0TN TepimTwan OTov
€val HeYGAo 1 dyvwoTto TARB0G SelyldTwy gival avaykn va katnyoplomolndsi oe «potifox.
3TN TPOKElPEVN TEPIMTWON TO TANBOG Selypdtwy €ival OAa TO ATOUX OKVITIOG, OF €val
oUVOAO aTépwy, Ta omola yvwpifovpe OTL €ival Larroussius. ‘ONot TO OPOEVIKA TOU

51



UTIOYEVOUC EVOL HOPPOAOYIKA QVOyVWPLOPEVA OAAG OxL Kot Ta OnAukd. Me outd Ta
Sedopéva, n mapaywyn Hoplokwy PoTiPwy 0dnyel otV avtiotoixnon Twv BNAVKWY pe Ta
OPOEVIKA (LLOG KAl TIoPpGyouv (Sl £180-elOLKA TIPOTUTIA) OAAG KOl OTNV KATAVOUN o€ €i60¢
SelyHATWY TOU ATOV AdUVATO VA QVOYVWPLOTOUV AOXETA OO TO QUAO 1 &GAAOUG
TIXPAYOVTEG TIOU CUVTEAECOV OTNV ATOTUXIX TNG LOPPOAOYLKNG AVAYVWPLONG,.

A Ewova 14A: Inuela
oVaYVWPLONG KoL KOTIAG Tuxaiou
€v(OUOV TIEPLOPLOUOV

5’...CC1GG...3’
3’..GG TCC...S'

M PCR M PattenA M PatternB  EWOva  14B: Mapaywyn
TIPOTUTIWV TIEPLOPLOUOV PETA TNV

— gQapuoyn o€ SLOPOPETIKA
 — mpoldvta PCR. M: pdptupag

— pey€Boug {evyoug Baoswv

JTOV TOMEQ TNG HOPLOKAG TuTtoToinong — towtomoinong okvimwy, n pebodog PCR-
RFLP éxeL xpnotpomonBei yia tnv meploxn tng Meooyeiov (Latrofa et al., 2012; Bounamous et
al, 2014; Llanes-Acevedo et al, 2016) pe yevika evBappuvTikd amoteAéopata. Exel emiong
xpnotpomoinBei ato Néo Koopo (Terayama et al., 2008; Fujita et al., 2012; Minter et al., 2013;
Hughes et al, 2014) oAA& kat otnv Ivdia (Tiwary et al, 2012). Téhog, n pEBodOC €xel
xpnotpomonBei yla t Stagpopotoinon ptoxovdplokwy amdotuinwy (Merino-Espinosa et al.
2016).

16x0¢ TNG epyaciog Tou mMopatiBeTal 0To TMOPOV KEPAAXLO ATV N AVATITUEN EVOCG
gpyoleiov PCR-RFLP Boolopévo oto barcode tuApa tou yovidiov COI yla TIG OKviTeg Tou
QVAKOUV O0TO UTIoYEVoG Larroussius kot Sloflovv otnv Kpntn kat tnv Kumpo. To epyoleio kot
n o€loToTio TWV ATOTEAECUATWY TOU a&loAoynOnkav kat emifefaiwdnkov PeTd amd v
OAANAOUXLON TOU KOMMATIOU Tou yovidiou mou avtioTtolxel oto barcode k&Be eidoug
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Larroussius. H @UAOYEVETIKA avaALon TIou aKOAOUBEl Tl ATOTEAETUOTO TOTIOBETEL TIG LTIO
MEAETN OKVITIEG 0TO OLUOTNUATIKO Sévipo TwV Larroussius mou Slaflovv otn Aekavn TG
Megooyeiov. To TIPWTOKOAAO TIOU TIPOKUTITEL ATIOTEAEL €VOl YPRYOPO KAl OPKETA OKPLBEC
HOPLOKO  €PYOAE0 TOUTOTOINONG OKVIMWVY  Larroussius TOU  €TKOUPEL TNV  KAAOLKA
MOP@OAOYIKN TouTtomoinon. H XpnoloTnTa TOU OUYKEKPLUEVOU €PYOAEiOV WTIOPEL va
emekTaBel oTNV €VPUTEPN YEWYPAPLKN TIEPLOXH TNG AVOTOAKNG Meooyeiov pag kat givat
€UKOAO VO TIPOCTOPUOCHEL 0TI AVAYKEG KL TA EPWTAUTA TNG EKATTOTE TIEPLOXNAG.

3.2 YAIKA KAI MEGOAOQOI

3.2.1 Xkvimeg

OL OKviTeg TIOU QVAKOUV OTO UTIOYEVOG Larroussius OUXPOAWTIOTNKOV KOTA& TN
Sldpkela Tou epsuvNTIKOV Tipoypdppatog tng EE EDENEXT (FP7-261504) pe tn Xpnon
mayidwv ewtog (light traps) ko mayidwv €AEnNg kaotopéAatou (sticky traps) (Alten et al.
2015, 2016). Xto vnoi tng KpARtng ot teplox€g SetypatoAniog ntav to ®odeAe (35° 22" 57" B,
24° 57' 30" A) ko n Ayila PoupéAn (35° 14' 0" B, 23° 58' 0" A). 2to vnol tng Kumpou n meploxn
SewypatoAnyiog Atav n Xtevr) (34° 59 54" B, 32° 28 17" A). H pop@oloyik Toug
avVayvwpLon €yve pe T xpnon KAsidag (Lewis 1982) HEASTWVTOG TO KEPAAL KOL TQ YEVWNTIKA
opyava Tou K&Be aTOpoL amod Tov SISOKTOPLKO POLTNTH Tou gpyaatnpiov MNapaattoloyiog
™¢ latpkng XxoAng Kpntng NikdéAao Tolplywtdkn. Ta UTOAOIMO CWHATIKA UEPN TOUL
EVTOMOU amoBnkevBnkav oe aBavoAn (Fisher, EU) pEXpL TN XPAON TOUG yla TN MOPLAKK
avAAuan TN TaPoVoag SATPLPG. ZUVOAKE, eTIAEXBNKav Tuxaia 31 oKviTiEG TOU UTTOYEVOUG
Larroussius pogpyopeveg amd tn Kprtn kat tn Kompo (Mivakag 5).
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Mivakag 5: AloTo OKVITIWV TOU UTIOYEVOUG Larroussius Tou avoAUBnkav otn moapouoa

evoTnTa. A: apoeviKO, ©: BNAUKO

Eidoc

dvAo

Témog alpoAwoiog

Kw8ikdg

ATIOTéAEOUO OAYyOopiBpOU

BLAST (E value)
1 Phlebotomus tobbi A Ytevn), KOmpog 146 Phlebotomus tobbi (0.0)
2 Phlebotomus tobbi A Ytevn, Kompog 147 Phlebotomus tobbi (0.0)
3 Phlebotomus tobbi A Ytevn, KUmpog 148 Phlebotomus tobbi (0.0)
4 Phlebotomus tobbi A Ytevn, Kompog 149 Phlebotomus tobbi (0.0)
5 Phlebotomus tobbi A Ytevn, Kompog 150 Phlebotomus tobbi (0.0)
6 Phlebotomus tobbi A Ytevn, Kompog 151 Phlebotomus tobbi (0.0)
7 Phlebotomus tobbi A Ytevn, Kbmpog 213 Phlebotomus tobbi (0.0)
8 Phlebotomus tobbi A Ytevn, Kompog 182 Phlebotomus tobbi (0.0)
9 Phlebotomus tobbi (©] Ytevn, Kbmpog 152 Phlebotomus tobbi (0.0)
10 Phlebotomus tobbi (©] Ytevn, Kbmpog 156 Phlebotomus tobbi (0.0)
11 Phlebotomus tobbi ©] Ytevn, Kompog 160 Phlebotomus tobbi (0.0)
12 Phlebotomus tobbi (©] Ytevn, Kbmpog 161 Phlebotomus tobbi (0.0)
13 Phlebotomus tobbi © Ytevn, Kompog 162 Phlebotomus tobbi (0.0)
14 Phlebotomus tobbi ©] Ytevn), KOmpog 100 Phlebotomus tobbi (0.0)
15  Phlebotomus perfiliewi A Ytevn, KOmpog 158 Phlebotomus perfiliewi (0.0)
16  Phlebotomus perfiliewi A Ytevn, Kompog 159 Phlebotomus perfiliewi (0.0)
17  Phlebotomus perfiliewi (©] Ytevn, KUmpog 153 Phlebotomus perfiliewi (0.0)
18  Phlebotomus perfiliewi © Ytevn, Kompog 154 Phlebotomus perfiliewi (0.0)
19  Phlebotomus perfiliewi C] Ytevn, Kimpog 155 Phlebotomus perfiliewi (0.0)
20 Phlebotomus perfiliewi C] Ytevn, Kmpog 163 Phlebotomus perfiliewi (0.0)
21 Phlebotomus neglectus A Podele, Kpntn 234 Phlebotomus syriacus(0.0)*
22 Phlebotomus neglectus A A. PoupéAn, Kpritn 235 Phlebotomus syriacus(0.0)*
23 Phlebotomus neglectus A A. PoupéAn, Kpitn 236 Phlebotomus syriacus(0.0)*
24 Phlebotomus neglectus ] DodeAe, Kpntn 190 Phlebotomus syriacus(0.0)*
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25

26

27

28

29

30

31

Phlebotomus neglectus
Phlebotomus neglectus
Phlebotomus neglectus
Phlebotomus neglectus
Phlebotomus neglectus
Phlebotomus neglectus

Phlebotomus neglectus

DodeAe, Kpntn
Podele, Kpntn
Dodere, Kpntn
DodeAe, Kpntn
Podele, Kpntn
Ddodere, Kpntn

Podele, Kpntn

224

176

177

226

227

233

193

Phlebotomus syriacus(0.0)*
Phlebotomus syriacus(0.0)*
Phlebotomus syriacus(0.0)*
Phlebotomus syriacus(0.0)*
Phlebotomus syriacus(0.0)*
Phlebotomus syriacus(0.0)*

Phlebotomus syriacus(0.0)*

* Mpwtn cupPoAn otn Pdon Sedopévwv TG TAPOVOAG HEAETNG

3.2.2 MopLloKEC VOAVOELG

To oAkd yevwpikd DNA (gDNA) amopovwOnke pe Tn xprion tou gumopikou KIT
QIAGEN QIAamp DNA micro guppwva pe TG 0dnyieg Tou kataokevaoth (Mapaptnua). To
barcoding koppdtt TOu yovidiov COI moAAamAaoidotnke pe T HéBodo tng PCR
XPNolpoTowwvTag toug ekkivntég LCO1490/HCO2198. O méyelg Twv mpoiovtwyv tng PCR
gywov pe 1o €vluuo Mbol (Minotech) (Mapdptnua). EmmpocBeta, mpowdvta tng COI PCR
kaBapiotnkav (Mapdptnua), Kot oAAnAouxnBnkav otn CEMIA (EU). H mowdtnta Ttwv
OTMOTEAEOUATWY TNG OAANAOUXNONG €YWVE OTITIKA VW N TOWTOTNTA TOUG eAéyXOnke péow
Tou oAyopBuou BLAST (blast.ncbi.nm.nih.gov/Blast.cgi) petd tnv emefepyaoio toug pe to
Aoylopiké CodonCode Aligner™.

Ot oMnAouyieq COI mou mpoékuPov omd TNV avaAuon Kabwg Kot SNUOCLEVUEVES
oAnAovxieg COI amd €idn Larroussius ouykevtpwOnkav o€ €vol 0T SSOUEVWY Yl TV
(PUAOYEVETIKA TOUG avaAuon. Etol, To oeT meptedaufave: Tig 31 aAAnAouyieg tng mapovoag
MEAETNG 25 oAAnAouxieq mpoegpxoOpeveg amd Tto GenBank (ncbi.nlm.nih.gov/genbank)
(Moapdptnua) kot g aAAnAouxia tou eidoug Sergentomyia minuta wg outgroup (Kep. 2).
‘OAeg ot aAAnAouyieg DNA petatpdmnkoy o€ apvoglkeg cAANAOLXIEG XPNOLLOTIOLWVTOG TO
Aoylopikd MEGA 6 (Tamura et al 2013) ko Sev mopatnpnOnkoav kwdkovia Angng. Xtn
OUVEXELX €YWVE OTOIXION TOAOTAWY  OAANAOUXLWY  XPNOLOTIOLWVTOG TOV  aAyoplOpo
CLUSTALW (Thompson et al. 1994) péow tou Aoylopikov MEGA.

3.2.3 DuAoyEeVETIKEG OVAAVTELG

OL UAOYEVETIKEG AVOAVOELG EKivNoav XPNOLUOTIOWVTAG TO AoYLopLkd PartitionFinder
(PF) (Lanfear et al 2012) ywa va evtoTilotel To KaTdAANAo TAaiolo Stoxwplopov (partitioning
scheme) (unpartition rj codon partition) kot To POVTEAO VOUKAEOTIOIKNAG UTIOKATACTACNG IOV
Taiplale katdAAnAa ota Sedopéva pog To PF «étpele» Svo popég epappodloviag Ta
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MOVTEAQ TNG MOPLOKNG €EEAENG TTOL ATav SlaBéoipa ota Aoylopikd MrBayes (Ronquist et al
2012) n RAXML (Stamatakis 2014) xpnolpomolwvtag &mAnaTto (greedy) eVpeTIKO aAyopLBpo,
OUVOEOPEVEG ATTOOTACEL KAGSWY 0TOUG UTIOAOYLOMOUG TWV TIBAVOTATWY Kol To Bayesian
Information Criterion (BIC). Ta povtéAa Ttou mepteAduBavav ta G kat I ev eArjpBOnooav urtdyn
(Yang 2006). Ot (QUAOYEVETIKEG OVOAVCEL TIPOYUATOTIOWONKAY XPNOLLOTIOWWVTOS TIG
peBodoug tng Mmeblavng Tupmepaopatoloyiag (ML) (Bayesian inference, Bl) kot Méyiotng
MBavotntag (MIM) (Maximum likelihood, ML).

H MX xpnowyiomouibnke oto Aoylopikd MrBayes v.3.2.6 yia téooepa «Tpegipata» Kat
€€l «aMvoideq avalditnong» (chains) avd «TpE§po» yla 10’ YEVIEG amoBnkevovTag éva
5¢v8po KABe ekaTooTH yevid. To amotédeopa Atav 10° Sévtpa. Emione, e@appootnkav
OPKETEG SlayvwaTikég avarvoelg MCMC (Markov Chain Monte Carlo) yia va eAeyxBet €év n
Sadikaoia éptaos ot KoTdoTaon OTOOEPOTNTAG KAl OUYKAWONG Tor TpwTa 25 XAbdeg
Sévtpa (mepiodog «burn-in») amoppipBnkav wg éva peétpo SetypatoAnyiog amod tnv un
EMBVPUNTA TIEPLOXA KATOAVOMAG TWV SEVIPWVYV WOTE va amo@suxBel n mbavdtnta va
OLUTIEPANPBOUY Tuxaiar aKATOAANAQ SévTpa. Eval OUYKEVTPWTIKO «umelllavo Sevtpo»
UTIOAOYIOTNKE Ao TNV €K TWV VOTEPWV KaTawvopn (posterior distribution) Twv dévtpwy, kot
Ol €K TWV VOTEPWV TBaVOTNTEG (posterior probabilities) umoAoyiotnkav wW¢ TO TTOCOGTO TWV
SElYHATWY Tou avamapeotnoav omolovonmote kKAado (Huelsenbeck and Ronquist 2001)
OTIoV OL TIBAVOTNTEG AVWw TOL 95% BewpnBOnKav EVOELIKTIKEG TNUAVTIKAG UTIOOTHPLENG.

Ot avoAvoelg tng MMM Sie&Axdnoav pe to Aoylopikd RAXML v.8.1.21 xpnolHoTIOWwvVToS
Tov oAyoplBpo RAXMLGUI v.1.5 (Silvestro and Michalak 2011) und to povtédo e&Méng
GTR+G OTtou ol TAPAUETPOL UTIOAOYIoTNKOV aveEAPTNTA Yyla K&Be Staxwplopd (partition). To
BéATioTto Sévtpo M emAéxOnke amd 500 emavoAqPELg KAl N EUTILOTOCUVN TWV KAGSWV Tou
koAuTEPO Sévtpou MIT a&loroynBnke Baaon twv 1000 bootstrap emavoAnPewv.

3.3 ANIOTEAEEZMATA

3.3.1 MoploKr TOWTOTIOINGN CKVLITIWV VTIOYEVOUG Larroussius

g SetypotoAnyisg pag aixpoAwTtiotnkav tpla €i6n omd autd TO UTOYEVOoG, TA
Phlebotomus neglectus, P. tobbi kau P. perfiliewi. To P. neglectus BpeBnke otn Kpntn evw ta P.
tobbi kai 10 P. perfiliewi fpgOnkav otn Kimpo. Xtn mapovca Soxtplfry avoAudnkav 31 dtopa
(13 apoevikd kat 18 BnAukd). Ta 14 amd autd ntav P. tobbi, Ta 6 Atav P. perfiliewi kot Ta
vntéroma 11 Atav P. neglectus (Mivakag 5). Metd tov moAAamAaoclaopo, péow PCR, tou
barcoding TpuApatog tou yovidiouv COI yix kABe €va &TOUO Kol TNV TEWN TwV TIPolovTwv
¢ PCR mpogkuPav Tpict SIaKPLTA HOTIRA-TIPOTUTIA TIOU CUHPWVOUCTAV HE TN LOPPOAOYLKH
avayvwplon (Eikéva 15). Ta suprpata emiPefoaiwbdnkav amd tnv oAAnAovxnon tou DNA
OAAG KOL TOV EAEYXO TOTOTNTOG HECW TOU aAyopiBuou BLAST (Mivakog 5).
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6 = =8l

neglectus

perfiliewi  tobbi

Ewova 15: Gel ayapdlng amotimwong Twv TPOTUTIWY TEPLOPLOMOV Yl K&Be €idog Tou
HeAeTNONKe. M: pdpTupag peyéboug (euywv Baoswv. Astypoata 1 -2: P. perfiliewi, 3 — 4: P.
tobbi, 5 — 9: P. neglectus.

3.3.2 ATIOTEAETPATA (PUAOYEVETIKWY OVOAVTEWVY

To oet Sedopévwv NG PUAOYEVETIKAG avdAuong Tiepleixe 673 Cevyn Pdoswv Twv
oMniovxiwy COL Amo oautég ot 193 Atav TowkAOpoppeg (variable) kou ot 165
TANpooplakég  (parsimony informative) wg mpog to Kputriplo g pedodwtnTag. O
UTIOAOYIOMOG TwV avd {EVyn YEVETIKWY OTOoTACEWY €8€1§e OTL KupaivovTal ano 0% £wg
18%. H péon yeveTikr) amootoon MHETOED TWV OTEVA OUYyevIKwv €dwv P. tobbi kot P.
perfiliewi Atav 9%, evw To €idoq P. neglectus sixe evdoeldIKn pean yevetikn andotaon 0.2%
kot Slaedikn 13% (Mivakag 6). H péon yeveTikn amootoon PeTagl Twv SEYPATWY amo TNV
Kpntn ntav 9% svw petadd twv Seypdtwyv tng Kompou Atav 4%. H avdiuon pe To
Aoyloutkd PF umootrpiée o Staxwplopod (partitioning) tou oet Sedopévwv oTiq Tpelg BEoeLg
TWV KWSIKOVIWY. Ta HOVTEAD QVTIKATAOTAONG VOUKAEOTISIWVY ATav, yla To pev MrBayes, To
SYM+I yla to mpwto kwdikovio, To F81 yia to Seutepo kat to GTR+G yla To TPiTo evw Y&
To RAXML Rtav 1o GTR+G yla 6Aa ta kwdikovia.

Mivakag 6: [eveTikéG omootdoelg €dwv Larroussius PeETA TNV opadomoinon Twv
avTioTtolywv oAnAouxwv (Movtého Tamura — Nei, 1993)

1 2 3 4 5
1 Phlebotomus perniciosus
2 Phlebotomus tobbi 8%
3 Phlebotomus perfiliewi 7% 9%
4 Phlebotomus longicuspis 5% 8% 9%
5 Phlebotomus neglectus 12% 13% 14% 14%
6 Phlebotomus ariasi 17% 17% 18% 18% 17%
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H avdAuvon twv MMM kot MX (-InL = 2308.01 kaw —InL = 2407.43 avtiotolxa) odrynoe o€
TIOPOPOLEG TOTIOAOYIEG YLt TG OAANAOUXieC TIou avoivBnkav. Aoupavovtog unoyn tnv
avéAuon tou MrBayes, ta Stayvwaotikd MCMC olykAong €del&av ta akdAovBa: Mpwtov, n
MEON TUTILKA aTOKALON StaXwplopol cuxvotAtwy (split frequencies) ntav 0.0044. Asvtepov,
N YPOQPIKA TIAPAOTOON TWV YEVEWV OE CUVAPTNON HE TO AOYApLBo TNG TBavOTNTAG TWV
Sedopévwy (log likehood values) tapryaye éva ypa@nua «Aeukov Bopufou» kat Tpitov, To
péoo Potential Scale Reduction Factor (PSRF) Atav 1.00 yiax OAeq TG TIAPAPETPOUG (TO PEYLOTO
PSRF eivar 1.001) vmodeikvuovtog otabepoTnTa 0To XPOVOo. To Umelllavo (PUAOYEVETIKO
Sévtpo paivetal otnv Eikdva 16. Ot oktw KAGSOL TTou TIpoékuPav Slaxwploay T SelyuaTa
TIou avoAVBNKav avdroya pe to €idog aAA& Kot TNV Kotaywyr. O kA&dog tou P. tobbi
mepAUPAvel dTopa omtd OAeC TIG TiEplOXEG Tou e€eTdotnkav. Taw €dn P. ariasi kau P.
neglectus SlaxwploTnkav TOAD KOAG (post. prob. 1) amd ta vnoAowma i6n Tou VTTOYEVou(g
Larroussius.
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0.8/66

233 P. neglectus Fodele
234 P. neglectus Fodele

- 235 P. neglectus A. Roumeli
236 P. neglectus A. Roumeli

1/98 176 P. neglectus Fodele

1/100
— ) —

1/92

0.67/18

0.7/87]

177 P. neglectus Fodele
r 193 P. neglectus Fodele
226 P. neglectus Fodele
227 P. neglectus Fodele
190 P. neglectus Fodele
224 P. neglectus Fodele
+KT634317 P. tobbi Greece

146 P. tobbi Cyprus
152 P. tobbi Cyprus
160 P. tobbi Cyprus

r 161 P. tobbi Cyprus

- 162 P. tobbi Cyprus
147 P. tobbi Cyprus

148 P. tobbi Cyprus
149 P. tobbi Cyprus
150 P. tobbi Cyprus

+ 151 P. tobbi Cyprus
213 P. tobbi Cyprus
182 P. tobbi Cyprus

1/92

1/97

KU519502 P. tobbi Greece
KU519503 P. tobbi Greece

_[ 100 P. tobbi Cyprus
156 P. tobbi Cyprus

— KF483675 P. tobbi Israel

154 P. perfiliewi Cyprus
163 P. perfiliewi Cyprus
158 P. perfiliewi Cyprus
159 P. perfiliewi Cyprus
153 P. perfiliewi Cyprus
155 P. perfiliewi Cyprus

KJ481177 P. perfiliewi Algeria
KJ481176 P. perfiliewi Algeria
KJ481175 P. perfiliewi Algeria
KJ481081 P. perfiliewi Algeria
KJ481080 P. perfiliewi Algeria
KU519508 P. perfiliewi Greece
KU519507 P. perfiliewi Greece
KU519506 P. perfiliewi Greece
KU519505 P. perfiliewi Greece
KU519504 P. perfiliewi Greece

0.8/41

1/95

AB985709 P. perniciosus Portugal
AB985702 P. perniciosus Portugal
AB985700 P. perniciosus Portugal
KJ481152 P. perniciosus Algeria
KJ481150 P. perniciosus Algeria
KJ481168 P. longicuspis Algeria
KJ481163 P. longicuspis Algeria
KJ481162 P. longicuspis Algeria

1/94

1/100 [ KJ481171 P. ariasi Algeria

—//— S. minuta

I KJ481170 P. ariasi Algeria

KJ481169 P. ariasi Algeria

Ewova 16: Mmelllovo SEVIpO (PUAOYEVETIKWY Oxeoswv €ldwv Larroussius (utooTtipién

KAadwv BI/ML). To outgroup €idog eival to Sergentomyia minuta. Ta €ldn avTioTOLXOVV OTN

Alota Tou Tiivaka 5 kat Tou MNopapTHPATOC VW cLVOSEVOVTAL Ao TO accession number Tou

GenBank 1} Tov povadikd KwSIKO TNG TAPoVOAG PEAETNG.
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3.4 2YZHTHXH

Y& o mpdo@atn peAETn ol Alten et al (2016) £dei&av OTL emMTA OO TOUG OKTW
Safipaatég Eevioteg TG L. infantum mov Pplokovtal otnv Aekdvn tng Megoyeiou aviikouv
0TO UTIOYEVOG Larroussius. Xtnv EAAGSa kot tnv KUTpo, €idn tou vmtoyévoug Larroussius eival
KOAG £YKATEOTNUEVA VW T oVEaVOUEVA TIEPLOTATIKA XA, AA Kot Agiopavioong oto okUAo
elval avnouxntikd (Antoniou et al. 2008,2009,2013, Christodoulou et al 2012, Maroli et al
2013, Ntais et al 2013,2014 Koliou et al. 2014, Alten et al 2016, Chaskopoulou et al. 2016).

