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Evpetnpro Elxkovov

A/A Ieprypaon YeMO0
1 EviAwo napdaocito Fasciola hepatica 7
2 Avyd Fasciola hepatica o€ KOmpava mpofdtov 8
3 BioAoykdg kokhog tov Fasciola hepatica 10
4 ZHMUOTIKY amEKOVNOT TS avos0EVELUIKTG SOKIUNG TOV 35
KOTPOVTLYOVOU.
5 Enileypévo tunpa tov yovidiov 28S rDNA mov peretOnke yuo 43
€DPEDT] YEVETIKOV LOVOVOVKAEOTIOIKMY TOAV O PPIGUOV
6 Enileypévo tpumqua tov mtDNA mov peiemOnie yo tnv gvpeon 44
YEVETIKMOV LOVOVOUKAEOTIOIKMY TOAVUOPPICUDY
7 Enileypévo tpumpa tov yovidiov g B-coinvivn 3 mov peietnOnke 45
Y10l TY) E0PECN YEVETIKMV LOVOVOLKAEOTIOIKDOV TOAVLOPPIGUDV
8 Tomoypapia g Ococariog. Me KOKKIVEG KOVKIOES OTUELOVOVTOL 53
T, onpeia detypaToANYiog TOV EKTPOPDV
9 "Yyog Bpoydmtwong (mm) kot ot Tpég tov deiktn NDVI o1t 54
Oeocoria and To ZentéuPpro tov 2006 péypt o Pefpovaplo Tov
2007
10 Aoyeio 96 BobBpiwv ¢ omoiog opiopéveg oepég Pobpimv (A, C, E, 56
Q) elyav mpooKoAANUEVO €101KO TOAVKA®VIKO avticopa [gG katd
tov F. hepatica. O1vndrowmeg oepég g pikpomddaxkag (B, D, F, H)
elyov TPOCKOAANUEVO €01KO TOAVKAMVIKO AVTIGOUA TO 0T0{0 OV
elvat 1010 ywo 10 Tapacito. Ostikd oetyparta: C1, G3, E9, C5, ES,
G6, A9 ka1 G10 BoBpia. E12/F12 kar G12/H12 apvnrikog kot
BeTiKo¢ pdpropog avtictoryo
11 EmnoAacuog tov F. hepatica oto aryonpoPato pe facn 56
dokacio Tov Oetikot kompoavtrydvov kot TG ELISA (vymAn kot
YoUnA opofetikdnTa) 6T Ococaiia
12 Avy6 Fasciola hepatica and npofato tov Afjpov Movlokiov pe 63
unkog 140 pm kou TAdtog 65 pum.
13 Xapmng x®PIKNGg TaPEUPOANG TOV TAPATNPOVUEVOV TEPLOYDY TNG 65

OYETIKNG EMKIVOLVOTNTAG LOAVVONG TV OryoTtpoPatwy pe F.
hepatica o1 Oecoaiio Katd T ddpKeln TG OEyaTOANYioG
(Zentépuppro 2006 g DePpovapio 2007) vid v enidpacn Tov
deiktn NDVI. H pébodog g ympwng mopepfoing (Oliver, 1990)
YPNOOTOMONKE Y10 VO, VTOAOYIGTOVV Ol GYETIKES TUUES
EMKIVOLVOTNTOG OVAUESH 6Ta onpeia derypatoAnyiag. Mn
OKLOGUEVEG TTEPLOYES Eval EEM A0 TNV EKTOOT TWV TEPLOYDV LE
detypo ko tyov e€apedet amd 1o ywpikd medio mapepfoing. Ou
KOKAOL Ogtyvouvy Tig mbavég eotieg ™G poAvvong pe Fasciola
(ovveyng ypouun: mBaveg e0TIES, SIOKEKOUUEVT] YPOUUN:



14

15

16

17

18

19

20

21

22

devtepevdvimg mhaveg eotieg). (B) Xdptng yopukng mapeppfoing
TPOPAEYNG TOV TEPIOYADV TNG CYETIKNG EXIKIVOLVOTNTOS LOAVVOTG
ue Fasciola ot ®eccoAio To ETOUEVO £TOG TNG OELYLATOANYING
(Zentépuppro 2007 g Defpovdipilo 2008)

Xapmg xwptkng TapePoAng TpOPAEYNC TV TEPLOYDV TNG
OYETIKNG eMKIVOLVOTNTOG HOAVVONG Ue F. hepatica oty EALGOQ
70 2007. To povtéro KaTtaoKeLAOTNKE PAGIGUEVO OTIG TILEG TOV
deiktn NDVI otnv EAAGSa kKot d10pBopévo yia toug GAAovg
ONUOVTIKOVG TAPAYOVTES

Xapmng xoptkng TopeUPoANg TPOPAEYNC TOV TEPLOYDV TNG
OYETIKNG EMKIVOLVOTNTOG LOAVVONG Ue F. hepatica 6t Mecsdyelo
70 2007. To povtélo KoTaoKeELACTNKE PAGIGUEVO GTO EDPOG TILADV
0.25-0.81 tov deiktn NDVI kot dtopfwpévo yia tovg dALovg
ONUOVTIKOVG TOPAYOVTEG.

Kotavoun tov yovotuorwv tov yovidiov 28S rDNA otv EAAGSa,
Boviyapio kon [ToAwvia

Ymoloytopog 6évtpov ’évmong dwupécov’’ (Medium-joining) pe
to Moyiopkd Network Publisher ékdoom 4.0, and d1dpopeg
TEPLOYES OEIYUATOANYIOG TV TOPAGITOV Y10, TO TUNLO TOV
yovidiov 28S rDNA. To péyefog tmv kKOKA®V givar avaioyo pe
ovyvoTTO TV YOVOTLTTOV. Ol 0moGTdoElg HETAED TV KOKA®MY
elvatl avdAoyeg e Tov aplfud TOV GNUELKOV OVTIKOTUCTAGEMY
oT0 VOUKAEOTIO10 Ko eppavifoviot pe KOKKIvoug aplfpovg. Ot
KOKKIvol poppot ansikoviCovv éva eikoviko kopupo. H
K®OKOTOINo™ TV aAANAov IV avagopdg etvatl: POL: TloAwvia,
BG: Boviyapia, BOL: BoABia, SP: Ionavia kor EGY: Atyvmrog.

Ymoloylopog 6évtpov “évaoong olapécov” (Medium-joining) pe T0
hoyiopko Network Publisher éxdoon 4.0, and 61dpopeg meproyés
SEYHOTOAN YOG TOV TOPAGITOV Y10 TO ETAEYUEVO TUNUO TOV
mtDNA. To péyebog tov KikAmv givatl avdioyo pe ™ cuyvotnTa
TV anAoTOT®V. O1 0m0oTAGES LETAED TV KUKAWMV VOl OVOAOYES
pe tov aplipd TV TV GNUEIKAOV OVTIKOTACTAGEMY GTO
vovkAeoTdia kot gpeaviCovrtal pe kdkkivovg aptfpove. Ot
KOKKIvol poppot ansikoviCovv éva eikoviko kopupo. H
K®OKOTOINo™ TV aAANAoL IV avagopdg etvatl: POL: TloAwvia,
BG: Boviyapia koaw AUS: Avetpario

Kotavoun tov amhotdnev yio emieypévo tunuo tov mtDNA,
avVAUESO 0TOVG TANOLGLOVG TapaGiTOV TV Y0PV TG EALGSAG,
Boviyapiog kot IToAmviag

I'evetikoi povovovkieotidkoi moAvpopeicpoi (SNPs) avé yopa
070 Yovidlo g B-cinvivng 3.

[Teproym peréng: Ot meproyéc g EAAGdag kot tng Bovdyapiog
oL Bpédnkav ta evilika tapdota F. hepatica TopioTAVOVTOL LE
teleleg

[Tp6PAeym ye®ypapikng Katavouns twv yovotummv tov 28S rDNA
tov Fasciola hepatica. (A) b105A yovotumog ko (B) b105G
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YOVOTLTTOG,.

[Ip6PAreym ye®YpaEIKNG KaTavouns TV arAoToneov tTov mtDNA 83
tov Fasciola hepatica. (A) CtCmtl anAdtvmog, (B1) CtCmt2.1
anAdTuTog Ko (B2) CtCmt2.2 amAdTumog

Agdopéva g “ekmaidevong’’ Le T ypNoN UG LETAPANTAG OTNV 84
npotuTonoinon. To uKog TG TPAGIVNG GTNANG OVTITPOCHOTEVEL TN
TN g “ekmoaidevong’
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Evpetnpro IlIwakov

A/A IHeprypaon YeMO0
1 EmnoAapdg tov F. hepatica mov éxel avoeepbei ot Pipioypapio 16
2 [Mapdyovteg (26) og Tpog TV EMKIVOLVOTNTE EULPAVIONG TOV 36

nmopacitov Fasciola hepatica oT1g eKTPOQEG AIYOTPOPATOV GE GYEOT
LLE TOL YOPOKTNPIOTIKA Kol TN O1oyElplorn Tov Komad1ov, TNV NAKia Kot
TO HLOPPOTIKO EMIMESO TOL TAPOYMOYOV

3 Kabopiopog tov ovdov g doxpaciog ELISA 39

4 AMMAovYiEG TV EKKIVITMV TOL YPTNCIHOTOMONKAY Y10 TIg 46
avtwpdoeig g PCR

5 Yvotatikd g avtidopacng PCR 46

6 Oeprokpactoxd mpowtokoAiro g PCR yw tov exkivne 28S mov 47
EVIOYVOLV TO EMAEYIEVO TUNLO TOV YoVidiov IRNA

7 Oeppokpaciakd TpmtokoAro TG PCR yia tovg exkivntéc Fhmtl.1 47
kot Fhmt 1.2 mwov evieyvouv to emileypuévo tunpa tov mtDNA

8 Oeppokpaciakd TpmtokoAro g PCR yia tov exkivnm Tub mov 47
EVIOYVOVV TO EMAEYUEVO TUNLLO TOV YOVIOI0V NG B-cwAnvivng 3

9 BloxhMpatikég petapintég oopewva pe o WorldClim mwov 51
ypnoortombnkayv otnv poviehonoinon (Hiymans et al., 2005)

10 Ap1Budg aryompofdrov ot Oeccario (EXYE, 2006) 53

11 Ap1Buo6g Proroyikadv ektpoeav kKot Lomv oty EALGSa (Yrovpyeio 54

AypoTiKng avantuEng ko Tpo@ipwv, 2006)

12 EmnoAiacuog tov F. hepatica og eninedo ektpopng kot hmv, Ommg 58
kaBopionke pe Tig dokiacieg Tov BETIKOV KOTPOAVTLYOVOL KOl TNG
ELISA (vynAn ko younin opofetikdtnra)

13 2VGYETION HETOED TOV TOAVOTNTOV HIOG EKTPOPNS VAL Etvar 58
HOAVGUEVT) OTI®G TTPOGIOPIGTNKE UE TIG dOKIUAGIEG TOV BeTIKOD
KOTPOOVTLYOVOL, TNV LYNAY] KO TN YOUNAY opoBeTikOTNnTO

14 AVAALON TOV YOPAKTNPIOTIKOV TG EKTPOPNG KO TOV KTNVOTPOPOL 59
o€ oo Ue TNV epedvion g uoéAvvong pe F. hepatica pe Baon
dokacio aviyvevong Tov OeTikoh KOTPoavTIyOVOL Kot TNV VYNAN
opofetikdtta. Ta amotehécpata mapovstaloviont ®G HEGOG, AOY0G
oxetikov mlavotntv (OR) kat 95 % duotua gpmetoocvvng (CI)

15 AvAALON TOV YOPAKTNPICTIKOV TNG OL(EIPIONG TG EKTPOPNG OE 60
oyxéomn He TNV eueavion g poAvvong pe F. hepatica pe Pdon ™
dokacio aviyvevong Tov OeTikod KOTPoavTIydvov Kot TNV VYN

opofetikdtta. Ta amoteAéopato Ttapovstdlovior ¢ HEGOGS, AOYO0G
oxetikov mlavotntv (OR) kat 95 % duotua gpmetoocvvng (CI)

16 AVAALON TOV YOPAKTNPIOTIKOV TG dlaxeiptong Tov fookotdmov o€
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27

oyxéomn He TNV eueavion g poAvvong pe F. hepatica pe Péon
dokacio aviyvevong Tov OeTikoh KOTPoavTIyOVOL Kot TNV VYNAN
opofetikdtta. Ta amoteAéoparto mtapovstdlovior ¢ HEGOGS, AOYO0G
oxetikov mlavotntav (OR) kat 95 % duotua gpmetoocvvng (CI)

Avaivon TV TepPUALOVTIKGOV TOPpAyOVI®V GE GYECT LE TNV
eUQEavion g poivvong pe F. hepatica pe Paon  dokipacio
aviyvevong Tov BeTikoh KOTPOAVTLYOVOL KOl TNV VYNAN
opofetikdtta. Ta amoteAéopato Ttapovstdlovior ¢ HEGOGS, AOY0G
oxetikov mlavotntav (OR) kat 95 % duotpa gpmoetocvvng (CI)

Inuavtikd mbavég eotieg poAvvong e F. hepatica ot Oecoalio
Ap1Oudg Ko T060oTd TOPAciTOV avd YDOpa Kot YOVOTLUTO BAGEL TOV
yovidiov 28S rDNA

Ap1Oudg Tapascitov ava xdpo ToV AVTUTPOSOTEVEL KAOE aTAOTLTO
otV emAeyuéEVN eployn Tov mtDNA

AmAdTLTOL 6T0 EMAeyYpEVO T Tov mMEDNA. Me évtova kot
TAQYL0L YPAPUOTO OTEIKOVILOVTOL O1 AVTIKATAGTACELS TOV OAUIVOEEWV

AvTtikateoTnpéva voukAeotidwa kot apvo&éa yuo to C3mt (0éom 193
¢w¢ 206) tunuo tov mtDNA

1060610 YeEVETIKOV LOVOVOLKAEOTIOIKAOV TOAVHOPPIGUAV (SNPs)
avd xdpo 6To Yoviolo g B-cminvivng 3

Kotdraén dnposievpévav aAAnlovyldv g Tpaneloc TANpopopidv
(GenBank) otovg YOVOTLTTOVC/ATAOTLTTOVG GUUP®VA E TV TOPOVGA
peAETN

Ap1OUdg eYYPOQOV TOV YOVOTUT®V KO OTAOTOTTOV TOV
¥pnoporombnkay 6t povrelomoinon

[To6oo16 TANOBLGHOV OO TO GUVOAO TOV EKTPPOUEVOV
unpvkactikdv otnv EAAGda kot ) BovAyapia avd yewypoeikn
Katoavoun, pe edivovoa cepd (Eurostat, 2007).

210T10TIKN oA fevon TV HOVTEA®Y Tov aAydpBov Maxent
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A/A Tithog Yehioa
A. Mepidnym 1
B. Summary 3
I. OEQPHTIKO MEPOX 5
r.1. Ewayoym 6
r.2. Bipioypagixki) avackomnon Tov 1opocitov 7
r.2.1. Mop@oroyia Tov Fasciola hepatica 7
r.2.2. Boloyikdg kOkhog tov F. hepatica 8
r.2.3. Moapdyovtes mov £0VOOUV T1] HOAVVGT TOV PPUKACTIKAOV 10
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r.3. MMaBoyévera 12
I.4. EmimwoTioloyia 13
r.4.1. H @aociworoon otnv EALGSa 13
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r.e.1. IIpocdropiopdg avy®v Tov TapaciTov 17
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I'.7.1.

I.7.2.

I'.s.

r.o.

r.1o.

r.11.

r.11.1.
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r.11.3.
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A.1.

A.2.

A.2.1.

A.2.1.1.

A.2.1.2.

A.2.1.3.

A.2.1.4.

A.2.1.5.

A.2.1.6.

A2.1.7.

A.2.1.8.

A.2.1.8.1.

Xpion avlehpuvOikov eoppakov (Ipéoinyn kou
OVTLUETOTLON)

Avooomoinemn ko gppfora

H @acroroon otov avOpwmo

Tniemokomion Kol YEQYPOUQPIKE GUGTILOTO TAPOPOPLAV
Owovopkn onpoocio

MegLETN TG YEVETIKIG TOLKIAOHOPPLOS TOV ELOAV
Fasciola spp

MEeLETN YEVETIKIG TOLKIAONOPPLOG OF EMAEYREVA TUNNOTO
10V procopikov (r) DNA

MEeLETN YEVETIKIG TOLKIAONOPPLOG OF EMAEYNEVA TUHOTO
Yovidiv Tov ptoyovoprokov (mt) DNA

MEeLETN YEVETIKIG TOLKIAONOPPIOG O TPMTEIVES KL
nPpOTEACES

Xp1non TS HEYIETIG EVTPOTING 6T YEOYPOQLKI] KOTAVOUT)
TOV ELOAOV

INEIPAMATIKO MEPOX

YKOIIOX

YAIKA KATI MEOGOAOI

Emimwotioloyia tov F. hepatica ot Ogocaria

Ieproyn perétng

YvAAoy1] 0poV KoL KOTTPAVE®V

YvAAoy1] TEPIPALLOVTIKOV KUl YEOYPUPLKOV OEO0UEVOV

Mopdyovres EMKIVOUVOTNTOS Y10 TNV ERQYAVLIGT TOV
TOPOCITOV

Av000ev UHIKT] OOKLUT] KOTTPOOVTLIYOVOL
Mé£0ooog McMaster
Avooogviukn ookip] ELISA otov 0p6
YTOTIOTIKT avdAivon

Tprodrdotatn AOYLGTIKI] TOALVOPOUN G
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A.2.1.8.2.

A.2.1.9.

A.2.1.9.1.

A2.2.

A2.2.1.

A2.2.2.

A.2.2.3.

A.2.2.3.1.

A2.2.3.2.

A.2.2.3.3.

A2.2.4.

A.2.2.5.

A2.2.6.

A2.2.7.

A2.2.8.

A.2.2.9.

A.2.2.10.

A.2.2.10.1.

A.2.2.10.2.

A.2.2.10.3.

A.2.2.10.4.

A.2.3.

A.2.3.1.

XOpIK1| 6TUTIGTIKI] 0VAAVOY] 6E ONAdEG
Xapteg yopkng Tapepfoing TopaTnpoOpEVS Kol
POPALETONEVIIC GYETIKIG EMKIVOVVOTNTAS poOAvVONG pe F.

hepatica

Y7oAhoylopog oYETIKNG EMKIVOVVOTNTOS EPPAVIoNS Tov F.
hepatica

I'evetkoi molopoperopoi tov F. hepatica
Yvihoyn eviimkov topacitov F. hepatica

YvAAhoy1] oAANLov)LOV 0t0 Pdon d€dopuEVMV

Tovidwo wov peretOnKay Y10 YEVETIKOVG
JLOVOVOVKAEOTIOLKOVS TOAVpopPLopovs (SNPs)

Emieypévo tpipa tov 28 rDNA

Emieypévo tppa tov mtDNA

Emieypévo tpipa Tov Tov yovidiov B-coirvivig 3
Amopdvoon DNA

Exxuvnrég

Mé£00o0og kor covOnkeg g PCR

Hlektpo@opnon npoiévrov PCR og miktopa ayapolng
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IHHAPAXITIKEX MOAYNXEIX ME Fasciola hepatica E
BIOAOI'IKEX KAI XYMBATIKEYX EKTPO®EX
MHPYKAXTIKQN

KANTZOYPA BAIA
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Avartopiag kar Pvcroloyios Aypotikwv Zowv, I'ewmoviké Havemotiuio AOnvav,
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A. Hepiinyn

YKomOG NG TapovGOg MEAETNG MTav 1 OlEvEPYELD EMLMOTIOAOYIKNG £PEVVOC
YPOVIKOU onueiov ya va pehetnBel  KatdoTaom TG POCIOAMONG GTO UNPVKACTIKE, LE
oTOYX0 TN GLAAOYY] TANPOPOPLOV YL TNV KOTAPTION OTPUATNYIKOV EAEYXOV TNG
acBévewnc. H €pevva, mov kahvye dapopeg meproyéc g EALGSOC kot TG avatoMKnG
Evponng eiye og oxond: o) tov mpocdopiopd 1ov emmmoracpov tov F. hepatica oto
aryompoPata g Oesocariag, B) T0 oxedAGUO XEPTN YOPIKNG TOPEUPOANG TG GYETIKNG
emkvovvottog poAvvong pe F. hepatica ot Oeococolia, y) v aviyvevon twv
MEPLOYDV UE ONUAVTIKEG €0Tieg HOALVONG, O) TNV KOTOUOKELT] HOVTEAOL TPOPAEYNC
OYETIKNG EMIKIVOLVOTNTAG TNG LOAVVONG Ue F. hepatica 6t Oecoario, otnv EALGOQ kot
ot Aekdvn g Meocoyegiov, €) ) depehivnon G YEVETIKNG TOKIAOUOPPIG, OT) TOV
TPOGOOPIGUO PLAOYEVETIKMOV OLAO®V UETAED TOL TANOLGLOV TV TOPACITOV ATd TNV
votw (EALGSa, BovAdyapia) kot fopeta (ITodwvia) Evponn ko §) ™ povtelomoinon g
YE@YPOPIKNG KATOVOUNG TV YOVOTLTTOV Kol amAdTUITOV ov PBpédnkav oty EAALGSQ
kot ™ Bovkyapioa.

["a tov okond avtd eetdomray 346 ko 234 detypota kompdvov kot 499 ko
372 delypata opod aipatoc amnd mpofata Ko aiyeg aviiotoya, 74 PloAoyikdv kot
ocvpPatikav eKTpoP®V TG Oeocoriag. O emmoAacuds o€ €MIMESO EKTPOPNG NTOAV
16.2% (12/74) pe ) doxpacio tov kompoavtrydovov kot 78.4% (58/74) pe m doxipocio
ELISA. ITapdyovtec e oyéon e TO YOPOKTNPIOTIKA Kot TN Sloyeipion Tov Komadiov,
TO, YOPUKTNPIOTIKE TOV TOPAY®YoL Kol T TEPPAALOVTIKE dedopéva emTAEYONKOY DOOTE
va 01evpLVOEl 1 ETKIVOLVOTNTA TOVG BTNV EUPAVICT) TOV TOPAGITOV OTIC £EETAlOUEVES
extpoPés. To oTaTIoTIKO HOVIEAO NTAV TPIOOIGTATNG AOYIOTIKNG TOAVOPOUNONG UE
OLOYETIGUEVOLG TVYaiOoVG Tapdyoves. To cvonua Yewypapikdv mAnpopopidv (GIS),
N YOPIKN OTATICTIKN aviyvevon Kot 0 deikTng PAAGTNONG KOAVOVIKOTOMUEVNG O10pOPag
(NDVI) ypnoipomomdnkay yo T YopToypaenomn e OXETIKNG EMKIVOLVOTNTOS HE F.
hepatica ko1 TV aviyveLCOT TOV TEPLOYMV LE ONUAVTIKEG £0TIEC LOAVVOTG pe Pdon ™
dokacio g vynAng opobetikdOTag ot Oeocora kot yevikdtepa v EAAGSa kot
™ Aekdvm ™ Mecoyeiov.

KobBopiommke mn yevetkn mowilopopeio evilikov mapoacitov F. hepatica
mpogpydpeva omd v EAAGda, ™ Boviyopia kot IloAwvia. Zvykekpéva,
peAeTNONKOV YEVETIKOT LOVOVOUKAEOTIONKOT TOAVHOPPIGHOT EMAEYUEVOV TUNUATOV TOV
yoviov tov 28S rDNA, tov pitoyovdprokov (mt) DNA kor g B-coinvivng 3.



Bpébnkav dvo yovotvmor pe Bdom tov moivpopeiopd tov 10500 vovkAeotidiov yia to
emAeypévo tunpo Tov 28S rDNA yovidiov kot 600 KOPLot OTAOTLTTOL Y10l TV EMAEYUEVN
neployn tov mtDNA. [oapatnpnOnkav tpdcbetor yovotumot yua 1o yovidlo 28S rDNA,
kaBmOg kol amAdtumol Tov EMAEYHEVOL TuNpato¢ Tov MtDNA ot omoiot nTav
YOPOKTNPLOTIKOL Y10 T0 TapAGita oV poépyovtay and v EALGda ko v TloAwvia.
[No tuqua tov yovidiov g PB-cwAnviving 3, mapoio mov Ppédnkav TOALHOPEIKEG
TEPLOYES, NTOV 0dVVOTO Va dtaywplotel 0 TANBvoUdS TV Tapacitwv og yovoTumovg. Ot
YOVOTLTIKES S10POPEG LETAED TV Tapacitwv and v EAAGda, Boviyapio kot [ToAwvia
tomg va opethovtal og edaikn kot TANBvouoKY| dlaipeon TapeABOVI®OV TEPLOdM®V.

H povtehomoinom, pe 1t ypnom tov adydéplBpov g UEYIOTNG EVTPOTIOG
(mpOypappa  Maxent) ypnowomombnke Yoo T SWUOPO®OTN NG  YEWYPUPIKNG
KOTOVOUNG TV YOVOTUTI®V Kol omAdTum®v 7ov Ppédnkav otnv EAAGOa wou ™
BovAyapio. Ocov agopd oto emreyuévo tunua tov mtDNA, ot petafAntég g
BpoyxdmTmong SpdpPmcay T Yewypapikn kotavour tov CtCmtl arddtumov, evd ot
petaPAntég g Beprokpaciog dSapdpemacay ™ yemypapikn kotavoun tov CtCmt2.1
kol CtCmt2.2 andotunwv. [lpocsdiopiotnke 4t | mBavdTEPN TOPOLGIQ TOV YOVOTLTTWV
Kol anAOTVTTOV Tov F. hepatica Bpioketon otn votia BovAyapio, otnv kevipikn kot
Bopeta EALGOQ, OOV eKTPEPETAL KO GTIG OVO YDPEG LEYAAOG 0PlOUOS UNPLKOCTIKMV.

Aééers wreowa: Fasciola hepatica, mapayovieg emkwvovvotnrog, GIS, yevetwkn
mowKiopopeia, yovidiw prroyovoplakov yevopoatog, 28S  rDNA, B-coinvivn,
LOVTEAOTOIN O YEOYPUPIKNG KOTOVOUNG
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B. Summary

A cross sectional survey was performed to explore the epidemiological status of
Fasciola hepatica infection (FI), with a view to providing a basis for disease control
strategies. The investigation, which covered various areas of Greece and in eastern
Europe, focused on: a) the identification of the causative agents of FI in sheep and
goats, b) the construction of the risk spatial interpolation map of FI in Thessaly, c) the
detection of areas with significant clusters of infection, d) the construction of predicted
risk models of FI in Thessaly, and extend this prediction to the entire area of Greece as
well as the Mediterranean region, €) the investigation of genetic diversity of liver fluke
populations, f) the identification of lineages or groups and how specific are they for
each population on the basis of SNP analysis of three different and highly conserved
DNA fragments from the south (Greece, Bulgaria) and north (Poland) Europe and g) the
modelling of the geographic distribution of the disease agents in Greece and Bulgaria.

A total of 346 and 234 faecal samples and 499 and 372 serum samples were
collected from sheep and goats respectively from 74 farms in Central Greece. Twelve
farms (16.2%) and 58 farms (78.4%) of 74 were found infected using coproantigen and
serology respectively. Risk factors related to herd and farmer status, farm and pasture
management, and environmental factors derived by satellite data were examined for
their association with the prevalence of F. hepatica in sheep and goat farms. The
statistical model was a trivariate logistic regression with correlated random effects. A
geographic information system (GIS), the spatial statistic analysis and the normalized
difference vegetation index (NDVI) were used for mapping the risk of F. hepatica
infection and identifying clusters of infection on the basis of high resopositivity
determined risk factors in the region of Thessaly, the entire area of Greece and the
Mediterranean basin.

The genetic diversity of liver fluke populations in three different countries from
Eastern Europe (Greece, Bulgaria, and Poland) in comparison with available data from
other countries was determined. Specifically, SNPs from regions of two nuclear genes,
28S rDNA, B-tubulin isotype 3 and an informative region of the mitochondrial genome
were examined. Two major lineages for the 28S rDNA gene based on the highly
polymorphic 105th nucleotide position were found. Two basic lineages and additional
haplotypes were defined for the mtDNA gene region. Additional genotypes for the 28S
rDNA region as well as haplotypes of the mtDNA region that were typical for the Greek
or Polish populations were observed. For the B-tubulin isotype 3 gene multiple



polymorphic sites were revealed but no explicit clades. It is hypothesized that genotypic
differences between Greek, Bulgarian, and Polish liver fluke populations are due to
territorial division and genetic drift in past epochs.

Maximum entropy ecological niche modelling was utilized to predict the
geographic range for fluke genotypes and haplotypes in Greece and Bulgaria, using the
Maxent program. In regard to mtDNA gene region, precipitation is the most important
factor in modelling CtCmt1 haplotype range, while temperature appears to be the most
important factor in modelling the CtCmt2.1 and CtCmt2.2 haplotype ranges. The
highest level of probability for the geographic distribution of F. hepatica genotypes and
haplotypes covered Southern Bulgaria and Central and Northern Greece regions which
contain a high concentration of potential ruminant hosts.

Keywords: Fasciola hepatica, risk factors, GIS, genetic diversity, mitochondrial genes,
28S ribosomal DNA, B-tubulin isotype 3, ecological niche modelling



I'. OEQPHTIKO MEPOX



I'.1. EIZAT'QI'H

H kmvotpopia amotelel £va onpaviikd TUNHO TNG YEMPYIKNG TAPAYMOYNG, HE
KUPLOTEPN OVTNG TNG EKTPOPNS aryompofatwv. v EAAGda extpépovrtar 4.017.900
oo Kot TopdyovTon £vo EKATOUUVPLo TOVOL aryotpoPetov kpéatog kdbe ypovo. Emiong
n EAdda mapayer 1o 48% g cvuvoMkng mopaymyng aiyeov kot to 8% tov mpodPelov
kpéatog otV Evponaikn ‘Evoon (Eurostat, 2007).

To mopdottoa AmMOTEAOVV  GNUOVTIKY] 0T OIKOVOMUK®V OTOAEIDV  OTNV
KINvoTpo@ia yiati Tpokorovv ota {da S1apope TABOAOYIKEG KATAGTACELS KOl ATOAELN
Bapovg N petwpévn tapaywywotmra (Gcodmpoéomovroc, 1991). I'a avtd 10 AOYo mpémel
gykapa vo Tavtomoteitol o vrevhuvo Tapdacito Kot vo dtveTon 1 KOTAAANAN ayoyr. H
QOCIOA®ON 1N OIOTOUMOT, KOWMOS YOVIPN YAAmAtoo, eKONA®veTtor ¢ ofgia
TOPEYYVUOTIKN NTaTitida f/kot ¥pdvia yolayyeitida, yopaktnpiletor amd avorpio Kot
amicyvaon Kot 0QeiAeTOl 0TO TPNUAT®OES Tapdotto Fasciola hepatica.

H gocioloon ot dekoetio tov 1990 Mrav éva ovuyvd voonuo oto (oikd
KEPAAOLO TPOKOADVTOS UEYOAES OTKOVOUIKEG OMMAEIEG OTN KTNVOTpOopia eEattiog g
nmaboyévelng tov mapacitov (Mas-Coma et al., 2004). H pactormon ennpedlel Kupimg
ta. TpoParta kol o foogdn) Ko givor Teprocdtepo maboyovog ota mpofata (Abbott et
al., 2004). Ze moykdéop KMpoKo ot €TMOEG OMOAEES AOY® NG PAUCIOAMONG,
vroroyilovtal mave amd 3 doekatoppvpro dordapta (http://www.sheepwormcontrol
.com; http://www.endoparasite.net/downloads/). Ztnv IpAavdia, 10 45% twv npoPdrmv
Kol Tov Pooeddv givor poivouéva pe F. hepatica kol Ol OIKOVOUIKEG OTMOAEIEG
avépyovtolr mve oamd 60 ekatoppvplo gvpd emoing (http://www.endoparasite.net/
downloads/).

To F. hepatica éyel maykdouo eEAmAmon, oAAd Kuplapyel otig evkpateg (OVES
(Andrews, 1999) c¢ avtiBeon pe 1o F. gigantica mov PpiokeTon Kupiwg OTIS TPOMIKESG
neproyéc. To F. hepatica amotelel moAd cofapr| ameldr] yu v vyeio Tov (O®ovV Kot
otio HeyOAmV oKovolK®V anmieidmv eéattiag tov Bavatov (Mitchell, 2003). Eniong
TPOoKaAEl peimon ¢ yoraktomapaywyns €o¢ kot 3% 10 £10¢ ava ayeldda, peimon ot
MmomeptekTikOtTa TOL YéAaktog £m¢ 0.06% kot adénon g ENpag mepLodov £mg Kot
4,7 nuépeg (Charlier et al., 2007).

Télog, mpémel va onpelmdel Tog N pactdAwon givar {®ovOGog Kal 0 AvOp®TOg
HoAVVETOL KLPI®OG omd TN KOTOVAA®MGY €0MOU®V OUOV AyplOv YOpT®OV N UE TNV
Katanwon petokepkapiov amgvbeiog and to vepd (Esteban et al., 2003). H pacidAwon
avayvopiletor topa amd v Iaykoouo Opydvoon Yyeiog (WHO) ¢ avadvoupevn
Cwovooog pe kat' extipnomn 2.4 €Katoppdplo. HOADGUEVOLS OvOPOTOVES TAYKOGHIMG
(WHO, 1997). H petradoon cuvnbmg yivetar amd to poAvcspévo Boogdn ko ta tpoPata
oTOVG avOPOTOVG OAAL O HEPIKEG TeEPLOYEC ol AvBpwmor umopel va eivar m
ONUOVTIKOTEPN TNYN VYOV oL dtatnpel T petadoon. Ltov avlpwmo eppoviletot
KUPI®G e VTOKAMVIKY LOPPN, OAAG GE oL £VTOVN TOPOGITMOT TopATNPOLVTAL GOPAPES
dwtapayéc, Omwg iktepog, Kippwon tov Mmatog (Dobrucalli et al, 2004),
moykpeatitido pe vynio mopetd (Echenique-Elizondo et al., 2005), socivopidia kot
acapeic yaotpevtepkéc oatapayés (Dobrucalli et al., 2004).



I'.2. BIBAIOT'PA®IKH ANAXKOIIHXH TOY IHAPAXITOY

I'.2.1. Mop@ohioyia Tov Fasciola hepatica

Eivaw  peyddo o@uAdoedég mapdacito  (Ewdva 1) aviket ot0  @OAo
Platyhelminthes, kAdon Trematoda, vmoxidon Digena, owoyéveln Fasciolidae, yévog
Fasciola, dwotdoewv 2-3cm X 0.8-1.3cm, pe kohvmtipto vpéva mov mepaiietot omd
drxavOeg. Ecotepikd tov vuéva Ppioketar To puikd cHGTNUHO KOl ECOTEPIKA TOL HLIKOD
GLOTNOTOG VITAPYEL TO TTAPEYYLLM, OOV Ppickoviol Ta dpyove TOL TOPAGITOV OAAY
dev vmhpyel copotiky Kowodmta. To mpdcbio dkpo @épel Kovikn mpoekPoAr. O
OTOUOTIKOG e TOV KOUMakO polnpa etvan mepimov oopeyedeig. To mapdoito dabétet
TMENTIKO, OMEKKPITIKO, VELPIKO KOl YEVWNTIKO GUOTNUO OAAE GTEPEITOL AVATVEVGTIKOD
Kol KOKAoQopikov (Acodmpiong, 2001).

Ewoéva 1: Evijhiko mapdoito Fasciola hepatica.

To F. hepatica sivon eppogpdo1To TOPAGITO Kol TOPOVGLALEL TO PUIVOUEVO TNG
avtoyoviponmoinong (D’Souza et al., 2004) 1 ¢ etepoyovypomoinons. To mapdscito F.
hepatica éyel amhogdn popen (n=1) aAld TpocEaTeg Epevveg Exouv dei&el OTL VITdPyEL
Kot o€ durhoedn| (2n=2x=20) (Itagaki et al., 2009) kot TpitAoctdn popen (2n=3x=30) ce
evokovg TAnBvcopovg oty Kopéa, lortmvia (Agatsuma et al.,, 1994; Terasaki et al.,
2000) kou IpAavdio (Hanna et al, 2008) yopic vo vrdpyovv onuovtikés S10popég
netald Tov dapopeTikdv popeav (Terasaki et al., 2001).

To yevvnTmikd olOotnuo TOL APPEVOC amoTeEAEiTOl Oamd 2 Opyels, Tov
OTEPUATAY®OYO, TN OTEPUATOIOYO KOGTY|, TOL CTEPUATIKA GOANVEAPLO, TOV TPOGTAUTEVLTIKO
adévo Kol TO TEOG OV KOTOANYEL GE KOWO GVOIYHO LE TO YEVVINTIKO GUGTNLO TOV
Oniewc. To OnAvkd yevvnTkd cvotnuo omoteleiton amd pwoe omAn ®obnkm, Ttov



®OoymYod, TOV SLELPVVETAL Kol dNovpyet Tov wotvmo. H untpa apyilel and tov wdTLTTO
KOl KOTOANYEL KAl OVTN GTO KOWO GVOlYHO HE TO YEVVNTIKO GUGTNUO TOV APPEVOS
(Terasaki et al., 2001).

I'.2.2. Bro,oywkog koK oG TOV F. hepatica

Ta avyd sivor kitpwvoypoa, dwaotdcemv 130-150 pm X 65-70 pum kor €yovv
kaAomtpa (Ewova 2), amoPdArovror pe ta kOmpava towv (Oov o100 €£01epKo
nepBarrov, ekkoAdmTovion Kot ameAevfepdvovion Ta pepakioln péca oe 12 pe 14
nuépeg (Walker et al., 2006) 6tav 1 Oeppokpocio nuepnoing kopaivetar omd 8 — 22° C
(Audousset et al., 1989). Ta avyd day€éovior 6To BOGKOTONO TO XEWUDVO Kl TNV AVOIEN
ka1 cuviBwg apyilovv v avdmrtuén Tovg vopig tov Ampidlo, n omoia emttoyvVETOL HTOV
n Oeppokpacio vrepPaiver Tovg 10° C, pe amotéheopo 1 véo YEVER TV OVAMK®V
COAMYKOPIOV apyd TNV GvolEn vo GUUTITTEL PE TNV EKKOAaYT TV pelpokidiov (Hanna,
2003). To avy6 oto e£mTepkd mePPAALOV, EPOGOV LIAPYEL VYPOGio Kot Bepprokpacio
20-25° C, efehiooetal péoo oe mepimov 10 nuépec kat ekkOAGmTETAL TO pepokidio. To
pepokioo kolvumder pe ) Ponbeia tov Preeapidwv tov Yy va Ppet Eva vOpdPlo
colykdpt ™¢ owoyévelng Lymnaeidae g evoidpeco Eeviot) péca Ge TPES OPES
e1ddAAmg mebaivel. To peipokidio pmopei va (Roet and 35 dpeg otovg 6°C uéypt 6 dpeg
otovg 25°C (Smith and Grenfell, 1984). To peipakidio uéoa otov evdidueco Eevioti
eEellooeTon 68 GMOPOKLGTN A0 TNV 07O TAPAYETAL TOAAATAAGIOG aPlOUOC pESLDV.

- [ ;
b
25um (20x) . .‘\v 25um (20x)
— —

Ewova 2: Avya Fasciola hepatica o€ kémpavo tpofdtov.

Ot pédieg pmopovv va avamapoyBovv Ge pia, OVO N TPELS YEVEEG OVAAOYO LE TIC
Khapatikég oovOnkes (Goumghar et al., 2001; Vignoles et al., 2002; Belfaria et al.,
2004a,b). H avantuén tov yevemv e€aptdtol amd TV GLUUTEPLPOPA TNG UNTEPAS PESLOGC.
Edv avt n pédwa mapapeiver {ovrovny péca 6to caltykdpt, cuveyilel vo mapayetl Kot
deVTEPT YEVEA PESIDV. X TEPIMTMOT TOL TEDAVEL GTIG TPADTEG ELOOUASES, oL VEX KOPN
péola maipvel ) Béon g untépag pédwog (Belfaria et al., 2005; Rondelaud et al., 2009).
Telkd n kaOe pédia Tapdyel TOALOTAAGIO aplOud KepKapiwy.



H mopoayoyn kepkapiov péoa oto caitykapt eEoptdatal and o) v evoactnoio
TOV COMYKOPLOV OTNV Tapacttiky poéivvon, B) to puéyebog tov carykaplod y) tov
aplOud tev ektBépevov pelpokidiov oe kdbe calykdpt kor O) oTIG cuvOnkeg
neparrovtog (Bepuoxpacio, vypacio) (Rondelaud et al., 2009; Vignoles, 2007). Ta
KePKAplo eykotaAeimovy To GoAlykapt 6-7 efdopadeg petd  poAvvon Otov M
Bepuoxpaocia eivar 20 - 24° C (Lee et al., 1995) ka1 tpocskoAldvTal pe Tovg polntipeg
TOVG G€ VOPOPLL PLTA, ATOPAALOVY TNV OVPA TOVLS KO UETUTPETOVIOL GE LETAKEPKAPLOL
(Ewova 1). Qotdc0, 6Tav o1 cuvOTKeg dev glval KATAAANAES, TO LEPOKIOIO LITOPOVV Vo
TOPOUEIVOVY GTO GOAYKAPL OPKETOVG UNVES. Ao éva pelpokioto mov Ba eloywproet
010 caAykapt, Ba mapayxBovv mdve and 500 petaxepkapia (Vignoles et al., 2009). H
HEYOADTEPN TOPOYy®YY] METOKEPKOPIOV emtuyydvetor Otav éva udvo pelpakiolo
eloépyetan oto cairykdpt (Dreyfuss et al., 1999). H palun mapaymyn petaxepkapiov
eCacparler v petddoon tov mopacitov (Haas, 2003). Ta petaxepkdplo
ayKiotpavovtor oe vopofia eutd (Dreyfuss et al, 2004) kot pécm g TPOONS
EI0EPYOVTAL OTO TENTIKO GLOTNHO TOL {MOV, OOV EKKOAATTOVTOL GTO AETTO EVIEPO KO
To. Awpa Tapactta eEEPYOVTAL amd OVTO GTO TEPITOVAIO KOl KATAAYOVV GTO NTap HECO
oe 48 opeg. Exel 1o veapd mopdoita avanticcovTol 6To NIATikd TopEyyvua yio 6-8
gBooudoes, Emerta e16EpyovTaL 6Tovg YoAN0dxovg Topovg (O’Neill et al., 2000). I'a v
oAoKANpwon Tov Proroyikov kOKAOL Tov F. hepatica amortovvtol to Atydtepo 17-18
gBoopdoes. Ta mapdoita yivovior dpo 6EE0OVOAIKA Kol apyilovy va Tapdyovv avyd 8-
12 eBdopddec petd ™ poéAvvon tov Eeviorn (Hutchinson and Love, 2003; Martinez et
al., 1996).

H ddpkera (g tov F. hepatica givor oampocsoidpiotn, oAAd eXTLATOL OTL GTO
npdPata uropel va {Noet yia xpdvia eved ota fooeldn) cuvnBmg Atydtepo and Eva xpovo
(Urquhart et al., 1998).

H wavomra tov F. hepatica va mapdyel mepiocdtepa Kepkdpia, OTav TposParet
t0 coMykapt Galba truncatula mwov TPOEPYETOL MO OPOPETIKEG YEMYPOUPIKES
mePLoyEc, umopel va oyetiCeron pe tayeio woavotro edmiwong tov (Gasnier et al.,
2000).

H oloxAnpwon tov Broroyikod kvkAov tov F. hepatica givon otevad eEoptnuévn
and T KApatkés ovvOnkes. H emPioon kot o pvOudg avantuéng towv avydv tov
mopacitov, N OfecIUOTNTO KOl 1 KOTOVOWUY] TOL EVOLWIUECOVL EEVIOTY, O PLOUOG
avamtuéEng e HoOAVVONG HEGH OTA GOALYKAPLa ToL Yévoug Lymneaea katl n emiPimon
TV peTokepkopiov 010 PookdTomo eivar cuvdedepévo pe ) Beppokpacio Ko v
vypacio Tov TePPAAAOVTOG.



BioAoyikdg KUKAOG TOU Fasciola hepatica
Emonuiohoyikoi TTapdyovTeg TTou icwg ETMIPEACOUV TV EUPAVION TNG 00BEVEING
lMapdyovreg mou auéavouv Tnv acBéveia = I lMapdyovreg mou peikvouy TNV agBéveia = 1

ol | n\'ﬁ

Ewéva 3: Bioloyikdg kOkrog tov Fasciola hepatica.

I'.2.3. [Topdyovteg mOvL €0VOOVV T1] HOAVVGT] TOV PIPUKUCTIKAOV

Ot ocvvOnkec Tov TEPPAALOVTOC KO 1) TOPOLGIO TOV EVOIAUECHOV KOl TMOV
TEMKAOV EEVIGTOV TOL TOPAGITOV €1val 01 GNUAVTIKOTEPOL TAPAYOVTEG TOV ELVOOVV TN
puoéAvveon tov unpuvkaotik®v. Ot cuyvéc Bpoyxontmoelc otn Popeia Evpomn, and to
Mdio €mg Tov IovAo EvvooVV TV EUPAVIOT TV PETOKEPKAPIOV oTa VIPOPLY EVTA, TOV
AVYOVOTO, YEYOVOS OV emTpémel T Halikn poéAvven tov (Oov Toug eOvoTmpivovg
uves. Eve 6tav ot Ppoyomtdoelg sivor omdvieg amd tov Mdio € tov IovAlo,
EUPAVIOT TOV HETOKEPKAPI®V OTA PUTA YiveTal TEPImoOv dvo PUNVES apydTeEPa, ONANON
tov OxtdPpro. H Enpacia 1o kadokaipt kot To Mo kot vypd GOVOT®PO €EVVOOVV TN
dwyeipoon peydlov mANOLoUDOV HOAVCUEVOV GOAMYKOPUDV, HE OTOTEAECUN VO
epeavifovtor tnv eTOUEVN AVOIEN HEYAAEC GLYKEVIPMGELS LETOKEPKAPIOV GTA PUTA KO
va onuetovovtol poalikéc poAvveelc ota (oa. EEGAlov, n mbavdétnta poivvong tmv
Lowv ot0 T€hog ™G TEPLOdov Pdoknong avEAVETOL CNUOVTIKA Otd TO KEPKAPLOL TOV
eupaviCovtor v avoién Kot TPoEPYovIaL amd To, GOALYKAPLO TOV dlaysipocay, Kadmg
Kol omd To KEPKAPLO TOV EYKOATAAEITOVV TAL GOAYKAPLO 6T S1APKELD TOV KOAOKOLPLOD
(Urquhart et al., 1998). Xto pecoyslokd kAipo Kotd tnv mepiodo Tov yeumvo tebaivouy
nhveo and 10 70% tov petakepkapiov, omdte v Avoiln €xel emlnoet 1o 30% tov
mnbvouod. Emopévaog m Bepuoxpacio tov yewmvo emnpedlet Tn petddoocn Tov
napocitov v Avoién (Luson-Pena et al., 1995).
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To mopdoito €yel v wKavoOTnTa vo emiPldvel 6 dvouevel cuvONKES TOL
TEPPAALOVTOG XGpN OTNV LIEPTAPAYMYN CVYDOV KOl GTNV AVOEKTIKOTNTA TOVS GTO
nmeparrov. Te gpyoactnplokés cuvOnkes, o pLOUOG avanTLENG TOV VYDV aVEAveTaL
avéroya pe tn Oeppokpacia, amd tovg 10 °C mg otovg 30 °C. ITadve amd tovg 30 °C n
avamTuén ovaotéAdetor 00 Kot mePlocoTEPo Kol 6tovg 37 °C otapotdel teleimg
(Rowcliffe and Ollerenshaw, 1960). Ta avyd tov F. hepatica dwotnpodviol ce vYpd
KOTpova Pooelddv yio ueptkode punveg otovg 26-27 °C, mepinov 76 nuépeg otoug 8 °C,
nepinmov 55 nuépeg otovg 18 °C kon mepinov 10 nuépeg otovg 50 °C (Boray, 1969). To
waviko pH ya epPpvoyéveon eivon 7 (Al-Habbib, 1974). Otav 1o pH eivon méveo and 8,
0 xpoOvog avamTuENG TV avydv olapkel mepiocodtepo (Rowcliffe and Ollerenshaw,
1960).

To pepokidio propodv va emifoovy yia 35 dpec otovg 6 °C uéypt ko 6 dpeC
otovg 25 °C (Smith and Grenfell, 1984). Exniong ta pepakidia éxovv v kovotnta vo
HELOVOLV TO PpLOUO avATTLENG TOVG KO VO AVAGTEAAOLY TNV EKKOAOWYT TOVLG MG Kol
mePLocdTEPO amd 5 pnveg 0tav 1 Bepuoxpacio tov wepPdAiovtog givor yapnAdTePN
and 10 °C. Eriong to petokepkdpio diatnpodv T HOAVGHOTIKY 1KAVOTNTO TOVG Yol 4-6
unveg oty emedvelo amoénpopévov eutov. Ta petakepkaplo Kataotpépoviol o 24
hpeg kGtm amd -19 °C ka1 wdve and +43 °C, evd aviéyoov 12 nuépeg otovg 20 °C ka7
nuépeg otoug +40 °C.

I'.2.4. Evowapeocor Egviotég Tov Fasciola sp.

Ymv EBvpomm, to Limnea (Galba) truncatula omotelel 10 Mo kOwd €100G
cOoAMYKapl00 O0TO OTOl0 ELGEPYETOL KOl TTapacttel To pepakidlo tov F. hepatica, 10
omoio mAgov, &xel maykOoUo eEAMA®OT. AALO onuovtikd €10m tov yévoug Lymnaea,
extog Evpomng, eivarl yuo v votio Apepwkn to L. viatrix (Kleiman et al., 2004), L.
cubensis, L. diaphena, L. viator, yw. ™ Kiva to L. viridid (Taylor et al., 2007), yw v
Bopeo Apepwn to L. humilis (Gruz-Mendoza et al, 2005) kot téAog Yo TNV
Avotporia, Néa ZnAavdia, kevipikn Ko fopeia Apepikn 1o L. columella (Taylor et al.,
2007). Qg evdrbpecog Eeviotng tov F. hepatica, €xel avayvoplotel to Bulinus truncates
tov yévoug Planorbidae ot Bopero Tvvnoia (Hamed et al., 2009) ko to Omphiscola
glabra oty xevtpikn F'aAlio (Dreyfuss et al., 2005; Rondelaud et al., 2005). Eniong, n
oyxéomn peta&y tov F. hepatica kol 1ov coAtykaplo¥ L. columella otn BpaliMa, moikilet
AVOAOYO LLE TN YEWYPAPIKT TPOEAEVOT] TOV GOAYKAPL®V Kol TV apacitov (Canete et
al., 2004; Coelho et al., 2009). Xt INoAMa mepapota €0€i&av 0TL pdéAvvon tov L.
Truncatula pe F. hepatica giye og anotéleopo v aAroratpikn (allopatric) avémrtoén
mopd v cvumatpikn (sympatric) (Gasnier et al., 2000; Goumghar et al., 2001; McCoy,
2003).

Exto¢ and v teyvikn aviyxvevong tov F. hepatica oto. colMykdplo Le xpnon
TOL HWKPOGKOTIOV £Y0VV €QUPUOCTEL Kol Hoplakeég péEBodOl Yo TOV EVIOTMICUO T®V
eopéwv (Caron et al., 2008; Magalhaes et al., 2004; Dufty et al., 2009). Eniong &yovv
avartuyfel poprakég péBodol mov aviyvevovv 1o F. hepatica (Kaplan et al., 1997) kot
to F. gigantica (Velusamy et al., 2004) mov mopacitovv 6to coAyKdplo Kot avtd £xel

11



®¢ omoTtéleopo TNV £YKvprn aviyvevorn g UOALVONG OTOVG EVOLANEGOVS EEVIOTEC.
[Ipodopateg peréteg mov apopovoay 10 colykdpt Pseudosuccinea columella 10 onoio
anotelel TOV KVUPLO evoldueco Eeviotr| tov F. hepatica oty KoOfo, €d€i&av 611 tal
coAykapla 0ev poldvoviav otav ektiBevtav oe pepokidw (Gutiérrez et al., 2003;
Calienes et al., 2004).

I'.3. IlaBoyévero

H maBoyovoc dpdom tov mapacitov opeireton otn PAAPN TO NTOTOC AOY® TNG
HETOKIVNONG TOV VEAPDOV TAPUGITOV GTO NTATIKO TOPEYYLUO KOl GTNV EMIOPACT] TOV
EVIMK®OV Topacit®v 6Toug yoAaymyovs. Ta veapd mapdacita TpavpatiCovy unyoavikd to
BAevvoydvo Kol TO TOLY®UO TOV EVTEPOL, KOOMDC KO TNV KOWYO KOl TO TAPEYYVIO TOV
nratog (Lim et al., 2008). Ta evilMko mopdotto, katd ™ 010Pimon Tovg HEGO GTOVG
yoAaymyovg tpépovton pe aipo (Halton, 1997), tpavpatiCovv to embniio, to omoio
VIEPTAAGGETOL KAl PEPEL CLGCOPELCN AAATOV OGPESTION, EVAD O TPOVUATIGHOS 0dNYEl
o€ apoppayia kot cdnpomevikn avaipio (Zmang, 2005).

[Tapamnpeitor ivaoon oto TOYOUATO TOV YOAAYOYOV, EVO 1 O10YK®OON TV
YOANOOY®OV TOPMOV KOl 1| GKAPLUVOT TNG EMPAVEINS TOV NIOTOG €ivan €OKOA OpaTES
(Martin and Aitken, 2002). Ta mopdoita Aouwwdv, amrocuvhETOVY TOV 16TO TOL HTOTOG Kot
TPOKOAOVV EKTETOUEVT] KOTAGTPOPT] TOV TAPEYYVHUOATOC, LE QUOPPAYIKEG aAlotwaels. H
unyovikny BAGPN tov MTaTog 0PEIAETOL GTN HETAVAGTELGT TOV VEAPDOV TOPOGITOV KOl
T0 oidnua mov mpokaAeiton TOPOUEVEL Yo apKETES EPOOUASES, OMOTE TapaTPETOL
palwkn mapaymyn eocwoeirov (Tlida et al., 2000). Méca o610 otopatikd polntipa Kot
o010 Qdpuyya Exovv Ppedel nratokvTTapa.

H BAaPn oto fmop, pmopel emiong va mpokAnfel amd €viopa kot ynukovg
mopdyovteg tov mopacitov. Ot TPpOTEAGES TOL TapPOcitov Kot Al Evivpo Tov
amoOOHOVV ToV 1610, ivarl mbavo va elval vrevBuva yio MV apvnTiKY| ENLOPOCT GTO
TOPEYYVUO TOV NTATOC. AgV VILAPYOVY GTOLYKEID TTOV VO GLVIEOLY EVEVLLO. TOL TOPAGITOV
pe t deiocdvon otov 16td Tov Nartog (Gajewska et al., 2005).

Ye perémn mov €ywve oe mpoPata PLOAOYIKNG EKTPOPNG TNS PUANG YEPULOVIKO
MeptvOopaAro, KataypaenKov ol oUatoAoYKeS kot Proynuikés dwopopéc petaloy 20
polvopévav pe to F. hepatica kol 20 pun polvouévov mpofdrov. Xto poAvcouévo
npdPoata  dlamoTOONKOY  onUovTiKd  yopnAotepo  emineda  €pvOpPoKVLTTAPVYV,
AELPOKVLTTAPWV, OUOGOPOIPIVNIG, OOTOPTIKNG OUIVOTPAcPEPEoNS, al®dTov ovpiog
aipatog, Kpeativng kot aAPoopivng (Matanovic et al, 2007). Avrtifeta, to
AELKOKVTTOPO, TO EOCIVOPIAL, TO OVOETEPOPIAQ, T Y-YAOVTOUUVAOTPUGPEPACT] KOl M|
OLYKEVTPMOOT TNG YALKOING Kol TV GQpvaV Ntav dloitepa avénpéva 6e cLYKPIoN
pe ta un poivouéva (oo (Vengust et al., 2003; Matanovic et al., 2007; Mbuh et al.,
2005; Katsoulos et al., 2009a) 1 énetra amd ™ yopnynon Albendazole (Katsoulos et al.,
2009b).

Bpébnke 6t1 o1 aiyec d0ev avamtdcoovv oavocia amévavil oto F. hepatica
(Martinez-Moreno et al, 1999), avrtibeta to aryompoPato avamtdGGOLV  AVOGio
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anévavtt oto F. gigantica. Avto deiyvel OTL VILAPYOVY SOPOPES TNV EKPPACT] TOV
avtyovov peta&o F. gigantica kon F. hepatica (Spithill et al., 1997).

H maBoyéveia mowiler avdroyo pe tov aplBud tov petaxepkoapiov mov Oa
katomiel o (Do, T0 6TAO10 AvATTLENG TOV TTapaGitov Kot To €idog Tov Eeviot). Emiong
onuovtikd poéro mailel €dv 610 PooKOTOMO LVILAPYXOVY PEYAAOTOU (Do dTmG glval Ta
Booegdn (Stromberg, 1997). H pactolmwon ota npdfata umopei va eivar o&eia, vmoéeia
N xpéVvia.

O eprocdtepec TEPIMTOGELS 0EEIOG PAGIOA®MONG TPOKLATOVY OO KOUTATOGN
LETOKEPKAPI®MV OTO TEAOG TOV KOAOKOPLOD omd ovyd mov ekKoAdeOnkav tnv idwo
ypovid. Ta avyd avtd arofdAloviatl Katd Tn O1PKELD TOV YEWDVA Kol TNG dvolEng omd
EVIIMKEG OKMANKEG IOV LOVV GTOVG YOANPOPOVS TOPOLS YPOVIC LOAVCUEVAV TPOPRATOV
Kol Boogd®V Tov dev Exouv deytel BepamevTikn aymyr| kot enélnoav omd ) Aoipmén
™V TponyovUeVN xpovid. Q6TOCO 0pIoUEVa. PETOKEPKAPLO EMPLUDVOLY 6TO BOCKOTOTO
TO XEWWAOVO, €01KAE av 01 cuvONkeg etvan e (Hanna, 2003).

H vrmoéeia popon ocvpPaiver 6-20 gfdopnddeg petd v katavaioon 500-1500
petokepkapiov mepimov, eppavifetor opyd to  @OWOTOPO KOl TO  YEW®DVOL.
[Tapovcialetonr ¢ apoppaykn avaipio Kot av 0ev akoAovOnbel Bepamevtikn aywyn,
umopel va 0dNyNoel 6€ LYNAO T0G0GTO BVNGOTNTAG.

H ypovio popen g vocou mov epeavileTot Tpog 10 TEAOS TOL XEWLDVO KOl OTIG
apyEs G avolEng, etval  mo cvvnOGpéVT HopPn TS PacIOA®oNg Kot cupPaivet 4-5
unveg petd v koatavdimon 200-500 petakepkapiov. Emiong pe  xpodvia paciormon
umopel va cuvomdpyet Ko kdmow Baxtnplokn poivveon (Valero et al., 2006; 2008).

I'.4. Em{moTtioloyia

H gpacioloon sivor éva mopoottikd voona Tov Nrotog Kot Tpokaieital ond To
glon tov yévovg Fasciola pe xopa awtioa to F.  hepatica, 10 omoio €xel TAyKOGUIO
eEdmiwon: Evpomm, Aepwn, Acia, Qkeoavia kot Apepwn. To Fasciola gigantica
eaivetal va givol 0evTeEPELOVGOG oNuaciag epodcov N eEamimot Tov meplopiletal oTov
oo koopo. O Proroyikdg kKhkAog Tov F. gigantica eivon oyeddv 1d10¢ pe avtd tov F.
hepatica (Mas-Coma and Bargues, 1997).

To F. hepatica €yev Ppebel otovg YOANOOYOLS TOPOLS Oyt POVO TV
UNPLKACTIKOV, Omwg pofata, aiyec, fooedn kot PovPdiie aAid ko oe dAia (oo
OT®C GAoYa, yoidovpla, povidpila, kopnieg kou yoipovg. Emiong, o F. hepatica &gt
Bpebel ka1 oe dypla (oo OO eAdpa, ayplo. Tpofata, Aayol, HOIHOVOES, TPOKTIKA
(Mas-Coma et al., 2009; Valero et al., 1998), daypwa yovpodvia (Cappucchio et al.,
2009), Adpa kou pookaoctopeg (Issia et al., 2009).

I'.4.1. H gaoworoon otnv EALGOO
Ymv EAAGOa, M mopacitoon NTav mo ovyvi, OAAL CNUEPO UETA OO TNV

TEYVIKN OQTOGTPAYYIOT TOAAMV £00QOV TEPLOpioTNKE, YwPic PEPata va onuaivel 6t dev
amacyoAel oplopéveg ypoviEc kupimg v mpoPatotpopia. Evoewtikd avapépetor Ot
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katd ) mevtoaetia 1975-1979 katacyédnkav, ota eAAnvikd ceayeio, fmop TpoPdtev
o€ 1060610 37% v aryadv o€ 28.5% kot fooeddv oe 77% (Xaparaumiong, 2001).

Ymv Kpnm éywe kompavoloyikn e€étaon o€ ovo komdd mpofdtwv Kot
Bpénkav avyd Fasciola oto 50% war 20% tov efetaldpevov (dov aviictorya
(Antoniou et al., 1997). Emiong oe pio perétn mov €ywve oe ogayeio Tov vopov
Tpwdrov Bpédnkav oto Nrap tov eéetaldpevov mpoPdrtov, aveoptntov nAkiog,
evMka tapdorta F. hepatica o€ mocooto 0.1% (Theodoropoulos et al., 2002).

Ye épevva mov £ywve og Pooegdn, 600 delypata kompaveov cuAAExONKav and
dpopeg meployes s EALGdaG kat e€etdotnray pe 0vo dlopopeTiKES nefddovg yia TV
avevpeon mapoacitov (uéBodo kabilnong wor emimievong). Moivvon pe éva M
nmeplocdTEPO €101 Topacitov aviyvedtnke oto 53.5% tov Poocdmv, dpumc uoMS To
0.1% Bpébnkav va eivar poAvopéva pe F. hepatica (Diakou and Papadopoulos, 2002).
Oewpeiton 0tL T EMANVIKA TTpoParta kotd 10% mhoyovv amd T ypdvia HOpPN TNG
VOGO NG PAGIOAMONG, EVOD 0t aiyeg Katd 1% (Zmang, 2005).

I'.4.2. lIpocfoin Tov pnpukactik®V pe F. hepatica otnv Evponn

Ymv kevipwn [oidio 10 mocoot1d TV mpooPePfAnuévov Poosdodv pe F.
hepatica xopdvOnke amd 11.2% wg 25.2% avaroya pe v emoyn (Mage et al., 2002).
Ymv vota lomavia €yve épevva o dypieg atyeg ko Bpednke 6tL t0 1.87% t09v {dwv
Nrav BeTikd pe v Katapétpnon avyov ota kompava kot 0.53% pe v e&étaomn tov
nmatog (Alasaad et al., 2008a). Emiong ot Popeta dvtikn lomavia €ywve épevva oe
YOAOKTOTOPAY®YEC ayehddec pe T pEOOSO TOL KOTPOAVTIYOVOL' ypPNOIOTOIOVTOC
povokAovikd ovticopoa. Bpédnke 611 10 16% tov eéetaldpevov (odwv kat 1o 61.1%
tov eEgtaldpevav ektpoav Ntav Betikéc oto F. hepatica (Mezo et al., 2008). M
aKOpo EMCMOTIOAOYIKT £PEVVOL GE YOAUKTOTOPOYWYES oyeAAdeg €yve otn PoOpelo
KeVIpIKY| lomavia, ypNoIHLOTOIOVTAG 0POAOYIKT KOl KOTPOVOAOYIKT TEXVIKT OVIXVELONC.
Bpébnke 011 10 T0G06TO pPOAVVONG OE eminedo ekTpoPng Kvpaivoviay amd 11 g 48%
(Conceicao et al., 2004).

>10 BéLylo og oporoyikn épevva mov £yve oto foogdn, Ppednke ot to 37.3%
avtov Ntav Oetikd oto F. hepatica (Bennema et al., 2009). v AyyAio 10 1060610
TOV HOALGUEVOV €KTPOPOV He Poocdn] Ppédnke 76%, pe 1 xpnom OPOAOYIKNG
e&étaong (McCann et al., 2010) (Ilivaxag 1). Zmv Itora, 10 4.1% tov egtalodpevav
EKTPOPOV pe mpoPota, NTav OeTKA Y QOGIOAMON HE KOTPOVOLOYIKY €EETOON
(Cringoli et al., 2002). Xg o AN €pevva mov £ytve oty Kevrpikn Itaria Ppédnkav
fetikd 10 7.1% tov egetaldpevov PoufoMdV XPNOIHOTOIOVING TNV OVIXVELON TV
VYOV 6To KOTpava Pe TN ypnomn ontikov pikpookoniov (Rinaldi et al., 2009). Eniong n
eacloAwon tov egetalopevov  aypoyovpovveov g Itariag €ptace oto 4.34%
(Capucchio et al., 2009).

