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Mepitnyn

Kepaloio 1 - Ewooywyn

Xmv  ewooymyn g mopovoasg JwTplng  yivetalr ol avookOmnomn g
BipMoypapiog mov agopd TG TPOoTADELES Yo TNV ATOGAPNVIGT] TOV POAOL TNG AypLog
navidog og de&apevig dotpnong kat petddoong tov Mycobacterium avium subspecies
paratuberculosis (MAP) cta katowidio pnpokactikd. [Tio cuykekpipéva, avapépoviol
To €101 aypiov pUNPLKACTIKOV KOl HOVOYOOTPIK®OV 0omd To. omoio £xel amopovmbel o
LIKPOOPYOAVIGHOG, TOL KAWVIKO GUUTTOUATO Kot Ol TOHOA0YOUVATOUKES AALOIDGELS TOV
&xovv mapotnpnOet. Emiong mapatibBevron Aemtopépeleg oxetikd pe m dodikacio Kot v
aglomotio TG KOAAEPYELNG, TOL AMOTEAEL TOV KUPlo TpOTO amopdvoong tov MAP.
EmumAéov yiveton extetopévn avo@opd oTlS O0IKAGIEG KOl TO OTOTEAECUOTO TOV
HOPLIK®OV HEBOd®V TVTOTOINGNG, TOV £X0VV YPNOLOTONOEL £MC CIUEPO YOl TN YEVETIKY
oVYKplon TV otedey®v tov MAP, mov £yovv amopovmBel and ddpopa idn TG Ayplog
Tovidog. ZTo TEA0G TOV KEPAANIOL OTOV AVOPEPETOL O GKOTOG TG TOPOVCAG daTpPng,
OV OPOPE TN OEPEDVNON TOL POAOL TOV HOVOYOOSTPIK®V aypimv €OV Kol TOL
epPAAAOVTOG TOVG MG de&apevng datrpnong kot petadoong tov MAP ota tpoPata kot
T1G atyeg.

Kepdloio 2 — Arouovawon tov Mycobacterium avium subspecies paratuberculosis azo
LOVOYAOTPIKG €I10N TS AYPLOS TAvIdag, Tov (OOV OTODS YWPOLS GTOPAIIoUOD Kol TTOVS
LOGKOTOTOVS EAANVIK®V KOTOOIV TPOPATMDV KOl OLy@DV

O 6KomoG owToL TOV TUNHATOG TG droTpPng NTav: (1) n aviyxvevon tov MAP ce
LOVOYOOTPIKA €101 NG Ayplog mavidag, Tov EpYoviay oe emapn e TPOPata Kot aiyeg
YOAOKTOTOPAYWYDV  QUADYV, TECCAP®OV  EAMNVIKOV, EVONUIKE  LOALCUEVOV e
napaguuatioon, komaduwv kat (2) n yevetikny ovykplon HETOED OTEAEYDV TOL
amopovankay and Ta dyplo (oo pe ekelva TOv OmOpOVOON KOV 0T TO UNPLKACTIKA TOV
Komadiwv ovtov.  Koailepyndnkov kot eggtdomkov pe oAvcdmT) avtidpaon g
nolvpepaong (polymerase chain reaction — PCR), ywo v aviyvevon g €181KNG Yo TO
MAP évBetnc vovkdeotidikng aainiovyiog 1S900, opoyevomompuéva detypoto 16TOV ord
327 dypa {da, mov Tpoépyoviav and 11 dwupopetikd €idn g dyprog mavidag. Emiong,
KaAlepynOnkav detypata kompdvov and 100 mtpdPata ko aiyeg omd kabe komddl. To
MAP oamopovodnke and ta dsiypata 11 mpofdrwv, 12 arywdv, 2 poov, 2 exipvov, evog
Aayov kot piog aAdemovs. Movo évag emipvg eiye 1otomaboroyikéc alloiwoels. H
YEVETIKT TLTOMOINGT Katnyoplomoinoce 21 oteAéyn ¢ Poeiov tHmOL Kot 2, amd Eva pv
Ko pio afya, g TpoPetov THmOL oTEAEYN. AvTh €lval 1| TPOTN OvVAPOPE OTOUOVOONG
otedéyoug MAP tpoPetov tHmov amd povoyastpikd €10 g dyprog movidag. To otedéym
TOV TPOKTIKOV KOl TOV KOTOKIOWV UNPLKACTIKOV OV Omopovoadnkav ard 1o 1010
Komdd, dvnkoav otov 1010 tomo MAP. Ta otehéyn mov amopovodnkay omd 10 Aayd Kot
mv oiemod avnkav otov O tomo MAP pe avtdév mov amopovobnke omd v
TAELOYN QL0 TOV KOTOIKIOU®Y UNPLUKOGTIK®OV.
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Kepadloio 3 — Ievetikny abyrpion otedeywv Mycobacterium avium subsp. paratuberculosis
OV amOUOVAOONKOY OO EANVIKG. TPOLOTO. KOl QLYES, OTTO THY TPOPH KOL TH GTPWUVY TOVG,
KOS Kot oo oVGYETILOUEVO. UE QDT UOVOYATTPIKG. EION THS AYPLOS TOVIOOGS.

Ot 6Komol aVTOv TOL TUNUATOS TNG STPPNG NTOV N YEVETIKT GUYKPLOT| GTEAEYXDV
Mycobacterium avium subsp. paratuberculosis (MAP) mov anopovaobnkav omd eAAnviKa
mpdfata Kot aiyeg, amd TNV TPOPN KOl T CTPOUVI TOVS, KOOGS Kol amd cuoyeTilopeva
HE OVTA POVOYOOTPIKA €10m g dyprog mavidac. Ta otedéyn yopaxtmpiotnkov Kot
ovykpidnkav yevetwkd pe ™ péBodo g 1S1311 oAvowbwg avtidpaong g
nolvpepdong (polymerase chain reaction — PCR) axolovbobuevn omd avdivon
neploplopov  evéovovkieacmv (restriction endonuclease analysis - REA) kot pe
TPOocdlopiopd ¢ onuelokng aAiniovyiag tov DNA kot @uioyevetikn avdivon tov
oteledV og TUNUO TG €vBeTng voukAeoTidotkng aainiovyiag 1S900. Kaiiepyndnkav
kot eEetaotnrov pe PCR, yio tv avigvevon g eWwne ywoo to MAP £évBetng
VOuKAEOTIOKN G aAAniovyiag 1S900, opoyevoromuéva detypato wotodv amd 327 dyplo
Coa, mov mpoépyovrav amd 11 dapopetikd €idn g Ayplog mavidos, to omoio glyov
ayporotiotet M Ppebel vexpd otovg otdPfrovg 1N otovg PookdTOMOVS TECTHPMV
EAMMNVIKOV KOTAdIMV TPoPATev Kol arydv, evonukd polvouévav pe MAP. Eriong, amd
KaOe Komadt, kalAepynnkov 60 deiypata otpopvie, 15 deiypato tpoeng kabdg Kot
detypata xompdvov and 100 mpdPata kot aiyec. Emumdéov, kaAlepyndnkov kot
e€etdotmrav pe 1S900-PCR opoyevomomuéva delypota 16TOV 0md TO YOUGTPEVIEPIKO
ovotnua 142 npofdtov Ko 72 arydv, mov elyav cuiiexBel oe tpia cpayeia, Ta omoin
éopalav TpoPata Kot atyec amd TV VPVTEPT TEPLOYN TOV VIO dEPEHVNON EKTPOPDOV.
To MAP aviyvevnke oe 1 delypa otpopuvig, oe 1 detypa tpoeng, xabmg Kot ota
delypata 6 aypiov (oowv ko 33 pkpov pnpuvkactikov. H [1S1311 PCR-REA
katnyoplonoinoe 25 oteléyn MAP og Bocto (cattle-C) kot 10 o€ mpdPeto (sheep-S) tHmo.
[evikd, To GTEAEYT TOV TPOKTIKOV, TNG GTPOUVIG KOL TNG TPOPNS GvnKoyv 6ToVv 1010 TOTO
MAP pe exeiva 1@V KOTOKIOI®V UNPLKACTIKOV, TOL OTOHOVOONKay arnd To 1010 Komdot.
O mpocdopopdg g onuelakng aainiovyiog tov DNA kot n puAoyevetikn ovéivon
TOV oTELEYDV € TUNHO TG £vOeTNG VOUKAEOTIOIKN G adAnAovyiag 1S900 opadonoince 19
oteléyn MAP avdloya pe v meproyn g dsrypatoAnyiog kot £6e1Ee 0Tt mBavadg €xet
ovpPel pHeTtddoon TV oterey®V HETAED TNG Ayplog Tovidag Kol TV TPORATOV Kol TOV
aLy@v.

Kepdlowo 4 — Extiunon g evorctnoioc e kalliépyeiagc tov Mycobacterium avium
subsp. paratuberculosis avdioya pe tov tomo Tov oTEAEYOVS OE EAANVIKG TpPOParo Kou
olyeg.

O 6K0omoG 0T TOV TUNHOTOG TNG JATPIPNG NTOV 1) EKTIUNOT KOL 1) GUYKPLOT| TNG
gvatotnoiag (Ev) dbo otepedv KaAlepynTikdv vrootpopdtoy, Tov Herrold's egg - yolk
medium (HEYM) kot tov Lowenstein-Jensen (LJ), yw v amopdvoon tov MAP,
avVOLOYOL LE TOV TUTO TOL GTEAEXOVG Kot TO €100G TOV detypartog (KOmpava 1 16Tol) amod
eEMMVIKG yadaktomapaywyd mpoPoata ko aiyec. Amd 400 deiypato Kompavmv, Tov
GLAAEYONKOV amd VITOKAMVIKE poAvcpéva TpoPata kot aiyeg 4 komadidv kot and 214
delypato opoyevomompévov otov (142 and mpofota kor 72 omd aiysg), mov
ocLAAEYONKav ota ocpoayeln amd {da peyoldtepa Tov 1 €T0VG pHE HOKPOGKOMIKES
aALOIDOOELS TapapLUaTiOonG, amopovabnkay 34 oteléym MAP. And ta mopondve, 18
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KatatdyOnkov otov C xou 9 otov S tomo, pe 1t pébodo g 1S1311 PCR-REA.
XpnoworomOnke n pebodoroyia enidvong xatd Bayes yia v extipnon tg Ev tov
KOAMEPYNTIKAOV VIOGTPOUATOV AVAAOYO E TOV TUTTO TOV GTEAEXOVG. H EyHEYM-C-émpava™
17% (95% Awdompoa agomotiog: 7, 40) rav peyadvtepn amd ™V EVHeyM-Swémpave =2%0
(0.3, 11). Emiong, 1 EvHEYM-C-émpava NTAV peyordTepn omd ™V Ev ycompava=4% (1, 12).
Y10, opoysvomomuéva delypato wotdv 0ev d€pepav ot Ev yio v amoudvoon
StpopeTikdv TOT®V MAP.

Kepdliaio 5— I'evikn ovlitnon

Yg outd TO TUNUO ocvvoyiloviol TO ELPNMUOTO OVLTAG NG OTPPng Kot
ocv{ntobvton g GYEGN TOGO E TN TPOVTAPYOVGA SNUOGIEVUEVT CYETIKT YVMDON OGO Kot
LLE TNV TPOOTTIKN GLVEYIONG TNG EPELVOAG OTO LEAAOV
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Summary

Chapter 1 - Introduction

The introductory chapter of thisthesis considers the available literature on the role
of wildlife as a reservoir for Mycobacterium avium subspecies paratuberculosis (MAP)
infection of domestic ruminants. More specifically, the wildlife species found to harbour
MAP and the observed clinical and pathological findings are presented. Furthermore, the
process and the diagnostic accuracy of culture, which is used for MAP isolation, are
presented. Finally, the molecular tegniques that have been used for the genetic
characterization of MAP isolates are presented in detail.

Chapter 2 — Isolation of Mycobacterium avium subspecies paratuberculosis from
nonruminant wildlife living in the sheds and on the pastures of Greek sheep and goats.

The aim of this chapter was to: (1) investigate whether non-ruminant wildlife
interfacing with dairy sheep and goats of four Greek flocks endemically infected with
Mycobacterium avium subspecies paratuberculosis (MAP) harboured MAP and (2)
genetically compare the strains isolated from the wildlife to those isolated from the small
ruminants of these flocks. We cultured and screened, by polymerase chain reaction
(PCR), pooled-tissue samples from 327 wild animals of 11 species for the MAP-specific
1S900 insertion sequence. We aso cultured faecal samples from 100 sheep or goats from
each of the four flocks. MAP was detected in samples from 11 sheep, 12 goats, two
mice, two rats, a hare and a fox. Only one rat had histopathological findings. Genetic
typing categorized 21 isolates as cattle-type strains and two, from a house mouse and a
goat respectively, as sheep-type strains; this is the first report of a rodent harbouring a
sheep-type strain. The MAP-types that were most frequently isolated amongst the sheep
and goats of each flock were also the ones isolated from sympatric rodents; those isolated
from the fox and hare aso belonged to the predominant ruminants strains.