H mopovoa mpoomdBsia avamtuéng MG Hoplokig peBodou -  gpyaieiov
TOWTOTIOINONG OTN TEPITITWON TOU UTIOYEVOUG Larroussius amdvtnoe Tpiat KUPLO EPWTANATOL.
To TPWTO NTAV VA SLAXWPLOTOVV ETUTUXWC TA (6N P. tobbi kau P. perfiliewi Ta omoia, kKaBwg
givar SwaPpaoteg &eviotég g Leishmania (Maroli et al 2013), sivar amapaitntn n
TIPAKOAOVONON TWwV TIANBLUOPWY Toug 0IKA O TIEPLOXEG TIOV evdnpel n Aciopaviaon. To
SevTEpo ATV Vo KATATOXBOUV Ypryopa KOl OTOTEAECUOTIKG o€ £(60G (U€ow TPOTUTIWV
TIEPLOPLOMOV) Ta AyvwaoTa BnAuK& Larroussius TTou TIPOKUTITOVV OE delypatoAnyies. Edw va
onpeWBel OTL, aKOpA Kal va Yivel AGBOG HOPPOTUTILKA avayvwpLlon O ATOUO OKVITIOG, TO
poplakd epyoleio PonBdel otnv opadomoinon TwY OTORWY OUTWV. XTN CUVEXELD, O
gpeuVNTAG SVVATAL VO ETTOVEEETATEL UE VEQX SESOUEVA TA LOPPOAOYIKA XOPAKTNPLOTIKA TWV
OTOHWY HEXPL va Tipoxwpnoel evdexopevwg n Sadikaaio Tng aAAniovxnong DNA. O
oLUVOVOONOG OAWVY TWV ATIOTEAECUATWY EVOL LKAVOG Vo SWOEL TN TEAIKH amAVTNGON ylo TV
OUOTNUOTIKA TOVTOTNTA TWV UTIO UEAETN aTOpHWVY. TéAog, Tnv mepiodo mov avamtuoodTav
TO TIPWTOKOANO, Sev uttnpxav dedopéva cAAnAouxtwv COI otn Bdon dedopsvwy ya to P.
neglectus. To yeyovdg ouTO €umodlle TNV TEAKKN KaTATtogn Twv 11, HOPEOAOYIKAE
ovayvwplopévwy, P. neglectus oe €idog Baan tg ouykekpévng odiniovxiog DNA. ‘Etol, n
mopaywyn mpotunwyv RFLP apxikd Soxwploe ta 11 autd ATopa amd OAa Ta UTtOAOLTTAL.
ApyoTepa, n @UAOYEVETIK avdAuon (Eikova 16) smiPefaiwoe TN HOPLOKA TOVTOTNTA TWV
OEYHATWY €XOVTOG WG PACN TN HOPEPOAOYIKH TOUG TAUTOTNTA OAAX KOL TIPONYOUMEVEG
MEAETEG pE SLOPOPETIKA ) Tat (Slar yovidla ylar To uTtoyévog Larroussius ol omoleg KatéAngav
0€ OUOLA CUOTNUATIKY avAaAuon Twv dslyudtwy toug (Aransay et al, 2000; Di Muccio et al,
2000; Esseghir et al, 2000; Kriiger et al, 2011; Latrofa et al, 2011; Ergunay et al, 2012;
Depaquit et al, 2013; Bounamous et al,, 2014; Maia et al., 2015; Chaskopoulou et al,, 2016).

3.4.1 Phlebotomus tobbi, Adler & Theodor 1934 & Phlebotomus perfiliewi,
Perfiliev, Theodor 1958

H peéBodog PCR — RFLP pe xprion tou barcoding tunpatog tou yovidiouv COI katdpepe
va Slaxwpioel tpla €dn okvimwv TOU QVAKOUV OTO UTIOYEVO( Larroussius Ta oToix
aXpoAwTioTnkav oméd SetypatoAnyieg otnv Kpntn kat tnv Kompo. H kupldtepn emituyia
TOU TIPWTOKOAAOU QUTOV £ival N TTapaywyn SLOKPLTWY TIPOTUTIWY Yla T £i6n P. tobbi ko P.
perfiliewi ta omoiat gival TOAY ouyyevik& HeTOEY TOuG Kot gival SVUOKOAO, €8IK& OTn
TePIMTWON TWV BNAVKWY, Va avayvwpLlotouv e faon tn pop@oloyia toug (Absavaran et al
2009).
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3.4.2 Phlebotomus neglectus, Tonnoir 1921

H emumAéov oupBoAn TnG MOPOVOOE HEAETNG OTOV TOHEX TNG CUOTNUATIKAG MEAETNG
TOU UTIOyévoug Larroussius sival 6Tt ot aAnAouyieg COI mov mapnixBnoav ywa to €idog P.
neglectus katatéBnkav otn Paon dedopévwv (NCBI GenBank) yia xprion amd omolovdnmoTte
TIC XPEOOTEL OF OUOTNUATIKEG, (PUAOYEVETIKEG N GAAeq peAéTeG. [MapdAAnia pe TIg
OUYKEKPLUEVEG OAANAOUXIEG, TIOL ATIOTEAOUV TIG TPWTEG P. neglectus COI aAAnAouxieg otn
Baon SeSopévwy, PWTTOPEL VO GUVEXLOTEL e PHEYOAUTEPN EVTOON N MEAETN TOL POAOU UTOU
Tou €idoug wg Safipaotn EVIoTA 0TO VOTIO-AVATOAIKO KOUUATL TNG HECOYELOKAG AEKAVNG.
31n Toupkia, €xel mapatnpnBei OTL Ta €idn P. neglectus kaw P. major eppoaviCouv eVSLAUETOUS
HOPPOAOYIKOUG XOPOKTNPEG E ATOTEAETHO VA EVaL adUVATO VO KATOANREEL KAVEIG OE TIOLO
€ldog katatdooetal kabeva amnd outd (Alten et al., 2016). Autd Aomov To HopLlakd epyoAeio
OAA& KOl N TEpUTEPW €1G PABOC HOPLOKA HEAETN TwV €WV owtwv Ba odnynoel otn
KOTAVONON TNG YEVETIKNG SLapopoToinong PETaED TOUG.

3.4.3 MepLKEG TTAPATNPNOELG Yl TN pEB0SO TouToToinaNng

Mua peAETN omd SEKa XWPEG TNG MECOYELAKNG AeKAvNG £0€l&e OTL TO HLITOXOVOPLAKO
yovidlo COI oto €idog S. minuta Tapouclalel evOOELSIKN 1 aKOUO Kal vEOTIANBUGHLOKNA
TIOKIAOTNTA (ATASTUTIOL). H HEAETN OUTWV TWV ATMAOTUTIWY aveESELEe TN oo YEWYPAPIKN
KOTOVOU TwV oTopwyv ovd omAdtuo mou avaAvBnkov (Depaquit et al 2015). To
OUMTIEPATUA AUTO UTIOSEIKVUEL OTL, EVOEXOUEVWCG, N peBodog TnG PCR — RFLP va odnynoet og
QO0P CUMUTIEPAOUATO YlO TNV KATAVOMN Of TPOTUTIO OTOUWY OyVWOTOU E£ldoug Kat
TipogAeuonc. Katt tétolo, evdéxetal va oupPel ylati €dv TIX. OF WL TIEPLOXT) CUVUTIGPXOUV
SVo amAdTUTIOL TOTE KAl TA TPOTUTIA Tawtomoinong Ba eival dVo. Autd TO OPEAPQ
ghaloToToleital OTav n peBodOG ePOPUOLETOL 08 SELYUATOANYIEG OO UL GUYKEKPLUEVN
vewypa@lkn teploxn. MapoAa autd, n oAAnAovxnon KoL n QUAOYEVETIKH ovAaAuon Twv
Sedopévwv DNA Tou TTPpOoKUTITOUV €lval LKava va KATaSEIEOUV TN CUCTNUATIKNA KOTAoTOoN
OTOPWVY OKVITIOG Ta oTIola Eival adUvaTo Vo avayvwpLoTOUV.

H pop@oloylki avayvwplon Twv OKVIMTWY amoTteAel tn PAon TNG OUOTNUATIKAG
kotdtagng Setypdtwy mediov n omola KATNYOPLOTIOLEL TO ATOUX OE OPASEG KO AVASEIKVUEL
TUXOV TIPOPAAMATA OTNV QVAYVWPLON TOUG. H EMIOTNUOVIKA KOWOTNTA OmouTel EPYOAEia
TIoV Ba TPOCPEPOLV Yprnyopa, agloTiata Kat, av gival SuvaTo, OUOLOYEVH OTIOTEAETUATA YL
v emPefaiwon Twv popeoloyikwy avayvwpicswv. H péBodog PCR — RFLP esival éva
OaVIKO HOplOKO gpyoAeio OTAV  XPNOLUOTIOLEITOL TIAPGAANAQ HE  TIC HOPPOAOYLKEG
avayvwploelg otig okvimeg. Elval BEPato OTL 0 TEAKOG GTOXOG YA TNV HOPLOKI vayvweLon
oKVITTWV Péow tou COI barcoding eival va dnuiovpynBei pia o mARpng Paon dedopévwv
pe ocAAnAovxieg COL Ev tw petay, n avamtuén epyodsiwv Omwg autd mov Bacilovtal o€
HOpLokEG TeEXVIKEG aav TNV PCR-RFLP, xwpig peydAo olkovouikd KOGTOG, amoTeAOUV AVOELG
0€ TIPOPANUOTA TOEWVOUNTCNG YL LA OPASO EVIOPWY TETOLOG LATPLKNG ONHOCIOC.
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KEDPAANAIO 4

TYNOMOIHZH ZKNIMNQN ME TH XPHZH ®AZMATOZKOIMIAZ
MAZAZ MALDI - TOF

4.1 EIXATQIH

Ta epwtApoTa TEPL TNG CUOTNUOTIKAG KATATAENG TWV OKVIMWY gival TIOAAA. Ta
epyoleia  tumomoinong Teplopifovtal 0 LOPPOAOYLKEG TIAPATNPNOEL Kol OSLAPOPES
TIXPOAAQYEG HOPLOKAG TuTtoTioinong pe aon to DNA pe TOAAG amod auTtd va sival oxedov
Eemepaopéva (tx. RADP PCR). Ma to Adyo auTo, N TUTIOTIOINON TWV OKVITIWVY HE TN XPNon
KAE(SaG, BAON HOPPOAOYIKWY 1 HOPQPOUETPIKWY XOPOKTNPLOTIKWY, OTOTEAEL TO «XPuco
KOVOVa» OTNV €PELVA YL TA OUYKEKPIMEVO €VTOpa amd T apxég tou 207 awwva
QPAVOVTOG HOVTEPVEG HeBOSOUG oav CUMUTANPWHATIKEG. ETol, Tapd tTnv adapenofntntn
onpaoia Twv okvimwy otnv latpikd, TNV KTnviatpikn kat tn BioAoyio, €xel S00sl avemapkng
TIPOCOXN OTNV AVATITUEN a&LOTILOTWY EPYOAELWV YLt TNV TUTIOTIOINGN TOVG,.

OL oNUOVTIKOTEPEG SNUOCLEVOELG TIOU CPOPOUV OTLIG OKVITIEG AVaPEPOVTOL O KAEISEG
TIOU XPNOLMOTIOLOUVTAL YLO TNV TUTIOTIOINGT) TOUG POCLOWEVEG OTN LOPPOAOYIX TWV EVTOUWY
ouTWwV (TtY. Lewis 1982). Ot meplogoTEPEG OO AUTEG TLG KAEISEG gival Gvw Twv 30 eTwv Kalt
OEV QVTIMTPOOWTIEVOVV TIAVTA TN ONUEPWVH GTTOWN YL OUYKEKPLUEVO TOER KOl OUXVA
TIOPOUEVOUV TOTILKAG ONpaciag. Auto wbBsl Toug €peuvNTEG VO TIAPAYOUV OVOVEWUEVES
KAE(OEG yla OKVITIEG OTOXEVOVTOC Of OUYKEKPLUEVEG TIEPLOXEG SelypatoAnyioag (my. otnv
ItoAio: Dantas-Torres et al.,, 2014). To KOPA TNG HOPLOKAG ETTOXNG EXEL DWOEL APKETA EPYOAELR
OTOV TOMEX TNG TUTIOTIOINONG TWV TKVITIWY OAAK OL yeveTIKol TOTIOL Kt oL pEBodot aAr&{ouvv
and Snupooicuon o dnuocicuon PNV ETUTPEMOVIOG TN YEVIKELON Kol TNV €votoinaon
OUUTIEPATUATWY YI& TN CUCTNHOTIKY KOATAOTAON TWVY OKVITIWVY. TO Yeyovog ouTd SUTKOAEVEL
NV TMapakoAovBnon tou mediov ylati dev UTAPXEL Ha eviaia peBodog Tumomoinong UeE
OTOTEAETUA TO CUUTIEPACUOTO VA PNV €Vl GUYKPIOO KL TIOAAEG POPEC OUTE KAV LKAV
yla avamapaywyn (Ready, 2013).

H moapadoaoiakr mpoogyylon oTnv TUTIOTIOINON TWV OKVITIWY, BACN HOPPOAOYIKWY N
HOPPOUETPIKWY PETOED TOUE SLAPOPWV, OTALTEL TNV LOVILOTIOINGN O TIAOKAKL TNG KEPOANG
KO TNG KOWALAG KABe Selypatog (evTOpou). AUTEG OL TIEPLOXEC TOU ATOMOU PEPOLV EKEIVA T
HMOPPOAOYIKA XOPOKTNPLOTIKA TIov Ba odnyrjoouv otnv toawutomoinor) tou (Lane 1993). H
TIPOETOLUOOIO TNG QVTIKEUEVOPOPOU TIAGKAG KOl N HOPPOAOYLKH TUTIOTIOINGN omottel
EUTIELPO TIPOCWTILIKO, E(VAL KOTILAOTIKN KOl Xpovofopa. Ol Tteploxég 0Tou n Asiopavioon givat
EVONULIKA  €XOUV  avAyKn akplpolg ypnyopng Kol 000 YIVETOL OLKOVOULIKA TIPOOLTAG
TuTtoTtoinaNg OAwV Twv 8wV okvinag kaBwg eivat ot povadikol SlaPLpaoctéq EevioTég Tov
napaaitov Leishmania. Opwg, €xel mopatnpnBel 6TL €idn Mou SuokoAa Staxwpilovtal pe
Baon tn poppoAoyiar TOUG €XOUV SLOPOPETIKEG KAVOTNTEG Spdong w¢ SwafiBaotég —
Eeviotég (Ready, 2010). H pn emapkng tumomoinon €dwv OKVITIOG 08 QUTEG TIG TIEPLOXEG
pmopei, kat' eméktaon, va dwoel AdBog TANpoPopieg avaPopLKA e TNV eTISNULIOAOYia KOl
TNV €KTiHNON TOU KvSUVOU yLa TN VOTO.
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Y€ TIPONYOUUEVA KEPAAALO TNG TIOPOVOOG SLATPLPRG avoAuBnkav ot poplakég pébodol
Talvounong (He A xwplg aAAnAoUxlon tou DNA) Ttou XpnoLLOTIOLOVVTAL GTNV TUTIOTIOiNON
okvimwv. Ot péBodot autég, Tov Paoiovtal atnv TeXVIKN TG PCR, ival péoou €wg uvPniov
KOOTOUG KOl TIOAAEG PopEG XpovoRopec. H texvikn tg PCR mou emétpee pua Pabutepn
MOTI& 0TV TOEWVOULKNA KOTAOTOON TWV OKVITTWVY BEATIWOE OPKETA TNV eualabnoia Tng
TuTtoTtoiNONG OAAG Sev €8WOE EMOPKELG ATAVTACEL, OTNV OVAYKN LG EVIRIOG EPAPUOYAS
€VOG OUOTHOTOG TUTIOTIOINGNG KAl TNG EMAVOANYLLOTNTAG Tov. AUTO oPsiAeTal OTO YEYOVO(
OTL 8ev XPNOLUOTIOLEITOL €VaG 1N €0TW M OMASA YEVETIKWY TOTWV amd OAOUG TOUG
EPEVUVNTEC OTIC peAéTeG Tou Paoilovtal oe peBodoug PCR. Etol, k&Be gpeuvnTikh OpAdA
€EAYEL CUNTIEPAOUOTA TIOU UTIOPEL VA TAl OUYKPIVEL HOVO [E eKelval aTO €pEuVVEG OPOLWV
TEXVIKWVY KOL YEVETIKWY TOTIWV. AUTEG Ol HOPLOKEG AVTELG, OV KOL UTIOPEL VO ATTOSEIKVVETAlL
OTL ATMOTEAOUV AUON O CUYKEKPLEVA TaEWVouKA spwtnpata (Depaquit et al, 2013), GAAeg
POopEG Sev Slvouv emapkn €€Rynon yla LOPPOAOYIKA {NTHHATA IOV OMAVTWVYTOL 0TO TESi0
(Parvizi et al.,, 2010).

ESw kot oapketd xpovie, oto medio tng Mikpoflodoyiag xpnolpomoleital n
paopotookotia palog (MS — Mass Spectrometry) yla tnv tumomnoinon kupiwg Poktnpiwv
yla KAwKn Siayvwon. Mua spappoyn tng n peébodog MALDI-TOF (Matrix Assisted Laser
Desorption/Ionization — Time Of Flight) €xet kaBiepwBel yix ovtiv N Sladkooia
TUTtoTtoinOoNG 0€ OAGKANPO ToV KOO (Sauer and Kliem, 2010).

H ouykekplpévn péBodog Baoiletar otnv e€aywyn, péow ofeidwong mentidiwv Kot
TPWTEVWY XoUNAoU poplakoy Papoug (Ewg 25 kDa) Tou UTO HEAETN OPYQAVIOHOU Kol
avdAuon e @oopotookotiar palog MALDI-TOF. To Seiypa memtidlwv/mpwteivwy mou
TIPOKUTITEL aTtO TNV €€aywyrn AVOPLYVUETOL PE TN «pATPO» (matrix) Tou MALDI (ouvABwg
OPWHATIKA 0&a) Kal a@rvovtal vo KpuoToAlomolnBouv (. MEow  aegplopov). Ot
KPUOTOAAOL OTN OUVEXELD, OKTIVOBOAOUVTAL OO Ml SEopn AEWEP KOl TIOPAyOoVTAL LOVTO
Adyw TG SLeyepang Tou TPOKOAEITAL oTa oL TOU SelyPATOC. T LOVIA QUTA EEKIVOUV Lol
«mtAon» Pe Oedopévo SUVOUIKO OTIOU OTO TEAOG TOU «OWAAVO» TOU  UNXOVAMOTOG
Slaxwpilovtal pe Bdon to Adyo pdalag/@optio Toug. Autog o Adyog uroAoyileTal amnod To
«xpovo mTAong» (time of flight) mou amatteiton yia va dtavioel o 1OV 6A0 TO XWPO TOU
«owhRva» (Eikéva 17). Me Bdon mAnpoopieg amd 1o Xpdvo MTIACNG TOPAYETOL €val
XOPOKTNPLOTIKO QAopa padag yla kaBe Selypo. AuTO QVTIIPOOWTIEVEL VOl HOVOSIKO
TPWTEWVIKO TIPOPIA TOU OelypaTOq ETUTPEMOVTOG VA QVTIOTOLXNOEL Of OUYKEKPLUEVO
TOEVOULKO €i60C /KoL SLoXWPLONO amo GAAa €i0N e PACN TO EKACTOTE TIPWTEIVIKA TIPOPIA
Toug (Singhal et al,, 2015).
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Ewkova 17: Ixnuoatikd Siaypappa Asttoupyiag Touv ouotrpatog MALDI-TOF MS

H pébodog autri XpnNOYLOTIOLEITAL EVUPEWG T8 KAWVIKEG EQOPUOYEG KOl AVUVEL TA XEPLX
TOU €PYQOTNPLOKOU TIPOOWTILKOU OF TEPITTWOEL OToU O UTO €E€TOON OPYOAVIOHOG
EupavifeTal pev 0T YWWOTA Opemtikd vypd 1 oTeped peéox OAN& Oev pmopel va
TuttoTtolnBel €dv Sev KaAALepyNnBel oe e€eldikeupéva BPeTTIKA UALKA (OTIOL OL TIIBAVOTNTEG
amotuxiag atn koAAEpysla avdvovtay. H paouoatookomio palag MALDI-TOF tumomotel
AuETa Kol pe akpifela Ta Selypata akopa Kot o€ emtinedo ateAéxoug (Patel, 2013).

H dnpiovpyia vog TARPOUG TIPWTEIVIKOU TIPOPIA Yl TNV TuTtoToinan evog delypatog
odNynos oe WA OElpd SNUOCLEVOEWY TIOU QPOPOVCE OTA EVTIOMA. H TpwTomopog
onpooieuon Ntav ekeivn tou Campbell (2005) 6mou amedelée OTL N YaopatookoTion palog
MALDI-TOF pmopsi emituxwg va Staxwpiosl ta adeApd €idn tov Drosophila melanogaster
subgroup kot gwonyays T TPoOTAon OTL N UEBOSOC UTOPEL VA OTIAVTACEL O £PWTAUATO
TUTIOTIOINONG EVTOMWY I aToga@niviong UTapEng N OxL Kpumtikwy edwv. To 2010 ol Feltens
et al. mpoxwpnoav TOAA& BAUOTO UTTPOCTA avoAvovTag o€ BAOOG TO TIPWTOKOAO Y& TIG
Drosophila. Katdgepav va mpooBéoouv kol GAAQ €idn otn péBodo svw TapdANnAa
KOTOOKEVOOOV OKOMO KO PUAOYEVETIKA SEVTPO TIOU OTOSEIKVUAV EUTIPAKTWG TO YEYOVOG
oTL n uEBodog paopatookotiog palog MALDI — TOF okiaypogsl kat Tig peETagy Twv
Selypdtwy oxéoelg. K&t tétolo ival amoAVTa avaykaio OTav HoP@POAOYIKA TO éva Selypa
oamd 1o Ao Sev Slopépel o ONUOVTIKO BaBpd oAAG Ol KAWVIKEG ETITITWOELG TOUG Eival
OLOPOPETLKEC,

310 medio TwV APATOPAYWY EVTOPWVY, N HEBOSOC PapPOTTNKE apPXIKA oTa (5N TOU
yévoug Culicoides 6mouv pdAloTa, Twpa TiLa, Eival ektevng n xprion touv MALDI-TOF og autd,
OKOMO KOL OTQ TIPOVUUPLKA oTtddta (Kaufmann et al, 2011, 20123, 2012b; Steinmann et al,
2013; Uhlmann et al,, 2014; Sambou et al., 2015). Eniong, n néBodog €xeL eQAPUOTTEL KaL OTNV
Tutomtoinon puywv toe-toe (Hoppenheit et al, 2013, 2014). ApkeTeég SNUOCLEVOELS EXOUV
EMPAVIOTEL KL Yl TOUG KPOTWVEG (Tomovpla) kot ta moboyova mou Safipalouvv
(Calderaro et al., 2014; Fotso Fotso et al, 2014; Karger et al., 2012; Rothen et al., 2016; Yssouf
et al, 2013a, 2015a, 2015b). Tédog, T kouvouTa kot Tta TaBoyova mou Safipalouvv
BpéBnkav oTo emikeVTPO TIOAAWY SNPOCLEVCEWY aTtd TNV €moxn Tov N péBodog &ekvovoe
va Tpafael TN Tpooox Twv epguvntwy (Suarez et al, 2011; Mdller et al,, 2013; Yssouf et al.,
2013b, 2014, Dieme et al., 2014; Schaffner et al., 2014; Suter et al., 2015; Niare et al.,, 2016;).