1 Kompoavtiyévo (coproantigen) givat ekkpipoto Kot amekkpipota (LeTafolKd TpoiovTa) TV
TOPAGITOV, TOV AVATTOCCOVINL GTOV YUGTPEVIEPIKO COANVO, TO NTOP, TO TAYKPENS KOl TOVG TVEVIOVEG
Kot €ivat SuvoToV Vo aviyvedovTaL 6To KOTPOVa, TOV EEVIOTY.
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2mv Tovpxio, oe épevva mov €ywve oe Pooedn|, Ppebnke 10 65.2% tv (OwV
fetika omv dokacio ELISA kot oto 42.8% tov detypdtov Bpédnkov avyd F.
hepatica ota xompava (Yildirim et al., 2007). Eniong omv Tovpkia, 10 60.5% twv
ayeAddmv mov eEetdotnkav Ppédnkav Oetikés oe avticopata yw F. hepatica pe v
puébooo ELISA (Simsek et al., 2007).

I'.4.3. Illpocfoin Tov punpokoactik®v pe F. hepatica otnv Apgpikn, Acio, AQpukn
Kol Avotporia

Ye épevva ov £yve o€ Pooedn katl aryompdfoto Tov TpaypaTonomonke oty
Alyeplo oe ocopayelo kot pe oporoywkn efétaomn TV kKomadwv, Ppédnke O6TL O
EMMOAAGUOG TNG Pactolmong Ntav amd 6.3% £wc 27% ota Pooedn kat and 6.4% £wg
23.5% ota tpoParta (Mekroud et al., 2004).

Ymv Afyvnto, oe Kpgookomkd €Aeyyo Pooswdav Ppébnke ot to 14% ntav
fetikd ot PacidAwon evad pe TV e€étaom Tov Kompdvev Ppédnke Betikd 1o 4.9% twv
{owv (Abunna et al., 2009). Xt Notio Agpikn oto 16.3% twv eetaldpevov foogldmv
Bpédnkav avyd tov mapacitov (Ndlovu et al., 2009).

Xe KOTPavoAOYIKn €pegvva Tov £ywve oty mepoyn tov Iakiotdy Bpébnke 611 TO
25.46% tov egetalopevov (Oov Ntav Betikd oty @acidiwon. Emiong 10 mocootd
uéAvvong and F. gigantica (22.4%) ftav vymAotepo amd avtd tov F. hepatica (3.06%)
K0l TO TOGOGTO HOALVOTG TV BovBaiidv oy vynAdTEPO amd avtd TV Poocddv. To
VYNAOTEPO TOGOGTO HOALVONG TOpaTNPNONKE TO YEWADVO Kol TO YOUUNAOTEPO TO
kalokaipt. EmumAéov dev mapatnpndnkov dtoupopés avapeoa oto @UAN aArd Bpednkav
VYNAOTEPA TOGOGTA HOAVLVONG GE eKTPOPEG Omov ta (o éfookav oe PooKoTdmOLG,
Emvav vepo amd SeEAIEVES Kal LITNPYOY TOVTOYPOVA GTO 1010 KOTdd1 fOOEN KOl PKPA
UNPLVKACTIKA. XNV 10100 HEAETN LTOAOYioTNKE OTL HETd amd KatdAAnAn Oepomeia TV
npocPefAnuévov (owv, N Tapaymyn yéioaktog pmopet va ovénbel katd 0,62 lit avé (o
avd nuépa. Avtd Oeiyvel OTL M KoTAmOVNON AOY® NG QUGLOAMONG emnpedlel v
mopayoyikoémta tov (oov (Khan et al, 2009). Zto Ipdv o emmoAacudg g
eactoAwong frav 7.3% ota mpdPata kot 25.4% ota Poogdn avrictorya, HE T XpPNoN
KOTPOVOAOYIKAOV  €EETAGE®V. Mg TOV KPEOOKOTMIKO €AEYY0 O EMUTOANGUOS TOL
napocitov dmetddnke 6t NTav 5.7% Yo ta tpdPata, 1.6% yia tig atyeg ko 4.6% yio
ta. Booedn (Moghaddam et al., 2004).

>10 Me&ikd, oto 11.4% toov eetaldpevav Boocdmv Ppédnkav avyd F. hepatica
kol 10 24.4% tov derypatov Oetikd pe v éupeon ELISA. Emiong oto 24.5% twv
eCetalopevav aryov Bpédnkav avyd tov mapacitov kat 43% aviédpacav BeTikd pe v
éupeon ELISA. Téhog ota mpoPata Ppédnkav avyd ota kompava oto 19.4% twv
delypdtov evad otov opd, pe v éupeon ELISA, Bpébnke Betikd 1o 30.6% twv
derypdtov (Munguia-Xochihua et al, 2007). v 0w x®pa, 0 eMUTOAAGUOG TNG
eoactolmong ota Pooewdn kopdvinke and 50% tov Méptio oto 30% tov lovAo kot
énerto vNPYE Lo avénon and tov Avyovoto kot dyyiEe to 100% tovg unveg NoéupBpio
pe lavovdpro (Cruz-Mendoza et al., 2005).
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MMivakog 1. EmmoAapog tov F. hepatica mov €xel avoapepbet otn Piroypapio.

Ilocooto Ilocooto
Xopa Eidog Mé£00d0g HOAMVGHEVOV  POAVGUEVOV Biphoypagia
Lowv (%)  exktpo@®v(%)
H.B. Booedn OpoAoyikn 76 McCann et al., 2010
BéAiyo Booedn OpoAoyikn 37.3 Bennema et al., 2009
ToAdia Booedn Kompovaioywn 11.2-25.2 Mage et al., 2002
lomavia Aypieg Kompovaioywn 1.87 Alasaad et al., 2008a
aiyeg
Aypreg Kpeookomkn 0.53
aiyeg e&étaomn matog
Folo/yoyég  Beticd 16 61.1 Mezo et al., 2008
ayeAadeg KOTPOOVTLyOVO
Foko/yoyég  Opoloywn 11 Conceicao et al., 2004
ayeAadeg
Itodia [IpdPata Konpovaroyikn 4.1 Cringoli et al., 2002
BovBalia Kompovaioywn 7.1 Rinaldi et al., 2009
Tovpkie ~ Boogdn OpoAoyikn 60.5 Simsek et al., 2007
Booedn Kompovaioywn 42.8 Yildirim et al., 2007
Alyepla  Booegdn Kpeookomukn 6.3-27 Mekroud et al., 2004
e&étaon matog
[IpdPata Kpeookomkn 6.4-23.5
e&étaomn matog
Alyvtto  Boogidn Kpeookomukn 14 Abunna et al., 2009
e&étaon matog
Boogion Konpovaroykn 4.9
Noto Boogion Konpovaroyikn 16.3 Ndlovu et al., 2009
Appucn
Iokwotdv  Boogion Konpovaroykn 3.06 Khan et al., 2009
Ipav [popata Kompovaioywn 7.3 Moghaddam et al., 2004
Boogion Konpovaroyikn 25.4
[IpdPata Kpeookomkn 5.7
e&étaomn matog
Atyeg Kpeookomkn 1.6
e&étaon matog
Boogion Kpeookomkn 4.6
e&étaon matog
Me&wo Booedn Kompovaioywn 11.4 Munguia-Xochihua et al.,
[IpdPata Konpovaroyikn 19.4 2007
Alyeg Konpovaroykn 24.5

I'.5. Awaomopa tov F. gigantica ko TEIVIKEG avayvOPLong PeETAD TV €100V F.
hepatica xon F. gigantica

Meléteg €de1i&av 0Tl M dpopomoinon twv eW®V petaly F. hepatica ko F.
gigantica €ywe mepinov wpv amd 19 ekatoppdplo xpovia, GOUPMVA LLE TNV AVOAVGT TNG
VOUKAEOTIOIKNG aAAnAovyiog g L kabeyivne. Tlepimov 10te €yve kot o dtoympiopdg
Tov {OKOV €00V Ommg ™C ayeAdda, tov mpdPata, g aiyoac, ™ yaléAag, TG
kapnAomdpoaing K.t.A. (Irving et al., 2003). Xmnv Evponn dev vrdpyovv avapopés yio
v mapovcia tov F. gigantica alhé otnv Appwn (Pfukenyi et al., 2006) kot otnv Acia
TPoGParet peydro apuo Lowv.
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Ot dlpopéc ToL CYNUATOG KOl TOV HEYEBOVE TV EVAIMK®OV TOPAGITOV KOl TOV
VYOV UTOPOVV Vo ypnopomomBovy ®ote va givar dvvartn vo dlapoponoifel to F.
hepatica and 10 F. gigantica (Periago et al., 2006). Emiong éyovv avamtuyBel kot
poplakég pneBodot aviyvevong tov F. hepatica (Kaplan et al., 1997) ko tov F. gigantica
(Velusamy et al., 2004; Walker et al., 2008). EmmAéov o daympiopdg toug pmopei va
yivetr pe ) ypnomn evopmv meplopiopot oto yoviolo 28S rRNA (Marcilla et al., 2002).

Ymv Kiva, mpoteivetan o dwywpiopog “dsrypdtov’ and Fasciola oe F.
hepatica, F. gigantica xon evdg “evordpecov” gidovg Fasciola (Li et al., 2009). Eniong
YL TO OlYWPICUO TOV WOV YPNCHOTOMONKE 1 avAALCT TOV OAANAOVLYIOV TNG
devtepng eowtepkng petaypaeng spacer (ITS-2: Internal Transcribed Spacer 2) tov
rRNA kot tov pitoyovoplaxov kvtoypopotog ¢ o&ewdong vroopdooc I (COI). Ta
aroteléopoto £0e1Eav 0Tl o1 popég Tov Fasciola oty Kiva ftav mo cvoyetiopéveg
pe autég Tov F. gigantica amd 6t tov F. hepatica (Itagaki et al., 1995;1998).

I'.6. Avdyvoon
I'.6.1. [IpocGoropiopos GVY®OV TOL TAPAGITOV

H aviyvevon g poéAivvong ota pnpukoactikd Paciletor 6t HMKPOGKOTIKN
avalTnon avyYdV ToL TOPUGiToL oTo KOTPave, LoAVCUEVOY (OmV. Q6TOCO N TPOYUN
dayvoon pEom g £EETOONC KOTTPAVMV, eV ivat duvartr], 10Tt TaL AVYH TOV TOPUGITOV
dev PBpiokovion ota koOmpava Tig tpodteg 10 pe 12 efdopddec petd v poAvvon
(Reichel, 2002; Wassall et al., 1985). To péyeboc twv avydv tov F. hepatica givon 130-
150 pm X 63-90 pum kot dwkpiveror kaBapd n onn (operculum) o p Gkpn ToL
avyoy (Ewdva 2) (Zajac and Conboy, 2006). Xdppwvao pe €pgvvo mov £ytve o€
ayeAddec, 1 evooHncio TG aviyxveuons avym®V UIKPOOSKOTIKA, ovépyeTal oto 69%
eEetdlovtog povo éva oetypa kompdveov tov 10 g (Rapsch et al., 2006).

I'.6.2. Aypatoroyikéc, proynuikéc eetdoseig kKon eninedo eviOp®V 10V TOTOS

H ovykévipoon tov: apoocpoupiveov,  eocwvogilov,  Paceopilwv,
AELPOKVLTTAPWV, HOVOKLTTAP®V, OUIVOTPOVGPEPACNS aAavivng, ovpilag, YALkOIng,
vatplov, KaAiov, yAdplov, acPBéotion kot aifovuivng Exovv ypnoyomombel wg deikteg
TPOWNG 01dyvaong g eactdiwong (Swarup et al., 1986; Vengust et al., 2003; Mbuh
et al., 2005; El-Shazly et al., 2008). Evd 1 aviyvevon evlOpov Ttov Hmatog 6tov 0po,
delyvouv T PAEPN tov Nratog and ta tapdotta (Martinez-Moreno et al., 1997a; 1999).
Eniong n adénon tov nroatikdv evOpov (AoTOPTIK)  OUIVOTPOVCPEPECT] Kot
YAOVLTOUIVIKY] apLOPOYOVACT)) €ivar ypriotun ywoo ™ ddyveon e o&elag HopeNg NG
vooov, 000 pe Tpelg efdopnadeg petd v porvvon. To avénuévo eninedo g L-yappa-
YAOVLTALVAO-TPAVOPEPBAOTG VTOOEIKVVEL TV YpOVIeL Lope1| TG vocov (Vengust et al.,
2003; Saleh, 2008).

17



I'.6.3. Oporoyikég e€etdoerg

H aviyvevon avticopdtowv otov opd (Castro et al., 2000) 1 oto yéAa (Salimi-
Bejestani et al., 2005a; 2005b; 2007) umopel va yiver 6vo efoopddes petd v pdéAvvon.
AlGQopotl EpELVNTEG £OVV EMIKEVIPMOEL TO EVOLOPEPOV TOVS VO OTOLOVAOCOVY Kabapd
avTyovo and mpoidvta ekkpicewv-onekkpicemv [excretory-secretory (E/S)] (Charlier et
al., 2008; Ibarra et al., 1998) kavn va mapacovv poplokd avocvvolacpévo (Salimi-
Bejastani et al,, 2008) wote va PeATidcovv TIG 0pOAOYIKEG €EETAGELS, EMEWN Ol
TOPOCITOAOYIKEG O1YVOGELS £xovV TTpoPAnpota e€ontiog TG Un £yKupng YPNOHOTNTOGC
TOoVG otV 0&ela eaon, ™ OloAeimtovsa amoBoAn avydv, T WKPNY 1 TNV OTOVGIo TNG
IOTOPAG TOV VYDV GE TEPIMTMOON WO N Alywv eVAMK®OV Kol TOAIDV TOPACiTOV,
YPOVIOV HOADVGE®V, KOl YELOMDG OETIKDG amoTeAESHATOV OV oYeTiovTal pe TOAAOVG
nmopdyovteg (Mas-Coma et al., 1999). 'Exetr Bpebel 611 10 F. hepatica amnelevBepmvel
nepimov 60 Tpwteiveg amd TIg omoieg o1 29 mepiEyovy v mpwtedon kabeyivn L kol v
yhovtafovn S-tpavepepaon (Jefferies et al., 2001).

O TpmTEIVAGES TNG KLOTEIVIG givan {omG 01 o ToALAPOES TPMTEIVES OVAIESQ
ota E/S mpoidvta amd €idn tov yévoug Fasciola ko amoteAoOV o moAVTIUY TTyn
avTyovov ot didyveon g eactolmong pe ELISA. Avtd ta évlopa exkpivovion amd
TIg eviiAkeg ko dwpeg popeés (Law et al., 2003) ko eppaviCovy vynin aviryovikotnto
ota (oo onmwg eival n kobeyivn L, pe svaiobnoio kot ewdkdtta 90.2% o 75.3%
avtiotorya (Cornelissen et al.,, 2001). And Tig TpOTEIVACEG TG KVGTEIVNG TOL £YOLV
ypnoporomBei n 28 kDa eivon ekeivn mov aviyvedel avtioc®pato 6tov 0pd POoEd®V
kot unpvkactik®v (Fagbemi and Guobadia, 1995).

Eniong éxer ypnowomomBei n yAvkompwrteivn 27 kDa wg dyvootikd epyaieio
Yo TNV TPpOUN oviyvevon g eactoioons tov Pooswdav (Ghosh et al., 2005), n 88
kDa mpwteivn yo v aviyvevon Tov aviyovov oTov 0pO Omd (QUGIKE HOALGUEVO
Booewdn pe F. gigantica (Fagbemi et al., 1995), n 2.9 kDa avoacvvdioacpévn yo
dayvoon g eactoiwong tov tpofdtwv (Paz-Silva et al., 2005), ka1 o1 60—66 kDa kot
17 kDa mpmteiveg yia ) d1dyvoon g eacioiwons tov foosdav (Ortiz et al., 2000).

H ELISA pe t ypnon &vdg véov HOVOKAMVIKOD avTIo®UATOS, Tov MM3,
avaeEpOnke yoo TNV aviyvevon avtiydovov tov F. hepatica 6ta KOTPOVO LOAVGUEVOV
Eeviotov. H a&lomotio kot 1 gvaicOncio e pebodov, aloroyndnke pe m ypnon
Komphvev ond Pooedn kot wpdfota kot n poOAvven aviyvevOnke oto 100% twv
npoPatwv, oto 100% twv Poogwddv pe 2 moapdoita 6to Nmop kot 6to 29% pe 1
nopdotto. Ta omoteAéopata avtd dsiyvovv ott M péBodog eivor afidmotn Kot
evaicOnt, copuParlovtag £161 6T TPOUN SWAYVAOGCT EPOGOV aViYVELOVTAL TOAD LKPES
TOCOTNTEG AVTLYOVOL TOVL F. hepatica ota xkOmpava towv Eeviotov (Mezo et al., 2004).
To avticopo MM3 €xet ypnoomombel kot yio ™ ddyvoon {oov kot avlpdrwv
EVONUK®OV TEPLOYDOV LE TAVTOYPOVT] LOAVVET ue F. hepatica ko F. gigantica (Valero et
al., 2009a; 2009b).

[ToAAég péBodot aviyvevong pe ™ nébodo ELISA éxovv avamtuybel kon yio tnv
aomotn diyvmon tov F. gigantica, omd TIG TPMOTEG OEKOTEVTE NUEPES TNG HOAVVOTG
otov 0po (Ridi et al., 2007) kou 610 Yoo TV unpuvkactikdv (Guobadia and Fagbemi,
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1996; Molloy et al., 2005). Eriong, £xet ypnoipomomOei yio v aviyvevon tov F.
gigantica ota. pnpukactikd 1 mpwteivny 30 kDa (Mbuh and Fagdemi, 1996), ta
moAvzentiow 17 kDa kou 69 kDa (Guobadia and Fagbemi, 1997), n y-wvteppepdvn kot n
6 ka1 8 wrepAevkivn (Molina, 2005) kot n yhovtabovn S- tpavopepdon (Awad et al.,
2009).

I'.6.4. Nekpovyia

H vexpoyia npdopatwv ttopdtov omotelel v koAvtepn péBodo ddyveoong
otav vmhpyer vmoyio poAvvong pe Fasciola spp. H efétaom tov Mmoatog kor o
TPOGOOPIGUAG TOV peyEBoug TV mapacitwv mov Ppiokovrol kotd tn vekpoyio divel
TANPOPOPIES Yo TNV NAIKIN TOV TOPACITOV KoL TN YPOVIKT] GTIYUY] TOV OETEAECTNKE M
uoéAvvon (Mitchel, 2003).

I'.6.5. Xp1on vaepfy®v Ko EvoocKoTiov

H ypnon vrepyov epapudletor kupimg otov avOpmmO AL 1 EPAPLOYN TOVG
enekteiveton ko oto mapaymyikd Coa (Gonzalo-Orden et al, 2003). Emiong
TEPOROTIKE Exel ypnoomomBel MAEKTPOVIKO €VOOGKOTIO Y10 TNV €VPECT EVIMK®V
nopacitov ota yohayyeio (owv (Meaney et al., 2005).

I'.7. Métpa gréyyov

Kd&be mpodypappo eréyyov mpémer va AapPaver vwoOyn TO 10TOPIKO  TNG
KINVOTPOPIKNG HOVADAG, TNV TOmoYypapia, Tn YE®Ypaelkn 0éon kal T emkpatovoeg
kapkég ovvinkec. Ta mepiocdtepa mpoypappota PaciCovior oe peydro PBabud ot
Oepancio pe avtmopacttikd @dppoxo. H emdoyn tov mpoidvrog kot m cuyvotnta
xopnynong tov e€aptdror amd tov Pabud g poOAvvVoNG, TNV ENOYN TOL £TOVG KOl TNV
“emotnuoviKn” dlayeipion g povadoas (Abboot et al., 2004).

Mo tov amotedeopatikOTEPO €AEYYO TOL TOPOGITOL TPEMEL va, Yivetor opbm|
xpNomn TV avOeALVOIK®OV Qopudkmy yio 1 peimon tov aplfpod Tov Tapacitwv 6Tov
EEVIOT] KoL TOV avy®V Tov mopacitov ot1o Pookdtomo (http://www.deliver-
project.eu/index.php?page=information-for-farmers-and-veterinarians).

I'.7.1. Xpiion avleipvOikov gappdkov (Ipoinyn kot avripetomion)

‘Eva tomikd mpodypappo yoo Tov EAEyX0 TG QOcOA®moNg eivor m yopnynon
AVTUTOPACITIKOD QOPUAKOD TO POVOT®PO, TO0 0Toio gival OpacTIKO KOTA TOV VEAPDOV
GOpOV HOPOOV TOL TaPOGiTOv, MoTe Vo Pelwdel n (nuud amd ™ HETOVAGTELON TOV
TOPOCITOV KOl 1) Yopnynomn v voiln avTimapocitikod GKEVAGUATOS OPUGTIKOD KOTA
Tov eviMkov mopacitov (Taylor et al, 2007). H wpdinyn ¢ @acidimong
YPNOOTOUDVTOG UETPA. EAEYYOVL HE €va OAOKANPOUEVO cVOTNUO TPOPAeyMS, eivon
mpoTotePn amd TN Oepoameic twv vocovviovv (dwv. Ot ktnvotpdPol oL
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YPNOOTOWVY  avTIOPacITiKd, Oo mpémer va Aoupdvovov vmoyn 115 TPOGPATES
HETEMPOAOYIKEG TPOPAEYELS, TO 10TOPIKO TNG HOVASOS, TO OMOTEAECUOTO OO TO
ocoayeio Kol TEA0G Vo ToapaKOAOLOOVV Ta ATOTEAEGUATO TV OAVIADGEDY TV KOTPAVAOV
(Mitchell, 2003). Zmmv ayopd tov yopov s Evpondaikng 'Evoong, vmadpyovv
dwbéoa avtimapacttikd @dppoko Omwc sivoar ta Albendazole, Oxyclozanide,
Nitroxynil, Closantel kot Triclabendazole kot n anoteleopoticotTnro Kabevog amd avtd
eCaptdton amd TV nAkio tov mapacitov (Fairweather and Boray, 1999). To
AVTITOPACITIKO @appako mov Oa emAeyel, Oo mpémel va elval OpacTikd Evavil TV
GOPOV KOl TOV EVAIMK®V HOPP®OV TOV TApacitov, vo unv givor o0&k yio to {do Kot va
etvar eOnvo (Gaasenbeek et al., 2001). To Triclabendazole e£ovimvel ta dwpa Kot
EVIIMKO GTAOLO TOV TOPAGITOV KOl GUVERTMDS KOTOUGTEAAEL TNV TAPAYMOYN ALY®OV Yio, 12
nepimov eBdoudoeg (Boray et al., 1983). Xvvendmg 1 xopnynon tov Tpelg opég £TNoimg
umopel va odnynoel t1eMkd oe ekkabdpion Tov fookdTOTOV amd T0 TOPACITO, APOV Ol
dopeg popeég dev mporafaivovv vo oAokANpdcovv 1o Proroyikd toug kokAo (Hindson
et al., 2002). H mo onuaviikn emidopacn tov @oappdrkov Triclabendazole eivor 1
AVOGTOAN TNG oVVOEONG TPOTEIVOV 0TOTE TPOKOAOVVTOL LOPPOAOYIKEG AALOLDCELS GTO
nepifAnua tov mopacitov (Fairweather et al., 1999).

Ta tedevtaio xpovia £(0VV KOTAYPOQPEL TEPIGTATIKA ovOEAUIVOIKNC avTioTaon
tov mapacitov (Coles, 2005) oto Triclabendazole oe mpdPata ot Zxmtia, Ayyiio Ko
Ovaiio (Mitchell, 2003), n omoia cuvdéeton pe v KavotTo TG TOPOEVOYEVESTC
(Hanna et al., 2008). AALa teprotatikd avOeAuvOikng avtiotaong Tov Tapasitov £xovv
avaeepBel otnv OAlhavdio (Borgsteede et al., 2005; Moll et al., 2000) kou otnv lomavia
omov M avOeApuvOkn avtiotaon tov moapacitov dgv Nrav povo oto Triclabendazole
aArld ko oto Albendazole (Alvarez-Sanchez et al.,, 2006). Qotd6G0, 1 TPAYUATIKY|
éxtaomn g avOeApuvOng avtictaong tov F. hepatica oto Triclabendazole kot og dAA
avOeApuvOwed oev  €xer axdun kabopwotel (Mooney et al, 2009). Adyom 1ng
avBektikotTag oto Triclabendazole, o1 emotpoveg epydlovtan yio v avdmrtuén véwv
eapuakov. ‘Eva véo avBelpuvOikd, to Compound Alpha doxipdotnke emituywg oe
QLGIKE Kol TEWPOUOTIKA poAvouéva fooedr] oto MeEikd. Elvar ynuikd mapopoto pe 1o
Triclabendazole kot cOp@@va pe £€pevva 1 ATOTELEGLATIKT 00GOAOYIM Y10 YOPNYNOT| OE
poAvopéva foogdn eivar 12 mg/kg (Ibarra et al., 2004). H dpdon tov Compound Alpha
EXEL WG OTOYO TNV KOTAGTPOPN TNG MeUPpavng (tegument) TV avOPY®OV TOPAGITOV
tov F. hepatica (Rivera et al.,, 2005). Emiong, m oaptepebepivn (Artemethin)
SOKIUACTNKE HE IKAVOTOMTIKO ATOTEAECUOTO KATA TOV F. hepatica, ad\d Ppébnke OT1
etvan gpPpvotolikn (Keiser et al., 2008).

Meléteg yivovtan kot yio T Agttovpyia v tpoteivav 0nwg eivor ) ICIn-Fh kot
To. amoteAéopaTo £OE1EAY OTL dgv amoTeLel evepyd KOVAAL HETAGOONG TOV YAmpiov oTol
KOTTOPO TOV HEUPpavaV kot dev pmopel va ypnowomombel ywo v mopockevn
eapuakav (Park et al., 2005). Ta kavaAia petddoons TV WOVIOV ivol TOAD GNUAVTIKA
vyt cuuBdAovy 6T ELGIOAOYIKT] AEITOVPYIO TOV OPYAVEOV Kol TOV KLTTAPOV T®V
TPNUOTO®OMV OT®G ivan to F. hepatica kou to Schistosoma mansoni (Pax et al., 1996)
Kol aroTEAOVV GTOYO TNG dPACNG TOV POPUAKOV.
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I'.7.2. Avooomoinon kor guforro

[ToA0 Atyo avtimopoottikd epuPoAia vTapyovy 6TV ayopd, OGTOGO OTO UTOPEL
va 0AAGEEL 6TO PEALOV Y1aTi LITAPYEL Lo TAGT VO ATOPEVYETAL 1] YPNOT OvOEAUIVOIK®DV
eoapuakov (Dalton and Mulcahy, 2001).

XOoupova pe tovg Spithill et al, (1997), 1tpeic Pacwcéc otpatnyikés €xovv
ypnoporombel yio va avayvopiotel To vITOYNEO avTiydvo Yio TNV TOPUCKELT] TOL
euPoriov xotd tov F. hepatica xou tov F. gigantica: o) T0 O0CTOVPOVUEVQ
npootatevtikd oavtiyovo (Hillyer et al, 1988; Muro et al, 1997), B) ta oudroya
avTyova Ommg gival n yhovtadidvn S-tpavopepdon (glutathione-S-transferases - GST)
(Sexton et al., 1990; Morrison et al., 1996) kot y) o1 Tpwtedoeg ™ KLGTEIVNG OT®G
etvar 1 koBeyivn L (Smith et al., 1993; Dalton, 2003).

[ToAAéG €épevveg eMKEVIPOVOVTOL GTN UEAETN TNG OVOGOTOUTIKNG OTAVTNONG
Kol TG avaivong g Katovouns tov T kot B xvttdpov (Molina and Skerratt, 2005;
Perez et al., 1999; 2005) kot tov IgG oto mAdopa. Ta armoteléopata £dei&ov OTL M
WOYLUPY TOTIKN KLTTOPIKY KOlU OVOGOAOYIKN OAVINGY, OEV TPOCTATELEL OO
petayevéotepeg poAvvoelg ta tpoPata (Meeusen et al.,, 1995; Perez et al., 2005), tig
alyeg (Martinez-Moreno et al., 1997b) ko Tovg apovpaiovg (Keegan and Trudgett,
1992).

[ToAMég épevveg emkevipmvovtor oty mapaymyq cDNA eufoAiov, to omoia
elvarl ebkoAo oV amoOKeELOT OTOTE £YOVV TAEOVEKTNLA Y10 YP1|OT GTNV KTNVOTPOPia
(Knox et al., 2001). I'a ™ mapaymyn tov cDNA esuporiov (Kofta et al., 2001) &yet
ypnoporombel n Tpwtedon cysteine oe apovpaiovg kot movrikio (Kofta et al., 2000)
kol to GST DNA (Smooker et al., 1999) 1o omoio mpoctatevel o TpodPato amd ™
puoéAvvon og mocootd Tave amd S7% (Spithill and Dalton, 1998).

‘Epevva yivetar yioo v avdmtoén evog gppoiiov kotd TV TPOTEIVOV TOV
exkpivovton and to F. hepatica, kéti mov Ba eumodicel T emPimon tov mapacitov.
Axopa vdpyovy oNUavVTIKE TPpoPARHaTe Vo EETEPACTOVV, OAAL POIVETAL TWG LITAPYEL
TPOOTTIKY Yo TNV Topaywyn euPoAiiov katd tov mopacitov. Avtd pmopel vo @avel
TEPLGGOTEPO YPNOWO o1 PloAoYIKY| KTNvoTpo®ia, 1 omoia avipetonilel peyoaAdrepo
TpOPANUa pe ) pactoAmon ota foogdn (Mulcahy et al., 1999).

[Tepdpato yivovror emiong ywoo vo eEetaotel 1 OMOTEAEGUOATIKOTNTO TNG
npoteivng Fhl12 oe gufolopoig ko ota mepopotdlma Bpeédnie 0t vapyel peimon
Tov avymv ota kompava (40%), otoug xoAndodyovg mopovs (58.1%) ko peimon twv
emlnodvtov eviihikov topocitov (24.4%) (Martinez- Fernandez et al., 2004).

O mpwrtedoeg kabeyivn L1 kot L2 mwov exkpivovion amd to mopdcito 6€ OA TO
o0Tdo TG avamTLéENg Tovg evtog Tv Iniactikav, Bewpeitar 6TL Tailovv onuavVTIKO
pOAO GTN O1ELVKOAVLVOT TNG UETOVAGTELGNG TOV TOPAGITOL (OTOWKOIOUNOT 16TOV),
kaBmg Kot otn dwtpo@r| Tov. Emiong, dtapedyovy amd t0 0vOCOTOMTIKO GUGTNIOL KoL
EMTPETOLY TN LOAVVOT KO TV €YKATAGTACT TG LOAvveng oto Egviotr| (Collins et al.,
2004). Meréteg mov £ywvav og Poogdn| kat mpdPata, £0€1Eav 4Tt o1 EpuPoMacuol e Tig
kaBeyivec L1 kar L2 mapeiyav enineda mpootaciag péyxpt 72% xor 79% avtictoyo.
Eniong, to guPodrio mapovciace peimpéva enineda epPfpvoyéveong Kot YoviotTnTog oTo
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nmopdotto ta omoia emPiocav ota epforacuéva (oo Kot cuven®g Bo Lmopovoe va Exel
HEYAAN onuacio Yoo TNV HETAO00N TOL TAPAGITOV GTOV £VOldpeso Eeviotn (&10M TOL
vévoug Lymnaea) (Mulcahy and Dalton, 2001).

Aoxipég epPoriov oe mpofata kot foogdn pe tig kabeyiveg L1 kar L2 tov F.
hepatica, ¢d€i&av Ot1, To €VOLHO OWTA UTOPOVV VA EMPEPOVYV TPOGTAGIN, OV
Kopaiveral and 33% £wg 79%, oe TPOKANGN TEPAUATIKNIG LOAVVONG LE LETOKEPKAPLOL
tov F. hepatica ka1 moAV 16YvpaA TOG0GTH avTi-uPpvoyéveonc, mov Ba epmddav ™
petddoon tov moapoacitov. Emiong peidvetor 1 {OTIKOTNTO TOV 0LYDV TOL TOPAYOVTOL
and ta eminoavta mopdotto (Dalton et al., 1996; 2003; Piacenza et al., 1999).

Ye peAétn mov €ywve ot Bpalidio, oyxedidomnke euforio mov Paociletar oe
avVOoLVOVACUEVO avVTiyovo Tov KAwvoromOnke and 1o mapdoito Shistosoma mansoni
(Sm14). Ilp6Pata kot movtikia mov epuPoAitdonkay pe to cuvheTikd entioo tov Sml4
avTyOvVov, NTOV CNUOVTIKO TPOGTATELUEVO EVOVTL TNG LOAVVONG LE PETOKEPKAPLO TOL
F. hepatica ka1 dev gppavilav otomaboroyikr PAGPN Tov fratog mov oyetiletal pe ™
eactoAwon. To guforio avtd Oa amoteréoetl Eva véo moAvTIHO epyaleio, TOv pmopel va
Bondnoetl otov éleyyo g petddoons e vocov (Almeida et al., 2003). Ilepotépw
peréteg €oe1&av 0t To gufoo pe o Sml4 peldver g nratikég PAdPeg katd 54.7% ko
TO TTOPACITIKO QOPTio Katd 45.9% (Zafra et al., 2008).

Ymv Iolwvia oyedidotnke éva eufoito DNA kot dokipudotnke oe apovpaiovg.
210 apoevikd mov epfoAtdonkay pe kKuoteivny tpoteivdong cDNA avartiyOnke 100%
avooia évavtt tov F. hepatica ko1 ota OnAvkd peumdnke 10 TopacttiKd Qoptio KATA
74% (Kofta et al., 2000).

[ToAMég €pevveg emiong EMKEVIPOVOVTOL GTN UEAETN TOL POAOV TOV OKETLAO-
ovvevlopov A (Grinsven et al., 2009) kot Tov vepo&ediov Tov vOpoyodvov (Serradell et
al., 2009) ®ote va devvnBel o péAovg oTov oYedlopd véwv gufoiinv. Emiong, n ovcia
TOPOULOGIVY (paramyosin), TPOTEIVETOL WG N OPACTIKY] 0VGid Yo TOV ELPOAOCUO T®V
unpvkactikev. H mapapvoosivny eivar po voodelg tpoteivn, anotelel cvotatikd TV
HOOV Kot LIapyel €VpEwg HETAEDL TV aoTOVOLA®V OAAG amovcldlel amd To
OTOVOVAMTA. X& HEAETEG YPNOYOTOLEITOL (OC AVTLYOVO Y10 TV avamTuén epfoimv katd
vnuatmomv mtopacitov (Cancela et al., 2004).

I'.8. H gpaci0hmon otov avlpomo

Yrdpyovov moAhég peAéteg otig omoieg Ppébnkav avyd tov Fasciola oe
aroAfopato  avlpdmiveov Kompdvemv oty Aepik, omdte ovvemdystor OTL M
QOGIOA®ON NTAV £va KOO VOoTLO TV TPoicToptkav avlpormyv. Eriong 1o tapdoito
&xel Ppebel og mpoictopikovg TANBLGHOVS avOpdTTV TG ABvng emoyng, 610 TEAOG TNG
MecoMBikng meptodov kot otn NeolBwn mepiodo Omov Eexvder M avamnTuEn ™G
veopylog ko N e&nuépwon tov (owwv (Mas-Coma et al., 2005). Xmv Evponn to
nmopdotto €xel Ppebel oe amoABopato mov ypovoroyovviar yOopw oto 3000 m.y.
(Goncalves et al., 2002).

And 10 1973 éwg 10 1998 £xovv avaeepbel 7.071 mepumtooelg pdAvvVoNg
avOporwv and F. hepatica o 51 yopeg oe OAN v venAlo (Mas-Coma et al., 1999). O
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EKTIUOUEVOG aplBuoc Tov avBpdnwv mov sivor poAvcpévog oe 61 ympeg omd 10
mopdotto, avépyeton ota 2.4 eKatoppvplo, v avtoi mov Ppickoviar og kivouvo va
poAvvBouvv avépyovron ota 180 ekatoppvpla oe 6Ao tov kOG0 (Haseeb et al., 2002).

[Ipoéopateg mopatnpnoelg £3€1Eov OTL 01 TEPUTTAOGEIS TNS PUGLOANDGCNS GTOVG
avBpomovg Exovv awénbel. O apBuds Tov porlvouévov avlponwv ektydtal omd 2.4
¢wg 17 exatoppopio. Avtifeto amd TponyoOUEVES EKTIUNGELS, O VYNAOS ETMOANCUOG
o1ovg avBpamovg dev Bpiokovtay ThvTo OTOL N POGIOAMGCT) NTAV CUAVTIKO TPOPANUQ
omv kmmvotpoeioa. H Beppoxpacio kar or Bpoyomtdoels kabopilovv v emoykn
poAvvon, ondte to TPOPANUA emdevdveTonl oto £1n pe €vioves Ppoyomtmoels. Ot
EeVIoTEC-CaMYKAPLO Kot 0 BLOA0YIKOG KUKAOG TV TOPACITOV £XOVV TPOGAPUOGTEL GTO
TomkO TEPPAALOV NG KAOE TEPIOYNG Y10 VO LEYICTOTO|GOVV T UETAGOGT TOPAGIT®V.
To polvopévo vepd mov ypnoipomoteitol yioo v dpdevon, o TPOPULN TOL TAEVOVTOL
K0l TO TOGIO VEPD £YOVV OVAYVMPLIOTEL G TOPEYOVTEG TOL GVUPAAOVY 6T HOAVVOT pE
F. hepatica (Cliver and Fayer, 2004). EmutAéov, ta avyd TOL TOPAGITOL TOV £XOVV
Bpebel otovg avBpdmovg OlaPEépovy popeoAoykd oamd ekeiva tv (Dd®V. XTOVG
avBpomovg ta avyd tov F. hepatica givon peyaAvtepa eved to avyd tov F. gigantica
elvarl pukpotepa oe péyebog and exeiva mov Ppédnkav ota mapaywywd (oo (Valero et
al., 2009).

O vymAdtepog emmoracpdg tov F. hepatica otovg avBpomovg Exel Ppebel otnv
meployn Altiumavo ¢ Popetag BolPioc. e xowdOTNTEG OWTAG TNG TEPLOYNS O
emumolacpog Ppednie 72% oOtav petprdnke pe Kompavoroywéc pebodovg kot 100% pe
oporoywkés oavtiotoyo. Emiong ota moudd Ppédnkav maveo ond 5.000 avyd ava
ypappdplo korpdvev (Esteban et al., 1997a;b). Xe perétn mwov €ywve otig Iepovfrovég
Avoelg Ppédnke 611 0 EMMOAACUOC TOV TTaPAGiTov 6€ Todd ¢ 12 etdv £pBave and
27.1% éwc 44.6% pe t ypnon g ELISA (Espinoza et al., 2007). Xwv Atiyvmto
Bpébnke 011 10 4.3% TV TAO1OV NTav TpocsPePAnuéva and 1o F. hepatica (Curtale et
al., 2007) kou otnv avotoikr] Tovpkio 10 1.8% twv tuyaio eetalopevov avlponwy,
Bpédnkav emiong Betikol oto mapdoito (Yilmaz and Godekmerdan, 2004). Eniong £xet
avaeepBel éva meplototikd @acldAwong oe dvlpomo oty lomavio (Echenique-
Elizondo et al., 2005), entd oto Bopeo Ipav (Moghaddam et al., 2004) kon mévte ot
Bpaliiia (Luz et al., 1999). v Kpnm €xet aveepbet Eva mepiototikd actOAmong o
dvBpomo (Archimandritis et al., 1976) aALd ce TPOCPATEG EMONUIOAOYIKES EPEVVEG TTOV
&ywvav e avOpomovg doev Ppédnkav avticopota Fasciola otov opd, o0TE awYd TOL
mopacitov ota Kompava (Antoniou et al., 1997; 2002).

H moAvmlokdtnta tov Proroyikov kbxAov tov F. hepatica kével avEQKn v
EQOUPUOYN OTADV OYESI®V EAEYYOV TOV VOGNUOTOG OTTOTE EUPAPUOLOVTOL SLOPOPETIKA
pétpa v kéOe meployn (Mas-Coma et al., 2004; 2009). O Iaykdopiog Opyavicopdg
Yyeiog (World Health Organization, WHO) €xet 11 €@approceL S10(p0 pETIKEG TAOTIKEG
oTPOUTNYIKEG OTTMG OTIS YMpes Tov [Tepov, BoAPia, Alyvrto kou Bietvap (WHO, 1997).
Xopupova pe tov Ioaykdopio Opyoviopd Yyeiog, To KOADTEPO @APHOKO Yo TNV
Oepancio ™ pactOAmong otov dvlpwmo givan 1o triclabendazole kot n docoroyia tov
QoapuaKov glval cuvdptnomn Tov couatikoL Papovg (10mg/kg).
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I'.9. TniemokomIon KOl YEOYPUPLKA GUGTILATO TAPOPOPLOV

Onwg oe OAheg T1g peTadoTIKEG  00Béveleg, éva mOAOTAOKO  GOVOAO
TEPPOALOVTIKOV TOPAYOVTI®OV enMpedlel TNV UETAOOCN KOL TOV EMUTOAOGUO TV
acOevel®v. ZVYKEKPEVO Ol TOPOKAT® Tapdyovteg umopel vo mailovv poAo o1
eacloAmon a) 1 Bepuokpocio TOV a€pa, TOV €0GPOVS KOl TNG EMPAVELNS TOL VEPOD
(péyom won ehdyiomn Oepurokpacio Nuépac Kot voytos, dpopéc otn Beppokpacio
nuépag oty emeavewr ™ Odhacca, Tov vePOL Kol TOL €d0dPovg, P) TO VEPD
ocoumeptapupavouévn e VYPAciag TOV £6GPOVS, TO GTACIHO VEPA Kol 1 EEATHIOT TOV
VEPOL GTNV ATUOCOUPA, V) 1 €0APOKAALYT], 0) 1| OO Kot 1] OLVOLIKT TNG cVvOeEoNg
NG KOTAOTEPNS OTULOGPOIPAS KOL TOV OGTAGEMY TOV LOPOVUEVOV COUATIOIOV Ko €)
N tomoypapio Kot 1 opvkroroyio (Mas-Coma et al., 2009).

H ypion g mAemokodémong (remote sensing) kol TV  YEOYPOPIKAOV
ovotnuatev TAnpoeopikng (GIS) éxet avénbel otn pedétn TV TOPAYOVIOV ELPAVIONG
¢ voéoov (Brooker and Michael, 2000) kot éxovv mpotabel yiou v wpdPfieym g
mhavotTNTOag EKONA®ONG Ko TG Papdtrog ¢ eactdiwong ota (oa. To cvomua GIS
umopel vo ypnotpomom el yio vo GUUTANPMOGCEL TIG VITAPYOVOES TEXVIKES TPOPAEYNC KO
povteAomoinong Kol va amoTeEAEcEL UEGO OMEIKOVIONG TNG TOAVTAOKOTNTOS — TMV
Borioywov mapapétpov g acbévelag (Yilma and Malone, 1998). Ilpdxertoan yia
TOAOTTAOKO VTOAOYIOTIKA HOVTEAD TOV EVOGOUATMOVOLV KAUOTIKA, YEQYPAUPIKO Kot
dedopéva voporoyiag dAPOVS Kot eEopoldvouy Tov Bloroyikd kOKAo tov F. hepatica
(Malone and Zukowski, 1992; Zukowski et al., 1993; Malone, 2005) xotr GAA®V
TOPOCITOV pE eVOAESO EEVIOTN TO GaALYKApLo OTwg TO Schistosoma mansoni (Malone
et al.,, 1997; Kristesensen et al., 2001; Malone et al., 2001; Stensgaard et al., 2005;
Gebre-Michael et al., 2005).

‘Eva vmoAoylotikd povtélo kApotikng mpoPreyng kot pio ynouokn Pdon
OO UEVOV aypOOTKOAOYIOG Y10 TIC OVOTTUGOOUEVES YDPES, TOV Eival dSBEGIUN amd TOV
FAO, ypnowomomOnkav ywo va avamtvoybel Eva yeoypoapikd cOHoTnUO TANPOPOPIKNG,
mov a&oroyel TovV KiVOLVO EUEAVIONG QOCIOAMONG TNV AvVaToAIKN AQpikn, pio
meployn O6mov vmapyovv to. F. hepatica xou F. gigantica Kou TPOoKaAOUV UEYOAEC
OKOVOUIKEG amMAElEG OTlG ekTpoés. O peyoddtepog Kivouvog, kot yio to 00O
TOPAC1TO, VITAPYEL OE TEPLOYES LE TOAD LYNAN TG BPoyxdTTOGN OV GLVOLALETOL LUE
VYNAN £60Q1KT VYPAGia Kot TAEOVAGHO VEPOD GTNV EMLPAVELX TOV £04PoLG. O Kivouvog
HEIOVETOL GE TEPLOYEG UE WIKPOTEPES VYPEG YPOVIKEG TEPLOOOVG N UE YOUNAOTEPES
Oepuoxpacies. Ot ayoveg meployég oev Nrav TPdSPopeg AOY® £00PIKNG LYPAGTOG 1) Kot
otV mepintoon tov F. hepatica Moyo vynAig péong etotog Oeppoxpaciog >23°C.
[Teproyég ota opeva g Abomiog kot g Kévuag yapaktnpiotnkoy wg un tpdceopeg
yw 10 F. gigantica Moyw wyOyove. To yewypopikd cOLOTNUO TANPOPOPLOV TOV
avortoyOnke, £€0moe OMOTEAECUOTO. 7OV UTOPOVV va. ypnoomombovv yo Tov
kaBopiopud g Katavoung twv F. hepatica ko F. gigantica, g &vtoong g
(QOGLOAMONG OTIS JLAPOPES TEPLOYES KOL YO TNV EMOYN TNG HETAO0ONS GTO d1Apopa
uépn (Malone et al., 1998).
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"Exovv yivelr apketég emdnuoroyikég perétec pe m xpnon tov cvotiuatog GIS
KOl NG TNAEMIOKOTIONG Y vo. KaBopioTovv ol TOPAYOVIES EMKIVOLVOTNTOG TNG
eactoAwong (Cringoli et al.,, 2002; Tum et al., 2004; Rinaldi et al., 2009) kot g
nmopapprotopioong (Cringoli et al., 2004). Eriong, éxet avantuydel chotnua GIS yio ™
HEAETN NG PACIOAMONG TOL AVOPOTOL GTO O0OI0 £XOVV GLVEIGPEPEL TOAAOT EPELVNTES
(WHO, 1995b; Fuentes, 2001; 2006).

I'.10. Owovopiki onpocio

H gocioloon ot dekoetio tov 1990 Mrav éva cuyvd voonuo oto (oikd
KEPAAOLO TPOKAAMVTOG LEYAAEG OIKOVOUIKES ammAeleg otnv Ktnvotpoeio (Torgerson
and Claxton, 1999). To mapdoito emnpedlel Kvping to TpodPato Kot To Booedn Kot eivar
neplocdtepo maboyodvog ota mpoParta (Abbott et al., 2004). Xe moykdopia KApoKa ot
ETNGIEC OMMAELES AOY® TNG PUGIOA®ONG, voAoyilovial Téve amd 3 dioekaToupvpLoL
doAdpwo (Boray, 1985; http://www.sheepwormcontrol.com; http://www.endoparasite.
net/downloads/). Zmmv Ipiavdia, t0 45% tov mpoPdtov kot tov Poogwddv eivor
poAvouévo pe 1o F. hepatica kol 01 OIKOVOUKEG OMOAELEG OvEPYOVTOL Ave TV 60
exatoppvprov evpd etoing (http://www.endoparasite.net/downloads/).

Ymv Avotpalio o1 KTnvotpoeot odevovv mepinov 10 ekatopupvplo SoOAGPLO TO
YPOVO GE OVTIMOPOGITIKA QAPLOKO KOl 1) ATOAEL otV Tapaywnyn ayyilet ta 50-70

exatoppvplo doAdplo eoimg, avdioya pe tic kKAMpatikég ocvvinkes. H moapaywyn
HOAMOD HEIDOVETOL TOGOTIKA KOl TOLOTIKE, 01 VOl TopOoLGIAlovY HKPY OVATTLEN Kot
T0 KO0TOG aviikatdotaong avéavetar. Ilepimov 250 exkatoppvpioa mpdfota Exovv
poAvvlel amd v acHéveln maykoouing. H kAvikn popen g vocov eKONAMVETOL TLO
ovyvh ®g xpovia avoio. Qotdc0, onuavtikdg ival o poOAog ¢ ofelog kot vro&eiog
HopONG TNG VOGOV 01N peimon ¢ mapaymyng kot otn Ovnoodra (Boray, 2005).

Ymv Awomia, 01 OIKOVOUIKEG OTMAEIEG AOY® NG GUGIOA®MONG oTa. TpoOPata
avépyovtol o€ 3.5 ekatoppdpla vpd To ¥POVo and T omoin ta 46.5%, 48.8% ko 4.7%
opeidovtal otn Bvnodmta, otn peimwon g tapaywykdmTag (andiein Bapovg) Ko
otV Katdoyeon tov Mmotog ota opoyeio avtiotorya (Ngategize et al., 1993). Ot
ETNGIEC OTKOVOLUKEG OMAOAEIEC LOVO OO TNV KATACYEST] TOV NTTog o€ PoOEWN o€ Eva
ocoayeio g ABwomiag, extiundnkav o 4.000 sordpia (Abunna et al., 2009).

e épevva mov £yve oty AyyAo o€ yohaKTOTTOPAy®YES ayeAdOES, £0€1Ee OTL TA
Betika Coa elyav peimon g yoraxtomapaywyns €mg kot 0.7 kg avéd pépa, dniaon 3%
HELOUEVT] TOPAY®OYT YAAOKTOG TO €T0g avd ayeAdda. Emiong n adénon tov eninedwv
avTiicopatov yia F. hepatica oyetiCeton pe peiowon éog 0.06% oto Aimog tov YaAMKTOG
Kol pe avénon €og kot 4.7 nuépec g Enpdcg mepidoov. Avtifeta Opmg 1 Epevva £0e1ée
011 0ev emmpedletal n TEPLEKTIKOTNTO TOV YdAakTog o€ Tpwteivn (Charlier et al., 2007).

Ymv EAPetia, @oacidOlmwon emkpatel oe m0ocootd mhve omnd to 16% oTIc
ayeAddes yoraxktomapaywyns. H extiunomn tov owovopik®v omoAEdV £yve pe ™
YPNOT VTOAOYIGTIKOV TPOYPAUUATOS TOV AOPOILE TIC LEPOVOUEVES OMOAEIEC TOV £YOVV
avaeepel ot Piproypapia. To aroteléopoto £6€1E0v OTL 1| LEGT OIKOVOLUKT] OTAOAELD
avépyetal o€ 38 ekaTOUpOpla VPO TEPiTOV €TNGIMG, pe péon anwAelo 153 gvpd avd
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poAvopévo (mo. O1 meplocdTepeg AMMAELEG TPOKVTTOVY OO TN UEIWUEVN TOPUYMYT
YOAOKTOG KOl TN HEWWUEVN YOVIUOTNTO KOl 0€ HIKPOTEPO Pabud amd 1t peimpévn
TOPOY®YN KPEATOG KOL TNV KATOGTPOPY] TOV NmATog TV mpooPefinuévov {dwv
(Schweizer et al., 2005).

Ymv EMdada, oe kpeookomikd €leyyo mov €ywve oto voud Tpwdiowv, oe
ooayeio, Ppédnke 611 T0 22% NG GLVOMKNG KATAGYECNS OPYAVMV TPOKANONKE amd TOL
nopdotto.  F. hepatica, Dicrocoeolium dendriticum xor vOATOOI®V  KOOTE®V.
Yrnoloyiotnke OTL TO €100 KOGTOG TNG KATAGYEONS TOV Opyavev Ntav 292 gupd
(Theodoropoulos et al., 2002).

I'.11. Merétn TG YEVETIKIG TOLKIAOpOPPiag TV eW0®V Fasciola spp

[TapoéAn v owovoukn onuacio g eacloAimwong, Alya givor yvootd yio to
YEVETIKO TOAVUOPPIGUO TOVL TOPOGITOL OVAUEGO GTO OPOPETIKA €idn Fasciola spp
(intraspecific) (Lydeard et al., 1989; Mulvey et al., 1991). O neprocoTEpEG EpEvVES
£YOLV YIVEL Y10 VO EVTOTIGTOVV 01 O10LPOPES OVALEST GTO S1POPETIKE €idn F. hepatica
kol F. gigantica. Alo@opetikég poplokég texvikés kot DNA deikteg éxovv epaprootel
YL T UEAETN NG QOGIOA®ONG. AVLTEC Ol TEYVIKEG QaiveTol Vo €ivon YPNOYES otV
avamTuEn  SYVOOTIK®OV Kol  ETONUIOAOYIKOV — €pYOAEi®V  OTIG UEAETEG  TOVL
TOAVHOPPIGHOV EVTOG TV WOV Fasciola (Mas-Coma et al., 2005).

11.1. Mehétn  yeveTIKNG TOIKIAONOPQIOS 6 EMAEYREVO  TUNROTO  TOV
pipoocopko? (r) DNA

‘Epevveg mov eotidlovv oto pocoukdé DNA (De Rijk et al, 2000) pe
xpNom evOOU®V TEPLOPIGHOV Yo TO Sy®PoHO petald F. hepatica ko F. gigantica,
€0e1Eav 0Tl wmavikd ostyparta Fasciola sp. avikav oto €idog F. gigantica. Emiong dev
Bpédnkav dwpopéc avapesa ota detypota tov F. hepatica (11 detypato and 6 yopeg) N
oe avtd tov F. gigantica (2 delypoto amd O0POPETIKES YDPES) OAAL TO UNKOG TNG
ETEPOYEVELNG OEPEPE aKOU avapesa Kol 6€ Tapdotta amd Tov dw Eeviom) (Blair and
McManus, 1989).

To ITS-2 (second internal transcribed spaser, ITS-2) 1ov rDNA £&yet
ypnooromBet yio ™ tagwéunon tov Fasciola. Awmotodnke JSwpopomoinon
avapopikd pe éva voukieotidlo oe tunua 263 (evyov Bacewv tov ITS-2 avdpesa oto
F. hepatica tov minBocpod and 1o Me&ikd kan exetvov and v Avotparia, Ovyyapia
kol Néa Zniavdia. Evad dev Bpédnkav yevetikol povovoukAeoTikol TOAVHOPOIGHOL GE
tunua 213 (evyav Bacewv tov ITS-2 avapeca oto mAnBvouov tov F. gigantica omd
v Ivoovneia kot ™ Malowsia. O F. hepatica xon o F. gigantica d1apépovv o€ €61 omd
ta. 231 vovkAeotidwn mov cvykpiOnkav. To Fasciola sp. and v lonovia dopépet o
eptd voukieotiow and 10 F. hepatica ko og éva and 1o F. gigantica (Adlard et al.,
1993). Iapopota amoteléopata Bpébnkav otnv aiiniovyio twv 362 (evyov Bdoewv
tov ITS-2 avépeoca ota wmovikd €idn tov Fasciola sp. ko tov F. gigantica
(Hashimoto et al., 1997; Itagaki et al., 1995). I1Ipdceatn perétn tov ITS-2 édeile 0t1 TOL
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evilka mapdotito and ™ Bopewo Ivoila, ntav F. gigantica xou oy F. hepatica, dmwg
goeyvav popeoroyikéc épevveg (Prasad et al., 2008). Emiong ypnowomombnkav to
npoypaupata ClustalW kot MEGA (Tamura et al., 2007; Kumar et al., 2008), yuo v
KOTOOKELT] (PLAOYEVETIKOV OEVIP®V KOl TNV OEIOTIGTN OUASOTOINCT TV dpOpOV
derypdtov mapacitwv tov yévoug Fasciola (Prasad et al., 2009).

H avéivon mg ariniovyiog tov ITS-2 £3€1Ee 0T €T TPIMAOEDN EVRAIKO
nopdotto and v lotovia yopiloviav oe dvo ouddes: o F.sp.I oyeddv mavopoldtumo
ue 1o F. hepatica and v Ovpovyovan kot to F.sp.Il opoto pe 1o F. gigantica amd tmv
Ivoovnoio ko v lamwvia. Xvpmepaivetar ot 1 lomwvikn TPITAOEONG HOPPT TOV
Fasciola pmopet va givan éva vpido petald tov F. hepatica ko tov F. gigantica
emedn ot aAinAovyieg tov F.sp.I oto NDI kot COI ftav oyeddv 1d1eg pe ekelveg tov F.
gigantica and ™ Zaumo oAld Oyt pe ekeiveg tov F. hepatica amd tv Ovpovyovdn.
Eniong dev Ppébnke xopio Owapopd petald ovo mapacitwv F.  hepatica mov
npoépyoviav omd v Ovpovyovdn (Itagaki and Tutsumi, 1998). H avdivon 1ng
aAAniovyioag Tov ITS-2 ypnoipomomOnke eniong yia va yopaxtnpicel eviiika mapdoito
nmpogpydueva amd v Kiva pe m ypnon tov evidpov mepopiopod Hsp92 kol Rea 1.
Bpébnkav ta €idn F. hepatica, F. gigantica ka1 £€vog EVOLIUECOG YOVOTLTOG O OTO10G
elye moAvpopP1opovg oTig aAiniovyieg tov ITS-2 (Huang et al., 2004).

H avéivon tg aliniovyiog tov ITS-2 tov F. hepatica and v lomavio kot ™
BoAPia €0e1&e 0Tt Ta evijAiKa mopdotta Tmv dvo Ywpadv givar 1010 aAAd Exovv O10popEg
HE QALEC YEOYPOPIKES TEPLOYES TO EAAYIOTO o€ o Béon g aAiniovyiog tovg (Mas-
Coma et al., 2001). Opoimg, N avdrivon g aAiniovyiog 433 (evymv Bdoewvy Tov ITS-1
£0€1EE OTL OEV VLTAPYOLV VOUKAEOTIOKEG O10POPEC avApresa ot delypata Twv 000
yopov. Ta ev AMym amoteAéopata deiyvouy 0Tl Ta eviAiKa mapdoita and T BolPia
npoépyovion amd v IPnpir yepodvnco, Kabmg ecdybnkav ekel pe TV 1GTOVIKNY
anowokpotio (Mas-Coma et al., 2001). Zoppwvo pe ektipunoelg Paciopéveg otnv
peAétn g aAiniovyio tov ITS, o1 TOAD Alyeg 010pOPEG TV VOUKAEOTIOI®V HETAED TOV
SLLPOPETIKMV TEPLOYDV TOL KOGHUOL LIOJEKVVOLY OTL 1| eEAmAmaon Tov F. hepatica and
v Evpomn oe dAheg nreipovg, etvan tpospatn (Mas-Coma et al., 2003).

Emriong, peAétn tov ITS-2 og detypara Fasciola and d10popetikoVs EeVIoTEG Kot
dwpopetikéc meproyés g lomaviag (Alaasaad et al., 2007) ko ¢ Tovpkiog (Erensoy
et al.,, 2009) pe dstypoata dAAOV yopodv, £01Ee OTL dépepav petalh Tovg KOoTd OVO
VOUKAEOTIOW.

I.11.2. Megrétn YEVETIKIG TOLKIAOMOPPIOS G EMAEYUEVO TUNROTO YOVIOI®V TOL
royovoprakov (mt) DNA

[ToAAég épevveg ypnoipomotovy 1o prtoxovopokd DNA g deiktn e£EMENG,
epocov 1o mtDNA givan éva amlogdéc yovidimpa, kinpovoueitar povo and t untépa,
dEV VTOKELTOL GE AVACLVOICUO, £xEL LYMAL emtineda peTaldEewv Ko eEeMaceTan Katd
2% ava éva exatoppdplo ypovia (Ballard and Whitlock, 2004)

o ™ yevetikn avdivon tov mapacitwv £xel ypnoonombel n teyvikn Tov
TOAVHOPPIoHOV pnkovg tepayiov mepopicpov (RLFP) (Masiga et al, 2000). To

27



pitoyovoprokd mtDNA avoivbnke yw to F. hepatica amd v Avotpoiia, to F.
gigantica an6 v Molosio (Hashimoto et al., 1997) kau Fasciola sp. am6 v lanovio
HE TN ¥pNom TPV evéovovkieaomv (Evivpa meploptopov): Hinf I, Msp I ko Psa I,
eQopUOoVTaG TNV TEYVIKY TOL TOAVUOPPICHOL HAKOVG Tepayiov mepropiopov. Ta
TunpotTo Tov ptoyovoplokot (mt) DNA petd ™ méyn o1eepav PeTald TtV €100V
Fasciola. Tw «éBe évlopo vmnpyav opopéva  ewika mpoiovia DNA  mov
OAVTUTPOCAOTELOAV TNV YEMYPAPIKY TEPLOYY TOV Ttapacitov. Ta wmwvika €ion Fasciola
sp. popdlovtav mepiocdtepeg mpoiovta DNA pe tov F. gigantica mopd pe tov F.
hepatica. OMOKANPO TO HTOYOVOPLOKO YoVidimpa Tov F. hepatica £xel tovtomomOel kot
Ba etvar yprowo yw poprokég peréteg (Le et al., 2001). Emiong n avéivon pe ta
evlupa mepropiopot tov prroyovoproko LSU rRNA yovidiov tov eviiMikov mopacitov
tov F. hepatica £6e1&e v mapovcia etepoyévelng (Zurita et al., 1998).

Ov DNA RAPD (random amplified polymorphic DNA) deikteg &xovv
ypnoporombetl yuo vo Tpocsdlopiotel 0 TOALVHOPPIGUOG Tov F. hepatica. H yevetun
TOTKOAOLOPOi0 TV Tapacitov Tov mpoépyovial omd 1o 010 (Mo NTav vyYNnAOTEPT OF
OUYKPION HE OLTN TOV TOPACIT®V TOL {010V €I00VG MOV OTOUOVAOVOVTIOL OO
dwpopetikd Lo (Semyenova et al.,, 2003). M Kowvovplo TeXVIKN, N GLUGYETICUEVT
OAANAOVYIOT Y10 TOV TOAAUTAAGIAGUO TOV TOAVHOPPIGHOV (sequence-related amplified
polymorphism-SRAP), &yt 6t6x0 10 DNA Ko €xer ypnoyomonbel mpospata yio va
peretnOet n yevetikn mowhopopeia tov F. hepatica oty lomavia. Mgt ypnon g
SRAP Bpébnkav 34 dwgpopetikd ostypata F. hepatica 1o omoio ywpiotnkav oe 4
opddes. Astypota amd SopopeTIKoVg EEVIOTEG KAU/T| YEOYPOAPIKES TEPLOYES TEIVOLV VL
avinkovv otnv O opdda Ko oetypata amd tov 100 Eeviot kovn amd v idwo
YE@YPOPIKN TEPLOYN OUASOTOOVVTOL G SLOPOPETIKEG opdoeg (Alaasaad et al., 2008b).

Me 1 xpnion eviOU®V TEPLOPIGHOV HEAETNONKE O YEVETIKOG TOAVLOPPIGUOG TOV
F. hepatica oto pitoyovdpoko (mt)DNA kot cuykekpuéva ota yoviown nadl (316 C.B.)
kol coxl (429 (.B.) amd Pooewdn, mpdPata kot LA, Omd YDOPESG TNG CVATOAIKNG
Evponng, g dvtikng Aciag, e Kiva kot tg Apepicng. Bpébnkoav 23 anidtuomotl and
™V avaALCY TNG VOLKAEOTIOIKNG aAAnAovyiag, ot omoiol ywpilovior oe 0V0 KVpleEg
ouddeg, aAAd Oev PBpéOnkav yeveTkéc O0PopEg HETAED EEVIOTAOV Kol TEPLOYDV
COUP®MVO HE TNV OVOADGN TOV YEVETIKOV HOVOVOVUKAEOTIOIKADV TOAVUOPPIGUAOV
(Semyenova et al., 2006).