Chapter 3 — Genetic comparison of Mycobacterium avium subsp. paratuberculosis
strains isolated from Greek sheep and goats, their feed and litter and associated non-
ruminant wildlife

The aim of this chapter was to genetically compare Mycobacterium avium subsp.
paratuberculosis (MAP) isolates from Greek sheep and goats, their compound feed and
litter and the associated non-ruminant wildlife. We genetically characterized the strains
by using both the 1S1311 polymerase chain reaction (PCR) followed by restriction
endonuclease analysis (REA) and the sequence and phylogenetic analysis of a part of the
1S900 insertion sequence. We cultured and screened by PCR for the 1S900 insertion
sequence, pooled-tissue samples from 327 wild animals of 11 species, trapped or found
dead in the sheds or on the grazing grounds of four endemically infected with
paratuberculosis sheep and goat flocks. We also cultured 60 litter and 15 concentrate
feed samples and faecal samples from 100 sheep or goats from each of the four flocks. In
addition, we cultured and screened by PCR pooled-tissue samples from the
gastrointestinal tracts of 142 sheep and 72 goats, collected at three abattoirs receiving
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animals from the region around the flocks. MAP was detected in samples from six wild
animals, 33 small ruminants, one litter and one feed sample. 1S1311 PCR-REA classified
25 isolates into cattle- and ten into sheep-type strains. Generally, the same MAP type
was recovered from feed and litter samples, wildlife and sympatric sheep and goats. The
sequence and phylogenetic analysis on a part of the 1S900 sequence discriminated 19
MAP strains according to sampling site and showed that interspecies transmission
between wildlife and sheep and goats may have occurred.

Chapter 4 — Strain-specific sensitivity estimates of Mycobacterium avium subsp.
paratuberculosis culture in Greek sheep and goats

The aim of this chapter was to estimate and compare strain—, and biologic sample
(faeces or pooled-tissue) - specific sensitivities (Ses) of two solid culture media,
Herrold's egg yolk medium (HEYM) and Lowenstein-Jensen (LJ), for Map isolation
from Greek dairy sheep and goats. From 400 faecal samples collected from subclinically
infected sheep and goats of 4 flocks and from 214 pool ed-tissue samples (142 from sheep
and 72 from goats) collected, at the abattoir, from >1 year-old, routinely slaughtered
animals, with gross pathology suggestive of paratuberculosis, we isolated 34 MAP
strains. Of those, by the 1S1311 PCR, 18 were categorized into the C- and 9 into the S-
type; 7 were not typed. We used a Bayesian approach to estimate the strain-specific Ses.
Serevm-cfacca= 17% (95% credible interval: 7, 40) was higher than Seneym-s taeca=2%
(0.3, 11). Als0, Seqeym-cfaeca Was higher than Se ¢ faeca= 4% (1, 12). In pooled-tissue
samples the strain-specific Ses did not differ between the two media.

Chapter 5 — General discussion

In this chapter the findings of the thesis are summarized and discussed with
relevance to both the published research and the future outlook to follow-up research
activities

10
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Evyapiotieg

H duwaxtopikn pov dwtpin ekmoviOnke oto epyactiplo Emidnuioroyiog,
Biootatiotikng ko Owovopiog Zowng Hapaymyng tov Tpuqpatog Ktnviarpikng, g
Yyoc Emomuav Yyeiog, tov Iavemompuiov @sscariog.

Evyopiotd Beppd tov Avaminpot| kadnyntj A. Aecovtion emPrénovia g
OOUKTOPIKNG LoV S TPIPNG, YO0 TNV EVEPYT KOl OLGLAGTIKY KaB0O YN o1 Tov KoOMG
KOl yloo TNV omopoitntn otkovopikn otpién mov pov e£ac@AAce e GKOTO TnV
ekmovnon g owtping.  Eivon peyddn pov tun mov eiya ™ dvvardtnto vo
GLVEPYOOTM UE £VOL TOCO YOPIGLOTIKO EMCTHHOVA Kol AvOp®TO.

Eniong, 0élo va gvyoapiotiom tov Emikovpo kabnynt| X. MmAiivn, pélog
MG CLUPOVAEVTIKNG EMITPOMNG, YOO TNV GLVEPYACin, KAODG KOl TNV TApoyy TNg
VMKOTEYVIKNG DTOOOUNG Y10 TNV TEPATMOT TNG O TPPNG HOV.

Evyopiotd tov Emikovpo kabnynt . Ilanmd, pélog tg cvpuPovievtikng
EMTPOTMNG, Y10 TOV GUUPBOVAEVTIKO TOL POAO KOTA TN SLAPKELL TG SLOTPPNC.

AkOUa, EVYOPLOTO TO GLVAdEAPO, cuvepydtn kot @iko k. I1. Kwotovda, yio
mv Bonderd ko v NN vroot\piEn mov pov Tpocipepe KaBOAN TN ddpKEw
EKTOVNONG TNG STPIPNG LOV.

Oepud gvYapoTA TN CLVASEAPO, cLVePYATION Kol PiAn K. M. Zopia, n onoia
pe TV ovISOTEAELD TG, TNV NOWKN oTPIEN Kot TV aveEAVTANTY LIOUOVN TNG ElxE
KEQUANIDOON GLUPOAN GTNV OAOKANpGN TNG SLoTPPC.

Opeihw, emiong, vo guyoploTNo® To VEOAOmO HEAN NG EMTOUEAOVG
€EETOOTIKNG EMITPOMNG, MOV UE TIC EMONUAVOELS TOVG GLVEPAAOV GTNV OPTIOTEPT
TOPOLGIOoT) TNG SOUKTOPIKNG LoV JATPIPNC.

Téhog, 6éhw va evyoaplotiom Ttov k. ©O. Tlamoavikoldov, kabmg kol v
OKOYEVELEL LLOV Y10 TNV OUEPLOTH CLUTOPACTOCT KOl DTOLOVT] TOVG.

Ot amapaitntol owovopkoi TOpoL yoo TNV EKTOVNON NG OTPIPNG ALTNG
TpoNABav amd avTOYOVIGTIKO epguvnTiKO Tpoypoaupe ™S Evpomnaikng "Evoong
(QLK2-CT-2001-00879), xabdm¢ kot amd 10 gpevvntikd mpoypappo «Hpdiherrog»
tov Ymovpyeiov IMadeiog (kwd. vroépyov 51712,16).
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1. Ewoayoyn

H mopoeupatioon eivor  pio xpoévie  HETAOOTIKY]  EVIEPITION OV
yopaktnpiletor amd TPOOSELTIKA EMOEWVOVUEVT] dLAPPOLD, OTOAEL PAPOVS, Kot
TeEAMKA Bavato Tov mpoosPefinuévou {wov. Ileptypdenke yio Tp®TN QOPA Omd TOLG
H. A. Johne kot L. Frothingham to 1895, mapdlo mov g KAvikd cOVEpopo frav
yvoot) anod Tic apyés tov 1800. 'Hom and t1g apyés Tov 1900 n vocog eppaviiotay o
apketéc evpomaikés yopeg kat ot HILLA (Chiodini et al., 1984). Xnuepa, M
eEdmlmon ¢ vooou givar maykooua Kot £yl avapepbel oe dha To 10N KATOKIOIWV
unpvkaotikev (Harris and Barletta, 2001). Xtmv EAMGSa, m mopovsio g
emPefordbnie pe TNV aviyvevon TV YOPUKTNPICTIKOV TOHOAOYOOVOTOUIKOV
OAAOIOCE®V KOl TNV KOAMEPYEWD TOL  VAEVOBLVOL  UIKPOOPYOVIGHOV, TOV
Mycobacterium avium subspecies paratuberculosis (MAP), ywo Tpdtn popd o 1968
(Leontides et al., 1975). 'Extote, givat £va omd 10, GIOVdA1OTEPA VOCSTIUATA TOV OLyMDV
Kol TOV TPOoPAtmv oTn YOPO HOG TOV TPOKOAEL OMUOVTIKEC OIKOVOUIKES OTMOAEIEG
YTl pHeEWdveEL TV mTapayoyikotnta tov mpocPefAnuévov (oov (Dimardli et a.,
1991). To MAP egivar évag gram-0gtikdg, 0EeAVTO 0G HKPOOPYOVIGUOS TOV OTOLTEL
Y. Tov ToAhamAaclacpud tov 6idnpo and 1o (o Eeviotn (Kennedy and Benedictus,
2001), tov omoio kwnromotei pe ™ Ponbewa evog eviduov, TG PESOVKTAGNG TOV
ownpov, mov mapdysr (Homuth et a., 1998). To MAP, émoc kar to dAlo
pokofaktnpida, dtaBétel KVTTOPIKO PAKEAO HE EEXOPLOTH OOUN Kot AElTovpyia, TOV
moilel Waitepo poOAO otV VYNAR  OVOEKTIKOTNTO. TOL KPOOPYAVICUOD GTO
nepPdArov, KaB®OG T0 TPooTUTEVEL OO TIC VYNAEG BEPUOKPAGIES, TO OTTOAVHLOVTIKGL
Kot to. VOpoPla avtiflotikd (Sung and Collins, 1998). To MAP emiPidver oto
eEotepcd mepPdArov oe Moo TEPIPAALOVTIKOV GUVONKAOV Yol HEYOAO YPOVIKO
didotnua (Kennedy and Benedictus, 2001).

Ta tehevtaio ypdvia N Topagupatioon £xel dwmotwdel Kol 6e mOALL €10m
aypiov punpukactikav, evod to MAP armopovodnke Kot and povoyastpikd €iom g
dyprog movidoc. To yeyovog avtd odnynce ot depgvvnon g mhovotnTog Vapéng
VEOV OEEAUEVAOV TOV HIKPOOPYOVIGHOV G€ OAAa Coikd €idn, TANV TOV KATOKIOIWV
pnpvkactikov. H gupdvion e mopoeupoatioong ota dyplo UNPLKOCTIKO EXEL
tekunplodel emaprkag (IMivakag 1), evd yio To LOVOYOGTPIKA €101 LIdpyovY TOAD
Myotepa dedopéva, kabmg 1 perét toug Eekivnoe npoceoato (Angus, 1990), mapd to
yeyovog 0tL n Tp®dTN amopudvecn tov MAP and Aayodg elye mpaypatomromBel woly
vopitepa (Mathews and Sargent, 1977). T'ivovtair mpoonddeieg yio ) dwomiotwon
TOV HOVOYOOTPIKAOV (OIKOV €10MV oL givor mbovo va poidvovion arnd to MAP kot
TOVTOTOLOVVTOL YEVETIKA To. omopovebévia and avtd otedéyn MAP.
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IMivaxkag 1. Ta €101 TV aypiov unpukacTiK@OV ota omoio £xel dSmoT®mOel LGIKY

Aoipwén ardo MAP

Avogopég

Eidog Emotuovikn ovopacia
EAGoa Cervus elaphus
Dama dama

Cervus nippon
Odocaoileus virginianus

Temple et a., 1979; VonWeber and Gurke,
1992 ; deLisle et al., 1993; Mereb et al., 1994,
Pacetti et a., 1994; Fawcett et al., 1995;
Manning et al., 1998; Godfroid et al., 2000;
Nebbia et al.,, 2000; Glawischnig and
Khaschabi, 2001

Marco et al., 2002

Templeet al, 1979

Libke and Walton, 1975

Axis axis Riemann et al., 1979
Capreolus capreolus Sharp et al., 1995 ; Pavlik et al., 2000
Cervus elaphus nannodes Jessup et a., 1981; Rohonczy et al., 1996;
Cook et a., 1997; Manning et al., 1998;
Alces alces Manning et a., 2003
Soltys et al., 1967
Aypa TpdPozo Ovis musimon VonMayer and Weiss, 1986
Ovis canadensis Williamset a., 1979
Aypieg aiyeg Capra ibex Weber et d., 1992 ; Ferroglio et al., 2000;
Deutz A. et d., 2005
Oreamnos americanus Williamset a., 1979
Rupicapra rupicapra Deutz et al., 2005
Bicoveg Bison bison Buergelt et al., 2000; Whittington et al., 2001a
Kapelideg Lama pacos Ridgeet al., 1995
Vicugna pacos Stehman, 1996

1.1 MAP ko aypro mavidoa

To MAP anopovdbnke amd moALL HOVOYOSTPIKA €i0N NG Ayplag moavidag,
omwc Aayouopa. [Lepus europaeus (Mathews and Sargent, 1977; Beard et al., 2001),
Oryctolagus cuniculus (Angus, 1990; Greig et al., 1997, 1999; Beard et al., 2001),
Sylvilagus floridanus (Raizman et a., 2005; Corn et al., 2005), Lepus timidus (Deutz
et a., 2005)], woeg [Apodemus sylvaticus (Beard et al., 2001) ka1 Apodemus flavicollis
(Deutz et al., 2005)], eripveg [Rattus norvegicus (Beard et al., 2001, Corn et al., 2005)
kot Sgmodon hispidus (Corn et al., 2005)], aiemovdec (Vulpes vulpes), epuiveg
(Mustela erminea), acfovc (Meles meles), vopitoeg (Mustela nivalis) (Beard et al.,
2001), aypioyopovg [Sus scrofa (Alvarez et al., 2005)], aypioyateg (Pamer et al.,
2005), apkovdec [Ursus arctos (Kopecna et al., 2006)], pakovv (Procyon lotor),
apuadidrovg (Dasypus novemcictus), papoiropveg (Didelphis virginiana), pvyain
(Blarina brevicauda), xovvapt (Memphitis memphitis) (Corn et al., 2005), pwvokepo
[Diceros bicornis (Cousins et a., 2000)] kot koyiot [Canis latrans (Anderson et al.,
2007)]. Eniong, o MAP éyet amopovwbei kot and didpopa €idn ntnvov dnwg Tetrao
urogallus (Deutz et a., 2005), Buteo buteo, Corvus monedula, Corvus frugilegus,
Corvus corone (Beard et a., 2001), Sturnus vulgaris, Passer domesticus xat
Gallinago gallinago (Corn et al., 2005). Télog, éxetl oamopovmbel Kot amd TpoTedHovTa
tov Yévoug Macaca o tovg McClure et a. (1987).