64



Mpoopata, TumomonBnkav e poaopatookoTtio palag MALDI-TOF Sibpopa oteAéxn
Leishmania &npovpywvtog pia faon Sedopévwy yla Ta TOPACLITO QUTA TIOU ATTOTEAOUV
TOUG TILO ONMOVTIKOUG TIOPAYOVTEG 6ATMAWGONG OTIAAXVIKAG Kol SEPUATIKAG Agiopavioong
(Cassagne et al., 2014; Culha et al,, 2014).

O otdx0¢ Tou TapPbVTOG KeaAaiov gival va Sei€el, yia TpwTn Popd, TNV EQApUoyN
™¢ @oaopotookomiag pélag MALDI — TOF otnv tumotmoinon kot Tov SlaXwplopd eldwv
okvimag (apoevVIKWY Kol BnAuKwv). XTo Tmelpapa SoKpAoTNKay, omd Tn Mo TAsupd,
SLaPOPETIKEG OLVONKEG ATOBNRKELONG TWV LOTWVY KOl OMOYEVOTIOINONG Tou SelylaTog Kol
amd TNV GAAN N SLAKPLTIKA ovOTNTA TNG HEBOSOV WG TIPOC T UTIOYEVN, TA €i6N KO TOUG
TIANBUOUOUG TTIPOEAEVONG TWV SELYUATWV.

4.2 YAIKA KAI ME©GOAQI

To melpopa TPAYUATOTOWONKE XPNOLUOTIOIWVTOG OKVITIEG TIOU EKTPAPNKOV OF
EPYQOTNPLOKEG ATIOLKIEG UTIO KAVOVIKEG Kol ataBepeg ouvBnkeg (Volf and Volfova, 2011) oto
evtopotpoeio Ttou Tunupatog [lMapacttohoyiag, [Mavemotiuo KapdAiou, Togyio.
AvoAvBnkav 300 dtopa amod €L amolkieg TToU AVAKOUV O TIEVTE SLAPOPETIKA €8N okviTtag
(Mivakoag 7). T To okomo NG MEAéTNG umApEe ouvepyaoia petay tou Epyaotnpiou
Moapaottoroyiag tou Mavemotnuiov KpAtng kat tou Mavemotnuiouv tou Kapodiou otnv
Mpaya (Togxio) ota MAaiola Tov Tpoypdppatoq Mpaktikng Aoknong ERASMUS.

Nivakag 7: Eidn okvimag mou availubnkav pe t péBodo MALDI-TOF MS

Xwpa tpogAeucng

[évog Yroyévog Eibog &yptou TANBUGLLOD
Phlebotomus Phlebotomus papatasi Toupkia
Phlebotomus Paraphlebotomus sergenti lopani
Phlebotomus Larroussius perniciosus lomavia
Phlebotomus Larroussius tobbi Toupkia
Phlebotomus Adlerius arabicus lopanA

Ta évtopa TOU elxav amoBnkeuTel HeTA TN OUAAOYN TOUG Ot SLAPOPEC TLVORKEG
povipoTo|Onkav yla Lop@oAoyLkr tuttomioinon (Lewis 1982). ‘O, Tt amépelve amd Ta CWHATA
TWV aTOPWV (KUpiwg 0 BwpPaKaAg) HETA TNV HOPYOAOYLKA TUTIOTIOINGCN, OHOYEVOTIOBNKOY
o cwAnvapla Tou 1,5 ml pe 10 pl StdAvpa opoyevotoinong. Aokipdotnkav SUo StoAVpATA
OMOYEVOTIOINONG: OTEIPO ATOTTAYUEVO VEPO KAl POPULKO 08V ouykEVTPpwang 25%.

AVO WIKPOMTPA amo TO MPWTEIVIKO £€axBév LAKO péow vepoy 1 aBavoAang (BA.
ATIOTEAEOUOTO TIOPOVTOC KEPOAaiov) avapixOnkav pe Vo pikpoArtpa pRtpag MALDL Eva
MIKPOALTPO Omtd TO TOPATAVW HiYUO €QappOOTNKE oTnV TIAGKA gpyaciag tou MALDI kot
anoénpadnke pe aegplopd. H pAtpa MALDI amoteAsiton amd 60% akeTovitpiAlo (Lypo) Kol
0,3% TpupbopoakeTikd StdAupa cwvarmikov o&wg (30 mg/ml, Sigma, EU). Ta @dopata
BeTIKWY OVTWVY PETPABNKAV XPNOLLOTIOWVTAG €VBEia KAIMAKO 0O QAOUATOYPAPO UALoG
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MALDI-TOF tng stoupeiag Bruker (EU). To €0pog TnG peTpnolung péadag opilotnke ota 2 — 25
kDa evw n puBULoN auth €ywve XPNOLOTIOLWVTOG TO Aoylopiko Bruker Calibration Standard L
K&Be pdopa Tou TPOEKVYPE QVTOTIOKPIVOTOV OE €VA OUVOAO XMWV «XTUTINUATWY» TOU
Aéwlep (5 oglpég XTUTINUATWVY pe 200 XTUTTARATA ava Olpd). To XTUTINHO TOU A€L(Ep yivovTav
amd SLAPOPETIKN Ywvia KAOs Popd He oTOXO TN MANPN KGALYWN OANG TNG EMLPAVELNG TWV
KPUOTAAMwVY k&Be delypatog. Ta paopata e€nxOnoav oto Aoylopikd MALDI Biotyper 3.1 ya
™V avéAuon kat TNV afloAdynon Twv OomoTEAsopdtwy. Mo TN dnuoupyla Twv
SeVEPOYPOUUATWY  XPNOLOTIONONKAY T HOVOSIKA PACUATO TIOU TIPOEKLUYAV POV
opadomondnkav.

4.3 ATIOTEAEEMATA

Ta 300 &topa okvITIOG TTIOU XPNOLLOTIOWNBNKAY 0TI AVOAVCELG ixav amoBnkeuTel gite
Enp& otoug -20° C egite o aBavéAn SLAPOPETIKWY TIOOTATWY (ATIA KL HOPLOKAG
kKoBapdTnTag) Kat ouykevipwoswv (70% kot 90%). Ta amoteAéopaTa TIOU €ARPOnoav
¢8si&av OTL Ta Selyporta TTov HTav amodnkevpéva Enpd otoug -20° C apeixav T KaALTEPX
paopoata o OAa Ta emimeda. H xprion aBavoAng HOpLlaknG KaBopoTnTag Topnyaye
KOAUTEPNG TOLOTNTOG PACHATA amtd OTL €KElvn TNG OMAAG alBavoAng OTou N TaPousia
«BopuPou» og autd ATav VPnNASTEPN. 000 aPOopd TN CLYKEVTPWON TN alBavoAng n xpron
alBavoAng ocuykevTpwong 70% gaivetal va divel LYNANG TOOTNTAG TIPWTEIVIKA TIPOPIA o€
OX£0N He TNV alBavoAn ouykEvTpwaong 96% omou TBavwg N VYNASTEPN TIEPLEKTIKOTNTA OF
0PYQAVIKO SLOAUTN ATAV OVOOTOATIKOG TIAPAYOVTAG OTNV QYWY TIOLOTIKWY POOUATWV.

2Ta TMAQOLt TOVU TIELPAUATOG SOKIMATTNKAY SU0 TIPWTOKOAR OpoyevoTIoinong Twv
OKVITIWV 0t SUO SLOPOPETIKA SLOAVUATA (OTELPO OTECTAYUEVO VEPO KOl POPUIKO 0&V
oLYKEVTPWONG 25%). To vepd €dwoe KoAUTEPNG TOOTNTAG PACHATA Yl T &Epd
kotePuypéva  Selypata o€ avtiBeon pe  ekeiva tng alBovoing. O ouvduaopdg
OMOYEVOTIONGNG O€ POPLKO 080 CUYKEVTPWONG 25% Selypatwy anobnkeupeva s alBavoin
ouykévtpwong 70% @aivetal va gival o BEATIOTOG KaBwWC T TPWTEIVIKA TIPOoPiA Tou
mopatnpeROnkav ATav oTaBeprig ToLOTNTAG KAl emavoAnPuodtnTag. Me Bdon Aomov ta
TIOPOATIAVW, TO TEAIKA OTIOTEAECPOTO TOU TELPAUATOCG TIPOEKLVYWOV OQVTIHETWTIILOVTOS T
Selypata pe 1o akoAouBo TpwTOKoAO: ATtoBrikeuon Tou Selypatog okvinag o alBavoAn
poplakng kaBoapotnTtog ouykévtpwong 70% kat opoyevomoinon tou os 10 pl @opuikd ol
ouykévTpwaong 25%.

Jtnv ekéva 18 @aivovtal ta mévte €idn Phlebotomus mou eeTAOTNKAV KAl TX
TIPWTEWVIKA QACUOTA TIOV TIapHRXOnoav yiax K&Bs éva amd outd. Ta TPWTEVIKA TIPO®IA gival
€100-el0IKA PE OPKETEG HOVASOIKEG KOPUEPEG ovd €idog Tou emeTpePav TNV TEAKA
TuTtomtoinan kd&Be eidoug okvinag. To SevopdypAUUA TNG EIKOVAG 19 TIOU TIPOKUTITEL OO TA
@aopota Staxwpilel Ta VTIO €€étaon €dn OTwWG avapevoTav, PAon TNG LOPPOAOYLIKAG Kal
HOPLaKNG TUTIOTIOiNONG.
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Ewkova 18: Mpwtelvikd TpoiA Baon tng peBdSouv MALDI-TOF MS mévte eldwv Phlebotomus dmou

@aivovTtal oL £150-£L8IKEG KOPLPEG TUTIOTIONONG. Ot KOPUPEG KATASEIKVUOUV TIETTISIN 1) UIKPEG

TIPWTEIVEG TWV OKVITIWV.
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Ewova 19: AsvSpOypappal TIOU TIPOEKVYPE ATIO TOV SLOXWPLOKO TWV ATOUWY TIOU AVOAVBNKAV HE TN
peéBodo MALDI-TOF MS. Mapouotdlovtal évte OnAukd amo kabe eidog. H amdotaon petafd twv

ELOWV PAIVETAL WC OXETIKEG LOVADEG.
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TéAog, €€eTAOTNKE (00G OPLOUOC APTEVIKWY KL BNAUKWY OKVITIWV YL OAX T €(6n TtIou
oVOAVONKAV KOl TIPOEKLYAV TIOPOUOLA PACHATA HETOEY TWV YEVWV VW N TIAELoYNn®ia Twv
KOpUPWV 0t KA&Be @Aopa ATV Tavopolotutn peta&y Ttoug (Eikova 20). Amd ta
OTIOTEALOMATA, OEV TIPOKUTITEL EMIMTWON TOU XPOVOU amoBnkeuong tou Selypatog otnv
aBavoAn ouykévtpwong 70% otn TOWTNTA TwWV QAopaTwy. o tov éAeyxo autd,
noapnxOnoav eacpota amd dsiypota 3, 39 kat 75 npepwv (Ewova 21).
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Ewkova 20: YUykplon @aopatwv MALDI-TOF MS &Vo aposvikwy kot Vo BnAukwv atopwv P. tobbi Ot
KOPUPEG TIOU TIPOEKLYAV Elval oSOV TTAVOUOLOTUTIEG Hall E TNV TIOPOVTLA TWV E160-ELELKWV
KOPUPWV.
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Ewova 21: Emidpaon Twv cuvOnKwv amoBrkeuong otn ToOTNTA TWV QACHATWY. ZUYKPLoN
paopdtwyv MALDI-TOF MS BnAukwv atopwv P. tobbi amoBnkevpéva og alBavoin 70% yia 3, 39 kat 75
NUEPEG AVTIOTOLX Q.

4.4 YYZHTHZH

Ta TteAsutaia xpoévia, n péBodog aopatookoémioag palag MALDI-TOF, n omoia
TIOPAYEL TIPWTEIVIKA TIPOPIA SelypdTwy, eixe xpnolpomoinBel kupiwg yw Tn TUTOTOINGN
MOVOKUTTOPpWY TaB0oYyOVWY OpyovIoHWwyY. Tl TIAEOVEKTARATA TNG WG AVOAUTIKO gpyaieio
glval n svawoBbnoio ko n e&eldlkeupevn IKOWOTNTA TNG O EQOAPUOYEG TUTIOTIOINONG OTN
MIKPOBLOAOYIO  CUUTIEPIAOUBAVOUEVWV TWV  EPOPUOYWY OTN KAWIKA SlyVWOTIKA  HE
€EAPETIKA TTOCOOTA EMAVOANWIHOTNTAG KAl E£0LKOVOUNCNG XPOVOL Kal Xpnuatwy (Singhal
et al, 2015). H uéBodog autn ToPEXEL ETTAPKN SLOKPLTIKA IKAVOTNTA Yl Eval EUPU PATH
Baktnpiwv KAWLKAG onupaociag. To onpavtikotepo otolxeio eivar OtL Sev meplopideTal n
SLOKPLTIKN TNG LKAVOTNTA OTO €TITESO TWV ELOWV A& TIPOXWPAEL OTN SLAKPLON UTIOELO WV
I OKOMO KOl OTEAEXWY, €val LoXUPO OTAo oTnv emdnploloyia Tou ekdotote aboyovou. H
TANBWPA TWV cuooWPEVHEVWY Sedopévwv 0dnynaoe otnv eykabidpuon apketwy Baoswv
Sedopévwy pe PAopaTa IOV eival SLOOECLUEG YLt KABNUEPLVH XPNON TWV ULIKPORLOAOYIKWY
gpyaotnpiwv (Patel, 2013).

Katd tn Owdpkela tng TeAevtaiag efaetiog n  péBodog emektdOnke OTOUG
TIOAUKUTTOPOUC OPYQVIOMOUC KOl MAALOTO  CUPTEPLEANPONCAV KAl EVTOPX  LOTPLKAG
onpooiag. Apxikd, ofloAoyndnke eva TpwTOkoAo yla 1o Culicoides nubeculosus, eva
QLUOTOPAYO SITTEPO TIOU QVNAKEL OF €V YEVO( EVTOMWVY TIou peTadiSouv ovg ol omoiot
TIpokoAoVV emikivduveg voooug yla tov avBpwto kot ta (wa (Kaufmann et al, 2011).
Apyotepa, OpuBnke pa Baon Sedopevwy @oaoudtwy ya 15 €idn Culicoides ywa va gival
duvaTn N QUTOPATN TUTIOTIOINGN TETOLWY SELYUATWY XPNOLUOTIOWWVTOG TN QACHATOCKOTIX
palog MALDI-TOF (Kaufmann et al, 2012a). Yta kouvoutia, n TUTOTOiNon TOUG HE TN
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OUYKEKPLUEVN HEBOSO €xel SnUoupyRoEL Pl IKavoToNTK Paon SeSOpEVWV PAOUATWY
(Yssouf et al, 2013b, 2014). H ouykekplpévn TPOCEYYLON TUTIOTIOINONG ATAV KAVH VX
Slaxwpioel KPUTTTIKA (6N LXTPIKA TNUOVTIKWY evtopwy (Kaufmann et al, 2012b; Miiller et
al, 2013).

O pdrog Twv okvimwv wg daPipaotng &eviotng touv mapacitov Leishmania, tou
Baktnpiov Bartonella bacilliformis aAA& kot ®AeBoiwv (Killick — Kendrick 1990, Alwassouf et al.
2016, Breitschwerdt 2017) emiB&AAEL TNV avayKn yla akplBy TUTOTIONoN TWY E0WV aUTWVY,
KATL IOV €lval QmapaitnTo YIX TNV OTOTEAETUATIKOTNTA TOU TIANBUOUIOKOU EAEYXOU TWV
OUYKEKPLUEVWVY EVTOUWY KaBWG Kot TnG TpoPAewng tou kivdlvou yla tn dnpoola vyeio o
k&Oe meploxn. H péxpt twpa mpd&n €xel Sei€el 0TL N TuTtOTOinGN TOUG Sev €lval €UKOAN
Sadikaoio. H suooBnoior TwV HOPLOKWY TEXVIKWY €XEL ATOKOAVYEL TNV UTTIOPEN XPKETWVY
UTIOOUASWY oTa €8N OKvimog Tou TepLEXOVY €idn pe adUVOTO HOPPOAOYIKO SLOXWPLOHO.
J1tnv untoopdda tou Phlebotomus perniciosus, StafLBaoth evioth Tou apaaitov L. infantum
OTN MECOYELOKN AgKAVN, £xEL Ppedel eva adeA@o €idog Tou P. longicuspis To omolo dev €xeL
akoOpa meplypoel MANpwg (Pesson et al, 2004). To €idog P. argentipes, o KuPLOTEPOCG
Safipaotng Eeviatig Tou mapacitou L. donovani otnv WELKNA UTIOATIELPO, £IVOL OUCLAOTIKA
L0t UTTOOUASA TPLWY TOVAGXLOTOV EL6WV APPAEYOUEVNG LOPPOAOYIOG KOL AYVWATOU POAOU
otn petadoaon TG vooou Agiopavioong (Ilango, 2010). TéAog, n umoopdda tov P. major,
SlaPiBaotn &eviot Tou L. infantum pe TIOAU gupeial KATAVOUN, ATOTEAEITAL ATO évav aplOpo
OUYYEVIKWY €L8WV TO OTIO0 ETUKOAUTITOVIAL YEWYPOPIKA O TIEPLOXEG TNG MECOYELAKNG
Aekdvng (Kasap et al, 2013). e OAeg QUTEQ TIG MEAETEC YL TIG OKVITIEG, XpNnoLLoToriOnkav
SlapopeTikeg pEBodol Tumomoinong mou Paciovtal gto DNA, yeyovog mou Seixvel pia
QVAYKN Yot VAL EPYOAELD PE TIEPLOTOTEPO eviaia xprion.

310 KEPGAQLO OUTO OVOAUONKaV TA TPWTEWVIKA TIPOQPIA TIEPLOCOTEPWY  TWV
Tpokooiwv (300) aTOPWV TIOU QVAKOUV Of TIEVTE €0n OKVIIOG ME OTPIKA Onpaocio
(Phlebotomus sp.) kaBwg sivat SLoPLPaotéq EeVIoTEG SLAPOPETIKWY E6WV TOL TIAPATITOL
Leishmania. Mg outi TNV avaivon amodeixtnke OTL TA TPOPIA CUTA UTTOPOUV VA
XpnotwpomonBouv ylx TN ypriyopn kot o&dmotn tutomoinon okvimwy. ‘OAa Ta €idn movu
avoAVBNKav TIapAyayoV TIPWTEVIKA QACHATA XWwpPilg «Bopufo», emavoAapBavopeva Kot
€160-€L8LIKA AVTOATIOKPLVOUEVO OTLG AVAYKEG TUTIOTIOINONG UTWVY TWV eVTOHWV. Agv vrtip&av
Slapopég ot PACHATO PETOED OPOEVIKWY KOl ONAUKWY OTOUWY TWV AVTIOTOLXWV EL6WV.
AUTO OUPQPWVEL PE TIPONYOUUEVEG MEAETEG OTIOU OVOAUBNKE N OKPLPNG TIPOEAELON TWV
PooUATWY TIou Tposkuav ota €i6n Drosophila. MopatnpriBnke Aomdv OTL Ol TIPWTEIVEG
TIOU €8vavV Ta ACHATO TIPOEPXOVTIAV KUPLWE amod LoToUg HUWwV Kol UToXOovdpla oTtdTE
TIOAV TiOavwE Ta orpata Ba givat opola kat yiox ta SVo @UAa (Feltens et al,, 2010).

Katd tn Sidpkela NG oVyKpLong HETOEY TwV SLopopeTIkwyY PeBodwv amobrikeuong
TWV OKVITIWY QmMOKOAVPONKE OTL TA KOAUTEPA QTOTEAECHOATO EUPAVIOTNKOV OTOV T
Setypota sixav kataguyBsi otoug -20° C, Enpd. Mapola autd, oto Tedio, KATL TéTolo Sev
glval mavta Suvatd va yivel. AsSopEvwY aUTWY, TO YeEYOVOG OTL OKOUO KOL HOKPOXPOVIX
amoBrkeuon Tou OTOV 0 ABavoAn ouykévtpwong 70% TIOPEXEL  LKAVOTIONTIKA
amoTeAéopaTa Elval TIOAU  €vOOPPUVTIKO MG Kol N alBavoAn sival To  KuploOTEPO
aTOONKEVTIKO SIGAVPA OTLG EVTOMOAOYIKEG OELYHATOANYIEG KOl HE TIEPATEPW XPNON OF
HOPLOKA TIPWTOKOAAQL XTNV TaPOUTa UEAETN Sgv e€eTAOTNKAV OKVimeG ONAUKOU yévoug
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Talopéveg pE alpa KaBWE elval yvwaoTo amod TPONYOUHUEVEG SNOCLEVTELG YL ALUXTOPAYX
EVTOpA OTL N TIOPOVCIa AiPATOG OTOUG LOTOUG £XEL BapUvouoa ETIMTWON OTA TIPOTUTIA TIOV
Tapdyovtal and Tn @acpatookotion palag MALDI-TOF koBw¢ HELWVETAL TO «OAHO» TWV
TpWTEVIKWY otoxwv (Kaufmann et al, 2011). Zto PEAAOV, TIPETIEL VO GUVEXLIOTEL N MEAETN KO
o€ ONAUKA TToL €X0UV TAIOTEL E QL.

Ta eupAPOTA TNG EVOTNTAG OUTAG VTIOSEIKVVOWV OTL N PacpaTookoTio péalog MALDI-
TOF ivat Suvato va amoTEAETEL [l YPYOPN, OTIAN, OLKOVOUIKA KOl €0aioBNnTn eVOAAXKTIKA
ETAOYN TuTIOTIOINONG OKVITTWVY. Mg OXeTIKA OKpiPela, umopsl va umoloylotel OTL éva
«Tp€€lpo» MALDI-TOF pmopei va gival éwg kat 100 @opég Tio Bnvo amd éva avtiotol o
«Tp€€lpo» PCR. Télog, mipemel va toviotel 0Tt n Sadikaoio Snuovpyiag deiypatog ya to
MALDI eTITPETIEL TN XPNON TOV PEYUATOC YLt OTIOLOSATIOTE GAAN HOPLOKK ETEEEPYQTIA APal
n néBodog autn pmopsl va xpnolpomoinBel wg €va TOAY aLOTILOTO CUUTIANPWUATIKO
epyoAeio OTAV TIPOKUTITEL OVAYKN OAAX KOL Yl Lo TIAAPWG EUTIEPLOTOTWHEVN HEAETN
TUTIOTIO(NONG OKVITTWV.