Eniong pe ™ ypnon evldpwv meploptopod  peAetOnke o  YEVETIKOG
TOAVLHOPPIOUOS TOoV F. hepatica oto ptoyovopuokd DNA. XpnowomomOnkav evvéa
eviopa: Alul, Aval, Ddel, Haelll, Hindlll, Hinfl, Hpal, Rsal xon to Spel ce 1pelg
neployéc tov mtDNA. MelemOnkav mopdotta and v IpAavdio, tnv OAlavdia kot v
EMGda, amd ayehddeg wor mpoPata. Bpébnkav 32 dwpopetikol  amAdTLmOL
(haplotypes), o évag amd avtovg NTav Kowog oty EAAGda kot oty IpAavoio kot
delyvel 6TL 0 Y WPIOUOS TV TANOLVGUAOV £YIVE KATA TNV ETOYN TOV TAYETOVOV GTNV
votw Evpacia 1 v Agpui. Emiong n peydin moparlhoktikdTnTo TOL TOAVUOPPIGLOV
€0e1Ee O0TL Ba vmdpyer peyddn avBeAvOK| avtictoon tov TOPAciTOV Kol VYNAY
TPOGAPUOCTIKOTNTO 0TIG KAMpoTikeS aAlayéc (Walker et al., 2007).
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Télog, peremOnke kot 1 yevetikn] mowilopoppio tov F. gigantica pe m puéBodo
RAPD dewtarv ko ) xpnon g PCR. XpnowomomOnkav 17 exkkivntég ko Ppédnie
o1t T Oetypato and aiyeg 01€@epav onUavTiKd ard avtd tov Boosd®mv (Gunasekar et
al., 2008).

I'.11.3. MgréTn YEVETIKNG TOLKILONOPPLOG GE TPOTEIVES KOL TPOTEAGES

[Ipoopateg Epevveg £deiEav 0Tl givor dvokorlo va PBpebel pia Tpoteivn Yo va
ypnoporombel wg deikng Yo TV £yKvupn Sdyvwon Tov TaPUGIiTov AOY® TMV TOAADV
oTadiwVv ToLv ProAoykoD KHKAOV TOV TopaciTov HEGH GTOV EEVIGTY] EPOGOV TO TOPACITO
HETOKIVEITOL OO TO EVTEPO HECH TMOV EVIEPIKOV TOLYOUATOV, TOV TEPLTOVIOL KOl TOV
Nmatog, TeEMKE oTovg YoANdOYovg moOpovg (Rioux et al, 2008). Ilpwteiveg TOL
nepBAuatoc tov avywv (Zurita et al., 1989) ko méve oand 2302 mpwteiveg mov
KUKAOQOPOVV GTOV 0pO TOV aipartog Omwg eivan | tpaveeepivn (77.2 kDa) kol n amo-
Mronpoteivn A-1V (44.3 kDa) Bpédnkav va vrdpyovv £mg kat tnv Evatn efooudda g
puoAvvong (Rioux et al., 2008).

H npotedon kabeyivn L €xel ypnowwomombei vy va epevvnfel n poAvopotikn
dvvoun kot va gpgovnBel m euAoyevetikn aviaivon tov mopocitov (Mulcahy and
Dalton, 2001; Robinson et al., 2008).

I'.12. Xp1on g pEYIGTNG EVTPOTING 6T YEOYPUPIKT KOTAVOUT TOV ELOOV

H Boown 10éa 1tV HOVIEA®V OTN YEOYPOEIKN KOTOVOUN TOV E0OV 1
YOVOTLTI®V, TPOKVTTEL A0 TOV OPIoUO NG Béong TV €10MV, TOV €lval 0 GLVOLAGUOG
TV cLVONK®OV ToV TEPIPAALOVTOG HEG 6TO omoio £va €i00¢ pmopel va d1aTnprGEL TOV
minBocopd yopig ™ petavdotevon (Yun-Sheng et al., 2007). Awapopetikol adydpiBpot
TPOGOLOIMONG €YOVV OEPEVVICEL TI GUVOESN NG EUEAVIONG TOV E€WOADV KOl TOV
TEPPOALOVTIKDOV OEO0UEVOV, TO OTO10 HETAPPALETAL YEOYPOPIKE GE YAPTES KOATUVOUNG
tov gvav. Ot alyopiBuotl eivar: n Aoyotkn IloAwdpounon (Logistic Regression
(LG)), ta Aévtpa Ta&ivounong kot Hoiwopdunong (Classification and Regression Tree
(CART)), o Tevetwxodg AlyopiOupoc mpdPreyng (Genetic Algorithm for Rule-Set
Prediction, GARP) (Stockwell and Peterson, 2002) wxor n pébodog g Méyiotng
Evtponiag (Maximun Entropy method) (Elith et al., 2002, Mingyang et al. 2008).

H péBodoc g Méyiomg Evipomiag éxer amoderybel 611 diver T1g koAdTEPES
npoPAéyelg oe oyéon pe Tig dAdeg pebddovg poviehomoinong (Yun-Sheng et al, 2007;
Mingyand et al, 2008). O alyopiBuoc Maxent gpapudleron oto mpdypoupo MaxEnt
(Philips et al., 2006) (http://www.cs.princeton.edu/schapire/maxent/). Eidwdtepa 10
Maxent vtoAoyilel TNV OHOOHOPPN KOTOVOUN GE GYXECN WE U0 GEPE TEPLOPIGUADV
(Philips et al, 2006; Phillips and Dudik, 2008). To povtédo divel cuveyn amoteAécpato
YL TNV TEPLOYN TNG MEAETNG KO Ta amoteAéopato mTov kvpaivovior ond 0 éwg 100
ToapEYOVV Eva xapTn oL anetkovilel v mhovotnta ¢ Katavoung tov gidovg (Philips
et al., 2006) kot amwodideTon Ge YAPTES TOV TPOPAETOVY TN YE®YPOPIKT KATAVOUN TV
ewwv. To amotéhecpa mpdPAeyng tov Maxent aEloAoyElTOL YPNOLUOTOUDVTIONS TO

29



Kat®ToTo Opro g aveaptntng dokung (threshold-independent test). H doxyun oot
epopuoletor pe TN YPNON TOV OEKTMOV AETOLPYIK®OV yopaktnpotikav (Receiver
Operating Characteristic, ROC)) xaumvAdv (Zweig and Cambell, 1993).

H doxun ROC Baociletar oty mepoyn kdtm amd v KapmoAn (area under the
curve, AUC), n omoia mopéyetl €va evioio péTpo tng amddoons tov povrélov (Hanley
and McNeil, 1982). H tyun ¢ xoumding AUC vmoloyiotnke amd tnv meployn
evasOnoiag tov ROC (aAnBwvég Betikd Khdoua) katd 1, peiov mv e1dkdtTo (WELOMG
Betico Khaopa) (Swets, 1988). Ov meproyéc tpmv g AUC giyav gvpog amod 0.5 (tuyaio
akpifela) éoc ™ péyom TN 1 (dprot axpifeia). Oco vyniodTepn elval TN g
AUC, 1600 1oyvpdtepn eivar 1 oyxéon peta&d G Ye®Ypaeikng 0éong kol Tov
TEPPOALOVTIKOV HETAPANT®OV, OTOTE TO HOVTEAD £xel TNV KaAvtepT omdooot. To
nmopatnpnOév enimedo onuavtikdottog (P-typéc 1 P-values) vmodoyilovion pe Bdon
undevikt vroHeon Kot T dEGOUEVA TOV SOKIUMVY TOV TPoAémovTal eivan kKahdtepa omd
pa Toyaio TpoOPAEY).

[Tpoxkeywévov va kaBopiotel moeg petafAntéc cvuPdrAiovy TeEPIGGOTEPO OTNV
avamtuén tov povtélov, to mpdypappo Maxent extelel Tig dokiuég jackknife kot Tig
omoiec to mpdypoupo Oao extereotel mMOAAEG @opég pe: 1) ™ ypnon OAwv TV
petafAnTav, 2) m amopdkpuvon pog HeTaPAntg kdbe popd, Kot 3) xpNCULOTOIDOVTG
puoévo pio petafint kdbe gopd. Ot petafAntéc mov mapdyovv v vYNAOTEPN N TN
younAdtepn TN “exmaidgvong”, otav peivovv € amd 10 poviédo Bewpovvtal Ot
elvat o1 mo onpavtikég petaPantéc. ‘Eva onuavtikd mheovéktnuo tov Maxent eivon 6t
T, 0edopéval NG “TapovGio-UoOVo™” TV DMV OElYVOUV TNV YEWYPAPIKT KOTAUVOUT TOV
€loovg, eVd TaL AALOL LOVTEAD aOTOVV dEdOUEVA Yo TV “Tapovsio’” Kot TV “amovcio’”
TOV EWOOV.

To Aoyopikd mpodypoppo Maxent €xel e@appocTel 6TV TPOTAACU®OT] TOV
mroswov oty EALGda (Kouam et al., 2010) kou ota €idn g Trichinella spp. oTig
H.IT.A. (Masuoka et al., 2009).
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A. TIEIPAMATIKO MEPOX
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A.1. ZKOIIOX

O kvprog oxomdg g mapovcas epyaciog Nrav va peketndel n emlwotioroyio

tov F. hepatica oto. pnpukooTIKA o€ PLOAOYIKEG Kol CUUPOATIKEG EKTPOPES OTNV

EMGda. Xvykexpuéva yio va emitevyfel o mopamdve oKomds, ol €101KOTEPOL GTOYOL

nrav:

Na kaBopiotel o emumolocuog tov F. hepatica oty meployn G
Oeocariog og Proroyikég Kol CLUPOTIKES EKTPOPES OyOTPOPATOV.

Na oavoyvopicovv  mopdyovieg emKvOLVOTNTOG EUPAVIONG  TOL
TOPOGITOVL.

Na oyedlootel yApTNG OYXETIKNG EMKIVOLVOTNTOS TNG HOALvoNg pe F.
hepatica o1 Oeccalia.

Na depeuvn0ei n doapén eotidv poOAvvong otn Osccoiia

Na Kataokevaotel HoviEAo TPOPAEYNS KOl VO GYEOIAGTOVV YAPTES TNG
OYETIKNG emkvovvotntog poAvvong pe F. hepatica ot Oegooalia, v
EAMGda kot tnv meproyn g Mecoyeiov.

Na peretn et n yevetikn mowAopopeia tov F. hepatica o€ pnpuKOCTIKA
™™g EALGSag Ko va cuykpBet pe dAAovg mAnBuorog YELTOVIK®OVY YOPOV.
Na depevvnfel n VTapEN PLAOYETIKOV OHAd®Y TOV TOPAGITOV Ao
minBvcopovg e Notwog (EAAGda, Bovdyapia) kot Bopelag (IToAmvia)
Evponng.

Na yivel HovteAomoinom g YEWYPAPIKNG KOTAVOUNG TMV YOVOTLUTTIMV KOl
amAoTOTTV oL Bpédnkav otnv EAAGSa ko T BovAyapia.
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A.2. YAIKA KAI MEO®OAOI

A.2.1. Em{moTtioloyia Tov F. hepatica ot Occooiia
A.2.1.1. Tleproyn perétng

H meproyf e Osooariag £xet éktaon 14.037 km? pe yeoypopkd mhdtog 39°
307 0" N kot yeoypaekd prxoc 22°0° 00" E. To vyopetpo ¢bavet éoc to 2.800 m
amd v empaveln g 0dAaccog evd to péco vyoduetpo givor ta S00 m. To kAipa givon
HEGOYEWKO COUPOVO HE TO GUGTNUHO Kotrnyopromoinong tov kAipatog Koppen, pe
KpOOVG Yelavee, {eotd KaAoKaipla Kot PEYAAES dtaKvUAvVeeElS Oepprokpaciog HeTOED
TV 6o emoymv. H péon emoia Bpoydntwon sivon tepimov 400 mm o611¢ TESAOES EVD
oTlg dvTiKEG opewvéc meployés Eemepvdel too 1.850 mm (Loukas et al., 2007). Xt
Oeoocora vrhpyet po peydin Adpvn (ITiaotpa), opketd TOTAMO KOl OPOELTIKA
KavéAl. Avt n meploy] aviumpocwnedel To 12.5% g GLVOMKNG TopaAy®YNS and
BroAoywég kol copPatikéc ektpo@éc aryompoPdatmv g EALGdoac (EXYE, 2006).

A.2.1.2. Zolhoy1] 0pov KOl KOTPAVOV

Ta delypata Kompdvov kot 0povy cLAAEYONKav tuyoio omd KAvikKd vym
Broroywd aryompdPata kot (ma and yertovikég cLUPaTIKEG EKTPOPEG oL Ppiokovton
ot meployn ¢ Oecoaliog (vopoi: Tpikdiwv, Kapditooc, Adpicag kar Mayvneiag). O
KOTAAOYOG HE TO OTOWEl TV EYYPEYPOUUEVOV KTINVOTPOQ®V ot  Ploroyikn
kmvotpo@ia givar d1béctog and o Ymovpyeio Aypotikng Avamtuéng ko Tpogipwmv
(2005). Znv épevva GLUTEPIANPONKOV 01 EKTPOPES TOV OTO1MV 01 IO10KTNTES OEYXONKAV
va cvppetdoyovv. Ta detypato culAéExOnkav oto dtdotnua petald Xentépfpn 2006 kot
dePpovdpo 2007. H emiokeyn oTIG EKTPOPEC €yve ot @opd kot 0 aplOudg twv
EKTPOP®V, TOL &yve M OelypatoAnyio, NTOV 160000 KATOVEUNUEVT] OVALECO GTO
@OVOTOPO KOl TO YEWLDVA.

Ot apoAnyieg ywvotav oTig 6TaAKES EYKATAOTAGEL TOV KTNVOTPpOQov. H Ayn
ToL OipoTog €ytve amd T ceayitda EAEPa Kot ypnoporomOnkoay @LoAdI TOHITOV
Vacutainer, yopig aviumnktikd kot BeAoveg pog ypnoewg swpétpov 18 G. H cvidoyn
TOV KOTPAvav £ytve and to ancvBuouévo oe €01k mTAaotiky Onkn. H petapopd twv
JEYHATOV 0td TOV TOTO ANYEWMS MG TNV AmoONKELGT TOVG YIVOTAV HEGH GE 1600EPUIKO
Kovti pe mayokvyéres. H puyokévipnon tov aipartog £ywve ota 2.000 g yia 10 Aemtd yo
T0 Olwploud TV 0pov. H cvAdoyn tov opov mpaypatomomOnke pe muéto UG
¥pPNoemws kot popalotav oe tpia eoAidie tov 3 ml. H amoBrkevon OAwv tov
derypatav, opod kat kKorpdvav yvotav otovg -20 °C £mg 6Tov aveAvbolv Tepattépo.
Kd&be detypa 0pod kot kompdvmv giye Kodkd mov avtiotoryovoe o€ kbbe {do.

210 YOpo TG OypotoAnyiog CULUTANPOVOTOV TO EPOTNUOTOAOYIO e
EPMTNOEIS KAEIOTOD TOMOV Ko GTOlKElD OTTMOG 1 Muepounviol detypatoAnyiog Kot To
OVOUOL. TNG TEPOYNG N TOL TANGLEGTEPOL YWPOV TNG eKTPOoPNS. Ta otoryeio mov
GLYKEVTPOONKAY apOopoVGaV TNV NAKIC KL TO LOPQOTIKO EMITESO TOV TOPAYWYOV, TNV
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0pYavmo, T dlyElPIon KoL TO TOPAYOYIKA OTOLEID TNG KTNVOTPOPIKNG LOVADAS, TO
otoyeio OITPOPNG KOl TNV VYEIOVOUIKN OSWXEPION NG KTINVOTPOPIKNG HOVASOG
(ITAPAPTHMA 1).

A.2.1.3. Zvorhoyn TEPIBOALOVTIKAOV KOl YEDYPUPLKOV SEO0UEVOV

[TepBarrovtikd oedopéva yuu ™ 6éom TtV ekTpo@OV eAnedncov amd to
dopvedpo MODIS: Moderate Resolution Imaging Spectroradiometer (Métpia avéivon
anekoviong pacpatopoTouéTpov) (https://Ipdaac.usgs.gov/) pe avaivon 0.05 Baburovg
v ™ Ogppokpacio oty emeavewn g yng (LST), kabadc kol to dgiktn PAAcTnONG
Kavovikomomuévng owpopds (NDVI). Emiong, and to dopvedpo TRMM-3B43
(Tropical Rainfall Measuring Mission) (http://disc2.nascom.nasa.gov/), pe avéivon
0.25 PaBuwv eebnoav to dedopéva g Ppoyxdmtwong. NDVI ko LST
AVTITPOCOTELOVY dedopéva TEPIPAALOVTIKNG VYpaciag Kot Oeppokpaciog avtictoryo
(Malone et al., 2001). Ta mepiParrovtikd dedopéva Kataypaenkav yio. mepiodo 12
unvov, arnd v nuépa g oetypatonyioc. Ot YEOYPOPIKEG GUVTETAYUEVES KOl TO
VYOUETPIKA Oedopéva g tomobeciog g kdbe extpoenc  emedncav amnd To
dopvedpoc SRTM cvpgpwva pe to Digital Elevation Model (DEM) pe avaivon tov 1
km.

H egvomoinon twv dopu@optkdv 0edopévav 6e eME®OTIOAOYIKT £PELVA EVIGYDEL
TV {OPO-YPOVIKT OVOAVGT TOV KAUATOAOYIK®OV SEG0UEVWV, 101G GE OPEVES TEPLOYES,
OOV dgv VIAPYOLY LETEMPOAOYIKOL otafuol N elvan dSdomaptot. Ta dedopéva MODIS
elval ypnowa yoo v VTooTNPEN EMONUIOAOYIKOV HEAETOV. XT10 Ttpoidv MODIS, o
alyopiBuoc LST yperdleton Eva Cevydpt (Muépag kot viytag) dedopévev axtivoBoAing
oe entd Oepukés vépuBpeg Cdveg, atpoceapikn OBepurokpacio kot vypaciag. To
npoidv LST (nuépac/voyroc) mapdyetor and tov yevikevpévo arydpiBpo e LST (Wan
and Dozier, 1996).

To unviaio mpoidv LST MODI11C3 mapéyet unviaiovg Guvovacspovg Kot LECHV
Tuov ™ Beppokpaciog oe mAéypa 0.05 yeoypapkov TAdtous/unkovs. Avtd to Tpoidv
elval €Tolo ylo ypnon o€ EMOTNUOVIKEG HeAETEC. Oa mpémel va emonuaviel ot Ta
npoiovta MODIS LST pe Bdon ta Oepuikd vrépubpa ctotyeio eivan dabéoipua povo
otV 0 ovpavdg etvar kabopoc.

O umviaieg Tyég tov NDVI givan pio 6vvBeon twv nuepnolov tiuov oo NDVI
and TopaTnpPnoelg mov Eywvav o€ kabopd ovpavo omd to dedopéva (UTAE, KOKKIVO, KOl
eyybg vmépuBpo avrtavikiaong) tov MODIS. H younAn oerypotolnyio amd Tovg
d0pLEOPOVG AdY® VepeAoKAALYNG Kot dAAOVG Adyoug Oev amotelel peilov TpoPfAnuUa
vy peréteg mov amoutovv pokponpofecpa dedopéva LST kar NDVIL O Neteler (2004)
EMKVPMOE TN dvvaTOTNTA YPNoNS TV dedouévov MODIS ce emdnuoroykéc peréteg
oV ItoMa ¢ evioyvon g dwbecndTTog dedoUEVEDV, OEPELVAVTAS TIC UNVINIES
péoeg Beprokpacieg TOV EMAEYUEVOV UETEOPOAOYIKAOV GTAOU®V KOL TOV GUVAP®OV
dedopévov MODIS otg deg ovvietaypéves. Kar 1o dvo ovvoro otoryeimv
CLUPOVOVGOV TANP®G €KTOG Omd TNV TEPIMTMOON TOL PNVE HE GYEOOV GLVENN
vepelokdAvyn kot dabecipudnta dedopévev Ayodtepo and 15%.
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To pnviaio dedopéva Ppoyxdmtwong and 10 dopveopo TRMM (mpoidv 3B43),
TPOKVTTOVV Otd TN PEATIOTN GLYYDOVELGN EVOG TOAV-00PLPOPIKOD UNVIAIOL TPOTOVTOC
ue otoryeia Ppoyouétpov (Huffman et al. 2007). Merétn enkdpmong de&aydnke omd
tov Feidas (2010) kot £deiée T1¢ e€aipeteg emodoelg tov 3B43 mpoidvtog o OAN v
EXLGdo.

A.2.1.4. Ilapayovteg EMKIVOVVOTNTOS Y0 TV ELPAVIOT] TOV TAPOGITOV

Meletinkav 26 mapdyovieg G TPOG TNV EMKIWVOLVOTNTE EUEAVIONS TOL
nmopacitov otig eetalopeves extpoés (Iivaka 2) oe oyéon pe T YOPAKTNPIOTIKA Kot
™ Jwelplon Tov KOTAO0V, YOPOKTNPICTIKA TOVL TOPOY®YOV Kot TEPPAAAOVTIKE
dedopéval.

A.2.1.5. Avocogviopikn doxkipn] kompoavtiyovov (Coproantigen)

H avocoevluukn doKiur Tov KOTpoavTtydvou £YVe LE TN YPNOT TUTOTOUEVIG
eumopikng dwdkaciog (BioK201 bovine Fasciola hepatica ELISA kit, Bio-X Company
S.P.R.L., Belgium) (ITAPAPTHMA 2). I[lepi\nntikd, ypnowomombnke doyxeio 96
BoBpiwv oe opopéveg oepég tov onoimv (A, C, E, G) Ntav mpockoAAnuéVo 1010
ToAKA®VIKO avticopa IgG katd tov F. hepatica. Avtd 10 ovTicOUO GUVIEETAL LE TO
avTlyovo TV Komphvav. XTic vmdrowmeg oepég tov doyeiov (B, D, F, H) frav
TPOGKOAANUEVO TTOAVKAOVIKO OvVTICOUO TO 0mofo dgv NTav €101KO Y. TO TAPAGLTO.
AV 1 oEPA EAEYYOV EMTPETEL TN SLPOPOTOINGT HETAED EOIKNG KO U1 OVOGOAOYIKNG
avTidopaong dote va aviyvedovtal ta Yeudmg Oetikd amotedéspata (Ewova 4).

Meutralitavidin

Positive
s labelled with
Negahive peroxidase
Posinve
Negativ s honoclonal
labelled with biotim
Positive
Negalive ; 2
0 i Coproantigen
Positive Q "\ ',

MNegilive Polvelonal
anhbody

Ewova 4. Zynuotikn ameicdvnon g avocoeviLIIKNG 00KIUNG TOL KOTPOAVTLYOVO.
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Mivakag 2. [Tapdyovieg (26) o¢ mpog TV EXKIVOLVOTNTE EUPAVICTS TOV TTAPUGITOV
Fasciola hepatica otig eKTpo@EG atyompoPATmV 6 GYECT LE TO YOPOKTNPIOTIKA KOt TN
dlayeipion Tov KoTad100 Kot TNV NAKIO Kot TO LOPQOTIKO EMITESO TOL TAPAYM®YOD.

XopaKTnNpIoTIKE TG EKTPOPNS:
Eidog {mov (mpoParto, aiyn)
dvAq (Opewvod tOHmov, Xiov, Koapaykovviko, Lacaun, Kalapvtiko, Capra prisca,
2KOmELOV)
Tomog extpoeng (Broroyiky|, cuopuPartikn)
MéyeBog extpoong (< 150, 151-300, >301)
"Yyog yoraktomapoaymyng (Kg)

Awyeipion Komad1ov:

2uyvOTTO OTOUAKPLVOTG TNG KOTPLAG (TTOTE, dVO POPES TO XPOVO, L POPE TO XPOVO)

SuyvotTTo KITNVIOTPIKNG emiPAeyng komadlov (Toteé, omdvia, Kabe pnva)

E&omMopog exktpoeng (emapknc, ovETAPKNG)

AvOei vl Bepaneia tov (Owv:
AvOerpvOun Bepameia (01, var)
Suyvotta yoprynong avleAvOkav eappdkmv (Lo eopd 1 6vo PopPEG TO YPOVO)
HAwcia yopniynong avBeipuvBikav eopudkov (<1 ypoévo, >1 yxpdvo, aveEaptntov
nAKiog)

Enagn komadiov pe aGAla komddwn (6xt, vor)

Movyot Bookdtomot (6xt, vor)

Awgpxela Béoknong avé étog (moté, 3-6 unveg, 12 unveg)

Eido¢ Bookotdmov (1010TIKAG, KOVOTIKOG)

Kotdotaon Bookotdmov (oteyvids, vypdg)

Xopnynon vepol oto otdfro (VOpaywyeio, TOTAUL, TYN)

Xopnynon vepol 6to fookdtomo (VOpay®YEID, TOTAML, TNYT, CTEPVA)

ANUHOYPAPIKE XOPAKTNPICTIKA KTNVOTPOPOL:
HAwcia (£45 etav, >45 etv)
Eninedo popowong (Baocwkn 9-ypovn exknaidgvon, tdveo and ) Pacikn ekmaidcvon)

[Tep1Barrovrtikol mapdyovteg:
Emoym detypatoinyiog (OOvoOTmpo, Xepmvag)
Yyouetpo povaodag (m)
Méoog 6pog g Beppoxpaciog (Kelvin) tng meproyng g extpoen|s, Tov 12 televtainv
UNVOV TPV TN SEYHOTOAN o
Méoog 6pog ¢ Ppoydmtwong (mm) TG mTEPOYNG TS EKTPOPNG, TV 12 TteElevTainv
UNVOV TPV TN SEYHOTOANia
Méoog 6pog tov NDVI* tng meploymg g exktpoen|s, Twv 12 televtaiov unvav mpv
derypotoAnyio
Il'eoypapikég cuvtetaypéveg e mePLOYNS TS EKTPOPNS (UNKOG, TAATOC)

*NDVI: Aegiktng PAdomong kavovikomomuévng owpopds (Normalized difference
vegetation index)
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[Tpoerodlerar evarwpnua 0.5 gr konpavov ce 2 ml PBS kot puyokevipeiton
ota 1.000 g vy 10 Aemtd. To vmepkeipevo vypd (100ml/Bobpio) petapépOnke oto
doyelo kol emwdotnke yio 0Vo dpeg oe Bepuoxpacio dopotiov. X1o doyeio vanpyav
Betcol kKo apvnTikol pdptupeg mov ToVG Tapeiye To gpmopkd kit yio v emaAnfevon
TOV amoTEAEGUATOV. META TNV TPOTN EXDOGCT, EYIVE OVAGTPOPT| TOL doYElOL Kol TAHON
pe PBS-T (10 mM sodium phosphate buffer, 150 mM NaCl, pH 7.4, pe 0.2% Tween20)
®oTE Vo amopokpLvhoHV To aVTICONTA TO. 07Ol dgV avTEdpacav Kabdg Kol To, Aomd
vroAeippata tov dstypdtwv. Eneita oto doyeio mpootébnke 1o mpmdTo cvlgvypa (£101k0
HOVOKA®MVIKO avTicoOuo Katd Tov ovtiydovov tov F. hepatica Kou ©t0 0OTOi0
mpookKoAMNOnke M Protivn) kol akoAovOnce endaon Yo pio ®po ce Oepurokpacio
douatiov. ITAvon tov doyeiov kol TpocsON KN tov devTEPOL GLLEVYHATOG (VITEPOEEIdAGT
avidin €1dwmn ot Protivn) kot endaon Yo o ®po o Beppokpacio dopatiov dmov Kot
onuovpyeital 10 SgVTEPO OTPOUN avococvumAeypdtomv. [TAvon Tov doyeiov kot
mpocOnkmn SwAVHOTOG YP®UOYOVOL TOL VLROoTpOMaTog (tetramethylbenzidine). Av
vdpyovv avtydva oto koémpava Tov F. hepatica, 10 6OlgvyHo TAPAUEVEL GTN dOYEIO
Kol 10 €vODHO KOTOAVEL TO QYpOUO YpwHOYOVo oe &yypwpo. H évtaon tov pmie
YPOLOTOG Elval avdAoyn pe Tov TITAO Tov avTrydvov.

[Ipootifeton €0Kd dhvpa 10 omoio otapatd TV aviidopacn HETAED TOL
VTOGTPOUOATOS KOl TOV cLUTAOKOV. H omtikn amoppd@ion (amoppdenomn ¢wtdg) twv
derypdtov vroAoyiCetan pe ) Ponbeta potopétpov (Infinite M200, Tecan) ota 450nm.
To amotéleoua Ppiocketor av n ontikn amoppdPion amd 1o apvnTikd Pobpio tov doyeiov
apapebel avtn amd o Eepdpevo g Betikd. To katmdTePO dp1o aviyvevong g nebdoov
etvar 0.6 ng avtryovov ava ml (Mezo et al., 2004). Kabe detypa mov édwaoe o dtopopd
OTNV OTTIKY ATOPPOPIoT OV NToV PeYaAvTeEPT 1| ion 1tpog 0.150 Bewpndnke wg Betik).

A.2.1.6. M£0odog McMaster

Amotovpeva VAIKA:
Arddouo Oeeikod yevdapyvpou:
Oetikog yevddpyvpoc 330 g
Amootayuévo vepo 1000 g
ArodveTon 0 BgTKOG YeLdGPYVPOG GE OMOGTUYUEVO VEPO HECH GE KOAIVOPO TV 2
lit. Avauén oe poyvntikd ovodeutpo pExpt To OldALHO v Yivel SLOYEG.
"EAeyyog tov 1000 Bapovg pe mokvopetpo (1.1-1.2)
MébBodog
O ap1Buog avyov avé ypappdpro (EPG) kompdvav eivar £voeién tov mopacttikol
eoptiov. H xatapétpnon tov avydv ota koémpava Kabe (dov yiveton pe 1 péBodo
McMaster kot ekppdletar oc EPG. H dadikacio ntav n axkdiovdn (ITAPAPTHMA 3):
1. Zvyilovtar 2 g xomphvev and kdbe deiypo Ko TomobeTobvion 6e TOTNPL UIOG
xpfiong.
2. Ilpootifevion ota kompava 28 g ddAvpa emimievong Oetikod yevdapyvpov
e10kov Papovg 1.18 (330 g zinc sulfate e 1000 ml vepd) ko avapryvoovrot
KOAQL.
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3. To duwvpo TV Kompdvev petoeépeTon pe miméta Pasteur oe mlokidlo
McMaster pe 6vo Barapovg (A kot B) kot yivetol kotapétpnon tov auyov 6to
otk HKpookoOTo o€ peyébovon 10X.

O ap1OuoC TOV aVY®OV avl YPOUUAPI0 KOTPAV®V DTOAOYILETOL YPNOILOTOLOVTOS TOV

tomo: EPG=(Ap1Ou1o¢ avyadv Barapov A+ ApiBuog avyodv Bardapov B) X 100. Ta avyd
tov F. hepatica givan ®ogwdn| pe unkog 130-150 pm ko wAdtog 60-90 pm.

A.2.1.7. Avocogviopki) doxipr) ELISA otov opo

H avocoevluukn doxkiun ftav house-ELISA  tov gpyaostnpiov Knviatpikng
nmopacttoroyiog, Tuqua Krnviatpwng, I[Hoavemommupio tov Aifepmovd, Meydin
Bpetavia ko n dtdikosio nTav n akdAovon.

Y10 odoyeio Immulon-2 ELISA (Dynateck Labaratories, VA, USA)
npootédnkayv 100ul/Bobpio and 0.5ul/ml Tov avrrydvov (Salimi-Bejestani et al., 2005b)
mov PBpiokdtav og 0.1M carbonate 61dAvpa (pH 9.6).

2 ocvvéxew &yve EmMMOOT WEXPL TNV EMOUEVN MUEPA Ko akoAovBovcav 4
oVuVTOpEG Ko 2 X Smin mAvoelg pe PBS (poopopikd pvOuctikd didivpa) pe pH 7.2
mov meptelye 0.05% Tween-20 (PBS/Tween). ['a ™ onuovpyio avococupmieypdtmv
tomoBetOnkav 200ul avé Bobpio evdg dadvuatoc mov mepieiye 2% okdvn yoAOKTOG
(SMP) (Marvel, Premier Beverages, Staffoerd, UK) ce owdhvpo PBS/0.05% Tween
(SMP/PBS/T) ka1 endoon yio. pa dpo. otovg 37° C.

H m\on tov doyeiov ywvotav Ommg Ko mopomdved Yoo TNV OTOUAKPLVOT)
MEPIGOELNG TOV EWBIKAOV OVTICOUATOV Kol ot ovvéyelr mpootédnkav 100ul vrod
e&étaon opov oe apaiwon 1:400 ce SMP/PBS/T avd Bobpio kot endaon yo po dpa
otovg 37° C. ITAvon tov doyeiov kar tomoBétmon 100ul avd Bobpio and v apoinon
1:10000 povoxiwvikov anti-goat/sheep IgG-peroxidase ocvlevypatoc (A9452-Sigma
Aldrich) kot endaon yu o dpa otovg 37° C.

AxolovOnoe mAvon kot tomoBétmon 100ul avé PBobBpio HRP vmootpdpatog
TMP dwidpatog (3,37, 5,57 tetramenthylbenzidine (TMP), vepo&eidio tov vopoyodvov
(H20,), Uptima, Interchim, USA).

Metd and endaon 20 AenT®V 6TO OGKOTAOL OOKOTTETOL 1 AVTIIOPOON WE TNV
npocOnkm 100ul avé Pobpio dwwAddpatog 0.5M HCI kot axoAovOnoce tpocsdiopiopds o
avtopato eacpatopmtopetpo ELISA (Dynex Technologies, Revelation 3.2) og pnkog
kopatog 450nm. Ta amoteréopata (mocootd Oetikdtntag, PP) divovioan o¢ o pécog
opo¢ g ontikng mokvotnrag (OII) tov delyparog (pétpnon 2 @opéc) da Tov PEGOL
OpOV NG OTTIKNG TLKVOTNTAS TV BeTIK®V derypdtov eAéyyov (O+) chppwva pe Tov
TOmo:

Méoog 6pog OIl detypatog «
Méoog 6pog OIl O +

Amnoteréopata (PP) = 100
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Ye wafe ooxyoocia ELISA, ovumepianebnkav ovo (evyn BOetkdv kot
apvnTikav poptopwv. Opoi aipatog Betikol wg mpog ) dokyun ELISA and aiyeg mov
poAvvOnkav mepapatikd pe F. hepatica kou apvntikoi opoil amd kKAwvikd vyelg aiyeg
napoyopnOnkav and tov Ap J. Perez xon A. Martinez-Moreno, Tunpa Kmvuorpikng
Khvicig Emomuov, Hoavemomuo g Cordoba, Iomavia. Opoi aipatog Oetikol o¢
nwpog 1t dok] ELISA amd mpdfata mepoapatikd poivouéva pe F. hepatica xou
apvntikol opoi amd KAWIKGOG vyu] mpoPata  moapayowpndnkav oamd to Tunua
Kmviatpikng tov [Havemomuiov tov Aifepmovd, Meydain Bpetavia.

O xaBopiopdg Tov 0Voov Eyve cOppwva pe tov Thrusfield, (2005) (ITivaxog 3).
H gvaicOncio vroroyileton cOppwva pe tov TOmo a/(a+c) kot n 101KOTNTA COUPOVO LE
tov tomo d/(btd). Ta Oetikd amoteléopota yopiotmKav o€ LVYNAR Kot younin
opobetikdTTO.

Mivakag 3. KaBopiopdg tov 0v600 g dokipaciog ELISA.

Kotdotaon doxypaciog [Ipaypatikn Katdotoon >HvoAo

MoAivopuéva Mn poivopuéva

MoAivopuéva a b atb
Mn poivopuéva c d c+d
>HvoAo atc b+d a+tb+c+d

A.2.1.8. ZratioTiki avaivon
A.2.1.8.1. Tproordotatn AOYIGTIKN TOALVOPOUNGT)

To Paocikd otaToTikd HOVIEAO 7OV YPNOCYWOTOMONKE NTOV TPIOIAGTATN
AoyloTikr] maAwvopdunon (trivariate logistic regression) HE GUGYETICUEVOVS TLYOLOVC
nopayovieg. Ta v, v kot yi- eivon o opOpdc tov OeTikdv Serypdtov Omeg
kafopiomnkay pe T JSOKIMAGIH KOTPOAVILYOVOL, TNV VYNAN KoL TN YOUNAN
opoBetiotnta avtiotoye. Ta yi<, vib kou yi© okolovBoOv o TpodidortaTn
moAvdpopnon pe 0, o kot 0" 0 apOpdC TOV polvopivev ekTpoedY Kat piC, pit, pi-
o1 TavOTNTEG Pl EKTPOPN Vo ivort LOAVGUEVT] OTTG KaBopioTnKe pe TN dOKIUAGIo TOV
BeTiKoV KOTTPOOVTIYGVOL, TNV LYNAT Kot TN XOUNAT) 0pOoBETIKOTNTO OVTIGTOLYOL.

Onote:

yi ~Bin (pi°, i)

yi ~Bin (pi", o)

yi- ~Bin (pi", n")

Ot mbavoTTeS pis, pit Kot pi- VIOAOYIGTNKAY OC TuAiES HETAPANTEG Kat 1
petatpony) tovg o€ logit (log(p/(1-p)) NTOV YPOUUIKA GULGYETIGUEVT UE TIG UETAPANTES
OT®OC PaiveTOl TOPOUKAT®:

logit (pi) = bo + bixi1+ baxip+ ...+ byXim+ &
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logit (pi™) = co + cixi+ CaXipt ... CoXim + &
kot logit (pi) = do + dixi1+ doXipt ...+ dXim T &
omov m &ivar o aplBudg tov egeTaldpEvOV TOPAYOVTOV. TNV TOPOVCH UEAETN
vrdpyovv 26 mapayovieg (xi) (ITivakag 2) ot omoior €€etdletar av emnpealovv v
EUPAVIOT TOV TTOPAGITOV.

Omov £° Toyaiot TopdyovTe oV EXNPEGLOVY TV ELPAVIOT TOV TAPAGITOVL HTAV
epapuoletor n dokwacio Tov BeTikod KOTPOAVTIYOVOL Kat ot € kou € Tuyaiot
mopdyovteg mov emNPeGlovLY TNV EUPAVION TOL TOPACiTOv Otav €PopuoleTon 1M
dokpacio ELISA (vynmAn kot xapunAn opofetikdmra).

Ot Tuyaiot Topdyovteg avagépovon Yo ke komddt. Emmiéov to €, € won €-
elval ovoyetiopévol dote va amotvnwdel 1 evoeyduevn aveopoio epEaviong tov
ToPacitov petald twv 600 TEYVIKAOV aviyvevong, oniadr tov BeTiKoy KOTPoavItydvou
kot ¢ dokpaciog ELISA (vynAn opobetikotnto kot yaunAn opobetikdtta). Ondte
01 TVY a0l TOPAYOVTEG 0KOAOVOOVV 10 KOVOVIKT) TPIGOIACTOTI KOTOVOUT Kot IGYVEL:

2
c O¢ PcCcOn PcOc0;
& 0
H 2
g |~N|]|0},Z, | where X=| p O .0y (o PuOu0,;
et 0
1
2
PcO0cOy PuLOu0L Oy

To povtého amoteAeiton amd tpioe PEPT: KOTPOOVTIYOVO, VYNAY 0pofeTikOTNTA KO
YounAn opoBetikotnTa. Xpnotpomomdnke Pnuatiky] TaAvdpounon pe oK SAoYNg
(p<0.2) og emimedo onuavikotrog 5%. H avaivon €yve pe 10 Aoyiokd mTpdypopiLo
WinBugs (Lunn et al., 2000).

A.2.1.8.2. X@piKn] 6TOTIOTIKY] OVAAVGT] OE OPGOES

H yopwn ototiotikn ovaivon oe opdodeg (spatial cluster analysis)
npaypatoromOnke pe to Aoywopkd SaTScan (éxdoon 8.0) wote va dievpvvBovv Toydv
YE@YPOUPIKES €0Tieg NG HOAvvong. H évvola g yopikng otatioTikng avdAvong oe
ouddeg Pacileron otn yevikevon g dokiung tov mbavotitev (Turnbull et al, 1990;
Kulldorff and Nagarwalla, 1995; Kulldorft, 1997). H yopwn otatiotikn avaivon oe
ouddeg ypnopomotel Evo KukAkd “mapdbupo” pe petafoarldpevn aktiva mov Kiveitot
KOTO UNKOG TOL XAPTN OOTE Vo EKTPOSOTNOoVV 01 SUVNTIKEG Ye®YpapikeS opdoes. H
aKTiVoL TOV CUUTALYHATOC KupaiveTonr omd pndév péxpt por Kabopiopévn Tiun mov
anotelel TO avadTato Oplo. Me Tn oTad1oKn 0ALAYT| TG aKTiVOG amd TO KEVIPO KOKAOL,
T0 TOPABVPO COPMVEL TIC YEMYPOUPIKES TEPLOYEG YIOL VO EVTOTIGEL TIG TOAVES €0TIEC
YOPIg TNV EVOOUATOGCT TPONYOVUEVNG TAPOOOYNS Yo To péyehog kat tn B€om Tovug Ko
ONUEIDVOVTAG TOV 0PlOUO TOV TOPATPOVUEVOV KOl TOV AVOUEVOUEVOV TOPATIPTCEDV
péoca oto mapdbvpo oe kdbe Béom. H doxyun tg onuovtikdttog Poaciletoar otnv

40



e&étaomn g mbavotrag yio v omoia 0 Tapdbupo pe ™ péyiom mbavotnta eivar n
niéov mBavr| eotior (Kulldorff and Nagarwalla, 1995). H a&oldoynon pog eotiog
poéAvvong, yiverar pe tn ovykpon tov aplfuod TV TEpWTOcE®V (HOALVOT) GTO
TAOIG10 TOV KOKAOL UE TOV OPOUO TOV OVOUEVOUEV®V TEPUTTAOGE®YV, LLE TNV TOPAdOYN
o0tL o1 voBéoelg Ba katavépovtal Tuyaia oto y®po. To p-value mpokvmTel amd TV
vdOeon g doxyng Monte Carlo (Dwass, 1957). H yopik| otatiotiky| avdivon o€
opddEG TPOGAPUOLETOL Y10 YOPIKEG OLUKVUAVGELS TNG TUKVOTNTAG TOL TANOLGHOD TNG
vd perémng meproyng (Kulldortf, 1997). H aviyvevon tov eoTuidv 6NV mopodco LEAETN
AEeENyON ocvppmva pe 1o povtédo g mbavotnrag tov Bernoulli, ypnoylonoidvrag to
péyioto péyebog eotiwv tov 50% tov cvvolkod mAnBvouod Yo ™ poOAvvon pe F.
hepatica. Ov Betikég ekTpo@ég OepnOnKay MG TEPMTOGES EVM Ol CPVNTIKEG MG
pédpropec. O apBuds TV TpocopodcemVy yia tov EAeyyo Monte Carlo €iye opiotel og
9999. Tw «&Be mapdBvpo SEopwv Bécewv ko peyéBovg, to mpdypappo SaTScan
e&étale Tov Kivouvo g poivvong pe F. hepatica evtog kot ektdg Tov Tapadvpov, pe ™
UNOEVIKT LTOOEST NG 1GOTNTOG TOV KIVOOLVOV.

A2.1.9. Xapteg yopuwns mapepPoins mopaTnpovNEVS Kol TPoPAemopevng
OYETIKNG EMKLVOLVOTNTOG pOAVvenG ne F. hepatica

Me ) péfodo g yOPIKNG TapPEUPOANG EKTILAOVTOL O1 TIES TOV UETAPANTOV GE
0écelc 6TO0 YOPO Yo TIG OMOIEG OEV LIAPYOLV TOPATNPNOELS PACEL TOV TIUOV TOV
Oécewv pe mapatnproes. Boowég pébodor yopukng mapesppfoing sivor m otdOuion
Bacel g avtiotpopne amdotaong (inverse distance weighting) n omoio amodidel og
KkéBe onueio ™ péon TN TOV pETAPANTOV oTOOUICUEV HE TO OVTIGTPOPO TOL
TETPAYADOVOV TNG ATOGTACTG TOLS ad TO onueio, Ko 1 wo e€elnmuévn néboodog kriging
n omoia Paciletal og po mo yevikn popen e uebodov TV eAOYICTOV TETPAYOVOV
(Oliver, 1990).

O o¢ciktng NDVI egpdécov amoteAoOoe TOV 7O ONUOVTIKO TEPPAALOVTIKO
mopdyovto eMAEXONKE Yo TNV KOTACKEDT TOV YOPTOV TOV TOPATNPOVUEVOD KIVOVUVOL
Kol Tov Kwovvov mpoPreync vmoapéng tov mapoacitov. Emiong o deiktng NDVI
EVOOUOTOVEL £vo aplBud 010pOpmv TEPIPOALOVTIKOV TopaydvIoV (KAALYM £30(QOVG,
Oepuoxpacio, BpoxdnTmon, e£ATHIOT, KTA) G€ pio LETAPANTH Kot £TGL SIELVKOADVETAL I
avéAvon.

H oyetukn emkwvoovoémta g mapotnpovpevns polvvong upe F. hepatica,
vroAoyioTnKe Yo kabe mopatnpovuevn T tov ogiktn) NDVI o1ig ektpopéc, evd €yve
dopHmwon v 6A0VG TOVG AALOVG oNuavTIKOVS TTapdyovtes. H mpoPremduevn oyetikn
emkvovvotnta poéAvvong e F. hepatica, vmoloyiotnke yo ka0e tin] NDVI and 0.25
¢og 0.81 mov avtiotoyyovv ot Twég tov NDVI ot Ogocoria, un
ocvurepapupavouévov ToV aoTIKOV teploy®v. Emiong éywe enéktaon g npdPieymg
OYETIKNG EMKIVOILVOTNTAG HOAVVENG UE F. hepatica yio v EALGOG Ko TV eployn g
Meocoyeiov.  Xpnowomombnkov ot tipég tov NDVI and 0.25 émoc¢ 0.81, mov
avtiototyovv otig TWeES NDVI oty EAAGda, pun cvopmepilopfavopévav Tov aoTiKov
TEPLOYDV.
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A.2.1.9.1. YT0oLoY1OpOG GYETIKG ETLKIVOLVOTTAS ERQavIoNG Tov F. hepatica

To amoteléopota g dokyaciog g vynAng opobetikdtntag oV Poacikol
HOVTEAOL NG TPWOACTATNG AOYIOTIKNG TOAWVOPOUNCNG HE TOVS GUOYETIGUEVOLG
TUYOUOVG TTAPAYOVTEG, YPNOUOTOMONKAY Yo VO VTOAOYIGTEL M TN TNG OYETIKNG
emkvovvottog (relative risk) poAvvong pe F. hepatica Baocel tov deiktn NDVI mov
KaToyplonke ot exTpoPés ™G Oeocariog. H tyun g oyeTikng emkivouvotntog
dopHmOnke yio TOLG LAWOAOITOVG GNUAVTIKOVS TOPAYOVTEG GUUPMOVO, LE TO CTOTICTIKO
povtéro. Ondte oYeIOTNKE O YOPTNG YWPIKNG TAPEUPOANS TOV TOPATNPOVUEVOV
MEPLOYDV OYETIKNG emKvovvotntog poAvvong F. hepatica ot Ogoocalio kotd ™
dapkewn dstypatonyiog (ZentéuPpro 2006 Ewg PePpovdpro 2007) vd v emidpacn
tov ogiktn NDVI ko d10pBmpévog yio toug GALOLS oNUavTIKODS TOPAYOVTEG.

Emniéov  kotaokevdomnkav to  poviéAo  TPOPAEYNC NG  OYETIKNG
emkvovvotntog poAvvong pe F. hepatica ot Ogocora, otnv EAAGSa kot otn Askdvn
™¢ Mecoyeiov, Bacilopeva oto deiktn NDVI. Ondte oyedidomkay o1 YapTeg YOPIKNG
TOPEUPOANG TOV TEPLOY®V Yo TNV TPOPAEYN TNG GYETIKNG EMKIVOLVOTNTOS LE LOALVOT)
F. hepatica ot Ogocola, tnv EALGOG kot Tnv mteployr] g Mecoyeiov yio to €ndpeVO
£10¢ g ostypatoAnyiog (ZemtépPpro 2007 £wg Oefpovapio 2008). H tiun g oxetikng
eMKVOLVOTNTOG TPOPAEYNS d10pBDONKE Yo TOVS LITOAOITOVS CNUAVTIKOVG TOPEYOVTES
CUUP®VO L€ TO GTOTIOTIKO HOVTELO.

O vmoloyopOG NG OYETIKNG emkvovvotntog HoOAvvong pe F. hepatica
Baclopevog oto deiktn NDVI éywve pe to Aoyiopkd tpodypappa WinBugs (Lunn et al.,
2000) o¢ eninedo onuavtkoOmrag 5%.

A.2.2. T'gveTikoi molvpop@iopoi tov F. hepatica
A.2.2.1. Zolhoyr] EVIIAIKOV TOPACITOV

‘Eywve ocvloyn eviiiikov mopacitov F. hepatica ond ceayeio g EAAGSOG
katd to. £t 2005-2007. H cvAloyn tov mopacitov yvoTov KoTé TOV KPEOCKOMIKO
Eleyxo TOL MTOTOG TV PooeW®V Kol TV oryorpoPdrtmv. ['voétav kabapiopdg twv
nopocitov pue akkodin (99.9%) kar amodfkevon ot @aridia otovg -20°C péypt va
xpNoporombovy.

A.2.2.2. Zvlhoy) aAinrov)t®v oo Baon oedopivmv

Eniong omv mapovca perétn ypnopwomomdnkay aliniovyieg tov F. hepatica
mov mpogpyotav and 1 Boviyapio kot v Tlolwvia kot givor dnpocievpéves ot
Baong dedopévarv (GenBank) (http://www.ncbi.nlm.nih.gov/genbank/). H cuAloyn tov
EVIMK®OV Topacitov and TIC OVO0 TaPATAvVe Yopeg £ytve Katd ta £tn 2005 ¢mg 2007.
SuaéyOnkav 18 evihka moapdoita and ceayeioa g BovAyapiag (Sofia, Kostinbrod,
Byala Slatina, Yakoruda, Belitsa ko Bansko) kot BpéOnkav oe €& fooedn. Evo, 52
evnliika mopdorta amd v Ilodwvia mpoépyovion oamd 10 Pooewdn. Or kwdikoi
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KOTOYMPIoNG TOV CAANAOLYLOV TOL XPNCLOTOMONKOY GTNV TAPOVCH LEAETN OO TN
BovAyapio Nrav: amdé HM369290 éowc HM369302, andé HM487144 éwg HM487157 ko
and HM535797 éowg HMS535803, wor v TloAwviag: and HM369311 émwg HM369358,
ar6 HM487168 éwc HM487199 kan amd ég HMS535842.

A.2.2.3. Toviowe 7mov peletOnKov Y10  YEVETIKOUS HOVOVOUKAEOTIOLKOVG
molopop@iopovs (SNPs)

A.2.2.3.1. Emigypévo tpnpa tov 28 rDNA

2T00G AVOTEPOVG EVKAPVMOTIKOVS OPYOVIGHOVS, T YOVidlo Tov PROG®mUIKOD
RNA (rRNA) Bpiokovrtol o€ q1lMadeg avtiypaga Kot dtakpivovtor dvo opdades. H mpdn
nmepapfavet ta yoviola 18S, 5.8S, kot 28S rRNA evd n dgbtepn opdda mepthapPavet
povo to yovidwo 5S rDNA mov kmdwkomotel to 5SS rRNA (Long ko David, 1980).

H meproyn tov yovidiov 28S rDNA mov emidéybnike yio pehétn amoteAovvtov
and 618 {.B. (neta&d tov 15 kot 632 vovkieotidiov) (Ewdva 5) kou cuykpibnke pe v
aAAniovyio avapopdg AJ440788 (Fasciola hepatica partial 28S rRNA gene, Bolivia)
(Marcilla et al., 2002). Ezwiong, ypnoomomnkav ot aAAniovyieg g faong dedopévav
and mepoyéc g BovAyapiog (HM369290 éwg HM369302) ko tg IMoAwviag
(HM369311émg HM369358).

[KTs] Tu  [NTS] TU [NTS] Tu [NTS] TuU |NT8] Tu [N S|
I/ [E] I_____. [os] T Tas]

Tramersption woil * g R Montrameribed spacer

1;\-;‘1

EE 5§75
\['..H_{ e m{  us

5° k ~ 28S = 3’

Ewova 5: Emieypévo tunua tov 28S rDNA mov peletinke yio tn €0pecn YEVETIK®OV
LOVOVOUKAEOTIOIKMV TOAVLOPPICUDV.

A.2.2.3.2. Emigypévo tTpfqpo tov mtDNA

To wroyovoplokd DNA (mtDNA) éxet peletnBel ko amoteAeitan amd 14.417
Cevyn PBhoewv (ITAPAPTHMA 4), kodwkomotel 2 TRNA, 22 mRNA kot 12 npoteiveg
(Le et al., 2000). Ztv mapovoa epyocio peretnOnke to tunuo amd ™ B€on 77 €mg ™
1461 10 omoio mapovcialetl peydin mowihopopopio (Walker et al., 2007). Xpeidomrov
dvo Cevyn exkkivntov (ITivkag 4): 0 Tp®TOG EVIGYLOE TO TUNUO IO TO VOLKAEOTIOWO OTN
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0éon 77. £wg 10 862 Ko 0 devTEPOC OO T0 681 £wg 10 1461 vovkieotidlo. To Tunua
tov mtDNA mov peietOnke amoteieitar 1o yovidw cytochome oxidase subunit 3
(cox3), 1o yovidw histidine transfer RNA (tRNA-His) kat 1o yovidio cytochrome b
(cob) (Ewdva 6). Q¢ aliniovyio avapopds ypnoyomomdnke n aAiniovyio pe Koo
katoyopong AF216697 (Fasciola hepatica mitochondrion, complete genome) (Le et
al., 2001). Emiong, ypnowomomOnkav ot aAiniovyiec g Pdong oedopévov yo
mopdotto. wov  amopovodnkav amd wepoyés g BovAyapiog (HM487144 £éwmg
HM487157) kan ¢ [ToAwviag (HM487168 ¢mg HM487199).

£ §£8 3% §2e% 32 £ § 58338 35
H £iz £2¢ 2i: i H H g22:¢ iz
(I NI/ 1/ \\If1f ] 1 N/ A 1aa170p
gl e |E] s ﬂﬂ; s Il s |llls 5 : ) E | 8]|s 8 i3
o (8] 4 z < z z z o sy > o = z -
.:"E’
2
z
1 1
) £
o o
771461 bp
1 nt
CY 1B
d P »
< > 1827nt
77 1461

Ewova 6: Enileypévo tpunpa tov mtDNA mov peAetOnke yioo v €0pecT YEVETIKOV
LOVOVOUKAEOTIOIKMOV TOAV LOPPICUDV.

A.2.2.3.3. Emigypévo tufpo Tov yovidiov g f-coinvivng 3

Térog pedetOnke emdeypévo tunpo tov yovodiov g B-cwAnvivng (tubulin)
3, M omoio OVIKEL GTNV OTKOYEVEWD TV GOOIPIKOV TPOTEIVOV 01 omoieg oynuatilovv
UIKPOSOANVIGKOVE KOl amoTeA0VV 6TOYX0 avOeAvOikov goppdkmv (Robinson et al.,
2001; Robinson et al., 2002). ITapoéiov mov M TePLOYN LT £vol CLVINPITIKY, LEAETEC
&xovv oeiel Ott vmapyovv moAvpopeopoi (Ryan et al, 2008). To yovidio mov
KoOwonolel v mpwteivn P-coinvivn 3 amoteAeiton and 1.335 vovkieotidwo. [To
AVOAVTIKG, amoteAeitol amd dvo eEdvia (exonl ko exon2) 526 ko 809 .. avtictoyo
mov dKOmTovTal amd €va wtpovio unkovg 49 (.. H mepoyn mov peretOnke
aroteleiton omd 836 C.B. (LeTadd tv voukAieoTdav 0écemv 258 kot 1094) (Ewova 7)
oLV KOIKOTOlEl 262 aptvo&éa TG TPOTEIVIKNG adAniovyiag (amd 10 KwoKovio 87 Emg
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to 348). Qc aAlniovyio ovoaeopdc ypnoywomombnke m oAAniovyic pe KOO
katoyopong AM933587 (Ryan et al., 2008). Eniong, ypnoyomomOnkav aiiniovyieg
tov F. hepatica g Pdong dedopévav amd meproyés e Boviyapiog (HMS535797 éwg
HM535803) kan ¢ IToAwviag (HM535841 émg HMS535842).

1 1335

|
526\\
5 | Exon1 | | Exon2 gen.DNA | 3

\_'_I

258 Inton1-49bp 1094

cDNA ] &

Ewoéva 7: Emideypévo tpumua tov yovidiov g B-coinvivng 3, mov peietnonke yu v
€DPEDT YEVETIKOV HOVOVOVKAEOTIOIKMY TOAVLOPPICUDV.

A.2.2.4. Aropovoon DNA

Kd&be evidiko mapdcito tomobetovviav pe ) Pondea pog omooTEPOUEVIG
Aafidag oe amoppoPNTIKO YOPTL KOl ATOUOKPLVOTAV 1 TEpiola TG aikodAnc. "Enetra,
TO TTOPACITO TOTOOETOVVTAV GE AMOCTEPWUEVO TAOKIO0 Kot KOPOTOV G€ PKPA TEULAYLOL.
To tepdyo petapepotay o Proaidia mov meptetyav S00ul aroostelpopévo d1dAvpa 10%
Chelex 100 (Bio-Rad Laboratories). Xt ocvvéyewa mpootédnke 100ul mpwteivdong K
(Fermentas) ovykévipoong 20mg/ml kot ta @oAidie tomobBetovviav o€ €101KO
unyovnua endaong (heatblock) yw pia dpoa otovg 55 °C. T'votav avadevon (vortex)
v 2-3 devtepdrenta Kau end@oom Yo pio dpo otovg 95 °C. Enovainyn g avadsvong
(vortex) 2-3 devtepoienta ko @uyokévrpnorn yw 30 devtepoienta ota 1000 g.
Amopdxpovon 10ul tov vrepkeipevov vypov Kot dtivon tov og 90ul arostaypévo Ko
anootepouévo vepd (ITAPAPTHMA 5).

A.2.2.5. Ekxivntég

Yyxeordomkav 4 (ebyn ekKivnT®V Tov ypnoorombnkoy yoo v evioyvon
TUNHOTOG TV YOVIdimV tov F. hepatica kol mapovsidlovtal otov [livaxa 4. H chvOeon
tov ekkvntov €ytve and v Thermo Scientific, Germany. Ot exkivntég Fhmtl.1 F,
Fhmtl.1 R, Fhmt1.2 F xou Fhmt1.2 R ypnoiporombnkayv yuo va evieydcovy 1o Tuniua
tov mtDNA. Ov ekkivntég 28S F ko 28S R evioyvovv 10 tpfua tov 28S rDNA
yovidtov ko ot Tub_F kot Tub R 1o tpmpa tov yovidiov g B-cwinvivng 3.
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IMivakag 4. AAAnAovyieg TOV EKKIVINTOV OV YPNCLULOTOMONKAY Yo TIG OVTIOPAGELS

g PCR.
Mnjkog Tm IIpocavaro-
Ovopoaocio Alnlovyio (Baserc) ¢C) Monude

Fhmtl.1_F 5-GCTTGTGGGTTTTCTTAGGG-3’ 20 50.7 Avodidg
(Walker et al., 2011)

Fhmtl.1_R 5-CAACCAAACCTCAACAACCT-3’ 20 49.0 Kabodog
(Walker et al., 2011)

Fhmtl.2_F 5-TGTGGTGTCGGAGAGTTCTG-3’ 20 50.5 Avodidg
(Walker et al., 2011)

Fhmtl.2 R 5-TAACCATAGGATCCGCCTGA-3’ 20 52.1 Kabodkog
(Walker et al., 2011)

28S F 5-AGCTGATTACCCGCTGAACT-3’ 20 50.7 Avodidg
28S R 5-TGAGAAAGTGCACTGACAAG-3’ 20 47.4 KaBoducoc
Tub F 5-CCGGACAATTTTGTTTTCGGTCA-3’ 23 63.2 Avodikog
Tub R 5-CGTTGGTTCGGAATCCACTCGACAAA- 26 65.5 KaBoducoc

3

A.2.2.6. M£000ooc kK ouvOnkes g PCR

To vAkd kot to OeppokpacloKd TPOTOKOALO TOL YPNGLOTOMONKAV GTIC
dokpuacieg g PCR, avagépovtor otovg mapakdte nivakeg (Ilivaxeg 5, 6, 7 ko 8)
(ITAPAPTHMA 6). H dwdwkacio g PCR £yve og €106 Odhapo kdBetng vnpotikng
pong (PCRWorkstation) mov ypnoiponmoteitol amokAEGTIKA Y100 TOV 6komd avtd. Ta
OVOADGCILO KOl 01 TTETEG TOL YPNCOTOMmONKAY fTaV amokAEIoTIKNG ¥pnong Yo PCR.
Ava 0éka Oetypato ypnotporomOnke kot Evag apvntikog paptopag yopic DNA v v
aviyvevorn toxdév empoivvoewv. Ot avtidpdcelg g PCR mpayparomrombnkav oe
Oeppukd  kokhomowrhy  (MultiGene™ II, Labnet International Inc) o omoiog

TPOYPOUUOTIOTNKE OC TPOG TOV ¥pOvo Kot TIg Bepuokpociec mov amoutoHvTor yio T
de&ayoyn tovg. Ta mpoidvta g PCR nMtav 950 C.B. v 11g dokipaocieg pe TovG
exkvntég Tub F ko Tub R evd yia ta vrodoura (evyn exkivntav, o Tpoidovta oV

850 .p..

IMivakag 5. Zvotatikd g avtidpaong PCR.

Yika IMocétnTO
PCR Ready Mix (Sigma®) 20ul
AV00O1KOG EKKIVITNG Iul (10pmol)
Kabodwdg exkivng Iul (10pmol)
DNA ot6y)0g Ipng
Yrepxdbapo vepo (ddH,0) 13ul
>HvoAo 40ul
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IMivakag 6: Oeppokpaciokd Tpmtokoiro g PCR yia tov exkvn 28S mov gvieyvovv

TO EMAEYUEVO TUM O TOV YoVidiov TDNA.

Ogppokpacrokd tpmtokorio Tng PCR Yo tov ekkivnti) 28S

Apycn| amodiatadn
Amoddtaén DNA otoyov (denaturation)

Ytafepomoinon exkvntav (annealing)

Enéxtaon exkkivntov
Telkn enéktoon

Yvvtipnon
MéyeBoc mpoiovtog tng PCR: 850 C.J.

94°C ywa 3 Aemtd

94°C ywa 30 Ap1Oudg KoK mv
devtepoOrenta avtiopaong: 34
60°C ywa 30

devtepOAETTAL

72°C yw 1 Aemto
72°C yio 5 Aemtd
4°C

IMivakag 7. Ogpuokpaciokd mpmtokoiro g PCR vy toug exkivntég Fhmtl.1 won
Fhmt 1.2. mov evioybovv 10 emheypévo T tov mtDNA.

Ogppoxkpacrokd tpmtokorio Tng AILII yra Toug ekxkivntéc Fhmt 1.1 ko 1.2

Apyn| amodiatadn

Amodidtaén DNA otoyov (denaturation)
Ytafepomoinon exkvntav (annealing)
Enéxtaon exkkivntov

Telkn eméktoon

Jvvtipnon

MéyeBoc mpoiovtog tng PCR: 850 C.f.

94°Cyw 2 Aemtd
94°C yw 1 Aemto
59°C ywu 1 Aemto
72 °C yw 1 Aento
72°C yw 10 Aemtd
4°C

Ap1Oudg KoK mv
avtiopaong: 39

Mivakag 8: Oeprokpaciokd mpwtdkorro ™ PCR yia tov ekkvnt Tub mov evicydouvv
TO EMAEYUEVO TUNHO TOV YOVidiov TG B-cwAnvivng 3.

Oeppokpaciokd tpmtokorio Tng PCR ya tov ekkivnti] Tub

Apycn| amodiatadn

Amodidtaén DNA otoyov (denaturation)
Ytafepomoinon exkvntav (annealing)
Enéxtaon exkkivntov

Telkn enéktoon

Yvvtipnon

MéyeBoc mpoiovtog tng PCR: 950 (..

95°C ywa 2 Aemta
95°C ywa 1 Aemto
55°C ywa 1 Aemto
72°C yw 1 Aemto
72°C for 10 Aemtd
4°C

Ap1Oudg KoK mv
avtiopaong: 35

A.2.2.7. Hhektpo@opnon npoiovtewv PCR og miktopa ayopolne

Middouo 10X TBE
108 g Tris base
55 g Boric acid
9.3 g EDTA
1 lit vepo
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e éva doyelo 2 1 mpooténkoav to mapamdved LAKE Kot avadevotay Yoo 30 Aemtd.
"Enetta ywvotav mpocdiopiopog tov pH kot pbOuion tov, oty tyun pH: 8.3.