H damioctmon ¢ guokng Aoipméng amd MAP yivetat pe v aviyvevon tov,
YOPOKTNPIOTIKOV Yoo TNV  TOPOPLUOTIOOYN, KAWIKOV — CUUTTOUATOV Kot
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10TOTOOOAOYIKOV  0AlOIDCEDV Kot  emPefaidveror pe v amoudvemorn  Tov
UIKPOOPYOVIGHOV. To KAVIKG COUTTOUOTO TOV £X0VV KOTAYPOPEL amd OAL oXEOOV TaL
€ldn aypiov unpukaotik®v gival mapopotla pe avtd tov Pooedmv (Williams et al.,
1979; Buergelt et a., 2000). Ou Whitlock and Buergelt (1996), mpdtewvav v
TavOUNOT TOVG G TEGGEPX OTAOIN. XTO TPMTO GTASI0, TNG APAVOVG AOTHMENG, Ta
nwpocPePAnuéva Cma 0ev TOPOVGIALOVY KOVEVO COUTTOUO. XTO OEVTEPO GTASIO, TNG
VIOKAWVIKNG VOGOV, 0V €KONAMVOVTOL KAWIKG GCULUTTOMHOTO, OAAG umopel va
vdpyovy ota (OO aVIXVEDCIUO OVTICOUOTO 1 KLTTOPIKOD TOTOV OVOCOAOYIKY|
amavInon. XT0 TPito OTAO0, TNG KAWVIKAG VOGOV, TO OPYIKE CLUTTOMHOTO €ivol
acaQn, TEPIAAUPAVOVTOG CNUAVTIKY] TTOGN TNG YOAUKTOTOPAY®YNS, ENpotnta Tov
TPYOUOTOG KO OTAOLOKT am®AELR Bépovg Tapd T datpnon g opeéng. Akoiovdel
N epedvion, apykd olaAieimovcog, Odppotlas. Av kot acvvndeg, (oo ovtod TOL
otadiov umopet va ToAVOPOUNGOVY GTO OEVTEPO GTAGI0 KOl VO TOPAUEIVOVYV GE QVTO
Y adevkpivioto ypovikd odotnuo. O xavovag, Ouwmg, eivor m petdfoacn oto
EMOUEVO OTAOW0, TNG KAMWVIKNG VOGOoL Tehkoh otadiov, mov yopoaktnpiletor amd
EMOEIVOON TOV KAMVIK®OV COUTTOUATOV LE TEMKN KaTdAnén to Bdvaro.

e kopio amd 11 peréteg mov amopovadnke MAP and povoyaotpud €idn g
dyplog movidoog 0ev KataypaenKay KAWVIKG CUUTTOUOTO TOPOPLUATIOONS EMEWON T
detypata mov e€etdotnioy mpospyoviav amd aypilo {da mov gite cLAAEYOVTAY VEKPA
gite moydevovtay kol Bovatdvovtay yopic Kataypapr KMvikov ekdnlocewv (Greig
et al., 1997, 1999; Beard et a., 2001; Deutz et al., 2005; Corn et al., 2005). Ta
oedopéva, Aomdv, GYETIKA UE TIG KAWIKEG eKOMAMOELS TG Aoiuwéng and MAP oe
povoyootpikd (do mpoépyovtatl amd TEPAUATIKEG poAvvoelg opvibiov (Larsen and
Moon, 1972; Vaente et al., 1997), wowov yoipdiov (Francis, 1943; Hirch, 1956;
Harding, 1959), nvov (Francis, 1943; Lominski et al., 1956; Chandler, 1961, 1962)
kot kovvehMmv (Francis, 1943; Hirch, 1956; Rankin, 1958; Harding, 1959; Mokresh et
al., 1989; Mokresh and Butler, 1990). An6 ta zmepopatdolmo avtd, ot pdeg
YPNOOTOMONKOV O EKTETOUEVA Y10, TN LEAETN TNG VOGOV, KOOMDS GTOL VITOAOUTO OEV
avamopiyOnooav otabepd T KAWVIKE CUUTTOUATO KOl TO TOHOAOYOOVOTOUIKE
gupnuoato e Aoipwéng. o wapdderypa, N LOALVGON KOLVEAIDV OO TO GTOUN [UE 108
CFU tov MAP ¢iye og amotéiecpo TV €KONA®ON KMVIKOV GUUTTOUATOV Kot
Taf0AOYOUVATOUKGOY aALoIdoE®Y povo oe 62-75% tov (dwv (Mokresh et al., 1989;
Mokresh and Butler, 1990). Ta neipopatikd povtéda, pe tn xpHon Lov, katéAnéay
GTY YPNOT YEVETIKOV YPOUUDY TOL EYAV VTOGTEL OVOGOKATOGTOAT, EITE LE YEVETIKO
OVOGLVOLOGHO EITE LLE YOPTYNOT GVOGOKOTOCTUATIKOV 0VGLOV (KUKAOQPOGELION M
pedVILOAOVN), KOOGS 01 U1 AVOCOKATAGTUAUEVOL LOEC TV avOEKTIKOL 0TI Aoipmén.
AkOHO OUMOC KOU OTIS TEPUITAOOELS HOAVVONG OVOGOKOTOCTUAUEVOV HLOV, TO
ATOTEAECUATO TOTKIAOY OVAAOYQ e TNV 000 YopNynong g HoAvvovsag doone. H
evdomeprrovaikhy yopriynon 10° CFU eiye w¢ omotéheopo TV ekSHAMOT TOTIKGV
OAAOLOCEMV KOl TNV aviyvevon o&edvtoywv Pakiiwv 4 efdopnddes petd tnv LOAVVO,
evo, og odotnua 12 gfdopddwv petd ™ xopnynon, ta (OO ELEAVIGOYV GNUOVTIKY
peiwon tov copaTikod PAPOVE KoL TOL EVOOTEPITOVAIKOV AMITOVS, GE GXE0T LE TOLG
péptopeg.  Avtictoyya, M amd TOL CTOUATOG YOPNYNoM TG 101G doOoMg &ixe ®¢
OTOTEAECLLO, TV EKONAMGCT KAWVIKOV CUUTTOUATOV KOl LOKPOGKOTIK®OV OALOIDGENDY
povo o€ évo. amo o 18 {ma, 26 efdopadeg petd ) porvvon (cuvoyilovrot amd Tovg
Harris and Barletta, 2001).

210 TEPLGGOTEPQ Ayplol UNPLKOGTIKA TOGO Ol HOKPOGKOTIKEG OGO KOl Ot
HUIKPOOKOMIKEG OAAOIDGELS TNG VOoOL glval avtiotoyeg pe ekelveg TV Poogd®mV
(Williams et al., 1979; Buergelt et a., 2000). 'Etot, ota apyikd 6Tddio TS VOGO gV
VIAPYOVV HOKPOOKOTIKEG OAAOWOOELG 1 elvor pn aviyvevoles. Ot TpdLeS
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IOTOAOYIKEG OAAOLDGELS, TOV €YOLV TopaTnPNOEl € TEPOUATIKA HOAVCUEVOLG
pooyovg, amaptiCovror and eotiokd cvvabpoicpato amd emBniioed HokpoPdyo M
yryavtokvttopo Langerhans otic midkeg tov Peyer kot ot GKpeg TV EVIEPIKOV
Aoyvaov (Payne and Rankin, 1961a, b; Gilmour et al., 1965; Buergelt et a., 1978).
[Mopdpoteg 16TOAOYIKEG OALAYEG TOV EVTEPOV, KOOMG KOl TPOGPOAT TOV UEGEVTEPLOV
Aepeadévmv Exovv Tapatnpndel 6e PLGIKA LOAVGUEVH BOOEION GE VTOKMVIKA GTAdLN
g vOoov. X115 oAAowwoelg elvar mbavd va avefpebodv 11 Oyt Alyor o&edvtoyot
UIKPOOPYOVIGHOL.  XT0 OTAOWL KAWIKNG VOGOV Ol HOKPOOKOMIKEG OAAOUDCELS
nepropilovtal 610 €vtepo kol pmopel vo ekteivoviol amd 10 dMOEKASAKTUAO ®G TO
op06. Xvvnbéotepa dpmc evromilovionl 610 TEMKO TUNHA TOV €Ae0D. Ot dALOUDOELG
umopet va. gtvar dvoddkpires, aldd cvvnBwg To mTposPefinuévo Eviepo eppoviletan
TOYVUEVO KO UE EVIOVEC E€YKAPOIEG MTLYMOEL. e (Mo mov mpooPAnOnKav pe
otehéyn MAP mov mapdyovv ypwotikn, o PAevvoydvog tov eviEpov Umopel va Exet
noptokaAokitpivn andypwon (Taylor, 1951, 1953; Waitt, 1954; Stuart, 1965a, b). Ot
EMYMPLOL AePPadEVeS TpooPailovtol kot to Aeppayyeio epeavifovior Sloykmpéva
Kol ehkogwdn. O cvvnBéotepeg devtepoyevelg petaforés meptlapupdvovyv cuilioyn
VYPOV O COUATIKEG KOWOTNTEG, OTPOPio. AmOvg, Yevikn omdAew Pdpovg Kot
vroddplo oidnua.  IotoAoywd m vOCOg YEVIKA TEPLYpAQETOL ®©C Mo O1dyvTn
KOKKIOUATMONG 1 1OTIOKLTTOPIKY €VIEPITION, YWpig VEKpmOoT, vaepotio 1 tvoon
(Halman and Witter, 1933; Taylor, 1953; Buergelt et a., 1978). Ot mpdiueg
KOKKIOUOTMOES OO GELG 6TO £VIEPO GLYVE Eival E0TIOKEG (QVUATIONG HOPET) Kot
0T0. TEAELTOIO. OTASIL EVOVOVTOL Ylo. Vo, oynuatioovv didyvteg (Aempopotdong
popon) Ombnoerg (Chiodini et a., 1984). Ou dxpec TtV Aoyvov ocvyvd
GLYYMVELOVTOL, HELOVOVTOS TNV EMPAVELD KOl TNV OTOPPOPNTIKY KOAVOTNTO TOL
evtépov  (Whitlock and Buergelt, 1996). H pdon tov embniiov xor o
VTOPAEVVOYOVIOS TOV eVTEPOL gpavilovv mowkidn omonon pe pokpo@dya. Xvyva
TopaTNPOOVTIOL YryovtokvtTapa, kKvpimg tomov Langerhans.  To embniiosidn
HOKPOQAYO KOl TO YIYAVIOKOTTOPO UTOpEl va mePLEyovv peydAovs oplBuoig
ofeavtoymv Pokilwv (Hallman and Witter, 1933; Stamp and Watt, 1954; Harding,
1957; Rajya and Singh, 1961; Buergelt et al., 1978; Nguyen and Buergelt, 1983). O
npooPefAnuévor Aeppadéveg epgovifouv KokKimpotddn Aepgadevitida. Emiong,
glvalr mBavo va mopatnpndel KOKKIOUATOING Aeppoyyeitidon, av kot eveovifetot
AMydtepo ovyvd oto Poogldn| oe oyéom pe ta TpoPata Kot TS aiyec. Xto teAevTaio
oTdo TG VOGoL pmopel var LITAPEOVY KOKKIOUOTOOES OALOIDGELS KoL OE GAAQ
opyova pe ovvnbéotepn eviomion oto Nmap (Mathews, 1930; Hallman and Witter,
1933; Buergelt et a., 1978; Whitlock and Buergelt, 1996). Xta didpopa €idn ™G
OIKOYEVELNG TV KAPEAId®V £xel emmAéov apotnpnbel véKkpmon Kot acPestonoinon
TV Aepeadévav (Stehman, 1996).