ATO TN OTWYMUR TIOU OAOKANPWONKE TO TEIPOPA ATOTEAOVOE E€EALPETIKAG ONUOCLOG
EPWTNUA va gAeyxBouv okvimeg Tou €xouv ouAhexBel amd to medio yx va a§lodoynBei n
lKovOTNTA TNG HEBOSOL 0TN TUToTIoiNON AYPLWY TIANBUCUWY okviTag. ETol Svo peléteg, To
2015 (Mathis et al, 2015) kou to 2016 (Lafri et al, 2016), eééTaoav Ayplat ATOMA OKVITIOG
mpoomnabwvtag v otnBel pa Bdon SedSopévwy GAOPATWY pe OTOXO TNV TUTIOTIOiNON
okvimwy. A§loonpeiwTo ival TO KOPUATL TWV €V AOYw TIELPARATWY TIOU €££TACONV «TUPAQ»
N Paon dedopevwy Kat TPV 0pBEG aTAVTAOELG YLt TNV TUTIOTIoNON TwV SetypdTwy. Kot
ol Vo peAgteq emiPefaiwony Ta eLPAUATO TNG SIKNAG Hog HEBOSOU GOOoV aPop& Tov TPOTO
amoBnkeuong Twv SelypATWY OAN& Kol TN SLOKPLTIKA  LKAVOTNTO TUTIOToinoNnNg Tng
poaopatoogkotiog palag MALDI-TOF. TéAog, ivat TToAU onpavTikd vo avadelxBel To yeyovog
OTL OAEC OL MEAETEG Yl QUTOV TOV TPOTIO TUTIOTIOINGNG OKVITIWV OUVOSgUovVTal OTo
HOPPOAOYIKEG KAL/f} HOPLOKEG TUTIOTIONCELG. AuTO eival évdelén Ttou yeyovdtog OTL N
peBodog akopa Ppiloketal oe mepiodo aloAdynong kat eav Sev avomtuxBel pa eKTEVAG
Baon Sedopevwy PAOPATWY aTtd TIOAAATIAOUG AyPLOUG KAl EPYOCTNPLOKOVE TIANBUOMOUG
dev Ba NTav CwWOoTO TPOG TO MAPWY VA BacileTal N EMOTNUOVIKN KOWOTNTA HOVO OTn
paopoatookotia paloag MALDI-TOF ywa tnv tumomoinon okvimwyv. MNMoapoAa autd, n Gueon
QVTATIOKPLON E£PEVLVNTIKWY OUASWVY otnV ¢a pag, Sivel eAideg OTL auth N véa péBodog
TUTIOTIOINONG OKVITTWVY HECW TIPWTEIVIKOU TIPOPIA OTO Apeco PEAAOV Ba OTOTEAETEL Eval
Waitepa SNUOPNEG epyaleio TUTIOTIOINONG QUTWV TWV EEAPETIKA LOTPLIKA GNUOVTIKWY
EVTOUWV.
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KEDPAAAIO 5

FENIKH 2YZHTHZH

H mapovoa OSwtplfry eotiooe otn peAéTn NG TOEWOUNONG TWV  OKVITIWY
(utootkoyévela: PAefotopol) g Kpntng kot tng Kumpou. Xtov MoAawd Koopo éxel ndn
amodetxOet 0Tt 31 €idn okvinag anotedovv SPLPaocTég EeVioTéG TOU TIPWTO(WOU TTIOPAGiTOU
Leishmania. H opdda Twv vOOWV TIOU TPOKOAOUV QUTA TA TIOPAGCLT, Ol AEIOUOVIATELG,
TIPOKOAOUWV 50 xAtadeg Bavatoug eTnoilwg og aykoouio entinedo (WHO 2010). MapdAAnAa,
ol OKviTeG amoTe oLV SlapaoTég EevioTég Kal AMwY TtaBoyovwy (pAgBoiol Tou yévouq
Phlebovirus ko Baktipla Tou yévoug Bartonella) (Breitschwerdt 2017, Moriconi et al. 2017).

H avtipetwmion tng Aciopaviaong petadly oAwv, TiepAauBdavel tnv amopaitntn
yvwaon o€ Babog TnG mapousiog Twv okVImwy, wg StafBaotég EevioTég Tou Tapaacitov, o
pla eploxn. Etol, n touTtoTnTa Kot N emKvOuvoTNTA Twv £kdoToTe €WV oKvimag (wg
ool ) un StaPpaateg Eevioteq) sival Svo atolxeia TTou AappavovTtal vTtOWn OTav TIPETEL
va An@Bouvv amo@doslg ya T dnuoota vysio oto eminedo mMPOANYNG N AVTIMETWTILONG
KPOUOUATWY Agiopaviaong.

H kAotikn ooy eival poe TipayoTikOTN T IOV 0 TIAQVATNG GVTIMETWTTILEL Kal
MOALOTa ekdnAwveTAl PE SPAUATIKOUG puBHoUE. To @oawvopevo emnpeadel TIG OKVITIEG Kol
TouG &EVIOTEG TOPAKOTOONAKN (OTIWG O AVOPWTIOC) HE TIG OAAAYEG OTLG TIEPLPOANOVTLKEG
ouvOnkeg (BOTIKWY KAl OBLOTIKWY TIOPAYOVTWY) Vo €XOUV LoxXupn emidpaon otnv
gmdnuodoyia tng Agiopaviaong. H e€amAwon kot n emkwduvotnTa Twv Slafilfaoctwy
EEVIOTWVY TOU TAPOAGITOY, TIOU EL0AYOVTOL O€ VEX YL QUTOUG EVOLOLTAPOTA Elval yeyovoTta
TO OTIOlOL N ETILOTNMOVIKY KOLWVOTNTX TIPETEL VA avTIHETWTIioEL (Beugnet & Chalvet-Monfray
2013).

Jto emimedo Twv SwPfactwy Eeviotwy, ol aAdayég otn Oepuokpoaocic, oTn
TIVKVOTNTA KOL TO VYOG TNG BPOoXOTTWONG KAl TNG VYPOCLog EVOEXETAL VAL ETMNPEATOVV TNV
nBoAoyia kat TNV olkoAoyia Toug. Auto onpaivel 6TL Ba TpoToTonBel N avamapaywylkn
(SLdipkela yevidg, TARBOC amoyovwyY KATL) /KAl N SLATPOPLKH CUUTIEPLPOPA TWV OKVITIWV
(cAAayr) TNV TPOTIUNGN BNAACTIKOU OTO YEVPX aiUaATOC). AKOpO, TTEPLBAANOVTIKEG OANQYEC
TETOLAG HOPPNG ETLOPOVV Kail € TANBUTULOKOS eTtiTeS0 KABWG T SeSOPEVA TNG TIUKVOTNTOG
KOl TNG METAVAOTELONG TWV TIANBUoPWY okviltag Ba apyioouv va TpomomolovvTal KaBwg
Ba mpoooapuolovtal ota vea dedopéva. OmodTe, Snulovpysital kat N MBavOTNTA TTOPOVTIAG
MOAUCHEVWY HE TIOPAOLTA OKVITIWV Of TIEPLOXEC OTIOU UEXPL TWPA SV ATOVTWVTAV.
AmtoteAel Aoumov PoOKANoN N akPLBAG KaTaypa@n Twv eLOWV OKVITIOG 08 AUTEC TLG TIEPLOXEG.
ESw o&idet va avapepBslt 6Tl otnv mepimtwon Tou mopacitov Leishmania, WKPEG
Slakupdvaoelg otn Beppokpaacio TEPPAANOVTOG UTTOPEL VO £X0UV SpapATIK eMiSpacn aTov
oVOMTUELOKO KUKAO TOU, KOBWG avamTUOOETOL HETA OTO OWUX TNG YuXpOaung OKVITaG.
Tetoleq OPWG OAAQYEG OTIG OLUVBNKEG AVATTUENG TOV TIOPAGiTOU 08NYouV Kal o€ PETABOAR
Twv ouvBnkwv petadoong Ttou. Mo mopddelyue, €av pla oAayr) Tng Oeppokpaciog
TEPLBAANOVTOC €UVOEL TNV TAXVTEPN AVATITUEN TNG LOAUCHATLKAG, TIPOUOTTYWTNG, LOPPNAG
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TOU TOPOCITOV TOTE N HETAS00N TOU TOpPACiTouv Leishmania, otn HOVASA TOU XPOVOU,
TpayHaTOoTOLETAL e peyaAUTEPN TIUKVOTNTA (WHO 2010).

Eotialovtag otn HeAétn Tng Asiopavioong, e8Ka os xwpPeG TG APPIKNG 1 TG Méang
AvaTtoAng, dnAadn TEPLoXEG KOT' €£0XNV EVONULKEG TNG VOOOU, TIOPATNPEITAL O TUVSLAGHOG
NG KAMOTIKAG OAAQYNG HE TIOAEWIKEG ETILXELPNOELG KOl EUQPUALEG OUPPAEELG. ATTO TN ML
TIAELPQ, TO KAl TpoTtoTIoLE{TAL TIPOC ENPOTEPEC CUVONKEG UE OTIOTEAEOUA VO ETIEKTEIVOVTAL
Ol AYOVEG TIEPLOXEG, ME TIG KOAALEPYELEC VA CUPPIKVWVOVTOL Ol KATOIKOL TWV TIEPLOXWV
oQUTWV (OIKOAOYLKOL TIPOOPUYEG) EIVAL QVAYKOOUEVOL VO HETAKWVNOOUV Kol €V TEAEL VOl
EYKOTAOTOOOUV TIPOG GAAEG YOVIPOTEPEG TEPLOXEG. Me auUTOV TOV TPOTIO, EUKALPLOKA
naBoyodva oe AavBdvouoa 1 evepyr| LOPPr) GTOV OPYAVIOHO TWV £V Adyw avBpwrwv /Kot
(wwv Tov tadidePav padll Toug, AOYyw OTPEG KOl KAKNAG SLaTpoPng, evdéxetal va Bpouv
TIPOOPOPEC CUVONKEG Yl va EeKlvrioouy TNV ekSAAwaonN Tng véoou (Short et al. 2017). And
TNV GAAN TAEUPEd, oL OLVOAKEG TIOAEUOU 0ONYOUV O KOAOTOLAUEG HETAKIVATELS TIPOGPUYWV.
To mpwTo €nMakOAOVOO TNG KATAOTAONG QUTNG Elval OTL oL GvBpwTiol auTol evoExeTaL va
glval poAuopgvol e oTeAEXN TTaBoyovwy N IapaciTwy amd TIG XWPEG TIPOEAELONG TOUG KAl
ME TN OEPA TOUG VA TA ELCAYOUV OTIC TIEPLOXEG EYKATACTOONG TOUG. Av Ol OUVONKeEG
peTAdooNng TOug OTNV TEPLOXN €L0OS0U LTIAPXOLV (OTIWG YL TIAPASELYHA Ol KATAAANAOL
Slofipooteég Eeviotég otnv  TeEpimTwon TG Agiopaviaong), TOTE €lval Suvatov  va
EMPAVIOTOVV eTudNpisg (Al-Salem et al 2016, Ozkeklikci et al. 2017). To SUtepo emokdAoLBO
glval 0TL To avoooToINTIKG CUOTNUO CUTWVY TWV TUOAVWY EEVIOTWY TIOPAKXTAONKWV gival
aSVVOO €EATIOG TOV UTIOOITIONOU KOL TNG TOAXTIWPILOG TIOU UTIOKEWVTOL OO TIG GUVONKEG
METOKIVNONG TOUG, OTOTE £ival euGAWTOL O veeg Aouwéelg (Du et al 2016). H €ykaipn Kal
akpLPng yvwon twv SoBipactwy EEVIOTWY TIOU ATIAVTWVTOL OTIG TIEPLOXEG EYKATACTAONG
TETOWWV TANBUOPWY avBpwTiwY Kot (WWV Eival TO KUPLOTEPO PBAA Y TNV TIPOPAEYn, o€
eTdNULOAOY KO eTtimedo, TV ekONAWONG TIEPLOTATIKWY Asiopaviaonc.

H KpnAtn kot n Kimpog, Vo vnowd oto petaixpuio peta&y AvatoAng kot Avong, sival
OTOUPOSPOUL TIOU €TMNPEAOVTAL KOL OO TN KALOTIKA oAAyr] oAA& Kol oo TO KUPO
HETAKLVOEWY avOpWTWV Kol eVEEXOHEVNG ELCAYWYNG VEWV €6WV Leishmania Kal OKVITTWV.
210 pEMoV, To Kahokaipt Ba yivel Enpotepo kat Beppdtepo Kat Ba emekTaBel N SLxpKeLa TOV
EVW O XELHWVOC Ba éxel AtyoTtepeg Bpoxomtwoelg (Giorgi & Lionello 2008). Autég ot ouvOrkeg
glval IKaveg va eTISPATOVV CNUOVTIKA GTNV TPOTOToiNGN TG PLOTIOKIAGTNTOG KaBwG oL
opyaviopol TpoomaBovv va TIPOCAPUOCTOUV OTa VEX Sedopeva.

H otpopn otnv €1g BAB0G PeAETN TWV oKVITWY €XeL EeKvnoel Ta TeAeuTaia 25 Xpovia.
‘Ewg 10TE, TO PAPOG TWV HEAETWY aopouds oTa maboyova mou Safipadouy, e8Ik Ta
MpwTolwa TOPACITA TOU Yévoug Leishmania (Steverding 2017). KaBwg, Aowmodv,
avayvwplotnke n onuoocio Twv SaPpactwy EEvioTwy oTNV emSNUIOAOYLKH oAuaida Twv
vOOWV TIOU QUTA TIPOKAAOUV, Ol OKVITIEG SLAPOPPWOOV LA LEYAAN opdda 6wV amd ouTd
Tov €€eTdlel To edio tng latpikig Evtopoioyiag. MapdAAnAa, oL veeg KAPATIKEG CUVOAKEC
paivetal va emnpeddouy TN YEWYPAPLKA SLAOTIOPA TWV OKVITIWY, aAalovTtog Ta Sdedopéva
TIOU MEXPL TWPA ATAV YVWoTd. EWdikoTepa, N Tavida Twv oKVIMWwY oAAd KoL N TTUKVOTNTA
TWV TANBLOUWVY TOUC, O TIEPLOXEG £0TIWV Agiopavioong paivetal v aAA&(EL 0T TIOPEia
Tou xpovou (WHO 2010, Beugnet & Chalvet-Monfray 2013). EEautiag Aowmov 1tng
EMKLVOUVOTNTOG TWV OKVIMwY w¢ Sofpactég &eviotég emikivbuvwy  moaBoydvwv
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Snpiovpyeital n avaykn yla ypriyopn kot afloTiotn Toutomoinon toug Ta teAsvtaio 20
XPOVLIO, TIOPOAANAQL HE TIG TIAPASOOLAKEG HOPPOAOYLIKEG KOl HOPPOUETPLIKEG HEBOSOLG
TUTIOTIOINGNG, AVOATITUXBNKAV PHOPLAKA EPYOAEiD YLt UTO TO OKOTIO.

‘Onwg gival oavepo, N HEAETN TWV OKVITTWY, WG SLaPLBaoTég EeVioTEG TOV TTAPATiTOU
Leishmania, eival €€alpeTikAg onpoaoiog kot omouteitor va evtabesl otoug TopEl TNG
KOTAYPOPNG TWV KUKAOPOPOUVTWY €8WV Kal Tng Suvatotntog Toug Vo SpAcouv wg
Sofipootég &eviotéq. H peAétn mou mpaypatomowriBnke oTa MAQICLH TNG TOPOVOAG
SatpPng xpnotormoinos to DNA barcoding wg péBodo Tumomoinong Katl oTn CUVEXELX
TOTOTIOINONG OKVITIWY 0TI V0 TiePLloXEG MEAETNG (Kepdhawo 2). Me outd Tov TpodTO
KOTAPEPE VO KATOAOYOTIOINOEL TO €6 OKVITTWY TIOU QUXMOAWTIOTNKOV OAAX Kol va
EUTAOUTIOEL U ouveXWC ou&avopevn BLBALONRKN pe barcodes ov o0Tdlel, amd TN Jia, OTN
yvwaon yw tn BoTokiAGTNTA TAVW OTOV TIAQVATN KL omtd TNV GAAN OTNV €yKalpn Kot
OELOTILOTN KOTAYPOPN VEWV E10WV Ot TIEPLOXEG MEAETNG. H e€akpiBwon Twv QUAOYEVETIKWY
OXE0EWV TWV TKVITIWV TNG TIaPoVOaG SLATPLPNG NTAV TO ETTOUEVO KOL ONUAVTIKOTEPO Pripa
MLOG KOL N CUOTNMOTIKY KATAOTAON TNG OUYKEKPLUEVNG TOEWOMIKAG opddag (wwv gival
okoOpa ap@eyopevn (Dokianakis et al. 2018). Auto opeiletal, ev pépeL, TNV EAAELYN KOWVA
amodekTAC peBodou Ttagvopnong, eWIkd 6cov agopd Tig neBodoug mou PBacilovtal oTo
DNA.

Mo auto to MPOPANpa, N SlatpPr) ekmoviBnke €xovtog wg &&OvVa TOV EVTOTILORO
TPWTOKOAWV e€aywyng kat ToAamAactacpoy DNA yla 0Aa ta €i6n Tou epléxovtav ato
o€t dedopevwy. H eviaomoinon Twv TPWTOKOAWY ouTwv Ba 08nynoeL evEeXOpEVWE TIPOG
NV eMiAUCON OPLOPEVWV OUPAEYOUEVWV EPWTNUATWY YL TN CUCTNHUOTIKY KOTAOTOON TWV
eldwv okvinmog. H emidvon auth elvar moA) kaiplag onpoaciog ywoti eivar avaykaio oTig
ETUONUIOAOYIKEG MEAETEG Agiopavioong va TapeXovTal akKpLBelc TMAnpoopieg yl Toug
TIANBUOPOUG StaPLBacTwy EEVIOTWY KAl TNG YEWYPAPIKAG TOUG KATAVOUNG OTIG E0TIEG TNG
vooou 1) otnv umod e&étaaon mepLloxn.

Ta QMOTEALOUOTA TNG PUAOYEVETIKAG avaAuong péow DNA barcoding (Kepdhawo 2)
katedel&e Tn Mapovcia okTw eWdwv og Kprtn kat Kuttpo pe Svo amd autd va Bpiokovtal kot
ota 8U0 vnaold. Ta €idn pe poAo oto kKUkAO (wng Tov mapaacitov Leishmania otn Kpntn (P.
neglectus, amodedelypevog StafiBaotig Eeviotig Tou L. infantum [ZIA ko Asiopavioon oto
oKUAO] kat P. similis, vmomttog Stafifaoctic Eeviatng tou L. tropica [AA]) Sev umhpxav otn
Baon Sedopévwv Ttou barcode yovidiov COI péxpt Twpo, pe TNV Tapovoa dxtplfn va
KOAUTITEL aUTd TO Kevo. MapdAAnAa, to P. tobbi (Sofipaotng Eeviotrg Tou L. infantum kot
TBava kat tnG L. donovani otnv Kumpo) Slaxwpiotnke amd 1O €EAUPETIKA CUYYEVIKO TOU
eldog P. perfiliewi. Mo owtd Tt SVo €idn, N avamTLEN TOL HOPLOKOU gpyaAeiov pe Baon TN
peéBodo PCR-RFLP (Ke@dAawo 3) cupBAaAAEL oTn TaXUTNTA Kol aLOTILOTION KATAYPOPAS TOUG
o€ €TILONWLOAOYIKEG HEAETEG OTNV TiEpLloXn. Mepattépw, otov o cuvotnuatikd &&ova, To
UTIOYEVOG Larroussius gpmepléxel OAa Ta €idn Safipaoctwy Eeviotwy tovu L. infantum kot n
MEAETN TOU HE (PUAOYEVETIKEG OVOAUOEL, KOl OVATITUEN VEWV HOPLOKWY EPYOAEIWV
TumoTtoinong — Towtomoinong Kpivovtal €€aipetikng mpotepatdotntag (Dokianakis et al
2016).

Jta unddoma €idn mou n SwxtpPy avélvoes, mepauPavetal to P. papatasi,
Safipaotng &eviotng tou L major (AN) otn Méon AvatoAn. O &evioTtrg mapakatodnkn
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(kP& TPWKTIKE) amouolddel and TNV Eupwmn oAA& n tapovasia Tng okvimag o€ cuvSUATUO
pe tnv mBovh eoaywy Twv &V Adyw &evioTwv omautel TNV €ypnRyopon yu TG
ETUONULOAOYLKEG OUVETIELEG OTN VOTIOOVATOAKH Eupwmn. Télog, Tta €idn Tou yévoug
Sergentomyia €ival okviTteq TIou o€ TEPLOXEG TNG APPIKNG Spouv w¢ SafiBaotég tou L.
infantum evw n ev80&elSIKA TIOKIAOTNTA TwV barcodes, Tou n STPP aVASEIKVUEL, TIPETTEL
va AouBdvetal cofopd umOYn OTn HEAETN TOUG Yyl TO BaBud KAVOTNTAG TOUG VA
OUMUETEXOUV OTOV KUKAO (wnG Tou mapacitou. Autd toviletal Wblaitepa yloti n mbavn
TIXPOVCIA KPUTITIKWY TAEA /KoL EL6WV 0TO CUUTAEYUA TOU €idoug S. minuta TipETEL va yivel
YVWOTH MG KOl SlapopeTika €i6n okvimwy Safipalouv StapopeTika €dn Leishmania
KoBwg oL Svo opyaviopol sivat Eva ywwaoTtd HoVTENO oUVEEEALENG.

H epyoaoia oto medio Seixvel OTL TA EPWTAMATA CUOTNHATIKAG KATATAENG LOXTPIKA
ONMOVTIKWY EVTOPWY, EKTOG aTO akpifela, amattovv Kot TaxvtnTa. H Tutomnoinon okvimwv
pe Bdon to MPWTEIVIKO TOUG TIPOYPIA (TTPWTEWUR) NTAV N TIPWTN TPpooTidBela oto Tedio
maykoopiwg (Kepdhato 4). H dladikaoio avamtuxOnke o€ ATOPA EPYATTNPLAKNG ATIOKIOG ME
Vv teXvoloyia pacpatookotiog palag MALDI-TOF BeATIOTOTIOWVTAG TIAPEAANAQ KAL TIG
ouvOnkeg amoBnikeuong Kal avéAuong e oToOxo TNV PEATIOTN TOWOTNTA QOCUATWY
oavdAuone Ta eboeldikd pdopata, Tov n peBodog £6e&e yla mévte €idn Safipaotwv
EevioTwy, QmMOTEAOUV TO TPWTO PAMA TPWTEIVIKAG TUTOTIOINONG OKVITIWY  yld VA
ovomtuxOel wa PPALOBNKN QAOUATWY Yl KAOE TOEWVOUIKT) HOVASO TIOU OTAVTATOL O
EPYQOTHPLA KAl KUPLOTEPA 0TO TESi0. Emimpdabeta, to epyoaieio autd €8s OTL pmopel va
PWTIOEL KOL TIG CUOTNUOTLKEG SLAPOPEC TWV SELYPATWY TIOU AVOAVOVTAL, YEYOVOC TIou Sivel
eATIOEC OTL n pEBOSOCG auTr Ba XPNOWUEVOEL TIOAUTIAEUPA OTN HEAETN TNG MOPLOKNG
OLOTNHATIKAG KaTdataong Twv okvinwv (Dvorak et al. 2014).