MébBodog
Ta ypappikd pdépo tov DNA petokivodvtol oe mikTopa ayopolng vmd v
enidopaon NAeKTpKoD Tediov pe TayHLTNTA AVTIGTPOP®S avaAoyn tov peyébovg tovg. H
TOKVOTNTO TOV TNKTOUOTOS KaBmMG xor 1 epappolopevn tdorn mediov (volts/cm
mktopatoc) pvduilovron pe PBaon to péyeboc twv popiowv mov OBa daywpictovv. H
dwdwkacio £xel og e&nc (ITAPAPTHMA 7):
1. IpooOnkn lgr ayapolng (BIO-RAD) ce 100ml swivpotog 0.5X TBE (Tris-
Boric EDTA, pHS8.3). H ™&n m¢ ayapoing mpayuatonoteitarl pe Bpacud yo 2
Aemtd oe @ovpvo piKpokvudTOV 16oYvog 900 Watt. X1 cuvéyelon mapapével
pepwkd Aemtd oe Beppoxpacio dopatiov kol tpootifeton Ppopovyo obidlo (45
ul/1 apyung ovykévipmong 10 mg/ml, Invitrogen).
2. Epappoletor o KatGAANAOC TPOGOPUOYENS YL TO OYNUOTICUO TOV OOV
POPTMOOTC.
3. To duwWwhvpa ¢ ayopdélng tomoBeteiton ot pATPAL NG  GLOKELTNG
NAEKTPOPOPNONG Y10 VO GYNMUOTICTEL TO TNKTOLLOL.
4. To mnktoupo otabepomoteitor kot petd ™ Povdion tov o ddAvpa 0.5X TBE,
AQOPEITOL O TPOCAPLOYENC.
5. Xe kdéBe omn tomobeteitan mocOHTNTA delypatog mwov £xel avaperydel pe dtahvpa
ypwotikng (6X Loading Dye Solution, Fermentas) yia tnv kataf00iom tov. v
TPAOTN 071N POpT®OoNG TomobeTeitan KaTAAANAOG deikTng poprokov Bapovg (100
bp DNA ladder, Invitrogen).
6. Ta nAextpdodla cvvdcovtal 6Tovg VTOOOYEIS TNG cvokevng Ko pvOuiletal
téomn ota 100V/ecm.
7. Metd 10 TéA0C TG MAEKTPOEOPNONG TO TNKTOUO TOTODETEITAL GE GLGKELN
EKTTOUTNG LIEPUDOOVS OKTIVOPOAOG MoTE Vo umopohv va dtakplfovv kol vo
eotoypaenovv ta tpoidvta DNA mov dtaywpictnroy.

A.2.2.8. Atopdvoen wpoidovrog PCR ywa tov kaBopiopd tng aiinrovyiog

H amopdveon tov mpoioviov tc PCR £&ywve pe ) ypnon tvmomompévng
eunopikng oladkaciog (JETquick Spin Column Technique for PCR Purification,
GENOMED) (ITAPAPTHMA 8):

Ye colnvapla petapepotav 35ul mpoidvrog g PCR kot mpocsBétovtay 140 pl
and 1o dwwivpa HI. I'vétay avapién tov SwAvpdtov pe Ty mméta Kot @OpT™aon ToV
TEMKOD OOADUOTOG GTNV 01K GTHAT, 0oL YwvoTav Quyokévipnon otig 12.000 g y
éva, Aemto. X1 ocvvéyeln ywotav mAvon g otAng pe 175  ul dwwdvpatog H2 won
evyokévtpnon ota 12.000 g yuo éva Aemntd. Metapopd g €101KNG 6THANG o€ Kabapd
ocoAnvaplo kot tpocsOeon 50 pl Stodvpatog TE kot puyoxévtpnon ota 12.000 g yio dvo
Aentd. Mo tov éheyyo g mOOTNTOG TOL TPOIOVTOG, YWOTAYV MNAEKTPOPOPNON OE
TNKTOUA oyopolng pe KatdAAnAo poplokd oeiktn.
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A.2.2.9. T1po6d10pIopos VOUKAEOTIOIKG aAAnAovyiog TV Tunuatov DNA

O mpocdopopds g aAAnrovyiag tov tunudtov DNA kdabe yovidiov mov
peremOnke, €ywe pe v evlopkn péBodo Sanger kot T ypnomn eOoploéviev
EKKIVNTOV amd VOUKAEOTIOWEG meployéc. 'Eywve kabBopiopdg tov mpoidoviov g
OAVCIOMTNG avVTIOPAONG TNG TOAVUEPACNG HE TN XPNON TLTOTOMUEVNG EUTOPIKNG
dwdwaciog (JETquick, GENOMED) mpwv yiver 1 kabopiopdg tov aiiniovyiov. Oo
nmpémel vo onuelmbel 6TL OAeg o1 aAinAovyies Tov Tpoidviwv g PCR &yvav kot yua tig
dv0 aAvcideg Tov DNA (avoodwn kat kaBodikn). O mpocdtopiopdg TS VOUKAEOTIOKNG
aAAniovyiag €ywve pe t ypnon tov unyoviuotog ABI PRISM 3130XL (Applied
Biosystems). XpnotipomomOnkav ot 10101 ekkivntég pe awtovg g avtidpaon g PCR.

A.2.2.10. Enelepyacio vOUKAEOTIONOV KOl ApIvOEIKAOV aAAniovyt®v in silico pe
AP1 O] VTOAOYLOTIK®OV TPOYPUUNATOV

A.2.2.10.1. Zyed1006p0G EKKIVIITAOV (OAYOVOUKAEOTLOIMV)

o 10 oyedwopd Kot TV €OPECT TOV QULGIKOYNUIKAOV TOPOUETPOV TOV
eKKVNTOV, ypnotportombnkoyv to mpdypoppo GeneRunner (éxdoomn 3.01) (Hastings
Software, Inc).

A.2.2.10.2. TIpoypappa To0TOTOINGNG GAANAOVYLOV

H tavtomoinon towv ailiniovyudv mpoypotomomdnke pe 1 ypnon Tov
aropiBuov BLAST (Altschul et al., 1990; 1997) mov amoterel vanpecio Tov National
Center for Biotechnology Information (NCBI) tov €Bviko0 pdpatog Yyeiog tov HITA
(http://www.ncbi.nlm.nih.gov/). Mia vovkAeotidwkn oaAAnAovyio €Gdystor  ©TO
npdypoppa pe popen apyeiov FASTA kol cvykpiveron pe OAeg Tig aAAniovyieg twv
Bacewv dedopévav. Ta amoteAéopaTo TNG CLYKPITIKNG 0VAALGOTG TapEyovTal Auesa (on
line).

A.2.2.10.3. TIpoypappa cvetoiyions aAAnAov IOV

Ot VOOIKEG Kol KaB0dKég aAAnlovyieg TPOGOI0pioTNKAV
YPNOOTOUDVIOG  TO  AOYIGUIKO ChromasPro . 1.5 (Technelysium
Pty Ltd, Avotporia) (http://www.technelysium.com), &vdd 01 GLGTOWICES TOV
GUVOAPUOAOYNUEVOY aAANAovy DV deényOnkay pe 1o Aoyiopkd ClustalW2tool (Larkin
et al., 2007).
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A.2.2.10.4. X0vOgon QUAOYEVETIKOD OEVOPOYPAPNATOG

To 2Aoywopikd mpoypoppa Network v,  4.5.1.0  (http:/www.fluxus-
engineering.com) ypnowomomdnke 7y ™V  oVVOEGN TOV  PLAOYEVETIKOV
devopoypappdtov (ITAPAPTHMA 9).

A.2.3. Movtehomoinon YEOYPOPIKNS KOTAVOUNS HE Yp1on Tov aiyopiBpov Tng
pnéyetg evrponiog (Maxent)

A.2.3.1. TomoBeoieg poéivvong

Kotd t odetypatonyio TtV evAMKOV TOpOGiTOV, £YIVE KOTAYPOQPY TOV
YE@YPOUPIKOV GUVIETAYUEVOV TOV EKTPOPOV O0mov dafrovcay ta (oa Eeviotéc. H
tomofecion TG eKTPOPNG VIOAOYIoTNKE MG oNueio guedviong tov Kabe yovdTLTOL.
Extog amd ta eMnvikd moapdoita, ypnoylomomOnkav OedOUEVOL TOV  OLPOPOVCAV
mopdoito. Tov mpoépyoviav amd €61 yewypapikég meproyés g BovAyapiag (Sofia,
Kostinbrod, Byala Slatina, Yakoruda, Belitsa ka1 Bansko). OAa to mapdoita ond ™
BovAyapia Bpébnkav oe Boogdn.

A.2.3.2. BrokMpoTtikég petafAntés Tov Tom00e610V dErypaTonyiog Topacitmy

Tpeg tOmor mepPoarhoviikdv dedopuévov eANencay v avt) T HEAETN: TO
KMpa, 10 VYOUETPO Kot T dedopéVa KAAvyNG ynS. To cOVOAO TV OEOUEVOV QLTMOV
LETOTPATNKE GE oL KON TPoPoAr), otV €KTOCT TOL XEPTN Kol GTNV TPOCOUOImoN
TOVLG TPV OO TN XPNON TOV AOYICUIKOD TPOYPALLATOG.

Ta dedopéva tov KAipatog (ITivakag 9) (Hijmans et al., 2005) eAqeOnoav ond
mv wotocerida tov WorldClim (http:// www.worldclim.org). H 1ot00€Aida TOL

WorldClim mapéyet yuu ddompo g 50 €t otoygeia péong unvwiog Ppoydmtwong,
eldyotn kar péywotn Oepupokpoacio. Ta dedopéva emefepydlovior  mepITEP® KO
opadomoovvTol o€ pia oepd and Prokhpartikeég petapintés (Ilivaxkag 8). Ta otoyeio
TOV POKMUOTIKOV HETAPANTAOV TTOL YPNoYoTOmOnKoy MTov KOTE TPOGEYYIoN e
avAaAVoN VOGS YIMOUETPOV.

Ta otoyeio yio 10 vyopeTpo avaktnOnkav emiong amd TNV 1GTOGEAIDN TOL
WorldClim. Agdopéva mov apopodsay tnv KAALYN TOV £50(QOVG avaKTHOnKay and to
I'ewroywd Ivotitovto twv HITA (USGS: Global Land Cover Characteristics Database,
version 2 Global) (http://www.edsnsl7.crusgs.gov/glec/). Ta otoyeia oavtd
avoaktOnkav amd avdivon 1 km and tov dopvpdpo AVHRR (Advanced Very High
Resolution Radiometer) ka1 apopovcav dedopéva and tov Ampido tov 1992 éwg tov
Mdéptio Tov 1993.
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Mivaxag 9. Bilokhpoatikés petapintés ovppowve pe 10 WorldClim  mov
ypnoportombnkay otnv povreronoinon (Hijmans et al., 2005).

Buoxkhipotikég Ieprypaoen
petafintég

BIO1 Méom emoa Beproxkpoacio

BIO2 Méon nuepnow dtaxvpavon (Méon unviaia (L€yom
Oepurokpacio — eldyyiot Beppokpacia))

BIO3 [o00eppicotra (Isothermality) (P2/P7) (* 100)

BIO4 Enoyuwomra Beppokpaciog (tomkn amdkiion *100)

BIOS Méyiom Bepprokpacio tov Bepudtepov punva

BIO6 EAdyiot Beprokpacio tov yoypdTEPOL UNva

BIO7 Etmota dwaxopavon Bepuoxpaciog (P5-P6)

BIO8 Méom Beppoxpacio Tov VYPATEPOL TPUVOL

BIO9 Méom Beppoxpacio Tov EnpoOTEPOL TPUNVOL

BIO10 Méom Beppoxpacio Tov OeppoTEPOL TPYNVOL

BIO11 Méom Beppoxpacio Tov YyouypdTEPOL TPUVOL

BIO12 Emoia Bpoydntwon

BIO13 Bpoyoémtwon tov vypodTEPOL PNval

BIO14 Bpoyomtwon tov Enpdtepov pnva

BIO15 Enoyuwcomra Bpoydmtwong (cuvteleotng S1oKOavVeng)

BIO16 Bpoyoémtmwon tov vypodTEPOL TPVOL

BIO17 Bpoyoémtwon tov Enpdtepov tpiunvov

BIO18 Bpoyomtwon tov Bepudtepov Tpyunvov

BIO19 Bpoyoémtwon tov yuypdtEpOL TPYNVOL

A.2.3.3. Movteromoinon TS YEOYPOQIKNS KOTAVOUNS NE TN PN on aryoprOpov

H poviehomoinon g vewypagikng Koatavoung £ywve He TN ¥PNoN TOL
alyopiBuov g péyotg evipomiog émov Paciletar to mpodypappa Maxent (Phillips et
al., 2006). To mpdypoppo Maxent oavomtOGoEL HOVIEAN KOTOVOUNG TOV €OV
YPNOOTOLDVTOG OEOOUEVA TNG TOPOLGING TOV EWDV Kot TEPIPAALOVTIKOV GTOLYEIWV
(Phillips et al, 2004; Phillips et al, 2006; Phillips kot Dudik, 2008). To Maxent &yet
ypnoporombel yuoo g cepd pedetdv kot €xel amoderydel 0Tl givon £va TPOYpOLpLLLOL
povtedomoinong vyniov emddcewv (Elith et al, 2006; Yung-Shen et al, 2007;
Mingyang et al, 2008.).

Xe YeVIKEG YPOUUES, 0 ahydpBuog ypnowomotel dvo aveaptnrta chHVoAL oV
QTOLTOVVTOL Y10 TV OVATTTUEN Kol T OOKIUY| TOV TPOTOTTOV: TV “exmaidgvon’ (training
gain) kot Tov “éheyyo” twv ocdopévov (Fielding, 1997). Emmiéov, to Maxent ce
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oVYKPIoN HE GAAD LoVTEAQ amodidel koAvTtepa pe pkpd péyebog detyparog (Phillips et
al., 2006). v mapovoa peAétn 6Aeg ot tonobecieg g pOAVVONG YpMoIoTOmONKaY
v “ekmaidevon” kot n axpifela Paciotnke ota 010 onueia wov ypnoyomomOnKay yio
mv “ekmaidevon” tov povtédov (Negga, 2007) AOy®w TOL pKpoV 0aplBpod TtV
Tomofec1dV TG LOALVOTG.

A.2.3.4. A& roroynon Tov povtérov Kot 1 ovpfoi] TV PLOKMPOTIKOV pETOfAnTOV

H anddoom tov poviédov agloAoynnke ¥pnoiomoimvTog T0 KATMTOTO OPL0 TG
pebooov threshold mov Pacileronr oty mepoyn kdtw amd v kaumdAn (AUC: Area
Under the Curve) tov deiktn ¢ yopaxtnplotikng Acttovpyiog g kapmoing (ROC:
Receiver Operating Characteristics Curve). H tiun g xoumding AUC vroroyiotnke
and v mepoyn evaichnciog tov ROC (aAnBwvég Oetikd kAdopa) katd 1, peiov v
eodT™TO (Yevdmg Betikd KAdoua) (Swets, 1988). Ot meproyég Tywmv g AUC €xovv
evpog amd 0.5 (tuyaia axpifeia) g ™ péyrot tun 1 (dprot akpifeia).

[Tpoxkeywévou va kaBopiotel moeg petafAntéc cvuPdrAiovy mePGGATEPO OGNV
avamtuén Tov povtéAov, to TpdYpaupa Maxent opiotnke va epapuolel TIc dOKIUEG
jackknife katd t1c omoieg to mpdypapupa Oa extedectel TOALEC Qopég pe: 1) ) yprion
oAV TeV petafAnTtov, 2) T amoudkpuvon g petafAntmg kabe eopd, xor 3)
YPNOOTOLDVTOG HOVo pio petafint) kdbe eopd. Or petafintég mov moapdyovv v
vyNAGTEPN 1 TN YOUNAOTEPN TWN “exmaidgvong”, étav peivovv €€ amd to pOVTEAO
Bempovvionl MG GNUAVTIKEC.

To Aoywopikd GIS ArcGIS ver. 9.2 ypnopomomOnke yoo va amekovicel to
onpeia detypatoAnyiog Kot tnv TpoPAEYN TNG YEOYPAPIKNG KOTAVOUTNC.
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A3. AIIOTEAEXEMATA

A.3.1. Em{moTioloyki] épevva oty Oegocario
A.3.1.1. Zvidloyn derypdtmv

> Oeoocalia Bpioketon 10 12.5% 10OV EKTPEPOUEVOY GUVOAIKA aYOTPOPAT™V
m¢ EAAGSag (TTivaxag 10) kot to 28% twv Proroyikdv. Ot Ploloyikés ekTpoég
aryonpofdtwv amoterovsav t0 0.2% tov aviictoyyov cvpfotikedv otn Oeocoario
(ITivaxkag 11). Tpiavta técoepeg Proroyikeg ektpoic (13% tov Proloyikdv ekTpodv
aryompofdtwv ot  Oeocaiio) kot 40 yewwovikéc  ovuPatikés  EKTPOPEG
oLUTEPIMPONKAY GtV £€pevva €POGOV GLUPOVNGOV Ol OOKTNTEG TOLG KATH TNV
nepiodo LentéuPprog 2006-dePBpovapiog 2007. Xy mapovoa Epguva, GLAAEXOMKaV
871 delypata opov kot 580 delypata kompdvev amd oryorpofato and 74 eKTpoEg
(Ewova 8). Amd 10 chvoro tav detypdtwv, ta 499 detypota opod mpoepydtav omd
npdPata kot ta 372 ond aiyeg. Emiong ta 414 deiypota opod cvAiéyOnkav to
eOwonwpo kol ta 457 10 yewwaova. Téhog, 418 ko 453 delypata opov avrticToryo
nmpoepxdTaV amd Proroyikég Kot GLUPATIKEG EKTPOPES.

Oleg o1 extpo@ég NTav apyng €kTdg omd TPELS Ol OTOIEC OMOTEAOVVIOV OO
mpofata kot yidwn pali e T0G0oTO HWKPOTEPO TOV 5% TOL GLVOAKOV TOGOGTOV TV
Lowv.

Mivaxag 10. Ap1Oudg aryonpofdrmv ot Occcario (EXYE, 2006)

AprOp. EKTPOYOV

Eidog EA\ada Ococaria (Y%*) .
ot Oeocalria
[TpoéPara 9.031.554 1.234.093 (13,7%) 86.235
Atyeg 4.986.346 519.130 (10%) 45.785
YYNOAO 14.017.900 1.753.223 (12,5%) 132.020

* [Tocootd EALGSOG

40°00°N

Thessaly

Elevation (m)
[ High : 2800

. Low : 0
[ Lakes

Rivers

¢  Samples

21°300°E 2°00°E 2°300°E 23°00°E

Ewova 8. Tomoypagpia tng Ocoocarioc. Me KOKKIVEC KOVKIOEG OMUELOVOVTOL TOL OTLLELN
SEYHOTOAN YOG TV EKTPOPDV.
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Mivaxkag 11. ApBuog Proroyikav extpopov kot (®wv oty EALGSa (Ymovpyeio
Aypotikng Avantuéng ko Tpoopinwv, 2005).

I'soypagikég Extpogig Extpogig MikTtég Ap1Opdc Ap1Opdc
TEPLOYES npofdTev ayav EKTPOPES npoPaTv Ay OV
Bgocolio 106 109 50 24913 42.671
Zteped EALGSQ 67 5 55 14.073 10.827
Kpnm 62 2 37 16.852 18.402
Avtikn EArada 60 40 15 12.524 9.575
Avtic Makedovia 47 18 36 10.620 9.433
[MeAomovvncog 22 25 14 2.822 11.793
Avor. Mokedovia kot
Opdikn 20 3 7 6.254 2.916
Kevtpin Maxedovia 18 21 11 5.089 12.971
"Hrepog 13 6 7 3.369 1.865
Bopeio Aryaio 15 3 5 4.334 1.127
[6viot Nijcot 9 12 0 2.204 2444
Nétio Aryaio 5 0 4 442 920
At 1 0 0 120 0
XYNOAO 445 244 241 103.616 124.944

A.3.1.2. Agdopéva g Bpoydntmong kot Tov dgiktn NDVI andé Tovg dopveopovg

Me Bdaon ta dedopéva g Bpoyxontmong (Ewdva 9) mov cuiréyOnkav amd tovg
dopvedpovg Ppébnie O0TL o1 avatolkég meployés g Oeocariog mapovsialov v
vynAdtepn PBpoyomtworn. H vynAdtepn Ty tov deiktn NDVI mapatnpnbnke otig
eKTPOPEG oV PBprokdtav o€ vYoueTpo amd 501 g 1.000 m (TTivaxag 11).

Rain (mm)
Sep 2006 - Feb 2007
I 200 - 250
I 250 - 300
[ 300 - 350
[]350- 400
[ ]400- 450
[ ]450- 500
[ 500 - 600
[ 600 - 700
I 700 - 500

NDVI
Sep 2006-Feb2007

| EEAH

o505
I 025-03
[ o03-035
[Joss-04
[Jo4-045
[ Jos4s-05
[os5-085
[ 055- 085
I 05508

Ewova 9. Yyoc Bpoydmtmong (mm) kon ot tipég tov oeiktn NDVI o Ogocario and
to ZentéuPpro tov 2006 péypt to ePpovapto tov 2007.
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A.3.1.3. KaBopiopog Tov 006090 ¢ doxkipaciog ELISA

O 0v06¢ kabopiotnke pe mocootd BetikodOnrag (PP) 25. H evaioOnoio xat
ewotta kabopiotnke oto 77% xatr 93% v o tpoPata kot 86% kar 100% y ta
yidla avtiotoya. H opoBetikdotra yopiomke 6e dvo katnyopieg: vymin (>50 PP) ko
younAn (25-50 PP) opoBetikdtna.

A.3.1.4. Emumolaocpog tov F. hepatica oto ovyompofoto kol kabopiopds tov
TOPAYOVTOV EMKIVOVVOTNTOS

O emumolacpdg oe emimedo extpoen|g Ntav 16.2% (12/74) pe 1 doxyocio TOv
kompoavtryovov (Ewova 10) ko 78.4% (72/74) pe m doxipacio ELISA. Zta npdfata
o emmoAacuds Nrav 11.3% (39/346) pe ™ doxyacio Tov OeTikod KOTPOAVTIYOVOL Ko
47.3% (236/499) pe v ELISA (oporoyikng) (ITivakag 12 kot Ewova 11). X115 aiyec o
emumolacpog Nrav 3.8% (9/234) pe ) doxkyoacioo Tov OeTikod KOTPoOvTIYGVOL Kot
15.9% (59/372) pe v ELISA. Mg Bdon v vynin opoBeticotra to 10.2% twv
eCetalopevav (oov Ntav poivcouévo and ta omoio o 15.6% nrtav mpofata kot to 3%
nrav aiysg.

Mo ektpo@n| eBewpeito poAvouévn av TovAdyioTov éva (Do NTaV HOAVCUEVO
pe TN doKacio. TOL KOTPOAVTIYOVOL 1] TNG OPOAOYIKNG €EETOONC. XZVOUQOVO UE TO
OMOTEAEGHLATO TG OTOTIOTIKAG AVAAVONG 1 SVoYETIon HeTold Tav piC (N mhavotta
pe eKTpoen vo givar polvopévn Omog kabopiotnke pe ) doKipacio tov Oetikov
KompoavTydvov) kat pit (N mOavOTNTA [0 EKTPOPY VO givar poAvouéVY OTC
kaBopiomnke pe v vymAn opobetikdtnra) Nrav 0.97 pe ddotnuo epmotocvvng (CI)
95%: (0.76, 0.99) (ITivaxog 13 xou [TAPAPTHMA 10). Avtifeta, n cvoyétion g
mOavOTNTOG MG EKTPOPNG Vo givor poAvouévn Omwg kabopiotnke o) HETOED TOL
OeTik00 KompoavTyovou (pi) Ko T xapnAn opodetikdtnta (pi-) kat B) v vynif (pi)
Kot T xaunA (pi-) 0podeTIKOTITA SEV HTOV GTATIOTIKOS GNUAVTIKY (08 eninedo 5%).
Olo To 0moTEAEGUATO TG OTATIOTIKNG AVOADONG, O1 TOPAYOVTES EMKIVOLVOTNTAG KOL O
AOYoC tov oxetikov mhovotitov, 0w Kabopiomnkav amd 1O oTATIOTIKO HOVTELO
(BeTcd KompoavTLyOVO Kot vynAn opobetikdtta) mapovsidlovtar otovg Ilivakeg 14,
15, 16 xou 17.
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Ewova 10. Aoyeio 96 Bobpiwv g omoiag opiopéveg oepég Pobpinv (A, C, E, G) siyav
TPOGKOAANUEVO €101KO TOAVKA®VIKO avTicmpa IgG katd tov F. hepatica. Ot vmOLomeg
oelpég ¢ wkpomidkag (B, D, F, H) &iyov mpookoAlnuévo €31kd TOALKA®VIKO
avticopa To omoio dev eivart €101k Yo 10 Tapdotto. Oetikd detypata: Cl, G3, E9, C5,
ES, G6, A9 xou G10 PobBpia. E12/F12 ot G12/H12 apvntikodg kot OTIKOS LapTUpog
avticTotyo.

600

uynAn XaunAR
OPOBETIKOTNTA OPOBETIKOTNTA 0OpPOBETIKOTNTA

500 -
KOTTPOQVTIYOVO
400 -
= .
300 | BeTIKG
o .
apWNTIKA
200 -
100 -
0 a

TPORaTa  aiyeg TpoBaTa  aiyeg  TpoOBata  aiyeg TPORaTa  aiyeg

Ap18uog Jwwv

Ewova 11. Emmmolacudg tov F. hepatica ota aryompdfata pe Paon ) doxyacio Tov
Oetiko kompoavtiydvov kot ¢ ELISA (vymAq kot yopmAr opobetikdtnta) ot
Oeoccaiio.

Me ) dokipacio Tov BeTikol Kompoaviydovoy Bpédnke 6Tt  mhavoOHTHTO oG
EKTPOONG va etvar polvouévn pe F. hepatica tov onUOVTIKA DYNAOTEPT] OTAV 1| GUAN
TV Tpofdtv Nrav opevov Tomov (95%CI: 5.23, 26.61), n nhikia Tov Tapaywyod nTav
ton kot kdtow omd 45 € (95%Cl: 2.54, 9.42), o efomMoudg TG EKTPOPNG MNTOV
avenapkng (95%CI: 6.60, 19.57), n yopynon avOeAuvOKov @oppakov yvotay o
@opa 10 £10¢ (95%CI: 5.68, 19.24) xar 0 PBookodToTOg NTAV WIOTIKOS (95%Cl: 4.22,
33.87). Emiong n mBovomta pog eKTpo@n vo givol poAvouévn pe F. hepatica
emnpealdtay OeTikd pe 0 VYog TG PpoydmTong Tov 12 televtainy unvov Tpv
detyporonyia (95%CI: 7x10-4, 0.02) kot TiG YEOYPAPIKEG GUVTETAYUEVES (YEWYPAPIKO
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unkog 95%CI: 0.02, 0.39 ko yeoypapikd mAdtog 95%CI: 0.01, 0.14), onladn n
Bopeloavatolkn Osocaria. Evd to emimedo g poéAvvong pewwvotav Otav oTnv
extpoon 1o €idog tov Lwov Mrav ot aiyeg (95%CI: -18.02,-0.17), extpépovtav {da g
opewvng euANg mpofdrtov (95%CI: -50.83, -0.18), n exktpoen NTav Proroyn (95%CI: -
23.05, -0.38), o apBudés tov {owv oty ektpoen Nrav peydrog (301 émg 1800 o)
(95%CI: -13.99, -0.54), n yoroktomapaymyr avéoavotav (95%CI: -0.10,-0.02), n k6mpog
QO LAKPLVOTOAV TAVE Omd dV0 Popég T0 Ypovo (95%Cl: -30.61, -9.14), oV exTpoen
epappolovtav avlerpuvikr| Oepancia (95%CI: -7.49, -0.09), ta (oo dev Epyoviav ce
ermapn pe (oo and dileg extpoés (95%CI: -51.46, -4.12), o1 fookdtomotl dev MoV
puovipot (95%CI: -26.32, -0.25), n d1dpketa g Pooknong ntav 3 pe 6 unveg (95%CI: -
11.84, 0.48), ko 6tov av&avotav 10 vYOueTpo NG eKTPoPnS (95%CI: -0.06, -0.02) kot
N péon unvwaia Beppoxpacio tov 12 tehevtaiov unvov mpty ) derypotoinyio (95%Cl:
-0.04, -0.01). Ov mopdyovteg mov oev Ppédnkov vo emnpealovv ™ pdAvvon TV
extpoewVv pe F. hepatica ocopemva pe TN OOKILOGIO TOV KOTPOAVILYOVOL NTOV: TO
EMIMEDD EKTAOEVONG TOV TAPAYM®YOV, 1| GLYVOTNTA TNG KTINVINTPIKNG EMIPAeyng g
eEKTPOONG, M MAkio tov (®ov ommv omoia ywotav ovOeiuvOwn Oepameia, ov ot
BookoOTomOl Ntav vypol M oteyvol, M emoyn derypatoAnyiog, n owbeon vepov ©TO
otdpro kot otn fOCKNON.

Me Bdaon v vynin opoBetikdtnta Bpédnke 60T N MBAVOTNTO L0 EKTPOPNG VO
elvarl BTk NTOV GNUOVTIKA LYNAOTEPT OTAV GTNV EKTPOYPTN TO €100¢ TOL oL NTOV
npoPata (95%CI: 0.64, 7.51), n extpoen Ntav Poroywn (95%CI: 1.01, 6.81), o
apOuog tov exktpepdpevov (owv Ntav pukpds (<150 {oa) (95%CI: 4.52, 14.15), n
NAKia Tov mapaywyol NTav ion kot kKatw ond 45 £t (95%CI: 0.06, 6.51), o eEomMopog
™G ekTpopng Nrav enapkng (95%CI: 0.04, 6.42), 6tav n avOeAvOkn Bepaneio yvotay
og 6\ ta Coa aveEapttov nikiog (95%CI: 0.90, 7.88), n focknomn yvdTav 6e VYPOVG
Bookotomovg (95%CI: 2.58, 9.35) kot 6tav avéavotav 1 tun tov NDVI (95%CI: 0.46,
11.49). Evd 10 eminedo tg pOAvvong Helwvotav Otov TO €mMEd0 HOPO®OONG TOL
mopayyod Ntav vynio (95%CI: -13.13, -0.78) n kOTPOC AMOUAKPLVOTAY TAVE OO
dv0 popég to xpovo (95%CI: -12.59, -4.12), n cvyvoOTNTA TG KINVIOTPIKNG EMIPAEYMC
™mg exktpoPng unvioia (95%CI: -74.15, -7.77), n owbpkea g Pocknong Nrov 3 pe 6
uveg (95%CIL: -6.18, -1.98). Emiong to emimedo tng pOALVONG HEIOVOTOV OO TO
yeypapikd pnkog (95%CI: -0.17, -0.04), oniadn n mOBavOTNTA HOG EKTPOPNG OTIC
OVOTOAIKES TTEPLOYEG NG OeocooMag v eival apvnTiky NToV CNUOVTIKA LYNAOTEPN.
TéLog, 10 emimedo TG LOALVONG HEWOVATAY OV 1] XOPTYNOT TOV VEPOD KATA TN dLAPKELN
mg PBooxnong ywotav amd vopaywyeio (95%CIL:-18.72, -3.16) xor motapr (95%CI:-
11.57, -1.40). Ov mapayovteg mov Ppébnkav vo punv emnpedlovv to €minedo NG
HOAVVONG OTI EKTPOPEC CUUP®VO UE TNV VYNA 0pofeTikdTnNTO MTOV: 1N QLAY TOV
{owv, T0 VYog TG YoAoKTOTapay®myNg, M avOeiuvOwm Oepaneion kobdg kot m
ovyvotTo yopnynong g Oepamnciag, av ta (oo epydtav oe gmoer pe (Oo dGAAw®v
EKTPOPOV KATA TN ddpkew ™S PoOoknomng, 1o €i00¢ T0v PookotdOTOV (1OWTIKOG,
KOWOTIKOG 1 GLVOLOCUOS TOVG), 1 YOPNYNON TOv VvepoL o©t0 OTAPAO, M &moyn
OEYHOTOANYING, TO VYOUETPO TNG EKTPOPNG, N HECT unviaia Bepuokpacio Kot To VYOG
™G Bpoyomtmong twv 12 televtainv unvav Tpv T OElyLATOANYia.
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MMivaxag 12. Emmwolacudg tov F. hepatica o€ eninedo ektpopng kot {omv, OTmg Kabopiotnke He TIg S0KIHGieg TOL BeTikoh KOTpoavTrydvou Kot
¢ ELISA (vynmAn ko yapnAn opofetikotra).

Kompoavroyovo OpoBetikoTqTo Opog;’r:llgl‘m‘w Xapniq OpoBeTikoTnTa
Opaodeg N* N** (%) N n (%) n (%) n (%)
Extpogéc 74 12 (16.2) 74 58 (78.4) 29 (39.2) 56 (75.7)
[IpoParwv 40 8 (20) 40 34 (85) 22 (55) 34 (85)
Avyov 34 4(12) 34 24 (70.1) 7 (20.6) 22 (64.7)
E&etaldpeva {oa 580 48 (8.3) 871 295 (33.9) 89 (10.2) 206 (23.7)
[TpoPata 346 39 (11.3) 499 236 (47.3) 78 (15.6) 158 (31.7)
Alyeg 234 9(3.8) 372 59 (15.9) 11 (3) 48 (12.9)

*N: ZovoAkog aptOudg
**n: ApBpdg Betikdv extpopmv 1| (OwV

IMivaxkag 13. Zvoyétion petald Tov mhoavoTHTeV HoG EKTPOPNS VA vl HOAVGUEVT OTWE TPOGIOPICTNKE UE TIS SOKIUAGIEG TOV BeTi0D
KOTPOOVTLYOVOV, TNV DYNAR KO T XoUNA 0pobeTikdTnTO.

Yvoyétion Mécog 95% CI

Kompoavtiydvo/ Yynin opobetikdtnta 0.97 (0.76, 0.99)
Kompoavtiydvo/ XapunArn opobetikdtnta 0.44 (-0.24, 0.87)
Yynmin opoBetikdtnto/ XapnAin opobetikdtnta 0.39 (-0.23, 0.87)
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MMivaxkag 14. AvéAlvon TV YOPpOKTNPIOTIKOV TNG EKTPOPTNG KOl TOV KTNVOTPOPOV G€ GYE0T e TNV EU@avion TG woAvvong pe F. hepatica pe
Baon ™ doxyacio aviyvevong Tov BeTiKov Kompoavtydvov Kot Tnv vynAr opobetikdtnrta. Ta arotedéopato mTapovstaloviol og HEGOs, AOYOS
oxetikov mavottv (OR) kot 95 % didotnua epmictootvng (CI).

Konpoavtiyévo Yynin opofeTikotnTa
IMapdyovteg N' n’ (%) Méoog (95% CI) OR (95% CI) n (%) Méoog (95% CI) OR (95% CI)

Eidog Laov

npoParto 40 8 (20) NS® 1 22 (55) 3.59(0.64, 7.51) 1

atyo 34 4 (12) -9.54(-18.02, -0.17) 0.14(7x10°, 0.75) 7 (21) NS 0.76(0.30, 1.00)
O8]

Opetwvov tomov (TpdPato) 11 5 (45) 19-34(5.23, 26.61) 1 9 (82) NS -

Xiov 6 1(17)  -20.05(-50-83,-0-18) 2x10°(107"%, 2x107) 1(17) NS -

Adec puALg 15 3 (20) NS - 8 (53) NS -

Capra prisca 29 4 (14) NS - 6 (21) NS -

Yronédov (atlya) 6 0(0) NS - 1(17) NS -
TOmOg EKTPOPTG

Bioloyn 34 309 -11.55(-23.05, -0.38) 1 14 (41) 3.47(1.01, 6.81) 1

Soppoticn 40 9(23) NS 979(0.35, 855900) 15 (38) NS 0.69(0.35, 0.98)
Méye0og skTpo@nig

0-150 {oa 20 5(25) NS 1 11 (55) 9.31(4.52, 14.15) 1

151-300 Loa 16 3(19) NS - 6 (38) NS 0.34(0.007, 0.64)

301-1800 Loa 38 5(13) -7.68(-13.99, -0.54) 112(0.03, 4203) 12 (32) NS -
"Yyog yohaxtomapaymyig NA* NA -0.05(-0.10, -0.02) 1.05(1.04, 1-:08) NA NS -
H)wio ktnvotpé@ov

<45 gtov 32 8 (25) 5.77(2.54, 9.42) 1 14 (44) 3.38(0.06, 6.51) 1

>45 etdv 42 5(12) NS 0.19(0.001, 0.69) 15 (36) NS 0.93(0.81, 0.99)
Eninedo pépomong

Bacwn popewon 51 6 (12) NS - 22 (43) NS 1

move and ™ 9-ypovn Pacikn) 23 6 (26) NS - 7 (30) -5.69(-13.13,-0.78) 0.009(0.003, 0.031)

exmaidevon

N: Zuvorkdg aptOpoc

n: ApOpdc OeTikdY EKTPOPOV

*NS: Mn onpavtikdc mapyovtag
*NA: Zoveyopevn T Tov TopdyovTol
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MMivaxkag 15. AvdAvon Tov YopaKINPIoTIKOV NG S0YEIPIONG TG EKTPOPNG GE GYECT LE TNV EUPAVIOT TG LOAvveNG ue F. hepatica pe Pdon ™
dokipacio aviyvevong tov BeTKoD KoTpoavTiydvou kot TV vynAn opobetikdtra. Ta anotedécpata mapovstalovtol ¢ HEGOGS, AOYOG GYETIKAOV
mBavotntev (OR) kot 95 % dbotnpa epmictocvvng (CI).

Konpoavtiyévo Yynin opoBeTikotnTa
IMapdyovrteg N' 0’ (%) Méoog (95% CI) OR (95% CI) n (%) Méoog (95% CI) OR (95% CI)

ToyvoTNTO OTORAKPLVONG TS KOTPOL

Avo Qopég To YpdVo 35 6(17) -6.15(-11.70, -0.25) 1 14 (40) -3.44(-5.46, -1.21) 1

Mu popd To xpdvo 23 4(17) -18.61(-30.61,-9.14) 2x107(107,0.001) 9 (39) -9.22(-12.59,-4.12) 0.04(0.002, 0.24)

IMoté 7  1(14) NS’ - 3(43) NS -
ToyvotnTo KTMVITPIKG emifleyng

IMoté 9 11 NS - 3(33) NS 1

Yravia 60 6(10) NS - 22 (37) NS -

Kdbe pmiva 6 1(17) NS - 0(0)  -32.04(-74.15,-7.77)  9x10°(107, 2x10™)
E&ontlopnog ektpoiig

Avemapkig 56  11(20) 14.70(6.60, 19.57) 1 22 (39) NS 1

Emapirg 18  2(11) NS 0.58(5x107,0.99) 7 (39) 3.01(0.04, 6.42) 8.58(1.46,36.91)
AvOghpuvOuc Ospaneia

O 17 3(18) NS 1 5(29) NS -

Nt 57  9(16) -3.71(-7.49, -0.09) 0.28(0.08, 0.77) 24 (42) NS -
Toyvomnto avisipvOung Ospameiog

Mia popd 10 ypovo 33 721 13.86(5.68, 19.24) 1 14 (42) NS -

Avo @opég o Ypdvo 24 2(8) NS 0.83(0.05, 0.99) 10 (42) NS -
Hlwio Comv yopiynong avlshpuvOuig Ospamsiog

<1 ypovav 3 0(0) NS - 0(0) NS 1

>1 ypovav 12 3(25) NS - 5(42) NS -

AveEaptitov nhuciog 42 6(14) NS - 19 (45) 3.78(0.90, 7.88) 4x107(0.89, 4x10°%)
Ema@1 komadiov pe Ghlo kowadio

On 12 1) -34.38(-51.46, -4.12) 1 4 (33) NS -

Nt 62 11(18) NS 0.01(6x107, 25 (40) NS -

30510)

N: Zuvokdg aptBpoc
n: ApOpdc OeTikdY EKTPOPOV
3 P ‘
NS: Mn onpavtikds mopdyovrog
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MMivaxkag 16. AvdAvon Tov YopaKkINpIoTIKOV NG Sloyelptong Tov fOOKOTOTOL GE GYECT LE TNV EUPAVIoT TG LOAvveng pe F. hepatica pe Paon
™ dokacio aviyvevong tTov BeTikov KOTpoavTydvov kot TV vynAn opobetikdtra. Ta amoteAéopata mopovoidlovior g PEGog, AdYoG
oxetik®v mavottv (OR) kot 95 % didotnua epmictoctvng (CI).

Konpoavtiyévo Yynin opofeTikotnTa
IMapdyovrteg N'  n’ (%) Méoog (95% CI) OR (95% CI) n (%) Méoog (95% CI) OR (95% CI)

Moévipor fockoétomor

Nt 49 9(18) NS’ 1 19 (39) NS -

On 21 2(10) -16.56(-26.32,-0.25) 0.20(0.005, 0.69) 10 (48) NS -
Awdpkelo Béoknong avd £1og

12 prveg 51  8(16) NS 1 18 (35) NS 1

3-6 unveg 20 3(15) -6.66(-11.84, -0.48) 0.27(0.007, 1.12) 11 (55) -4.01(-6.18, -1.98) 0.41(0.05, 1.43)

Kaborov 3 1(33) NS - 0 (0) NS -
Eidog pookotémov

[81wTiKdg 10 1(10) 19.12(4.22, 33.87) 1 3 (30) NS -

Kowotukoe 42  5(12) NS 0.07(107, 0.57) 16 (28) NS -

Kot o1 dvo 20 5(25) NS - 10 (50) NS -
Tvmog Pookotomov

Yteyvog 45 49 NS - 12 (27) NS 1

Yypog 25 7(28) NS - 17 (68) 5.74(2.58, 9.35) 38.03(5.19, 131.9)
Hapoy vepov oto PookoTomo

Ydpaywyeio 17 2(12) NS - 3(18) -11.76(-18.72, -3.16) 1

Motéyu 22 1(5) NS - 11 (50) -6.24(-11.57, -1.40) 10(1.50, 1091)

Ty 15 1(7) NS - 7(47) NS j

Stépva 17 741 NS - 8 (47) NS -
Hapoyi] vepov oto oTafro

Ydpaywyeio 61 11(18) NS - 20 (33) NS -

Motéyu 3 1(33) NS - 2 (67) NS -

IInym 10 0(0) NS - 7 (70) NS -

N: Zuvorkdg aptBpoc
n: ApOpdc OeTikdY EKTPOPOV
3 P ‘
NS: Mn onpoavtikds mopdyovrog

61



MMivaxkag 17. Avédivon tov TeptPaAloviiK®V TapayOVI®mV GE GYECT UE TNV gUEdvion g woAvvong ue F. hepatica pe Pdon 1 dokipocio
aviyvevong Tov BeTKOV KOTPOOVTIYOVOL Kol TNV LYNAN opobetikdtta. Tao amotedéopato mopovotdlovior o¢ HEGOC, AOYOS GYETIKOV

mBavotntev (OR) kot 95 % dbotua eumictosvuvng (CI).

Konpoavtiyévo Yyni1 opoBeTikotnTa
IMapdayovrteg N' n’ (%) Méoog (95% CI) OR (95% CI) n (%) Méoog (95% CI) OR (95% CI)

Emoy dsrypatoinyiog

DOwoOT®PO 34 309 NS’ - 13 (38) NS -

Xeovog 40 11 (28) NS - 16 (40) NS -
Y WOuETPO EKTPOPDOV NA* - -0.04(-0.06, -0.02) 1.03(1.02, 1.04) - NS -
MO’ NA - -0.02(-0.04, -0.01) 1.02(1.01, 1.03) - NS -
EB® NA - 0.01(7x10™, 0.02) 0.99(0.99, 1) - NS -
M_NDVI’ NA - NS - - 5.04(0.46, 11.49) 0.98(0.96, 0.99)
TUVTETAYPEVEG TNG EKTPOOTS

Tewypopucd punKog NA - 0.26(0.02, 0.39) 0.9996(0.9978, 0.9999) - -0.09(-0.17, -0.04) 1.06(1.01, 1.10)

T'ewypaeucd TAdTog NA - 0.07(0.01, 0.14) 0.996(0.993, 0.999) - NS -

'N: Zuvokdg aptBpoc

n: ApOpdc OeTkdY EKTPOPOV

*NS: Mn onpavtikdc mapyoviag

*NA: Zoveyopevn T Tov TopdyovTol

SMO: Méooc 6pog g Oeppokpasiag (Kelvin) e meployfic e ekTpoehg, Tov 12 tedevtoinv unvev mpv m detypatolnyio
EB: Etota Bpoyémtmon (mm) Thg TepLoxig TN EKTPOPRG, ToV 12 tedevtoimy pnvév mpv T derypotolnyio

"M_NDVI: Mécoc 6pog tov deiktny NDVI g meptoyig the eKTpognc, Tov 12 tekevtaiov pmvav mpv ) detypatodnyia
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A.3.1.5. AToTeELEOPOTO KOTTPOVAVOLOYIKTG avaAveng pe T nébodo McMaster

Ao ta 580 delypato KOTpAvVEOY TOL £EETAGTNKOV GLUVOAIKA, GE Tpio delypaTa
Bpénkav 3 avyd (Ewk. 12) avd ypappdpro kompdvov, pe ™ péBodo McMaster. Ta avyd
npoepxdTaV amd mpdPata 600 CLUPATIKOV EKTPOPAOV TOV vouov Kapditsag.

Mepoakidolo .

Ewova 12. Avyo6 Fasciola hepatica ond npofato tov Afpov Movlokiov pe prxog 140
pum kot TAATog 65 pm.

A.3.1.6. Teoypagiké ocvotnua ainpogopiwv (GIS) yva ™ yoproypdenon g
TOPUTNPOVUEVIIS KOl TPOPAETONEVIS OYETIKNG EMKIVOLVOTTOS ERPAvions tov F.
hepatica o€ ekTpo@éC avyompofatmv

Yxeddonke YApTNG YOPIKNG TOPEUPOAIG NG TOPATNPOVUEVNG OYETIKNG
emkvovvottog (ITAPAPTHMA 11) puoéivvong pe F. hepatica ocOpowvo pe 10
OTOTIOTIKO HOVTELD. Alamotdfnke 0Tt 1 vOsog Ntav mlavotepo va Ppedel oTig duTiKE
Kol VOTI0-0vOTOAIKES TTeployég g Oeocariog (Ewova 13A). Ta amoteléopata g
YOPIKNG OTATICTIKNG avaAvons oe opddeg (spatial cluster analysis) €dei&av pio mibovn
€otiol oMo UEVOV EKTPOQP®V UE F. hepatica 6t vOTIO-0voToAIKT Ococoria (p=0.004)
Kol 000 0eVTEPELOVTMG TOAVEG eoTieg otn dvTkN Oecoario (p=0.0045 kot p=0.0725)
(Ewova 13A kot mivaxog 18). H oyetikn emikivouvotnta pOALVONG G TN TNV €0Ti0
ntav 5.7 eopég mep1ocdtePos amd OTL 0TI dAAeg mEpLoyEs. To povtédo g TpoPreyng
€0€1Ee OTL 1| OYETIKN EMKIVOLVOTNTO, HOAVVENG Le F. hepatica oTig eKTPOPEG amd TOV
YentéuPpro tov 2007 éwg to DePpovdpo tov 2008, NTav vyNnAdTEPN OTN SVTIKN
TEPLOYN KOl GTNV AVATOAIKY| kT TG Oeocariog (Ewova 13B).

Eniong oyedidotnie xdptng xwpikng maperoAng Tmv meploymv mpoPAeyng e
OYETIKN emKvOLVOTNTO HOAVVoNG ne F. hepatica otig extpoeés g EALGSaG Yoo To
¢toc 2007 (ITAPAPTHMA 12). Ot meproyég otic omoieg n vocog ntav mhoavotepo va
Bpebel (>20%), NTav N SLTIKN TEPIPEPELN, O1 OVOTOMKEG OKTEG Kot 1) BOPEIOAVATOAMK
mepoyn s xopog (Ewova 14). Or meproyéc, oOueOva e TO HOVTEAO OTIS OTOIEG M
voo0g etvar Arydtepo mhavo va aviyvevBel ntav n Kpnn, ta vioud tov Notiov Atyaiov,
n Xteped EALGSa, 1 avatolkn [Mehondvvnoog kou 1 Avtikr) Makedovia.
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Mivakag 18. Inuavtikd mbavég eotieg poAvvong pe F. hepatica otn Oescaiio.

EoTieg

Ovopo

T0m00E6i0C  TEPMTOGEOV

AprOpog

Avapevopeveg

MEPUTTACELS

TETIKN
ETLKIVOLVOT T

p_
value

[T0avég

AgvtependvVImG
mhaveég

AgvtependvImg
mhaveég

Bpovawa
(N.
Maoyvnoiog)
Aoumepd,
Ay.
I'eopyrog,
Povooo,
Mn1pomoin,
Movlaxt
(N.
Kopditoag)
Bloyoyibvvi
(N.
Adpioag)

11

19

2.15

7.41

2.68

5.70

2.99

3.62

0.0004

0.0045

0.0725

Télog, éyve eméktoon tov povtélov TpoPAeyng oty meployn e Mecoyeiov
Kol OYEOIOTNKE YAPTNG NG YOPWKNG TOPEUPOANG TOV TEPLOYDV TNG OYETIKNG
emkvovvottog poAvvon pe F. hepatica otig eKTpoPEég TV TEPloydv g Mecoyeiov
(Ewova 15). Epocov m amewkdvion tov poviéhov mpdPieyng Paciommke otnv
neporrovtikny petafinty NDVI, n enéktaon tov poviéhov ntav dvvatdv va
npaypatonombel e OAN Vv meployn g Meooyeiov. Ot meployéc otig omoieg 1 vOoog
Nrav mbavotepo va Ppedet

Meooyeiov.
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Observed

relative risk
Sep 2006 - Feb 2007

[ ]06-07
[ o0.7-08
[]os-09
B 0.9-1
Bl 1-1.15
Bl 1.15-1.25
Bl 1.25-1.35
Bl 135-15
B 150-16
Bl i6-18

& Samples

Predicted
relative risk

Sep 2007 - Feb 2008

Bo-05
B os5-07
I o7-09
[ 0.9- 1.1
B 11-13
Bl 13-15
C115-17
Hl17-2
El2-23
233
B 3-45

(B)

Ewova 13. (A) Xdapmg yoptkhig mopepfoing TV mopatnpoOUEVOV TEPIOYDV TNG
OYETIKNG EMKIVOILVOTNTA UOALVONG TOV aryortpofdtmv pe F. hepatica ot Ogccaia
Katd ™ dbpkeln TG detypatoAnyiog (Zertépppro 2006 Emg PePpovdpio 2007) vd v
emidpaon tov Oeiktn NDVI. H pébodoc g yopwng mapepfoing (Oliver, 1990)
YPNOILOTOMONKE Y10 VO VTOAOYIGTOVV Ol GYETIKEG TYEG EMKIVOLVOTNTOG OVAUESO GTO
onueio derypotoAnyioc. Mn oklouéveg meployés eivar €€ omd TNV £€KTOOT TOV
epoydv pe detypa ko giyav eEoupebel amd 10 ywpkd medio mapepPfoing. Ot kvkAot
delyvouv TiIg mbavéG eotiec g uoAvvong ue F. hepatica (cvveyng ypouun: mOaveg
€oTieg, OlOKEKOUUEVT YPOaUUn: devtepevovime mbavég eotieg). (B) Xapmng yopikng
TapeUPOANG TPOPAEYNS TOV TEPLOYDV TNG CYETIKNG EMKIVOLVOTNTOC HOAVVENG Ue F.
hepatica ot Ogocolio 10 emoOUEVO £€10G NG detypotoinyiog (ZemtéuPpro 2007 émg
dePpovdpro 2008).
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42°00°N

41°00N

40°00°N

39°00N

3B0OUN

300N

300N

350N

Bulgaria

Turkey

21°00°E

2°00°E

25'00E

26°00E

27°00E

Predicted
relative risk

1 2007

s
I os-07
] o7-1
] 1-13
[J13-1s
[ J1s-2
[J2-2s
[ J2s-3
[d3-3s
[ 35-4
—IE

— X

Ewova 14. Xdaptg yopikng mopepPoing mpoPreyns TV TEPOYDOV TNG GYETIKNG
emkvovvotto. poAvvong pe F. hepatica otmv EAAGOa 10 2007. To poviého
KATOOKELAGTNKE PacIoUEVO oTIg TIEG Tov ogiktn NDVI otnv EAAGSa.

Predicted
relative risk

2007

o os
[ RERE
o074
=112
1215
=2
[Jz-25
[Jzs-3
[Jz-25
254
=0

—

Ewova 15. Xdaptg yopikng mopepPorng mpoPreyns TV TEPOYDOV TNG GYETIKNG
emkvovvottog poAvveong ue F. hepatica ot Meoodyeio 10 2007. To poviéro
KATOOKELASTNKE Paciopévo oto €0pog TV 0.25-0.81 tov deiktn NDVL
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A.3.2. T'egveTikn] avdivon

H avaivon aiiniovyioc DNA (sequencing) €ywve oe 153 evijlika mapdoita F.
hepatica and v EALGSa (vopoi: "EBpov, Poddnng, KaParag, ITepiag, Oconpwrtiag,
Adapoag ko Kapditoag) mpoepyoueva amd 31 npdfota kot 3 Pooegwdn, Katd ta £
2005 émg 2007.

A.3.2.1. T'evetikn avaivon Bacer emigypévov Tufportog tov 28S rDNA

‘Enetta amd tov Kafopiopd TV VOUKAEOTIOIK®OV GAANAOLYLOV £YVE TOPAAANAN
ovotoiyion oe 209 mpoidvta tg PCR, ek twv omoiwv ta 143 mpoegpydtav omd v
EMGda, 18 and v Boviyapia kot 48 and v [oAmvia Kot aviyvevdnkav evvéa BEcelg
YEVETIKOV LOVOVOVKAEOTIOIKAOV TOAVHOPPIGUAOV (SNPs). Q¢ aiiniovyio avaeopdg
ypnoortominke ovty pe Kodowod wotayopiong AJ440788 ot Pdon oedouévav
(Fasciola hepatica partial 28S rRNA gene, Bolivia: Northern altiplano) (Marcilla et al.,
2002).. ®aiveror 6TL LEIRPYAV dVO KVPLOot YovoTumot (lineages) oto yovidlo 28S rDNA
kol mwpoodopiomkay ¢ bl05SG wor b10SA (Ilivaxag 19). Avtoi ot yovoTvmOL
Sroympiloviav and 1o voukAeotido (A/G) otn Héon 105" tov yovidiov. To 49.65 % twv
eCetaldpevav eMNVIKav detypdtov avnke oto yovotumo bl105SA kot to 40.56 % oto
yovotvomo bl105G evd m etepolvymtion mpoodiopiotnke 610 m0coctd 9.79%. Oocov
apopd to detypoto omd TIC AAAeG ywpes, ot yovotumor b10SA kot b10SA nrtav
avtiotorya, 69.23% xar 30.77% yw ) BovAiyopio kot 54.17% xou 39.59% vy v
[ToAwvia (Ewova 16). Ewdwotepa yia ta ostypata and v [Horwvia mapampndnke o
yovotumog b105C/T ot 105" 0éom. Ot aAAnlovyieg TOL AVIITPOCMAELOVY AVTH THV
opdda £xovv Tovg K®OKovg kataympnons: HM369314, HM369358 kow HM369326. Ot
aAAnAovyieg Tov mapacitov and v EALGSa, katayoprdnkav ot Pdon dedopévav e
TOVG K®MOKOVS Katoympnons omd HM369155 éwvg HM369289 kou and HM369303 g
HM369310.

Eniong aviyvebOnkav 6vo emmAéov opdoeg amhotvmmy (haplotype) (S28f o
S28e) aveEdpmra amd Tovg KOpPLOVG Yovotvmovs. H amlooudda (haplogroup) S28f
kafopiomnke amd TO OLPOPETIKA VOLKAEoTidOw oTlg Béceic 58/59/61/62 pe v
avtikotdotoon A/G evd yopoakTnpIoTiK NTay Kot 1 avtikatdotaot Gss. Ot GAleg Tpelg
AVTIKOTAOTAGES NTaV 7o UETAPANTEG 0T B€oelg Gsg, Agr Kot Ggp. XtV amioouddo
S28f avnkav 7 (5.74%) oetypota and v EAAGda kot éva amd tn Boviyopia. H
amAoopdoo S28e kabopiotnke oamd 1T VOLKAEOTIOWKN Olakvuoven ot BEcelg
586/588/591/595 xou v avikatactaon T/C. Ot xopoKInploTIKES AVTIKOTAGTAGEL Y10l
Vv opdoa vt Nrav otig 0écelg Csgs kot Csor. H amloopdda S28e mephdpPave povo 4
nmopdotto Tpogpydpeva amd v EAAGSa, oniadn to 2.8% twv derypdtov. Avtég ot
aAAniovyieg KataywpnOnkav otn Paon 0£00UEVEOV HE TOVG KOOKOVG KATOYMPNONG:
HM369160, HM369176, HM369221, HM369231, HM369246, HM369258, HM369305
vy to S28f ko HM369158, HM369199, HM369279, HM369289 ywa to S28e. ['a va
amodeyBel n yevetkn oyéon petald TV yovotumwv mov PBpédnkov otov eAANVIKO
mAnfoopd eVIMK®OV TopacitOv Kol YVOGTOV oAANAOVYIGV ortd TN Pacn dedopévev,
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KOTOGKELAGTNKE OEVTPO pE TN ¥pNomn Tov akyopiBuov g “évwong dwoupéoov” (Ewkova
17).

IMivaxkag 19. ApBpdc kot m0GoGTd TOPAGITOV Ve YOPO KOl YOVOTLTO PAGEL TOL
yovidiov 28S rDNA.

T'ovétvmor MMocooto % (Ap1Opdg mapacitmv)
EM\aoda Boviyapia Morovia
b105G 40.56 (58) 30.77 (4) 37.50 (18)
b105SA 49.65 (71) 69.23 (9) 52.08 (25)
b105C/T - - 6.25 (3)
Etepolvyomtia 9.79 (14) - 4.17 (2)
XYNOAO 143 13 48

100% 7

90% -
80% 17~
70% v~
§0% 1° - @b105¢/T
50% Bb105A
e @b105G
30% | 7
20% ¥
10%

0% + ;

Greece Bulgaria Poland

Ewova 16. Koatavoun tov yovotvmwv tov yovidwv 28S rDNA omv EAAGSa,
Boviyapio kon IToAwvia.
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Ewova 17. Ymoloyioudg doévipov ’évmong owpéoov’ (Medium-joining) pe to0
hoyiopkod Network Publisher éxdoom 4.0, and d1bpopeg meployég SEyLaTOANYinG TV
mopacitov v 1o tunue tov yovidiov 28S rDNA. To péyeboc towv xdKlwv elval
avOAOYO pHE TN ovyvoTNTA TOV YovoTum®V. Ot 0mooTdcelg HeTalh TV KOKAWV gival
avOAOYEC HE TOV OPOUO TOV ONUEWK®V OVTIKOTOOTACE®V GTO VOLKAEOTIOO Kot
epnepavifovton pe kOKKvovg aptfuote. O kdkkivor poppot ameikoviovv €va elkovikod
kopPo. H kwdwomoinon tov arliniovyiov ovaeopds eivor: POL: IloAwvia, BG:
BovAyapio, BOL: BoABia, SP: Ionavia kot EGY: Atyvrtoc.

A.3.2.2. T'eveTiki] avaivon Pdaoer emieypévou tTufqpotog Tov mtDNA

Ao 11 165 aAiniovyieg evilikov mapdcitov F. hepatica mwov avoAvOnkav,
Bpénkav 35 (2.53%) yevetikoi povovoukAieotidotkol moivpopeicpoi (SNPs) amd tovg
omoiovg o1 7 PprokdTay 610 yovidwo cox3, ot 3 oto yovidw tRNA-His kat ot 15 oto
yovidlo cob. Amd 11 35 mOALHOPPIKEG TEPLOYES, LOVO o1 21 MtV GNUAVTIKEG YLoL TOV
kaBopiopd Tov puAOYEVETIKOV opddwVv (lineages) Kot TV amAdTUTOV. ZOUPOVO LE TNV
aAANAOVYION Kol TNV TOPAAANAN ocvctoiyion Ppédnkav dvo KOPEG QULAOYEVETIKEG
opddeg (amidtumol) oy meproyn tov MtDNA: ot CtCmtl ko CtCmt2. Xg mpdTO
enimedo avaivong o amidtvmog CtCmt2 douywpiotnke 6 OLVO ATAOTLTOVS: TOVLG
CtCmt2.1 o CtCmt2.2.

e 0e0tepo eminedo avaivong o amiotvmog CtCmt2.1 dwywpiotnke emumAéov
otovg CtCmt2.1.1, CtCmt2.1.2 wor CtCmt2.1.3, evodo o amidtvmog CtCmt2.2
dwympiotke otovg CtCmt2.2.1 wor CtCmt2.2.2 (Ilivaxag 20). Zoueovo pe
@uAoyevetikny avdivon Bpédnkav 4 VTOKOTOCTACELS OMIVOEEMV OTIS TEPLOYES TOV
K®OKoTo1ovv v tpwteivn. H xatavour tov anlotunov eaivetar otov Ilivaka 21. Ot
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aAAnAovyieg OV eAMVIKOV mopacitov Kotayopndnkov ot Pdon oedouévev e
Kodwkovs kataympnong ond HM487158 éwg HM487167 war amd HM487200 emg
HM487307.

Ymv mpoteivn COX3 PBpédnkav 3 vmoxkataotdcels ond Tig omoieg ot dVo
Oépepav PETaED TV ELAOYEVETIK®OV opadwv CtCmtl/CtCmt2 wor pio petald tomv
CtCmt2.1/CtCmt2.2 anAdtuonwv. Ot vrokatactdcels yio Toug CtCmtl/CtCmt2 Ntav
(Ala/Val)ig3 €€outiag g avikotdotaong (C/T)sss TOL d€VTEPOV VOLKAEOTIOIOV GTO
KoOOwoOvio kot (Asn/Asp)ise e€outiag ™G (A/G)sse  OVTIKOTACTOONG TOL TPDOTOL
voukAeoTidlov oto Kwdwovio (ITAPAPTHMA 13). Ot vmokataotdoelg, Yoo Tovg
anAotomovg  CtCmt2.1/  CtCmt2.2, ntav (Leu/Ser)s, eautioag m™¢  (T/C)aas
VTIKOTAGTOGNS TOV SEVTEPOV VOVKAEOTIOOV G6TO K®OKOVIO. MOVO o vTokatdoToon
Bpénke ommv COB mpwteivn n omoia 0€pepe avdpesa otovg CtCmt2.1/CtCmt2.2-
(Ala/Val)7; e€otiog g (C/T)ezz avTiKaTAoTOONG TOL OEVTEPOL VOVLKAEOTIOL GTO
K®Owovio. [a va amoderydel n yevetik| oxéon HeTa&d TV amoldTummy Tov Bpédnkav
otov mAnBuoud tev mopacitov ond v EALGSa kol yvootdv aAAniovyldv amd ™
Baon doedopévmv, KOTACKEVACTNKE OEVTPO HE TN XPNon Tov aiyopiBuov g “évaong
dwpécov” (Ewdva 18).

Ot anAdtumor CtCmt2.2.1, CtCmt2.1.1 kou CtCmt1 fjtav o1 emkpatéctepol yia
To TOPAGLTO OV TPOEPYOTAV amd TNV EAAAdA, 6€ T0c0oTd 63.03% (75), 16.81% (20)
kot 9.24% (11) avtictorya. Eveo oavtd mov mpoegpydtav amd v IloAwvia
avTmpoownevovtay and tovg anmAdtumovg CtCmtl ko CtCmt2.2.2. Ta amoteAécpato
delyvouv 6TL vNPYOV dVO ATAOTLTIOL YapakTNPIoTIKOL Yio TV EAAGda (CtCmt2.2.1 o
CtCmt2.1.1) xou Aot dvo ya v [oAwvia (CtCmt2.2.2 ko CtCmtl) (Ewdva 19). Qg
aAAniovyieg avagopdg, ypnowomombnkav ov AF216697 (Fasciola hepatica
mitochondrion, complete genome) (Le et al., 2001) kor EU28286.1 (Tazania, Kitulo
Plauto). Avtég o1 aAAnlovyieg Ppédnkav va avikovv otig CtCmtl kor CtCmt2.2.2
AmTAOONAOES avTIoTO O £POCOV Elyav TOVG 101005 VOVKAEOTIOKOVS TOAVUOPPIGUOVC.
Ewwotepa, yio v aAiniovyio AF216697 ftav 1o Cssg ko yuo tnv EU28286.1 Ntav ot
Tsas, Teze, Ges, A750, Cs37, Goo3, Gioos, Ti210, T1365 K T008.