210 01dpopa 10N EAAPIOV Ol LOKPOGKOMIKES KOl IGTOAOYIKES OAAOLDGELS TNG
VOGOV TPOcOpOlalovy e ekeiveg Tov mpoPdtwv Kot Tov arydv (Stehman, 1996).
Moxkpookomikd, OTIC oiye kol T TPOPATA, Ol YOPOKTNPIOTIKEG OAALOIDGELG
evtomilovtal oto €vtepo Kot T HecEVTEPLOL Agppoydyyiwo. Eivor dpmg dwitepa
QVETTVYUEVES GTO TEAOG TNG VIOTONG Kol TOV €Aed KOOMDS KOl GTO TLOAO Kol GTA
npdcOia Tpunqpata Tov koAov. Ilapoatnpeiton mwoyvvon Tov PAEVVOYOGVOL TOL EVTEPOL
ov umopet va apopd kot Tov vroPievvoyovio. H méyvvon umopet va kopoaiveror and
amAn WIKPOKOKK®MON Oym («odym Perloddov») tov PAevvoyovoy péypt Kot yKapota
ntoywon.  To peceviépia AepgoydyyAo eivor otobepd doykmpévo oypd Kot
010N UOTIKA. Mepwcéc  @opéc pmopet  va  mapoatnpnboldv  eotieg  vEKpwoNC-
Tupogdonoinong kot ooPectonoinong (Aeovtiong, 1978).  Emiong, upmopei va
mopatnpEital Toyvvon tTov Aspeayyeiov pe 1 yopig olido Katd ™ SdpPOuY| TOVG
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(«dym kouPoloyiov») N mhyLVoN TOVG pE EMKOEWN Topeio dote va Kabiotavtal
opatd otV e£MTEPIKN EMPAVELDL TOV EVIEPOL KOL TO HECEVTEPLO. loTOAOYIKA, M
£VTOoT KOl TO €0POG TOV TOPATPOVUEVOV OALOIDCEMV Eivat oviloyeg Tov 6Tadiov
eEEMENc ™ vooov.  Z1o TEMKO OTAO0 M YOPOKTNPIOTIKY OAAOI®GCT TOv
oynuatifeton pmopel va £xet T Lopen €ite piag ypOVINS KOKKIMUOTOIOVS EVTEPITIONG
oTNV Omoin TO EMONALOEDN HoKpoPaya KOTTApPA Tov 01nBovv 10 PAevvoydvo Kot Tov
vmoPAevvoyovio  Bpibovv  ofedvroymv  pukpoopyavioudv  (moAvPakidiikn-
AempoUATOONG oAloimon) &ite uag AEUEOKVLTTOPIKNG Ombnong oty  omoia
onaviouv ot o&edvtoxor pikpoopyavicpoi kot m omoio. moapatnpeiton oto 30%
nepinov Tov TpooPefinuévov npofdtmv (YeudoPakiAkn 1| QUUOTIOONG 0AAOi®oN).

O1 Clarke and Little (1996) kou Clarke (1997) ota npofato kot ot Corpaet al.
(2000) ka1 Tafti and Rashidi (2000) otic aiyeg mpotevay Eva cvotnue TaEvounong
TOV 1GTOAOYIK®V OAAOWDGEDV o€ 3 TOTOVG (mov £€youv kol vrotdmovg). Il
GUYKEKPIUEVAL

210 tpofoata 1 TaEVOUNGT CUVOTTIKA TEPIAAUPAVEL:

1) Tig alhowdoelg tomov 1 6mov mapaTNPOHVTOL WKPG KOKKIMUOTO 7TOV
oynuatifovtol amd pHoKpoedya Kot evtomilovtal amoKAEISTIKA oTIC TAdKES Tov Peyer
™G €e0TVEAKNG poipag. Ta pvkoPaxtnpidle eivar didomapto Kot eAdyloTo M
amovctalovy evieAdc. Ot GAAOUDGELS OVTEG TOPATPOVVTOL KVPIMG GE TPOPATO TOV
HOAVVON KAV (G OLVOL KOl AEITTOVPYNGE 1] TPOCTATEVTIKY] KUTTAPIKY OVOGidL.

2) Tig aAAOLDGELG TOTTOV 2 6OV EVTOTILOVTOL KOKKIDUATO KOl 6TO PAEVVOYOVO
mov oyetieton pe Tic mAdkeg tov Peyer. MvukoPaxtnpidia avevpickovior otnv
TAELOYM IO TOV 1IGTOLOYIK®V TOUMV.

3) Tig aAloidoelg THmov 3 6mov eVIOTI{OVTOL KOKKIOUATO, KOl GE TEPLOYES TOV
BAevvoyovov mov oe oyetilovtal pe Tic TAdkeg tov Peyer. Ot aAloidoelg Tov TOToV
avtod doupodvtar oe TPl vrdTLIOVS: o) Tov vrotvro 3 Omov TapATNPOHVTAL
TOAVECTIOKE KOKKIDUOTO GE TOWKIAEG TEPLOYES TOL PAEVVOYOVOL TTOV O€ GLVOLOVTOL
GOPAOC LE TO AEUPIKO 16TO Ko 0V €TNpealovv T Hopeoroyio TG mpooPePAnuévng
nepoyns.  Ta poukoPaxtmpidle avevpickovtol GTnv TAELOYNPIO TOV IGTOAOYIKOV
Toudv, B) tov vmétvmo 37 O6mov mopotnpeitanr  peydAog apludc HaKpPOEAY®V
oteomappévog oto PAevvoyovo. Ta puvkofaxtnpidio ovevpiokovior TAvVToTE GTIS
10TOMOYIKEG TOUES, Kat y) ToV vTdTLRo 3" GOV KLPLOPYOVV TO AEUPOKVTTAPO LE Alya
poakpo@dyoa deomapuéva avdpesd tovg. Ta pukofaxtmpidie eivor eidyioto M
arovotdlovv eviehdc. O vrotdmog 3’ TPOGOUOLALEL OTNV AEMPOUATDOOT HOPON
alowboewv v o tomog 3 otn eupaTiddn popen. Ot aAroiboglg Tomov 2 kot 3
GLVOOEVOLY TNV UETAPOCT) GTNV EVNAIKIOON KOl TNV amoTVYio TV TPOCTATEVTIKAOV
CLLLUVTIKAOV UNYOVIGULOV.

2115 atyeg n taSvounon €ytve pe Pdon mmv €viaon TOV 0AAOIOGE®V GTNV
TEAIKN] HOIPOL TOVL EAEOD KOl TOL HECEVIEPLO AEUQOYAYYAlL KOl GULVORTIKA
neprapPavet:

1) T olMowwoelg NMmov Pabuod mov yopoakmmpilovior omd ECTINKES
GUYKEVTPAOGCELS EMONAOEIODOV Hokpopdywyv, To Omoia Bpifovv pvkofaxtnpdivv, oto
Gve tunpo tov PAeVVOYOVoOL Kot TV Aoyvav. Ot 1d1Eg GLYKEVIPAOGELS avELPIGKOVTOL
GTNV TOPAPAOLDON {DOVN TOV HECEVIEPIOV AEUPOYAYYAI®V.

2) Tig olhoiwoelg pétpov Pabpod mov yapaktnpilovrarl amd dOnon apyikd
™G EMTOANG Kal Twv &V T® PaOn otddwv tov PAevvoydvov kot teAkd OAOVL TOL
PAevvoyovou amd emBONAI0EWN HOKPOPAYD KOl UEPIKO AEUPOKVTTOPN, EOCIVOPIAL
Kol mAoopokvtTapa. Ot Adyves eivor eha@pac atpopikés. TloAld emBniosidn
paxpoedya BpiBovv pukoPaxtmpdiov. Emiong vmapyet onuoviikn dmbnon tov dve
oTIAOwV TOL VTOPAEVVOYOVIOL LE AEUPOKDTTOPO TEPIPEPIKA TOV AEUPAYYEIOV.
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EmumAéov, HIKPOKOKKIONOTO EMONAMOEODOV HOKPOPAY®Y  OVELPIGKOVIOL GTNV
TopoPAOI®ON oV Kol OTouG  EMYEIMOVE AEUQOKOATOVS TOV UECEVIEPIOV
Aeppoyoyyriov. Ta tehevtaio Teptéyovv piKpo aplud HKPOOPYOVICUAOV.

3) Tig alhoidoelg évtovov Pabuod mov yapaxtmpifovral and dmMbnon tov
BAevvoyovov, Tov LTOPAEVVOYOVIOL KOl OKOMO KOL TOV HDTKOD KOl TOL 0pOyOVOL
YTOVOL amd TOAAG emONAMOEWN HAKPOPAYQ, Alyo YLyovTOKOTTOPO KOl TOAAQ
AELPOKOTTOPO, TAAGLOKVTTOPN, EOCIVOPIAL Kol UEPIKEG POPEG Alya OLOETEPOPIAQL.
OAOKANPOG 0 BAeVVOYOVOG emiKLplapyeital amd TANOmpo EMONMOEBOV HOKPOPEY®V
mov ovumiElovv Tig kpumteg tov Lieberkuhn.  Ou Adyveg eivar atpogikéc. Ta
emOniogdn poakpoedya PBpibovv pkpoopyoviopumv.  EmmAéov, mopatnpeiton
Aepeayyeidtido pHe OLYKEVIPMOOTN AEUPOKVTTAP®V, TAOCUOKVLTTIAP®V Kol Alywv
HOKPOQAY®Y TEPUETPIKA TOV AgU@ayyeimv Kol 10iow¢ Tov 0poydvov.  XTOovg
LEGEVTEPIONG AEUPAOEVEG, EMONAIOEN HOKPOPAYO KOl YIYOVTOKVTTOPO TOTOV
Langhans £yovv vTtoKoTOGTNOEL TNV VIOKAWIKE TEPLOYT KOL TNV TEPLOYT TOL PAOLOV.
Eniong moapatnpovvtol €0TlokEG €0 Kot OlyLTEG TEPLOYES VEKPMOONG HE M XOPIg
anacPBéotwon. Atyo uoévo emOnAogdn KHTTOPO Kot YryovTOKOTTOPO TEPLEYOVY IKPO
apBpd pokofaktnpdiov.

Y& QUOIKO HOAVGUEVEC alyeg omoavifouv Ol €0TIONKEG OAAOLDOEL EVO M
ovyvotTTa. EUPAvVIoNG ddyvtov odlotdoeny givar vynin (Corpa et al., 2000) ce
oyéon ue avtiotouyeg pehétec o€ pLotkd polvopéva mpoPota (Perez et a., 1996).

[ToAd Mmidtepeg 0ALOIDGELS EXOVV TEPLYPOUPEL OTOL LOVOYASTPIKG €10 NG
dyplog moavidag omd ta omoia £xel amopovmbel o KpoopYaviopuds. MakpooKOTIKES
aAlowwcelg Exovv mapatnpnel uovo oe ayprokovvera (Oryctolagus cuniculus) ota
omoio dwumiotdOnke, oe mocootd 33% twv (Oov amd To omoin amopovodnke o
LUIKPOOPYOVIGHOG, Thyuven Tov PAEVVOYOVOL TOL €VIEPOVL Kol SOYKMOYN TMOV
peoceviéplov AeppoyayyhMov (Greig et a., 1997). Zto ayplokobvela vanpyov,
EMIONG, LIKPOGKOTIKEG AALOLDGELS TOV EVIEPOV KOL TOV UEGEVIEPIOV AEUPOYRYYAM OV
NTov, HETPLOV Ko Evtovov Pabuov, 0nwg meptypdeovtal Yo Tig aiyes, Kabwmg emiong
Kol TOAMOTAEG E0TIES XPOVING KOKKIOUOTOOOVS AEYLOVIG GTO MO, ATOTELOVUEVES
amd AEPPOKVTTAPO, LOKPOPAYa KO TOALTUPN VO YiyavTtokOTTapa. Ot 000 tedevTaiol
TOmoL KLTTApV Teplelyav peydlo aplBpd ofedvioymv pkpoopyovicpmv. Hmieg
HWKPOOKOTIKES aAlOIDoES apatnpndnkav oe aiemovdeg (Vulpes vulpes), epuiveg
(Mustela erminea) ka1 vugitoeg (Mustela nivalis) (Beard et a., 1999). Ilw
GLYKEKPIUEVQ, OmIoTOONKE N TOPOVGin, GTO AEUPOEDN 16TO TOL PAEVVOYOVOL TOL
EVIEPOL KOL OTO. HEGEVIEPIDL AEUPOYAYYAQ, HIKPOV KOKKIOUAT®V, To Omoio
amoTEAOVVTAY OO KOTTOPO TOTOL pokpopdaywv (macrophage-like cells), mov
neplelyav pkpd apBud oEedvtoymv Pakilwv. Emiong, o&edvroyor pikpoopyavicuol
HECO GE HOKPOPAYO TOV EVIEPOL KOl TMV UEGEVTIEPIOV AEUPOYAYYAI®V, YOPiG TV
Omopén GAAOV 16TOAOYIKOV aAlOwDoE®Y, Tapatpndnkay oe éva kopdkt (Corvus
corone) kat og évav pv tov ddcovg (Apodemus sylvaticus) (Beard et a., 2001). Xta.
VROAOUTO LOVOYOOTPIKE €101 TG dyprog movidag and ta omoia amopovabnke MAP,
dev damoTOONKAY HOKPOCKOTIKEG 1 1oToloYIKEG aAloiwoelc (Beard et a., 2001,
Deutz et a. 2005; Corn et a., 2005; Palmer et al., 2005).