Ev katakAeid, n moapovoa Satppry otoxeve otnv €okpifwon TNG MOPLOKAG
TOUTOTNTOG TWV OKVIMWY oTnV KpAtn kat tTnv KOmpo petd amo detypatoAnyieg tecodpwyv
EVTOMOAOYIKWVY TIEPLOSWV. MPOTOU TIPOXWPHCOVUE OTIC HOPLOKEG AVAAVTELG, O €vag GEovag
oKEYNG TOU akoAouBnOnke ATav OTL N HOPQPOAOYLKH TOUTOTIOINON, TAPOTL QAVETIOPKAG,
TIPETIEL VO TIOPOUEIVEL CUMPOUVAEVTIKN Kol OXL OEOUEVTIKA KABWG O APXLKOG HOPPOAOYIKOG
SlLOXWPLONOG O TOEWVOUIKEG MOVASEG TWV ATOMWY UTO e€€Taon eival To TMpwTo PAA o€
KOs mapopola HEAETN. ‘Opwg, Sapopég oto DNA 1 oto mpwTteivikd mpoid umopsl va
KPUBOLV amavTtoslg Yo TBovh TIPoVoial KPUTITIKWY TAEA 1 OKOUO KOl EL0WV Of HLX
TIEPLOXN, HE OLAUPOPETIKN ETILKIVOUVOTNTA KAL OL OTIOLEG VA UNv ATV Tipoaveig faon pnovo
TOU @QOWOTUTIOU TOU QTOMOUL. Bdoel tng TowtdTnTag Twv €dWvV aUTwv (ouvepyaoia
poppoAoyiog - barcode) T poplokd epyodeia Tou avamTuxOnkov oTdOXELOV OTNV
a&LOTOTN, EONVA KAl YpRyopn TOUTOTIOINGCN OKVITIWVY OmO TIG TIEPLOXEG MEAETNG ME TNV
eATIid O var etekTaB0oUV GE OAOKANPN TNV VOTIOAVATOAIKA Agkdvn tng Meooyeiov, 6mToOL TO
TPOPRANUA TNG ALIopaVINTNG QAIVETAL OTL YLYOVTWVETAL TO TEAEUTAIO XPOVLOL.
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NMAPAPTHMA

MNivakag M1: Asdopéva  oMnrouxlwv mouv  ovtABnkav omd 1o  NCBI

(ncbi.nlm.nih.gov/nuccore)

Mévog Yroyévog Eidog MpogAeuon NCBI Accesion Number

1 Phlebotomus  Paraphlebotomus sergenti Alyepila KJ481075
2 Phlebotomus  Paraphlebotomus sergenti Alyepia KJ481074
3 Phlebotomus  Paraphlebotomus sergenti Ahyepia KJ481073
4 Phlebotomus Larroussius tobbi EMGSa (gvd.) KT634317
5 Phlebotomus Larroussius tobbi lopanA KF483675
6 Phlebotomus Larroussius tobbi EMGSa (gvd.) KU519502
7 Phlebotomus Larroussius tobbi EAN\GSa (gvé.) KU519503
8 Phlebotomus Larroussius perfiliewi Alyepia KJ481176
9 Phlebotomus Larroussius perfiliewi Alyepla KJ481175
10 Phlebotomus Larroussius perfiliewi Alyepia KJ481081
11 Phlebotomus Larroussius perfiliewi Alyepla KJ481080
12 Phlebotomus Larroussius perfiliewi EMGSa (gvd.) KU519505
13 Phlebotomus Larroussius perfiliewi EMGSa (gvd.) KU519504
14 Phlebotomus Larroussius perfiliewi EMGSa (gvd.) KU519508
15 Phlebotomus Larroussius perfiliewi EMGSa (gvd.) KU519507
16 Phlebotomus Larroussius perfiliewi EMGSa (gvd.) KU519506
17 Phlebotomus Larroussius syriacus lopanA KF483674
18 Phlebotomus Larroussius perniciosus Moptoyahia AB985709
19 Phlebotomus Larroussius perniciosus Moptoyahia AB985702
20 Phlebotomus Larroussius perniciosus MoptoyaAia AB985700
21 Phlebotomus Larroussius perniciosus Alyepla KJ481152
22 Phlebotomus Larroussius perniciosus Alyepia KJ481150
23 Phlebotomus Larroussius longicuspis Alyepla KJ481168
24 Phlebotomus Larroussius longicuspis Alyepia KJ481163
25 Phlebotomus Larroussius longicuspis Alyepla KJ481162
26 Phlebotomus Larroussius ariasi Alyepia KJ481169
27 Phlebotomus Larroussius ariasi Alyepla KJ481170
28 Phlebotomus Larroussius ariasi Alyepia KJ481171
29 Phlebotomus  Transphlebotomus killicki Kpntn KR336633
30 Phlebotomus  Transphlebotomus killicki Kpntn KR336632
31 Phlebotomus  Transphlebotomus killicki Toupkia KR336631
32 Phlebotomus  Transphlebotomus killicki Toupkia KR336629
33 Phlebotomus  Transphlebotomus killicki Toupkia KR336623
34 Phlebotomus Phlebotomus papatasi mtDNA KR349298
35 Phlebotomus Phlebotomus papatasi lopanA KF483666
36 Phlebotomus Phlebotomus papatasi Ivéia IN172077
37 Phlebotomus Phlebotomus papatasi Ivéia JN172080
38 Phlebotomus Phlebotomus papatasi Ivéia JN172082
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39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57

Phlebotomus
Phlebotomus
Sergentomyia
Sergentomyia
Sergentomyia
Sergentomyia
Sergentomyia
Sergentomyia
Sergentomyia
Sergentomyia
Sergentomyia
Sergentomyia
Sergentomyia
Sergentomyia
Sergentomyia
Sergentomyia
Sergentomyia
Sergentomyia
Culex

Phlebotomus
Phlebotomus
Sergentomyia
Sergentomyia
Sergentomyia
Sergentomyia
Sergentomyia
Sergentomyia
Sergentomyia
Sergentomyia
Sergentomyia
Sergentomyia
Sergentomyia
Sergentomyia
Sergentomyia
Sergentomyia
Sergentomyia
Sergentomyia
Culex

papatasi

papatasi
dentata
minuta
minuta
minuta
minuta
minuta
minuta
minuta
minuta
minuta
minuta
minuta
minuta
fallax
fallax
fallax

pipiens

Ivéia
ABomnia
EMGSa (gvd.)
Kpritn
EMGSa (gvd.)
EAN\GSa (gvé.)
EMGSa (gvd.)
EMN\GSa (gvé.)
EMGSa (gvd.)
Kpritn
KpAtn
Kpritn
KpAtn
Kumpog
Kompog
Alyepla
Alyepia
Alyepla
KprAtn

IN172084
KR020561
KU519509
KX826049
KU519510
KP828572
KP828571
KP828570
KP828569
KP828549
KP828548
KP828547
KP828546
KP828545
KP828544
KJ481104
KJ481100
KJ481098
HQ724615
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MpwTtokoAdo eEaywyrig DNA pe xprion tou KIT Citogene (CITOMED, Portugal)

1.

10.
11.
12.
13.
14.

15.
le.
17.
18.

Opoyevormoinon puag okvinag og 50 pl CELL LYSIS. Awatrpnon og Yuxpd meplPaAAov
€W¢ OTOV €(PAOTE ETOLUOL YL TO Brpa 2

Emtwaon Ttou Ssiypatog otoug 65° C yia 30 Astttd

MpooBnkn oto deiypa 5 pl Mpwteivaon K

Opoyevotmoinon tou SIOAVPATOG, GUVTOUN (PUYOKEVTPNAN, KAl EMWOCN TOU OTOUG
56° C yla 3 wpeC

Katd tn OSidpkela tng enmwoong tou PBrApoatog 4, TPosTolpdloVhe TWANVAPLX
eppendorf ywt to PBrApa 9, k&voupe avadeuon Tou Selypatog, TEPLOSIKE, KOl OTO
TEAOG TWV 3 WPWV, KAVOUUE A TEAKA avadsuon Tou Selypatog Kal GUVTOMN
(PUYOKEVTPNON

MpooBnkn oto Seiypa 50 pl PROTEIN PRECIPITATION pe to Selypa va givan oe
Beppokpacia Swpatiov

Ioxupn avadeuon tou Seiypatog yia 20 SeutepdAemTa

®uyokevTpnon tou Selypatog yia 10 ATt 0T PEYLoTN TaXVTNTA

ATIOPGKPUVON TOU UTIEPKELUEVOU amd TO Selypa Kol PETOPOPE TOU 0 CWANVAPLA
eppendorf ov meptéxouvv 150 pl loompomavoAin

Avadeuon Tou SelypaTog e TO XEPL KAVOVTOG 50 avaoTPOPLKEG KIVHOELG
®uyokEvTPNON TOU SelypaToq ylar 5 AETTTA 0TN YEYLOTN TOXVTNTA

ATIOPGKPUVON KOl ATOP PPN TOU UTIEPKELUEVOU

MpooBnrkn 150 pl oclBavoAn 70%

EAapplidx avadeuon pe avaoTpo@n KOl OUHECWG (PUYOKEVTPNON Yyl 2 AEMTA OTn
MEYLOTN TAXVTNTA

ATIOPGKPUVON KOl ATTOP PPN TOU UTIEPKELUEVOU KAl TIOA) KOAO OTEYVWUX

MpooBrkn 30 ul DNA HYDRATION

Emwaon otoug 4° C overnight

AmtoBrikeuon atouc -20° C
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MpwTtokoAro e€aywyrig DNA pe xprion tou KIT QIAGEN QIAmp DNA Micro

1.

10.
11.

12.
13.
14.

15.
le.
17.

18.
19.

20.
21.
22.
23.
24,

TomoBétnon piag okvinog os éva cwAnvaplo Eppendorf 1.5 ml

MpooBrkn 180 pl puBuioTtikoL SioAvpatog ATL og Beppokpacio Swuatiov
MpooBnkn 20 pl mpwrteivaong K kot avadeuon pe ehappd vortex ywx 15
SeuTtepOAETITO

TomoBétnon tou Selypatog os vdatoAoutpo Bepuokpaciog 56° C Kal emwoon
OAOKANPN VUXTA £WE TNV OAOKANPWTIKN SIGAUGN TOU LlOTOU

MpooBrkn 200 pl puBuioTikoL StoAupatog AL kot avadeuon pe eEAa@po vortex yla 15
SeuTtepOAeTITO

MpooBnkn 200 upl aBavoAn 100% kot avéadsvuon pe ehapd vortex yur 15
deutepOAeTTA

Enwaon tou Selypatog yla 5 Aemtd og Beppokpacio Swpatiov

JUVTOMN QUYOKEVTPNON TOU SElyUOTOC Ylo VO OUYKEVIPWOEL TO TepleEXOpEVO OTN
B&on tou cwAnvapiov

MeTtagpopd Tou deiypatog og pa kohwva QIAmp MinElute

®uyokévtpnon ota 6000 g (8000 rpm) yix 1 Aemtto

ATIOPGKPUVON TOU UYPOU TIOU GCUYKEVTPWONKE O0TO CWANVAPLO CULANOYNAC Kol
QVTIKXTAOTOON TOU

MpooBrkn 500 pl puBpLoTIKO SLéAvpa AW1

®uyokévtpnon ota 6000 g (8000 rpm) yix 1 Aemtto

ATIOPGKPUVON TOU UYPOU TIOU OUYKEVTPWONKE O0TO OWANVAPLO GUAAOYNG Kal
QVTIKXTAOTOON TOU

MpooBrkn 500 pl puBuLoTIKO SLeAvpa AW2

®uyokévtpnon ota 6000 g (8000 rpm) yix 1 Aemtto

ATIOPGKPUVON TOU UYPOU TIOU GCUYKEVTPWONKE O0TO CWANVAPLO CUANOYACG Kol
QVTIKATAOTOON TOU

®uyokévtpnon otn peylotn TaxvTnTa (20000 g — 14000 rpm) yia 3 AemtTd
ATIOPGKPUVON TOU UYPOU TIOU GCUYKEVTPWONKE O0TO CWANVAPLO CUANOYAC KOl
QVTIKATAOTOON TOV HE Eva owAnvdplo Eppendorf 1.5 ml

MpooBrkn 80 pl puBuloTikov dtoAvpatog AE

Enwaon tou dslypotog ya 1 Aemtd o Bsppokpacio Swuatiov

®uyokévTpnon otn peylotn TaxvTnTa (20000 g — 14000 rpm) yia 1 Aemtod
ATIOPGKPUVON TNG KOAWVOG

AmtoBrkevon otoug -20° C
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Mivakag M2: Yuvtayn PCR avtidpdocwv

‘Oykol
. ApXKN avTidpaotnpiwy TeAkn
A
VTI8paoTApLO JUYKEVTPWON (ul) avtidpaong 25 OUYKEVTPWON
pl
PuBuiotikd Sidhupa PCR 10X 2.5 1X
MgCl, 25 mM 3 3mM
dNTPs 10 mM 0.5 0.2 mM
ExkwnTAg F 10 pM 1 0.4 uM
Ekkwntig R 10 uM 1 0.4 uM
tag DNA pol 5 units/pl 0.2 0,04 units/reaction
H,O Ytov 6yKo

*H moodtnta DNA Ttou mpooTiBevto og k&Be avtidpaon e€apTtiotav amnod tn mocotnta DNA

K&Oe Selypartoc. MapoAa autd, yo T MAsloYn@ia Twv atdpwv okvinag n mocotnta DNA

avepxotav ota 3 pl.

Mivakag M3: uvOnkeg PCR avtidpaong (Cohnstaedt et al., 2011)

BAua avtidpaong PCR O¢eppokpaaia (°C) Xpovog
ApxLKN amodldtagn 95 5 Aemtt
Amtodiataén 94 30 SsutepOAeTTTO 20
YBpidomoinaon 55 — 0.3° C/kUkAog 30 SeutepOAeTITA .
, , KUKAOL
Emtiurikuvon 70 1 Aemtto
Amodiataén 94 30 SsutepOAeTTTO 25
YBpidomoinaon 48 1 Aemtto ool
Emtiurkuvon 70 1 Aemtd
TeAKR eMURKUVON 70 5 Aemtd

Mivakag M4: Exkkivntég avtidpaong PCR (Folmer et al., 1994)

LCO1490 ‘ 5'-GGTCAACAAATCATAAAGATATTGG-3'

HCO2198 | 5'-TAAACTTCAGGGTGACCAAAAAATCA-3
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Nivakag M5: Juvtayn RFLP avtidpaong

‘Oykol
. ApXKN avTidpaotnpiwy TeAkn
A
VTI8paoTApLO JUYKEVTPWON (ul) avtidpaong 20 OUYKEVTPWON
pl
PuBpioTtiko Sidhupa 10X 2 1X
BSA 0.2
PCR mpoiodv 13
‘EvQupo TepLOpLopoY 0,5
H,O 14.3

H emwoaon twv avtidpdoswy yivovtav atoug 37° C xpnotomowwvtag t unxavr PCR ya 2
wpeG Kat 30 AeTtTa.

Tuvtayn TAE (Tris-acetate-EDTA) 50X oykouv 1 L

1. X& OYKOMETPIKO CWANVA YiVETAL TIPOCONKN:
e 242 g Tris Base (MW=121.1)
e 57.1 ml Glacial Acetic Acid
e 100ml 0.5 M EDTA
2. JUMUTIANPWVOUE VEPO €W TO TEAKO OYKO (1 AlTpo)
3. Avadeuon pe poyvnTIopo €wG OTOU TO UiyUa va Yivel SLauyEg
4. TomoB¢tnon kau anoBnkeuan og KATAANAO S0XEI0 — UTTOUKGAL

*H ouykEéVTPWON TIOU XPNOLUOTIOLEITAL OTN GUOKELH NAEKTPOPOPNONG KOL OTN TIOXPOOKEVH
gel ayopolng eivar 1X omdte ylvovtal ol KATAAANAEG OPALWOELG ME OTILOVIOHEVO —
OTIECTAYHUEVO VEPO.

Zuvtayn yw gel ayopolng x %

Z0yon x ypoppopiwv ayopolng nAekTpopopnong

TomoBgtnaon NG ayapolng o€ KWVLKH PLOAN

MpoaBrikn 100 ml TAE 1X

Oéppovon Tou PiyHOTOg O POUPVO UKPOKUUATWY WG OTOV PBPAOsL KOl OTIOKTHOEL
Slawyr eppavian

> w N

A@rivoupe To SIGAVPO VO KPUWOEL PE TIPOCOXN VA N TIAEEL
MpooBrkn 10ul GelStar™ Nucleic Acid Gel Stain
EAagppd avadeuon pexpt To SIGAUUA VO OTTOKTHOEL OLOLOYEVEG TIOPTOKOAL X pWHQ

© N o U

Epoappoyn tou SloAupatog otn Ao NAEKTPOPOPNONG KAl VOOV Yot TIAELHO
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KaBapiopog PCR mtpoiévtog

N

© o N UV A W

10.

11.
12.

Metagpopd 6Ang tng toodtnTag Tov PCR poidvtog o cwAnvaplo eppendorf 1,5 ml
MpooBrkn 1/10 Tou OyKov, IOV TIEPLEXETAL 0TO TWANVAPLO, KAC (0&1kd K&AL0) 3M pH
5.2

MpooBnkn 3 POPEC TOU OYKOU, TIOV TIEPLEXETAL GTO CWANVAPLO, alBavoin 100%
Enwaon ywa 15 Aenttd og Beppokpacia Swpatiov

®uyokévTpnon oTN HEYLOTN TaXVUTNTA Yl 30 AsTiTé

ATIOGKPUVON TOU UTIEPKELEVOU

MpooBrkn 100 pl clBavoAn 70%

®uyokEvTpNOoN OTN HEYLOTN TaXVTNTA Yl 5 Aett&

ATIOLGKPUVON TOU UTIEPKELUEVOU

MpooBnkn vepol oto Y2 TOU OYKOU TNG mMocotnTag Tou PCR mpoidvtog Tou
kaBopiotnke

ETtwaon oAOkAnpn vixta atoug 4° C

AmtoBnkevon otoug -20° C
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Mivakag M6: Asdopéva aAANAOUXLWY TNG TIAPOVOOG HEAETNG TIOV KaTtatéOnkav oto NCBI

(ncbi.nlm.nih.gov/nuccore)

révog Ymoyévog Eidog¢  ®UvAo Alxlc?(;[zziaq Kwdikog NCZIU'?\T:;Z?O”
1 | Phlebotomus Larroussius tobbi A Ytevn, Kompog 146 KX826044
2 | Phlebotomus Larroussius tobbi A Ytevn), Kumtpog 147 KX826043
3 | Phlebotomus Larroussius tobbi A Ytevn, Kumpog 148 KX826041
4 | Phlebotomus Larroussius tobbi A Ytevn), Kumtpog 149 KX826038
5 | Phlebotomus Larroussius tobbi A Ytevn, Kompog 150 KX826037
6 | Phlebotomus Larroussius tobbi A Ytevn), Kumtpog 151 KX826036
7 | Phlebotomus Larroussius tobbi A Ytevn, Kompog 213 KX826035
8 | Phlebotomus Larroussius tobbi A Ytevn), Kumtpog 182 KX826034
9 | Phlebotomus Larroussius tobbi ©] Ytevn, Kompog 152 KX826025
10 | Phlebotomus Larroussius tobbi © Ytevn, Kompog 156 KX826023
11 | Phlebotomus Larroussius tobbi ©] X1evn), Kumpog 160 KX826022
12 | Phlebotomus Larroussius tobbi © Ytevn, Kompog 161 KX826021
13 | Phlebotomus Larroussius tobbi ©] X1evn), Kumpog 162 KX826019
14 | Phlebotomus Larroussius tobbi © Ytevn, Kompog 100 KX826018
15 | Phlebotomus Larroussius perfiliewi A X1evn), Kumpog 158 KX826040
16 | Phlebotomus Larroussius perfiliewi A Ytevn, Kompog 159 KX826039
17 | Phlebotomus Larroussius perfiliewi  © X1evn), Kumpog 153 KX826027
18 | Phlebotomus Larroussius perfiliewi © Ytevn, Kompog 154 KX826026
19 | Phlebotomus Larroussius perfiliewi  © X1evn), Kumpog 155 KX826024
20 | Phlebotomus Larroussius perfiliewi © Ytevn, Kompog 163 KX826020
21 | Phlebotomus Larroussius neglectus A DodeAe, KpAtn 234 KX826048
22 | Phlebotomus Larroussius neglectus A A. PoupéAn, Kpntn 235 KX826047
23 | Phlebotomus Larroussius neglectus A A. PoupéAn, Kpitn 236 KX826046
24 | Phlebotomus Larroussius neglectus  © DodeAe, KpAtn 190 KX826045
25 | Phlebotomus Larroussius neglectus  © DodeAe, KpAtn 224 KX826042
26 | Phlebotomus Larroussius neglectus  © DdodeAe, KpAtn 176 KX826033
27 | Phlebotomus Larroussius neglectus  © DodeAe, KpAtn 177 KX826032
28 | Phlebotomus Larroussius neglectus  © DdodeAe, KpAtn 226 KX826031
29 | Phlebotomus Larroussius neglectus  © DodeAe, KpAtn 227 KX826030
30 | Phlebotomus Larroussius neglectus  © DdodeAe, KpAtn 233 KX826029
31 | Phlebotomus Larroussius neglectus  © Dodele, KpAtn 193 KX826028
32 | Phlebotomus Transphlebotomus  killicki © Ytevn, Kompog 090 MF968978
33 | Phlebotomus Transphlebotomus  killicki A Ytevn, Kbmpog 091 MF968979
34 | Phlebotomus Phlebotomus papatasi C] Ytevn, Kompog 189 MF968989
35 | Phlebotomus Phlebotomus papatasi O répt, Kompog 002 MF968990
36 | Phlebotomus Phlebotomus papatasi A Fept, Kumpog 001 MF968970
37 | Phlebotomus Phlebotomus papatasi A Xtevn), Kumpog 143 MF968971
38 | Phlebotomus Phlebotomus papatasi A Ytevn, Kbmpog 144 MF968972
39 | Phlebotomus Phlebotomus papatasi © Dodele, KpAtn 243 MF968973
40 | Phlebotomus Phlebotomus papatasi C] Dodee, Kpntn 191 MF968974
41 | Phlebotomus Phlebotomus papatasi ] Dodee, Kprtn 111 MF968980
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42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62

Phlebotomus
Phlebotomus
Phlebotomus
Phlebotomus
Phlebotomus
Phlebotomus
Phlebotomus
Phlebotomus
Phlebotomus
Sergentomyia
Sergentomyia
Sergentomyia
Sergentomyia
Sergentomyia
Sergentomyia
Sergentomyia
Sergentomyia
Sergentomyia
Sergentomyia
Sergentomyia
Sergentomyia

Phlebotomus
Phlebotomus
Phlebotomus
Paraphlebotomus
Paraphlebotomus
Paraphlebotomus
Paraphlebotomus
Paraphlebotomus
Paraphlebotomus
Sergentomyia
Sergentomyia
Sergentomyia
Sergentomyia
Sergentomyia
Sergentomyia
Sergentomyia
Sergentomyia
Sergentomyia
Sergentomyia
Sergentomyia
Sergentomyia

papatasi
papatasi
papatasi
similis
similis
similis
similis
similis
similis
minuta
minuta
minuta
minuta
minuta
minuta
dentata
dentata
dentata
dentata
dentata
dentata

>r>rP000>»2>»2>>00>P2>r0000>r>r0

DPodeAe, KpAtn
Dodee, Kprtn
DodeAe, KpAtn
DodeAe, Kpntn
DodeAe, KpAtn
DodeAe, Kpntn
DodeAe, KpAtn
Dodee, Kprtn
Dodele, KpAtn
DodeAe, Kpntn
Ytevn), Kumpog
Ytevn, Kompog
Ytevn, Kumpog
Ytevn, Kompog
Xtevn), Kumpog
2tevn, Kumpog
Xtevn), Kumpog
2tevn, Kumpog
Xtevn), Kumpog
2tevn, Kumpog
Xtevn), Kumpog

112
109
110
117
118
010
198
009
244
174
216
165
131
130
164
185
083
082
085
184
086

MF968991
MF968992
MF968993
MF968982
MF968983
MF968984
MF968985
MF968994
MF968995
MF968981
MF968986
MF968988
MF968996
MF968997
MF969000
MF968975
MF968976
MF968977
MF968987
MF968998
MF968999
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Abstract

Background: Phlebotomine sand flies (Diptera: Psychodidae) are vectors of Leishmania spp., protozoan parasites
responsible for a group of neglected diseases called leishmaniases. Two sand fly genera, Phlebotomus and
Sergentomyia, contain species that are present in the Mediterranean islands of Crete and Cyprus where the visceral (VL),
cutaneous (CL) and canine (CanLei) leishmaniases are a public health concern. The risk of transmission of different
Leishmania species can be studied in an area by monitoring their vectors. Sand fly species are traditionally identified
using morphological characteristics but minute differences between individuals or populations could be
overlooked leading to wrong epidemiological predictions. Molecular identification of these important vectors has
become, therefore, an essential tool for research tasks concerning their geographical distribution which directly relates to
leishmaniasis control efforts. DNA barcoding is a widely used molecular identification method for cataloguing animal
species by sequencing a fragment of the mitochondrial gene encoding cytochrome oxidase |.