IMivakag 20. ApOudg moapacitov avd YOpo IOV aVIUTPOSHOTEVEL KAOE amAOTLTO GTNV
emAeypévn meployn tov mtDNA.

AmAoTOTOL ApOpog napacitov (%)

E)\aoa Boviyapia Iolovia
CtCmtl 9.24 (11) 28.57 (4) 40.63 (13)
CtCmt2.1.1 16.81 (20) - -
CtCmt2.1.2 7.56 (9) 7.14 (1) -
CtCmt2.1.3 2.52(3) - -
CtCmt2.2.1 63.03 (75) - -
CtCmt2.2.2 0.84 (1) 64.29 (9) 59.38 (19)
YYNOAO 119 14 32
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Extog and t1¢ vmokatactdoelg twv opvocéwv ot omoiot kaBopilav Ttovg
amAOTVTTOVS, PpEOnKav EMMAEOV OKT® TOAVHOPPIKES TEPLOYES, Ol Omoieg MrTOv
aveEdptnteg amd TIG KOPEG PLAOYEVETIKEG Opdoeg Ko opiotnkay o¢ C3mt 6to yovidlo
cox3 kot g CBmt oto cob yovido. H npd meproyn (C3mt) xobopiotnke amd Tig
0éoeic 193 £wg 206 Ko TG OVTIKOTACTAGELS TV VOUKAEOTIOWWV A/G1o3, T/Aj97, T/Gjos,
G/Ta2, A/Taes ka1 C/Trs. Avtég 01 adlhayég mapoatnpndnkav oe 54 mapdoito and v
EMGda (45.38%). TToAAég amd auTég TIC OVTIKATOGTACELS ELY0V MG OMOTEAEGHO KOl
vrokotaotdoel apvoéémv ot COX3 mpoteivny (Ilivaxog 22). Avéueca oe avtolg
TOVG OmMAOTLTOVG, 1| €TepolvymTia Mty oto 68.52% (37). H devtepn meproyn (CBmt)
ntav oto yovidlo cob kot koBopiotnke amd TG avTiKaTAoTOGES OTlS O€oElg
T710G711/G710T711 kou Bpénke oe 7 mapdorta and v EALGda (5.88%), 10 amd v
[ToAwvia kot 1 and v BovAyapio. Eniong mapoatnpndnkav vrokatactdoelg apvoséwmv
ot COB mpoteivn. Ot avtikataostdoels T710G711/G710T711 frav avtictoyo 6to d€0TEPO
Kot Tpito vovkAeotidio g 237" 0éomg tov kmdikoviov kot M vEoKATAGTOON
kaBopiomke o¢ (Val/Gly),s7.

"Enerta v moALOTAN GLGTOTY(I0T TOV TPOTEIVOV TOV KOOTKOTO0VV TO, YOVIola
Cox3 ka1 Cob, Bpénke o vrokatdotoon apvo&éog (Val/Ala) gz oty COX3 kot pia
(Thr/Ile) 164 ot COB mpwteivn avtictoya.

Nouoi:

o
® Adpioac . HM487150BG
@ Miepiag ¥4
. &, 1
@ Kapbditoag |
® Oeompwriag HM4B71458G ~_ ¢ . Qo0
KaBa Dk o o 048
O KaBahag HW487183POL~. T ® @ B¢V 0
© Pod6TmG . &3\‘1 g 'Q;f
@ ‘EBpou CtCmt1 ul CtCmt2
o AF216697AUS O
0{3 3 T e
Q& v e ® e
o ?:O' G ' " i} :
o 3 . O O-’O. [}
o @ = .7 T@ __-HM487199POL
. B ©c ¢ »
A4 ..'v\:.' ®: .

HM487157BG  Lm487188POL

Ewova 18. Ymoloyioudg doévipov ’évmong owpéoov’ (Medium-joining) pe to0
hoyiopkd Network Publisher éxdoom 4.0, and dibipopeg meployég SEyLaTtoANying TV
mopocitov yuo to emieypuévo tunua tov mtDNA. To péyeBoc tov kdxhov sivor
avOAOYo pHE TN ovyvOTNTe TV amAOTLTOV. Ol amocTAcES HETAED TV KOKA®V givat
avOAOYEC HE TOV OPIOUO TOV ONUEWK®OV OVTIKOTOOTACE®V GTO VOLKAEOTIOO Kot
epnepavifovron pe kOKKvovg aptfuote. Or kdkkivor popupot ameikoviovv €va elkovikd
kopPo. H kwdwomoinon tov arliniovyiov avagopds eivar POL: IloAwvia, BG:
BovAyapio ko1 AUS: Avotpoiia.
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Ewova 19. Katavoun tov anddtuonov yoo emheypévo tunuo tov mtDNA, avaupeca
0T0VG TANOLGLOVG TapaGiTOV TOV YOP®V TG EALGSac, Boviyapiag kot TToAwviag.
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IpoTo emingdo

SNPs

®vioyevetikég  SNPs (vrokaraoctdoeis X (vmokaractdoeis Ty Agbrepo &’zmnsﬁo XapaxTpioticd
onéidec TV auvoimy) OTAOTUTTOV auvoiey) ATAOTOTOV SNPs
(HT) o (H TI) (H 10)
C548(Ala);
CtCmtl - -
o Asse (Asn) - B}
Coss (Ser): A C C CtCmt2.1.1 Gogs5:Crs3
er), 5 5 5
CtCmt2.1 245 szzs 420, 2679 CtCmt2.1.2 T1008
CtCmt2 ](:]548 ((Zil))’ CtCmt2.1.3 Tass; T7s3; Croos
356 L3P Te36; Ge78; A750; Cs37; Cser;
CtCmt2.2 Toas; Toza (Val); Gooz; Gioos; CtCmt2.2.1 Cioos
T12105 T136s CtCmt2.2.2 T1008

Mivaxag 21. ATAdTVmOl 6T0 TUN LA TOV YoVidimv Tov mtDNA. Mg évtova Kot TAdylo YPAUUOTO OmEKoViLoVTOL 01 VTOKOTAGTAGELS TOV AUIVOEEWDV.
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Mivakag 22. Avtikateotnuéva voukieoTidla kot aptvo&éa yio to C3mt (0éom 193 €wg 206) tunpa tov mtDNA.

@éom voukheoTiSimv R X & K 2N X =\ S > 8 S = 3 g S
— — — — — — — [\ [\l (@\] (@\] (@] N N N
NovkAeotidia coppova pe AF216697 | A T T G T T T T T G G G A C T
Apwvo&éa Tlegs Valgg Pheg, Glyss Threo
AvVTIKOTEGTUEVO VOUKAEOTIOWL G T G T A T
Apwvo&éa Valgs Valgg Trpes Ilego
AVTIKOTESTNEVO VOUKAEOTIOW A T C
Apwvoééa Aspes Sergo
AvVTIKOTEGTUEVO VOUKAEOTIOWL A G T T
Apwvo&éa Gluee Phego
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A.3.2.3. Tpnqpa Tov yoviorov g f-coinvivyg 3

H aAAniovyio Tov Tpoidvtog evioyvong TV Topacitev Tov avaAdbdnkay amd To
detypota (167) mov culdéyOnkav amd v EALGOa £deiée v aviyvevon 41 yevetikav
LOVOVOUKAEOTIOIKMOV TOAVHOPPIoU®V: 9 610 €£6viol (exonl), 11 oto wvrpdvio (intron)
kot 21 oto €£6vio2 (exon2) tov yovidiov g P-cwAnvivinig 3. And Tovg 41
oAV o pPIoHoVG povo ot 13 (ITivaxkag 23 kot Ewkdva 20) tav 6 m0coctd peyoldtepo
tov 15% (Bewprnke g emimedo ONUOVTIKOTNTOC) Kol HOVO  €VOG TOAVUOPPIoUOG
ékave vmokotdotoon opwvoééog. H  ovykplon tov adAniovidv €ytve pe v
aAAniovyio avapopdc AM933587 (Fasciola hepatica partial mRNA for tubulin beta-3
gene) (Ryan et al., 2008).

O povadkdg TOALHOPEIGUOS  APOPOVCE TNV  VLIOKATACTOCYT  OUvOEE0g
(Gly/Glu)104 ot 0éom Asz;; TOL OEVTEPOL VOLKAEOTIOIOL O©TO KMOOWKOVIO KO
mopatnpOnke povo ota detypata omd v [Holwvia. Ot vrdAomor ToAvpopEIGHOL Ta
1GOTOGH KOTOVEUNUEVOL AVAUETO, OTIC YD PES.

Eniong aviyvedtroav molvpopeikég meproyés otig 0éoeig Tso6, Azoo, Cazs, Taze,
Augs (010 €E0viol), Tses, Ase7, Aszo (010 wvipdvio) kot Gras, Tras, Crsa, Coos (070
eEO6vio2) povo ota mapdotta mov mpoépyoviav and v EALGSa. Or aiiniovyieg tov
nopacitov and v EALGda katoyopndnkav ot PBaon dedopévey He TOVG KMOTKOVG
katoyopong HM535804 éooc HMS35813 xou HMS535843 ¢ HMS535962. "Emetta v
LETAQPOCT TOV VOVKAEOTIOIK®OV OAANAOLYUOV Kol TNV TOAAOTAN GLGTOIYION T®V
npoteivay  Ppédnke pi  vrokatdctaon opwvotéog (Ala/Thr)yss. Telwkd, dev
mopatnpOnkKe N VITOPEN YOVOTLT®OVY Ao TN HEAETN TOL YOVidov TG B-ocwAnvivng 3.
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Mivakag 23. [10o606TO YEVETIKOV HOVOVOLKAEOTIOIKAOV TOALHOPPIoU®Y (SNPs) avé yopa
070 Yovidlo g B-cinvivng 3.

E\Ldoo Boviyapia Morovia
SNPs , IMocooté . IMocooté . Iocooté
ITocooto , ITocooto , ITocooto ,
(n%) Etepolvyoriog (n) Etepolvyoriog (n) Etepolvyoriog
(n) (n) ()
Asn - - - - 31.03 (9) 10.34 (3)
Aseo 71.76 (94) 21.37 (28) 57.14 (4) 14.29 (1) 41.38 (12) 20.69 (6)
Tses 59.54 (78) 7.63 (10) 28.57 (2) - 3.45(1) -
Cseo 70.23 (92) 29.77 (39) 28.57 (2) - - -
Ce17 38.93 (51) 6.87 (9) 42.86 (3) 14.29 (1) 20.69 (6) 17.24 (5)
Tes3 72.52 (95) 35.88 (47) 42.86 (3) 14.29 (1) 6.90 (2) -
Tese 72.52 (95) 54.96 (72) 42.86 (3) 28.57 (2) 10.34 (3) 6.90 (2)
T797 60.31 (79) 9.92 (13) 57.14 (4) 14.29 (1) 44.83 (13) 24.14 (7)
Tgg7 59.54 (78) 37.40 (49) - - - -
Go11 35.11 (46) 17.56 (23) 42.86 (3) - 27.59 (8) 10.34 (3)
Tosg 49.62 (65) 25.95 (34) - - 13.79 (4) 3.45(1)
Coon 73.28 (96) 39.69 (52) 28.57 (2) - 17.24 (5) 3.45(1)
Toos 76.34 (100) 41.98 (55) 28.57 (2) 14.29 (1) 27.59 (8) 10.34 (3)
A1040 67.94 (89) 53.44 (70) 57.14 (4) - 41.38 (12) 17.24 (5)
El')vorko 131 7
TOPUGITOV

*n: AplOpodg mapacitwv
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Ewova 20. I'evetikoi povovovkieotidwkol morlvpopeicpoi (SNPs) avd yodpo 6to yovidlo g
B-coinvivng 3.
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Mivaxkog 24. Katdtaln oMpocievpéveoy oAAnlovyidv g tpdmelag mANpoQopidv

(GenBank) ctovg yovoTumOUC/AMAOTUTTOVG GUUP®VA UE TNV TOPOVGO LEAETY.

Databank

Tufqpo ?lilc;slfigz ‘Ovopa ot Paon dedopuévav Il;?t‘;?gx;o(::
Fasciola hepatica partial 28S rRNA gene, Bolfio:
AJ440788* Bopeto oAtumévo
Fasciola hepatica partial 28S rRNA gene, Iomavia:
AJ439738 BoAévOu
Fasciola hepatica isolate 4 28S ribosomal RNA gene,
DQ166382 partial sequence; Iomavio
Fasciola hepatica isolate 5 28S ribosomal RNA gene, b105G
DQ269948 partial sequence; Iomavio
Fasciola hepatica partial 28S rRNA gene, Alyvrtog:
AJ440787 Damanhour
Fasciola hepatica isolate Ba4 28S ribosomal RNA
HM369294 gene, partial sequence; BovAyapia: Bansko
285 IDNA Fasciola hepatica isolate pol62 28S ribosomal RNA
HM369340 gene, partial sequence; [ToAwvia
Fasciola hepatica isolate 1, 28S ribosomal RNA gene,
DQ166379 partial sequence; Iomavio
Fasciola hepatica isolate 3 28S ribosomal RNA gene,
DQ166381 partial sequence; Iomavio
Fasciola hepatica 28S ribosomal RNA gene, partial
AY222244 sequence, U.K. b105A
Fasciola hepatica 28S ribosomal RNA gene, partial
EU025874 sequence, New Mexico
Fasciola hepatica isolate F31 28S ribosomal RNA
HM369301 gene, partial sequence; Bovlyopia:Yakoruda
Fasciola hepatica isolate pol75 28S ribosomal RNA
HM369350 gene, partial sequence; [ToAwvia
AF216697%* Fasciola hepatica mitochondrion, complete genome
Fasciola hepatica isolate pol62 cytochrome oxidase
subunit III (cox3) gene, partial cds; tRNA-His gene, CtCmt1
complete sequence; and cytochrome b (cytb) gene,
HM487188 partial cds; mitochondrial. I[ToAmvia
HMA487157 Fasciola hepatica isolate F61mt cytochrome oxidase
subunit III (cox3) gene, partial cds; tRNA-His gene,
and cytochrome b (cytb) gene, BovAyapia
mtDNA Fasciola hepatica isolate Babmt cytochrome oxidase
HMA487150 subunit III (cox3) gene, partial cds; tRNA-His gene, CtCmi2. 1
complete sequence; and cytochrome b (cytb) gene, ’
partial cds; mitochondrial. BovAyapio: Mravoko
HM487145 Fasciola hepatica isolate Balmt cytochrome oxidase
subunit III (cox3) gene, partial cds; tRNA-His gene,;
and cytochrome b (cytb) gene, BovAyapia: Mrdvoko
Fasciola hepatica isolate pol53 cytochrome oxidase CtCmt2.2
subunit III (cox3) gene, partial cds; tRNA-His gene;
HM487183 and cytochrome b (cytb) gene, [ToAwvia
EU282862.1 Tanzania: Kitulo Plateau CtCmt2.2.2
Fasciola hepatica partial mRNA for tubulin beta-3
AM933587* (beta-tub3 gene) -
B-cwhnviv 3 Fasciola hepatica mRNA for beta-tubulin (beta-tub3
AM773765 gene), isotype 3 -
Fasciola hepatica mRNA for beta-tubulin (beta-tub3
HM535814 gene); [ToAwvia -

* AMnAovyieg avapopdg

OTIG VIO PEAETN TTEPLOYEC.
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A.3.3. Movtelhomoinon YE@YPOUPIKNS KOTAVOUNS TOV TTopacitov oty EALGoa kot
™ Boviyapia

Ta eviMka mopdotta (204) mpoepydtav amd 31 mpoPata kot 3 Poogwdn ¢
EMadag (EBpog, Poddnn, KaBdra, [Tiepia, Adpioa, Kapditoa kot Osonpotio) kot 6
Booewdn amd 1 BovAyapio (Sofia, Kostinbrod, Byala Slatina, Yakoruda, Belitsa kot
Bansko) ta omoio cvAA&yOnkoav petald tov etdv 2005 kor 2007 (Ewova 21).
MelemOnkav ot yovotomor b10SA kou b105G dnwg kabopictnkav and to yovidwo 28S
rDNA xot ot amdotvomot CtCmtl, CtCmt2.1 kou CtCmt2.2 6mw¢ kabopiotnrov and to
emAeypévo tunpo tov mtDNA.

O apBudg twv eyypapav yia kébe yovotumo ftav amd 6 g 12 kot yua T d0vo
yopes (IMivaxag 25). Onwg amowovieton otig ewdveg 22A ko 22B 1 mbavotta
(p>0.61) ¢ yeoypapikng Katavouns tov yovotuomov bl0SA ko b105G avtictoyyo,
KaAvmtel T Oegoocolia, ) Mokedovia ko ekteiveron péypt ) Opdxn kot 1 vOTIH
Boviyapia.

H mBavétata (p>0.61) g yeoypapikng katavoung tov amiotvmov CtCmtl
mePAUPAVEL TIG TEPLOYES TNG ATTIKNG, TOV VNGLOV TOL VOTIOV-OLTIKOV Atyoiov, Tng
duTKNG Oeccariog, g kevIpkng Makedoviag Kot TG VOTIOC-OVTIKNG TEPLOYNS TNG
BovAyapiog (Ewova 23A). H mBavotata (p>0.61) ¢ ye®ypapikng KATovoung Tov
amAotomov CtCmt2.1 koAVmtel pkpéc mepoyxés g Ztepeds EAMGSag, Osocariog,
Moxkedoviag kat ekteivetar omopadikd peéyxpt ™ Notio Boviyapio (Ewova 23 B). H
mbavotata  (p>0.61) ¢ yeoypapikng Koatavoung Tov amiotvmov CtCmt2.2
neplopiletar ot Oeccario, kevipiky Makedovia kol omopadikd otn Opdkn Kot
vot Bovdyapia (Ewova 23 C).

Ov meproyéc pe peydro aplBud extpepodpevov pnpokactikov (Ilivaxog 26)
CLUTHTOVV HE TNV VYNAY TOaVOTNTA TOPOLGING OA®V TOV YOVOTOHTTMV KOl OTAOTOTOV
o€ avtég. O meployéc avtég amotelovvtol amd ™ Oeocoria, Makedovia kKot Opdkn yio
v EALGSa kat ) Notio-Avtikn, ™ Notwo Kevrpun ko Notioavatodikr| erapyio ™
BovAyapioc.

A.3.3.1. Emrain0gvon g povreromoinong

Ol to povtéda elyav kaAvtepeg TwéEG amd TN Tuyoion akpifelo, dnAadn ot
nmepoyéc twov g AUC elyav €dpog peyordtepo tov 0.5 omdte to pOvTEAQ
yopaktpiotnkay omd KoaAd g moAd kohd (ITivaxag 27). H yapniotepn (0.832) ko 1
vynAdtepn (0.947) Ty g AUC mapatmpnOnke ota poviéda tov aniotvmev CtCmtl
ka1 CtCmt2.2 avtictoiyo.
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Ewova 21. Tleproyn perémg: Ot meproyég e EALGdag kan tng BovAyapiog mov
Bpédnkav Ta eviilMka mapaoctta F. hepatica mapiotdvovion pe TeAeles.

A.3.3.2. Eniopaon TV PLOKAPOTIKOV peTafANTOV 6TV povreromoinon

O BroxkApotikég petafAntég pe v vymAoTepn TN “ekmaidevons’ meplelyav
™V To XPNOWN TANpoopia 6TV GUUTEPIAOUPAVOVTAY KOT' OTOKAEIGTIKOTNTO OTN
povtedomoinomn kot Nrav: 1 péyotn Beppokpacio tov Oeppotepov pnva (BIOS) oto
povtéro ywo To yovotomo b105SA, n emola dwukdpavon g Beppokpaciag (BIO7) oto
povtéro ywo To yovotomo b105G, n emow Bpoyomtwon (BIO12) 610 poviédo yio tov
anAdtuomo CtCmtl, n péon Beppokpacio tov Enpdtepov tpyrvov (BIO9) oto poviého
v tov amdotvmo CtCmt2.1 kor n Bpoydntwon tov Enpodtepov unva (BIO14) oto
povtéro yio tov amAdtumo CtCmt2.2 (Ewdva 24).

Emniéov onuavtikég Prokhpotikés petafintéc  PBpédnkov: n eAdyom
Oepuoxpacio Tov yoypdtepov unvo (BIO6), n péon nuepnoia drokdpavon (BIO2), n
Bpoyxoémtwon tov vypdtepov unvo (BIO13), n Bpoyxdntwon tov Enpdtepov pnva
(BIO14), n Bpoydémtwon tov vypodtepov tpyunvov (BIO16) ko n Ppoydmtwon tov
yuypotepov tpyumvov (BIO19). H Beppoxpacio kot 1 Bpoyxdmtwon elyov oyeddv v
010 emidpaon ota poviéda mov Pacictnray 6Tovg YovoTuIToug ToL Yovidiov 28S rDNA.
Oocov apopd ™ povieAomoinon TV emAeYUEVOV TUNHdTOV Tov MDNA, o1 petafAntég
™G Ppoyodntmong eiyav ™ peyordtepn TN “ekmaidgvong” v tov anAdtvmo CtCmtl
evo o1 petaPAntéc g Beppokpaciog elyav T peyoAdtepn Tun “ekmaidevons” yio Tovg
anAdtuvmovg CtCmt2.1 ko CtCmt2.2.
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Mivakag 25. ApOudg eyypa@adv Twv YovOTUTOV Kol OTAOTUTMV TOL YPTCULOTOM OnKo

o1 LOVTEAOTOINGN.

T'ovotTomov/ Koowoi kataympnong
AmAoTVTOL (accession numbers) AprOpog eyypooov
Tppe (AprOpog
TOPUCITOV)
EM\aoa Boviyapia EAAada  Boviyapia
28S rDNA b105A (80) HM369284  HM369301 10 2
b105G (62) HM369286 HM369294 8 4
mtDNA CtCmt1 (15) HM487219  HM487153 5 4
CtCmt2.1 (33) HM487285  HM487150 5 1
CtCmt2.2 (85) HM487249  HM487149 7 3
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IMivakag 26. Ilocootd TANOLGHOV ad TO GUVOAD TOV EKTPEPOUEVOV UNPVKACTIKOV
otV EAAGSa kot T BovAyapia avd yeoypapikn meployn, ne Oivovoa cepd (Eurostat,
2007).

Xaopeg ITocooto (%)

EALGOO
Kpfim 14.94
Avtikn EAAGOa 14.04
Oeccaiia 12.67
Kevtpwn Maxedovia 11.41
Avatolkr) Makedovia kot @pakn 8.44
"Hrepog 8.40
Kevtpwn EAAGoa 8.12
[TehomodVVNGOC 7.86
Avtikn Maxedovia 4.52
Boépeo Aryaio 3.76
Noétwo Aryaio 2.92
[6via vnod 1.90
Atticn 1.03

Boviyapia
Noétwo-Kevtpikn 21.24
Noétwo-avatoMxn 18.02
Bépea-avarohxn 16.71
Boépea-ovtikn 15.51
Boépea-kevtpkn 14.34
NoT-dvTikn 14.19

IMivakag 27. Ztatiotikn enaAnfevon tov poviéAmv tov ahydpiBpov Maxent.

Fovotomor/  AplOpog eyypa@@v yio To. dgdopévo, Twn AUC “ekmaidgvong”

AmAoTOTTOL ¢ “ekmaiogvong” (training data)
b105A 12 0.937
b105G 12 0.912
CtCmtl 9 0.832
CtCmt2.1 6 0.904
CtCmt2.2 10 0.947
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Ewova 22. TIp6Preyn yeoypagikng KoTtavoung tov yovoturwv tov 28S rDNA tov Fasciola hepatica. (A) b105A yovotumog kot (B) b105G
YOVOTLTTOG,.
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Ewova 23. TIp6Preyn yeoypagikng Kotavouns tov ariotinwyv oo mtDNA tov Fasciola hepatica. (A) CtCmtl amdidtvnog, (B) CtCmt2.1

anmidtumog kot (C) CtCmt2.2 amhdtumoc.
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Variable b105A b105G CtCmt1l CtCmt2.1 CtCmt2.2

BIO1 0.1162 0.0327 0 0.0429 0.0239
BIO2 0.1892 0.1788 0.0062 0.1425 0.1473
BIO3 0.0564 0.0024 0 0.0815 0.0234
BIO4 0.003 0.0892 0.0585 0 0.0044
BIO5 0.3264 0.1859 0.0058 0.1651 0.1301
BIO6 0.2662 0.1221 0 0.0043 0.0791
BIO7 0.1276 0.3163 0.0763 0.0379 0.1053
BIO8 0.0153 0.0106 0.0078 0 0.1023
BIO9 0.2694 0.0503 0 0.1784 0.1382
BIO10 0.1852 0.0924 0.0043 0.0623 0.057
BIO11 0.0687 0.0028 0 0.0236 0.0076
BIO12 0.0333 0.2841 0.4119 0 0.04
BIO13 0.0201 0.2613 0.3322 0 0.0461
BIO14 0.2722 0.099 0.0025 0.1013 0.1494
BIO15 0.0056 0.0734 0.0227 0 0.0163
BIO16 0.0111 0.2656 0.2886 0 0.0209
BIO17 0.2033 0.0717 0.0011 0.0439 0.1082
BIO18 0.1812 0.0242 0 0.0607 0.076
BIO19 0.0001 0.1677 0.2527 0 0.0068
Elevation 0.0712 0.0507 0.0245 0.0033 0.0096
Land cover 0.1506 0.0841 0.0418 0.0979 0.1551

Ewova 24. Asgdopéva g “exmaidsvong” pe T yxpnom Wog HEToPANTNS o
povtedomoinon. To unkog g mPACIVNG OTNANG OVIIIPOGMOTEVEL TNV T NG
“exmaidgvong”.
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E.XYZHTHXH KAI XYMIIEPAXMATA

E.1. Emmolaopnoc tov F. hepatica oto ovyompofoto Kov  ToPAyovTES
EMKIVOLVOTITAG TOV oyeTilovTal pg T péAivvon

H ¢@acidimon givar éva maykdoo mpdfAnua yoo Toug KTnvoTpdPovs Kot TOVG
KINviatpovg e&ontiog g apvnTiKng ETiOPOCNS GTNV TOPOYy®YT YOAOKTOG, KPEATOG KOt
poAlov. Ipdopateg peréteg £de1&av 0TL 1 Oepameio dev glval TAVTO ATOTEAEGUATIKN
eEartiog g avOeAuvOumc avtiotaong tov mapacitov (Mitchell, 2003; Coles, 2005;
Mitchell et al., 1998).

Meléteg, mov €xovv deEayBel maykoopimg, £deEav 10 pHEYeBog TOV EMUTOAAGLOV
™m¢ eacidimong (Moghaddam et al., 2004; Mekroud et al., 2004; Khallaayoune et al.,
1991). Ztv mopovca €pevva, 0 EMITOAAGHIOC TNG LOAVVOTG 6TIS alyes Ppébnke 3.8% e
™ MéBodo aviyvevong aviydovov oto KOTPOvVE, TO ONOi0 €ivorl OVAAOYO HE TOV
emumolacpd (1.87%), mov Bpédnke oe dypieg aiyeg omv lomavia pe m pérpnon avydv
ota kOmpava (Alasaad et al., 2008). H opoBetikdmra Bpédnke moAd vynin (33.9%) ota
atyompoPata, aALd ivol SVCKOAO Vo dloy®PLoTel €AV 0QEINOTOY GE TOMA 1 TPEYOLGQ
poAvvon, vt 0gv gival yvootd mOGo YPNYopo O TITAOG TMV GVIICOUATOV LEUDVETOL
HETA TN LOALVGT TOVC.

SOUPOVA HE TA OTOTEAEGLLOTO TNG CTOTIGTIKNG AVOALGNG, N GLCYETION HETAED
tov pi (N mOavoTTA PGS EKTPOPRC va ivarl polvopévn omog koboplotnke pe
SoKLaGio TOL BETkoD KOTPOAVTIYOVOD) Kat pit (1] TOAVOTITO S EKTPOPIC Ve Efvat
poAvopévn o0nwg kabopiotnke e v VYNAN opobetikdtnTa) Nrav moAd vynAn (0.97).
Ayvo®vtog ouTn TN GLOYETION Kol VTOAOYilovtog aveEdptnTa TIg TOAVOTNTES H0G
EKTPOPNG VO YOPOKTNPOTEL ©OC HOALGUEVN He TG dokuacieg Tov  Oetikov
Kompoavtoyévov kot v ELISA otov opd, 1o amoteAécpato Oo odnyovoav oe
pepoinyia. Ilpémer va onuewwdel 611 T00 amoteAéopata TG SOKACiNG TOL
KOTPoavToyOvoL delyvouv v Tp€Yovcsa UOAvvVon POVO, VA TO OMOTEAEGUOTO TNG
dokpaciog ELISA dev eivar gvkodo va a&oloynBovv av agopovv Tpéyovco M
nmoapeAfovoa pdéAvvon.

AvoQopikd pe TV EKTIUNGN TOL EMIMOANGHOV TOV F. hepatica oG Tpog ta €10M
tov (Oov mov peAetnOnkav Somotddnke OTL 0 EMIWOANGUOC MTOV GNUOVTIKA
YOUNAOTEPOC OTIC EKTPOPES TV alydV omd OTL 6 OVTEC TV mpoPdtwv. Avtd To
amotélecpo NTav avapevopevo Kot umopel va ouvoebel e tic ouvndeieg Katavaiwong
™G TPOPNS 0T OLO €10M: O aiyeg TpMOVE PUAAN Kot KAaSWL amd dévrpa Ko Bdpvoug,
evod ta TpoPata Tpdve YAON amd To £30¢p0¢ Omov cuvnBmg Ppickovion Ta GaAryKapLaL.
"Etot, n mBavotnrta g poOAvvong He Ta petakepKaplo eivar vyniotepn yo ta tpoPata
amd 0Tl 6TIG atyec. AvTi 1 TOPOATPNON CLUPOVEL KOl 1e BALES LEAETEC TTOV £YVAV GTO
Mopodxo (Alasaad et al., 2008) kot otnv Apyevtivi (Issia et al., 2009). Ze 61 apopad Tig
dpopéc otov emmoAacud tov F. hepatica petalhd 1oV eUAOV TOV TPoPdTmv Kot TV
alydv 7oL ONUEMONKOV GTNV TopovcH HEAETN, mopatnpriinkav kot amd GAAOLG
epeuvntég (Boyce et al.,, 1987; Khallaayoune et al., 1991). H emppon tg @uAng icmg
ouvdéeTan pe To ovotnua ektpoPng (Sanchez-Andrade et al., 2002), mapadeiypoatog
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Y0PV M QLAY opeVOD TOTOL TPOoPatwV POcKEL GE OPEVOVS POGKOTOTOVS EVMD 1| PUAN
¢ Xiov cvvnog etvan povipa otaPAiouévn.

Ot ekTpOQEG OV YPNOUOTO0VGAV OIMTIKOVG 1 HOVILOVS POCKOTOTOVS Elyov
ONUOVTIKA DVYNAOTEPO Kivouvo va poAvvBoOv pe F. hepatica and T1g EKTPOPEG GOV TOL
Loa éfookav oe Kowotikovg Pookotdémovs. Ot wiwtikoi fookdTomor givar cuvifwg
pikpoi oe éktoon kot ta (oo POoKOVY Yoo HEYOAO YPOVIKO OAOTNHO, £TCL VTAPYEL
0100epO¢ OOKOPTIGUOG TOV avy®V o avTd. Xvvnlwe, ot 1WwTikol Pookdtomol
nmotilovton ko otn peAétn v Durr et al. (2005), n dpdevon avapEépeTor MG CNUOVTIKOS
TOPBAYOVTOS ETKIVOLVOTNTOG Y10 TV TAPOVGin TS PACIOAMONG GTa fOOELON).

Ot ektpoéc peydrov peyéboug (301-1800 Cma) eiyav yapnAodtepo kivovvo va
poAvvBovv pe F. hepatica amd 0t1 01 PIKPEG EKTPOPEG. AvTd pmopel va 0QEIMOTOV OTIG
ouvOnkeg g Pookmong: pkpov peyéBovg  EKTPOQEG  YPNCIUOTO0VV  GLVIO®G
WOTIKOVG PooKOTOTOVG OOV 1 TLKVOTNTA TV (O®V €lval LVYNAN Kol EMITAEOV Ol
W1oTIKol Pookdtomol apdevovtal Yoo KOAVTEPT omddooT oe yoptovoun. Avtifeta,
EKTPOPEG  peydhov peyéBovg ypnoipomolohv  KOwoTikovg PookoTOmovs, Omov o
HELOUEVOG KivOuvog ™G pOAvvVeNG pmopel va cuvoedel e tn younAn mokvotnto tomv
Lowv og avutd (Tum et al., 2004).

H mapoyn vepov ota {da eppavionke eniong ™G ONUAVIIKOS TPOCTATEVTIKOG
mopdyovtog Yo TV mapovsia tov F. hepatica. Otav 1 xopnynomn tov vepol Kot
Booknon ywotav omd 10 vopaymyeio | amd mOTApIN, Ol EKTPOPES elyav yauUnAdTEPO
Kivduvo poAvvone. AAmoTte, OmmG €ivol OVOUEVOLEVO, 1) TOTIKY EMOYIKY] cLuvApOpion
TV (OOV o TAPOYES VEPOV, OTTMG ival 01 6TEPVES Kol 01 LYPOi BOocKOTOTOL, ATOTEAEL
éva onuavTiko Tapdyovto petadoons tov mopacitov (Njau et al., 1989).

Ot petafAntéc e nAkiog Kot Tov eminedov eKmAidELONG TOV KTNVOTPOPMV
elyav peletBel ko amd Tovg epevvnTég aAAG dev Bpednkav onuavtikég (Cringoli et al.,
2002). Xmv mopovoo HEAET Ol OYETIKA VEOol mopaywyol (<45 etwv) Ppébnke va
AmOTEAODV TaPAyovVTa KIVOOVOL Yo TN HOALVOY TV eKTpoQav ue F. hepatica. Xe
perétn mov €ywve oty EAAGO0 kol apopovoe TG cuvOnKeg eKTPOPNG o€ moivia
mpofatwv ¢ euAng Xiov Bpébnke OTL M TAEWYNEIO TOV TOPOYOYOV NTOV VEOL
(mepimov 41 etdv) pe oyeTIKd pKkpY| eumepio oty exktpoen tpoPdrtwv (Gelasakis et al.,
2010). Avtifeta, 10 EKTOOEVTIKO EMIMEDO TOV TOPAYOYOV OMOTEAEGE TPOGTOUTEVTIKO
TOPAYOVTO TOV KIVOUVOL HOADVONG GTNV TTAPOVGH EPELVO KOl GUUEMVEL e TN HEAETN
tov Gelasakis et al. (2010) 6mov 10 HOPPOTIKO EMIMESO TOV TAPAY®YDV NTOV LYNAO
Kol €0€ryvay 1O104TEPO EVOLIPEPOV Y10 TNV EVTIOTIKOTOINGON Kot TNV €EEIBIKELON TWV
HeBOd®V Tapay®YNC.

H omopdxpovon g k6mpov mepiocdtepo amd pio popég to xpdvo, 1 vYNAN
YOAOKTOTTOPAY®WYN, N €Qappoynq avBelvOikng Oepaneiog kot o punviaiog EAeyyog amd
Kmviatpo PBpédnkav va givol TPooTATELTIKOL TAPAYOVTIES EVAVTIO GTN LOALVOY| OTIC
EKTPOPEG aryompofatv. Avtd To amoTteAéopOTo UTOpPEl va GuVOEOVTOL LE TO LYNAD
emimedo ™ vylewng oty ektpoer. O poéAog TOL TOMOL TNG  EKTPOPNG
(BroAoyumc/ocopfatikng) o©to  OTOTIOTIKO HOVTEAO MTOV  AVTIKPOLOUEVOS, KaBMG
enpaviotnke tavtdypovo vo, pHetdvel (BeTikd Kompoavtiydvo) Kot vor av&avel (LVymAn
opofetikdtta) ™V mOoavoOTNTe pOALVONG ekTpoQav ue F. hepatica. Mo miBovn
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e€nynon umopel va givol o1 TAPOUOIEG TPAKTIKEG Olayeiplong Kot TV dvo TOTWV
EKTPOPOV, OTwg M POoKNoN o€ 0peVOVg POGKOTOTOVS Kot 1) EQAPHOYN avOEAVOIKNG
Oepancioc. H yopnynon avBehpuvOikov okevacudtov emtpénetal oto oryompofarto
Broloyikmv ektpo@av cupemva, pe T vopobesio (Kav. 834/2007 ko 889/2008).

To oamotehéopato TOL OTOTIOTIKOD HOVTEAOL €0e1&av OTL Ol TOPAYOVTEG
emkvouvotnTog ogv Kabopiotnkav pHovo amd T YopaKINPIoTIKA TOV KOTOO100 Kol TOV
mopay®yov, TN JOwyeipion TG EKTpoenNG kot Mg Poéoxkmong oAAd kot omd
TEPPOALOVTIKOVG TOPAYOVTIEC. TNV TAPOLSH UEAETN TO TEPPAALOVTIKA OEdOUEVAL
avaQEPOVTOL GE Eva £TOC TPV At TNV NUEPOUNVIQ TNG derypatoAnyiog. e HEAETN TOV
dtevepynnke ot Meyddn Bpetavio ta dedopéva mOv TPOEPYOVTOV OO TEVTOETN
KMpoTiké ototyeio amd 10 €10 GLAAOYNG T®V OEWYUATOV OTOTEAOVGAV 1GYLPO
mopdyovto yw T poAvvon pe F. hepatica. e avtifeon, ta dedopéva TOV TEAELTOIOV
£TOVG TPV TNV OEYUATOANYIN eV TPOGOIOPIGOV KOVEVO TTAPAYOVTO EMIKIVOLVOTNTOG
(McCann et al., 2010).

H péon emowa Oeppokpacio avadeiytnke wg mPocTaATELTIKOG TOPAYOVTOS Yo
TNV ELPAVICT] TOV TOPAGITOV OTIC EKTPOPEG GTNV TAPOVCH, LEAETT] OALL KOl GE EPELVA
mov €ywe 6to Hvopévo Baciielo (McCann et al., 2010). v EALGSa o1 yeipudveg etvan
KpvOo1 Kot To KaAokaipia eivot moAd (eotd, omoTe 01 d1apopég Bepuokpaciog petald twv
dv0 gmoy@v eivon peydles kot pmopet va 010KOTTOVY T0 Brodoyikd KUKAO TOL TOPAGITOV
Kol TV avdntuén tov colykopldv. Ot Tapardayég TOL HKPOKAILATOS emnpedlovv
EMIONG TNV OVATTVEN OLYOV aKORO Kl av 11 LOAVVo™ T0V BOCKOTOTOV WE TA OVYH TOV
TPNUOTOODOV CKOAMK®OV oo T0 LOAVGUEVO TPpOPato pmopel vo epeavicTouy Kab' 6An
™ dugpken Tov £tovg (Khallaayoune et al., 1991).

To vyog g emolag Ppoyodntmwong Ppédnke oOt1 NTov €vag oNUOVTIKOG
TOPEYOVTOS ETKIVOLVOTNTOG. XTO 1010 OmOTEAEGHO KOTEANEE KOl EPELVO TTOL £YIVE GTN
Bwtopro e Avotpariog (Durr et al., 2005), v AyyAia kot v Ovoiio (McCann et
al., 2010). Avtd Mtov avopevopEVO dEGOUEVOL OTL 1] LYNATN LYpOGio evvoel TNV avénon
Tov TANOLVGHOV TV calykapudy. v EALGSa to F. hepatica (g1 o meppdAiov Tov
ouvvnBmg eivar Bepud ko Enpod. Emopévog m avdmtuén tov mopacitov Kot M
AVOTOPOY®Y] T®V GoMYKOPLOV 0ev mepropiletar 1060 and T younAn Oeppokpocio
OTm¢ oTIg YwpeS TG Popetog Evpdmng aArhd amd v EAdenyn vypaciag, Le GUVETELL VO
dwkomteTor 0 Proroyikdg kOkAog tov mapacitov (Boray, 1969). H emoyn dev
OTOTEAOVGE ONUAVTIKO TOPAYOVTO Y10 T LOAVVOT TOV EKTPOQP®V UE F. hepatica kol
tomg avtd va amotelel pua EvoeiEn 6t n avdmrtuén Tov d1ov Tov Tapacitov, KabmG Kot
TOV coMyKapudv emnpedleTon amd TOAAOVG Tapdyovies OTmG ivarl o1 cuvOnKeg TOL
TePPAALOVTOG Kot TNG dlayelplong TG EKTPOPTC.

To vyduetpo mov PPLoKOTAV 1) EKTPOPY] NTAV EVOG TPOGTOTEVTIKOG TOPAYOVTOC,
dedopévou Ot 1 Tapovsio TG LOAVVONG NTAV CNUAVTIKG YOUNAOTEPY] OTIG EKTPOPES
mov Bpédnkav oe peyaldTEPO LYOUETPO. AVTd pmopel vo cuVOEETOL LE TNV KAON TV
opevdv BookoTtonwv, N omoia Bpédnke 0TL peudvel Tov kivovvo g poAvvons (McCann
et al.,, 2010; Yilma and Malone, 1998). A¢' etépov, o1 ektpopéc mov Ppickoviav ce
medwdeg pe Enpd kohokaiplo elyav ovvibmg vymAdtepo xivovvo podAivvong. To
colykapt Galba truncatula givon avBextikd oty Enpacia (emlel yio tovAdyiotov 4.5
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unveg ywpic vepd) ko otov mayetd (emlei otovg -8°C yio apketovg piveg) (Schweizer
et al., 2007) kou To pETOKEPKAPLO UTOPOVV £miong vo emloovy PPt 2 UNVEG OTNV
anoénpapévn yoptovoun (Njau and Scholtens, 1991).

SoumePacUaTIKE, vty N HeAétn €0eige O6TL 1 Osccario mpémetl va BewpnBel mc
ev{®OTIKN TEPOYN YL TN QOACWOAMGCN Kol Ol  TOPAYOVTEG KIWVOUVOL  TTOV
nmpocdopiotnKay yio v acBévela Ba etvar ypnoueg, dote va eKmovnBovv KatdAANAEG
OTPOTNYIKEG EAEYYOV YO TNV TPOANYN TNG POGIOAMONG 6To TPOPaTo Kot TIG Oiyeg NG
EMGdag kot oe dhdeg meployég pe mopdpoteg kKhpotikeés ocuvOnkeg (Kantzoura et al.,
2011a).

E.2. Teoypa@iké ovotnua AANPOQOPLOV YO TV OTEIKOVIGN TNG OYETIKIG
EMKIVOLVOTITOGS pOLvvong pe F. hepatica o€ ekTpo@ég aryonpofdtmv

Ta povtéda mpdPAeyng Paciopéva oto Aoyiopkd GIS €yovv avantuydet yio va
a&loloynoovv tov kivovvo poivveong pe F. hepatica oty Avatolkn Aepikrn (Malone
et al.,, 1998), v ABwonia (Yilma and Malone, 1998), t Notwo Apepwkn (Fuentes,
2006), tic HITA (Zukowski et al., 1993) kot to Hvopévo Bacikero (McCann et al,
2010). Avtd ta povtéo moapnyayav “yapteg vysiog” mov ypnoipomomdnkav oto
mpoypaupata eAEyyov acleveidv (Malone et al., 1998). Ocov apopd otV KatdpTion
TV HOVTEA®V TPOPAEYNG TOoV F. hepatica, d1dpopeg peléteg xovv deiéel T onuacia
tov oeiktn NDVI oty katackevn tovg (Fuentes, 2006; Malone et al., 2001; Yilma and
Malone, 1998). H péon tyun tov deixtn NDVI didpketag 12 unvaov mtpv ) nuepounvia
™mg  oewypatoAnyiog kabe ektpoeng Ppébnke vo  amotelel éva onUAVTIKO
TEPPOALOVTIKO TTOPAYOVTA KIVOUVOL Yio TN HOALVGN TV EKTpOoP®V e F. hepatica.
Av10 t0 amotélecpa cuuemvel pe T peAétn tov Durr et al. (2005) otv Avetpaiio, M
omoio apopoVcE TAPOUOLES KMUATIKEG CLVONKEG.

2V mopovco LEAETN, TO HOVTEAD £D€1EE OTL LYNAOTEPT GYETIKN EXIKIVOLVOTNTA
elyav ol dVTIKEG KO VOTIOOVOTOMKEG TePloyés ™G Oecoarioc. Avt 1 moapatipnon
emPePourdbnke Kol amd TN YOPIKN OTATICTIKY] OVAALON OUAO®V 7oL €0€1ge TPELG
mhavég eotieg NG HOALVONG, OTIG OVTIKEG KOl VOTIOOVOTOAMKEG meployxés. H eotiokm
uoéAvvon tov F. hepatica oe avtég TIG TEPLOYEG OQEIAETAL 10MG GE GLYKEKPIUEVES
OTKOAOYIKO-KMUOTIKEG aVAYKES TOV calykapldv, 0nwg to Galba truncatula (Durr et
al., 2005; Pritchard et al.,, 2005; Bennema et al, 2009). H mepoyn ™G OvTiKNg
Oeoocorag amotedeital amd Pouvd pe vynAn vypacia Kot VYNASG deiktn NDVI and 6t
vt otV avatoMkn mAevpd. H meproyn avt amaptiletor amd opewvég kot meEdVES
extboelg. H opewvn meproyn yopoakmmpiletar and apketn vypacio dedopévov OTL TO
emoo Vyog Ppoydmtmong Katd tn Odpkeln TG dMOEKAUNVNG TEPLOSOL TPV TN
derypotoAnyia, PBpédnke vynio. Lty medwn| mepoyn KoAlepyeitor PBopPdxt mov
aroutel vymAr apdevon. Ta kavdio dpdevLoNG TOV YPNGYLOTOVVIOL GTNV TEPLOYN,
Bpédnkav 6TL fray onuavtikol Betikol Tapdyovieg yia v mapovasia tov F. hepatica o€
dAeg yopeg Omwg v Avotpaiio (Durr et al., 2005) ko v AvatoAikn Aepikn
(Malone et al., 1998).
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H ovoyétion g mapovsiag tov F. hepatica kot g Tiung tov dgiktn NDVI oto
HOVTEAO OmOTEAOVGE Ol OVTOVOKAOGT TOV TEPPAALOVIIKOV ATOTICEDV TOV
colykaplov. Mo mbovn eotio pe HOAVGUEVES EKTPOQES Ppédnke yOpw amd tn Aluvn
[MAaocmpa. H AMpvn dwamnpel otabepn vypacia otnv meproyn ko' 6An ™ SidpKeR TOV
¢toug mov evvoel mBavodg ™V avdrtuén tov colMykopiodv. Emopéveoc, o vyniog
aplOUOC HOAVGUEVOV EKTPOPOV YOp® amd TN Alpuvn umopel va oyetiloviav pe
otafepn OpacTNPLOTNTO TOV GOMYKOPIOV OA0 TO ¥pdvo. Emumdéov, ot Issia et al. (2009)
eEéppace Vv dmoym 61l o Aypa Coa dwdpapatilovy Evav onuovtikd podlo otn
petddoon mopacitov kKor g poéAvvong pe F. hepatica. Ttmv mopovoo PEAETN Ol
mePLOYEC OV avadelyOnkav wg mbaveig eotieg TG LOALVONG, ATOTEAOVVTAY OO OPEIVES
mePLOYES Ommwg elvar N dvuTikn (opooepd g Ilivoov), n Popeta (6pog OAvumoc) kot M
votwvatoAlky ®scscario (0pog Opbpng), mboavdg Aoym g mopovsiog dachv OTov
dwprovv aypa Loa.

Inuaviikoi ocvoyetiopol Ppédnkav petacd G TOPAGITIKAG HOALVONG, TOV
KMUOTIKOV YOPOKTNPIOTIKOV Kot ToV TH®V tov ogiktn NDVI omv ABworia (Yilma
and Malone, 1998; Malone et al., 2001). Ta wxhMpoatikd Ooedopéva pmopovV v
neptAneBovv o éva GIS poviédo ®g YwP1oTA CTPOUATA: YAPTES TOV ETNCLOV TUMV N
®G VTOKOTACTAGELS TOV KApatog 0wg o ogiktng NDVI (Yilma and Malone, 1998). O
deiktng NDVI extipd d1dpopovg mepifarioviikovg mapdyovies (KAAvym €04¢povg,
Oepuoxpacio, Bpoyontdoels, €T, K.AT.) evioio o€ o petafAnTy Kot amAomotet
étor v avéivon (Hay et al, 1997). O yxéptng mpdPfrheymg TG GYETIKNG
EMKIVOLVOTNTOG, TOV oYedldotnke Paciouévog oto dgiktn NDVI, éxer amoderybel ot
Topovctalel Eva a&lomoTo HovTEAD eAEYYoL pe TN xpnon tov GIS ko mpocdiopilet
aKpPAG TG TPOUYUOTIKES ETONUIOAOYIKEG GLVONKEG UETAOOGNG TNG POGIOAMONG GTOV
avBpomo ot Notwa Apepikr| (Fuentes et al., 2001). EmutAéov, di1bpopeg peréteg Exovv
nmapovctdcel to dogiktn NDVI g Oetikd deiktn yio ™ poAvvon pe F. hepatica (Durr et
al., 2005; Fuentes, 2006; Kantzoura et al., 2011a). O yaptng mpOPAeEYNG TG OYETIKNG
emkvouvotTog ot Osscorio £de1Ee 0Tl 01 mAéov mOavEG meployeg noAvvong pe F.
hepatica tov 01 OVOTOAKEG OKTEG, OTTOV TO KA{po emnpealetot amd ™ BAAacoa Kol ot
Tég tov deiktn NDVI frav vyniéc. O mapatnpnbeiceg (cOppova pe v vynin
opoBetikdtTa) KO o1 TpoPrepOeiceg (GVUEMVO LE TO HOVTEAO TTPOYVMOTG) TEPLOYES
NG OYETIKNG EMKIVOLVOTNTAG NTOV 101EC 0TO OLTIKO PEPOG NG Oeocoriag. Avtn 1
mEPLOYN vl MUI-0PEVI HE GUYVES PPOYOTTTAOGCELS, Ol OTTO1Eg Elval KATAAANAES YO0 TNV
emBimon tov gvoldpecov Eeviot.

Mo teyvikn mov kepdilel €da@pog omnv emdnoAoyia givor 1 avantuén
HOVTEA®MV TOAIVOPOUNCNG GE IO GUYKEKPIUEVT] TEPLOYN MEAETNG KO OTN GLVEXELD M
epapuoyn tovg oe gvpovtepes meployés (Cringoli et al., 2004; Fuentes, 2006). And v
GAAN TAELPA, TO ATOTEAEGUOTO TNG EMEKTAONG TPEMEL TAVTA VO AVAADOVTOL LE GVVEDT,
OT®OC oTNV TOPOVGO UEAETN, pe dedopuEVO OTL OAOL o1 e&gTaldOpevol mapdyovteg oTnv
meployn g Oeccariog Bewpndnke OTL MOV 10101 GE OAOKANPN TNV ETKPATEIN TNG
EMGdag. Ztmv mopodoa PEAETN EQOPUOGTNKE 1) EMEKTOCT Y10 VO OYEOIOCTEL YAPTNG
TPOPAEYNG NG GYETIKNG EMKIVOLVOTNTOG, TOL APOPoVSE Oyl HOVO TN TEPLOYN TOL
peremOnke aAld v EAAGO0 cvuvolikd, epdcov ot tyég tov deiktn NDVI g
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OecooMOg NTAV OVTITPOCOTEVTIKEG YloL OAOKANPN ™ Y®pa. To poviého €oeice Ot
OYETIKNG EMKIVOLVOTNTAG LOAVVONG TV COwV pe F. hepatica otnv EAAGSQ tay vymAn
ot ovtikn EAAGSa, O0mov ektpépovtay ot peyarvtepotl mAnbuouoi tpofatmv (43%) kot
aryav (32%) (EXYE, 2006). H dvtikr) EAAGSa yapoaktnpileton g opevr| Kon epgovilet
™V vymAdtepn PBpoyodmtmon kot Tov vynAdtepo deiktn NDVI og oyéon pe tig medveg
nmeployéc. H owovopia avtig g mepoyne Paociletor katd €va peydro pEPOg otnv
KINVOTPOPioL EMOUEVMG, Ol KTNVOTpOPOol mpémel va yvopilovv 1 onuocio Tng
Qac1OA®ONG Yo To. aryompdPata, to foogldn Kot emmAEOV Yoo Tovg avOpmdmovg (Rojas
et al., 2010). Zoppowva pe to poviého mpdPfieyng, n Pfoperoavatoikry EAAGSa paivetat
Vo EYEL VYN OYETIKN EmKvouvoTtNnTo poAvvong pe F. hepatica. Avty m mepoyn
amoteleiton amd KOAdES Kot AOPovg e vymAr vypacia. O TEPOPIOTIKOG TOPEYOVTOC
™G avATTLENG TV TOPOGITOV KOl TNG OVOTOPUY®YNG COMYKOPIOV OTlS Popeteg
meployéc ™ EAMGdaG, mov €ovv MmelpoTikd KAIp, €ival evOEXOUEVMOC M YOUNAN
Oepuoxpacio (Urquhart et al., 1987), evdd o meplopioTiKdg mapdyoviag ot VOTIEG
TEPLOYES TNG YOPOS, OTOV To KMpa givon Beppd kar Enpod, sivar 1 EAdenym vypoociog
(Boray, 1969).

Oo mpémel va onuelwdel, 6TL 0 YAPTNG TNG OYETIKNG EMKIVOLVOTNTAS Y10
oAOKAN P TV TepLoyn TS Mecoyeiov givar pHOVO eVOEIKTIKOG Kol YPNCILOTOLEITON Yol
V0. TTOPOVGLAGEL TO OTOTEAEGLLOTO TNG EQPOPUOYNG TOV HOVIEAOV KOl GE GAAEG TEPLOYES
™G Aekdvng ™ Mecoyeiov. Ta dedopéva mov ypnoyomomOnkay yo v avamtoén tov
povtéAov, mpoepydtay amd o pkpn mepoyn g EAAGdoc kar mpémer va 6ol
010iTEPN TTPOGOYN OTNV EMEKTOGT TOV TPOPAETOUEVOL KIVOLVOL Yio AAAEC TEPLOYEC,
Ommg €ytve €0dd. AxOpo KL ov mn mepoyn g Meocoyeiov emnpedleton amd TO
"HeGOYEIKO KMUA", VTAPYOLY CNUAVTIKEG O1POPES 0T Beprokpacio Kot To VYOS TV
Bpoyomtwcemv peta&y Poppd kKo votov, KaBMG Kol UETOED TOV MTEPOTIKOV KoL
mopdkTiov  mepoywv. Emmiéov, ypnowomombnke o oepd  mopaydviov  Tov
aQOpPOVGAV L0 CLYKEKPIUEVN TEPLOYN. AVTO onuaivel 0Tl KAmoo GAA0 povtédo Ha
umopovoe va elxe coumephapel mopdpoteg peréteg mov Exovv deEaybel oe GAla pépn
™m¢ Mecoyeiov. H axpifela g enéktaong o pmopovcoe va ektyunbel pécm pog
eEmtepikng dokaciog erainfevons, aAdd avtd NTav €€ and 10 mEdio EQPAPUOYNG TNG
nmapovcag epyaciog (Kantzoura et al., 2011a).

SOUTEPOAGUATIKA, VTN 1 LEAETN amoTeLel Eva LOVTEAO TTPOPAEYNG TG GYETIKNG
emkvovvotTog poivveong pe F. hepatica tov oaryompofdtov g EALGOaG. Avtd to
povtédo upmopel va ypnowomombel omd KIMVIATPOVS Kol KTINVOTPOPOVS Yo TNV
avATTUEN KATOAANA®V TPOYPUUUATOV EAEYXOVL TV poAVvoewv and F. hepatica otV
EMGda kot kot’ emékTaoT 6& AALEC LEGOYEINKES YDPEG.

E.3. Avdivon ToVv yovidimv
To pnpuKaocTiKd OTOTEAOVV CMUAVTIKY TNYN €000MV Yol TNV OWKOVOUiO TNG
voto-avatoMkng Evpomng, pe minbuoud mepimov 14 exartoppvpia (oa oty EAAGSa

Kol eplocdtepa and 2 exkartoppvplo ot Bovdyapia (Eurostat, 2007). H pacidoiwon
&xel avapepbel oe (oo ot Aekdvn ™¢ Mecoyeiov (Theodoropoulos et al., 2002;
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Akritidis, 2010), éva mepotatikd oe avOpomo oty mepoyn g Kpnng
(Archimandritis et al., 1976) aAld dev €govv avagepbel mepiotatikd ot BovAyopia, o
avtifeon pe GAlec ydpeg OOV M EACOA®ON £xel mpotabel MG avadLVOUEVO VOGO
(Rojas et al., 2010).

Bdoel g ariniovyong tov yovidiov 28S rDNA avadeiyOnkav dvo Poocukég
euhoyevetikég opdoec/yovotomor (bI0OSA wor bl105G). TloAhoi epevvntég dev
dmicTOoov S10PoPES G AVTO TO YOVIOLO0 1) AVTEG 01 SPOPES OEV YOPAKTNPIoTNKAY MG
onuavtikés (Marcilla et al, 2002; Lee et al, 2007). Movo Alyeg moparloyéc
voukAeoTiwv Bpédnkav petabd tov eWwav F. hepatica kou F. gigantica (Marcilla et al.,
2002). TToAvpopoiopoi otn 0éom 34 tov yovidwov 28S rDNA vy to F. hepatica €xovv
avaeepBel oe mapacita and v lomavia (Vara-Del Rio et al., 2007). Zopopwva pe
(QULAOYEVETIKN] OVAALOM, Ol oAAnAovyiec amd ™ Pdon oedouévav (GenBank)
(http://www.ncbi.nlm.nih.gov/) pe k0dwd Kataympiong AY222244 and to Hvopévo
Baoiieo (Olson et al., 2003) ka1t EU025874 and to Néo MeEwod (Lotfy et al., 2008)
dvnkav oto bIOSA yovoétumo. H maykdopia yeoypoapikny eEdmiwon Kot tov 600
yovotOmwv b105A ka1 b105G evoéyetar va vmodnAavel pio TpOc@atn eEEAEN AOY® TG
YEVETIKNG Towhopopeiag tov F. hepatica ot 105m 0éon tov yovidiov. Ta mapdoita
mov TpoegPYOTay omd Tov voud ‘EBpov cOpupmva pe 10 QUAOYEVETIKO OEVIPO TOV
KOTOOKELAGTNKE, dvnKav povo ot1o yovotumo b105SA. Avtd 10 amotéleopo icmg va
oyxetileton pe 1 yewypoeikn 0éom tov vopov, kobMOC peAETN £0€1Ee OTL LTAPYEL
(QLAOYEVETIKOG oY ®PIoHOG HeTalld TV apacitwv mov kotdyovtal and v Evpomn
katl v Acia (Semyenova et al., 2005; 2006).

AdYy® TG aVTIKATAGTACTNG TV VOUKAEOTWOimV ot 1051 0éom, po emumAéov
avtikotdotoaon Ppédnke kot opiotnke wg b105SC/T. Avtiy n aviikatdotaon Ppédnke oe
TOAD YapnAd mocootd o€ mapdoita mov mpoépyoviav ond v [lolwvia, ondte Oa
umopohoe va glval YOPUKTNPIOTIKN Yo TOPAo1to. Tov Kotdyovior amd POpelovg
minBvcpove. Emiong, mOAAEC avVTIKOTAGTAGES VOULKAEOTIOIOV vANpYoyv HOVO o€
nmopdotto Tov mpoépyoviav amd v EAAGoa kar t BovAyapia (S28f kot S28e), ot
omoieg Mrav aveEdptntec oamd TOLG KLPWLG Yovotvmovs. Ta mapdoito oVt
nmpoépyoviav Kupiwg amd v EALGSa Kot paiveTon 6Tl 01 TOALHOPPIGHOL Tay GUVIOELS
oe moapdorta F. hepatica g votwg Evpomnng. Tlapd t ocvvinpnrikn mepoyn tov
yovidiov 28S rDNA, ta oamoteléopota £5eiov OTL Ol  OVTIKOTOOTOCELS TV
VOUKAEOTIOIV MTOV OPKETES Y10 TOV KOOOPIGHO TV YOVOTUTTMOV Kol TNV d10(popoToinomn
petaly tov tAnfvcpdv tov Boaikavikov yopov (EAAGdag kot BovAyapiog) kot g
[ToAwviag. Tapd to yeyovog 0t  mepoyn 28S rDNA avoaeépeTor ®G GUVTNPNTIKN,
OTNV TOPOVGO LEAETN TOPOVGINCE OPKETH TOIKIAOUOPPia, MoTE vo Kabiotatal dvvatn
N dwpopomoinomn tov yovoturwv. H etepolvymtio mapatnpndnke oe mocootd 10% tov
oLVOAKOU TAnBvopol tev Tapacitwv copeova pe v 1051 B€on tov yovidiov 28S
rDNA (Teofanova et al., 2011).

[Mapopolon amoteréopata Ppédnkav yia v mepoyn tov mtDNA mov
pereOnke. Avo Bacwkoi arddtumotl opiomnkay mg CtCmtl kor CtCmt2, o1 omoiotr Opwg
dev oyetilovioar pe t0LG YovoTLTOLS TOL Yovidiov 28S rDNA mov meprypdonkav
mopormave. o tov CtCmt2 omdotvomo €ywve évag emmALov  SO(OPICHOS, GTOVG
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CtCmt2.1 xor CtCmt2.2. Avtoi ot amAdtvmor amoteAovcav mepimov 10 90% twV
eMnvikov mopacitov. Emmiéov, ot anddtumor mapatnpndnkav va dapépovy petald
TV topacitov and v EALGdo/BovAyapio (CtCmt2.1) kot v [Mohwvia (CtCmtl). O
anAotuomog CtCmt2.2 Bpébnke oe vynAn cvyvotta (~60%) kot frav oxedov eEicov
KOTOVEUNUEVOS UETOED OA®V TV Yop®V Tov peAetnOnkav. Ilap '0Aa avtd vanmpye
TPOPOVNG Olakplon TV TANOGvou®V peETad POPLOoOVOTOAIKNG KOl VOTIOOVATOAKNG
Evpomng. O amiotuomog CtCmt2.2.1 Bpébnke poévo ommv EALGSa, evd o CtCmt2.2.2
Bpédnke povo oty Ioiwvia kot ™ BovAyapia. Yrokataotaoelg apvoééwv Ppédnkay
ot mpwteiveg COX3 kot COB, &vtog tov amiotvneov CtCmtl/CtCmt2 kot
CtCmt2.1/CtCmt2.2.

Emniéov, avdeiynkov dvo moAvpop@ikég mepoyég mov opiotnkav wg C3mt
(8éom 193 ¢m¢ 206) vy o yovidwo cox3 kot CBmt (8éon 710 éwg 711) yia o yovido
cob. Ou mepoyég oavtég Mrav  oveEdptnteg omd  TOLG  GAAOVLG  YEVETIKOVG
LOVOVOVKAEOTIOKOVG TTOAVUOPPICHOVS OV TTapatnpnonkay tponyovpuéves. H mepoym
C3mt mopatnpnOnke oe mapdacito mpoepyodpeva amd v EAAGSa, eved m CBmt
mapatnpinke Kuping oe mapdctta and v [odwvia. Entd vrokatactacelc apuvolémy
Bpénkav omv COX3 mpwteivn ko pia otnv COB npoteivn. H etepoluymtia 6Amv
Tov dsypatov mapatnpninke oe mocootd 68.52% wor OewpnOnke OTL TO VLYNAO
TOGOGTO OPENOTAV GE VEEG EEEMKTIKEG O100TKAGTES.

AVOQOopIKd e TNV TAPOVGIK TOV VO HTOYOVOPLIKDOV PVAOYEVETIKMOV OUAO®V
™m¢ avatoMkne Evpodmng kot g ovtiknig Aciag, Pdoel TV TOADUOPPIGUOV TOV
yovidiov nadl kou coxl, €xel mpotabel kKot amd dAlovg cuvyypapeic (Semyenova et al.,
2006). Ta amoterécpata TG TUPATAVE® EPELVAG £JE1EAY, OTL OV KOl 01 dVO OULAOES TV
mopovcec oe OAa ta eEetaldpeva KpATn, o and avtég NTav Kupiopyn otV TEPLOYN
™¢ Aciog.