1.2 Aropoéveen too MAP

H xaAMépyeia Bewpeitor 1 péBodoc emAoyng vy v amopudveoon Tov
piKpoopyoavicpot amd 6Aa ta €idn (owv. EmmAéov, amoteAel 10 amopaitnto apykod
Pfrino Yoo TN HETEMEITA EPOPUOYT TOV TEPIGCOTEPMV LOPLOKADV TEXVIKAV, LE CKOMO
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TNV TOVTOTOINGN KOl TUTOTOINGN TOV OTEAEY®V ToV piKpoopyavicpov (Chiodini et
al., 1984; Whittington et al., 1999; Motiwala et al., 2005). Metd v npmTn iN Vitro
amopdéveon tov MAP (Twort and Ingram, 1912) 1o kaAAepynTikKd TPOTOKOAAL KOt
vrooTpdpate BeEATiIOOKOV Kol €101 onuepa vrdpyel mowkiAMa pebodmv yu v
KoaAMEPYELWDL TOL pikpoopyaviopoy. O pukpoopyoviopdg dev mapdyst @opeic tov
onpov (nvukofaktivec) Kot emopévac ypetdletatl yio v avantoén tov in Vvitro v
wapoyn pokoPaxktivov (Homuth et al., 1998). Ov kaAlepynrtikég pébodor mov
epapuolovtar yo v amopdévoon tov MAP dwokpivovtar otig cupfotikég pebddoug,
OV YPNCIULOTOOVV GTEPEG VIOGTPAOUATO KOl OTIG PASIOUETPIKEG HEBOOOVS, OV
YPNOYOTOOVY  VYPE  VTOGTPOUOTOL. Y1g  ovpPotikég  peBooovg  yiveron
evoBOAGHOG 68 oTEPEd VITOGTP®UO AVATTVENG KoL 1] TEPTOJOG EXDACTG, LEXPL TNV
eLQavion opatdv anokiov, kopaivetor ard 3 (Chiodini et al., 1984) éwc 6-8 unveg
(Collins et a., 1993). Xpnowomolovvtal O1Geopo. oTEPEd VITOGTPMOUOTH: 1)
vrooTpodpata pe Pdon 1o awyod, dmwg eivar to Herrold’s egg-yolk medium (HEY M)
(Kim et a., 1989) kot to Lowenstein-Jensen medium (LJ) (Jorgensen, 1982), 2)
vIooTpOUATA 0pov Ow¢ sivar to Dubos medium (Saxegaard, 1985) kot 3) cuvheTiKa
vrootpopata 6mwg eivor to Middlebrook kot to Watson-Reid medium (Damato and
Coallins, 1990). Ytc  podopeTpikéc  uebddovg  kaAMépyelag Ta  dsiyuata
avaperyvoovion pe moivpvéivn B, apeotepicivny B, voidi&iko o&0, tpyuebompipun kot
allokidAivny (polymyxin B-amphotericin B-nalidixic acid-trimethoprim-azlocillin,
PANTA) xot pe éva €81k vypd VIOGTPOUO, 7OV TEPLEYEL TOAMUTIKO 0&ED
emonpaopévo pe *C. To emonpacpévo pe C So&eidio Tov Gvbpaka mov Topdyetal
KOt To PETUPOAGHO TOV C-adpTcoD 0E€0G amd Ta pukoBakTnpidia, avivedetal
ue e101k6 e€omiiopod (Collins et al., 1990b). Ot padiopetpikéc péBodol kKaAMEPyELag
EMUTPEMOVV T YPNYOPOTEPT O€ GYéom Ue TIC ovpPatikéc (8 efdopddeg) aviyvevon tov
MAP (Whittington et al., 1999), aAld ypnowonotodvior and TEPOPICUEVO aplOud
gpyoompiov, yoti mpoimoBétovv axpifo eLomAiopd kol ypnomn podoicoTOTMV.
Toéco ot ocvpPotikéc 660 kol ot pPadOpeTpIKEG HEBOJOL KAAMEPYEWS OmOLTOVV
nepotépo emPePaioon g avantvéng MAP, pe v gpappoyn g aAVCIO®TNG
avtiopoaong ¢ moAvuepdong (polymerase chain reaction-PCR) yw v aviyvevon
E0IKAOV Y10 TO LUKPOOPYOVIGUO VOUKAEOTIOIKMV oAAnAovywv. Tlapd to yeyovog 6t
KaAAEpyeln Bempeiton n «ypvon» pEBodog yua v didyvmon g vocov, 1 evaichncia
™mg pebodov eivor yevikd yopnin. Ov Merkal et al. (1970) avépepav 6t M
KaAMEPYELD KOTPAV®V Bo0ddV €xel dtayvaoTikn gvaistncio 50% kat 6Tt aviyvedet
(oo mov amekkpivouv meplocotepeg omd 100 cfu/gr kompdvov. AAAOL gpeuvnTEG
ektipnoav v gvactncio dtedpwv pedddwv KaAMépyelag Konpdvav Poogdmv Kot
avépepav gvatodnoieg mov kvuaivovtav and 25-55% (Sockett et al., 1992; Stabel,
1997; Eamens et a., 2000; Whitlock et a., 2000). Televtaio, o1 Kostoulas et al.
(2006) vroroyoav yauniég svaictnoiec e pebodov Yo TV aviyvevon VITOKAVIKG
npocPefAnuévov mpofdtov kot arydv eAAnvikodv ektpoemv (14,7 ko 16,1% ot
TpOPata Kot aiyes, avticTor o).

Ta yopokmmpiotikd avémtoéng tov amoikiov tov MAP ota oteped
KOAMEPYNTIKA VLTOGTPOUATO OlPEPOLY ovhroya pe to €idog Tov Ldov. g
KaAAMEPYElEG detypdtomv and Poogldn|, atyeg kol didpopa €idn ¢ dyplog mavidag ot
QTOIKIEG TOV HIKPOOPYaVIoHoD £xovv Bpadeio avantuén (3 uiveg), tpayeio epedvion
Kol €fvol avOUOIOHOPPES Kot AYp®UES. X KOAMEPYELEG OEYHATOV amd TpoPoTo ot
anoikieg £xovv moAd Ppadeio avamtuén (6 punveg 1 Kol TEPIOGOTEPO), Eival HIKPEG,
Aeieg, opowdpopPeg kot cvvnBwg égovv moptokaAi-kitpvo ypopoe (Taylor, 1951;
Taylor, 1953; Stamp and Watt, 1954; Stevenson et al., 2002). H peydAn dvckolrio
ATOLOVOONG TOL HKPOOPYOVIGHOD amtd Ta Tpofata oe oyxéon pe to dAha €idn (dwv
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avtikatontpiletal o€ TOALES avapopég epevvnTdV omd v Evpomn, v Aepikr|, Tig
H.ILA. kot v Avotpaiio pe moAd yapnAd mocootd amopdvoong MAP and
poivopéva mpofata (2-30%) kot pe TOKIAOVG ¥POVOVG EXDACNS TOV KOAMEPYEIDV,
€0 TNV ELEAVIOT] 0OPOTOV OTOIKIOV, ard 4-9 unvec. Ze Ayeg pudévo avoapopég amd v
Acio vdpyovv Kavomomtikd T06ootd anopéveoong MAP and poivopéva mpdfarta
(57-86%) (Whittington et al., 1999). Ta dedouévo GVTA 0ONYNOAY GE SLUPOPETIKES
VTOOECELS OYETIKA HE TNV EMAPKED TOV KOAALEPYNTIKOD VTOCTPOUOTOS Yo TNV
QTOLLOVMOOT] TOV HKPoOopyoviopoy omd tpdPata. Or Aduriz et al. (1995) npotevay 1o
vrootpopa LI pe mv tpocsdnkn mupovfikov vorpiov, ®¢ T0 KATOAANAOTEPO Yo TNV
KaAMEPYELD detypdTmv amd mpoPoata, eved ot Whittington et al. (1999) to Middlebrook
7H10 xon 7H11, kabdg kot to padiopetpikd vrdotpopo BACTEC 12B.

H dmapén ovo @awotumikd O10QopeTiKdV moKiAwv tov MAP, e
OLPOPETIKA  YOPOKTNPIOTIKE  OvVATTUENG OTNV  KOAMEPYEW KOL  (QOLVOLEVIKY
E0KOTNTA EEVIOTOV, 0ONYNGOV oTNV LIOOEGN OTL VILAPYOVY JLOPOPETIKES YEVETIKEG
nowiAieg (oteléym) tov MAP, ot omoieg, mOavov, pordvouy dlopopeTikd {mikd gidn
(Collins et a., 1990a). T ™ diepevvnon g vrdbeong avtng Kpidnke avoykoio N
TANPNG YOPTOYPAPNOT TOL YOVIOIOUOTOS TOL HIKPOOPYOVICHOD KOOMG Kot M
EQUPUOYYT] TOIKIA®V pHoplok®V HeBOd®V, LE OKOTO TNV TLTOTOINGY OLULPOPETIKAOV
OTEAEYMV TOV LUKPOOPYOVIGLOD, Ol OTTOT1ES TEPTYPAPOVTAL GTI GLVEXELN

1.3 Mopuwkog yapoktnpiopoc MAP

O HoplaKOC YOPOKTNPIGUOS KOL 1 YEVETIKN GUYKPION TMV OTEAEYDV EVOG
LIKPOOPYOVIGHOD TTALPEXEL CNUAVTIKEG TANPOPOPIES OTIG EMONUOAOYIKEG HEAETES, TTOV
GTOYEVOVV GTNV KATOVONOT TNG TPOEAELONG UG LOAVVON G, OTNV OVOYVMDPLoN TOV
TAPOYOVTIOV ETIKIVOLVOTNTOG Yol TN UETAO0CT TNG VOGOV, GTNV OTOGOENVIoT TNG
TaB0YEVELNG KOl 6TV KOAVTEPT EKTIUNGON TOV HETPOV EAEYYXOL NG vosov (Motiwala
et a., 2006b). T to MAP, n voBeon ™G VToPENG SLOPOPETIKAOV GTEAEXDV TOV
HUIKPOOPYOVIGHOV UE EOIKOTNTO EEVIGTOV, OMOTEAEGE TV OPYY| VIO TNV AVATTLEN oG
HEYAANG TOKIMOG LOPLOKDV TEYVIKAOV, L€ GKOTO TNV TUTONOINCT) TOV CTEAEYDV TOV
elyav amopovmbel 1600 and Katowkidw, 660 Ko and dypuo (da, aAAd Kol omd TOV
dvBpomo. IMapdiinia, Eexivinoe kot  Tpootabelo YopToypaenNong OAOKANPOL TOV
yovidiopatog tov MAP, 1 onoio. odokAnpmbnke porg npocoata (Li et al., 2005).
o mv yaptoypdonon emdléydnke to otérexog K10, mov &iye amopovmbel amd
Boogdn pe kKhvikn voco oto Winsconsin ota. péco g dekaetiog tov ' 70, yloti gival
Aoyoydvo kot yapmAng 010dov. ‘Extdg amd v avdivon tov yoviduwpatog tov K10,
TPAYLOTOTOONKE KOl GUYKPIGY] TOL HE TO Yovidimpa tov otedéyovg H37Rv tov
Mycobacterium tuberculosis (Mtb) (GenBank, apiBuog kotoydpnong NC_000962)
Kot Tov otehéyovg 104 tov Mycobacterium avium (Cole and Barrell, 1998; Cole et dl.,
1998) (ITivakag 2).
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IMivakag 2. Z0OyKPIon TOV KUPLOTEPOV YOPOKTINPICTIKOV TOV YOVIOIOUATOG TOV
oteAéyovc MAP K10 pe dAra €idn pokoPaxtnpidiov

[510tNTEg MAP M.avium  M.tuberculosis M .bovis M.leprae  M.smegmatis
Méyebog 4.829.781 5.475.738 4.411.532 4345492 3.268.203 6.988.209
YOVIOLOUOTOG

(bp)

G+C (%) 69,30 68,99 65,61 65,63 57,79 67,40
Kwdéwonoinon 91,30 NA 90,80 90,59 49,50 92,42
TPOTEIVOV %

Avoytd 4.350 NA 3.959 3.953 1.604 6.897
OVOYVOOTIKG

mhaica

IMukvota 1112 NA 1114 1.099 2.037 1.013
YOVIOIOUOTOG

(bp / yovidio)

Méco péyebog 1.015 NA 1.012 995 1.011 936
yovidiwv (bp)

tRNASs 45 45 45 45 45 47

tRNA operon 1 1 1 1 1 2

H avdivon €dei&e 611 t0 yovidiopa tov oterléyovg K10 anaptiletor amd pio
povoxkiovn kot kvokMkny DNA oAAniovyia, omotelovpevn omd 4.829.781 (evyn
Baocewv pe mepiektikotnTo 0 yovavivn kat kvtocivy (G+C) 69.3% (Ewodva 1). Ot
Bdoelg yovovivn kol KLUTOGIVY KOTAVEUOVTOL GYETIKO OMOIOLOPPO. KATO UNKOG TOV
yovidiwpatog. To yovidiopa tov K10 mepiéyel 4.350 avoytd avoyvootikd TAaicla,
10 uéyebog twv omoimv Kvpaivetor amd 144 émg 19.155 (evyn Pdoswv (base pairs-bp),
Kot to. omoia amotelovv 10 91.5% T0v GUVOAIKOL Yovidudpatog. H avdivon €oeiée
0tt 10 60% TV TPOTEIVOV TOL K®OKOTOOVVTOL 6To Yovidimua tov MAP eivat
OUOLAOYO pe GAAEG pkpoPlokég MPMTEIvEG HE YVOOTEG Asrtovpyieg, evd 10 25%
epeaviler oporoyio pe mpwTeEIveg mOL OV €yovV YV®OTH Asrtovpyia. Amd TIg
apondve, ot 39 givar povadikég yio to MAP, evo mepimov 1o 75% eivar opdroyeg pe
avTég oL avayvopiotnkav oto Mth. To yovidiopa tov MAP kwdwkonoel évloua yio
TOALG HETAPOAIKA pOVOTATIOL GTO, OTtoia TepAapPdvetal avtd g YALKOALGNG, TNG
eEVIoling moeatdong, Tov KOKAOL ToL KapPOoELAIKOV 0EE0G KOl TOV KUKAOL TNG
yAvko&uddtg.  Optopéva yovidin kot petafolikd povomdtia, OUMG, TOL EYOLV
neptypagel oto Mtb, Aeimovv and 1o yovidimpo tov MAP, 6twg, yio Tapdderyua, To
amopoitnto yovidln yioo v mopaywyn ovpedons. Emopéveg, m wkavotntd tov va
napdyel almto amd ovpio whavov dapépel and avty tov Mtb kat dAlov Boktnpiov
mov apdyovv ovpedon. H avdivon £oeiée peyardtepo aptBpud pubuictikdv yovidiov
(n=150) ot0 yovidimpo tov MAP, oe oyéon pe to Mtb (n=100), yeyovdg mov
ocuvdéetan pe v wovotnta 1ov MAP va emiPidverl og peydio vpog mepioiioviikdv
ovvnkov (Cole et a., 1998).