Results: DNA barcoding was used to identify individuals of five sand fly species (Phlebotomus papatasi, P. similis, P. killicki,
Sergentomyia minuta, S. dentata) circulating in the islands of Crete and Cyprus during the years 2011-2014. Phlebotomus
papatasi is a known vector of zoonotic CL in the Middle East and it is found in both islands. Phlebotomus similis is the
suspected vector of Leishmania tropica in Greece causing anthroponotic CL. Phlebotomus killicki was collected in Cyprus
for the first time. Sergentomyia minuta, found to present intraspecific diversity, is discussed for its potential as a Leishmania
vector. Molecular identification was consistent with the morphological identification. It successfully identified males and
females, which is difficult when using only morphological characters. A phylogenetic tree was constructed based on the
barcodes acquired, representing their genetic relationships along with other species from the area studied. All individuals
identified were clustered according to their species and subgenus.

Conclusions: Molecular identification of sand flies via DNA barcoding can accurately identify these medically important
insects assisting traditional morphological tools, thus helping to assess their implication in Leishmania transmission.

Keywords: Sand fly, Phlebotomus, Sergentomyia, Leishmaniasis, DNA barcoding, cox1, Crete, Cyprus, Molecular systematics

Background

Sand flies (Diptera: Psychodidae) are small (body length
<3 mm) haematophagous insects and vectors of the
protozoan parasites Leishmania spp. In the Old World,
sand flies of the genus Phlebotomus are involved in an
epidemiological cycle where a female sand fly that feeds
on a Leishmania-infected reservoir host can become
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infected and transmit the parasite while feeding on its next
target [1]. Leishmania spp. can cause a group of diseases
called leishmaniases which, in the Mediterranean Basin
appear in two forms: visceral (VL) and cutaneous (CL).
There are estimations that leishmaniases are responsible for
20 to 30 thousand deaths worldwide each year [2]. The
known pattern of co-evolution between parasites and their
vectors renders necessary the evolutionary study by means
of species identification and the vectorial capacity of the
sand flies in an area [3]. Monitoring sand flies in a region is,
therefore, one of the most important steps towards predict-
ing and controlling the disease.

© The Author(s). 2018 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
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Crete and Cyprus, in the southeastern Mediterranean,
are foci of both forms of leishmaniasis. In Crete, cases of
VL and canine leishmaniasis (CanLei) (both caused by
Leishmania infantum) are quite frequent while cases of
CL (caused by Leishmania tropica) are re-emerging [4].
Phlebotomus (Larroussius) neglectus is a proven vector
of L. infantum which is abundant on the island [4-9]
but the vector of L. tropica is not yet implicated. More-
over, Phlebotomus (Paraphlebotomus) similis has been
found in CL foci in Crete and it is the suspected vector
of L. tropica, like its sister species Phlebotomus (Para-
phlebotomus) sergenti elsewhere, since their systematic
relationship implies similar vectorial capacity [10-12]. In
Cyprus, Phlebotomus (Larroussius) tobbi is the vector of
L. infantum causing CanLei [13, 14]. Leishmania donovani,
a recent introduction to Cyprus, causes both VL and CL
and it was found in a CanLei case in a mixed infection with
L. infantum [15, 16]. Vectorial capacity of sand flies circu-
lating in Cyprus and their role in the L. donovani transmis-
sion cycle is yet to be determined [14]. Sand flies of the
genus Sergentomyia are present throughout Greece [17]
and Cyprus [14, 18]. Sergentomyia (Sergentomyia) minuta
is the predominant species found in the Mediterranean
having a doubtful taxonomic status presenting high levels
of intraspecific diversity correlated with geographical dis-
tribution [19]. Genus Sergentomyia is not deeply studied
for its implication in the transmission of Leishmania but
its species appear capable of feeding on rodents [20].

It is evident that proper identification of sand flies in an
area can help assess the risk of spread of leishmaniasis.
Although it is quite demanding, morphological identifi-
cation is the traditional method that sand fly taxono-
mists use. It requires careful preparation of specimens
after a field trip and a high degree of expertise [21].
Nevertheless, accurate results are achieved if taxonomic
keys are updated regularly. Most keys are over 35 years
old and do not correspond to intraspecies phenotypic
plasticity although they are quite useful in initial species
clustering. Moreover, the presence of subpopulations at
early stages of genetic divergence, with no significant
morphological changes compared to the main popula-
tion, could be overlooked using traditional identification.
This mechanism of speciation could lead to cryptic species
unknown to date [22]. Furthermore, for many sand fly
groups males or females, based on their morphology
alone, can be impossible to identify [23]. For example,
females of P. similis and P. sergenti are separated by
comparing slight differences in the pharynx which can
be confusing even for an experienced taxonomist since
the keys that are used for morphological identification
are based on type-species individuals. There are closely
related species within the genus Lutzomyia whose females
are indistinguishable, leading to the usage of wing mor-
phometrics to solve these problems [24]. Wings of sand
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flies are, however, quite delicate and often get lost dur-
ing field samplings.

Molecular identification can tackle identification prob-
lems. There are no prerequisites asked (i.e. gender, develop-
mental stage) and can be fast and more reliable compared
to morphology. DNA barcoding was created aiming to
build a universal library of specific sequenced fragments of
the mitochondrial gene that encodes the cytochrome ¢
oxidase subunit 1 (cox1l or “barcode”) that will corres-
pond to species, helping the scientific community to
answer systematic questions [25]. In sand fly taxonomy
research, DNA barcoding (i.e. identification via coxl se-
quencing) is the second most used molecular identifica-
tion method. It is quite popular in the New World and it
advances rapidly in the Old World [23]. The method has
helped to reveal cryptic sand fly species [26] and it has
also been used to distinguish female sand flies between
closely related species [22]. In Greece, recently, two differ-
ent studies used the method to successfully identify sand
flies in VL/CL/CanLei foci [27, 28].

This study presents the molecular identification of five
wild caught Phlebotomus and Sergentomyia sand fly spe-
cies from Crete and Cyprus based on DNA barcoding. A
phylogenetic analysis, based on cox1 sequences, showed
the systematic relationships of the sand flies caught with
other sand flies circulating around the Mediterranean
Basin. Furthermore, the publication of the sequences
acquired through this study will help towards enriching
the sand fly barcode library. Presence and possible vector-
ial capacity status of these medically important insects is
discussed concerning the studied areas. Since DNA
barcoding can save time and win on accuracy when
compared to morphological identification, it could ac-
company traditional identification with morphological
tools in order to verify questionable results. That way,
possible mistakes or systematic discrepancies could be
resolved and all individuals studied can be placed in
their respective taxa.

Methods

Sand flies

All individuals were sampled during the EU EDENEXT
project (FP7-261504) using methods already described
[9]. After dissection of the insect bodies and morpho-
logical identification [29, 30], the remaining body parts
were stored in 70% ethanol (Fisher Scientific, Schwerte,
Germany) for molecular use. For this study, 31 sand flies
of both genders, collected from the islands of Crete
(Fodele: 35°22'52.10"N, 24°57'28.55"E) and the Repub-
lic of Cyprus (Geri: 35° 6'0.10"N, 33°25'17.40"E, Steni:
34°59'54.00"N, 32°28'17.00"E), were selected randomly
representing five species belonging to four subgenera
and two genera (Table 1).
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Table 1 List of Phlebotomus and Sergentomyia sandflies studied

Page 3 of 9

Species Gender Collection site Collection date BLAST result (E-value) GenBank ID
1 Phlebotomus papatasi F Cyprus (S) October 2013 P. papatasi (0.0) MF968973
2 Phlebotomus papatasi F Cyprus (G) June 2011 P. papatasi (0.0) MF968974
3 Phlebotomus papatasi M Cyprus (G) June 2011 P. papatasi (0.0) MF968970
4 Phlebotomus papatasi M Cyprus (S) July 2013 P. papatasi (0.0) MF968971
5 Phlebotomus papatasi M Cyprus (S) July 2013 P. papatasi (0.0) MF968972
6 Phlebotomus papatasi F Crete October 2014 P. papatasi (0.0) MF968980
7 Phlebotomus papatasi F Crete June 2012 P. papatasi (0.0) MF968989
8 Phlebotomus papatasi F Crete June 2013 P. papatasi (0.0) MF968991
9 Phlebotomus papatasi F Crete July 2013 P. papatasi (0.0) MF968992
10 Phlebotomus papatasi M Crete May 2013 P. papatasi (0.0) MF968993
11 Phlebotomus papatasi M Crete June 2013 P. papatasi (0.0) MF968990
12 Phlebotomus similis F Crete June 2011 P. sergenti (0.0)° MF968994
13 Phlebotomus similis F Crete July 2011 P. sergenti (0.0)° MF968995
14 Phlebotomus similis F Crete June 2011 P. sergenti (0.0)° MF968983
15 Phlebotomus similis F Crete May 2012 P. sergenti (0.0)° MF968984
16 Phlebotomus similis M Crete June 2011 P. sergenti (0.0)° MF968982
17 Phlebotomus similis M Crete July 2014 P. sergenti (0.0)° MF968985
18 Phlebotomus killicki F Cyprus (S) March 2014 P. killicki (0.0) MF968978
19 Phlebotomus killicki M Cyprus (S) March 2014 P. killicki (0.0) MF968979
20 Sergentomyia minuta F Crete July 2013 S. minuta (0.0) MF968997
21 Sergentomyia minuta F Cyprus (S) July 2013 S. minuta (0.0) MF968996
22 Sergentomyia minuta M Cyprus (S) July 2013 S. minuta (0.0) MF968988
23 Sergentomyia minuta M Cyprus (S) June 2013 S. minuta (0.0) MF968986
24 Sergentomyia minuta M Cyprus (S) June 2013 S. minuta (0.0) MF968981
25 Sergentomyia minuta M Cyprus (S) July 2013 S. minuta (0.0) MF969000
26 Sergentomyia dentata F Cyprus (S) July 2012 S. dentata (0.0) MF968999
27 Sergentomyia dentata F Cyprus (S) June 2013 S. dentata (0.0) MF968975
28 Sergentomyia dentata F Cyprus (S) May 2013 S. dentata (0.0) MF968987
29 Sergentomyia dentata M Cyprus (S) May 2013 S. dentata (0.0) MF968976
30 Sergentomyia dentata M Cyprus (S) July 2013 S. dentata (0.0) MF968977
31 Sergentomyia dentata M Cyprus (S) May 2013 S. dentata (0.0) MF968998

“There were no P. similis cox1 sequences in NCBI Nucleotide Database at the time of query (July 2017)

Abbreviations: F female, M male, G Geri village, S Steni village

Sand fly DNA extraction, PCR and sequencing

The Qiagen QIAamp DNA micro kit (Qiagen, Hilden,
Germany) was used to extract sand fly DNA. Barcoding
region of cox1 gene was amplified using primers LCO1490/
HCO2198 [31] under previously described conditions
[25, 32]. PCR products resulting from cox1 amplifica-
tion were purified using Qiagen QIAquick PCR Purifi-
cation kit. PCR primers were used in double stranded
sequencing which was performed in CEMIA SA (Larisa,
Greece). Sequencing results quality was checked by eye
and identity of all sequences was confirmed by BLAST™
queries. CodonCode Aligner™ (v. 3.7.1 CodonCode

Corporation (Centerville, MA, USA) software was used
for editing the sequences.

Dataset

A dataset was created and used for phylogenetic analyses
which included a total of 108 sequences. The set was
comprised of the 31 cox1l sequences from the present
study, 31 Larroussius coxl sequences from Crete and
Cyprus [27], 45 cox1 sequences of related sand fly taxa
derived from GenBank™ and one Culex pipiens cox1 se-
quence as outgroup, also derived from GenBank™. The
sequences were translated into amino acids using MEGA
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7.0 [33] and no stop codons were observed. Multiple se-
quence alignments were performed using CLUSTALW
[34] as implemented in MEGA. Genetic distances were
calculated using Tamura-Nei model [35], also in MEGA.

Phylogenetic analyses

The optimal partitioning scheme (unpartition or codon
partition) and the best-fit nucleotide substitution model
for each partition were identified using the Partition Finder
(PF) v.1.1.1 [36]. PF was ran two different times with the
models of molecular evolution restricted to those that are
available in either MrBayes or RAXML, using the greedy
search algorithm, linked branch lengths in calculations of
likelihood scores, and the Bayesian information criterion
(BIC) for selecting among alternative partitioning strategies.
The models that include both a parameter for among-site
rate heterogeneity (G) and a parameter for invariant sites
(I) were ignored, because the adding of a proportion of
invariable sites creates a strong correlation, making it
impossible to estimate both parameters reliably. Another
drawback of the model is that the estimate of the propo-
tion of invariable sites (p0) is very sensitive to the number
and divergences of the sequences included in the data
[37]. Phylogenetic inference analyses were conducted
using Bayesian inference (BI), and maximum likelihood
(ML) methods.

The BI analysis was performed in MrBayes (v.3.2.6; [38])
with four runs and eight chains per run for 10’ genera-
tions sampling every 100th generation. This generated an
output of 10° trees. Several MCMC convergence diagnos-
tics were used to check for convergence and stationarity.
The first 25% of the trees (25% “burn-in” in Bayesian
terms) were discarded as a measure to sample from the
stationary distribution and avoid the possibility of includ-
ing random, suboptimal trees. A majority rule consensus
Bayesian tree was then calculated from the posterior dis-
tribution of trees, and the posterior probabilities were
calculated as the percentage of samples recovering any
particular clade [39], where probabilities higher than 95%
were considered indicative of significant support.

ML analyses were conducted with RAXML v.8.1.21 [40]
using RAXMLGUI v.1.5 [41] under the models selected in
PF analyses where parameters were estimated independ-
ently for each partition. The best ML tree was selected
from 500 iterations and the confidence of the branches of
the best ML tree was assessed based on 1000 thorough
bootstrap replicates.

Results

Identification of wild-caught sand flies

Thirty one sand flies (16 females and 15 males) from
Crete and Cyprus were identified by morphology: 11
individuals as P. papatasi, 6 as P. similis, 2 as P. killicki,
6 as S. minuta and 6 as S. dentata. No intraspecies
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peculiarities were observed among the individuals exam-
ined. DNA barcoding resulted in coxl sequences for
each sample and BLAST™ queries confirmed their iden-
tity (Table 1).

Sequence analysis

The dataset contained 636 bp of cox1 sequences. Variable
sites were 245 while parsimony informative sites were 217.
The pairwise genetic distances ranged from 0 to 25%.
After grouping obtained sequences, according to species
(Table 2), Phlebotomus spp. individuals had mean genetic
distance between 6 and 21% while members of the genus
Sergentomyia had less extreme distance range (13—-17%).
The highest intraspecific mean genetic distance (intraspe-
cies delimitation), based on our dataset, was set as 3%.
This value was calculated among the S. minuta individuals
analyzed. On the other hand, the respected lowest inter-
specific value (interspecies delimitation) was set as 6%.
This was assessed when calculating the distance between
P. syriacus and its sister species P. neglectus. Phlebotomus
papatasi sequences from Crete had 1% mean genetic
distance from the ones from Cyprus. As for the S. minuta
sequences, there was a 4% mean genetic distance between
the sand flies from Greece and Cyprus and a 3.3% between
S. minuta sequences from Crete and mainland Greece.
Intraspecies mean genetic distance of all S. minuta se-
quences, regardless their origin, was less than 1%. The
analysis of PF supported the partitioning of the dataset in
the three codon positions. The nucleotide substitution
model selected for each data partition were: for MrBayes
SYM +1 for the first codon position, HKY + I for the sec-
ond and GTR + G for the third codon position, whereas
GTR + G for each one of the codon positions for RAXML.

Table 2 Among species genetic distances (in %) based on the
Tamura-Nei model. Diagonal line in bold shows intraspecies
distances

T2 3 4 5 6 7 8 9 10N
1 P. papatasi 1
P. similis 18 2

2
3 S dentata 20 20 2

4 P tobbi 14 19 18 1

5 S minuta 18 20 17 18 3°

6 P peffiliewi 14 21 17 8 16 2

7 P neglectus 16 21 21 14 18 13 0
8

9

P. killicki 12 16 18 13 16 12 16 1

P. syriacus 12 18 20 13 17 11 6* 13 na
10 P sergenti 15 12 18 12 18 16 16 16 15 0
11 S fallax 17 19 13 14 17 18 16 18 16 16 1

Abbreviation: na not applicable
“Indicate the high intraspecific and low interspecific distances, respectively,
based on the dataset
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Phylogenetic analyses

Maximum likelihood (-InL = 4340.76), and Bayesian infer-
ence analysis (arithmetic mean -InL =4352.85) produced
similar topologies. Considering the Bayesian analysis,
the MCMC convergence diagnostics (average standard
deviation of split frequencies, the plot of the generation
versus the log probability of the data, the average Po-
tential Scale Reduction Factor, and the minimum value
of minimum Estimated Sample Sizes) revealed no clues
of non-convergence, indicating stationarity, that is, there
should be no tendency of increase or decrease over time.
The Bayesian phylogenetic tree presented in Fig. 1 demon-
strates a clear separation between the two genera, Phlebo-
tomus and Sergentomyia, and also the subgenera
Phlebotomus, Paraphlebotomus, Transphlebotomus and
Sergentomyia, respectively.

All species were separated with each one having its own
branch. Sequences for all newly collected individuals clus-
tered together with those already published for the respect-
ive species of the same or different locality forming groups
of the same subgenus. The phylogenetic groupings pro-
vided by the tree, coupled with the aforementioned sequen-
cing queries against GenBank™, confirmed the molecular
and morphological identification of the sampled sand flies.

Discussion

The present study used DNA barcoding to identify 31
wild-caught sand flies, belonging to five species, from
Crete and Cyprus. The species identified are P. papatasi
(from both Crete and Cyprus), P. similis (from Crete), P.
killicki (from Cyprus), S. minuta (from both Crete and
Cyprus) and S. dentata (from Cyprus). After obtaining
the coxl sequences necessary for DNA barcoding, a lar-
ger dataset of cox1 barcodes was constructed in order to
place the new ones in a phylogenetic tree that would de-
scribe the relationships between sand fly species around
the Mediterranean Basin and conclusively verify their
identity (Fig. 1).

Phlebotomus papatasi is the vector of L. major that
causes zoonotic CL in humans in many countries in
Africa and Asia [42]. It can be found locally all around
southern Europe but there are no studies of its vectorial role
in Greece [12]. Given that P. papatasi has an established
presence in Crete and mainland Greece [4, 7, 8, 43, 44] as
well as in Cyprus [14, 18], population monitoring should
continue to determine whether it can act as the vector of L.
major in these areas in case infected rodent reservoirs
are introduced. In the present study, P. papatasi indi-
viduals were well separated with high posterior prob-
ability (Fig. 1) from other species groups and clustered
together with published cox1 barcodes of the same species.
Phlebotomus papatasi belongs to the phylogenetically dis-
tinct subgenus Phlebotomus, members of which have been
quite often used in phylogenetic analyses [18, 28, 45, 46]. In
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a study where 22 populations of P. papatasi from 16
countries were subjected to phylogenetic analysis, it was
shown that samples from Crete and Cyprus shared haplo-
types implying close genetic relationships albeit their
insular isolation [47]. The present study encountered two
individuals that share a haplotype (data not shown). This
fact, along with the 1% mean genetic distance between the
samples of P. papatasi from Greece and Cyprus of the
present study, adds more supporting information to that
conclusion. Additionally, their clear morphological homo-
geneity suggests that these two populations, most likely,
do not constitute different taxa. All individuals analyzed in
the present study represented a single clade although they
were derived from quite diverse geographical locations
(India, Ethiopia, Israel). This observation indicates that
more studies are needed to investigate the possibility of
cryptic or sibling taxa within this geographically diverse
species group.

Phlebotomus similis is the sister species of P. sergenti,
a proven vector of L. tropica [11, 48, 49]. Due to its
abundance in CL foci in Greece, it is believed that this is
the species transmitting L. tropica in the country [50].
Sand fly samplings in Greece, in the past, reported the
presence of P. sergenti. However, Depaquit et al. [11]
suggested that the species found is actually P. similis and
that this is the sole Paraphlebotomus species found in
the country able to transmit L. tropica. In fact, since
2002, no published sand fly samplings in Greece have
reported P. sergenti [7, 16, 27]. Additionally, sequencing
analysis showed that P. similis individuals from this study
exhibit a 12% distance from P. sergenti sequences derived
from Algeria, separating these species in a clear manner.
This is the first time that cox1 sequences of P. similis are
deposited in GenBank, a first step to start monitoring P.
similis populations to resolve their systematic status via
DNA barcoding. Molecular studies of the subgenus Para-
phlebotomus based on nuclear [51] and mitochondrial
markers [45, 46] have come to same topology conclusions
as the present study.

Phlebotomus killicki was recently described as a member
of the subgenus Transphlebotomus and it was found in lo-
cations in Crete and Turkey, sites 500 km apart, along
with P. anatolicus [30]. In Cyprus, the presence of P.
economidesi was reported along with that of P. mascittii
[14, 52] but its presence on the island should be re-
evaluated [30]. Phlebotomus economidesi was also found
in Turkey [30]. This is the first report of P. killicki in
Cyprus; where this species was found in sympatry with P.
economidesi. However, further samplings will determine
whether there are other sympatry phenomena, as for ex-
ample with P. mascittii [30]. As for the phylogenetic rela-
tionships between the available P. killicki individuals, the
samples from Cyprus were not separated from those col-
lected in Turkey or Crete [30]. Another Transphlebotomus
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178

129

KX826018 P. tobbi Cyprus
KX826019 P. tobbi Cyprus
KX826021 P. tobbi Cyprus
KX826022 P. tobbi Cyprus
KX826023 P. tobbi Cyprus
KX826034 P. tobbi Cyprus
KX826035 P. tobbi Cyprus
KX826036 P. tobbi Cyprus
KX826037 P. tobbi Cyprus
KX826038 P. tobbi Cyprus
KX826043 P. tobbi Cyprus
KX826044 P. tobbi Cyprus
0.9/63 KX826025 P. tobbi Cyprus
KX826041 P. tobbi Cyprus
KT634317 P. tobbi Greece
KUS519502 P tobbi Greece
KUS519503 P. tobbi Greece
KF483675 P. tobbi Israel

KU519508 P. perfiliewi Greece
KU519507 P. perfiliewi Greece
KU519506 P. perfiliewi Greece
KU519505 P. perfiliewi Greece
KU519504 P. perfiliewi Greece

KJ481176 P perfiliews Algeria

1100

Py

0.9583

071146 KJ481175 P, perfiliewi Algeria
KJ481081 P perfilewi Algefia
KJ481080 P perfilewi Algeria
KX826028 P neglectus Crete
KX826029 P. neglectus Crete
KX826030 P. neglectus Crete
KX826031 P. neglectus Crete
1199 KX826032 P. neglectus Crete
KX826033 P. neglectus Crete
0.97145 KX326042 P. neglectus Crete
179 KX826045 P. neglectus Crete
KX826046 P. negiectus Crete
KX826047 P neglectus Crete
e KX826048 P negiectus Crete
KF483674 P. sy
MF968978 P. killicki Cyprus
KR336633 P, killicki Crete
KR36632 P, killicki Crete
198 KR336623 P, killicki Turkey
MF968979 P. killicki Cyprus
KR336631 P. killicki Turkey
KR336629 P. killicki Turkey
MF968970 P. papatasi Cyprus
MF968973 P. papatasi Cyprus
MF968992 P. papatasi Crete
H MF968971 P. papatasi Cyprus
MF968972 P. papatasi Cyprus
I MF968974 P. papatasi Cyprus
MF968980 P. papatasi Crete
MF968990 P. papatasi Crete
MF968991 P. papatasi Crete
199 MF968993 P. papatasi Crete
+ MF968989 P. papatasi Crete
KR349298 P, papatasi
{ KF483666 P. papatasi Israel
KR020561 P. papatasi Ethiopia
- JN172077 P. papatasi India
JN172080 P. papatasi India
I JN172082 P. papatasi India
— JN172084 P. papatasi India
MF968982 P.
MF968983 P.
103 MF968994 P similis Crete
MF968985 P. similis Crete
198 MF968984 P. similis Crete
MF968995 P. similis Crete
11100 KJ481075 P. sergenti Algeria
—[{ KJ481074 P. sergenti Algeria
KJ481073 P. sergenti Algeria
MF968975 S. dentata Cyprus
MF968976 S. dentata Cyprus
MF968977 S. dentata Cyprus
MF968987 S. dentata Cyprus
188 MF968999 S. dentata Cyprus

MF968998 S. dentata Cyprus
KU519509 S. dentata Greece

0.61/64

24100 KJ481104 S. fallax Algeria
—{{ KJ481100 S. fallax Algeria
KJ481098 S. fallax Algeria
rMF968981 S. minuta Cyprus
MF968996 S. minuta Cyprus
<l: KP828545 S. minuta Cyprus
KP828544 S. minuta Cyprus
LMF969000 S. minuta Cyprus
MF968986 S. minuta Cyprus
MF968988 S. minuta Cyprus
KP828572 S. minuta Greece
KP828571 S. minuta Greece
KP828570 S. minuta Greece
KP828569 S. minuta Greece
L KU519510 S. minuta Greece

199 MF968997 S. minuta Crete
S. minuta Crete

11 —— HQ724615 C. pipiens

in bold

KP828547 S. minuta Crete
KP828546 S. minuta Crete
KP828549 S. minuta Crete
KP828548 S. minuta Crete

02

Fig. 1 Bayesian inference (Bl) tree (number above branches represent Bl posterior probabilities and bootstrap support from a maximum likelihood
(ML) analysis as BI/ML). Culex pipiens was used as the outgroup. Species names correspond to Table 1. Individuals from the present study appear
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species, P. canaaniticus, occurs in the Middle East [53].
Phlebotomus mascittii is the Transphlebotomus species
presenting the widest geographical distribution compared
with other species within that subgenus (from Germany
and Austria [54, 55] to Crete [4, 7]). Transphlebotomus
is a subgenus that is closely related to the subgenera
Adlerius and Larroussius [56] which both contain Leish-
mania vectors [57] and have being thoroughly studied
[27, 58-60]. It is suggested that since populations of
Transphlebotomus spp. sand flies are detected more
often than before, more studies for their vectorial role
should be conducted.