H avéivon g voukeloTidokg aAiniovyiog Tov Yovidlov, Tov KmOKonolel TNV
TPOTEIVN TG P-ocwAnvivig 3, dev £de1Ee TV VTTAPEN GUPAOV YOVOTLTI®V GTOV TANBLoUO
tov F. hepatica. Ta gvprjpata g peAémg £oei&av mepimov 40 TOALLOPPIKEG TEPLOYES,
ol omoieg pmopovoav vo tavounbodv e oudoeg avAAOYD HE TO TOGOGTO TOL
Bpétnkav peta&d Tov tapacitov. Mo and avtéc NTav Tapovca pe oxeddOV 160 T0G0GTO
o€ KaOe yopa. Mo aAAn opada SNP fitav mapovoa e HEWODUEVO TOGOGTO PETAED TOV
minfvopdv ard v EALada mpoc v Tolwvia pe katebBvvon oand 10 vOTO TTPOC TO
Boppd. Mepwcéc opadeg amaptiCoviav povo amd mopdoito TPOoePYOUEVA Omd TNV
EMGda, aArhd oe xapunio mocootd. Ot mpoTeiviKég aAANAOLYIEC TNV TOPOVGH PEAETN
€0e1Eav o vrokotdotoon apvoEéog oto kmowkovio 104 (Gly/Glu) émerta amd ™
ovotoiyton tovg. H vmoxatdotaon Ttov apvoEEog TPoEKvye amd VOLKAEOTIOKN
avtikotdotoon ot 0éon 311. Avtdg o ToAvpopPIopog Ppédnke povo ota mapdoito TG
[ToAwviag, pe ovyvommra 31.03%. AopPdavovtog GLVOMKA TO OTOTEAEGUATO TNG
avaAvong Tov yovidlov g B-ocoAnvivng 3, N mapovcion TOAAATAGY dAANAOUOPP®Y Kot
¢ etepoluymrtiag ewdletal 6Tt 0QeiAOVTOL 6TO VYNAO TOG0GTO GVLEVLENG HETAED TV
nopoacitov. [lapoio mov dev €yve duvatdc o kabopiopdg yovotumwv Pactlopevol 6To
yovidolo g P-ocoAnvivn 3, opopéveg moivpopoikég mepoyés  (SNP)  nrav
YOPOKTNPLOTIKES Y10 TOVG TANBLGHOVG Tapacitwv g EALGdag kot g [Todwviag.
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H évtovn mapodlloktikdtnto tov eAANVIKOV Topacit®v mov mapoatnpnonke
1000 PETOEL TOVG OGO KOl GE GYE0T UE TOPACITO GAL®Y YOP®V, UTOPEL VO GLUVOEETAL
elte pe mv avBeApuvlkn avtiotaom tov mopacitov oto Triclabendazole, gite pe v
avamoteleopotikn Tapackevn epporiov (Walker et al., 2007).

H avéivon kot tov tprov emleypévov tunpdtov £6eiée 0t 10 F. hepatica ntov
OLO10YEVEC G €100G HETAED TOV YE@YPUPIK®OV TEPOY®V Tov peietnOnkav. H
opotoyéveln umopel va opeiletan oto yeyovag Ot Ta €idM tov Fasciola mponABav omd
mv Aepwn mpv mepimov S0 ekatoppvplo xpovia, Katd tm owdpkew e Hokoavov
Emoymg, kot ot ovvéyeia dwokopmiotnkav otnv Evpacia (Lotfy et al., 2008). To F.
hepatica xotd po. AmOY™N EVOEXETOL VO €YEL ELPOCIOTIKY TPOEAELON, e&outiog TNg
TPOTIUNGNG TOL Yo T0 caAyKapt Galba truncatula (Mas-Coma et al., 2009). ®aiveton
mOavo 4Tl 1 aAlayn TG TPOTiUNon Tov Tapacitov amd €101 cairykapudy planorbids e
elon ocoilykoapiwv lymnaeids, epeaviomke otv Evpacio kot oot govonoce v
eneavion twv eWav Fasciola ko tov amokicpd toug otnv Aepikn| (Lotfy et al., 2008).
H andoyion peta&d tov F. hepatica xor tov mo kovtvo tov gidovg, 1o F. gigantica
vroAoyiletanr Ot €ytve mpwv amd 16 pe 28 exkatoppdpa ypdévia (Irving et al., 2003)
nepimov otnv Metdxawvo Emoyn.

Xmv mopovoa HEAET, domioT®OnKe 0Tt HETa&D ToL TANOLVGLOV TOV TAPAGITOV
VIapyEL o caen otikplon peTa&d avtdv Tov votov (EAAESa ko Bovdyapia) kot tov
Boppd (IToAwvia) eEoutiog TV moALHOPPIGUOY TOV Bpébnkayv. Avti 1 ddkpion puropel
va. opetheTal oty €d0QIKN Kot TANOLCUIOKY OPEST TNG YEMYPOUPIKNG TEPLOYNG
moAootepov meptodmv. Katd t dwapkeian ¢ Toraoyevoivg Ilepiddov ot Nmepot
YOPIGTNKAV OTIC ONUEPIVES LopPES Tovg. H Agpikt| cuykpovotnke pe v Evpacio mpwv
19 ko 12 exaroppvpra ypoévia katd t Mewdkoawvo Emoyn (Seyfert and Sirkin, 1979).
Kotd ™ ddpkela avtig g mepidoov, uépn g onuepwvng Itaiiog kot g EALGOaG
(Tupota tov Avtik®v Boikoviov) dev 1oy cuvOedeIEva e TNV EVPACIOTIKY NTTEO.
Oleg o1 mopamdve yewAoyikég avakatatdielg Bo pumopodoav va amoTeEAEGOVV Lo
e€nynon v tig d1apopég Boppd-votov petald twv TAnbusumv tov F. hepatica.

Mo AN mbavn ekdoyn oxeTIKE pLe TOV doywPIoHd TV 0OV 10V Fasciola
elval 611 0 Sywpopog Eaafe yopa mpwv amd 20 y1adeg ypdvia mepimov, Katd ™
dlapkewn ¢ teAevtTaing mepddov ayetdvav, oto téAog ¢ [TAeiotokaivov Emoync.
Oumg, xatd ™ odpkela TG enoyNg TV Tayetdvov, N EAAGda kot n Boviyopia dev
kaAvmtovtay and mayetoveg (Seyfert and Sirkin, 1979). TI'e avtd 10 AOY0 GvT M
vdOeom dev €xel GYEON HE TO ATOTEAEGLLOATO TG TOPOVGOG EPEVVOC, EMEION OV UTOPET
va e€nynoet T1g dtpopic petald twv TAnBuoumvy Tov mapacitov and v EAAGSa Kot T
BovAyapio pe Paon ta amoteAéopato Tov emileypévov tunpotog tov mtDNA.
SOUTEPACUATIKE, VLEAPYOVV  capelg  Olakprtoi mAnOBvopoi ot mopAclTO. OV
npoépyoviav amd v votia (EAAGSa kot Bovdyapia) kot Bopewa (ITorwvia) Evponm.
I'evetikol povovoukieoTidkoi moAvpopeicuol damotddnkov ce 6Ao To yovidn TV
nopacitov F. hepatica mov pelemOnkav. Ta amoteléopoto ovtng ™G HEAETNG
oLVEBaAaY otV KOADTEPN KOTAVONGT TNG YEVETIKNG OOUNG KO TNG ETEPOYEVELNG TOL
nAnBvcpov tov F. hepatica otqv EALGSO odAd Ko o€ dAAEG TTEPLOYEG TG AVATOMKNG
Evponng (Teofanova et al., 2011).
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E.4. Movtehomoinon g YEOYPUPIKNS KATUVOUNS TOV YOVOTVAIMV KOl 0TAOTOT®V
ne Tov alyoprOpo Maxent

H mapovoa perétn ekBéter v mbavotnta g YEOYPOUPIKNG KOTAVOUNG TV
YOVOTLTI®V Kol OTAOTLVTTWV ToV F. hepatica mov vrdpyovv otic 600 yopeg (EAAGda Ko
BovAyapia) kot Bacilovior o dvo emieypéva tuqupate tov DNA. To Aoyiopukd tov
Maxent eival éva pobnuoatikdé mAaiclo mov pmopel vo EQOPUOCTEL ETOPEANDS Yo TO
dtapopa €idn N/kat yio T YopK| KoTavour oeopwv opddmv (Haegeman and Etienne,
2010).

O oyetikd pkpdg aplBuds tov onueiov eyypapov (6-12) tov yovoTummV Kot
ATAOTUTOV TTOV YPNCULOTO10VVTAL 6TO0 PovTéAo (Maxent) Tng mapovcag HeAétng, pumopet
Vo €(€l OC OMOTEAEGUO TN KATOOKELN] UN a&OMOT®V HOVTEA®V. & GAAEC HEAETEG
Bpénke o011 M axpifelo TV poviéAwv NTOV KAAVTEPT, OTaV YpnoomomOnkayv 50
onueia eyypapav oto Aoyiopuikd GARP (Stockwell and Peterson, 2002). "Eyet
amodeyfel 6tTL 0 eAd10TOG aPOUOC TOV EYYPOPAOV TOL OTOLTOVVTIOL Yo TNV OKPPN
povtelomoinon pe to Maxent, givan mepimov ot 15 (Papes and Baubert, 2007). Qot600,
o Pearson et al., (2007) dwrmictwoov 6Tt povtéda mov katackevalovtor pe poévo 5
EYYPOUPES £0€1EAV KATO10, GTATIOTIKT OTUAVTIKY (p1|oT Tov Maxent.

Etvar onpavtkd va avaeepBel 6t1 otV mapovca HEAET, e TN LOVTEAOTTOINGN
™G KOTAVOUNG TOV QUAOYEVETIKOV Opddwv tov F. hepatica otv EAAGOO kor
BovAyapio, dev onpaivel Ottt pHOVTEAD OVTA OVTITPOCMOTELOLY TN TPOYUOTIKN
KATOVOUN TV YovOTLUm®V 1 TV omAotumev. Ta onueia eyypaedv (gpedviong
YOVOTLUTI®V 1 ATAOTL®V) NTav 610 Popeto Tpuqua e EAAGdag kot oto voTio duTikod
tunpo e BovAyapiag, agnvoviag meployés g votog EALGOAG Kot TG avaToMKNG
BovAyapiog ympic va €xovv peremBet emapkadg. Omote, To poviéda avtd Oa mpémet va
BempnBolv mg po TpMOTN TPOSTADELD Y10, TNV TPOGEYYIGT] TOV YEWYPAUPIKOV EVPOVS TWV
dpdpwv yovotumev/amAotuonwyv tov F. hepatica otv EAAGSa kot 1 Boviyopia
(Kantzoura et al., 2011b). Ilepartépw épevveg Oa mpémer va de&oybovv, ®oTE v
ooumepiineBovv ko véeg mepoyés g NotwoavatoAkng Evpomng. IIpdcOeteg
tomoBecieg cLALOYNG TOoL F. hepatica pmopel va aALAEOVY TNV TPOPAETOUEVT] KATOVOUT
TOV YOVOTLUTT®V oV Ppédnkav oty mapovca épevva. Emiong, kot o ypdvog cuAroyng
TV delypudtov umopel vo aAAdEEL TV TPOPAETOUEVT] KATAVOUT TOV YOVOTLTI®V KO
anAOTLVTTOV. Xe Mo KTVOTpPoeiK povdda oty OAlovdio dwmiotddnke OTL O
mAnBocopdg tov F. hepatica giye petafindel onuavtikd kotd ™ S1dpKed PG TEPLOS0V
18 unvov, kabmg véor amAdTLTTOL NTOV TAPOVTEG KOl KATO101 AAAOL amOVTEG KOTE TO
devtepo €tog ¢ derypatonyiog (Walker et al., 2011). Oa wpénel va onueliwbei 611 tal
HOVTEAQ TTPOPAEYNG TV YOVOTUTTOV KOl OAOTLUROV TOV F. hepatica otV mOpOVCO.
HeAETN cvumepAapBavouy povo TePIBAALOVTIKOVG KOl KAUOTIKOVS TapAyovTESG Kol Ol
mopdyovteg mov oyetTilovion pe TN olayeipion T@v LOwWV.

H vynAdtepn mbovotmro g mopovciag TV yovOTLU®V Kol OTAOTOTWV
eppaviotnke ot weployn g Osscariog kot g Kevrpikng Makedoviag. O mo cuyvog
anmAOTVTTOG 6To TUNHe Tov MtDNA, ftav o CtCmt2, o omoiog @aiveror va givoal kot o
HOVaOIKOG amAOTUTOG OV £lye peYdAN mBavOTNTA TOPOVGING GTNV TEPLOYN TNG AVTIKTG
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EMédag. H Bpoydmtwon ko n Oeppokpacio eiyav couPdiel onpoavtikd kot 1c6Toco
ot povtehomoinon tev yovoétumwv tov 28S rDNA. Ocov agopd o10 TUNUO TOV
mtDNA, 1 Bpoydntmon NTav 0 SNUAVTIKOTEPOS TAPAYOVTOS Y10 TNV HOVIEAOTO{NGCT TOVL
CtCmtl oamiotvmov, evd 1M Ogpuoxpacio @aivetoar OTL MTOV O OCNUAVTIKOTEPOG
mopdyovtog otn Swpopemon ¢ povieAomoinong tov CtCmt2.1 ko CtCmt2.2
anAotunov. H xotavopn tov CtCmtl emnpealotav amd v emola Ppoyxdmtwon
(BIO12), ™ Bpoyxdntmwon tov vypdtepov pnva (BIO13) kot ™ Ppoydmtmorn tov
vypdtepov tpunvov (BIO16), dnAadn Otav to colykdpla eivor otnv atyun e
dpactpromrds tove. To F. hepatica otmv EAMGOa dwaPiel oe mepifailov wg eni T0
mieiotov Oepuod katl ENpod and tov Ampidio uéxpt tov Oxtopplo (Maheras, 1989). Q¢ ex
TOVTOV, N AVATTLEN TOL TOPAGITOL KO 1] AVATOPAYWOY TOV GOMYKaPlOV otnv EAAGSa
nepropilerarl Ot AOy® TV YOUNADV OEpHOKPACIOV OAAL amd TNV EAAEWYT VYPOGING, LE
OAmOTELECHO. VO OIKOTTETAL O PloAoyikog KOKAOg ¢ (ong tov mapacitov (Boray,
1969). EmmAéov, or xApoatikés ovvOnkeg €xovv oavoeepbet o611 emmpedlovv v
avamTuEN TV TPOVLUPIKAOV otadiov tov F. hepatica €ite 610 GOAYKAPL €it€ GTO
nepdrirov (Conceicao et al, 2004). Ta tpnuotddn moapdorta amd yopnAoTEPO
Ye@ypopika mAdTn €xer oamoderyBel OTL mapovcidlovv avénon G TapUy®YNS
KEPKOAPIOV OE GYECN UE OWTA TOL TPOEPYOVIOL OO VYNAOTEPA YE®YPOUPIKO TAATN
(Poulin et al., 2005). EmnmAéov, €xer amodeyBel n aAlomatpiky) cvoyétion tov F.
hepatica ka1 tov gvoldpecov Eeviotr| tov (Galba truncatula), av Kol  TopoTpnon
&yve og pia povo yeved (Gasnier et al., 2000).

O CtCmt2 amhdtunog, mov avietoryel oto 90% tov eEetalopevav detypdtov,
QOIveTal OTL 1 YEOYPOPIKY] KOTAVIUY TOL ennpedletar amd T Oeppokpascio Kot ovTh ToV
CtCmt1 amidtumov mov aviictolyel 6to 10% tov eetaldpuevov detypdtov, paivetol vo
emmpedleton and v Bpoyxdntmon. Xy mpayuatikodmra, o CtCmtl amAdtumoc, ftav
yopaktpotikog ywo m Bopewa Evponn (Teofanova et al., 2011), 6mov n Ppoydmtwon
etvar vy, evd o CtCmt2.1 rav tvmkdg ot vote Evpann, 6mov n Oeppokpacia
elval o onuavtikdtepog mapdyovtag mov Kabopilel ™ HETAOOOTM TOL TOPAGITOV GTO
coAykapla. XOpeova pe to cvotnua tagvounong kiipatog Koppen, n EALGSa, M
BovAyapio kot o1 yopeg g Bopelag Evpdnng, avikouv 6e S1opopeTIKEG KATNYOPIES
tov KAlpotog. ‘Eyel dwatvmmBel n dmoyn 6t ot mAnBuopoi tov F. hepatica amd 1
Evpocia pumopel va dwwondotkav kot vo amoikicav meployés g EALGOAG kot g
ItaAiag, 6Tav avtég o1 ydpeg NTav cvvoedepéveg petald tovg (Teofanova et al., 2010)
Kol TEMKE TPOCAPUOGTNKAY GTIC TOMKEG KAUATIKES cvvOnKec. O Adyo¢ Yo Tov omoio
ol petaPintég g Beppokpaciog mailovy oNUAVTIKO POAO GTN YE®YPOPIKT KOTOVOUN
tov CtCmtl amAotumov, evd N Yewypagikn kotavour tov CtCmt2 arAdtunov pdAiov
emnpedleton and TIg peTaPAnTég TG Ppoydmtwon, mpémel va depeuvn el TEpAITEPW.
A&iler va avapepBel 011 oTIc mMEPLoGdTEPES TEPLOYES OMOV Ppédnke o amAdTLTOC
CtCmtl, o &eviotc Ntav Pooedr]. Ondte, ot d1dpopot amAdTumol Tov F. hepatica icmg
oyetilovtol Pe TIC CNUAVTIKES OIKOVOUTKE AOTUMEEIS TOV OYEAAOMV YOAUKTOTOPAYWYNS
ot Bopea Evpodnn (Bennema et al., 2011).

Avo@popikd pe tnv cupPoAn ToV HETAPANTOV TOL APOPOVGAV TNV KAALYT TOL
€00(QOVE KO TO VYOUETPO GTNV HOVIEAOTOINGT, PoiveTal Vo Unv cVUPdAovy 6To £0POG
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™G YEOYPOPIKNG KOTOAVOUNG TOV YOVOTLITOV/OTAOTUT®V. AVTO TO €0pnuo 16m¢
oyetileton pe v peydAn wavotnra tov F. hepatica vo amotkicel Kot vo TPOGUPUOCTEL
o€ véo TEPIPAAAOVTO, aKOUN KoL GE XUPUKTNPIOTIKE akpaio (TOAD LYNAG LYOUETPO)
(Mas-Coma et al., 2009). H enéxtaon tov F. hepatica amd6 mv Evpomn oe Ghleg
nreipovg oxetiletor emiong pHe T YEOYPAPIKY EMEKTACT] TOV GOALYKAPIOV TOL €100VG
Galba truncatula, to omoio xatdyetol and v Apepikn (Correa et al., 2010), kot v
TPOGAPHOYN TOV o€ vEeg Teployég (Mas-Coma et al., 2009).

Ot 86v0 yovdtumotl Tov yovidiov 28S rDNA dev gaivetar va £xovv d1apopég MG
TPOG TNV EVOEYOUEVT] KATAVOUT TOVG. AvTtd Ogv Tpokalel EkTANEN, He dedopuévo OTL TO
YOVid10 aTo givarl EEQPETIKG GLVTINPMNUEVO KO MG €K TOVTOV YPNGLOTOLEITAL GLYVE Yo
70 Jy®PoUo TV eWav. H poviedomoinon pe Baon tic aAiniovyieg tov mtDNA ftav
mo evolapépovca. O CtCmtl anAdTumOg, 0 0MOi0g NTAV YOPUKINPIGTIKOG OTIC POPELES
mePLoyEC, umopel gite va givar Arydtepo avOekTiKog oTig VYNAES Beprokpacieg 1/kat va
eCaptdror meplocdtepo and v Ppoyodmtmon amd 6t 0 CtCmt2 amidtvmoc. Avtd
umopel vo onuaivel 0Tt ot amAdtumol Tov mtDNA dev amotehovv 0VOETEPOVS OEIKTEG OE
oxéon He T onuepwvn kotavopr] tov  F. hepatica M, pmopel vo aviovokAovv
petokivnon Cowv mopeABovImV ETOV, TOL HETEPEPAV TA TOPACITA.

Yvumepacpatikd, pe TN povieAomoinomn mpocdlopiotnke OtL 1 mbavotepm
YE@YPOPIKT KOTAVOUN TOV YOVOTU®V OAAG Kol TV amAdtumev tov F. hepatica
Bpioketar otn votio Boviyapia, v kevipikn kot fopeia EAAGSa, OOV exTpépeTon Ko
OTIG OVO YMPeS peydrog apBudc unpuvkactikov (Eurostat, 2007). H povtedomoinon g
YE@YPOPIKNG KATAVOUNG TNG MEYIOTNG evrpomiog, €xel amodeyBel Ot amotedel éva
YPNOLO YOLOYMOPIKO EPYOUAELD YOl TN YOPTOYPAPTOT TV YOVOTLTTMV KOl ATAOTOITMV TOV
F. hepatica otv EALGSa ko T BovAyapia (Kantzoura et al., 2011b).
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ITAPAPTHMA 1

EPQTHMATOAOI'TIO I'TA THN EPEYNA THX ®AXIQAOXHX XTH
OEXXAAIA

NMpoowTTIKG OTOIXEIA EPWTWHEVOU
Ovoua
EtTwvupo
AiguBuvaon
TnAépwvo | ( )

Hupepopnvia Aypewg epwrtnuatoAoyiou: /1200
No (2uutrAnpwverar amré 1o TIA)

Amavriore onugiwvovrag ora rerpaywvidia pe éva X. Or apiBuoi dirrAa ora
TETPAYWVIOIQ XPNOILEUOUV YIa TN KWOIKOTTOINGN TwV ATTAVIHOEWYV

NMPOZQIMIKA ZTOIXEIA EPQTQMENOY

1. HAIKKia epwTwHEVOU (ZNUEIWOTE éva pévo X)

18-29 eTwv
30-44 gTwv
45-64 eTwv
65+ dvw

AWON -

2. Emimredo ekmaideuong (ZnUeiwoTe éva pévo X)

KaBoAou oxoAgio

Mepikég TéEEIC AnOTIKOU
AnuoTIKO

lupvdaio

TexVIKO AUKEIO/TEXVIKEG OXONEG
AUKeI0

IEK

KEK

TEI

®oitnon oe AEI(xwpig TrTUXio) 10
AEI 11
MeTamTuyiakd 12

O©CoO~NOOOAPRAWN-—-
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OPIr'ANQzH KAI AIAXEIPIZH KTHNOTPO®IKHZ MONAAAZ

3. ZUPTTANPWOTE TOV TTAPAKATW TrivaKa.

Moper povadog (C): 1=Evratiki 2 =Hpievramikn 3 =EkTarikn
Eidog Cwwv A B C
Ap1Bu6g ol Mopopn
A. Mpoépara
B. Aiyeg

4. T KTIPIOKEG EYKATOOTAOCEIG EXETE;

21éBA0g
ATT0BAKES
AUENKTHPIO
MpoauAio
Tupokop€io

AP wWON -

5. XapakTnpideTe TIG EYKATAOTACEIG OAG: (ZNUEIWOTE éva povo X)

Etropkeig 1
AVETTOPKEIG

6. T1 £id0g BOOKOTOTTOU XPNOIUOTIOIEITE:

151wTIKOG 1
Evoikialduevog 2
KoIvoTIKog 3

NAPAIQriKA ZTOIXEIA KTHNOTPO®IKHZ MONAAAZ

7. NMéoca {wa apuEYETE KAl TI TTOPAYWYH YAAOKTOG £XETE CAMEPQ;

A B
Méoo yaha Méoa {wa apéAyeTe
Eidog Cwwv (Kg)
A. Mpoépara
B. Aiyeg

2TOIXEIA AIATPO®HZ AIFOMNPOBATQN

8.ZNHEIWOTE TOUG UAVEG TTOU SIVETE TIG TTAPAKATW {WOTPOYPESG OTA alyoTTpopara:

1 4 6 7 8 9 10 11 12

2 3 5
Il  M|AM]JIT|[IT]J]A|JZ]|O|NJA

A. Bookr o€ QUOIKO Asipwva

B. Bookr o€ TeXvNTo Acipwva

C. Xovdpoeldeig {woTpopEg

D. ZupTttukvwpuéveS LWOTPOYES
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9. NéTe apyidere va SiveTe CUMTTANPWHATIKA TPOQPK OTA AlyoTTpoBaTd; (ENHEIWOTE £va

Hovo X)

15 NUEPEG TTPIV TOV TOKETO

—

1 YAva TTpIV TOV TOKETO

N

MeTtd Tov TOKETO

YITEIONOMIKH AIAXEIPIZH KTHNOTPO®IKHZ MONAAAZ

10. OTav ATTOHAKPUVETE TV KOTIPIA ATTé TOV OTARBAO TI TNV KAVETE; (ZNUEIWOTE éva Povo

X)

ATTAWUA 0T XWPAPIa OTTWG Eival

MwAnon 61Twg givai

Xwvewn Kal ATAwPa o1a Xwpdeia

Xwvewn Kal HETE TTWANCN

BioAoyikdg kaBapioudg

AtToAUpavon Pe aoBEoTn

Odyiyo

ONO O WN =

11.Mwg amroAupaiveTe Tov OTARAO; (ZNUEIWOTE éva Hovo X)

MAUGIUO pE vEPO HOVO

AoBéoTn

ATTOAUPQVTIKO EUTTOPIOU

dwTid

AP wWON -

12. ZréAvere deiyparta (ry. aipa, KOTpava, yaAda, TTAAKOUVTEG KATT) OTOV KTnviarpo yia

éAeyxo aoBevelwy; (ZnueiwoTe éva poévo X)

NAI

OXI

N =

13. MNoéTe pwvalere Tov KTNViATPO; (ZNUEIWOTE éva Poévo X)

Moté

INa 1a veoyévvnra gévo

Apa uttdpxel TTPORANUa

Mia @opd 10 Xpovo

AUO QOpPEG TO XPOVO

Kd&Be etToxn (dvoién, KATT.)

KdaBe urva

KaBe eBdoudada

ONO O WN =

14. Otav éxeTe vekpo {wo NnTeiTE ATTO TOV KTNVIATPO VA KAVEI vEKpowia; (ZNUEIWOTE Eva

Hovo X)

NAI

OXI

N =
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NMPOAHWH KAI OEPATIEIA NAPAZITQZEQN ZTH KTHNOTPO®IKH
MONAAA

15. Moio(a) avTITrapacITIKG(a) @appaKo(a) Ba XPNOIMOTTOINCETE TO TEAEUTAIO £TOG KAl

Tmoio(d) xpnoigotroINCATE To TTPOoNyoUuEva Xpovia; (Atite To oKkeUaopa Hévol oag)

OAPMAKO (Apaacriki oudia)

‘07

‘06

‘05

‘04

‘03

‘02

‘01

‘00

Aev divw kavéva

ALBENDAZOLE (Albandazole)

ACAPRIN (Quinuronium Sulfate)

BANMITH (Pirantel Citrate)

BAYVERM (Febantel)

DISTO-5-COGLA (Bithionoloxyde)

DRAVEVIL (Bithionol)

DUOTEN C (Niclosamide)

EOMISOL (Levamisole Hydrochloride)

FASINEX (Triclabendazole)

HAPADEX (Netobimin)

IMIZOL (Imidocarb)

LEVAJECT (Levamisole Hydrochloride)

LEVAMISOLE (Levamisole Hydrochloride)

LEVOPLIX (Levamisole Hydrochloride)

MANSONIL (Niclosamide)

MOSILE-L (Levamisole Hydrochloride)

NILFAN (Niclosamide)

OVIHELM (Morantel Citrate Monohydrate)

OXIBENDAZOLE (Oxibentazole)

PANACUR (Fenbendazole)

PIPERAZINE (Piperazine Hexahydrate)

PUSSASIX (Piperazine Antipate)

PYRANTEL (Pyrantel Embonate)

RAFOXANIDE (Rafoxanide)

STOZZON-L (Levamisole Hydrochloride)

SYSTAMEX (Oxyclozanide)

SYSTAMEX PLUS (Oxyclozan.+Oxfendaz)

THIABENDAZOLE (Thiabendazole)

TRIDICINE (Levamisole Hydrochloride)

VALANEQ (Ilvermectin)

VALBAZEN (Albendazole)

VERMIZIN (Oxyclozanide+Levam. Hydro.)

16. Mé0oeg Popég TO XPOVO BiVETE AVTITTAPACITIKA PAPHAKA OTA AIyOoTTpoBaTq;

HAIkiag <1 xpdvou

HAikiag >1 xpdvou

OAa 1a {wa

A. Mpoépara

B. Aiyeg
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17. MNoTe SiveTe AVTITIOPACITIKA PAPHAKA OTA alyoTrpoBatd; (AwoTe TTOAAATTAEG
ATTAVTAOEIG)

A. Otav Byaivouv yia TTpwTn opd oTh BOOKI
B. MeTd TOV TOKETO

C. Otav eicdyete véa (wa oTn Jovada aag

D. Otav teAeiwoel n Tepiodog BOGoKNONG

E. Avoign

F. KaAokaipl

G. PBivoTTWPOo

H. Xeipwva

I. Aev utTdp)El TTPOYPAUUO

JoAMO e

2 OWoO~NOOPRWN -

18. Ta avTITTapaCITIKA @APUAKA TA SiVETE:

A. Am6 pévog oag

B. YupBouAEUEDTE TOV KTNVIATPO

C. ZUpPOUAEUEDTE TO YEWTTOVO

D. ZupuBouleleoTe AAAOUG KTVOTPOPOUG

AWON -

19. Ta avTITTaPACITIKA @APHAKA XOopnyouvTal oTda {wa avdAoya pe To Bdpog Toug. MNa Tn
XOPAYNoN TOU OVTITTAPACITIKOU @AapudKOoU TO Bdpog Troiou {wou XPnNOIUOTTOIEITE;
(ZnpeiworTe éva pévo X)

To 1o eAappu
Meoaio Bapog
To 1o Bapu
ATOUIKO BApOg
AAO

AP wWN -

20. T1 €id0g avTITTAPACITIKOU @APHAKOU TTPOTIHATE VA XPNOIMOTTOIEITE;

A. MNMéoipo didAupa o1o vepod 1
B. Xd&ma/BwAol 2
C. Zkovn/Kokkia/[lpouiyua otn 1po®n 3
D. Evéoipo 4
E. Yypd 5

21. MNa va JIaAESETE éva AVTITTOPACITIKO QAPHAKO TI €ival ONUAVTIKO Yid 0dG; (EZNHEIWOTE
éva poévo X)

H miy ayopdg

Mrtropei va avauixBei pe Tn TpOn

Eival evéaiyo

MikpO¢ Xpévog avapovig

KaAd atroteAéopara oTo TapeAOov
2UOTAOEIG ATTO TOV EUTTOPA {WOTPOPUIV
2UOTAOEIG ATTO TOV YEWTTOVO

2U0TAOEIG ATTO TOV KTNVIOTPO
Alognruion

AAO

2 OCoOoO~NOOPRWN -
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22. Nwg BéoKOUV Ta alyoTTpopara;

1

2

Eidog Cwou

NAI

OXI

. MpéBara kai aiyeg xwpia

. MpéBara kai aiyeg padi

A

B

C. Madi pe dhoya
D. Madi pe Booeidn
E

. Madi pe dA\o €idog......................

23. Ze 11 €id0g BookoTOTTOU BOOKOUV T (WA CUVABWG; (ZNUEIwoTe éva pévo X)

21eYVOGg

Yypdg

BaAtwdng

1
2
3

24. ATTavTAOTE OTIG TTOPAKATW EPWTHOEIG:

NAI

OXI

A. H reploxry Béoknong gival Joviun;

B. E@apudlete KUKAIKA BOoKNoN PETAEU BIa®OpwY BOOKOTOTTWY;

C. Aivete QvTITTOPOOITIKA OTAV PETAKIVEITE Ta {Wa g€ AANO BOOKOTOTIO;

D. Ta {wa oag Béokouv padi e {wa armmd GANEG JOVADEG;

25. ATré 1Tou Traipvel vepo n povdda oag; (ZnUEIWOTE éva pévo X)

Ydpaywyeio

ewTpnon

Mnyadi

Mot

Nipvn

Mnyn

OOk WN -

26. A6 1ToU TTivouv vePOS Ta aiyoTrpofara 6Tav BOoKouV; (ZNHEIWOTE éva pévo X)

Ydpaywyeio

ewTpnon

Mnyadi

Mot

Aipvn

Mnyn

21épva

NOoO b WN -

EuxXopIioTOUNE TTOU CUMTTANPWOATE TO EPWTNHATOAOYIO
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ITAPAPTHMA 2

Coprological testing of sheep and goats feces
Purpose
To detect antigens of F. hepatica

The test procedure presented was adapted from the literature provided with the kits
(Bio-X Diagnostics, Jemelle, Belgique).

1.1. Reagents of the kit

1. Microplates: Two 96-well microplates. Rows A, C, E, and G have been
sensitised with specific antibody against Fasciola hepatica and rows B, D, F,
and H have been sensitised with the control antibody (polyclonal antibody not
specific for the parasite).

2. Washing solution: One 100-ml bottle of 20x concentrated washing solution. The
solution crystallizes spontaneously when cold. If only part of the solution is to
be used, bring the bottle to 21°C +/- 3°C until disappearance of all crystals. Mix
the solution well and remove the necessary volume. Dilute the buffer twentyfold
with distilled or demineralised water. Store the diluted solution at 4°C.

3. Dilution buffer: One 50-ml bottle of 5x concentrated buffer for diluting samples
and conjugate. Dilute this concentrated dilution buffer fivefold with distilled or
demineralised water. Store the diluted solution at 4°C. If a deposit forms at the
bottom of the container filter the solution on Whatman filter paper.

4. Conjugate: One 500-ul vial of a 50xconcentrate of biotin-conjugated anti-
Fasciola hepatica antibody. The reagent must be diluted fiftyfold in the dilution
buffer.

5. Avidine: One 500-ul vial of a 50-fold concentrate of peroxidase-coupled
avidine.

6. Positive reference: Two vials containing the reference antigen. Reconstitute this
antigen with 0.5 ml of distilled or demineralised water. The reconstituted reagent
may be kept at -20°C. Divide the reconstituted antigen into several portions
before freezing in order to avoid repeated freezing and thawing. If these
precautions are taken the reagent may be kept for several months.

7. Chromogen solution: One 2-ml drop-dispenser bottle of the chromogen
tetramethylbenzidine. Store at 4°C.

8. Substrate solution: One 30-ml bottle of the hydrogen peroxide substrate solution.
Store this reagent at 4°C.

9. Stopping solution: One 15-ml bottle of the 1 M phosphoric acid stop solution
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1.2. Equipment
These were needed materials not included in the test kit.

e Single multichannel adjustable-volume pipettors.

e Disposables yellow plastic tips (1-200 pl).

e Non- antigen-coated transfer plates.

e FElisa microplate reader or spectrophotometer with 620, 630 or 650 nm filters.
e Deoinased or distilled water.

e Paper towels.

e Multichannel pipettor reservoirs.

e (Graduate cylinder.

e Wash bottle.

e Timer (clock)

1.3. Procedure

Rows A, C, E, and G of the 96-well microplate have been rystalliz with a specific
polyclonal antibody against Fasciola hepatica. This antibody captures the
coproantigens in the faecal material. The other rows on the microplate (rows B, D, F,
and H) have been rystalliz with a polyclonal antibody that is not specific for the
parasite. These control rows allow differentiation between a specific immunological
reaction and nonspecific binding so as to eliminate false positives.

The faecal material is diluted in dilution buffer and incubated on the microplate for
2 hours at 21°C +/- 3°C. After this first incubation step, the plate is washed and
incubated for 1 hour with the first conjugate (a specific monoclonal antibody against an
antigenic determinant of Fasciola hepatica coupled to biotin), then the plate is
incubated at 21°C +/- 3°C for 1 hour. The plate is then washed, the second conjugate — a
peroxidase-coupled avidine specific to biotin — is applied, and the plate is incubated at
21°C +/- 3°C for another hour. After this second incubation, the plate is washed again
and the enzyme substrate (hydrogen peroxide) and the chromogen
(tetramethylbenzidine) are added. This chromogen has the advantages of being more
sensitive than the other peroxidase chromogens and not being carcinogenic. If Fasciola
hepatica coproantigens are present, the conjugates remain bound in the corresponding
microwells and the enzyme catalyses the transformation of the colourless chromogen
into a pigmented compound. The intensity of the resulting blue colour is proportionate
to the sample’s coproantigen titre. The enzymatic reaction can be stopped by
acidification and the resulting optical density at 450 nm read using a photometer. The
signals recorded for the negative control microwells are subtracted from the
corresponding positive microwells. A control antigen is provided with the kit so as to
validate the test results. This control antigen is composed of rystallize ground flukes.

Setup record
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1.3.1. Test Protocol

10.
11.

12.

Bring all the reagents at 21°C +/- 3°C at least half an hour before use.

Remove the microplate from its packaging.

Dilute the concentrated washing solution 20 fold in distilled water. Be sure that
all crystals have disappeared before dilution. Dilute the concentrated dilution
buffer 5 fold in distilled water. Keep these solutions at 4°C when not used.
Dilute the faecal material in the dilution buffer (2 g + 2 ml for cattle and 0.5 g +
2 ml for ovine). Centrifuge 10 min. at 1,000 g. Collect supernatants.

Add 100-pl aliquots of the diluted samples to the wells as follows: sample 1 in
wells Al and B1, sample 2 in wells C1 and D1, etc. Proceed in the same manner
for the positive reference (ex.: G1 and HI1).

Incubate the plate at 21°C +/- 3°C for 2 hours on a plate agitator.

Rinse the plate with the washing solution, prepared as instructed in Step 3 as
follows: Empty the microplate of its contents by flipping it over sharply o ver a
sink. Tap the microplate upside down against a piece of clean absorbent paper to
remove all the liquid. Fill all the used wells with the washing solution using a
spray bottle or by plunging the plate in an appropriately dimensioned vessel ,
then empty the wells once more by turning the plate over abo ve a sink. Repeat
the entire operation two more times, taking care to avoid the formation of
bubbles in the microwells. After the plate has been washed three times proceed
to the next step.

Dilute the necessary amount of the biotin-linked anti-Fasciola hepatica
conjugate fiftyfold in the reagent dilution buffer (20 ul of conjugate + 0.98 ml of
the reagent dilution buffer per strip).

Add 100 pl of the dilute anti-Fasciola hepatica conjugate solution to each well.
Cover with cling film and incubate at 21°C +/- 3°C for one hour.

Remove the cling film very carefully and wash the plate three times with the
washing solution.

The avidine-peroxidase conjugate is liquid and must be diluted fiftyfold in the
reagent dilution buffer (20 pul of conjugate + 0.98 ml of the reagent dilution
buffer per strip).
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13.
14.
15.

16.

17.

18.
19.

Add 100 pl of the dilute peroxidase-linked conjugate solution to each well.
Cover with cling film and incubate at 21°C +/- 3°C for one hour.

Remove the cling film very carefully and wash the plate three times with the
washing solution

Prepare 10 ml of indicator solution extemporaneously as follows: Add 12 drops
(500 pl) of chromogen to 9.5 ml of the substrate solution (enough for 1 plate).
Mix thoroughly, then pipette onto the plate immediately in volumes of 100 pl
per microwell. At the time of distributing the chromogen-substrate mixture over
the plates the solution must be completely colourless. If a blue colour appears at
this stage, this solution must be discarded and a new one made up using clean
glassware and equipment.

Incubate for 10 minutes at 21°C +/- 3°C. This time 1s given as a guideline only,
for in some circumstances it may be useful to lengthen or shorten the incubation
time.

Add 50 pl of stop solution per microwell.

Read the optical densities in the microwells using a plate reader and a 450 nm
filter. Results must be read fairly soon after the stopping solution has been added
since the chromogen may rystallize in wells with strong signals and distort the
results accordingly.

1.3.2. Interpreting the results

Calculate the net optical density of each sample by subtracting from the reading for

each sample well the optical density of the corresponding negative control. Proceed in
the same way for the positive control antigen. The test is validated only if the positive

control antigen yields a difference in the optical density at 10 minutes that is greater

than the value given on the QC data sheet. The limit of positivity for the antigen is
0.150. Any sample that yields a difference in optical density that is greater than or equal

to 0.150 is considered positive. Conversely, any sample that yields a difference in the

optical density that is less than 0.150 is considered negative.

1.3.3. Precautions for use

I.

The reagents must be kept at between 4 and 8°C. The conjugate must be kept at
4°C. The positive reference must be kept at -20°C once reconstituted. The
reagents cannot be guaranteed if the shelf-life dates have expired or if they have
not been kept under the conditions described in this insert.

Do not use reagents from other Kkits.

The quality of the water used to prepare the various solutions is of the utmost
importance. Do not use water that may contain oxidants (e.g., sodium
hypochlorite) or heavy metal salts, as these substances can react with the
chromogen.

Discard all solutions contaminated with bacteria or fungi.

The stop solution contains 1 M phosphoric acid. Handle it carefully.

132



ITAPAPTHMA 3

Microscopic examination of faecal samples
Purpose
To detect eggs by microscopic examination
1.1. Reagents

Zinc sulphate 330 g
Distilled water 1000 ml

1.2. Equipment

Glass flask 2 1

Plastic glasses

Wooden applicator stick

McMaster microscope slides

Plastic Pasteur pipettes

Staining jars (vertical staining jars which accommodate 8 slides, with a glass
slid)

Microscope (Olympus BX50) connected to an image analysis system (Image Pro
Plus, version 3.0.0.1.0.0 software)

Buffer preparation steps

a) Weigh out 330 g of Zinc sulphate and place into a 2-1 flask
b) Dissolve the mixture in 1000 ml water by stirring
c) Adjust the specific weight to 1.1-1.2 and store at room temperature.

Procedure

1. Weigh out 2 g of feces and place into a numbered plastic glass

2. Poor 28 g of the zinc sulphate solution and mixed gently with a wooden stick

3. Fill the chambers of the McMaster slice with the mixture using a Pasteur
pipette. If visible air bubbles are present, remove the fluid and refill.

4. Allow the slide to sit foe a few minutes — the flotation process occurs
rapidly.

5. Examine the slides using the 10X objective
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6. Focus on the top layer, which contains the very small air bubbles. At this
layer, the lines of the grid will also be focus. Count the eggs in each lane of
both chambers. The dimension of F. hepatica eggs is 130-150 pum and 60-90
um.

7. The egg per gram (EPG) calculate by the formula: EPG=(number of eggs in
A chamber + number of eggs in B chamber) X 100.

8. Photograph the film using the image analysis software (eg. Image Pro Plus)
for documentation and further uses.

References

Thienpoint D., Rochett F. and Vanparijs OFJ. (1986). Diagnostic helminthiasis by
coprological Examination. Jansen Research Foundation.

Sloss W.M., Kemp R.L. and Zajac M.A. (1994). Veterinary clinical Parasitology. Ed
Sixth. American Association of Veterinary Parasitologists.
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ITAPAPTHMA 5
DNA extraction
Purpose
To extract DNA from flukes.
1.1. Reagents

Chelex 100 (Bio-Rad Laboratories)
Proteinase K (Fermentas)
Distilled water

1.2. Equipment

Microcentrifuge

Razor scalped

Microcentrifuge tubes, 1.5 ml, sterile

Incubator or watherbath

Vortex

Heating block

-20°C freezer for storing crude genomic DNA samples.

1.3. Procedure
1.3.1 Preparation of the chelex solutions

a) To make a w/v solution, add in a glass bottle 10 g Chelex and 100 ml
destilled water. Make up with magnetic stirrer in bottle and autoclave. When
removing the solution, place bottle containg 10% chelex onto magnetic
stirrer so that the resin beads are swirling around bottle- we need to make
sure we extract these in 500 pl volume.

b) The resulting Chelex solution is stable for up to one year at room
temperature.

1.3.2. Protocol

Before starting, set the incubator or the water bath to 55 °C.
1. Flukes will be previously been stored in pure ethanol.
2. Remove flukes with flamed forceps and place on tissue paper. Gently dry off all
the ethanol — this is important as ethanol can interfere with downstream PCR
protocols.
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3. Place fluke onto cutting tile and cut in half with previously flamed scalped (or at
least washed in alcohol) and put the fluke pieces into a microcentrifuge tube.

4. Put one half into labelled tube containing pure ethanol and store for future
investigations.

5. Add in microcentrifuge tube with the fluke pieces, 500 pl of Chelex solution, 10

pl proteinase K at 20 mg/ml and place on a heatblock at 55 °C for 1 hour.

Vortex briefly for 2-3 sec and place back onto heatblock at 95 °C for 30 minutes.

Vortex again, 2-3 sec and then spin at max speed for 30 sec.

Remove 10 pl of supernatant and dilute in 90 pl of distilled water (i.e. 1:10 dil).

Store the chelex ectraction as it is at —80 °C until needed- when subsequently

A S IO

used, thaw, vortex and spin as before.
References

Walsh, S.P., Metzger, D.A., Higuchi, R. (1991). Chelex100 as a medium for simple
extraction of DNA for PCR-based typing from forensic material. BioTechniques, 10: 506—
513.
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ITAPAPTHMA 6

PCR amplification

Puropose

To amplify the regions of the 28S rDNA, mtDNA and b-tubuline 3 gene of F.
hepatica from flukes.

1.1 Reagents

Water, DEPC treated, Molecular biology grade (autoclaved)
PCR Ready Mix (Sigma®™)

10 pmol/ul forward primer, Thermo Scientific

10 pmol/ul reverse primer, Thermo Scientific

Sul (~1 pg) genomic DNA

1.2 Equipment

0.2-ml PCR thin-walled tubes (autoclaved)
1.5-ml microcentrifuge tubes

Thermocycler (MultiGene ™ II, Labnet International Inc) accepting 0.2-ml tubes

1.3. The PCR program

The primers that used in the PCR programs

Region Primer
mtDNA Fhmtl.1 F
Fhmtl.1 R
Fhmtl.2 F
Fhmt1.2 R
28S DNA 28S F
28S R
b-tubuline 3 Tub F
Tub R

The program used in this work is presented in the table below:
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Table 1. PCR program for samples subject to 28S rDNA

Step Temperature Time Function of each step

1 94 °C 3 min Predenaturation of DNA
2 94 °C 30s Denaturation of DNA

3 60 °C 30s Annealing of primers

4 72 °C 1 min Extension

5 Repeat steps 3-5, 39 x Cycling

6 72 °C 5 min Final extension

7 4°C variable Storage until removal

Table 2. PCR program for samples subject to mtDNA

Step Temperature Time Function of each step

1 94 °C 2 min Predenaturation of DNA
2 94 °C 1 min Denaturation of DNA

3 59 °C 1 min Annealing of primers

4 72 °C 1 min Extension

5 Repeat steps 3-5, 39 x Cycling

6 72 °C 10 min Final extension

7 4°C variable Storage until removal

Table 3. PCR program for samples subject to b-tubuline 3

Step Temperature Time Function of each step

1 95°C 2 min Predenaturation of DNA
2 95 °C I min Denaturation of DNA

3 55°C 1 min Annealing of primers

4 72 °C 1 min Extension

5 Repeat steps 3-5, 34 x Cycling

6 72 °C 5 min Final extension

7 4°C variable Storage until removal

1.4. Protocol

1. Remove the reagents and DNA samples from the freezer and allow them in the
refrigerator

2. Preheat the lid of the thermocycler by initiating the program outlined in table 1
above. When the temperature of the lid reached 100 °C, pause the program

3. Label one set of N 0.2-ml tubes corresponding to the number of samples to be
analysed

4. Prepare a master mix for PCR in a 1.5-ml reaction tube (Eppendorf) by using the
recipe of Table 4 (without the DNA) which has been calculated for one reaction
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in a total volume of 40 pl. The master mix is equivalent to the number of
samples (reactions) to be examined plus 3 extra for the negative control, the
tubes and pipetting.

5. Mix the component very well by repeated aspiration by pipette tip to ensure that
the master mix is homogenous and then transfer 35 pl of master mix in each of
25 thin-walled tubes.

6. Add 5 pl of each DNA sample in the corresponding thin-walled tube

7. Take the reaction tubes into the thermocycler and close the lid. Resume the
program by pressing the “pause” button. Remove the samples in the end of the
program when the temperature displayed on the screen is 4°C, representing the
soak temperature and store them at 4°C in the refrigerator.

8. Run the gel as soon as possible to check for the success of the PCRs and store
the samples at —20°C until needed.

Table 4. PCR conditions for samples subject to RLB (reaction volume 40 pul)

Yika One reaction
PCR Ready Mix (Sigma®™) 20 pl
Forward primer (10 pmol) 1 ul

Reverse primer (10 pmol) Il

DNA template (1pg) Sul

ddH,O 13 ul

Total 40 wl
References

Walker, S. M., Johnston, C., Hoey, E. M., Fairweather, 1., Borgsteede, F., Gaasenbeek,
C., Prodohl, P. A., Trudgett, A., (2011). Population dynamics of the liver fluke,
Fasciola hepatica: the effect of time and spatial separation on the genetic diversity of
fluke populations in the Netherlands. Parasitology. 138, 215-223.

Teofanova, D., Kantzoura, V., Walker, S., Radoslavov, G., Hristov, P.,
Theodoropoulos, G., Bankov, 1., Trudgett, A., (2011). Genetic diversity of liver flukes
(Fasciola hepatica) from Eastern Europe. Infection, Genetics and Evolution, 11: 109-
115.
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ITAPAPTHMA 7

Agarose Gel electrophoresis of PCR products

Purpose

To visualize the PCR-amplified DNA fragments in order to confirm the success of
the amplification reaction.

1.1. Reagents

Agarose (powder), Bio-Rad laboratory

Buffer solution stock (10x TBE, pH 8, 0), manually prepared

Ethidium bromide, 10 mg/ml, Research Organics

DNA molecular size marker (TrackIt'™ 100 bp DNA ladder, 0.lpg/ul,
Invitrogen)

6X Gel loading dye, Fermentas

1.2. Equipment

Glass flask

Microwave

Parafilm

Laboratory tape

Gel comb

Gel tray

Gel electrophoresis apparatus

Power supply

UV illumination source

Gel documentation system (camera attached to UV illumination source)

1.3. Procedure
1.3.1. Preparation of 10X TBE buffer stock
1.3.2. Recipes
The recipes for the preparation of TBE buffer stock solution as well as the suppliers

are presented in Table 1
Table 1. Materials needed for TBE buffer
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Reagents Supplier Recipes for 1 liter

1 kg Tris base Research Organics 108 g Tris base

1kg Boric acid Research Organics 55 g Boric acid

500 grm Disodium EDTA  Research Organics 9.3 g Disodium EDTA
Distilled, sterile water

1.3.3. Buffer preparation steps

1.3.4.

a) Weigh out 108 g of Tris base, 55 g of Boric acid and 9.3 g EDTA and place
them into a 2-1 flask

b) Dissolve the mixture in a final volume of 1 liter by stirring and heating

c) Adjust the pH to 8.3 and store at room temperature.

Gel electrophoresis protocol

. Weigh out 2g of agarose and place it into a 500-ml flask. Add 100 ml of 0.5X

TBE buffer and microwave for 2-3 minutes, bringing the solution to the boil.
Make sure that the agarose is completely dissolved otherwise, microwave again.
Wearing gloves add 5ul of EtBr into the flask and swirl the solution to diffuse
the EtBr

Allow agarose to cool on the bench top for 10-15 minutes and pour into a gel
tray that has been taped on the sides. Insert the gel comb at the dedicated
notches on the sides of the gel tray

Allow the gel to solidify for about 30 minutes

Remove the tape from the gel tray and place the gel tray into an agarose
electrophoresis apparatus. Orient the gel so that the wells are adjacent to the
negative (black) electrode. Fill the gel chamber with 0.5XTBE buffer until it
covers the gel by approximately 1cm. Carefully and evenly, pull the comb out
of the gel using both hands

Prepare PCR samples for loading by pipetting a 1-pul spot of 6 X gel loading
buffer for each sample to be loaded onto a piece of parafilm spread on the
benchtop. While noting the orientation of the samples, pipette 5 ul of each PCR
sample into each spot of dye. Be sure to change pipette tips between samples
and do not contaminate the PCR sample with gel dye. For each sample, mix up
and down with the pipettor and directly load it all into a well of the agarose gel.
Load 5pul of the DNA size ladder into an empty well

Attach the electrode cover to the gel electrophoresis unit such that the positive
(red) electrode is at the opposite end of the gel from the samples slots. DNA is
negatively charged and moves towards the positive electrode. Plug the electrode
into the power supply and set it for 100 volts. Start the electrical current. The run
will take approximately 45 minutes to 1 hour. Stop the current before the front
stain (yellow) of the marker dye migrates out of the gel
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7. Wearing gloves, remove the gel tray from the apparatus for documentation.
Carefully take the gel tray to the UV illumination source. A gel may be carried
in another container such as a plastic dish because it may easily slip out of the
gel tray.

8. Visualize the DNA bands under UV light, photograph with the camera attached
to UV illuminator and print a copy of the gel picture. Record data and interpret
the success of the PCRs

9. Dispose of gel in an appropriate hazardous container.

References

Caldwell, G.A., Williams S. N., Caldwell K. A (Eds), 2006. Integrated genomics. A
discovery-based laboratory course. John Willey & Sons, Ltd, West Sussex, 224 pp.
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ITAPAPTHMA 8
Clean-up of PCR amplicons for sequencing

Purpose

To purify the desired PCR amplicons from other PCR components for direct
sequencing.

The procedure presented was adapted from the literature supplied with the
Genomed Jet Quick PCR purification kit.

1.1. Reagents

Kit contents

Solution H1 (Binding) stored at room temperature. Contains NaClOs,
guanidine hydrochloride and isopropanol.

Solution H2 (Wash), reconstituted with 96-100% absolute ethanol and stored at
room temperature. Contains ethanol, NaCl, EDTA and Tris-HCL

TE buffer (DNA elution)

JETQUICK columns

2 ml receiver tubes

Other reagent not included in the kit:
Absolute ethanol
1.2. Equipment
1.5 ml microcentrifuge test tubes
Microcentrifuge
Incubator
Vortex
1.3. Protocol
Before starting set the incubator to 70 °C to preheat the elution buffer.
1. Label the tube with the name of the fragment that will be isolated.

2. Sample preparation. Mix thoroughly 140 pl of solution H1 and 35 pl of PCR
product in a microcentrifuge test tube.
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3. Column loading. Place a JETQUICK spin column into a 2 ml receiver tube and
load the mixture from step one into the prepared spin column. Centrifuge at
12,000 x g for Imin. Discard the flowthrough.

4. Column washing. Reinsert the spin column into the receiver tube and add 175 pl
of reconstituted buffer H2 into the spin column. Centrifuge at >12,000x g for 1
min. Discard the flowthrough. Place the JETQUICK column back to the same
receiver tube, and centrifuge again at maximum speed for 1 min. This additional
step assures that no residual ethanol will be carried over into the next step.

5. DNA elution. Place the JETQUICK column into a new 1.5 microcentrifuge tube
and add 50 pl of sterile water (or TE buffer or 10 mM Tris-HCL, pH 8.0)
directly onto the centre of the silica matrix of the Jetquick spin column.
Centrifuge at 12,000x g for 2 min. Higher DNA concentration can be obtained if
the elution buffer is carried out with only 30 pl of elution buffer preheated to 65-
70°C. DNA eluted with water should be stored at -20°C.
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ITAPAPTHMA 9

Contigs of sequences and phylogenetic trees
1. Purpose: To construct contigs after sequencing.

1.1. Program: ChromasPro v. 1.5 (Technelysium Pty, Ltd)
1.2. ChromasPro program:

File: New: Sequencing project

Project: add files

Asseble all

2. Purpose: To construct phylogenetic trees

2.1. Algorithm: Median joining
2.2. Program: Network v. 4.5.1.0
2.3. DNA alignment
The file with all sequences and the standard sequence from GenBank should be in fasta
format. The steps are:
1. Reference sequences: New
2. LOAD: Fasta file (auto align)
3. Save alignment as rdf format (binary data format)
2.4. Network program
Data entry: Import rdf file: Binary data continue
Calculate Network: Network calculations: MJ (Median joining)
Draw network: File open (file *out* for MJ)

3.1. Algorithm: Neighbor joining
3.2. Program: MEGA
3.3. DNA alignment
The file with all sequences and the standard sequence from GenBank should be in fasta
format. The steps are:
1. Alignment: Alignment Exlorer/CLUSTAL: Retrive sequences from a file:
Alignment by ClustalW
2. Save alignment as MEGA format
3.4. MEGA program
Open the program Network
Plylogeny: Bootstrap of Phylogeney
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ITAPAPTHMA 10

ATOTELEGPOTO GTUTIOTIKIG AVAAVOG, OVOYETIONG HETACD TOV TOAVOTITOV pPLog
EKTPOPN va. eivar pOAVGPEVT] KL AOYOL TOV GYETIKAV TOAVOTNTOV

node mean sd MC error 2.5% median 97.5% start sample
corr[1,2] 0.9665 0.0664 0.01206 0.7566 0.9864 0.9993 101 673
corr[1,3] 0.4401 0.2503 0.03845 -0.2359 0.4588 0.8696 101 673
corr[2,3] 0.39 0.287 0.04688 -0.227 0.4005 0.8673 101 673
coproantigen

node mean sd MC error 2.5% median 97.5% start sample
b[1] -0.05247  0.02214 0.004213 -0.09723  -0.04967 -0.01556 101 673
b[2] 0.009232 0.005518 0.00107 7.481E-4  0.009229 0.02041 101 673
b[3] 1.051 4.281 0.7918 -6.457 0.3786 8.791 101 673
b[4] -0.0244 0.006624 0.001213  -0.03777  -0.02479  -0.01069 101 673
b[5] 0.07362 0.03785 0.006607 0.008046 0.06981 0.1414 101 673
b[6] 0.2587 0.09008 0.01649 0.02224 0.2625 0.3915 101 673
b[7] -0.03733  0.0116 0.002222 -0.06249  -0.03428 -0.01969 101 673
bb1[1,1] 10.18 5.042 0.9828 -1.103 9.939 17.73 101 673
bb1[1,2] -9.544 4.587 0.8381 -18.02 -9.421 -0.1647 101 673
bb1[2,1] -11.55 5.755 1.1 -23.05 -12.07 -0.38 101 673
bb1[2,2] -0.07833  2.493 0.4584 -3.818 -0.5172 6.005 101 673
bb1[3,1] 1.592 7.094 1.347 -13.03 3.054 13.29 101 673
bb1[3,2] -3.68 1.913 0.3497 -6.775 -3.944 1.225 101 673
bb1[4,1] 14.7 3.519 0.6806 6.6 15.01 19.57 101 673
bb1[4,2] 10.19 6.822 1.271 -5.642 9.726 22.33 101 673
bb1[5,1] -3.077 6.523 1.251 -14.05 -2.394 6.42 101 673
bb1[5,2] -3.707 2.002 0.361 -7.494 -3.651 -0.08584 101 673
bb1[6,1] 5.77 1.779 0.309 2.538 5.818 9.418 101 673
bb1[6,2] -11.05 6.068 1.167 -22.54 -11.19 -0.2601 101 673
bb1[7,1] -0.7109 2.811 0.519 -5.528 -0.9174 4.353 101 673
bb1[7,2] -4.839 5.289 1.018 -13.08 -6.847 5.517 101 673
bb2[1,1] 5.953 11.91 2.33 -13.45 4.947 24.37 101 673
bb2[1,2] 10.01 8.12 1.573 -1.135 7.656 26.37 101 673
bb2[1,3] -7.677 3.495 0.6623 -13.99 -7.87 -0.5348 101 673
bb2[2,1] -3.332 1.975 0.3539 -7.448 -3.484 0.5235 101 673
bb2[2,2] -6.658 2.918 0.4941 -11.84 -6.956 -0.4828 101 673
bb2[2,3] -22.92 10.91 2112 -40.37 -23.75 4.935 101 673
bb2[3,1] -0.3501 4.373 0.8397 -10.08 0.01308 8.249 101 673
bb2[3,2] 0.0 0.0 3.855E-12 0.0 0.0 0.0 101 673
bb2[3,3] -24.29 22.14 1.396 -74.61 -22.13 10.21 101 673
bb3[1,1] -2.736 5.299 1.027 -11.45 -3.376 7.45 101 673
bb3[1,2] -16.56 8.82 1.726 -26.32 -20.88 -0.2495 101 673
bb3[1,3] 30.64 10.99 2.115 5.239 31.1 48.67 101 673
bb3[2,1] -2.503 2.927 0.5366 -7.388 -2.273 3.589 101 673
bb3[2,2] 1.621 3.9 0.7424 -4.631 1.332 9.698 101 673
bb3[2,3] -21.99 18.88 3.68 -56.93 -15.09 2.746 101 673
bb3[3,1] 13.86 3.64 0.6889 5.675 14.52 19.24 101 673
bb3[3,2] -4.534 4.994 0.9408 -12.52 -5.047 4.601 101 673
bb3[3,3] 5.218 7.056 1.369 -8.974 6.134 17.04 101 673
bb4[1,1] -6.148 3.195 0.6028 -11.7 -5.882 -0.2457 101 673
bb4[1,2] -18.61 5.185 0.9453 -30.61 -18.53 -9.141 101 673
bb4[1,3] -12.38 14.72 2.858 -38.25 -9.752 9.821 101 673
bb4[1,4] -29.19 13.26 2.573 -51.39 -25.22 -5.879 101 673
bb4[2,1] 0.6152 6.043 1.151 -11.76 2.604 8.607 101 673
bb4[2,2] 1.078 4.406 0.835 -6.241 1.66 8.349 101 673
bb4[2,3] 2.895 8.402 1.516 -15.39 4.062 18.14 101 673
bb4[2,4] 2.166 4.552 0.8561 -5.457 1.506 11.29 101 673
bb4[3,1] -9.788 25.47 1.036 -61.53 -8.628 36.18 101 673
bb4[3,2] -5.085 5.122 0.8843 -15.91 -4.947 5.643 101 673
bb4[3,3] 0.2108 4.515 0.8713 -7.088 -0.8917 8.837 101 673
bb4[3,4] -6.42 3.916 0.7267 -12.72 -7.208 3.454 101 673
bb4[4,1] 19.12 8.279 1.564 4.219 18.61 33.87 101 673
bb4[4,2] -7.068 6.33 1.216 -20.68 -6.129 1.113 101 673
bb4[4,3] 6.333 4,528 0.8763 -2.079 6.368 13.39 101 673
bb4[4,4] 27.07 15.44 2.899 -3.872 29.01 53.9 101 673
bb5[1,1] -34.38 11.92 2.319 -51.46 -34.46 -4.123 101 673
bb5[1,2] -17.18 9.47 1.787 -34.92 -18.7 2.012 101 673
bb5[1,3] 2.337 4.344 0.7862 -5.248 2174 11.15 101 673
bb5[1,4] -2.658 2.783 0.5169 -7.559 -2.913 3.25 101 673
bb5[1,5] -1.375 14.31 2.675 -32.08 0.1763 22.81 101 673
bb5[2,1] -8.945 6.933 1.317 -20.85 -8.587 4.952 101 673
bb5[2,2] -6.725 9.386 1.764 -23.38 -7.511 9.664 101 673
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bb5[2,3]
bb5[2,4]
bb5[2,5]
bb6[1,1]
bb6[1,2]
bb6[1,3]
bb6[1,4]
bb6[1,5]
bb6[1,6]
bb6[1,7]
bb6[1,8]

HIGH_ELISA
node
c[1]

c[2]

c[3]

c[4]

c[5]

c[6]

c[7]
ccl1[1,1]
ccl1[1,2]
ccl1[2,1]
cc1[2,2]
cc1[3,1]
cc1[3,2]
ccl1[4,1]
cc1[4,2]
cc1[5,1]
cc1[5,2]
cc1[6,1]
cc1[6,2]
ccl[7,1]
ccl[7,2]
cc2[1,1]
cc2[1,2]
cc2[1,3]
cc2[2,1]
cc2[2,2]
cc2[2,3]
cc2[3,1]
cc2[3,2]
cc2[3,3]
cc3[1,1]
cc3[1,2]
cc3[1,3]
cc3[2,1]
cc3[2,2]
cc3[2,3]
cc3[3,1]
cc3[3,2]
cc3[3,3]
cc41,1]
cc4[1,2]
cc4[1,3]
cc4[1,4]
cc4[2,1]
cc4[2,2]
cc4[2,3]
cc4[2,4]
cc4[3,1]
cc4[3,2]
cc4[3,3]
cc4[3,4]
ccd[4,1]
ccd[4,2]
cc4[4,3]
cc4[4,4]
cchH[1,1]
cch[1,2]
cch[1,3]
ccH[1,4]
cch[1,5]
cc5[2,1]
cc5[2,2]

2.284
-0.2878
11.59
19.34
-20.05
5.76
11.49
-10.08
12.02
-16.73
-24.6

mean
-0.01079
0.001533
5.038
-0.001079
-0.01712
-0.09118
-0.002446
3.59
2.178
3.47
5.003
0.9749
-3.292
0.1316
3.013
-3.194
1.906
3.382
-0.488
-1.019
-5.687
9.314
2.949
3.206
-1.247
-4.012
-12.61
-2.142
0.0
0.7025
-2.947
-0.3112
-15.08
-2.168
5.741
-15.5
0.04644
-1.004
-7.948
-3.435
-9.217
2.838
-5.987
-0.9868
-0.4111
-32.04
-5.906
-17.04
3.222
3.776
11.01
-1.18
-0.5256
3.069
-7.983
-1.655
-5.454
-1.587
-3.785
-13.76
-11.76
-6.243