IMepinov 10 1.5% (1} 72.2 kb) t0V0 Yovidubpatog tov MAP omotedeiton omd
évheteg  emovoAapPovOIEVEC  VOUKAEOTIOWKEG  OAANAOLYIEG Kol  TOAVYOVIOIOKEG
owoyéveteg. Ot évBeteg aAlnlovyieg, | Kivntd yeveTikd ototyeio, efvatl oyetikd pikpd
tunuato oo DNA woavd va petagépovtal HeTald Kot EVTOG TOL YOVIOIDUOTOS TV
TPOKOPLOTMOV, TPOKOADVTOS OLYVO £€vOeteg UETOAAAEES Kol  YPOUOCOUKEG
avadwtaéelg (Dombek et a., 2000). Méypt mpwv vV OAOKANPOOTN  TNG
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YOPTOYPAPNONG TOV YoVIddpatog Tov otedéyovg MAP K10, cto yovidiopa tov MAP
elyov avoayvopilotel ot évetec adliniovyieg 1S900 kar 1S1311 (Green et al., 1989,
Roiz et a., 1995). Kotd v avdivon tov yovidudpotog tov K10, avayvopictnkoy
19 JSweopetikég évBeteg aAAnAovyiec pe 58, ocvvoAikd, oavtiypaga. H avdivon
avayvoploe 17 avtiypaga tng £vhetng oaAAniovyiog 1S900 kot emntd avrtiypoaeo g
1S1311. H 1S900, n mpidTn £vBetn ahAniovyio tov cvumAéyuatog tov M. avium, mov
avakoAvenke mpwv 18 ypdvia oe otedéyn tov MAP, omodeiybnke otL elvon
amokAElOTIKN owtov Tov vrogidovg (Green et al., 1989; Collins et a., 1989). H
aAiniovyio 1S900 amoteAeitar amd 1451 (ebyn Pdoeswv ko €xel Ppedel oe 14-18
avtiypaga oto yovidioua tov MAP. H avbevtikn 1S900 odiniovyio (apiOudc
eyypaopng ot GenBank: X16293) (Green et a., 1989) csueaviler téooepig
VOUKAEOTIOKOVG TOAVLOPPIoH0VG o€ oyéon pe Tig 15 amd tic 17 1S900 adliniovyieg
mov Ppébnkav oto yovidiopa tov K10 (Li et a., 2005). EmmpocHeta, mowkileg
EPELVNTIKEG  ouddeg  €yovv  meprypdyel 8 dwpopetikés maporroyés  1S900
aAANAOVYIOV 7OV  JPEPOLY  KOTA €vav 1 TEPLGGOTEPOVG  VOLKAEOTIOKOVG
molvpopeiopotg and v avbeviikny 1S900 aAinlovyioa kot amd ovtéc tov K10
(Pickup et al., 2005; Sivakumar et al., 2005; Bhide et a., 2006).

H évBetn aAinlovyio 1S1311 dev eivor amokKAEIGTIKN TOV YOVIOIOUOTOS TOV
MAP, apov éyxel Ppebel emiong oto yovidiopo tov Mycobacterium avium kot Tov
Mycobacterium intracellulare (Roiz et al., 1995; Collins et al., 1997). Xto yovidioua
tov MAP 1 1S1311 vrdpyet og 7-10 avtiypaga (Collins et al., 1997; Whittington et
a., 1998). To uéyeboc g eivor 1317 bp kou dev gpeaviCel kopio oporoyio pe v
1S900 o¢ eminedo VOuKAEOTISI®V 1] APVOEEWV.

H ypnon tov £vOeT®wv VOUKAEOTIOIK®Y OAANAOLYLDOV MG AVIXVEVTEG TPOAYEL TN
OuaKpLon TV oTEAEY®V, e&attiog NG TAONG TOV AVIETATIOEUEVOV OVTOV GTOXEIOV
VoL EIGEPYOVTOL TLYOIO KO VO KATOACUBAVOUY TOALATAG onueio 6To Yovidlopa. Xe
OPIGUEVOVS UIKPOOPYAVIGHOVG, Omm¢ gival o dtdpopa €idn pukofaktnpdiov, ot
évBeteg aAAniovyieg evromiloviar oyetikd otabepd oe kabopiopéveg 0écelg tov
YOVIOUDLLOTOG, YEYOVOS IOV EMTPEMEL T YPNOT| TOVS YOl TNV TLTOTOINGT GTEAEYDV YU
emdnuoloyikovg okomovg (Dombek et al., 2000). Ot aAiniovyieg 1S900 ko 1S1311,
0l TPOTEG OV OVOKOADPONKaV 6to yovidiopa tov MAP, &ovv ypnoipwonomBei mg
AVI(VELTEG OE TOIKIAEG LOPLOKES TEYVIKEG, L€ OKOTO TNV TLTOTOINGT TOV GTEAEYDV
TOV [KPOOPYOVIGLLOD, Ol OTO1Eg TAPOLGLALOVTAL GTI GUVEXELD.
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Ewova 1. Kvokhikn anewcovion tov oteréyovg MAP K10 6nmwg €xel meprypaget and
toug Li et a. (2005). Kokkwvo Bélog: rRNA operon. Xkovpo pmf 10toypoppo:
neplektikomta o G+C.  TloAvypmpo 16TOYPOpL: ovoyTd ovayvOoTikd TAdiclo
KOSKOTOMUEVA AVAAOYA HE TNV AELTOVPYIKT TOVG Katnyopio (umAe: petafoiopog
pikpav popiov. Kokkwvo: kuttapikéc depyocies. Mof: diieg depyacies. Kitpivo:
vrobetikég depyaocies. Ilpdovo: dyvmoteg depyaciec. To eEmtepikd ypoUATIOTO
OTOYPOUIO VTTOJEKVOEL TV {01 KaTELOLVON UETAYPAONG HE TNV OapYn NG
aviypoens.  To €o0mtepkd YPOUOTIOTO 1GTOYPOUUO VITOJEKVOEL TNV avTifetn
KatevBvvon petaypaEng amd TV apyn TS avtrypaens. Madvpa BéEAn: 45 tRNAS

e L [

Myeabacterium aviwm
subsp.
paratuberculosis, k-10

4,829,781 bp

1.3.1 Moprokég né@odor Tomomoinong otehey®wv MAP

1.3.1.1 1 S900-TToAvpopiopog Mepropropod Mikovg Opavopdrov (1 S900-
Restriction Fragment Length Polymor phism) (1 S900-RFL P)

H amoxdivymn to0v apBpod tov aviitdinov tov £veetov aAAnlovyidv cTo
yovwiopo ocvvilwg TPOYUOTOTOIEITOL HE TOALUOPPIGUO TEPLOPIGHOV  UNKOVG
Opovopdtov mov axkohovbeitar omd vPpdicpd Southern tov  mEplOpGUEVOV
Opavopdtov. H opotdtnta (| n dapopd) tov tpotdinmy tov (ovov 1oV TPOKOITOLY
pumopet vo. ypnowonomBel yio ) dwpoponoinon oteleydv. H petdepoocn tov
amotelecdToV umopel va elval SVoKoAN e€outiog Tov peydiov apfuod Opavoudtov,
ov ovyvh dmuovpyovv moAvmioka mpotvma (wvov. o to Adyo avtd, cvyva
YPNOUYLOTOOVVTOL OVIYVELTEG TOL GTOYEVOLV U0 GUYKEKPLUEVY) TEPLOYN TOL
YOVISIOUATOG TOV VIO dlepehivion pikpoopyavicpov. (Kanduma et al., 2003; Dvorska
et a., 2004).

H teyvicn mov €xer ypnowomomBel mo exkteTOpévVO, Yoo TN HOPLOKN
tononmoinon Tov oteleydv tov MAP givar o 1S900- RFLP. O 1S900- RFLP éyet
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YPNOLOTOMOEL GLYVE KOl GOV TEXVIKY OVAPOPAS Yol TNV EKTIUNCT TNG OLKPITIKNG
KovoTnTaG VEWV TEXVIKGOV Tumonoinong tov MAP (Bull et al., 2000; Overduin et al.,
2004). Xe Ohec Tig peléteg, oTig omoieg ypnoomombnke o 1S900-RFLP, to oteléyn
tov MAP katnyoplomomOnkav cg 600 KOPLeg OpAdES. TN Hio opddo KotaTaydnkoy
oteléyn mov eiyov amopovwbel Kupimg amd Pooeldn), ailyeg kot ddeopa €10Mn NG
Gypilag mavidog kot yapoktnpiotnkav og Posiov (cattle-C) 1 tomov I otedéyn, evd n
dgvtepn meptélafe otedéyn kvping and mpoPota, To omoio. ovopdotnKoay TpOPEOv
(sheep-S) 1 tomov I otedéyn (Collins et a., 1990a). O poplokdg avTodg dloyMPIGUOC
TOV GTEAEYDOV NTOV GOUGMVOS KOl LLE TPOTYOVUEVES TTOPUTIPTOELS TOV OLPOPOVCAY TO,
OLOLPOPETIKA YOPOUKTNPIOTIKA OVATTUENG TOV LUKPOOPYOVIGHOD OTNV KOAAEPYELD,
avéAioyo pe to av T detypato mpoépyovtay and mpdfata 1 dAia £idn {dwv. Me
e€ailpeon TOV MOPATAVE OlYWPICUO, Ol TEPLOGOTEPES UEAETEC OEV AVAYVAOPICOV
Kkdmolov 1d1kd tov {wikov gidovg RFLP-tomo tov MAP ota katowidio punpuvkaotikd,
otV Gypila mavidoo 1 otov avBporo. H avaivon oteheywdv MAP mov amopovoOnkov
amo ayprokovvelo Kot Boogldn| 22 ektpopav, mov £ywve tpoceata pe 1 S900-RFLP kot
GAAEG HOPlOKEG TEXVIKEG, OV B avapepBovV 6T cuLVEXELN, OV £0€1EE O10POPES
petalh Tov otehey®v amd kovvéAa kot fO0EON TG 10106 1 SIUPOPETIKMV EKTPOPDV
(Greig et a., 1999). Emiong, otehéyn mov anmopovodnkay amd yateg kot Boogdn mov
Covoav otig 101eg ekTpoés, otig H.IL.A., katatdyOnkav otov 1010 1S900-RFLP tomo
(Palmer et a., 2005).

Ouv epeuvntég, mov ypnowomoincav tov 1S900-RFLP, xoatéAnéav oto
ovumépacpo O0tL évag povadtkdg kvpiapyog tomog MAP eivol kavog va poidvet
TOALG  OlPOPETIKG  €idn o€ EeXOPIOTEG YEMYPOQIKEG TEPLOYEG OTOV  KOGHO
(cvvowiCovtarl amd tovg Motiwala et al., 2006b). EvoAloktikd, icwg o 1S900-RFLP
dgv glval emapkng vo ovyveDoeL TOAVY| YEVETIKY TOIKIAOLOPPio, 6TOVG TANOVGLOVG
otereydv MAP.

[Tapd to yeyovog 6Tt M drakprrikn wovotnta tov RFLP, pe ) ypnon dAlov
EvOETOV aAANAOLYIOV OC OVIXVEVLTEG, NTOV OPKETE IKOVOTOMTIKY, 6€ GAA0 €ldn
pokopaxtnpdiov (van Embden et al., 1993) n poplokn tomonoinon tov MAP pe
S900-RFL P mepropiletat amd v moAd apyr| avarntuén TV TEPIGGOTEPOV GTEAEYDV,
KaBdg Kol amd TV TavTeAn EAAEWYN avATTLENG GAL®VY, KLPIOG GTEAEY®V TTPOPdTtmV,
oe ovuPatikéc KaAMEPYEleg, KaBDg N TeXVIKY amoutel PEYOAEG TOGHTNTES LYNANG
mowdtntag DNA. Emmiéov, €ortiag g éAlenyng moAvpopeiopold avdpeso oto
drapopeTikd Lok £10m Tov TEPAAUPAVOVTOL GTIC OVO PEYAAES OLADES, | AVAALGN LLE
1S900-RFLP paiiov éxet meploptopévo poAO GTIC EMONUIOAOYIKEG LEAETES THG VOGOV
tov Johne's (Motiwala et a., 2006b).