Sergentomyia minuta and S. dentata are known to be
present in mainland Greece [7, 44] as well as in the
islands of Crete [6—8] and Cyprus [14, 18]. Sergentomyia
minuta has a doubtful taxonomic status and a quite unique
intraspecific variability [19] which should be evaluated to-
gether with its possible vectorial capacity. All Sergentomyia
samples sequenced in this work clustered by genus, species
and locality, respectively, confirming previous studies
[28, 61]. The S. minuta clade (Fig. 1) presented a geo-
graphical locality-based separation and the three sub-clades
created suggest that speciation events could be underway.
Genetic distances between the three sub-clades (Cyprus,
mainland Greece, Crete) exceed 3% while all three intra-
clade distances did not exceed 1%, evidence that supports
the above-mentioned isolation based on this dataset. Of
particular note, Sergentomyia sp. individuals were caught
using sticky traps [9], mostly among rock pile wall forma-
tions which provide resting and hiding places for lizards.
This genus contains sand fly species that feed on reptiles
and transmit Sauroleishmania, a parasite infecting reptiles
[10]. Such rock formations also provide a perfect nesting
habitat for sand flies. Since sand flies are known to be weak
flyers, they tend to reside close to their blood meal sources
[1]. Given that, it is suggested that S. minuta populations,
in their specific habitats, may have been isolating them-
selves faster than other species thus creating such an intra-
species diversity as the one demonstrated here (Fig. 1). As
this evidence underlines the possible existence of cryptic
taxa, further samplings for individuals in those areas are be-
ing conducted. The genetic isolation between individuals
from Crete and Cyprus is not supported with morpho-
logical findings indicating that further multigene molecular
work, accompanied with morphospecies clustering, would
provide further information on this interesting issue. There
are an increasing number of studies that detect Leishmania
DNA in sand flies belonging to the genus Sergentomyia
[62-65] but detection of parasite DNA in sand flies is not
sufficient evidence for a species to be classified as vector
[66]. A study in Senegal examined whether Sergentomyia
sand fly species were vectors of L. infantum in a CanLei
endemic focus where Phlebotomus species are absent or
significantly under-represented. It was concluded that S.
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dubia and S. schwetzi are the possible vectors of the
parasite in the studied area [67] based on accepted vec-
torial criteria [68]. As a result, it appears that Sergento-
myia needs to be studied more thoroughly since there
are more taxonomic and vectorial capacity questions
requiring answers [19, 61].

Conclusions

This study constitutes the molecular identification of the
sand fly species caught in two VL/CL/CanLei foci, Cyprus
and Crete, in the southeastern Mediterranean, using DNA
barcoding. It makes a contribution towards understanding
the systematic status of P. similis, the suspected vector of L.
tropica in Greece. This is the first time DNA barcoding has
been applied to this important species and the derived
barcodes are added to the GenBank database. The presence
of P. killicki is reported for the first time in Cyprus and pos-
sible newly arising taxa within the S. minuta phylogenetic
clade are demonstrated. Regarding the P. papatasi individ-
uals caught in the two islands, it was shown that although
the two populations are geographically unassociated, they
show no morphological or DNA barcoding-based differ-
ences. As more barcodes are added to the database, identifi-
cation/clustering process of sand flies and their molecular
systematics will be accurately resolved. Since sand fly spe-
cies are quite important in the transmission of Leishmania
parasites as well as other pathogens, their geographical dis-
tribution and vectorial capacity must be extensively evalu-
ated. DNA barcoding helps towards that direction by
putting the stepping stone to the comprehension of taxa.
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ABSTRACT

Many Phlebotomine sand fly species (Diptera, Psychodidae) are vectors of the protozoan parasite Leish-
mania causing a group of diseases called the leishmaniases. The subgenus Larroussius includes sand fly
vectors found in South East Mediterranean Basin responsible for Visceral (VL) and Cutaneous human
leishmaniasis (CL). It is important to monitor these medically important insects in order to safely pre-
dict possible Leishmania transmission cycles. Leishmania infantum is endemic in the islands of Crete and
Cyprus with increasing VL cases in humans and dogs and in Cyprus the newly introduced Leishmania
donovani causes both VL and CL in humans. The morphological identification of the females of the sub-
genus Larroussius often presents difficulties. Morphology and COI PCR - RFLP were used to identify wild
caught Larroussius sand flies belonging to Phlebotomus tobbi, P. perfiliewi, and P. neglectus species from
Crete and Cyprus. The identification results were further confirmed by sequencing (DNA barcoding) and
Bayesian phylogenetic analysis. COI PCR - RFLP, when correctly optimized and with respect to geograph-
ical origin, can serve as an initial patterning identification tool when large sand fly numbers need to be
identified. It could accurately assign Larroussius females and males to their taxa overcoming the difficul-
ties of morphological identification. Finally, DNA barcoding will contribute to a molecular identification
database to be used for in-depth species studies.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

can give valuable information to public health experts struggling
to control the disease (WHO, 2010).

There are about one hundred sand fly species (Diptera, Psycho-
didae) worldwide, responsible for the transmission of a group of
diseases called the leishmaniases (WHO, 2010). In the Mediter-
ranean Basin, leishmaniasis in humans appears in two forms:
Visceral (VL) and Cutaneous (CL). The disease is acquired through
the bite of a female sand fly previously fed on a Leishmania infected
mammal (Killick-Kendrick, 1999). Proper identification of sand flies
in an area is the first and more important step for predicting the
spread of the parasite; whilst knowledge of their vectorial capacity

* Corresponding author.
E-mail addresses: m.dokianakis@med.uoc.gr (E. Dokianakis),
n.tsirigotakis@med.uoc.gr (N. Tsirigotakis), vchristod@edu.med.uoc.gr
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(M. Antoniou).

http://dx.doi.org/10.1016/j.actatropica.2016.09.003
0001-706X/© 2016 Elsevier B.V. All rights reserved.

Larroussius is a sand fly subgenus with members that are
proven vectors of Leishmania infantum (L. infantum) around the
Mediterranean Basin (Killick-Kendrick 1990; Maroli et al., 2013).
For example, Phlebotomus ariasi (Rioux et al., 1979), P. perfiliewi
(Marolietal.,, 1987), P. neglectus (Léger et al., 1988) and P. perniciosus
(Bettini et al., 1986) participate in the VL and canine leishmania-
sis (CanLei) epidemiological chains whilst P. tobbi is a vector of the
parasite causing CL in Turkey (Svobodova et al., 2009) and Can-
Lei in Cyprus (Léger et al., 2000; Mazeris et al., 2010). P. tobbi has
also been shown to support Leishmania hybrids (Seblova et al.,
2015) incriminating it as a potential vector for other Leishmania
species, according to the set criteria (Dostalova and Volf, 2012).
The role of P. tobbi in the transmission of L. donovani, recently
introduced in Cyprus (Antoniou et al., 2008; Mazeris et al., 2010),
remains to be determined (Antoniou et al., 2009, 2013). Recently,
Alten et al. (2016) showed that seven out of eight L. infantum vec-
tors, found throughout the Mediterranean Basin, belong to the
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Larroussius subgenus. The presence of Larroussius species in Greece
and Cyprus (Antoniou et al., 2013; Maroli et al., 2013; Alten et al.,
2016; Chaskopoulou et al., 2016) and the increasing number of
VL, CL and CanlLei cases is alarming (Antoniou et al., 2008, 2009;
Mazeris et al. 2010; Christodoulou et al., 2012; Ntais et al., 2013,
2014; Koliou et al., 2014).

Identification of sand flies is traditionally done by morphol-
ogy, using taxonomical keys. Optimal results are achieved when
dissection and mounting of freshly collected, or preserved, sand
fly specimen is performed (Lewis, 1978). However, such a process
requires expertise and skillfulness and it is inconvenient during
field work. At the same time, intraspecies phenotypic diversity and
the presence of cryptic species complexes are serious obstacles
when trying to accurately identify sand fly individuals (Pinto et al.,
2015). The same problems apply to Larroussius s species. While dis-
crimination between male Larroussius sand flies is relatively easy
using morphology, most P. tobbi and P. perfiliewi females are diffi-
cult to differentiate (Parrot, 1930; Absavaran et al., 2009).

During the last 16 years, the tendency is to combine molecu-
lar systematics with morphology for sand fly taxonomy (Depaquit,
2014). The sex and the developmental stage of the individual do
not pose a problem when applying molecular identification tools,
an advantage compared to morphology (Kumar et al., 2012). PCR -
Restriction fragment length polymorphism (PCR - RFLP) is a useful
molecular tool; fast and more reliable compared to morphology. It
has being used for the identification of sand flies in the Mediter-
ranean Basin (Latrofa et al., 2012), the New World (Terayama et al.,
2008; Fujitaetal.,2012; Minteretal.,2013; Hughes etal.,2014) and
India (Tiwary et al., 2012). This method was also used for the dif-
ferentiation of mitochondrial haplotypes (Merino-Espinosa et al.,
2016). However, there are doubts regarding the universality of
the method in the Mediterranean Basin (Bounamous et al., 2014;
Llanes-Acevedo et al., 2016).

Table 1

This study presents the molecular identification of three wild
caught Larroussius sand fly species from Crete and Cyprus based on
aPCR - RFLP method that led to rapid and accurate results. The iden-
tification outcome was evaluated and confirmed by sequencing of
the DNA barcoding gene (cytochrome oxidase subunit I - COI) used
by the method. A phylogenetic analysis of the sequences obtained
placed the individuals studied in a Larroussius systematic tree
together with Larroussius species from around the Mediterranean
Basin. The methodology presented can be used complementary to
the classic morphological taxonomy of the Larroussius subgenus
assigning the individuals to taxa with respect to their geographic
origin resolving systematic discrepancies during morphological
identification.

2. Materials and methods
2.1. Sand flies

Sampling of sand flies was carried out during the EU EDENEXT
project (FP7-261504) using methods described in Alten et al.
(2016). Identification was carried out using morphology (Lewis,
1982) and the remaining body parts of the insects were stored in
70% Ethanol (Fisher Scientific, UK) for molecular use. For this study
31 Larroussius sand flies collected from the islands of Crete and
Cyprus were selected randomly (Table 1).

2.2. DNA extraction and PCR

Sand fly DNA was extracted using QIAGEN QIAamp DNA micro
kit (QIAGEN, EU). A fragment of the universal barcoding mito-
chondrial gene (COI) for animals was subsequently amplified using
primers LCO1490/HCO2198 (Folmer et al., 1994; Hebert et al.,
2003).

List of sandflies belonging to Phlebotomus (Larroussius) species studied. Coordinates of sampling sites: Fodele: 35°22'52.10"N, 24°57'28.55"E, Agia Roumeli: 35°23'01.46 N,

23°95'90.57"E, Steni: 34°59'54.00"N, 32°28'17.00“E.

Species Gender Collection site Collection date Internal code BLAST result (E value) GenBank accesion
1 Phlebotomus tobbi male Steni, Pafos, Cyprus 28/4/2013 146 Phlebotomus tobbi (0.0) KX826018
2 Phlebotomus tobbi male Steni, Pafos, Cyprus 26/5/2013 147 Phlebotomus tobbi (0.0) KX826034
3 Phlebotomus tobbi male Steni, Pafos, Cyprus 28/4/2013 148 Phlebotomus tobbi (0.0) KX826035
4 Phlebotomus tobbi male Steni, Pafos, Cyprus 28/4/2013 149 Phlebotomus tobbi (0.0) KX826036
5 Phlebotomus tobbi male Steni, Pafos, Cyprus 28/4/2013 150 Phlebotomus tobbi (0.0) KX826037
6 Phlebotomus tobbi male Steni, Pafos, Cyprus 26/5/2013 151 Phlebotomus tobbi (0.0) KX826038
7 Phlebotomus tobbi male Steni, Pafos, Cyprus 1/10/2013 213 Phlebotomus tobbi (0.0) KX826043
8 Phlebotomus tobbi male Steni, Pafos, Cyprus 1/10/2013 182 Phlebotomus tobbi (0.0) KX826044
9 Phlebotomus tobbi female Steni, Pafos, Cyprus 28/4/2013 152 Phlebotomus tobbi (0.0) KX826019
10 Phlebotomus tobbi female Steni, Pafos, Cyprus 28/4/2013 156 Phlebotomus tobbi (0.0) KX826041
11 Phlebotomus tobbi female Steni, Pafos, Cyprus 1/10/2013 160 Phlebotomus tobbi (0.0) KX826021
12 Phlebotomus tobbi female Steni, Pafos, Cyprus 1/10/2013 161 Phlebotomus tobbi (0.0) KX826022
13 Phlebotomus tobbi female Steni, Pafos, Cyprus 1/10/2013 162 Phlebotomus tobbi (0.0) KX826023
14 Phlebotomus tobbi female Steni, Pafos, Cyprus 28/7/2013 100 Phlebotomus tobbi (0.0) KX826025
15 Phlebotomus perfiliewi male Steni, Pafos, Cyprus 1/10/2013 158 Phlebotomus perfiliewi (0.0) KX826026
16 Phlebotomus perfiliewi male Steni, Pafos, Cyprus 1/10/2013 159 Phlebotomus perfiliewi (0.0) KX826027
17 Phlebotomus perfiliewi female Steni, Pafos, Cyprus 26/5/2013 153 Phlebotomus perfiliewi (0.0) KX826039
18 Phlebotomus perfiliewi female Steni, Pafos, Cyprus 26/5/2013 154 Phlebotomus perfiliewi (0.0) KX826020
19 Phlebotomus perfiliewi female Steni, Pafos, Cyprus 26/5/2013 155 Phlebotomus perfiliewi (0.0) KX826040
20 Phlebotomus perfiliewi female Steni, Pafos, Cyprus 28/5/2013 163 Phlebotomus perfiliewi (0.0) KX826024
21 Phlebotomus neglectus male Fodele, Crete, Greece 9/5/2014 234 Phlebotomus syriacus (0.0)* KX826029
22 Phlebotomus neglectus male Agia Roumeli, Crete, Greece 12/5/2014 235 Phlebotomus syriacus (0.0)* KX826030
23 Phlebotomus neglectus male Agia Roumeli, Crete, Greece 12/5/2014 236 Phlebotomus syriacus (0.0)* KX826031
24 Phlebotomus neglectus female Fodele, Crete, Greece 18/5/2013 190 Phlebotomus syriacus (0.0)* KX826047
25 Phlebotomus neglectus female Fodele, Crete, Greece 17/6/2011 224 Phlebotomus syriacus (0.0)* KX826048
26 Phlebotomus neglectus female Fodele, Crete, Greece 18/6/2013 176 Phlebotomus syriacus (0.0)* KX826032
27 Phlebotomus neglectus female Fodele, Crete, Greece 16/7/2013 177 Phlebotomus syriacus (0.0)* KX826033
28 Phlebotomus neglectus female Fodele, Crete, Greece 23/5/2012 226 Phlebotomus syriacus (0.0)* KX826045
29 Phlebotomus neglectus female Fodele, Crete, Greece 13/5/2012 227 Phlebotomus syriacus (0.0)* KX826046
30 Phlebotomus neglectus female Fodele, Crete, Greece 9/5/2014 233 Phlebotomus syriacus (0.0)* KX826028
31 Phlebotomus neglectus female Fodele, Crete, Greece 26/6/2012 193 Phlebotomus syriacus (0.0)* KX826042

*There are no Phlebotomus neglectus COI sequences in NCBI.
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Table 2
Genetic distances after grouping obtained COI sequences of the data set. Analyses
were conducted using the Tamura-Nei model (Tamura and Nei, 1993).

1 2 3 4 5
Phlebotomus_perniciosus
Phlebotomus_tobbi 0,078
Phlebotomus_perfiliewi 0,075 0,090

Phlebotomus_longicuspis 0,054 0,077 0,094
Phlebotomus_neglectus 0,124 0,130 0,144 0,137
Phlebotomus_ariasi 0,173 0,166 0,178 0,180 0,167

U WN =

2.3. RFLP assay

Digestions for 2.5h at 37 °C with the restriction enzyme Mbol
(Minotech, EU) were applied to COI PCR products of all 31 samples.
The RFLP patterns that resulted were separated by electrophoresis
in a 3.5% agarose gel stained with GelStar stain (LONZA, Rockland,
ME, USA) and examined under UV light.

2.4. Sequencing

COI PCR products were purified using QIAGEN QIAquick PCR
Purification kit (QIAGEN, EU). Double stranded sequencing was
performed using the PCR primers in CEMIA SA (EU). Sequencing
results quality was checked by eye and identity of all sequences
was confirmed by BLAST™ queries. CodonCode Aligner™v. 3.7.1
(CodonCode Corporation) software was used for editing the
sequences.

2.5. Data set

A data set was created and used for phylogenetic analyses.
It included the 31 COI sequences, one Sergentomyia minuta COI
sequence (individual caught during samplings in Crete) as out-
group and 25 published Larroussius COI sequences derived from
GenBank. The sequences were translated into amino acids using
MEGA 6.0 (Tamura et al., 2013) and no stop codons were observed.
Multiple sequence alignments were performed using CLUSTALW
(Thompson et al., 1994) as implemented in MEGA. Genetic dis-
tances were calculated using Tamura - Nei model, also in MEGA.

2.6. Phylogenetic analyses

The optimal partitioning scheme (unpartition or codon par-
tition) and the best-fit nucleotide substitution model for each
partition were identified using the PartitionFinder (PF) v.1.1.1
(Lanfear et al., 2012). We ran PF two times with the models of
molecular evolution restricted to those that are available in either

tobbi

perfiliewi

MrBayes or RAXML, using the greedy search algorithm, linked
branch lengths in calculations of likelihood scores, and the Bayesian
Information Criterion (BIC) for selecting among alternative parti-
tioning strategies. The models including both G and I were ignored
(Yang, 2006). Phylogenetic inference analyses were conducted
using Bayesian inference (BI), and Maximum Likelihood (ML) meth-
ods.

The BI analysis was performed in MrBayes (v.3.2.6; Ronquist
et al., 2012) with four runs and eight chains per run for 107 gener-
ations sampling every 100th generation. This generated an output
of 105 trees. Several MCMC convergence diagnostics were used
to check for convergence and stationarity. The first 25,000 trees
(25% “burn-in” in Bayesian terms) were discarded as a measure to
sample from the stationary distribution and avoid the possibility
of including random, suboptimal trees. A majority rule consensus
‘Bayesian tree’ was then calculated from the posterior distribution
of trees, and the posterior probabilities were calculated as the per-
centage of samples recovering any particular clade (Huelsenbeck
and Ronquist, 2001), where probabilities higher than 95% were
considered indicative of significant support.

ML analyses were conducted with RAXML (v. 8.1.21)
(Stamatakis, 2014) using RAXMLGUI v.1.5 (Silvestro and Michalak,
2011) under the GTR+G model of evolution (see the results of
PF) where parameters were estimated independently for each
partition. The best ML tree was selected from 500 iterations and
the confidence of the branches of the best ML tree was assessed
based on 1000 thorough bootstrap replicates.

3. Results
3.1. Morphological and molecular identification

Thirty-one (31) Larroussius sand flies (13 males and 18 females)
from Crete and Cyprus were identified by morphology: fourteen
(14) individuals were P. tobbi, six (6) P. perfiliewi and eleven (11) P.
neglectus.

PCR amplification of the barcoding gene COI for each sample
was performed and RFLP analysis of the amplicons using the Mbol
restriction enzyme revealed three distinct pattern groups in full
accordance to species morphological identification (Fig. 1). PCR-
RFLP clustering findings were confirmed by sequencing COI PCR
products of all analyzed samples and subsequent BLAST™ queries
(Table 1).

3.2. Sequencing analysis

The data set contained 673 base pairs (bp) of COI sequences.
Among these, 193 are variable and 165 parsimony informative sites.

M 5o O e = Sl

— neglectus

Fig.1. Gelimages showing digestion with Mbol of COI PCR products for the three studied Larroussius species. M: molecular marker (Thermo Scientific), lanes 1-2: Phlebotomus

perfiliewi, 3-4: P. tobbi, 5-9: P. neglectus.
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Fig. 2. Bayesian tree (Branch support: Bayesian inference/maximum likelihood). Outgroup is Sergentomyia minuta. Species name correspond to Table 1. NCBI species are

accompanied by their Accession number.

The pairwise distances between all samples analyzed ranged from
0 to 0.18. The mean genetic distance between the closely related
species P. tobbi and P. perfiliewi was 0.09, while P. neglectus had a
mean intraspecies genetic distance of 0.002 and 0.134 compared to
all the other species (Table 2). The mean genetic distance between
the Cretan samples was 0.093 and between the Cypriot ones 0.041.
The analysis of PF supported the partitioning of the dataset in the
three codon positions. The nucleotide substitution model selected
for each data partition were: for MrBayes SYM +1 for the first codon
position, F81 for the second and GTR + G for the third and for RAXML
GTR + G for each codon position.

3.3. Phylogenetic analyses

Maximum Likelihood (-InL=2308.01), and MrBayes analysis
(arithmetic mean —InL=2407.43) produced similar topologies.
Considering the MrBayes analysis, the MCMC convergence diagnos-
tics revealed: a) the average standard deviation of split frequencies
was 0.0044, b) the plot of the generation versus the log probabil-
ity of the data (the log likelihood values) produced a “white noise”
graph and c) the average Potential Scale Reduction Factor (PSRF)
was 1.00 for all parameters (maximum PSRF is 1.001), providing
no clues of non-convergence and indicating stationarity, that is,
there should be no tendency of increase or decrease over time.
The bayesian phylogenetic tree is presented in Fig. 2. All eight
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branches that were created separate the samples analyzed accord-
ing to species and locality. P. tobbi branch includes individuals from
all localities examined. P. ariasi and P. neglectus are well separated
from other Larroussius subgenus species (posterior probability 1).