6.389
2.728
7.414
6.18

13.19
4.925
13.98
26.14
11.08
24.6

21.46

sd
0.008749
0.001719
3.016
0.00563
0.04172
0.0332
0.002333
2.123
4.909
1.501
2.168
3.67
2.013
1.796
1.865
3.265
1.352
1.971
2.872
1.557
3.177
3.242
3.181
2.142
1.476
1.085
28.63
1.697
0.0
2.652
2.379
2.297
28.56
212
1.698
27.98
1.336
1.775
3.424
1.15
2.367
1.917
5.492
1.544
1.692
17.12
2.495
22.39
2.78
2.196
5.301
4.116
1.951
2.57
29.38
2117
2.539
1.512
2.274
28.11
4.185
2.879

1.178
0.5044
1.38
1.21
2.501
0.9188
2.648
1.475
2.163
1.376
1.85

MC error
0.001607
3.249E-4
0.5772
0.001073
0.007966
0.005627
4.457E-4
0.4104
0.9332
0.2743
0.4205
0.7099
0.3843
0.3426
0.3436
0.6274
0.2518
0.3784
0.5587
0.2896
0.6101
0.6266
0.6069
0.4038
0.2776
0.1718
1.549
0.3226
3.855E-12
0.4945
0.4551
0.4374
1.257
0.4018
0.3229
1.379
0.243
0.3314
0.6594
0.2102
0.4446
0.3261
1.034
0.2668
0.3205
0.8675
0.4451
0.8809
0.5114
0.4204
1.032
0.7784
0.3695
0.4863
1.358
0.3785
0.4732
0.2727
0.4365
1.519
0.803
0.5491

-9.996
-4.928
-2.532
5.23
-50.83
-3.863
-27.36
-62.13
-9.349
-72.0
-72.52

2.5%
-0.02858
-0.001711
0.4575
-0.01186
-0.08745
-0.1651
-0.006708
0.6383
-10.88
1.013
-0.4187
-4.324
-6.506
-3.224
0.03623
-8.102
-0.7216
0.06288
-5.308
-4.935
-13.13
4.524
-3.296
-0.8593
-3.635
-6.18
-67.66
-5.163
0.0
-3.89
-7.064
-4.679
-73.99
-5.909
2.581
-70.1
-1.85
-4.184
-13.82
-5.457
-12.59
-0.6305
-17.5
-4.437
-4.275
-74.15
-9.972
-65.93
-0.9944
0.8974
2.252
-6.867
-4.043
-1.545
-64.64
-6.314
-9.267
-4.591
-7.116
-70.8
-18.72
-11.57
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1.792
-0.4665
11.45
20.78
-17.02
5.254
15.98
-9.275
12.64
-14.06
-22.34

median
-0.009422
0.001563
5.004
1.813E-4
-0.007296
-0.08621
-0.001954
3.442
2.701
3.357
5.736
0.1018
-3.491
-0.001373
2.78
-3.329
1.876
3.966
0.6011
-0.788
-5.491
10.4
4.033
3.17
-1.487
-3.895
-12.48
-2.251
0.0
0.1776
-2.492
-0.4421
-15.53
-2.191
5718
-16.24
-0.2265
-0.6442
-7.731
-3.463
-9.856
2.683
-5.826
-0.737
0.08789
-28.93
-6.347
-13.58
2.7
2.756
9.126
-2.155
-0.2666
3.467
-7.752
-1.603
-6.147
-1.549
-4.582
-13.84
-11.55
-5.719

15.25
5.257
26.92
26.61
-0.1748
17.11
26.9
39.24
29.66
24.98
14.39

97.5%
0.003307
0.004783
11.49
0.008171
0.05371
-0.03493
0.001354
7.508
9.243
6.808
7.797
7.982
0.5551
3.195
6.417
3.54
4.349
6.511
4.035
1.568
-0.7789
14.15
7.837
7.587
1.506
-1.98
40.73
1.101
0.0
6.781
0.5228
4.413
38.93
1.779
9.353
38.05
2.958
1.833
0.02501
-1.214
-4.117
6.593
2.256
1.402
2.011
-7.765
-0.8915
19.33
8.955
7.882
20.02
7.213
3.712
7.588
46.99
2.202
0.5554
0.8649
0.2902
40.78
-3.157
-1.399

101
101
101
101
101
101
101
101
101
101
101

start
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101

673
673
673
673
673
673
673
673
673
673
673

sample

673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673



cc5[2,3]
cc5[2,4]
cc5[2,5]
cc6[1,1]
cc6[1,2]
cc6[1,3]
cc6[1,4]
cc6[1,5]
cc6[1,6]
cc6[1,7]
cc6[1,8]

LOW_ELISA
node
d[1]

d[2]

d[3]

di4]

d[5]

d[e]

d[7]
dd1[1,1]
dd1[1,2]
dd1[2,1]
dd1[2,2]
dd1[3,1]
dd1[3,2]
dd1[4,1]
dd1[4,2]
dd1[5,1]
dd1[5,2]
dd1[6,1]
dd1[6,2]
dd1[7,1]
dd1[7,2]
dd2[1,1]
dd2[1,2]
dd2[1,3]
dd2[2,1]
dd2[2,2]
dd2[2,3]
dd2[3,1]
dd2[3,2]
dd2[3,3]
dd3[1,1]
dd3[1,2]
dd3[1,3]
dd3[2,1]
dd3[2,2]
dd3[2,3]
dd3[3,1]
dd3[3,2]
dd3[3,3]
dd4[1,1]
dd4[1,2]
dd4[1,3]
dd4[1,4]
dd4[2,1]
dd4[2,2]
dd4[2,3]
dd4[2,4]
dd4[3,1]
dd4[3,2]
dd4[3,3]
dd4[3,4]
dd4[4,1]
dd4[4,2]
dd4[4,3]
dd4[4,4]
dd5[1,1]
dd5[1,2]
dd5[1,3]
dd5[1,4]
dd5[1,5]
dd5[2,1]
dd5[2,2]

-4.207
-1.114
-11.39
-0.1961
-3.052
2.221
-2.071
-7.698
-8.958
-5.427
4174

mean
0.003312
4.282E-5
3.297
0.002499
0.05324
-0.07726
-7.819E-4
-0.4815
1.771
0.4175
0.3569
0.5304
0.04747
1.924
1.898
5.695
0.2977
-0.6318
-0.8999
0.9053
0.6336
-4.448
-4.48
-5.029
-0.9028
-0.6862
20.37
-0.1532
0.0
-0.0109
0.6989
0.8625
-20.08
2.577
3.275
17.5
-5.361
-5.67
-0.5022
0.544
0.6706
-1.13
-1.078
-2.417
-2.312
-3.753
-1.178
6.025
4142
4.877
-5.599
1.306
1.677
1.356
-13.49
0.09669
1.242
1.384
0.6635
-36.55
-0.7576
-1.08

4176
2.923
28.7
1.789
4.894
2772
30.58
12.42
4.5
5.728
4.129

sd
0.002018
7.358E-4
3.079
0.003589
0.02391
0.03008
6.254E-4
0.9779
1.172
0.7533
1.103
0.6422
0.6921
1.021
1.002
4.068
1.206
1.363
1.358
0.8431
0.9439
2.027
1.975
1.713
0.8568
0.8721
17.49
0.8474
0.0
1.046
1.057
1.218
19.99
0.933
0.7897
12.57
1.777
1.886
2.136
1.608
1.788
2.217
2.269
2.743
2.852
2.82
3.524
2.239
2.199
2.519
2.15
1.086
0.8894
0.8059
21.57
1.209
1.159
1.192
1.222
19.34
1.788
1.796

0.8072
0.5658
1.51
0.3331
0.9199
0.5262
1.07
2.398
0.8532
1.051
0.7955

MC error
2.829E-4
1.292E-4
0.602
6.721E-4
0.004451
0.005516
1.045E-4
0.176
0.2047
0.1346
0.2065
0.1084
0.1222
0.191
0.1768
0.792
0.2296
0.2604
0.2597
0.1557
0.1621
0.3902
0.3803
0.332
0.1607
0.1572
3.371
0.1592
3.855E-12
0.1843
0.1981
0.2284
3.859
0.1725
0.1402
2.356
0.3432
0.3616
0.4058
0.3107
0.3435
0.416
0.4298
0.5305
0.5569
0.5369
0.6827
0.4002
0.4187
0.492
0.4103
0.1821
0.1611
0.1402
4141
0.2184
0.2139
0.2222
0.2307
2.044
0.341
0.3459

-11.13
-6.596
-67.01
-3.46

-11.43
-2.681
-65.07
-24.98
-16.93
-15.65
-3.054

2.5%
-8.776E-4
-0.001512
-3.183
-0.004019
0.007961
-0.1311
-0.001913
-2.041
-0.8702
-0.8624
-1.532
-0.5949
-1.189
0.1801
-0.1155
-0.3632
-1.795
-3.333
-3.276
-0.4722
-0.9775
-7.419
-7.334
-7.312
-2.467
-2.197
-14.03
-1.707
0.0
-1.724
-1.249
-1.88
-65.15
1.136
1.897
-1.003
-8.223
-9.095
-4.728
-2.154
-2.497
-4.805
-4.534
-7.131
-6.825
-8.138
-7.228
1.335
0.4528
1.376
-9.02
-0.7147
-0.08639
-0.01806
-50.78
-2.118
-0.8606
-0.9043
-1.407
-77.18
-4.424
-4.631
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-3.619
-0.1095
-12.24
-0.3027
-3.372
2.461
-0.635
-10.92
-8.971
-6.113
3.805

median
0.003301
1.453E-5
4173
0.002474
0.05227
-0.07701
-8.171E-4
-0.6
1.901
0.3353
0.2198
0.4927
0.02691
1.878
1.869
4723
0.3055
-0.4727
-1.023
0.7028
0.4913
-5.037
-5.024
-5.404
-0.9616
-0.5893
19.06
-0.06107
0.0
-0.1325
0.7671
1.013
-14.25
2.483
3.286
14.0
-5.616
-5.894
-0.7525
0.224
0.5155
-1.548
-1.427
-2.95
-2.08
-3.912
-0.9237
6.32
4.619
5.494
-6.145
1.176
1.656
1.331
-10.85
0.08089
1.334
1.598
0.8449
-35.69
-0.5088
-0.8792

1.737
3.205
41.81
3.102
5.726
7.59

59.2

13.18
2.699
5.535
10.83

97.5%
0.007124
0.001354
7.581
0.009726
0.1007
-0.01503
7.554E-4
2.049
3.833
1.831
2.217
1.915
1.57
3.504
3.656
13.12
2.846
1.465
1.341
2.969
3.084
-0.1756
-0.04546
-1.322
0.5807
0.946
49.85
1.38
0.0
1.987
2.669
2.883
12.12
4.581
4.86
45.87
-1.786
-1.921
3.719
2.93
3.387
2.508
2.821
1.544
1.765
0.6405
3.646
9.815
7.606
8.429
-1.386
3.481
3.449
2.967
21.67
2.447
3.316
3.564
2.933
0.8212
2124
1.626

101
101
101
101
101
101
101
101
101
101
101

start
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101

673
673
673
673
673
673
673
673
673
673
673

sample

673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673
673



dd5[2,3]
dd5[2,4]
dd5[2,5]
dds[1,1]
dds[1,2]
dd6[1,3]
dd6[1,4]
dd6[1,5]
dd6[1,6]
dds[1,7]
dd6[1,8]

-0.2344
-0.5046
-2.936
0.4826
-1.676
-0.2092
1.665
1.308
-3.252
-4.974
0.07687

OR_coproantigen

node

Rb[1]

Rb[2]

Rb[3]

Rb[4]

Rb[5]

Rb[6]

Rb[7]

Rbb1[1,1]
Rbb1[1,2]
Rbb1[2,1]
Rbb1[2,2]
Rbb1[3,1]
Rbb1[3,2]
Rbb1[4,1]
Rbb1[4,2]
Rbb1[5,1]
Rbb1[5,2]
Rbb1[6,1]
Rbb1[6,2]
Rbb1[7,1]
Rbb1[7,2]
Rbb2[1,1]
Rbb2[1,2]
Rbb2[1,3]
Rbb2[2,1]
Rbb2[2,2]
Rbb2[2,3]
Rbb2[3,1]
Rbb2[3,2]
Rbb2[3,3]
Rbb3[1,1]
Rbb3[1,2]
Rbb3[1,3]
Rbb3[2,1]
Rbb3[2,2]
Rbb3[2,3]
Rbb3[3,1]
Rbb3[3,2]
Rbb3[3,3]
Rbb4[1,1]
Rbb4[1,2]
Rbb4[1,3]
Rbb4[1,4]
Rbb4[2,1]
Rbb4[2,2]
Rbb4[2,3]
Rbb4[2,4]
Rbb4[3,1]
Rbb4[3,2]
Rbb4[3,3]
Rbb4[3,4]
Rbb4[4,1]
Rbb4[4,2]
Rbb4[4,3]
Rbb4[4,4]
Rbb5[1,1]
Rbb5[1,2]
Rbb5[1,3]
Rbb5[1,4]
Rbb5[1,5]
Rbb5[2,1]
Rbb5[2,2]

mean
1.05
0.9997
1.001
1.021
0.996
0.9996
1.029

1.0
1.265E+29
2.269E+29
1.749E+28
1.0
0.07273
0.4646

1.62E+10
6.334E+10
1421.0

1.0

60.56

1.872
1.688
22.19
1.556
1.642
1.453
12.63
1.842
2.02

2.395
1.66

sd

0.01116

9.907E-5
0.006313
0.008719
0.002079
4.975E-4
0.003861

201300.0
1278.0

0.0

0.3384
116.4

0.0

1.887
0.09763
0.0

0.1929
0.02576
0.0

851.6
547.6

0.0

0.2477
0.03892
0.0
3.975E-4
61.46
0.1236

0.0
24120.0
99060.0
99170.0
0.0
1.258E+30
2.257E+30
1.732E+29
0.0

0.1442
0.2923
4.632E-4
0.0
11060.0
8.214E+10
3.241E+11
5728.0

0.0

147.5

0.3582
0.3236
4.29
0.2962
0.2749
0.2687
2.377
0.315
0.383
0.4314
0.3097

MC error
0.003536
2.489E-5
0.001661
0.002849
5.807E-4
1.401E-4
0.00122
1.0E-11
0.07221
1.0E-11
47630.0
1.0E-11
0.1303
1.0E-11
0.126
1.0E-11
0.06009
1.0E-11
0.05816
1.0E-11
4.037
1.0E-11
50380.0
358.8
1.0E-11
0.06665
30.61
1.0E-11
0.5701
0.0107
1.0E-11
0.04618
0.006956
1.0E-11
234.7
157.0
1.0E-11
0.06562
0.009385
1.0E-11
6.895E-5
16.44
0.02594
1.0E-11
6069.0
27310.0
27360.0
1.0E-11
1.265E+29
2.269E+29
1.74E+28
1.0E-11
0.03603
0.08874
6.211E-5
1.0E-11
1946.0
1.608E+10
6.314E+10
646.6
1.0E-11
41.06

0.03484
1.0
0.007193
2.494E-8
1.0
0.5002
4.928E-37
1.0
0.005001
0.9082
1.0
20.28
0.0996
1.0
0.04986
2.881E-5
1.0
1.03E-7
1.371
8.441E-8
1.0
3.333
0.008207
1.142

1.0
2.183E-4
0.005
3.845E-4
1.0
1.404E-5

0.004831
1.0
0.227
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-0.1328
-0.4353
7.212
0.4436
-1.912
-0.1315
2.995
1.41
-3.614
-56.337
-0.1301

median
1.049
0.9997
0.9983
1.019
0.9955
0.9998
1.03

1.0
0.001406

200900.0
1.454E+6
62.45

1.0

1.575

822600.0
4203.0

1.0

1.123
324.3

1.0

7.426
0.09774
1.0
0.6867
1.036

1.0
3888.0
2050.0

1.0
0.9925
0.1395

1.0
0.001189
219.9
0.3066

1.0
96470.0
3.69E+5
368800.0
1.0
2.897E+22
2.34E+22
2.783E+21
1.0
0.5727
0.9223
1.001

1.0
30510.0
3.797E+11
1.092E+12
16590.0
1.0

472.5

101
101
101
101
101
101
101
101
101
101
101

start
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101

673
673
673
673
673
673
673
673
673
673
67

sample

100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100



Rbb5[2,3]
Rbb5[2,4]
Rbb5[2,5]
Rbb6[1,1]
Rbb6[1,2]
Rbb6[1,3]
Rbb6[1,4]
Rbb6[1,5]
Rbb6[1,6]
Rbb6[1,7]
Rbb6[1,8]

18.71
60.54
61.35

1.0
1.879E-6
0.8544
0.002917
0.2795
0.00951
0.1015
1.023E-4

OR_high ELISA

node

Rcl[1]

Rc[2]

Rc[3]

Rcl[4]

Rc[5]

Rc[6]

Rcl7]

Rec1[1,1]
Rec1[1,2]
Rec1[2,1]
Rec1[2,2]
Rec1[3,1]
Rec1[3,2]
Rcc1[4,1]
Rcc1[4,2]
Rcc1[5,1]
Rcc1[5,2]
Rec1[6,1]
Rcc1[6,2]
Ree1[7,1]
Rec1[7,2]
Ree2[1,1]
Rec2[1,2]
Ree2[1,3]
Rcc2[2,1]
Rcc2[2,2]
Rcc2[2,3]
Rcc2[3,1]
Rcc2[3,2]
Rcc2[3,3]
Ree3[1,1]
Ree3[1,2]
Rcc3[1,3]
Ree3[2,1]
Rec3[2,2]
Rcc3[2,3]
Rcc3[3,1]
Rcc3[3,2]
Rcc3[3,3]
Rec4[1,1]
Rcc4[1,2]
Rcc4[1,3]
Rcc4[1,4]
Rcc4[2,1]
Rcc4[2,2]
Rcc4(2,3]
Rcc4[2,4]
Rcc4[3,1]
Rcc4[3,2]
Rcc4[3,3]
Rcc4[3,4]
Rcc4[4,1]
Rcc4[4,2]
Rcc4[4,3]
Rcc4[4,4]
Recb[1,1]
Rech[1,2]
Rccb[1,3]
Rcc5[1,4]
Rccb[1,5]
Rccb[2,1]
Rccb[2,2]

mean
1.006
0.9998
0.9769
1.0
0.9989
1.055
1.004

3.531

1.0
6.672
4.018
1.0
38.03
10.81

1.0
0.08433
0.588

1.0
0.03996
14.63
0.01273
1.0
0.1829
9.776E-6
0.1803
1.0
4.333E+31
4.314E+31
4.395E+31
1.0
16.72
25.79
3.713
1.0
0.8426
1.063
0.9361
0.7078
1.0
133.5

42.55
147.4
150.0
0.0
1.12E-5
0.1754
0.01353
0.4292
0.02372
0.285
6.064E-4

sd
0.003173
6.791E-5
0.01107
0.001131
0.005664
0.02549
0.001076

0.006908
0.0

0.154
0.09474
0.0
0.3771
7.123
0.0

4.1
1.258
0.0

3.738
9.945

0.0

33.74
22.57

0.0
0.03326
0.7775
0.0
0.05739
11.45
0.02433
0.0
0.1639
5.108E-5
0.315
0.0
4.311E+32
4.292E+32
4.373E+32
0.0

57.13
81.89
11.23
0.0
0.9049
0.7886
1.089
1.222
0.0

3123

10.14
41.08
41.72
1.0E-11
1.238E-6
0.04304
0.002521
0.04754
0.005136
0.04762
6.929E-5

MC error
8.84E-4
2.142E-5
0.003478
3.596E-4
0.001627
0.007195
3.21E-4
1.0E-11
0.0545
1.0E-11
0.06719
1.0E-11
0.1364
1.0E-11
3.049
1.0E-11
148.6
1.0E-11
0.01727
1.0E-11
0.001398
1.0E-11
0.04265
0.02938
1.0E-11
0.1156
0.925
1.0E-11
1.261
0.2468
1.0E-11
1.064
2.141
1.0E-11
10.26
2.59
1.0E-11
0.006421
0.2498
1.0E-11
0.0171
3.438
0.004318
1.0E-11
0.04283
7.183E-6
0.08741
1.0E-11
4.333E+31
4.314E+31
4.395E+31
1.0E-11
12.8
18.56
1.753
1.0E-11
0.2211
0.2065
0.3004
0.2052
1.0E-11
88.82

0.6548
0.9737
0.4685

1.0
1.338E-15
0.317
1.743E-15
1.886E-28
2.332E-5
2.508E-26
2.625E-32

2.5%
0.9997
0.9996
0.96
0.9991
0.993
1.013
1.002

1.0
0.3032
1.0
0.3455
1.0
0.1715
1.0

1.461

1.0
91.12

1.0

0.81

1.0
0.002667
1.0
0.007114
0.5888
1.0
0.04568
6.4E-28
1.0

1.551
1.281

1.0

1.608
1.517E-34
1.0
5.188
1.001E-24
1.0
0.03366
0.00449
1.0
0.002492
1.609
2.418E-4
1.0
0.0272
5.471E-33
2.522E-4
1.0
0.6318
0.8854
0.994

1.0
0.2351
0.8847
8.666E-30
1.0
0.07078
0.3535
0.1692
4.775E-29
1.0

1.501
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1.553
1.386
1.575

1.0
3.861E-11
0.9161
2.392E-8
1.896E-7
9.805E-4
3.6E-9
1.391E-13

median
1.007
0.9998
0.9738
0.9999
0.9968
1.055
1.004

13.2
0.004561
1.0
0.1269
5.657E-13
0.00779
1.0
2.409E+7
3.646E+7
4.028E+7
1.0
0.6276
1.063
0.03061
1.0
0.5815
0.7488
0.528
2.228E-5
1.0

9.678

196.2
487.0
496.9

1.0
1.934E-5
1.0
0.04518
1.006
0.117
0.9657
0.001475

97.5%
1.01
0.9999
0.9962
1.002
1.017
1.102
1.006

1.0
2.796E+28
4.075E+28
4.281E+28
1.0

152.7
209.8
44.69

1.0

3.264
4.031
4.343
3.858

1.0

1091.0

101
101
101
101
101
101
101
101
101
101
101

start
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101

100
100
100
100
100
100
100
100
100
100
100

sample

100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100



Rcc5[2,3]
Rcc5[2,4]
Rcc5(2,5]
Rcc6[1,1]
Rcc6[1,2]
Rcc6[1,3]
Rcc6[1,4]
Rcc6[1,5]
Rcc6[1,6]
Rcc6[1,7]
Rcc6[1,8]

870.1
4454.0
1541.0

2.597
1.188
1.603
2.98
0.01723
2.314
2.965

1802.0
10300.0
6407.0
0.0
2.249
0.9707
1.673
1.867
0.01994
2.467
2.084

513.4
2986.0
1071.0
1.0E-11
0.6122
0.3082
0.2324
0.4961
0.00507
0.6702
0.543

7.47

6.483
1.634E-30
1.0
0.0899
0.1129
9.435E-26
1.279
0.001254
0.006243
1.276

152

91.65
109.1
0.009875
1.0

1.931
0.9827
1.792
2.352
0.008352
1.824
2.221

101
101
101
101
101
101
101
101
101
101
101

100
100
100
100
100
100
100
100
100
100
100
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Y7oAhoylopog OYETIKNG EAKIVOUVOTNTOUS HOAVVOTN G TOV EEETALONEVOV EKTPOPDOV

Relative risk_ high ELISA

node mean sd MC error 2.5% median 97.5% start sample
elisaRRelisaH[1] 1.291 0.1917 0.04031 1.025 1.29 1.697 101 500
elisaRRelisaH[2] 1.886 0.6721 0.1411 1.06 1.82 3.465 101 500
elisaRRelisaH[3] 1.291 0.1917 0.04031 1.025 1.29 1.697 101 500
elisaRRelisaH[4] 0.9785 0.01275 0.002682  0.9538 0.9775 0.9978 101 500
elisaRRelisaH[5]1.495 0.3449 0.07251 1.039 1.481 2.257 101 500
elisaRRelisaH[6] 0.6053 0.1909 0.04002 0.3013 0.5613 0.9454 101 500
elisaRRelisaH[7] 1.349 0.234 0.04922 1.029 1.346 1.851 101 500
elisaRRelisaH[8] 0.8686 0.07409 0.01558 0.7315 0.8603 0.9855 101 500
elisaRRelisaH[9] 0.8686 0.07409 0.01558 0.7315 0.8603 0.9855 101 500
elisaRRelisaH[10] 0.7989  0.1095 0.02302 0.6027 0.7837 0.9766 101 500
elisaRRelisaH[11] 0.7955 0.1112 0.02337 0.5966 0.7799 0.9761 101 500
elisaRRelisaH[12] 0.8686  0.07409 0.01558 0.7315 0.8603 0.9855 101 500
elisaRRelisaH[13] 0.8686  0.07409 0.01558 0.7315 0.8603 0.9855 101 500
elisaRRelisaH[14] 0.8686  0.07409 0.01558 0.7315 0.8603 0.9855 101 500
elisaRRelisaH[15] 0.8686  0.07409 0.01558 0.7315 0.8603 0.9855 101 500
elisaRRelisaH[16] 0.6053  0.1909 0.04002 0.3013 0.5613 0.9454 101 500
elisaRRelisaH[17] 0.6053  0.1909 0.04002 0.3013 0.5613 0.9454 101 500
elisaRRelisaH[18] 0.7097 0.1504 0.03159 0.4529 0.683 0.9636 101 500
elisaRRelisaH[19] 1.028 0.01707 0.00359 1.003 1.029 1.062 101 500
elisaRRelisaH[20] 1.856 0.6458 0.1356 1.058 1.796 3.368 101 500
elisaRRelisaH[21] 1.484 0.3363 0.07071 1.038 1.471 2.226 101 500
elisaRRelisaH[22] 1.196 0.1255 0.0264 1.018 1.198 1.455 101 500
elisaRRelisaH[23] 1.665 0.4818 0.1012 1.049 1.632 2.761 101 500
elisaRRelisaH[24] 1.665 0.4818 0.1012 1.049 1.632 2.761 101 500
elisaRRelisaH[25] 0.6203  0.1856 0.03893 0.3214 0.5791 0.9483 101 500
elisaRRelisaH[26] 0.9517  0.02825 0.005942 0.8976 0.9493 0.995 101 500
elisaRRelisaH[27] 0.9517  0.02825 0.005942 0.8976 0.9493 0.995 101 500
elisaRRelisaH[28] 0.8636 0.07669 0.01613 0.722 0.8549 0.9849 101 500
elisaRRelisaH[29] 0.9791 0.01234 0.002595 0.9553 0.9782 0.9979 101 500
elisaRRelisaH[30] 1.883 0.6694 0.1406 1.06 1.818 3.455 101 500
elisaRRelisaH[31] 1.091 0.05621 0.01182 1.009 1.094 1.204 101 500
elisaRRelisaH[32] 0.8182  0.09999 0.02102 0.6374 0.8051 0.9791 101 500
elisaRRelisaH[33] 0.6283  0.1827 0.03833 0.3324 0.5885 0.9498 101 500
elisaRRelisaH[34] 0.8189  0.09966 0.02095 0.6385 0.8058 0.9792 101 500
elisaRRelisaH[35] 2.089 0.8562 0.1796 1.069 1.986 4.15 101 500
elisaRRelisaH[36] 0.7626  0.1268 0.02664 0.5396 0.7431 0.9716 101 500
elisaRRelisaH[37] 0.7626  0.1268 0.02664 0.5396 0.7431 0.9716 101 500
elisaRRelisaH[38] 0.7685 0.124 0.02606 0.5497 0.7498 0.9724 101 500
elisaRRelisaH[39] 0.7626  0.1268 0.02664 0.5396 0.7431 0.9716 101 500
elisaRRelisaH[40] 0.9853 0.008704 0.001831  0.9685 0.9847 0.9985 101 500
elisaRRelisaH[41] 2.141 0.9044 0.1897 1.071 2.027 4.329 101 500
elisaRRelisaH[42] 1.221 0.1427 0.03002 1.02 1.223 1.518 101 500
elisaRRelisaH[43] 2.258 1.016 0.2131 1.076 2.119 4.748 101 500
elisaRRelisaH[44] 1.011 0.006891 0.00145 1.001 1.012 1.025 101 500
elisaRRelisaH[45] 1.754 0.557 0.117 1.053 1.709 3.039 101 500
elisaRRelisaH[46]2.258 1.016 0.2131 1.076 2.119 4.748 101 500
elisaRRelisaH[47] 1.221 0.1427 0.03002 1.02 1.223 1.518 101 500
elisaRRelisaH[48] 1.745 0.5494 0.1154 1.053 1.701 3.011 101 500
elisaRRelisaH[49] 1.745 0.5494 0.1154 1.053 1.701 3.011 101 500
elisaRRelisaH[50] 1.745 0.5494 0.1154 1.053 1.701 3.011 101 500
elisaRRelisaH[51] 1.745 0.5494 0.1154 1.053 1.701 3.011 101 500
elisaRRelisaH[52] 1.464 0.3205 0.06738 1.037 1.452 2.168 101 500
elisaRRelisaH[53] 1.576 0.4096 0.08609 1.044 1.554 2.495 101 500
elisaRRelisaH[54] 1.642 0.4628 0.09726 1.047 1.612 2.691 101 500
elisaRRelisaH[55] 1.642 0.4628 0.09726 1.047 1.612 2.691 101 500
elisaRRelisaH[56] 1.642 0.4628 0.09726 1.047 1.612 2.691 101 500
elisaRRelisaH[57] 1.048 0.02914 0.006131  1.005 1.05 1.106 101 500
elisaRRelisaH[58] 0.7681 0.1242 0.0261 0.549 0.7493 0.9723 101 500
elisaRRelisaH[59] 0.7006  0.1542 0.03239 0.4387 0.6726 0.9622 101 500
elisaRRelisaH[60] 1.454 0.3134 0.0659 1.036 1.444 2.142 101 500
elisaRRelisaH[61] 1.454 0.3134 0.0659 1.036 1.444 2.142 101 500
elisaRRelisaH[62] 1.454 0.3134 0.0659 1.036 1.444 2.142 101 500
elisaRRelisaH[63] 1.472 0.3268 0.06872 1.037 1.46 2191 101 500
elisaRRelisaH[64] 0.6949  0.1566 0.03289 0.4299 0.6661 0.9613 101 500
elisaRRelisaH[65] 0.9389  0.03553 0.007473 0.8713 0.9358 0.9936 101 500
elisaRRelisaH[66] 0.9389  0.03553 0.007473 0.8713 0.9358 0.9936 101 500
elisaRRelisaH[67] 0.6115  0.1887 0.03958 0.3095 0.5686 0.9466 101 500
elisaRRelisaH[68] 0.9918 0.004861 0.001023  0.9824 0.9915 0.9992 101 500

153



elisaRRelisaH[69] 0.8514
elisaRRelisaH[70] 0.8514
elisaRRelisaH[71] 0.8514
elisaRRelisaH[72] 0.8514
elisaRRelisaH[73] 0.7764
elisaRRelisaH[74]0.7764

0.08308
0.08308
0.08308
0.08308
0.1203
0.1203

0.01747
0.01747
0.01747
0.01747
0.02529
0.02529

0.6988
0.6988
0.6988
0.6988
0.5632
0.5632
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0.8416
0.8416
0.8416
0.8416
0.7586
0.7586

0.9834
0.9834
0.9834
0.9834
0.9735
0.9735

101
101
101
101
101
101

500
500
500
500
500
500



Relative risk NDVI_high ELISA

node

elisaRRH[25]
elisaRRH[26]
elisaRRH[27]
elisaRRH[28]
elisaRRH[29]
elisaRRH[30]
elisaRRH[31]
elisaRRH[32]
elisaRRH[33]
elisaRRH[34]
elisaRRH[35]
elisaRRH[36]
elisaRRH[37]
elisaRRH[38]
elisaRRH[39]
elisaRRH[40]
elisaRRH[41]
elisaRRH[42]
elisaRRH[43]
elisaRRH[44]
elisaRRH[45]
elisaRRH[46]
elisaRRH[47]
elisaRRH[48]
elisaRRH[49]
elisaRRH[50]
elisaRRH[51]
elisaRRH[52]
elisaRRH[53]
elisaRRH[54]
elisaRRH[55]
elisaRRH[56]
elisaRRH[57]
elisaRRH[58]
elisaRRH[59]
elisaRRH[60]
elisaRRH[61]
elisaRRH[62]
elisaRRH[63]
elisaRRH[64]
elisaRRH[65]
elisaRRH[66]
elisaRRH[67]
elisaRRH[68]
elisaRRH[69]
elisaRRH[70]
elisaRRH[71]
elisaRRH[72]
elisaRRH[73]
elisaRRH[74]
elisaRRH[75]
elisaRRH[76]
elisaRRH[77]
elisaRRH[78]
elisaRRH[79]
elisaRRH[80]
elisaRRH[81]

mean
0.3145
0.3253
0.3367
0.3487
0.3613
0.3746
0.3887
0.4036
0.4193
0.4359
0.4535
0.4721
0.4919
0.5129
0.5351
0.5587
0.5839
0.6106
0.6391
0.6694
0.7018
0.7363
0.7732
0.8126
0.8547
0.8999
0.9482
1.0
1.056
1.115
1.179
1.248
1.323
1.402
1.488
1.581
1.682
1.79
1.907
2.033
217
2.319
2.479
2.654
2.843
3.049
3.272
3.515
3.78
4.068
4.382
4.725
5.099
5.507
5.953
6.441
6.974

sd
0.2282
0.2282
0.228
0.2275
0.2268
0.2259
0.2246
0.2229
0.2209
0.2184
0.2154
0.2119
0.2078
0.2029
0.1974
0.191
0.1837
0.1753
0.1658
0.1549
0.1427
0.1288
0.1132
0.09555
0.07568
0.05333
0.02822
0.0
0.03167
0.06721
0.1071
0.1518
0.2018
0.258
0.3209
0.3913
0.4702
0.5587
0.6577
0.7686
0.8929
1.032
1.188
1.363
1.558
1.778
2.024
2.299
2.608
2.954
3.342
3.776
4.264
4.811
5.424
6.111
6.882
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MC error
0.04456
0.04461
0.04461
0.04457
0.04448
0.04433
0.04412
0.04383
0.04346
0.04301
0.04246
0.0418
0.04101
0.04009
0.03902
0.03778
0.03635
0.03471
0.03284
0.03071
0.0283
0.02556
0.02247
0.01897
0.01503
0.0106
0.005607
4.082E-12
0.006297
0.01337
0.02129
0.03018
0.04015
0.05132
0.06383
0.07785
0.09354
0.1111
0.1308
0.1529
0.1775
0.2052
0.2361
0.2708
0.3096
0.3531
0.4017
0.4563
0.5173
0.5857
0.6624
0.7482
0.8444
0.9522
1.073
1.208
1.36

2.5%
0.04402
0.04942
0.05548
0.06229
0.06992
0.0785
0.08812
0.09893
0.1111
0.1247
0.14
0.1571
0.1764
0.198
0.2223
0.2496
0.2802
0.3145
0.3531
0.3964
0.445
0.4996
0.5608
0.6296
0.7068
0.7935
0.8908
1.0
1.006
1.011
1.017
1.023
1.029
1.035
1.041
1.046
1.052
1.058
1.064
1.07
1.077
1.083
1.089
1.095
1.101
1.108
1.114
1.12
1.127
1.133
1.139
1.146
1.152
1.159
1.166
1172
1.179
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median
0.2194
0.2321
0.2455
0.2597
0.2747
0.2906
0.3074
0.3251
0.3439
0.3638
0.3848
0.4071
0.4306
0.4555
0.4818
0.5096
0.5391
0.5702
0.6032
0.638
0.6749
0.7139
0.7551
0.7988
0.8449
0.8937
0.9454

1.058
1.12

1.185
1.253
1.326
1.403
1.485
1.571
1.662
1.758
1.861
1.969
2.083
2.204
2.332
2.467
2.61

2.762
2.922
3.092
3.272
3.462
3.663
3.875

4.338
4.59

4.857
5.139

97.5%
0.8605
0.8653
0.8701
0.875

0.8799
0.8848
0.8897
0.8947
0.8997
0.9047
0.9097
0.9148
0.9199
0.9251
0.9302
0.9354
0.9406
0.9459
0.9512
0.9565
0.9618
0.9672
0.9726
0.978

0.9834
0.9889
0.9945

1.123
1.261
1.415
1.589
1.784
2.003
2.249
2.525
2.834
3.182
3.573
4.011
4.503
5.056
5.677
6.373
7.155
8.033
9.019
10.12
11.37
12.76
14.33
16.08
18.06
20.27
22.76
25.55
28.68

Ymohoyiopog mpoPreyng oyETIKNG EMKLVOUVOTNTUS HOAVVOTG

start
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
101

sample
600
600
600
600
600
600
600
600
600
600
600
600
600
600
600
600
600
600
600
600
600
600
600
600
600
600
600
600
600
600
600
600
600
600
600
600
600
600
600
600
600
600
600
600
600
600
600
600
600
600
600
600
600
600
600
600
600



ITAPAPTHMA 13

NovkAieoTid1K1] 0AANALOVYI0 KOOIKOVIOV avd optvoSy

The Echinoderm and Flatworm Mitochondrial Code (transl table=9)

TTT F Phe TCT S Ser TAT Y Tyr TGT C Cys
TTC F Phe TCC S Ser TAC Y Tyr TGC C Cys
TTA L Leu TCA S Ser TAA * Ter TGA W Trp
TTG L Leu TCG S Ser TAG * Ter TGG W Trp
CTT L Leu CCT P Pro CAT H His CGT R Arg
CTC L Leu CCC P Pro CAC H His CGC R Arg
CTA L Leu CCA P Pro CAA Q Gln CGA R Arg
CTG L Leu CCG P Pro CAG Q Gln CGG R Arg
ATT I Ile ACT T Thr AAT N Asn AGT S Ser
ATC I Ile ACC T Thr AAC N Asn AGC S Ser
ATA I Ile ACA T Thr AAA N Asn AGA S Ser
ATG M Met 1 ACG T Thr AAG K Lys AGG S Ser
GTT V Val GCT A Ala GAT D Asp GGT G Gly
GTC V Val GCC A Ala GAC D Asp GGC G Gly
GTA V Val GCA A Ala GAA E Glu GGA G Gly
GTG V Val i GCG A Ala GAG E Glu GGG G Gly

Differences from the Standard Code:

Code 9 Standard
AAA Asn N Lys K
AGA Ser S Arg R
AGG Ser S Arg R
UGA Trp W Ter *

(http://www.ncbi.nlm.nih.gov/Taxonomy/taxonomyhome.html/index.cgi?chapter=tgenc
odes#SG9)
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SUMMARY

Risk factors related to herd and farmer status, farm and pasture management, and
environmental factors derived by satellite data were examined for their association with
the prevalence of F. hepatica in sheep and goat farms in Thessaly, Greece. Twelve
farms (16-2%) and 58 farms (78-4%) of 74 had evidence of infection using coproantigen
and serology respectively. The average normalized difference vegetation index (NDVT)
of farm location for 12 months before sampling was the most significant environmental
risk factor for F. hepatica infection based on high seropositivity. The risk of infection
increased by 1% when the value of NDVI increased by 0-01 degree. A geospatial map
was constructed to show the relative risk (RR) of Fasciola infection in sheep and goat
farms in Thessaly. In addition, geospatial maps of the model-based predicted RR for the
presence of Fasciola infection in farms in Thessaly and the entire area of Greece were
constructed from the developed model based on NDVI. In conclusion, this study
demonstrated that Thessaly should be regarded as an endemic region for Fasciola
infection and it represents the first prediction model of Fasciola infection in small
ruminants in the Mediterranean basin.

Key words: Fasciola hepatica; sheep; goats; coproantigen; serology; risk factors; GIS;
risk map; Greece
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INTRODUCTION

The common liver fluke Fasciola hepatica (Linnaeus, 1758) (Trematoda:
Fasciolidae) has a worldwide distribution (Mas-Coma et al. 2004) and infects several
species of mammals, particularly cattle and sheep. Intermediate hosts are freshwater
snail species of the family Lymnaeidae (Mas-Coma and Bargues, 1997).

Infected animals show lowered weight gain, anaemia, reduced fertility, reduced
milk production and lowered feed conversion efficiency (Hillyer, 2005). Despite the
substantial economic losses caused by F. hepatica, estimated at USS$ 2 billion per year
worldwide (Spithill and Dalton, 1998) and the cosmopolitan distribution of this parasite,
little attention has been given to the study of risk factors of fasciolosis in sheep and
goats. A number of epidemiological studies in Europe, Africa, Asia and Australia have
identified several risk factors of fasciolosis in cattle caused by F. gigantica and/or F.
hepatica (Tum et al. 2004; Durr et al. 2005; McCann ef al. 2010; Bennema et al. in
press). The actual risk of infection is influenced by the number and distribution of
animals, the presence of infected snails, and grazing management which allow animals
to access herbage or water containing metacercariae (Tum et al. 2004). These factors act
largely on the hosts of the parasite rather than directly on the parasite itself. If there is
no clear indication of the source of infection, careful study of risk factors possibly
including environmental and herd management practices, should pinpoint the source of
infection and can contribute to effective control programmes (Roberts and Suhardono,
1996).

Geographic Information System (GIS) technologies are being used increasingly
to study the spatial and temporal patterns of Fasciola infection (McCann et al. 2010).
GIS can be used to complement conventional ecological monitoring and modelling
techniques and provide a means to portray complex relationships in the ecology of
disease (Yilma and Malone, 1998). Monitoring the spatial distribution of economically
important infections sush as F. hepatica using GIS technologies can facilitate the study
of the presence and location of high risk areas, thus providing possibilities for
regionally adapted control measures (Beck ef al. 2000; Bennema et al. 2009).

No previous study in Greece has been performed on risk factors for Fasciola
infection in sheep and goats. In Greece, a major sheep and goat producing country, the
knowledge of the epidemiology of fasciolosis is still limited with only a small number
of studies documenting the occurrence of F. hepatica in sheep and snails (Antoniou et
al. 1997; Theodoropoulos et al. 2002). The objectives of the present study were: (1) to
investigate the prevalence of F. hepatica in sheep and goat farms in the region of
Thessaly, Greece using coproantigen and serology methods, (ii) to indentify the risk
factors associated with Fasciola infection in sheep and goat farms, (ii1) to model the risk
of F. hepatica infection in sheep and goat farms using GIS technologies, (iv) to predict
the distribution range of F. hepatica infection in sheep and goat farms on the basis of
high seropositivity and v) extend this prediction to the entire area of Greece as well as
the Mediterranean region.

MATERIALS AND METHODS
Study area
The region of Thessaly covers an area of 14037 km” and is located in Central

Greece, centred at a latitude of 39°30° 0”" N and a longitude of 22°0° 00"" E (Fig. 1).
This region is one of the largest sheep and goat producing areas of Greece and accounts
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for 12-5 % of the total sheep and goat production in Greece (Data for 2006 provided by
the National Statistical Service of Greece). In addition, 28% of organic sheep and goat
farming in Greece is located in Thessaly (Data for 2005 provided by the Hellenic
Ministry of Rural Development and Food). Thessaly is generally affected by a
temperate Mediterranean climate which is characterized by dry summers with
occasional precipitation and calm, wet winters. There are droughts during the summer
months. Mean annual precipitation over the whole Thessaly region is about 700 mm and
varies from about 400 mm at the central plain area to more than 1850 mm in the western
mountain peaks (Loukas et al. 2007).

Sample and data collection

Faecal and serum samples were collected from clinically healthy and randomly
selected sheep and goats in organic and neighbouring conventional farms registered
with the Hellenic Ministry of Rural Development and Food according to the latest
available census (2005) in the region of Thessaly, Greece. Farms whose owners agreed
to participate in the study were visited once between September 2006 and February
2007 and were equitably distributed by autumn and winter seasons. Faecal and serum
samples were stored at -20°C until analyzed.

Data on herd characteristics, herd management practices and farmer status were
collected through a survey questionnaire at the time of sampling. Data were collected
via a two-page questionnaire comprising 20 closed questions. In order to avoid any
misunderstanding, the investigators completed the questionnaires by interviewing the
farmers at the time of the visit to the farm for sample collection. The questionnaire with
pre-coded replies is available on request by e-mail.

Source of environmental data and modelling

Environmental data for farm locations were obtained from the MODIS
(Moderate Resolution Imaging Spectroradiometer) instrument aboard the Terra (EOS
AM) satellite (https://Ipdaac.usgs.gov/), products MOD13C2 and MOD11C3, with a
resolution of 0-05 deg for the land surface temperature (LST), and the normalized
difference vegetation index (NDVI). Rainfall data was extracted from the 3B43 rainfall
product of the Tropical Rainfall Measuring Mission (TRMM) satellite
(http://disc2.nascom.nasa.gov/) with a resolution of 0-25 deg. NDVI and LST were
hypothesized to represent surrogate measures of environmental moisture and
temperature, respectively (Malone et al. 2001). The environmental data were recorded
as monthly means for 12 months before the day of sampling for each examined farm.

The integration of satellite data into epidemiological research enhances the
spatio-temporal resolution of climatological data in particular in mountainous regions
where weather stations and ground surveys are unavailable or sparse. MODIS data, as
they deliver daily two global coverages at 250m — 1000m resolution, they are most
useful to support epidemiological studies. The LST algorithm needs a pair of daytime
and nighttime radiance data in seven thermal infrared bands, atmospheric temperature
and water vapour in the MODIS atmospheric product. The day/night LST product is
generated by the generalized split-window LST algorithm (Wan and Dozier, 1996).
The monthly LST MOD11C3 product provides monthly composited and averaged
temperature values at 0-05 degree latitude/longitude grids. This product is ready for use
in science applications. It should be pointed out that the MODIS LST product based on
thermal infrared data is only available in clear sky conditions.
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Monthly NDVI is a composite of the NDVI daily values from cloud-free
observations in the month from the MODIS blue, red, and near-infrared reflectances
data. Low sampling from satellites due to cloud cover and other reasons is not a major
problem for studies that require long term LST and NDVI data sets. Neteler, M. (2004)
validated the usability of MODIS/Terra data in epidemiological studies in Italy as an
enhancement of data availability, by investigating the monthly mean temperatures of
selected meteorological stations and the related MODIS data at the same coordinates.
Both datasets are matching surprisingly well except for case of months with nearly
continuous cloud cover with data availability less than 15%.

The 3B43 monthly rainfall data is derived by optimally merging a multi-satellite
monthly product with rain gauge data (Huffman et al. 2007). A validation study
conducted by Feidas, H. (2010) demonstrated the excellent performance of the 3B43
product over Greece.

Geographical coordinates and elevation data of farm locations were obtained
from the Digital Elevation Model (DEM), SRTM30 dataset for Greece with a resolution
of 1km and CGIAR-SRTM data (http://srtm.csi.cgiar.org/) aggregated to 30 seconds.
The inland water digital chart of the world (http://www.diva-gis.org/gdata) was used for
the construction of the geographic features of Thessaly.

Coproantigen detection

The Bio-X bovine Fasciola hepatica ELISA test kit (Bio-X Company S.P.R.L.,
Belgium) was used on faecal samples according to the manufacturer’s instructions. The
plates were read in a 450 nm filter using an automatic plate reader (Infinite M200,
Tecan). The calculation of the net optical density of each sample and positive control
was done by subtracting from the reading of each sample well the optical density of the
corresponding negative control. The limit of positivity for the antigen was 0-150. Any
sample that yielded a difference in optical density that was greater than or equal to
0-150 was considered as positive.

Serology

The ELISA test was performed on serum samples as previously described
(Salimi-Bejestani ef al. 2005) using excretory secretory (E/S) antigen at 0-5 xg/ml to
coat the plates. The sheep/goat serum samples were tested at 1:400 and the conjugate
used was monoclonal anti-goat and sheep IgG conjugated to horse radish peroxidase
(Sigma-Aldrich, Germany) at a dilution of 1:10000. In each well 100 x1 of freshly
prepared substrate TMB/HRP (3,3°, 5,5 -tetramethylbenzidine, hydrogen peroxide and
proprietary catalyzing and stabilizing agents, Uptima, Interchim, USA) were added and
left for 20 min. The reaction was stopped by the addition of 100 1 of 0-5 M HCl per
well. The results were expressed as an antibody index, using the following calculation:
[(sample mean OD)/ (positive pool mean OD] x 100. In each ELISA test, negative and
positive controls were included and tested in quadruplicate. The cut off value was the 25
percent positivity (pp) with sensitivity and specificity 77% and 93% for sheep and 86%
and 100% for goats respectively. Seropositivity was divided into two categories: high
(>51pp) and low (25-50pp) seropositivity.

Statistical analysis
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The basic model was a trivariate logistic regression with correlated random
effects. Suppose that y;°, y" and y;" denote the numbers of positive samples on farm i
due to coproantigen and high and low seropositivity respectively. We assumed that y;",
yi' and yi- follow a binomial distribution, where n;°, n;"" and n;" are the numbers of
infected farms while p;, pi”" and p;" denote the probability of a farm being infected as
determined by the coproantigen as well as by the high and low seropositivity,
respectively. Therefore, we have:

yi; ~ Bin (Pii, nii)

yiL ~ Bin (piL , niL)

yi ~Bin(pi", ni")

Note that p;©, pi" and p;i- were treated as random variables, the logit
transformation of which is being linearly associated to the explanatory variables x as
follows:

logit (pi°) = by + bixii+ baxipt ...+ buXim+ &

logit (pi™) = co + cixi+ CaXipt ... CoXim + &
and  logit (pi") = do + dixi1+ doxipt ...+ dXim + &
where m is the number of the explanatory variables.

In our study we had 26 factors (m=26) under consideration. On the above
equations, x;; to X6 denote the studied risk factors, while € corresponds to random
effects for coproantigen and €', €" corresponds to random effects for high and low
seropositivity. We included one random effect per farm. In addition, we allowed £°, &
and €" to be correlated in order to capture the potential dependence between
corpoantigen and seropositivity (High and Low) prevalence. We also allowed for the
high and low seropositivity to be correlated. In summary, the random effects were
assumed to follow a trivariate normal distribution as follows:

H

2
c O¢ PcCcOn PcOc0;
& 0
H 2
g |~N|]|0}[,X, | where X=| p 0.0y (o P00,
et 0
1
2
PcO0cOy PuLOu0L Oy

Thus, our model consists of three components, the different positivity indicators,
namely coproantigen, high seropositivity, and low seropositivity. We used stepwise
regression with a screening test (p<0-2) while statistical significance was considered at
the 5% level. The analysis was carried out in the WinBugs software (Lunn et a/. 2000).

Spatial cluster analysis

The spatial scan statistic implemented in SaTScan software (version 8.0) was
used to investigate geographic clusters of infection. The concept of spatial scan statistic
is based on the generalization of a test probability (Turnbull ef al. 1990; Kulldorff and
Nagarwalla, 1995; Kulldorff, 1997). The spatial scan statistic uses a circular window of
variable radius that moves across the map to represent potential geographic clusters.
The radius of the cluster varies from zero up to a specified maximum value. By
gradually changing the circle centre and radius, the window scans the geographic areas
for potential localised clusters without incorporating prior assumptions about their size
and location and noting the number of observed and expected observations inside the
window at each location. The test of significance is based on the likelihood ratio test for
which the window with the maximum likelihood is the most likely cluster (Kulldorff
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and Nagarwalla, 1995). The assessment of a cluster is done by comparing the number of
cases (infection) within the circle with the number of expected cases under the
assumption that cases are randomly distributed in the space. The p-value is obtained
through Monte Carlo hypothesis testing (Dwass, 1957). The spatial scan statistic adjusts
for spatial variations in the density of the population in the study area (Kulldorff, 1997).
The population in the Poisson probability model may be actual count from a census or
covariate adjusted expected counts from a statistical regression model while in the
Bernoulli model, it is denoted as the total of cases (positives samples) and controls
(negative samples) in the study area. The detection of clusters in the present study was
performed under the Bernoulli probability model using the maximum cluster size of 50
% of the total population for Fasciola infection. Test-positive farms were considered as
cases while test-negative farms were regarded as controls. The number of simulations
for Monte Carlo testing was set to 9999. For each window of varying position and size,
the SaTScan program tested the risk of Fasciola infection within and outside the
window, with the null hypothesis of equal risk.

Risk maps

The spatial database GADM, version 1.0 (http://www.gadm.org/home) for
country outlines and administrative subdivisions was used. The GIS software ARCGIS
ver. 9.2 was used to display the sampled localities, the observed relative risk, and the
predicted relative risk.

RESULTS
Prevalence and determination of risk factors for F. hepatica infection

A total of 34 organic farms (13% of all organic sheep and goat farms in
Thessaly) and 40 neighbouring conventional farms agreed to participate in the study. In
total, 346 and 234 faecal samples as well as 499 and 372 serum samples were collected
from sheep and goats respectively from 74 farms. Twelve farms (16:2%) and 58 farms
(78-4%) of 74 were found infected using coproantigen and serology respectively (Table
1). A farm was considered as infected when at least one animal was found positive
either on the basis of coproantigen or serology test.

According to the results of the statistical analysis, the correlation between the
probability of a farm being infected as determined by the coproantigen (p;) and high
seropositivity (pi ) was 0-97 (95% CI: 0-76 to 0-99) (Table 2). In contrast, the
correlation between the probability of a farm being infected as determined by a) the
coproantigen (p;°) and low seropositivity (p;") and, b) high (pi") and low seropositivity
(pi") was lower and not statistically significant (at the 5% level), so the corresponding
results are not presented. All the results of the statistical analysis and the risk factors as
determined by coproantigen (component 1 of the model) and high seropositivity
(component 2 of the model) are presented in Tables 3, 4, 5 and 6.

The risk of infection in the first component of the model was influenced by 13
factors associated with herd characteristics, farm and pasture management, by one
factor associated with farmer characteristics, and by four environmental factors. The
risk of infection in the second component of the model was influenced by 10 factors
associated with herd characteristics, farm and pasture management, by all factors (2)
associated with farmer characteristics, and by two environmental factors. The average
NDVI of farm location for 12 months before sampling was the most significant
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environmental risk factor for F. hepatica infection in the second component of the
model and the risk of infection increased by 1% when the value of NDVI increased by
0-01 degree.

Spatial distribution and geospatial modelling of F. hepatica infection

NDVI as the main determined environmental risk factor in component 2 of the
model was used for the construction of observed and predicted risk maps because NDVI
values integrate a number of different environmental factors (land cover, temperature,
rainfall, vapour pressure, etc.) into a single variable and thus simplifies analysis (Hay e?
al. 1997). The observed relative risk (RR) of Fasciola infection was calculated for each
observed NDVI value in the examined farms while adjusting for all the other significant
factors. The predicted RR of Fasciola infection was calculated for each NDVI value in
the 0-25-0-81 range corresponding to the NDVI values in Thessaly not including urban
areas. Hence, the prediction for the RR of Fasciola infection in Greece as a whole was
extrapolated by also calculating the RR for each NDVI value in the 0-25-0-81 range,
corresponding to the NDVI values in Greece not including urban areas. Thus, the map
of RR of Fasciola infection for Thessaly and the maps of the model-based predicted RR
for the presence of Fasciola infection in farms in Thessaly and the entire area of Greece
were constructed.

The constructed model indicated that the areas of observed high RR of Fasciola
infection were located in the western and south-eastern parts of Thessaly (Fig. 2A). The
results of the spatial scan statistic analyses showed one most likely cluster (p<0-001) of
infected farms with F. hepatica in south-eastern Thessaly and two secondary clusters in
western and northern Thessaly (Fig. 2A and Table 7). The RR of the most likely cluster
was 5-70.

The model-based prediction showed that the RR for the presence of F. hepatica
infection in farms from September 2007 to February 2008 in Thessaly was high in the
western area and in the eastern coast (Fig. 2B). A model-based predicted RR for the
presence of F. hepatica in farms for 2007 in Greece was also constructed. The areas
where the disease was most likely to be found were in the western region, the eastern
coast, and the north-eastern region of the country (Fig. 3).

The developed risk model is a simple model based only on environmental
datasets easily accessible to managers and available across broad geographic regions.
Such information is of particular use to practitioners looking to extrapolate the results of
prevalence risk studies. Since the chosen model was based on one single environmental
variable (NDVI) which could be mapped across the entire Mediterranean basin, it was
possible to extrapolate the model results to the whole Mediterranean region (Fig. 4).

DISCUSSION

Fasciolosis is a global problem for farmers and veterinarians because of its
effect on meat, milk and wool production. More recently, it has become apparent that
anthelmintic treatment is not always effective due to the development of drug resistance
(Mitchell et al. 1998; Moll et al. 2000; Coles, 2005). Identifying the risk factors for F.
hepatica infection may lead to the development of appropriate control measures for
reducing the incidence of infection as well as the need for treatment in order to increase
the efficiency of milk and meat production of animals.

Previous studies carried out elsewhere indicated a wide range of seroprevalence
for ovine fasciolosis (Moghaddam et al. 2004; Mekroud et al. 2004). These differences
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are probably due to agro-ecological and climatic differences between the localities,
although differences in the management systems may also have resulted in such
variation (Abunna ef al. 2010). In Italy, a neighbouring country of Greece, the
prevalence of infection on sheep farms was estimated at 4-1% by faecal egg count
(Cringoli et al. 2002), while in our study was measured at 16-2% by coproantigen.

The statistical analysis showed that the correlation between the probability of a
farm being infected as determined either by coproantigen or high seropositivity is very
high (0-97). Ignoring this correlation and independently calculating the probabilities of
a farm being infected as determined by coproantigen and high seropositivity would
induce bias. It should be noted that corproantigen indicates carrier infection, while
serology would indicate any past or recent exposure.

In regard to host species, the prevalence was significantly lower in goat than in
sheep farms. This finding may be linked to the grazing habits of the two animal species:
goats graze on leaves and branches on bushes and trees but sheep graze on plants on the
ground where metacercaria are mostly found. So, the possibility of infection with
metacercaria is higher in sheep than in goats. This observation is in agreement with
other studies in Morocco (Alasaad et al. 2008) and in Argentina (Issia et al. 2009). In
addition, differences in the prevalence of F. hepatica between breeds of sheep and goats
noted in the present study were also observed by other investigators (Boyce et al. 1987;
Khallaayoune ef al. 1991). The apparent influence of breed is perhaps closely associated
with the husbandry system (Sanchez-Andrade et al. 2002). For example, sheep of the
mountain type breed graze in pastures while sheep of the Chios breed are mostly housed
permanently.

Farms that use private and permanent pastures have a significantly higher risk of
getting infected with F. hepatica compared to farms where animals graze on public
pastures. Private pastures have a small area compared to public pastures and animals
graze on them for a long period of time. So, there is a constant shedding of eggs on
these pastures. In addition, private pastures are usually irrigated and irrigation has been
found to be a significant risk factor for the presence of fasciolosis in cattle, as
documented in a study by Durr, P.A. et al. (2005).

Wet pastures with mud appeared to be a significant risk factor. This is expected
since this kind of environment is appropriate for the propagation (survival) of snails.
Local seasonal crowding of animals along the banks of water provides an important
opportunity for transmission (Njau et al. 1989). The water supply of animals in the
present study also appeared to be a significant factor for the presence of F. hepatica,
when livestock drink tap water, farms had a lower risk of infection.

The variables introduced into the statistical model that concern the age and the
educational level of farmers had also been investigated by Cringoli, G. ef al. (2002) but
they were not found significant. In the current study, the age of farmers was recognised
as a protective factor but the educational level as a risk factor. Perhaps, older farmers
may have experience in local conditions and better stockmanship skills.

The results of the model suggest that the risk factors were not determined only
by herd characteristics, farmer status, farm and pasture management but also by
environmental factors. F. hepatica in Greece occupies a climate range, which is mostly
warm and dry. Therefore, parasite development and snail reproduction are less
constrained by low temperature; but they are constrained by lack of moisture resulting
in breaks in the life-cycle of the parasite (Boray, 1969). The western part of Thessaly
consists of mountains with higher moisture and NDVI values than in the eastern part.
These climatic conditions are appropriate for the development of the intermediate host
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(Urquhart ef al. 1987) and furthermore, moisture is considered to be an important factor
that determines the survival and availability of snails.

Average NDVI of farm location for 12 months before sampling, which has been
used as an indicator of regional thermal-moisture regimes, was the most significant
environmental risk factor for F. hepatica infection in the component 2 of the model.
This result is in agreement with the study of Durr, P.A. et al. (2005) that took place in
similar climatic conditions in Australia. Various studies have indicated the significance
of NDVI data for the construction of predictive models in Africa (Malone ef al. 1998;
Yilma and Malone, 1998), South America (Fuentes, 2006), and USA (Zukowski ef al.
1993). These models generated “health maps™ that were used in routine disease control
programs (Malone et al. 1998). In the present study, the model indicated that the highest
RR in Thessaly was in the south-eastern and western areas. This observation was
confirmed by the cluster analysis which showed that two likely clusters of infection
were present in the western and south-eastern areas. Moreover, the significance of
NDVI in the model may be a reflection of the environmental requirements of the snail
vectors of the parasite. NDVI as surrogate of climatic risk data can be included in a GIS
as separate layers on long-term climate pattern, and maps of annual values (Yilma and
Malone, 1998). NDVI values integrate a number of different environmental factors
(land cover, temperature, rainfall, vapour pressure, etc.) into a single variable and thus
simplifies the analysis (Hay et al. 1997). In South America, the predicted risk map
based on NDVI has been shown to present a comprehensive GIS control program model
that accurately fits real epidemiological and transmission situations of human
fasciolosis (Fuentes et al. 2001).

The map of predicted RR in Thessaly showed that the most likely areas of
Fasciola infection in sheep and goat farms were the eastern coast where the climate was
influenced by the sea and the NDVI values were high. The observed risk areas and the
predicted risk areas were almost identical in the west part of Thessaly. This is a semi-
mountainous area with frequent rainfall, which is appropriate for the survival of the
intermediate host.

A technique gaining popularity in spatial epidemiology is to develop regression
models on a given study area and then utilise the estimated relationship to enable
extrapolation over a much wider area (Cringoli ef al. 2004; Fuentes, 2006). On the other
hand, extrapolation results should always be used with caution, as in the current study,
since all the examined factors in the region of Thessaly were considered to be similar in
the entire area of Greece. In the present study this technique was applied to develop a
predictive RR map concerning not only the studied region but Greece as a whole, as the
NDVI values in Thessaly are representative for the whole country. The model showed
that the predicted RR of Fasciola infection in Greece was high in the western area,
where the largest sheep (43%) and goat (32%) populations are located (HSA, 2006).
The western part of Greece is a mountainous area characterised by higher rainfall and
NDVI values than the surrounding lowlands. The economy of this region is largely
based on animal farming and therefore farmers should be aware of the importance of
fasciolosis for small ruminants and other livestock such as cattle, and additionally for
human health (Rojas et al. 2010).

It should be noted that the derived risk map for the whole Mediterranean region
is only indicative and is used to present the outcome of the application of our model to
other areas in the Mediterranean basin. Given that the data used for estimating the
model stem from a small area within Greece, one needs to be particularly cautious in
extrapolating the predicted risk to other regions, as has been done here. Even though the
Mediterranean region is affected by the "Mediterranean climate", significant differences
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in temperature and rain may exist between north and south as well as between inland
and coastal areas. In addition, we used a number of factors that were area-specific. This
suggests that a different model could be obtained if similar studies were conducted
elsewhere in the Mediterranean. The accuracy of our extrapolation could be tested

via an external validation test but this was out of the scope of the present paper.

In conclusion, this study demonstrated that Thessaly should be regarded as an
endemic region for Fasciola infection and it represents the first prediction model of
Fasciola infection in small ruminants in the Mediterranean basin. The identified risk
factors and the prediction model can be useful to formulate appropriate control
strategies for fluke prevention in sheep and goats in Greece and other Mediterranean
countries.
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Table 1. Prevalence of F. hepatica infection in farm and animal groups as determined by coproantigen and seropositivity.

. e s High Low
Coproantigen Seropositivity seropositivity seropositivity
Group N* n** (%) N n (%) n (%) n (%)

All farms 74 12 (16-2) 74 58 (78-4) 29 (39-2) 56 (75-7)
Sheep farms 40 8 (20) 40 34 (85) 22 (55) 34 (85)
Goat farms 34 4(12) 34 24 (70-1) 7 (20-6) 22 (64-7)

All animals 580 48 (8-3) 871 295 (33-9) 89 (10-2) 206 (23-7)
Sheep 346 39 (11-3) 499 236 (47-3) 78 (15-6) 158 (31:7)
Goats 234 9(3-8) 372 59 (15-9) 11 (3) 48 (12-9)

*N: Total number

**n: Infected

Table 2. Correlation between the probabilities of a farm being infected as determined by the coproantigen, high, and low seropositivity.