1.3.1.21S1311-RFL P ko 151311 PCR-avaivon meplopiopov EVOOVOUKAEATAOV
(151311 PCR-Restriction Endonouclease Analysis) (1S1311 PCR-REA)

Avdueca otig dAheg évBeteg alAnlovyieg mov €xovv ypnowwomomBel yu
tomomoinon oteley®v MAP givor 1 IS1311. H avdivon Southern blot towv tpotinmv
RFLP, pe ™ ypnon g 1S1311 wg aviyvevtn, £dei&e 6t vdpyovv 7-10 avtituma g
IS1311 oto yovdimpo tov MAP (Whittington et a., 1998). O [S1311-RFLP
Katnyopromoince 1o oteléyn MAP otic 1d1ec kvpleg opadeg (C ko S tHmo) dmwe o
IS900-RFLP (Collins et a., 1997). H avdlvon oteleymv MAP pe 1S1311-RFLP pe
™ XPNON TEGGAP®V daPopeTik®dV evibuwv meplopiopot ( BSEI, BamHI, Pstl kot
Pwull ) €de1&e 0TL M TEXVIKN €Yl LKPOTEPN SLKPLTIKY IKOAVOTNTO, GUYKPIVOUEVT LE
tov 1S900-RFLP, 6cov agopd tnv mepattépm didkpion tov otedeymv (Whittington et
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al., 1998). Tlapoéro mov o IS1311-RFLP daywpiler ,0mmg kot o 1S900-RFLP, ta
oteAéyn MAP oe C xou S tdmo, £€xel, pdAlov, meplopiopuévn yYpNom OTig
emdnuoroywcég peréreg, yori n 1S1311 aAknAovyio dev eivarl OmOKAEIGTIKY| TOV
MAP, eupaviletar oe Aydtepo aviiypaga oto yovidioud tov (mbavodg Adyom
HKPOTEPNC AVTILETAOETIKNG OPOOTNPLOTNTOC) Kal, Yo TO AOGYO0 OUTO, 1 TEXVIKN
Slympilel Ta oteAéyn oe Ayotepeg voopnddeg oe oyéon pe tov 1S900-RFLP.

O Marsh et a. (1999) nepiéypayov pio TexViKn aAVGIOMTHG aVTIOPOoNG TNG
nolvuepdone, oe ovvdvooud pe aviilvon TEPLOPIGHOD evdovovkAieaohv [1S1311
PCR-Restriction Endonouclease Analysis (1S1311 PCR-REA)], n onoio.  kobiotd
wKavn, 0nwg kot oty mepintwon tov 1S900-RFLP, ™ dudkpion tov otedeyov MAP
oe C kot S 10m0. To TpOTLTO TEPLOPIGLOL TOV SNUOVPYHONKE UETA OO KOTN LE TO
évCopo Hinfl, Tpoékvye e€antiag e petd@hiaéng wog kutooivig o€ Bopivn ot Béon
223 (ocvppova pe tov apliud eyypaeng oty Genbank U16276) ce kdmolo and ta
avtiypaea g 1S1311 oe C tomov otedéyn MAP. H petdidoén avtn dev vapyel o€
kavéva and ta aviiypaeo g 1S1311 ota otedéyn MAP S tomov. Xe pio emmAéov
HEAETN, oV omoio ypnowomomnke n 10w TEYVIKY, avayvopiotnke &vag vEog
yvevotumog, otov omoio m C223T petdAloén vanpyxe o€ Oho To OVTLYpaQO TNG
aAAniovyiag . Avtog o yevotumog mapatnpridnke anokielotikd oe 16 oteléyn amd
Bicoveg, mov mpoépyovtav amd 9 {da (Whittington et al., 2001). H pébodog ovt
ypnowonoteiton gupvtepa, oe oxéon pe tov 1S900-RFLP, yww tov poprokd
Swywpopd Tov oteleydv o S kot C tomo, yati eivan Aydtepo ypovofopa, amartel
pikpotepeg mocotnteg DNA kot umopel yio to AOYo avtd vo epapprocTel evkordTEPO
o€ oteléym Ppadeiog avantuEng, OTMG AVTAE TOL ATOLOVAOVOVTOL KUPIG arnd TpdPata
(Motiwalaet a., 2006b).

1.3.1.2 IoAromii) Alvodoti Avtidpaon g Hoivpepdong ya Tig | SO00
Ieproyég —Multiplex PCR for 1S900 Loci (MPIL)

Muw  evodioxtik] péBodog, mov ypnoipomomdnke yw TNV TLIOTOINGN
otedey®@v MAP, givor n moAlardy avtidpoaorn g moivuepdong (PCR) ywo tig 1S900
neployés (MPIL).  Ou Bull et a. (2000) mpocdidpioav T aAiniovyio TV
voukAeoTdiov 14 1S900 aAiniovyidv, kabmdg Kot TV mePLoy®V Tov Ppiokoviot
exotépwbev kdbe 1S900 arinrovyiog kot a&lomoinoav TG TANpoeopieg, Yy v
avantuén pag moivcvvleng PCR tvrmomomtikng pebodov. O MPIL tomot, mov
TpoEKvyav, avtiotoyovoayv coe oteAéyn MAP, ta omola, eite otepodivrav pio M
neprocotepeg 1S900 aAAniovyieg, eite mapovsialav o yevopkn ovadldToén
kamotog 1S900 aliniovyiog N/xon ¢ ekotépmbev g aAAniovyiog mepoyng. Ot 7
a6 116 14 1S900 aAiniovyies, KaB®OG Kot o1 eKOTEP®OEV TEPLOYES, NTAV SLATPNUEVES
e OMo o oTEAEYM oL e€etdoTnKay, To omoia Tpopyoviav amd PBoogldn, Tpofara,
atyec ko avBponovg. H MPIL tvmomoinon, eniong, dwaydpioe ta otehéyn oe C ko S
TOmo, 6mwg kot o 1S900-RFLP.

Xe o peyodvtepn perémn mov €ywve otig Hvopéveg Ilohreieg, oty omoia
ypnowonombnke MPIL tvmomoinon, dwumetddnke 0Tt 1 TAcloyn@ia TOV GTEAEXDV
MAP (201 and to 210 mov avoivdnkav) opadomombnkov oe évav kiddo. Ta
apepkavika Boégia otedéyn, o€ T0c0otoO 78%, cuumeptlopuPavouéveoy Kol ouTdV omd
v Apyevtivi kot ™ Néa Zrotia, KatatdyOnkav 6’ avtr| ) pneydin opdada deiyvovtag
onuovtikd Pabud opotopopeiog TV 6TEAEXDOV TOL HOALVOLY PBoogwdn. Ta oteléyn
MAP mov elyav amopoveobel amd dAho punpukacTiKd, OTmg alyeg Kot eAdeLo, Kadmdg
Kol vl 6TEAEXOG OO [, KotatayOnkav eriong oty idw opdda. Aegkatéooepa omd
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TO OTEAEYN, TTOL TPOEPYOVTOY amtd TPOPaTa dlecTdpnoay 6€ OAO TO JEVOPIYPOULLA,
pe 1o 50% vo opadomotovvton poli pe to o otedéyn. H avaivon avayvopioe
kaBapn yevetkn OlakOpovon pHeTad TV TPOPEIV CTEAEXDV, EVO VLANPYOV
TEPLOPIOUEVES OLOPOPES OVALESO OTO GTEAEYN amd Poogdn katl dAla (oikd €idn, Ta
01010 TPOEPYOVTOV OO TOKIAES YEWYPAPIKES TEPLOYES.

H avaivon MPIL amattel modd pikpég mosotnreg DNA ko eivon epappooctéa,
og vroPabcpéva detypata DNA, kabng kot oe pun koAlepynowo oteréyn MAP
mov dgv givon KatdAnia yio RFLP avédivon. ‘Eva pelovékmuo g teyvikng MPIL
etvar 011  mapovcio meploptopévon apBpov évlstwv Bécewv yio v 1S900 pmopel
va €xel g amotédecpa t ovykMon tov MPIL tonov. Topd ta kdmowo texvikd
mieovekmuato 1 MPIL dev mapéyetr kdmowo emumAéov S1GKplon TOV CTEAEYDV GE
oyéon pe tov 1S900-RFLP, kol cuvenmg £xel LAAAOV TEPLOPIGUEVT EQAPLLOYN OTNV
tumonoinon oteley®v tov MAP (Motiwalaet a., 2006b).

1.3.1.3 Molvpoperopés Mikovg Evieyvpévov @pavepatog (Amplified Fragment
L ength Polymor phism) (AFLP)

O moAvpopeLopOS UMKOVG evioyvpévov Bpavouatog (AFLP) eivor pia teyvikn,
N omoio EMTPEMEL TNV TLTOTOINGT LYNANS OVAALGNG TOL YOVIOLIMUATOC L€ CKOTO TN
ypnyopn Odlepgvvnon TG yevetkng Olakvpavons. O AFLP mepiiapfaver tov
nepropiopd tov DNA pe dvo évivpo Teplopiopon, mov aKoAovOeital amd emAEKTIKN
enéktaon pe PCR pog vroopddog tov Opovoudtov Teplopioiod Tov TPOKOTTOLV.
Avtd T Opadopota yivoviol opatd 6 TNKTN TOAVOKPIAAUISIOL HE avTopadloypapio
Kat, o Tpoceata, pe pebddovg Pacilopeves oe Bopiopd. H peydin dwbeocipdtnta
o€ évlupo TEPLOPICUOD KOl AVTIGTOTYOLS CLVOVOAGHOVE EKKIVITOV Koot tKavn )
onuovpyia mokidwv AFLP Bpavopdtov yio m oepehvnon TOALUOPPIoUDY, THV
TOLOTIKN avéAvon kAnpovounolpmv meproymv (QTL) kat T yeveTikn xaptoypdonon.
‘Eva dAho mieovéktnua g teyvoroyiag AFLP givatl n vynAr g evarcnoia yo v
aviyveLGTN TOAVLOPPICUDV GE OAOKANPO TO YOVISI®LLL.

H avdivon, pe m yprion AFLP, 104 steheyov MAP, and dwpopetikd {owd
€ldN Ko TOKIAEG YE@YPOUPIKES TEPLOYEG, TTOV AVTITPOCOTELAY dropopeTikovg MPIL
tomovg (Motiwala et al., 2003), £de1&e 0tL 10 72% TtV oTereydV KotatdyOnke o€ 600
KOpLovg KAAdovs. Avtoi ot kAadol tepthapfavayv to 90% twv Pocsiwv otereydv MAP
kaBog emiong kot To oteEAéyn mov elyav amopovebel amd aiyec ko podec. e
GUUE®VIO, LE TPOMNYOVUEVEG HEAETESG, O1 OVO KVPLOL KAGOOL TepAduPavay pHovo &va
amd To TE6oEPA OTEAEYT, Tov elyav amopovmbel and mpdPata. Ta otedéyn tov
ovumAéypotog M. avium mov &iyav amopovobel and acbeveic pe vooo tov Crohn kot
amd GAlovG dyvootovg Eeviotég, kotatdyOnkav oe  Egywpiotodg  KAAdOLG,
vrovomvtag Eekdbapo daympiopd. Xe avtibeon pe mponyovueveg ueiétec (Pavlik et
al., 1995; Whittington et al., 2000; Motiwala et al., 2003), to. AFLP mpogil
Tumonoinong twv avipomveov otekeydv MAP ftav povadikd kot dev katatdyOnikov
pali pe ta Poswa M ta TpoPeta oteréyn. H perém €6eie vynio Pabud yevetkng
opowdtrog twv oterey®v MAP mov siyav amopovmbel and Poogdn, aiyeg Ko Hoeg,
avegapmta and TN YEOYPUEIKN Toug Tpoéievon. EmmAfov, n avdivon vrédeite
yevetikn etepoyévela Tov otereyxdv MAP mov giyav amopovmbel and avOpdmovg Kot
poParta.

H tvmonoinon pe AFLP, pe ™ ypron 96 opddwv ekkivntov, 20 otedeymv
MAP kot tov otedéyoug MAP 19698 (O'Shea et al., 2004) amoxdAivye 11
SlpopeTikovg yevotumovg.  Xe avtibeon pe mponyovueveg ueiéteg (Pavlik et a.,
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1995; Whittington et al., 2000; Bannantine et a., 2002 ; Motiwala et a., 2003;
Bannantine et al., 2003), ta amoteAéopato katédel&ayv vynio Pabud yeverikon
TOAVHOPPIoHOV peTalld Tov otedeydv. E&attiag g élhenyng mAnpopopidv 6Gov
aQopd to €0 TOV EEVIOTOV Kol TIS YEOYPAPIKEG TEPLOYEC MTOV OVGKOAO Vvl
amotyn el edv N KoTdtadn elye EMONUOAOYIKN oNUaGia.

[Tapoéro mov o AFLP @aivetar va éxel peyaAdTepT SLOKPITIKY IKOVOTNTO, GE
oyxéon ue v tvmonoinon otedeydv MAP pe MPIL xon RFLP, nepropiletar and 1o
YEYOVOG OTL 1 OAANAOUOPQOIKY] TOIKIAOHOPPIO KOTOOEIKVOETOL OE OVOVUUEG
StAANAopopeikég mepoyés. Emmpocheta, n xounAn emovoaAnyiudtnto Kot 1 Heydn
OlOKVUOVOT TV OmOTEAECUATOV UETOED ToVv  gpyaotnpiov  meplopilovv v
EKTETOUEV EQAPUOYT TOV otV TVTTOToiNon otedeymv MAP (Motiwala et al., 2006D).