4. Discussion

The morphological and molecular identification of three, wild
caught Larroussius species from Crete and Cyprus, is presented:
P. tobbi, P. perfiliewi and P. neglectus. A PCR - RFLP assay was
able to cluster all individuals to the taxa they were placed by
morphology while confirmation of the results was obtained after
sequencing the barcoding gene COI. PCR - RFLP discriminated P.
tobbi and P. perfiliewi, two closely related species (Chaskopoulou
et al., 2016), both important vectors of Leishmania (Maroli et al.,
2013). Although traditional morphological identification cannot
be replaced by molecular systematics, since morphology provides
basic systematic knowledge including the starting point for molec-
ular identification (Depaquit, 2014), the use of both approaches will
solve many sand fly systematic issues.

Sequence variability between sand fly individuals (cytB - nd1
loci) created problems in sand fly identification when PCR-RFLP
was applied in individuals from different geographic regions. Thus,
a phylogenetic or a DNA barcoding sequencing analysis can provide
accurate speciesidentification if problems are encountered (Llanes-
Acevedo et al., 2016), especially concerning females (Bounamous
et al,, 2014). The COI PCR - RFLP assay proposed may not be uni-
versal and the patterns observed may not be unique but it is useful
for molecular screening of the samples in order to obtain reliable
species specific patterns. Since there is always the possibility of
intraspecies or even intrapopulation genetic variability (Depaquit
et al.,, 2015), if this tool is optimized it can be used to confirm
morphological identification of sand flies in a given geographical
region.

In this study, a phylogenetic analysis of a Larroussius COI data
set was necessary, due to the lack of P. neglectus COI sequences
at NCBI and because P. tobbi is closely related to P. perfiliewi (Di
Muccio et al., 2000; Absavaran et al., 2009; Chaskopoulou et al.,
2016). The Bayesian phylogenetic tree clearly separated P. neglec-
tus from all the other Larroussius species tested (Fig. 2), confirming
phylogenetic results using the nuclear gene ITS2 (Di Muccio et al.,
2000) and the mitochondrial one cytb (Absavaran et al., 2009).
It was also shown that the individuals identified as P. tobbi and
P. perfiliewi constituted separate taxa in our data set confirming
a recent COI barcoding study (Chaskopoulou et al., 2016). Many
researchers have used or included Larroussius sand fly species to
phylogenetic studies because of their importance in public health
(Aransay et al., 2000; Di Muccio et al., 2000; Esseghir et al., 2000;
Kriiger et al.,, 2011; Latrofa et al., 2011; Ergunay et al., 2012;
Depaquit et al., 2013; Bounamous et al., 2014; Maia et al., 2015;
Chaskopoulou et al., 2016). Complete species discrimination can
be achieved via sequencing DNA markers which can also pro-
vide information on the population structure and associate males
with females of the same species (Depaquit, 2014). DNA barcoding,
using COI sequencing, has been extensively used in Entomology
for species identification including important disease vectors (Jinbo
et al.,, 2011). It has been referred as the “barcode region” as it pro-
vides many advantages for the accurate identification of species
in an effort to build the catalog of Life (Hebert et al., 2003). The
number of studies, so far, are limited and more COI sequences need
to be deposited in the respected databases as to enable a “query
- answer” identification process through DNA barcoding in sand
flies.

P. neglectus, P. tobbi and P. perfiliewi COI sequences, that resulted
from this study, were deposited in GenBank, a contribution to the

COI barcoding identification database and they are the first COI
sequences regarding P. neglectus. With COI sequences of P. neglec-
tus in Crete known, identification and vectorial status issues of
this species may be tackled as P. neglectus is a very important and
common species in South Eastern Mediterranean Basin. In Turkey,
individuals within the Phlebotomus major group were shown to
exhibit intermediate morphological characters and final differen-
tiation between P. neglectus and P. syriacus could not be reached
based only on morphological differences (Alten et al., 2016). Since
P. neglectus is the proven vector of L. infantum in Greece (Léger
et al., 1988) and it is reported throughout the country (Ivovic et al.,
2007; Christodoulou et al., 2012; Ntais et al., 2013, 2014), further
molecular identification studies should be directed to this species
in endemic leishmaniasis foci to further understand the genetic
differentiation from P. syriacus.

5. Conclusions

Adaptation of sand flies to environmental changes can result
in small changes in various morphological features which could
lead to wrong or problematic species identification. The PCR -
RFLP clustered female and male Larroussius sand fly species from
Crete and Cyprus to their taxa, successfully; which was confirmed
by DNA barcoding using COI sequencing. It is proposed that, dur-
ing extensive epidemiological sand fly samplings, RFLP analysis,
of the resulting COI PCR products, could show patterns on initial
species clustering. The method proved useful for Larroussius species
in Crete and Cyprus and should be evaluated across the greater area
of South Eastern Mediterranean.
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Abstract

cost-effective molecular approaches.

formic acid, were tested on samples of both sexes.

Background: Phlebotomine sand flies are incriminated in the transmission of several human and veterinary
pathogens. To elucidate their role as vectors, proper species identification is crucial. Since traditional morphological
determination is based on minute and often dubious characteristics on their head and genitalia, which require
certain expertise and may be damaged in the field-collected material, there is a demand for rapid, simple and

Methods: Six laboratory-reared colonies of phlebotomine sand flies belonging to five species and four subgenera
(Phlebotomus, Paraphlebotomus, Larroussius, Adlerius) were used to evaluate the discriminatory power of
matrix-assisted laser desorption/ionization time of flight mass spectrometry (MALDI-TOF MS). Various storage
conditions and treatments, including the homogenization in either distilled water or given concentrations of

Results: Specimens of all five analysed sand fly species produced informative, reproducible and species-specific
protein spectra that enabled their conclusive species identification. The method also distinguished between two
P. sergenti colonies originating from different geographical localities. Protein profiles within a species were similar
for specimens of both sexes. Tested conditions of specimen storage and sample preparation give ground to a
standard protocol that is generally applicable on analyzed sand fly specimens.

Conclusions: Species identification of sand flies by MALDI-TOF MS s feasible and represents a novel promising tool
to improve biological and epidemiological studies on these medically important insects.

Keywords: Species identification, Molecular taxonomy, Phlebotomus, MALDI-TOF MS

Background

Phlebotomine sand flies (Diptera: Psychodidae, Phleboto-
minae) are the only proven vectors of leishmaniases, a
group of emerging human and veterinary diseases, which
are spreading geographically due to various human activ-
ities (migration, landscape and climatic changes) [1].
Leishmaniases are endemic in 98 countries and 3 terri-
tories, worldwide [2], putting 350 million people at risk
and having a worldwide prevalence of 12 million cases
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[3]. In addition, sand flies transmit other human patho-
gens such as bacteria (Bartonella) and viruses of families
Bunyaviridae, Reoviridae and Rhabdoviridae [1].

Despite their undisputable importance in human and
veterinary medicine, inadequate and inconsistent atten-
tion has been paid to sand fly species identification.
Major taxonomic reviews and identification keys based
on morphological characters are now outdated, do not al-
ways reflect current views of particular groups and often
remain of only regional scope [4]. The conventional ap-
proach to sand fly species identification, based on mor-
phological features, requires the mounting of each

© 2014 Dvorak et al,; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
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specimen’s head and abdomen, which bear the decisive
characteristics (genitalia, cibarium and pharyngeal arma-
ture). Both slide preparation and species identification
are laborious and time-consuming, demanding a certain
degree of proficiency and expertise. Nevertheless, accurate
species identification is profound mainly in epidemiological
studies conducted in endemic areas of leishmaniases,
where the presence of morphologically similar species
with different vectorial capacities can obscure the vector —
parasite relationships with consequences in adequate con-
trol measures.

In addition to DNA sequencing, various methods of
molecular taxonomy have recently been introduced to
overcome the shortcomings of traditional sand fly identi-
fication based on morphological characteristics, mainly
for the purpose of rapid and reliable identification in
foci of human leishmaniases. Random Amplified Poly-
morphic DNA (RAPD) method was deployed to find
species-specific DNA profiles of Phlebotomus papatasi
and P. duboscqi, vectors of Leishmania major in Africa
[5]. Restriction Fragment Length Polymorphism (RFLP)
of cytochrome oxidase I gene successfully differentiated
between Phlebotomus riouxi and P. chabaudi, two
closely related species of the subgenus Paraphlebotomus,
suspected vectors of Leishmania killicki [6]. Three spe-
cies of the subgenus Phlebotomus, occuring sympatri-
cally in several foci in Sudan and putatively involved in
the transmission of Leishmania wmajor, were distin-
guished by a PCR-based assay, amplifying a part of
a second internal transcribed spacer [7]. A multiplex
species-diagnostic PCR-based assay, based on the 18S
rRNA region, was developed in order to rapidly differen-
tiate P. papatasi and P. argentipes, two species most
abundant in the Indian subcontinent [8]. Nevertheless,
for routine screening, PCR-based methods of species
identification are considered costly, time-consuming and
labor intensive. Moreover, their universal applicability is
often limited because they target specific sequences.
Although they may prove as a suitable solution for a
particular taxonomical problem, they can hardly repre-
sent a universal tool that would be readily applicable in
any situation.

During the last decade protein profiling using the
matrix-assisted laser desorption/ionization time of flight
mass spectrometry (MALDI-TOF MS) was established as
a routine method to identify and classify mainly bacteria
for clinical diagnostics [9]. The method is based on acidic
extraction of peptides and low molecular weight proteins
up to 25 kDa from the studied organism and subsequent
MALDI-TOF MS analysis. The peptide/protein mixture
obtained by the extraction is mixed with MALDI matrix
(typically small aromatic acid) and let to co-crystallize. The
crystals are then irradiated by laser pulse and time of flight
of the generated ions is measured by mass spectrometer.
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The recorded mass spectrum serves as a unique protein
pattern allowing unambiguous species identification and
taxonomical classification. Recently, the approach was also
successfully employed for a number of eukaryotic organ-
isms including a panel of 69 Leishmania isolates com-
prising the most important causative agents of human
visceral and cutaneous leishmaniases [10]. The concept
was proven to be applicable on insects in a pioneering
study aimed to distinguish between sibling species of the
Drosophila melanogaster subgroup [11]. Concerning
hematophagous insects, the method is still in its infancy.
MALDI-TOF MS was first shown to be applicable on
Culicoides nubeculosus biting midges [12] and was later
deployed in species identification of 15 Culicoides species
[13,14], five tsetse fly species [15] and a number of mos-
quito species [16,17].

The aim of this study was to show, for the first time,
the applicability of MALDI-TOF MS to identify and
distinguish phlebotomine sand fly species, of both sexes,
under different conditions of storage and homoge-
nization and to test its discriminatory power regarding
subgenera, species and populations. The discriminatory
power of the used MS-based approach was tested on five
Mediterranean species, proven vectors of important
Leishmania parasites, namely: L major (P. papatasi), L.
tropica (P. sergenti and P. arabicus) and L. infantum
(P. perniciosus and P. tobbi).

Methods

Insects

The study was carried out using sand fly specimens
reared in laboratory colonies maintained at standard
conditions [18] in the insectary of the Department of
Parasitology, Charles University in Prague. Specimens
from six colonies of five different species were analyzed
(country of origin of females used to establish the colony
is given in brackets): Phlebotomus (Phlebotomus) papa-
tasi (Turkey), P. (Paraphlebotomus) sergenti (Turkey,
Israel), P. (Larroussius) perniciosus (Spain), P. (Larrous-
sius) tobbi (Turkey), P. (Adlerius) arabicus (Israel). Indi-
viduals were taken from pools homogenous in age, kept
under standard conditions, given the same diet.

Preparation of samples for MALDI-TOF MS

Insect bodies, stored at various conditions, were dried at
room temperature and dissected, cutting off the head
and abdomen so that body parts bearing decisive charac-
ters could be mounted on slides for morphological ana-
lysis, the rest of the abdomen was spared for DNA
isolation. Remaining thoraxes were manually ground in
1.5-mL microtubes with 10 pl of homogenization solution
using disposable pellets and pestles. Two homogenization
solutions were tested: sterile distilled water and 25%
formic acid.
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MALDI-TOF MS analysis and spectra evaluation

Two pl of the ethanol or the water protein extract were
mixed with 2 pl of a MALDI matrix in a tube. One ul of
the resulting mixture was deposited on the MALDI target
and allowed to air-dry. The MALDI matrix was prepared
daily as an aqueous 60% acetonitile/0.3% TFA solution of
sinapinic acid (30 mg/ml; Sigma). Positive-ion mass spec-
tra were measured in linear mode on an Ultraflex III
MALDI-TOF spectrometer (Bruker Daltonics, Bremen,
Germany) within a mass range of 2—25 kDa and calibrated
externally using the Bruker Protein Calibration Standard I.
Each acquired spectrum corresponded to an accumulation
of 1000 laser shots (5x200 laser shots from different posi-
tions of the target spot). The spectra were exported to
the MALDI Biotyper 3.1 software for data processing
(normalization, smoothing, baseline subtraction, peak
picking) and evaluation by cluster analysis. Only a max-
imum of 100 peaks with signal-to-noise ratio of >3 and
relative intensity of at least 0.1% of the most intense peak
from the spectra were considered for choosing peaks. For
MSP dendrogram creation, an individual main spectrum
was generated from each of the acquired spectra.

Results

The 300 insects used in the analyses were stored either
dry-frozen at —20°C or in ethanol of different grades and
concentration (denaturized or molecular biology-grade
ethanol; 70% or 96% concentration). Results obtained
showed that the specimens kept frozen provided the best
spectra in terms of peak number, signal intensity, peak
resolution, and signal-to-noise ratio (data not shown).
However, it is not always possible to freeze sand fly bod-
ies in the field; therefore, storage in ethanol is often the
only choice. The use of molecular biology-grade ethanol
was more favourable since the specimens kept in dena-
turized ethanol produced rather noisy spectra with an
enhanced baseline. Regarding the ethanol concentration,
using 70% ethanol (standard preservation protocol) re-
sulted in reproducible and high quality protein profiles
whereas the spectra of insects kept in 96% ethanol were
poor with low number of peaks, probably because of in-
homogeneous crystallization due to higher content of or-
ganic solvent.

The homogenization of the sand flies in two different
solutions, sterile distilled water and 25% formic acid,
was also tested. Water gave superior results for the fro-
zen individuals, whereas the specimens stored in ethanol
exhibited spectra of lower quality and reproducibility.
On the contrary, stable and consistent protein profiles
were always obtained for individuals stored in 70% etha-
nol and homogenized in 25% formic acid (data not
shown). Considering these observations, we chose the
following as our working procedure of the sample prep-
aration: storage of sand fly specimens in molecular
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biology-grade 70% ethanol and homogenization of the
insect body in 10 ul of 25% formic acid. Based on the
previous work on Culicoides biting midges [12] an aque-
ous solution of sinapinic acid (30 mg/ml) in 60% aceto-
nitile/0.3% TFA was adopted as MALDI matrix.

Using the above conditions, all five Phlebotomus spe-
cies tested generated reproducible protein spectra with a
high number of intense signals within the mass range of
2-25 kDa (Figure 1). The protein profiles obtained were
species-specific with several species-unique peaks that
allowed reliable and conclusive species identification and
taxonomical classification of the analyzed sand flies as
shown by hierarchical cluster analysis (Figure 2). The
method recognized all but two specimens of P. sergenti
of laboratory colonies originating from two geographic-
ally distant regions (Figure 3).

For all tested Phlebotomus species, an equal number of
males and unfed females were analysed. The data ob-
tained from male and female individuals displayed very
similar spectrum patterns and most of the major protein
peaks were identical to both genders (Figure 4). To in-
vestigate the influence of storage time, protein spectra of
specimens kept in 70% ethanol for the period of 3, 39
and 75 days were compared (Figure 5). The protein pro-
files for all storage length conditions were reproducible
and enabled unambiguous species differentiation even
after longer periods of storage in ethanol (Figure 6).

Discussion

During the last decade, protein profiling by MALDI-
TOF MS has been exploited mainly for the identification
of unicellular pathogens. It became an analytical tool
that offers high-throughput, sensitive and specific ana-
lysis for applications in microbiology, including demand-
ing clinical diagnostics in terms of reproducibility as
well as cost-effectiveness [9,19]. The method offers suffi-
cient discriminatory power for a wide range of clinically
relevant bacteria not only at the species level, but also at
the subspecies and strain levels, allowing the detection
of epidemic lineages. The vast amount of accumulated
data led to the establishment of several commercial and
non-commercial spectra databanks that are at the dis-
posal for routine microbiological assays [20].

Only recently researchers ventured into applications of
this method on multicellular organisms including medic-
ally important insects. It was first evaluated on a model
species of the biting midge Culicoides nubeulosus under
various conditions of sample storage and preparation
[12]. A reference database of biomarker mass sets was
then established for 15 species of biting midges to en-
able their automated database-based identification [13].
The approach successfully distinguished between two
morphologically unrecognisable cryptic species within
Culicoides grisescens. Subsequently, the database proved
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to be useful for large-scale species identification in a
three-year entomological survey of Culicoides biting
midges in different climatic regions of Switzerland, being
the first application of this method in a field study [14].
When applied to 34 laboratory colonies and wild-caught
specimens of 12 Anopheles species, MALDI-TOF MS
protein profiling accurately identified even closely re-
lated cryptic species within the A. gambiae complex
[16]. It also accurately identified 20 mosquito species of
six genera upon the profiles of leg protein extracts [17].

MSP Dendrogram
P. tobbi_04

P. tobbi_02

P. tobbi_05

P. tobbi_03

P. tobbi_01

P. perniciosus_05
P. perniciosus._(
P. perniciosus_03
P. perniciosus_02
P. perniciosus_01
P. sergenti_05

P. sergenti_04

P. sergenti_03

P. sergenti_02

P. sergenti_01

P. papatasi_05
P. papatasi_04

P. papatasi_02

P. papatasi_03

P. papatasi_01

P. arabicus_03

P. arabicus_02

P. arabicus_01

P. arabicus_05

P. arabicus_04

g e

o

L L L L L L L L
1000 900 800 700 600 500 400 300 200 100
Distance Level

Figure 2 Dendrogram obtained by cluster analysis of MALDI-TOF
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Sand flies, in several aspects, are similar to biting
midges: small body size, minute species-specific mor-
phological features of high epidemiological significance;
which make them ideal candidates for alternative ap-
proaches towards taxonomical identification. Their role
as exclusive vectors of Leishmania, a group of medically
and veterinary important kinetoplastid parasites, urges
the need for accurate species identification that is essen-
tial for effective control measures and yet not always
easy to achieve. The advent of molecular approaches has

MSP Dendrogram

P. sergenti__10
’_[ P. sergenti_|_09

P. sergenti_I_08

. sergenti_|_07

. sergenti_T_10

P. sergenti_|_06

. sergenti_T_06

P. sergenti_T_07

—E P. sergenti_T_09
P. sergenti_T_08

L L L L L L ' L L L
1000 900 800 700 600 500 400 300 200 100
Distance Level

Figure 3 Dendrogram obtained by cluster analysis of MALDI-TOF
MS spectra of specimens of Phlebotomus sergenti from laboratory
colonies originating from Turkey and Israel. Distance is displayed in

relative units.




Dvorak et al. Parasites & Vectors 2014, 7:21
http://www.parasitesandvectors.com/content/7/1/21

Page 5 of 7

12500 4
10000
7500 4
5000
2500

12500
10000
7500

5000 4
2500

12500 4
10000
7500 4
5000
2500 4

20000

15000

10000 4

5000 4

male
3
~
s & £ &
male
< ) 3 @©
e = - 2
©
8 female
~ © g
b A
2 female
2
© =3 8
5 3 g
- e A
5000 6000 7000 8000 9000 10000 11000 12000 13000 14000 15000 16000 17000 18000 19000 iz
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already revealed the existence of several species com-
plexes in sand flies, which harbour morphologically un-
distinguishable cryptic species. Within the Phlebotomus
perniciosus complex, a new and yet formally undescribed
sibling species of P. longicuspis was found [21]. Phleboto-
mus argentipes, the main vector of Leishmania donovani

in the Indian subcontinent, is a complex of at least three
species of challenging morphology and unknown role in
the transmission of the disease [22]. Phlebotomus major
complex comprises of a number of closely related species
that overlap geographically in some areas in the Mediter-
ranean Basin [23]. Different DNA-based methods were
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\

deployed in the study of these species complexes, a fact
emphasizing the need for a more universal tool.

By analysing more than 300 individuals belonging to
five medically important sand fly species of the genus
Phlebotomus, all vectors of different Leishmania species
infecting humans, we demonstrated that protein profil-
ing using MALDI-TOF MS can be used for rapid and re-
liable species identification of phlebotomine sand flies.
All analysed species produced distinct, consistent and
reproducible species-specific protein spectra, which were
constructive in species identification. There were no dif-
ferences between males and unfed females of the re-
spective species that would obscure their identification.
In our method of body utilization of specimens the ter-
minal body parts were not included in the acidic extrac-
tion prior to MALDI-TOF MS, which possibly removed
some of the sex-specific proteins. This is in agreement
with the previous findings where both sexes of the same
species were analysed. In the former study on Droso-
philla species, a biological meaning of the peaks de-
tected by MALDI-TOF MS protein profiling was
investigated by nano-HPLC electrospray ionisation tan-
dem mass spectrometry. Most of them were identified as
originating from muscle tissues and mitochondria and
are, therefore, probably identical for both sexes [24].

Comparing different sand fly storage methods revealed
that the best results are obtained if specimens are pre-
served dry-frozen. However, in the field, it is not always
possible to freeze freshly caught sand flies. Therefore,
the fact that even long-term sample storage in 70% etha-
nol provides satisfactory and reproducible results is very
promising given that ethanol is the usual medium for
storing samples for entomological surveys and for pro-
cessing by molecular techniques. Sand fly females
engorged with host blood were not tested in this initial
study as it is known from studies on hematophagous

Page 6 of 7

biting midges that the presence of blood has a consider-
able impact on MALDI-TOF patterns, reducing the in-
tensity of the biomarker masses [12]. To study the
influence of bloodmeal presence at different digestion
stages on the protein patterns, remains one of the tasks
in future studies.

One of the aims of this study was to evaluate the levels
of discriminative power of MALDI-TOF MS protein
profiling. So far, in some studies it failed to differentiate
between geographical populations of tested species in
some studies, namely closely related Drosophila species
[24] and individuals of three Culicoides species collected
at either site of the Alpine crest and exhibited similar
protein profiles [13]. On the contrary, when tools of lin-
ear discriminant analysis were deployed in a study on
anopheline mosquitoes, MALDI-TOF MS resolved even
colony-specific patterns [16]. In our study, it was pos-
sible to distinguish between all but two analyzed speci-
mens of Phlebotomus sergenti from two laboratory
colonies originating from Turkey and Israel. Based on
the sequencing analysis of internal transcribed spacer
(ITS), it was previously postulated that these populations
represent two distinct lineages that may constitute cryp-
tic species within P. sergenti [25], although this hypoth-
esis was later not confirmed by analyses of other genes
[26,27]. Nevertheless, specimens from actual wild popu-
lations should be analyzed by MALDI-TOF MS to fur-
ther evaluate our promising findings on the ability of
this method to differentiate between populations of geo-
graphically different origin.

Our findings suggest that MALDI-TOF MS-based spe-
cies characterization may represent a rapid, simple, re-
producible and also cost-effective alternative. It was
estimated, roughly, that one MALDI-TOF MS assay can
be 100 times less expensive than a PCR run, not includ-
ing labour costs and processing time. While the acquisi-
tion of the machine itself represents a major investment,
its use thereafter is cost-effective [16]. Moreover, the de-
scribed workflow enables the utilization of the same
sand fly specimen in morphological analysis, PCR-based
assay (sequencing etc.) and protein profiling by MALDI-
TOF MS. Therefore, the method clearly has a potential
to become an invaluable complementary tool to estab-
lished approaches towards sand fly species identification
and taxonomical classification.

Conclusions

The present study shows that protein profiling by
MALDI-TOF MS is applicable on phlebotomine sand
flies and represents the first step towards the establish-
ment of a protein spectra database that would enable
quick and reliable species identification, a much desired
tool for many applications in vector biology and epi-
demiology of the leishmaniases.
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