Correlation Mean 95% CI

Coproantigen/ high seropositivity 0-97 (0-76, 0-99)
Coproantigen/ low seropositivity 0-44 (-0-24, 0-87)
High seropositivity / low seropositivity 0-39 (-0-23, 0-87)
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Table 3. Analysis of herd and farmer characteristics association with occurrence of F. hepatica infection in sheep and goat farms by
coproantigen and high seropositivity. Results of the two components of the model are presented as mean, odd ratios (OR) and 95 % confidence

intervals (CI).

Coproantigen (Component 1)

High seropositivity (Component 2)

N' n’ (%) Mean (95% CI) OR (95% CI) n (%) Mean (95% CI) OR (95% CI)
Herd characteristics
Species of farm animal
Sheep 40 8 (20) NS’ 1 22 (55) 3:59(0-64, 7-51) 1
Goat 34 4 (12) -9-54(-18:02, -0-17) 0-14(7x10°, 0-75) 721 NS 0-76(0-30, 1-00)
Breed of farm animal
Sheep-Mountain type 11 545 19-34(5-23, 26-61) 1 9 (82) NS -
Sheep-Chios 6 1(17) -20-05(-50-83, -0-18) 2x10°(107"%, 2x107) 1(17) NS -
Sheep-other breeds 15 3 (20) NS - 8 (53) NS -
Goat-Capra prisca 29 4 (14) NS - 6 (21) NS -
Goat-Skopelos 6 0(0) NS - 1(17) NS -
Type of farming
Organic 34 309 -11-55(-23-05, -0-38) 1 14 (41) 3:47(1-01, 6:81) 1
Conventional 40 9(23) NS 979(0-35, 855900) 15 (38) NS 0-69(0-35, 0-98)
Farm size (animals)
Small (0-150) 20 5(25) NS 1 11 (55) 9:31(4:52, 14-15) 1
Medium (151-300) 16 3(19) NS - 6 (38) NS 0-34(0-007, 0-64)
Large (301-1800) 38 5(13) -7-68(-13-99, -0-54) 112(0-03, 4203) 12 (32) NS -
Farm milk production NA* NA -0-05(-0-10, -0-02) 1-05(1-04, 1-08) NA NS -
Farmer characteristics
Age of farmer
<45 years old 32 8 (25) 5:77(2-54, 9-42) 1 14 (44) 3-38(0-06, 6:51) 1
>45 years old 42 5(12) NS 0-19(0-001, 0-69) 15 (36) NS 0-93(0-81, 0-99)
Education level
Compulsory school 51 6 (12) NS - 22 (43) NS 1
Higher 23 6 (20) NS - 7 (30) -5-69(-13-13, -0-78) 0-009(0-003, 0-031)

T'N: Total number of farms
2 n: Number of infected farms

°NS: Not significant

*NA: Not applicable (Continuous value)
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Table 4. Analysis of farm management practices association with occurrence of F. hepatica infection in sheep and goat farms by coproantigen
and high seropositivity. Results of the two components of the model are presented as mean, odd ratios (OR) and 95 % confidence intervals (CI).

Coproantigen (Component 1)

High seropositivity (Component 2)

Farm management practices N' 1’ (%) Mean (95% CI) OR (95% CI) n (%) Mean (95% CI) OR (95% CI)
Frequency of manure removal

Once a year 35 6(17)  -6-15(-11-70, -0-25) 1 14 (40) -3-44(-5-46, -1-21) 1

Twice a year 23 4(17) -18:61(-30-61,-9-14)  2x107*(107, 0-001) 9(39) -9:22(-12-59,-4-12) 0-04(0-002, 0-24)

Never 7 1(14) NS’ - 3 (43) NS -
Frequency of veterinary monitoring of farm

Never 9 1(11) NS - 3(33) NS 1

Randomly 60 6(10) NS - 22 (37) NS -

Every month 6 1(17) NS - 0 (0) -32-04(-74-15, -7-77) 9x10°(107*, 2x10™)
Farm equipment

Poor 56 11(20) 14-70(6-60, 19-57) 1 22 (39) NS 1

Sufficient 18 2(11) NS 0-58(5x107, 0-99) 7 (39) 3-:01(0-04, 6-42) 8-58(1-46,36-91)
Anthelmintic treatment

No 17 3(18) NS 1 59 NS -

Yes 57  9(16) -3-71(-7-49, -0-09) 0-28(0-08, 0-77) 24 (42) NS -
Frequency of anthelmintic administration

Once 33 7(21) 13-86(5-68, 19-24) 1 14 (42) NS -

Twice per year 24 2(8) NS 0-83(0-05, 0-99) 10 (42) NS -
Animal age during anthelmintic administration

<1 year 3 0 (0) NS - 0 (0) NS 1

>1 year 12 329 NS - 5(42) NS -

In any age 42 6(14) NS - 19 (45) 3-78(0-90, 7-88) 4x107(0-89, 4x10%*)
Herd contact with other herds

No 12 1(8)  -34-38(-51-46, -4-12) 1 4 (33) NS -

Yes 62 11(18) NS 0-01(6x10%,30510) 25 (40) NS -

"N: Total number of farms
% n: Number of infected farms
’NS: Not significant
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Table 5. Analysis of pasture management association with occurrence of F. hepatica infection in sheep and goat farms by coproantigen and high
seropositivity. Results of the two components of the model are presented as mean, odd ratios (OR) and 95 % confidence intervals (CI).

Coproantigen (Component 1) High seropositivity (Component 2)

Pasture management N' 0’ (%) Mean (95% CI) OR (95% CI) n (%) Mean (95% CI) OR (95% CI)
Permanent pasture

Yes 49 9(18) NS’ 1 19 (39) NS -

No 21 2(10) -16-56(-26-32, -0-25) 0-20(0-005, 0-69) 10 (48) NS -
Duration of grazing in months per year

12 months 51 8 (16) NS 1 18 (35) NS 1

3-6 months 20 3(15) -6-66(-11-84, -0-48) 0-27(0-007, 1-12) 11 (55) -4-01(-6-18, -1-98) 0-41(0-05, 1-43)

Never 3 1(33) NS - 0 (0) NS -
Type of pasture

Private 10 1(10) 19-12(4-22, 33-87) 1 3 (30) NS -

Public 42 5(12) NS 0:07(107, 0-57) 16 (28) NS -

Both 20 5295 NS - 10 (50) NS -
Pasture moisture

Dry 45 4(9) NS - 12 (27) NS 1

Wet 25 7 (28) NS - 17 (68) 5-74(2-58,9-35) 38-03(5-19, 131-9)
Water supply on pasture

Tap water 17 2 (12) NS - 3(18) -11-76(-18:72, -3-16) 1

Stream/river 22 1(5) NS - 11(50) -6-24(-11-57, -1-40) 10(1-50, 1091)

Spring 15 1(7) NS - 7 (47) NS -

Artificial lake 17 7 (41) NS - 8 (47) NS -
Water supply on farm

Tap water 61 11 (18) NS - 20 (33) NS -

Stream/river 3 1(33) NS - 2 (67) NS -

Spring 10 0 (0) NS - 7 (70) NS -

™N: Total number of farms
n: Number of infected farms
’NS: Not significant
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Table 6. Analysis of environmental factors association with occurrence of F. hepatica infection in sheep and goat farms by coproantigen and
high seropositivity. Results of the two components of the model are presented as mean, odd ratios (OR) and 95 % confidence intervals (CI).

Coproantigen (Component 1) High seropositivity (Component 2)

Environmental factors N! n” (%) Mean (95% CI) OR (95% CI) n (%) Mean (95% CI) OR (95% CI)
Season of sampling

Autumn 34 3 (9) NS’ - 13 (38) NS -

Winter 40 11 (28) NS - 16 (40) NS -
Elevation of farm location NA* - -0-04(-0-06, -0-02) 1-03(1-02, 1-04) - NS -
LST? NA - -0-02(-0-04, -0-01) 1-02(1-01, 1-03) - NS -
R® NA - 0-01(7x10™, 0-02) 0-99(0-99, 1) - NS -
NDVI’ NA - NS - - 5-04(0-46, 11-49) 0-98(0-96, 0-99)
Coordinates of farm location

Longitude NA - 0-26(0-02, 0-39) 0-9996(0-9978, 0-9999) - -0-09(-0-17, -0-04) 1-06(1-01, 1-10)

Latitude NA - 0-07(0-01, 0-14) 0-996(0-993, 0-999) - NS -

'N: Total number of farms

“n: Number of infected farms

°NS: Not significant

*NA: Not applicable (Continuous value)

SLST: Average monthly land surface temperature (Kelvin) of farm location for 12 months before sampling
SR: Monthly rainfall (mm) of farm location for 12 months before sampling

"NDVI: Average NDVI of farm location for 12 months before sampling

Table 7. Significant clusters of F. hepatica infections in Thessaly, Greece.

Cluster Locality Number of cases Expected cases Relative risk  p-value
Most likely ~ Vrynena 11 215 570 0-0004
Secondary Labero, Ag.Georgios, Mitropoli, Rousso, Mouzaki 19 7-41 2-99 0-0045
Secondary Vlachogianni 9 2-68 3-62 0-0725
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Fig. 1. Geographical features of Thessaly, Greece.
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Fig. 2. (A) Map of observed relative risk of Fasciola infection in Thessaly during the
sampling period (September 2006 to February 2007), representing the effect of NDVI
of'a farm adjusting for the other significant factors. The kriging spatial interpolation
method (Oliver, 1990) was used to estimate relative risk values “in between” sampled
values. Non shaded areas are outside the extent of the sample sites’ locations and were
excluded from the spatial interpolation domain. The circles enclose the locations
identified within each cluster of Fasciola infection (Continuous line: most likely
cluster; Dash line: secondary cluster). (B) Map of predicted relative risk of Fasciola
infection in Thessaly for each NDVI value for the following years (September 2007 to
February 2008), adjusting for the other significant factors.
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The genetic diversity of liver fluke populations in three different countries from Eastern Europe (Greece,
Bulgaria, and Poland) was determined and compared with available data from other countries.
Specifically, SNPs from regions of two nuclear genes, 28S rDNA, 3-tubulin 3 and an informative region of
the mitochondrial genome were examined. Two major lineages for the 28S rDNA gene based on the
highly polymorphic 105th nucleotide position were found. These lineages were widely and almost
equally spread not only through the countries studied but also in other investigated geographical areas.
Two basic lineages and additional haplotypes were defined for the mtDNA gene region which consisted
of the cytochrome c oxidase subunit III gene, transfer RNA histidine gene and cytochome b gene. The
basic lineages were observed within Greek, Bulgarian, and Polish Fasciola hepatica populations but the
distribution of additional haplotypes differed between the populations from the three countries. For the
B-tubulin 3 gene multiple polymorphic sites were revealed but no explicit clades. The SNPs were spread
unequally in all studied geographical regions with an evident distinction between the Greek and Polish
specimens. Additional genotypes for the 28S rDNA region as well as haplotypes of the mtDNA region that
were typical for the Greek or Polish populations were observed. Significant polymorphisms for 3-tubulin
3 gene were displayed with decreasing percentage of presence within populations from Greece to
Poland. There was an amino acid substitution in 3-tubulin 3 protein found only among Polish specimens.
It is hypothesized that genotypic differences between Greek, Bulgarian, and Polish liver fluke
populations are due to territorial division and genetic drift in past epochs.
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2007) and RAPD variability (Semyenova et al., 2003). Microsatellite
markers for F. hepatica have been isolated (Hurtrez-Bousses et al.,
2004) but it is uncertain how informative they are. In their
application to 52 flukes from the Bolivian altiplano only five
microsatellites were polymorphic. Recently, single nucleotide
polymorphism (SNP) assays after direct sequencing of ribosomal
DNA (rDNA) have been used by a number of investigators to

1. Introduction

Fasciolosis, caused by the liver fluke Fasciola hepatica, is a major
problem for livestock farming due to huge losses and for public
health due to its zoonotic potential (Mas-Coma et al., 2009).
Fasciolosis occurs mostly in cattle and sheep and only accidentally
in humans. Nevertheless, the number of people at risk is more than

180 million worldwide (Mas-Coma et al., 1999; WHO, 2006).
Despite the importance of F. hepatica the knowledge about its
population structure and genetic diversity is limited.

A variety of molecular methods have been applied to the study
of F. hepatica populations such as PCR-RFLP of multiple genes
(ribosomal - Marcilla et al., 2002, mitochondrial — Walker et al.,
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Pathology and Parasitology, Bulgarian Academy of Sciences, 25 “Acad. G. Bonchev”
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resolve differences in fasciolids at the interspecies level (Marcilla
etal.,, 2002; Semyenova et al., 2005, 2006; Lee et al., 2007; Vara-Del
Rio et al.,2007; Erensoy et al., 2009; Korchagina et al., 2009) and for
determining diversity within F. hepatica variations in mitochon-
drial DNA (Semyenova et al., 2006; Walker et al., 2007, 2010).
Molecular phylogeny sequence analysis of 28S rDNA D1
region has been utilized for the study of many platyhelminthes.
Within different PCR products many SNPs and gaps have been
found even inside one class (Lee et al., 2007). The same authors
have shown similar results for the cytochrome oxidase I subunit
in mitochondrial DNA (mtDNA) and compared rDNA and mtDNA
as well. 28S rDNA is highly conserved with only few variations
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within species among several species. A part of that region has
been utilized to determine genetic heterogeneity of F. hepatica
isolates in Spain (Vara-Del Rio et al., 2007). This study concluded
that there was nucleotide variation at one position (correspond-
ing to 105th nucleotide from 28S rDNA) including heterozygous
specimens. A region from 28S rDNA 5’ end with previously
known nucleotide differences has been used for PCR-RFLP
analysis for distinguishing F. hepatica and Fasciola gigantica
(Marcilla et al., 2002). The comparable fragments were checked
for intraspecific variations and none were found, despite their
origin from different geographic regions and hosts. RFLP profiles
obtained for two Fasciola species have been different and
significant for species distinction (Marcilla et al.,, 2002). For
genetic identification of many parasitic species the most
common method is to use internal transcribed spacers (ITS-1
and ITS-2) of rDNA because they contain many variable regions
flanked by more conserved 18S, 5.8S and 28S coding rDNA
(Morgan and Blair, 1995; Semyenova et al., 2005; Prasad et al.,
2008; Erensoy et al., 2009).

ITS-2 polymorphisms have been analyzed for liver flukes
worldwide (Semyenova et al., 2005). Within populations of F.
hepatica one main widespread genotype and three derivate
genotypes typical for particular geographic areas have been
defined. For comparison the study of Erensoy et al. (2009) for
ITS-2 has established again one major widespread genotype.
There has been mentioned only one derivate genotype based on
a single nucleotide polymorphism and found in Uruguay and
Spain.

mtDNA is very useful as a molecular marker for the dis-
crimination of closely related organisms. NADH dehydrogenase
subunit 1 (nad1) and cytochome oxidase subunit 1 (cox1) genes
are most often used for genetic identification and SNPs analysis.
Their sequences have been analyzed for differentiation of Eastern
European and Western Asian populations of liver fluke (Semye-
nova et al., 2006). Among them 13 (nad1) and 10 (cox1) haplotypes
have been identified. The analysis of the distribution of these
haplotypes has revealed two main lineages and although one of
them has been suggested to be of Asian origin, both of them have
been found in European populations.

In addition, PCR-RFLP haplotypes for mtDNA have been
examined with the use of eight primer sets (that have covered
its whole length) and nine different enzymes (Walker et al., 2007).
Three potentially most variable and informative regions in
mtDNA have been found in liver flukes (FhmtDNACOX3/ND4,
FhmtDNAATP6/ND1, and FhmtDNACOX1/1-rRNA). Fifty-two com-
posite F. hepatica mtDNA haplotypes have been shown which did
not appear to correlate with geographical region of origin or
definitive hosts.

Finally, non-coding regions of mtDNA (LNR, SNR) have been
studied as well. The observed polymorphisms and differences in
structural features have been suggested to be associated with
the divergence of F. hepatica haplogroups (Korchagina et al.,
2009).

The aim of the present investigation was to define polymorph-
isms of liver fluke DNA from different countries and regions of
Eastern Europe and more specifically whether they define
detached lineages or groups and how specific are they for each
population on the basis of SNP analysis of three different and
highly conserved DNA fragments. Selected regions were partial 28S
rDNA - to determine identity at the species and sub-species level, a
fragment of mtDNA to allow differences in ancestry to be
determined within the species, this consisted of the cytochome
oxidase subunit 3 (cox3), histidine transfer RNA (tRNA-His) and
cytochrome b (cob) genes. A region of genomic DNA encoding [3-
tubulin isotype 3 was chosen as an example of a nuclear gene
encoding a functional protein.

2. Materials and methods
2.1. Sample collection

Adult liver flukes were isolated from naturally infected sheep
and cattle from different geographical areas in Eastern Europe:
Greece (7 regions: Evros, Rodopi, Kavala Pieria, Larissa, Karditsa,
Thesprotia), Bulgaria (6 regions: Sofia, Kostinbrod, Byala Slatina,
Yakoruda, Belitsa, Bansko) and Eastern Poland.

Variable numbers of flukes were isolated from each host animal,
washed in physiological saline, and stored in 100% ethanol.

2.2. Gene selection

2.2.1. 28S rDNA gene region

A fragment at the 5’ end of the 28S rDNA gene has been shown
to exhibit nucleotide differences capable of distinguishing F.
hepatica and F. gigantica species (Marcilla et al., 2002). Selected
primers (Table 1) were used for amplification of the region from
15 bp to 632 bp (618 bp in length) based on the sequence with
databank accession number AJ440788 (F. hepatica partial 28S rRNA
gene, Bolivia: Northern altiplano) (Marcilla et al., 2002).

2.2.2. mtDNA gene region

Throughout the whole length of the mitochondrial genome of
the liver fluke not all regions are “plastic” and therefore
informative with regard to diversity. Three of the mtDNA regions
were found to be highly polymorphic (Walker et al., 2007). A
partial 5’ terminal fragment was selected from one of them found
to be the most variable (FhmtDNACOX3/ND4). Two sets of primers
described from Walker et al. (2010) were utilized to cover the
entire length (1384 bp) of that mtDNA gene region (Table 1). The
first primer set flanked a fragment from 77 bp to 862 bp (785 bp)
and the second overlapped a fragment from 681 bp to 1461 bp
(780 bp). The amplified region included a part of cox3 gene from
77 bp to 642 bp (566 bp), first 7 nucleotide gap, tRNA-His gene
from 650 bp to 714 bp (64 bp), second 1 nucleotide gap and part of
cob gene from 716 bp to 1461 bp (745 bp). To establish the
presence of amino acid substitutions the translational Table 9
(http://www.ncbi.nlm.nih.gov) was used. The sequence with
databank accession number AF216697 (F. hepatica mitochondrion,
complete genome) (Le et al., 2001) was used as a standard for
better understanding and comparison during the examination of
variable sites.

2.2.3. B-Tubulin 3 gene

Recent studies of F. hepatica have been concerned predomi-
nantly with the protein-targets of benzimidazole antihelminthic
drugs. These are the tubulins and especially B-tubulin (Robinson
et al., 2001, 2002; Ryan et al., 2008). The gene coding [3-tubuline 3
isotype was chosen in the present study. The total length of the
gene is 1335 bp. It consists of two exons—1 (526 bp) and 2 (809 bp)
and one intron of 49 nucleotides between them. Selected primers
(Table 1) were used for amplification of region from 258 bp to
1094 bp of genomic DNA (836 bp in length). This is a region
encoding 262 amino acids (from 87 to 348) of the protein
sequence. The sequence with databank accession number
AM933587 (F. hepatica partial mRNA for tubulin beta-3 (beta-
tub3 gene) (Ryan et al, 2008)) was used as a standard for
comparison during the examination of variable sites.

2.3. DNA extraction and PCR amplification
Liver fluke total DNA was extracted using both proteinase K/

phenol/chloroform method (Sambrook et al, 1989) and 10%
Chelex™ 100 (Sigma-Aldrich) (Walsh et al., 1991). The primers
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Table 1
Used primers for PCR amplification.
Size of the fragment Name Sequence
836 bp BT3® forward CCCGGACAATTTTGTTTTCGGTCA
BT3* reverse CGTTGGTTCGGAATCCACTCGACAAA
785bp Fhmt 1.1° forward GCTTGTGGGTTTTCTTAGGG
Fhmt 1.1° reverse CAACCAAACCTCAACAACCT
780bp Fhmt 1.2° forward TGTGGTGTCGGAGAGTTCTG
Fhmt 1.2° reverse TAACCATAGGATCCGCCTGA
618 bp 28S¢ forward AGCTGATTACCCGCTGAACT
28S€ reverse CTGAGAAAGTGCACTGACAAG

2 For beta-tubulin 3 gene.
b Two sets of primers covered the chosen mitochondrial DNA region.
€ For 28S ribosomal DNA gene.

(Greek samples: Thermo-Fisher; Bulgarian and Polish samples:
Biomers) that were used for PCR amplification are shown in Table
1. Each 40 pl (Greek samples) or 50 wl (Bulgarian and Polish
samples) PCR reaction contained a final concentrations of PCR
Master Mix (Sigma-Aldrich or Fermentas respectively), 1 j.g total
DNA and 1 or 0.5 pmol of each primer, respectively. PCR conditions
for all three regions of DNA are described in Table 2. All
amplification products were visualized on 1% agarose gel contain-
ing ethidium bromide in Tris—acetate-EDTA buffer under UV light.
All samples were purified (GE Healthcare, Illistra™ GFX Purifica-
tion Kit or JET quick kit, GENOMED) and sequenced (Macrogen. Inc.
or ABI PRISM 3130XL, Applied Biosystems). All sequences obtained
were deposited in GenBank (http://www.ncbi.nlm.nih.gov) with
following accession numbers: HM369155-HM369358 for 28S
rDNA gene region; HM487144-HM487307 for mtDNA gene region
and HM535797-HM535962 for 3-tubulin 3 gene.

2.4. Data analysis

Contigs were constructed from the derived sequences with the
program ChromasPro 1.5 (Copyright © 2003-2009 Technelysium
Pty Ltd.). These were then aligned with the ClustalW2 tool (Larkin
et al., 2007). Sequences available in GenBank (http://
www.ncbi.nlm.nih.gov/) were included in the final alignments
for comparison with obtained sequences. Databank accession
numbers of used sequences are shown in Table 3. The program
MEGA 4.0 was used for alignments and BLAST (Kumar et al., 2008).

3. Results
3.1. 28S rDNA gene region

A total of 204 PCR products (143 from Greece, 13 from Bulgaria,
and 48 from Poland) were sequenced. After processing and
alignment they revealed nine SNP sites (1.46%). These sequences
were compared to the sequence with databank accession number
AJ440788. The results show the presence of two main lineages for
28S rDNA gene defined as b105G and b105A (supplementary Table
S1). These basic lineages diverged at the variable position at the
105th nucleotide. Two additional haplotype groups (S28f and
S28e) were detected also. These groups were characterized by

Table 2
PCR conditions.

PCR programs’ 28S ribosomal Mitochondrial P-tubulin 3

conditions DNA DNA

Initial denaturation 94°C for 3min  94°C for 2 min 95°C for 2 min
Number of cycles 34 39 35

Denaturation 94°C for 30s 94°C for 1 min 95 °C for 1 min
Primer annealing 60°C for 30s 59°C for 1 min 55°C for 1 min
Extension 72°C for 1min  72°C for 1 min 72 °C for 1 min

Terminal extension 72°Cfor 5min  72°C for 10min  72°C for 10 min
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Fig. 1. Spreading of lineages for 28S rDNA in three populations from Eastern Europe.

nucleotide variations at positions 58/59/61/62 bp for S28f and 586/
588/591/595 bp for S28e. The sequences of those groups were
deposited in GenBank with accession numbers HM369160,
HM369176, HM369221, HM369231, HM369246, HM369258,
HM369291 and HM369305 for S28f and HM369158, HM369199,
HM369279 and HM369289 for S28e. The geographic distribution
of the main lineages is displayed in Fig. 1.

On the basis of the data for both basic lineages (b105G and
b105A) it is apparent that the 105th nucleotide is the most variable
site in this region of the 28S rDNA. From all 204 obtained sequences
56.86% belonged to the b105A lineage and 43.14% to the b105G
lineage. The proportions for each investigated country were for
b105A and b105G, respectively as follows: Greece: 54.55% and
45.46%; Bulgaria: 69.23% and 30.77%; Poland: 54.17% and 39.59%.
Within both basic lineages no significant differences of distribution
were found. Heterozygosity was seen at the level of 7.84% among
all samples. The same result was observed after alignment within
all available sequences found after a detailed database search and
BLAST assay. The databank accession number and the major
lineage of each sequence mentioned above are shown in Table 3.
[solated differences at 105th position were observed only for some
of the Polish samples (b105C/T). In two individual sequences there
were transversions with C and with T nucleotides which were
present in 4.17% and 2.10% of the Polish samples, respectively. The
sequences corresponding to them were deposited in GenBank with
accession numbers HM369314, HM369358 and HM369326,
respectively.

The two proposed haplotype groups (S28f and S28e) indepen-
dent from basic lineages were observed only in the Balkan samples

Table 3
GenBank sequences referred to the defined lineages.
Genes Databank Country origin Lineage
accession
numbers
28S rDNA AJ440788* Bolivia: Northern altiplano b105G
AJ439738 Spain: Valencia
DQ166382 Spain: Isolate 4
DQ269948 Spain: Isolate 5
AJ440787 Egypt:Damanhour
DQ166379 Spain: Isolate 1 b105A
DQ166381 Spain: Isolate 3
AY222244 Saudi Arabia
EU025874 New Mexico
DQ166380 Spain: Isolate 2 b105G/A
mtDNA AF216697° Australia CtCmt1
EU282862.1 Tanzania: Kitulo Plateau CtCmt2.2.2
B-Tubulin 3 AM933587* UK: Cullompton. Devon

AM773765 UK

2 Sequences used as standard.


http://www.ncbi.nlm.nih.gov/
http://www.ncbi.nlm.nih.gov/
http://www.ncbi.nlm.nih.gov/

112 D. Teofanova et al./Infection, Genetics and Evolution 11 (2011) 109-115

Table 4

Lineages and haplotypes for mtDNA gene region. Shown SNPs for haplotypes are additional to those for the relevant lineage.

Lineage Characteristic SNPs One-step Characteristic SNPs (H I) Two-step Characteristic
(amino acid substitutions) haplotypes (H I) (amino acid substitutions) haplotypes (H II) SNPs (H II)
CtCmt1 Csag (Ala); - - - -
Asse (Asn)
CtCmt2 CtCmt2.1 CtCmt2.1.1 Gass; C7s3; Cioos
Tsag (Val); Ca45 (Ser); Azz9; Cazo; Co70; Tr1ss CtCmt2.1.2 Tass; T7s3; Troos
Gsse (Asp) CtCmt2.1.3 Tass; T7s3; Cioos
CtCmt2.2 Te3s; Ge7s; A7s0; Cs37; CtCmt2.2.1 Cio08
Cso1; Toas; Tosz (Val);
Goo3; Gioos; Ti2105 Ti3es CtCmt2.2.2 Tio0s

and predominantly in Greece. The S28f group was defined by
nucleotide variations at 58/59/61/62 bp positions-transitions A/G.
The constant transition characteristic for that group is Gsg. The
other three positions were more variable - with transitions
occurring at Gse, Ag; and Gg,. Among that group 7 flukes were from
Greek samples (5.74%) and only one specimen from Bulgarian
samples. The S28e group was defined by nucleotide variations at
586/588/591/595 bp positions-T/C transversions. The constant
transversions typical for that group were Csgg and Csgq. The other
two positions were changeable-with transversions occurring at
Gsge and Csgs. This group consisted only of Greek specimens (4)
making up 2.80% of the samples. Both these haplotype groups were
present at around 8% of all Balkan flukes.

3.2. mtDNA gene region

A total of 165 sequences (119 from Greece, 14 from Bulgaria,
and 32 from Poland) were obtained from flukes with 35
polymorphic sites — 17 in the cox3 gene, 3 in the tRNA-His gene
and 15 in the cob gene. Out of all 35 (2.53%) SNP sites only 21 were
significant for formation of lineages and subgroups (Table 4).
According to these findings two basic lineages for mtDNA gene
region were suggested and defined as CtCmt1l and CtCmt2. In
CtCmt2 two subgroups at first level CtCmt2.1 and CtCmt2.2 were
found. At second level the two subgroups mentioned above were
divided into three and two additional subgroups, respectively
(CtCmt2.1.1, CtCmt2.1.2, CtCmt2.1.3 and CtCmt2.2.1, CtCmt2.2.2).
All the relationships and characteristic SNP sites are shown in
Table 4. On the basis of the SNPs four amino acid substitutions
occurred within the protein encoding regions (Table 4). The
distribution of the main haplogroups among the countries of origin
of the flukes is shown in Fig. 2.

In the COX3 protein there were three substitutions — two that
differed between lineages CtCmt1/CtCmt2 and one between
CtCmt2.1/CtCmt2.2. Substitutions for CtCmt1/CtCmt2 were (Ala/
Val);g3 caused by (C/T)s4g transition of the second nucleotide of
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Fig. 2. Spreading of haplotypes of mtDNA in three populations from Eastern Europe.

the codon and (Asn/Asp),gs caused by (A/G)sse transition of the
first nucleotide of the codon. Substitutions for CtCmt2.1/CtCmt2.2
were (Leu/Ser)s, caused by (T/C).4s transition of the second
nucleotide of the codon. Only one substitution was found within
the COB protein that differed between CtCmt2.1/CtCmt2.2-(Ala/
Val),3 caused by (C/T)g3> transition of the second nucleotide of the
codon.

CtCmt1, CtCmt2.2.1 and CtCmt2.2.2 haplotypes were most
prevalent - 16.97% (28), 45.45% (75) and 17.58% (29), respectively
(supplementary Table S2). The Polish samples contained only two
of the defined groups - CtCmt1 (40.63% (13)) and CtCmt2.2.2
(59.38% (19)). Greek individual sequences belonged predominant-
ly to CtCmt2.1.1 (16.81% (20)) and CtCmt2.2.1 (63.03% (75)). These
results indicate that there are two haplotypes that are character-
istic for the Southern region of Eastern Europe (Greece) and two
additional haplotypes for the Northern region (Poland). The
Bulgarian population was spread among CtCmtl, CtCmt2.1.2
and CtCmt2.2.2.

In addition to the sequence used as a standard in the present
study (AF216697) a second sequence was utilized, found after a
detailed database search and BLAST assay - EU28286.1 (Walker
et al., 2008; Table 3). These sequences could be classified as
belonging to CtCmt1 and CtCmt2.2.2, respectively as they had SNPs
identical to those shown for the haplotypes described above.
Specifically these were Cs4s for AF216697 and Tsas, Te3e, Ge7s, A750,
Cs37, Goos, Gioos, T1210, T1365 and Tyoes for EU28286.1.

Protein alignment for both COX3 and COB with the available
database protein sequences was performed. These showed only
one substitution for each protein - (Val/Ala);g3 for COX3 and (Thr/
Ile)164 for COB.

In addition to lineages defined above eight highly mutable sites
were found that were not depended on the main lineages. These
mutable sites were situated at two independently varying regions
that were defined as C3mt(193-206) and CBmt(710/711). The first
of these, C3mt(193-206), was localized within the cox3 gene and
determined by changeable SNPs from 193 to 206 bp. C3mt(193-
206) was characterized with A/G193, T/A197, T/G193, G/Tzoz, A/Tzos
and C/Type interchangeable substitutions. This region was seen
only in the Greek fluke samples (45.38% (54)). Within these
haplotypes the presence of heteroplasmy in 68.52% (37) was
observed. Many of these produced amino acid substitutions within
the COX3 protein (supplementary Table S3).

The second, CBmt(710/711), was within the cob gene and
determined by obligated T7,0G711/G710T711 transversions. There
were 18 sequences in the CBmt(710/711) group, making up
10.91% from all obtained sequences. They were predominantly
Polish (31.25% (10)) but some Greek (5.88% (7)) and Bulgarian
(7.14% (1)) samples were also observed. These also produced
amino acid substitutions in the COB protein. Transversions
T710G711/G710T711 were respectively second and third nucleotide
of the 237th codon and they determined substitution (Val/
Gly)a37.
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Fig. 3. Spreading of significant SNP sites of B-tubulin 3 gene in three of the
intrapopulations from Eastern Europe.

3.3. B-Tubulin 3 gene

Analysis of a total of 167 sequences (131 from Greece, 7 from
Bulgaria, and 29 from Poland) showed the presence of 41 (4.9%)
polymorphic sites — 9 in exon 1, 11 in the intron, and 21 in exon 2.
From all 41 SNPs only 13 were present at greater than 15%
(considered to be with higher significance than the others) and
only one resulted in an amino acid substitution (supplementary
Table S4).

Only one amino acid substitution (Gly/Glu),o4 was observed
that was brought about by the Asq; transition of the second
nucleotide of the codon. It was found only among Polish specimens
where it made up to 31.03% (9) of the samples, three of which were
heterozygous. The sequences of those nine Polish representatives
were deposited in GenBank with accession numbers HM535814,
HM535819, HM535821, HM535824, HM535827, HM535828,
HM535835, HM535837 and HM535839. For the other 13 SNPs
(supplementary Table S4) it was observed that four of them were
almost equally distributed with regard to country of origin. The
other nine were present at a higher percentage among Greek
individual flukes. Both of the significant polymorphic sites within
the intron sequence were found predominantly among Balkan
individuals (Fig. 3).

Slight differences were observed in the 12 less common
polymorphic sites (present at under 15%). Differences at positions
Ts06, A309, Ca23, Ta26, Aaga (from exon 1), Tses, Ase7, As7o (from the
intron) and Gy,g, T746, C782, Coog (from exon 2) were seen almost
exclusively in the Greek population (data not shown).

The B-tubulin 3 gene sequences described in this study were
compared to those described previously (Table 3). Five of the
polymorphic sites coincided (Asgo, A4ga, Agos, T797 and Ggq1). A
comparison of the protein alignment revealed one amino acid
substitution ((Ala/Thr);s4) that was not observed after translation
of the present sequences. No explicit lineages and genetic
structuring of populations could be determined on the basis of
the data obtained for 3-tubulin 3 gene.

4. Discussion

Two basic lineages for the 28S rDNA of the liver fluke F. hepatica
(b105A and b105G) in Eastern Europe were found in the present
study. These lineages were proposed on the basis of the highly
polymorphic 105th nucleotide and were present in comparable
proportions of the fluke populations from the three countries. This
finding is in contrast to most of the available data for ribosomal
DNA. Many investigators have found no differences in the 28S
rDNA gene within a species or not at a significant enough level to
provide evidence of genetic diversity (Marcilla et al., 2002; Lee
et al., 2007). Only few interspecific nucleotide variations have been

found between F. hepatica and F. gigantica (Marcilla et al., 2002).
Variation in the 28S gene has been reported previously in samples
from Spain (Vara-Del Rio et al., 2007). The reason suggested for
that heterogeneity was identical to the findings of the present
study for the 105th variable nucleotide and the presence of
heterozygosity. These authors described that polymorphic site as
the 34th position of the studied fragment (Vara-Del Rio et al.,
2007). The sequences from database with accession number
AY222244 from UK (Olson et al., 2003) and EU025874 from New
Mexico (Lotfy et al., 2008) showed that they belong to the b105A
lineage (Table 3). The geographically widespread existence of both
b105A and b105G may indicate an early evolutionary origin of
genetic variation at the 105th position.

Because of the highly mutagenic features of the 105th position,
additional transversions were found by which a transversion
named b105C/T was defined. This transversion was present only in
the Polish specimens but at very low percentage (supplementary
Table S1). It was hypothesized that this transversion could be
typical for fluke lineages originating in Northern populations. Also
several changes occurring only in the Balkan specimen groups
(S28f and S28e) which were not depended on the distribution of
the basic lineages were shown. They were seen predominantly in
the Greek populations and seem to be typical for South-Eastern
European populations. Despite the conservation of the 285 rDNA
region it was shown that it is informative enough for determining
the structure of populations of the liver flukes and able to
distinguish between Balkan and Polish samples. The variability in
the 28S rDNA at the 105th position also allowed the identification
of heterozygotes. These were observed at up to almost 10% of the
population.

Similar results for the mtDNA region were observed. Two basic
lineages defined as CtCmt1 and CtCmt2 were obtained which did
not correlate with the 28S rDNA lineages. For the CtCmt2 lineage
an additional one-step dichotomic divergence to CtCmt2.1 and
CtCmt2.2 haplogroups was observed. These groups made up about
80% of all samples. Also, there were five two-step haplogroups
(Table 4). Specific haplogroups were observed to differ for the
Balkan and Polish specimens (CtCmt1 typical for Polish and
CtCmt2.1 typical for Greek/Bulgarian representatives) (Fig. 2).
CtCmt2.2 was almost equally spread among all studied countries at
a high frequency (~60%). Nevertheless within its two-step
haplogroups there was obvious discrimination between North-
Eastern and South-Eastern European countries. CtCmt2.2.1 was
found only in Greece and CtCmt2.2.2 was found only in Poland and
Bulgaria. No heteroplasmic individuals among the main lineages
were observed.

Within CtCmt2.1 and CtCmt2.2 haplogroups amino acid
substitutions in COX3 and COB protein, respectively (Table 4)
were present which could have physiological influences.

Two highly mutable regions that were defined as C3mt(193-
206) for cox3 gene and CBmt(710/711) for cob gene were found.
These regions varied independently of other sites. C3mt(193-206)
was peculiar to Greek fluke samples while CBmt(710/711) was
mainly seen in the Polish population but it was also present in
some Greek and Bulgarian samples. Seven potential amino acid
substitutions were found inside the COX3 and one inside COB
protein (supplementary Table S3). Heteroplasmy was observed
within these haplotypes at a percentage of 68.52%. It was assumed
that mitochondrial heteroplasmy was due to new evolutionary
processes.

The presence of two mitochondrial lineages based on nad1 and
cox1 genes has been suggested by other authors (Semyenova et al.,
2006) in Eastern European and Western Asian populations. The
Bulgarian liver flukes included in this investigation were from
different regions to the ones in the present study. It was shown that
although both of the lineages were present in all the investigated
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Eastern European populations, one of them was predominant in
the Asian region.

Sequence analysis of the protein coding gene for (3-tubulin 3
revealed no existence of explicit lineages and genetic structuring of
intrapopulations. The present findings showed about 40 polymor-
phic sites. These sites could be classified in groups according to
their ratio among the intrapopulations. One of them was present
with an almost equal percentage in each country. Another SNP
group was present again with a decreasing percentage within
populations from Greece to Poland in a South/North direction
(Fig. 3). A few of them were specific for the Greek population but
present at a low percentage. The protein sequences in the present
study revealed a different amino acid substitution ((Gly/Glu)o4)
than that found after a protein alignment of database sequences
((Ala/Thr)zs4). The obtained amino acid substitution resulted from
nucleotide variation As;. This SNP was found only among Polish
specimens with a frequency of 31.03%. Taking the results for the
B-tubulin 3 gene in toto the presence of multiple alleles and
heterozygosity was observed that was presumed to be due to a
high rate of recombination and mating between liver flukes.
Despite the absence of definable lineages polymorphic SNP sites
typical for the Greek and Polish populations were found.

The analysis of all three genes studied showed that F. hepatica is
homogenous as a species among the investigated geographical
areas. That homogeneity might be due to the fact that Fasciolid
species originated in Africa ~50 MYA during the Eocene Epoch and
then they spread in Eurasia (Lotfy et al., 2008). F. hepatica dating
from old epochs and modern European populations are uniformly
spread as shown even in the present study according to the basic
lineages in 28S rDNA, mtDNA and (-tubulin 3 gene polymorph-
isms.

F. hepatica in particular was suggested to have a Eurasian origin
because of its preference for the Lymnea truncatula snail. It seems
likely that a host switch from planorbids (for basal fasciolids) to
lymnaeids occurred in Eurasia and that this favored the emergence
of the Fasciolinae with colonization of Africa occurring secondarily
(Lotfy et al., 2008). Divergence between F. hepatica and the closest
species to it, F. gigantica, was predicted to be between 16 and 28
MYA (Irving et al., 2003) about the Miocene Epoch.

Among the fluke populations of the present study it was
revealed that there is a distinction of polymorphisms in popula-
tions in Eastern Europe on a South/North direction. The results
from the present investigation verified the theory that such a
distinction does exists. It was hypothesized that this distinction is
due to the territorial and population division of the chosen
geographic regions in past eras. During the Paleogene Period
continents drifted to their present positions. Africa collided with
Eurasia between 19 and 12 MYA during the Miocene Epoch (Seyfert
and Sirkin, 1979). During this time part of present Italy and Greece
(parts of Western Balkan) were not connected with the Eurasian
continent. It was speculated that this could be an explanation for
the South/North differences between liver fluke populations. It
could also be possible that Euroasiatic F. hepatica populations from
Northern territories could have diverged and colonized the new
Greek areas attached to Europe.

Another possible hypothesis for the divergence of fasciolids is
that it took place over 20,000 years ago during the last ice age at the
end of Pleistocene epoch. During the ice ages the glacial sheets had
not covered the territories of Bulgaria and Greece (Seyfert and
Sirkin, 1979). For this reason this hypothesis is not relevant to the
results of the present investigation because it cannot explain the
differences between Greek and Bulgarian liver fluke populations
revealed especially on the basis of mtDNA results. Re-colonization
of Northern areas after ice ages originated not from far South but
from boundary regions of the glacial sheets. This hypothesis is
confirmed from the present data for the 3-tubulin 3 gene.

In conclusion, there are clear distinguishable liver fluke
populations in far Northern and far Southern regions of Eastern
Europe. Specific features (nucleotide variations) particularly
typical for Polish and Greek populations were observed in all of
the investigated DNA regions by molecular markers. The results of
this study contributed to a better understanding of the genetic
structure and heterogeneity of liver fluke intrapopulations in
Eastern Europe.
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Maximum entropy ecological niche modelling was utilised to predict the geographic range for fluke geno-
types and haplotypes in south-eastern Europe, using the Maxent program. The lowest (0.832) and the
highest (0.947) area under the curve values were observed in the models for the haplotypes CtCmt1
and CtCmt2.2, respectively. Precipitation and temperature contribute equally to model building of the

genotypes based on the 28S rDNA gene. In regard to the mtDNA gene region, precipitation is the most
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important factor in modelling the CtCmt1 haplotype range, while temperature appears to be the most
important factor in modelling the CtCmt2.1 and CtCmt2.2 haplotype ranges. The highest level of proba-
bility for the geographic distribution of Fasciola hepatica genotypes and haplotypes covered the regions of
southern Bulgaria and central and northern Greece which contain a high concentration of potential rumi-

Sheep © 2011 Australian Society for Parasitology Inc. Published by Elsevier Ltd. All rights reserved.

Cattle

1. Introduction

Fasciola hepatica is a liver fluke parasite of ruminants and is en-
demic in many parts of the world (Mas-Coma et al., 2005). Many
studies have investigated the genetic diversity of this parasite
(Hurtrez-Bousses et al., 2004; Lee et al., 2007; Erensoy et al.,
2009). The Single Nucleotide Polymorphism (SNP) assay has been
used to determine the diversity within the partial 28S ribosomal
deoxyribonucleic acid (rDNA) gene of F. hepatica (Marcilla et al.,
2002; Semyenova et al., 2005) and in partial mtDNA (Semyenova
et al., 2006; Walker et al., 2007). The presence of two main lineages
was proposed by Semyenova et al. (2006) for fluke populations in
eastern Europe and the presence of three clades was proposed by
Walker et al. (2011) for fluke populations in the Netherlands.

On the basis of the genetic diversity among the fluke popula-
tions from Poland, Bulgaria and Greece, there is a distinct geo-
graphical trend in polymorphisms in eastern Europe in a south-
north direction (Teofanova et al., 2011). This observation indicates
that each lineage may occur in distinct geographical areas.

Reports on the distribution of F. hepatica genotypes are unavail-
able in south-eastern Europe. Ecological niche modelling offers the
opportunity to derive predictive distribution maps from species or

* Corresponding author. Tel.: +30 210 5294387; fax: +30 210 5294388.
E-mail address: gtheo@aua.gr (G. Theodoropoulos).

genotype occurrence and environmental data (Phillips et al., 2006;
Masuoka et al., 2009; Kouam et al., 2010). As a trematode, F. hepat-
ica spends most of its life cycle in either its definitive or interme-
diate host and is only exposed to environmental conditions for
short and specific stages in its life cycle, as a miracidium or cer-
caria. Therefore, modelling the distribution of F. hepatica genotypes
is largely modelling the conditions for the presence of its definitive
and intermediate hosts.

In the present study a cross-sectional survey was conducted in
Greece and Bulgaria to collect information on the spatial distribu-
tion of F. hepatica genotypes and haplotypes in order to construct
predictive maps for Greece and Bulgaria of different F. hepatica
genotypes and haplotypes, based on ecological niche modelling.

2. Materials and methods
2.1. Occurrence localities database

A total of 204 F. hepatica flukes were collected from 31 sheep
and three cattle in abattoir surveys from various areas of mainland
Greece (Evros, Rodopi, Kavala, Pieria, Larissa, Karditsa, and Thes-
protia) and six cattle from various areas of Bulgaria (Sofia, Kostinb-
rod, Byala Slatina, Yakoruda, Belitsa, and Bansko) (Fig. 1) between
2005 and 2007. The genotypes and haplotypes of the flukes were
determined by the study of SNPs from partial regions of both the
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Fig. 1. Area of study in Greece and Bulgaria; sample sites are indicated as dots.

nuclear gene of the 28S rDNA (b105A and b105G) and the mtDNA
gene (CtCmt1, CtCmt2.1, and CtCmt2.2), respectively, as previously
described (Teofanova et al., 2011).

Longitudes and latitudes of the investigated localities were re-
corded as animal host location. Farm location was retained as the
occurrence point for the genotypes and haplotypes. Table 1 pre-
sents the genotypes and haplotypes with their accession numbers
in GenBank and the numbers of associated occurrence localities in
Greece and Bulgaria. The same records were utilised for ecological
niche modelling.

2.2. Environmental data

Three types of environmental data were obtained for this study:
climate, elevation and land cover data. These data sets were con-
verted to a common projection, map extent and resolution prior
to use in the modelling program.

WorldClim version 1.4 climate data (Hijmans et al., 2005) was
obtained from the WorldClim website (http://www.worldc-
lim.org). WorldClim is a set of global climate layers (climate grids)
with a spatial resolution of a 1 km?. They can be used for mapping

Table 1

and spatial modelling in a geographic information system (GIS) or
other computer programs. The data layers were generated through
interpolation of average monthly climate data from weather sta-
tions on a 30 arc-second (1 km?) resolution grid. Variables included
are monthly total precipitation, and monthly mean, minimum and
maximum temperature. The data are further processed into a ser-
ies of bioclimatic variables (Table 2). Input data were gathered
from a variety of sources and, where possible, were restricted to re-
cords from 1950 to 2000 period. The thin-plate smoothing spline
algorithm implemented in the ANUSPLIN package was used for
interpolation, using latitude, longitude, and elevation as indepen-
dent variables. The database is documented in detail in the article
of Hijmans et al. (2005). The bioclimatic variables with an approx-
imate spatial resolution of 1 km? were used for this project.
Elevation data were also downloaded from the WorldClim web-
site. WorldClim processed this data set from NASA Shuttle Radar
Topography Mission (SRTM) data to have the same projection
and resolution as the other WorldClim layers. SRTM obtained ele-
vation data on a near-global scale to generate the most complete
high-resolution digital topographic database of Earth. SRTM con-
sisted of a specially modified radar system that flew onboard the

Occurrence localities of various Fasciola hepatica genotypes and haplotypes used for geographic distribution modelling.

Gene region Genotype/haplotype GenBank accession numbers Occurrence localities
(number of flukes) Greece Bulgaria Greece Bulgaria
28S rDNA b105A (80) HM369284 HM369301 10 2
b105G (62) HM369286 HM369294 8 4
mtDNA CtCmt1 (15) HM487219 HM487153 5 4
CtCmt2.1 (33) HM487285 HM487150 5 1
CtCmt2.2 (85) HM487204 HM487149 7 3
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Table 2
List of WorldClim bioclimatic variables used in the model (Hijmans et al., 2005).
Bioclimatic variable Description
BIO1 Annual mean temperature
BIO2 Mean diurnal range (mean of monthly
(max temp-min temp))
BIO3 Isothermality (P2/P7) (x 100)
BIO4 Temperature seasonality (standard deviation = 100)
BIO5 Max temperature of warmest month
BIO6 Min temperature of coldest month
BIO7 Temperature annual range (P5-P6)
BIO8 Mean temperature of wettest quarter
BIO9 Mean temperature of driest quarter
BIO10 Mean temperature of warmest quarter
BIO11 Mean temperature of coldest quarter
BIO12 Annual precipitation
BIO13 Precipitation of wettest month
BIO14 Precipitation of driest month
BIO15 Precipitation seasonality (coefficient of variation)
BIO16 Precipitation of wettest quarter
BIO17 Precipitation of driest quarter
BIO18 Precipitation of warmest quarter
BIO19 Precipitation of coldest quarter

Space Shuttle Endeavour during an 11-day mission in February of
2000. Land cover data were downloaded from the United States
Geological Survey’s (USGS) Global Land Cover Characteristics
(GLCC) Database, version 2 Global (http://www.edsns17.crus-
gs.gov/glcc/). It is a 1-km resolution global land cover characteris-
tics database generated for use in a wide range of environmental
research and modelling applications. The land cover data were
developed from 1-km Advanced Very High Resolution Radiometer
(AVHRR) satellite data from April 1992 to March 1993. More pre-
cisely, the 1-km AVHRR normalised differential vegetation index
(NDVI) composites are the core data set used in land cover charac-
terisation. In addition, other key geographic data include digital
elevation data, ecoregion interpretations and country or regional-
level vegetation and land cover maps. Land cover data are available
in multiple classification schemes; the Global Ecosystems land cov-
er classification, which contains 100 classes, was used for the mod-
elling work. We used this global database because it is not
geographically limited and is available on the USGS data portal
for most of the countries in the world. In this way, the presented
application can be easily reproduced worldwide, producing com-
parable results. Moreover, the GLCC database is compatible with
the WorldClim global climate layers used in this study having
the same spatial resolution (1-km?).

2.3. Modelling algorithm

Model building was performed using the maximum entropy
method implemented in the Maxent program (Phillips et al.,
2006). The Maxent program develops models of species’ distribu-
tions using species’ presence data and environmental data (Phillips
et al., 2004, 2006; Phillips and Dudik, 2008). Maxent has been used
for a number of studies and has been shown to be a high perform-
ing modelling program (Elith et al., 2006; Yun-sheng et al., 2007;
Mingyang et al., 2008).

In general two independent datasets, “training” and “testing”
data, are required to develop and test a model (Fielding and Bell,
1997). However, methods of data partitioning are more often con-
strained by limited availability of samples, as is the case in the
present study. Additionally the Maxent model, compared with
other species models, performs better with small sample sizes
(Phillips et al., 2006). As a result, all of the points in the present
study were used for training and the accuracy result was based
on the same points as were used for training the model, as previ-

ously described (Negga, H.E., 2007. Predictive Modelling of
Amphibian Distribution Using Ecological Survey Data: a case study
of Central Portugal. Master of Science (M.sc.), University of Twente,
International Institute for Geo-Information Science and Earth
Observation, Enschede, The Netherlands).

2.4. Model performance evaluation and contribution of environmental
factors to the models

The model performance was evaluated using the threshold
independent method based on the Area Under the Curve (AUC)
of Receiver Operating Characteristics Curve (ROC). The AUC is com-
puted through a ROC plot of sensitivity (the true-positive fraction)
against 1-specificity (the false-positive fraction) (Swets, 1988). The
AUC value ranges from 0.5 (random accuracy) to a maximum value
of 1 (perfect discrimination).

In order to determine which variables contribute most to the
model development, the Maxent program was set to perform the
jackknife tests in which the method is run multiple times: (i) using
all variables, (ii) dropping one variable at a time, and (iii) running
the model using only one variable. Variables which produced the
highest training gains or reduced the training gain when left out
of the model are considered to be the most important variables.

The GIS software ArcGIS ver. 9.2 was used to display the predic-
tion results and represent the sampled localities. ArcGIS is a suite
consisting of a group of GIS software products that performs ad-
vanced spatial analysis, model operational processes, and visualis-
es the results on professional-quality maps. The ArcMap
component of the suite is the mapping display tool used to con-
struct maps and datasets for analysis.

3. Results

Fig. 2 displays the potential geographic distribution of F. hepat-
ica genotypes predicted by the Maxent program. The highest level
of probability (P > 0.61) for the geographic distribution of genotype
b105A (Fig. 2A) and b105G (Fig. 2B), respectively, covers the cen-
tral part of Greece (Thessaly), extends to northern Greece and
spreads towards north-eastern Greece and southern Bulgaria.

The range with the highest probability (P> 0.61) for the pres-
ence of the CtCmt1 haplotype includes the south-western Aegean
islands, Attica, East Thessaly, Greek Central Macedonia as well as
the south-western and central parts of Bulgaria (Fig. 3A). The high-
est level of probability (P> 0.61) for the geographic distribution of
the CtCmt2.1 haplotype covers small areas spreading from south to
north in the eastern half of mainland Greece and extends upwards
but sporadically to southern Bulgaria (Fig. 3B). The geographic dis-
tribution for the CtCmt2.2 haplotype with the highest probability
of presence (P >0.61) is restricted for the most part in the north-
eastern half of mainland Greece and appears sparsely in north-
eastern Greece and southern Bulgaria (Fig. 3C).

The regions with significant concentrations of potential rumi-
nant hosts (Table 3) and with high probabilities of presence of
infection for all genotypes and haplotypes consist of the regions
of Thessaly, Macedonia and Thrace for Greece, and the south-wes-
tern, southern central and south-eastern regions of Bulgaria.

3.1. Model validation

All of the models performed better than random prediction with
high ROC (AUC) values. AUC values indicated that the models are
good to very good (Table 4). The lowest (0.832) and the highest
(0.947) AUC values were observed in the model for the haplotypes
CtCmt1 and CtCmt2.2, respectively.
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3.2. Effect of environmental variables on the model

The environmental variable with the highest training gain in the
model which contains the most useful information by itself was
“max temperature of warmest month” (BIO5) for the b105A geno-
type, “temperature annual range” (BIO7) for the b105G genotype,
“annual precipitation” (BIO12) for the CtCmt1 haplotype, “mean
temperature of driest quarter” (BIO9) for the CtCmt2.1 haplotype,
and “precipitation of driest month” (BIO14) for the CtCmt2.2 hap-
lotype (Fig. 4).

Other variables that show training gain when modelling with
only a single variable included: “min temperature of coldest
month” (BIO6), “mean diurnal range” (BIO2), “precipitation of wet-
test month” (BIO13), “precipitation of driest month” (BIO14), “pre-
cipitation of wettest quarter” (BIO16), and “precipitation of coldest
quarter” (BIO19). Temperature and precipitation have almost equal
affects on the models based on genotypes of the 28S rDNA gene re-
gion. On the other hand, precipitation variables achieved the high-
est training gain for the CtCmt1 haplotype while temperature
variables achieved the highest training gain for the CtCmt2.1 and
CtCmt2.2 haplotypes.

4. Discussion

Ruminants are an important source of income for the economy
of south-eastern Europe, with approximately 14 million animals
spread over Greece and more than 2 million in Bulgaria (http://
epp.eurostat.ec.europa.eu/portal/page/portal/agriculture/data/data-
base). The prevalence of fasciolosis in Greece has been reported to
be 0.4% in cattle and 0.1% in sheep (Theodoropoulos et al., 2002).
Sporadic cases have also been reported in humans in Greece
(Archimandritis et al., 1976). The present study reports the poten-
tial geographical range of various genotypes of F. hepatica that
occur in two countries, based on two different gene regions. Max-
ent is a mathematical framework and can be usefully applied for
several species at once and/or for spatially structured communities
(Haegeman and Etienne, 2010). Attempts to model Fasciola
distribution by using GIS are not new in Northern Europe (McCann
et al.,, 2010; Bennema et al., 2011) and other parts of the world
(Yilma and Malone, 1998; Dutra et al., 2010).

The relatively small number of presence locations (six to 12)
used to model the distribution range for the genotypes of F. hepat-
ica in the present study may have resulted in poorer models. In
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Table 3
Distribution of ruminant population in regions of Greece and Bulgaria by
decreasing order of importance (Eurostat, 2007).

Regions Percentage (%)

Greece
Crete 14.94
West Greece 14.04
Thessaly 12.67
Central Macedonia 11.41
East Macedonia and Thrace 8.44
Epirus 8.40
Central Greece 8.12
Peloponnese 7.86
West Macedonia 4.52
North Aegean 3.76
South Aegean 2.92
Ionian islands 1.90
Attica 1.03

Bulgaria
Southern central 21.24
South-eastern 18.02
North-eastern 16.71
North-western 15.51
Northern central 14.34
South-western 14.19

Table 4

Statistical evaluation of the model used in this study.

Genotype/haplotype Number of presence

records for training data

AUC for training data

b105A 12 0.937
b105G 12 0.912
CtCmt1 9 0.832
CtCmt2.1 6 0.904
CtCmt2.2 10 0.947

AUC, area under the curve.

other studies it was found that the accuracy of models was best
when using 50 data points in the GARP modelling program (Stock-
well and Peterson, 2002). The minimum number of records needed
for accurate modelling comparing GARP and Maxent models has
been shown to be around 15 records (Papes and Baubert, 2007).
However, Pearson et al. (2007) found that models built with as
few as five records showed some statistical significance using Max-
ent, so the results in the present study can be considered reliable.

Variable b105A b105G

BIO1 0.1162 0.0327
BIO2 0.1892 0.1788
BIO3 0.0564 0.0024
BlO4 0.003 0.0892
BIOS 0.3264 0.1859
BIO6 0.2662 0.1221
BIO7 0.1276 0.3163
BIO8 0.0153 0.0106
BIO9 0.2694 0.0503
BIO10 0.1852 0.0924
BIO11 0.0687 0.0028
BlO12 0.0333 0.2841
BIO13 0.0201 0.2613
BIO14 0.2722 0.099
BIO15 0.0056 0.0734
BIO16 0.0111 0.2656
BIO17 0.2033 0.0717
BIO18 0.1812 0.0242
BIO19 0.0001 0.1677
Elevation 0.0712 0.0507
Land cover 0.1506 0.0841

CtCmtl

It is important to mention that by modelling the climatic niche
for the genotypes of F. hepatica in Greece and Bulgaria in the pres-
ent study, it does not mean that the model represents the actual or
realised distribution of genotypes and haplotypes. The occurrence
points of genotypes and haplotypes are distributed in the northern
part of Greece and in the south-western part of Bulgaria, leaving
areas of southern Greece and eastern Bulgaria insufficiently stud-
ied. Therefore, these models should be considered as an initial ef-
fort to approximate the potential geographical range of various
genotypes of F. hepatica in Greece and Bulgaria. Further research
should be carried out to investigate flukes in new locations cover-
ing additional countries in south-eastern Europe. Additional collec-
tion sites for F. hepatica may change the predicted distribution of
these genotypes and haplotypes. Also, the timing of sample collec-
tion may change the predicted distribution of these genotypes and
haplotypes. On a single cattle farm in the Netherlands, it was found
that the fluke population had significantly changed over a period of
18 months, as new haplotypes were present and some others were
absent during the second year of sampling (Walker et al., 2011).
Furthermore, the predictive models in the present study have
incorporated only environmental and climatic factors but not man-
agement factors.

The highest level of probability for the presence of all the geno-
types and haplotypes based on both genes appears in the regions of
Thessaly and central Macedonia. The most frequent haplotype
within the mtDNA gene region was CtCmt2, which also appears
to be the only haplotype to present a high probability of presence
in the region of western Greece. Precipitation and temperature
contribute equally to model building of the genotypes based on
the 28S rDNA gene. In regard to the mtDNA gene region, precipita-
tion is the most important factor in modelling the CtCmt1 haplo-
type range, while temperature appears to be the most important
factor in modelling the CtCmt2.1 and CtCmt2.2 haplotype ranges.
The distribution of CtCmt1 is affected by the annual precipitation
(BIO12) and both the precipitation of wettest month (BIO13) and
wettest quarter (BIO16), when the snails are at the peak of their
activity. Fasciola hepatica in Greece occupies an environmental
range, which is mostly warm and dry during April to October
(Maheras, 1989). Therefore parasite development and snail repro-
duction are less constrained by low temperature; but they are con-
strained by lack of moisture resulting in breaks in the life-cycle of
the parasite (Boray, 1969). Additionally, favourable climatic condi-
tions have been reported to influence the development of larval

CtCmt2.1 CtCmt2.2
0 0.0429 0.0239
0.0062 0.1425 0.1473
0 0.0815 0.0234
0.0585 0 0.0044
0.0058 0.1651 0.1301
0 0.0043 0.0791
0.0763 0.0379 0.1053
0.0078 0 0.1023
0 0.1784 0.1382
0.0043 0.0623 0.057
0 0.0236 0.0076
0.4119 0 0.04
0.3322 0 0.0461
0.0025 0.1013 0.1494
0.0227 0 0.0163
0.2886 0 0.0209
0.0011 0.0439 0.1082
0 0.0607 0.076
0.2527 4] 0.0068
0.0245 0.0033 0.0096
0.0418 0.0979 0.1551

Fig. 4. Training gain achieved by models using single variables. The length of each bar represents the training gain value. A longer bar represents a higher training gain.
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stages of F. hepatica either in the snail or in the environment
(Conceicao et al., 2004). Trematode parasites from lower latitudes
have been shown to exhibit more pronounced temperature-driven
increases in cercarial output than those from higher latitudes
(Poulin, 2006). Furthermore, allopatric combinations of F. hepatica
and its intermediate host (Galba truncatula) have been shown to be
more efficient than sympatric ones, although the observation was
made on one generation only (Gasnier et al., 2000).

The CtCmt2 haplotype which accounts for 90% of the flukes in
the study appears to be influenced by temperature and the CtCmt1
haplotype which accounts for 10% appears to be influenced by pre-
cipitation. In fact, the CtCmt1 haplotype was represented in east-
ern Europe but occurs at a higher percentage in northern Europe
(Teofanova et al., 2011) where the precipitation is high whereas
CtCmt2.1 has been reported only in southern Europe (Teofanova
et al.,, 2011) where temperature is the most important factor that
determines the transmission rate in snails. According to the Kop-
pen climate system classification, Greece, Bulgaria and northern
Europe belong to different climate classes. It has been suggested
that Euroasiatic F. hepatica populations from northern territories
could have diverged and colonised areas of Greece after Italy and
Greece were connected with the Eurasian continent (Teofanova
et al., 2011) and adapted to the local climatic conditions. The rea-
son why the geographic distribution of the CtCmt1 haplotype is
influenced by temperature while the distribution of the CtCmt2
haplotype is rather influenced by precipitation has yet to be eluci-
dated. Another interesting observation is that in most localities
where the CtCmt1 haplotype was found, the host species was cat-
tle. Therefore, it is conceivable that this haplotype may be corre-
lated with economically significant infections in dairy cattle in
northern Europe (Bennema et al., 2011).

Land cover and elevation seem to have a limited effect on the
contribution of all genotypes and haplotypes and this finding is re-
lated perhaps to the capacity of fasciolids to colonise and adapt to
new environments, even of extreme characteristics (i.e., the inhos-
pitality of very high altitudes) (Mas-Coma et al., 2009). The expan-
sion of F. hepatica from the original European geographical area to
other continents is also related to the geographical expansion of
the lymnaeid intermediate host species G. truncatula which origi-
nated in America (Correa et al., 2010) and its adaptation to other
authochthonous lymnaeid species in the newly colonised areas
(Mas-Coma et al., 2009).

The two genotypes of the nuclear gene (28S rDNA) used in the
present study do not seem to demonstrate any differences in their
potential distribution. This is not surprising as this is a gene that is
highly conserved and as such is frequently used in studies of spe-
ciation. The modelling based on the mitochondrial sequences is
more interesting. The CtCmt1 haplotype, which apparently is more
common in northern regions, may either be less resistant to high
temperatures and/or more dependent on precipitation than the
more common CtCmt2 haplotype. This could mean that the mito-
chondrial haplotypes have not been neutral markers with regard
to the present day distribution of the fluke or alternatively they
may reflect past introductions of livestock carrying the parasites.

In conclusion, the highest level of probability for the geographic
distribution of F. hepatica genotypes and haplotypes covers south-
ern Bulgaria and central and northern Greece and these regions
contain a significant number of potential ruminant hosts. The max-
imum entropy ecological niche modelling has proved to be a useful
tool in mapping the genotypes and haplotypes of F. hepatica in
south-eastern Europe.
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