1.3.1.4 Tvyoio Erektewvopevo Iolvpopeiko DNA (Randomly amplified
polymor phic DNA) ( RAPD)

H avdivon tov tuyoia enextevopevov moivpoppikod DNA (RAPD), 6nmg
neptypbonke and tov Williams et al. (1990), ypnoyomoieiton cuyvd o€ HEAETEG
YeVeETIKNG dtakbpovong otedeyov. H teyvikn avt) Pacileton o youning axpifetog
enéktaon pe PCR, yevouikod DNA, pe m yprion €vog povadtkov PBpoy€me eKKivnti
(10 — 22 PBaoceg) avbaipetng aAiniovyiog, 7OV KOTOANYEL O©TN  SMpovPYia
Opovoudtov Tov givol YopaKTNPIOTIKE TOV €100VG 1] TOV GTEAEXOVE OO TO ONOi0
nponABe 1o DNA. Eivor o amAn kot v péBodog, m omoio £0wce KOAQ
OTOTEAECUATO OTNV  OVAYVAOPIOT] KOl TLTOTOINOMN oTehey®v Ttov reptococcus
(Gillespie et a., 1997), tov Mycoplasma (Charlton et a., 1999), 6mwg emiong Kot
TOMOV pukoBaktnpdiov, cvurepiiappavouévov tov Mtb (Lee et al., 1994; Linton
et a., 1994) ko1 tov M. avium (Matsiota-Bernard et ., 1997).

H npot meprypagn avaivong RAPD yw v avoyvodpion kot d10poporoinon
otedey®@v MAP and ™ T'eppavio (Scheibl et al., 1997) nepilapPave 60 dexapepng
exkivntég pe G+C meprektikotnto 60-70%. Xe o mo mpdoeotn perétn (Pillai et al.,
2001), éva epmopikd oet, mov mephdpPave 20 dekapepeic, Toyxaiag aAilniovyiog,
EKKIVNTEG, YPNOWOTOMONKE Yoo TNV ETAOYN €VOC OEKOUEPT EKKIVNTH, O OTOI0G
EMETPEYE TNV avayvdpion kot Tomonoinon tov MAP kot tov M. avium. H avdivon
ntav wavi va dtupopormomoset to. otedéyn MAP C kot S tomov. AMkeg oyetikég
TEYVIKEG TTEpAapPavouy v avboipétag exkvoopevn PCR (arbitrary primed PCR,
AP-PCR ) (Welsh et al., 1990) ka1 v towtomoinomn emektevopevov DNA (Caetano-
Anolles et d., 1991). Avtég ot pébodot dapépovv omd o RAPD 66ov agopd to
uIKog Tev exkivntov, Tig ovvinkeg g PCR kot ™ pébodo dwoywpiopov kot
aviyvevong tov Bpavopdtov. Ta mpdtuoma mov omovpyndnkav pe v AP-PCR
Nrav 01 yo téooepa otedéyn MAP, mov arnopovodnkav and acbeveig e voso tov
Crohn, xat ywo 8 and ta 11 otedéyn MAP (ta omoio ovTimpoodTELOY SOPOPETIKA
npotona. RFLP), mov elyav amopovwbei amd Pooedn kar aiyeg pe voso tov Johne's
(Francois et al., 1997). O yevetucds yapakmmpiopods pe AP-PCR tpiov otedeydv MAP
amd eAdelo €£5e1Ee TOPOUOIOVE YEVETIKOVS TOAVUOPPIoUOVS pHE eKeivoug Posumv
oteEAEYDV, OV glyav amopovmbel og drapopeTikég meployés e Itakiag (Nebbiaet al.,
2000).

Ta dedopéva amd ™ ¥PNOoN TOV TOAPUTAVEO TEXVIKOV MTOV OVETOPKN Yol Vi
edpatdoovy TN YpNHon Tovg otnv tvmonoinon otedey®v MAP (Motiwala et a.,
2006b).
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1.3.1.5 Hrektpopoépnon IInkrodpoerog Maipkod Mediov (Pulsefield gel
electrophoresis) (PFGE)

H nlextpopopnon mnktopatog moipkov mediov (PFGE)  esivar o
npocapuoy] tov ovppotikov RFLP. H pébodoc ypmowomotel éva  €viopo
TEPLOPIGHOD TO 0moio dnpovpyel Bpavcpata vymAov poprakov Bapove. Ilapopoimg
pe ™ ovuPatikn NAEKTPOPOPNOT TNKTOUOTOS, To Opavouata daywpilovtal avdioya
pe to péyeBog tovg.  Qotdoo, katd T Owpkeww g PFGE, o oyetikdg
TPOGAVATOMGUOC TNG YEANG KOl TOL MAEKTPIKOV Tediov HeTABAAAOVTIOL TEPLOOIKA,
EMTPEMOVTOG TOV OMOTEAEGLATIKO dtoywpiopd Opavoudtov DNA peyébovg péypt kot
apkeTOV peyoPdoewv. O KOPL0g TEPLOPIOUOG TNG TEYVIKNG €lval OTL deV UITOPEL Vol
aVIVEVCEL  UIKPOVS  TOAVUOPOIOHOVS, TOL  €lvol  YOPOKTNPLOTIKOL Yoo ToL
pokoBaxtnpidia.

H petéooon otedeydv MAP peta&d kovveldv Kot Booglddv og 22 eKTPOPES
peremnke mpdéoeata pe ™ ypnon PFGE, 1S900-RFLP kot ymuelotumikd mpoeii
(Greig et a., 1999). Ta PFGE mpo@id, mov mpoékvyav pe tn ypnion o6vo
SLOPOPETIKMV eVEOU®MV TEPLOPIGLOD, OEV NTAV SOPOPETIKA LETAED TWV GTEAEYDV Ao
T KOUVEAMQ Kol T0. fOOEON NG 1010 EKTPOPNG 1 LETAED SLOPOPETIKMDY EKTPOPDV KOl
NTAV TOVOUOLOTUTTOL e OVTA Tov €Yovv Nom meprypapel yuoo ta POl oTeAEM
(Feizabadi et al., 1997).

H tomomoinom otedeyddv MAP mov mapdyovv ypwotikny ko otedeyov MAP
7oV dgv Tapdyovv XpwoTikn pe ) xpnon PFGE (Stevenson et al. 2002), dwydpioe to
oTeEAEYT € OVO Eexwplotég opddec. O daywpiopdg avtdg NTav COLEOVOS LE TNV
wponyovpevn dbkpion twv oteheyd@v MAP oe C kot S thmo, dedopévov 6Tl TaL
OTEAEYT TOV TAPAYOLV XPWOOTIKT OTOUOVAOVOVTOL KUPIMS amd Tpdfata, EVM avTd TOoV
dev mopayovv, cuvbwc Tpoépyovtat omd Pooedn kot aida gidn (dwv (Collins et al.,
1990a; Bauerfeind et al., 1996). Xtnv avdAivon nepilapfdvoviay oteléyn mov giyav
amopovmbel amd diapopa povoyaostpikd dypro {da, Omwg poes, ahemoVdes, Aoyoig,
emipveg, voopitoeg, epuivec, ayplokobvera, acPolc kol capko@dyo mTnvd, o omoia
dgv mapnyayav xpmOTIKY Kot kotatdydnkav oty idw opdda. Ta otedéyn MAP mov
TAPAYOLV YPMOOTIKY dlaywpiotnkay, emmiéov, oe 13 dapopetikd PFGE mpogik. H
AVOYVOPIoT OPKETMOV KOVOUPI®V YEVOTUTMV GE OVTH TN KEAETY] VTOJEIKVIEL OTL O
dywpiopdg mov emredydnke pe v PFGE ftav peyoidtepog amd avtdv mov iye
emtevyfel pe 1o RFLP.  Tlopoia avtd, vanpyov avemapkelg minpogopieg ot
onuocigvon v va emPefaidcovy TV YPNCIUOTNTA TNG TEYVIKNG GTNV TLTTOTOINOoN
otedeyd@v MAP (Motiwaaet a., 2006b).

1.3.1.6 rRNA T'oviowo ka1 Avaivon Ieproyng mov £xel AvtaoTnpa

H avéivon RFLP ¢ rRNA yovidwokng meproyng (Chiodini et al., 1990) pe ™
ypnon tov 5S rRNA yovidiov amd tnv Escherichia coli g avivevtq ko 11
olpopeTik®V  evlopuwv  meplopiopov, KatéAnée oe  dvooldkprta  Opavouato
nepopopod e 5S rRNA  yovidwakng meproyfg oe O6Aa ta otedéyn MAP mov
peremnkav. Ta amoteléopoto vaédeiov 01t Ta otehéyn MAP koatéyouvv éva
povadikd avtiypago twv rRNA yovidiov péca oto yovidiopd tovg. Emumiéov, ta
amotedéopato £dei&av  EMAewyn Oéocewv meplopiopol (ko yioo tor 11 évloua
neplopiopod mov e€gtdotnkav) péoo oto 5S rRNA yovido, oty meployn Tov mov
éxel ddotnua Ko oto Kevipikd téhog tov 23S rRNA. H éldetyn dapopomoinong
avaueca oto otedéyn MAP mov anopovabnkay amd avOpmdTovg, and TpmTeHovTa Kot
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anod Sdpopa €idn Cowv, vrédeie 01t o otedéyn MAP ftav yevetikd 1o,
avedptnta omd to {WKO €100 KO TNV YEOYPOPIKT] TPOEAEVGT).

[ToAhoi gpevvntéc éxovv ypnoyomomocel v aAiniovyio 16S rDNA yw va
dlpopormomacovy Pokmmplo oe enimedo eidovg | otedéyovs. Ilapodia avtd, or 16S
rDNA aAniovyieg dOev  mowiAovv oNUOVTIKG HETOED  SLOUPOPETIKOV  EOMV.
[Tapopoimg, n oporoyia g 16S rDNA aiiniovyiog petad oo MAP kot tov M.
avium givor 99.7% (gvvéa VOUKAEOTIOIKEG SLaPOPEG), YEYOVOG TOV SELXVEL TOAD GTEVN
ovyyéveln avaueco oe ovtd to. pvkoPaktnpidie (van der Giessen et a., 1994).
Avtifeta, 10 e0@TEPIKO pETOYpaPOUEVO ddotnua avdpeso oto 16S rDNA kot 610
23S rDNA egueaviCer peyardtepn mowkihopopeio (Suzuki et al., 1988). e Ppadeiog
avantoéne pvkofaktnpidio, ocvumepropfavopévov twv MAP kot M. avium,
TPOKELTOL Y10l [0, TEPLOYT] EVOG HLOVOSIKOL avTiypdpov, peyébovg 278bp (Bercovier et
al., 1986). H meproyn ot epeovilel povo 600 VOUKAEOTIOKESG SLPOPES OVAUEGO. GTO
MAP ka1 oto M. avium (van der Giessen et a., 1994). H avdAivon tg aAlniovyiog
avtg o 16 Bocia otedéyn MAP £3e1&e 0L Tav TavoUOOTUN GE OAOL T GTEAEYM
nov e€etdotnkav (Scheibl et al., 1997).

1.3.1.7 Awwdoyikég Eravaryerg Mowkirov ApiOpov 1 Eravaiqyeic Bpayimv
Alnlovyov (Variable number tandem or short sequencerepeats) (VNTRs 'H
SSRs)

Eravolappavépeva ototyeia tov Paxtnprakod DNA ypnoyomotovvtar cuyvd
¢ dgiktec yo ™ dpopomoinon kot Tvromoinon Poaktnplakdv mtadoyovev (van
Belkum et al., 1998; van Belkum, 1999). Ou enavaAnyelg Bpoyémv aAlniovyidv
(short sequence repeats-SSRS ) amotelovvTol and amAEC OUOTOAVUEPEIC EKTACELG EVOG
HOVadIKoD  VOUKAEOTIIOV  (LOVOVOUKAEOTIOKEG  EMOAVOANWELS), T TOAVUEPIKES
ektaoelg (opoyeveic M etepoyeveic emavolnyels), Kabmg emiong Kot amd O1- 1
TpwvovkAeoTdwkég emavornyelg (Wiid et a., 1994). Tlohiéc omd avtég TIg
aAAnAovyieg mapovctdlovy OAANAOLOPPIKY) VITEPTOIKIAOUOPQOIa GYETILOMEVT UE TOV
aplud TOV EMOVOAMYEDV Kol TNV  EVOOUAANAOUOPOIKY TOIKIAOHOPPic T®V
aAANAoVYIOV Kot ovopalovTol Totkilog apBpog dwudoyikdv eravornyemnv (VNTRS).
H mowihopopeia tov enavoiyemv motedetor 0Tt dnpovpyeitat kKot m cvlevén 1
tov avadmlootacpd tov DNA (Strand et al., 1993), and ™ yevetikn aotdbeia Tov
TOAVVOVKAEOTIOIKDV EKTACEMV, KUpiwe Tov TolD-G+T (Henderson and Petes, 1992),
Ko and Tov avocuvdvacud tov DNA petald emavainyemv opOLOY®V 0AANAOVY IOV
(van Belkum et al., 1998). Ou VNTRS &youv ypnopomombei yo tn Sudkpion
SpopwV €100V pukofaktnpiov coprneptrapfavopévov tov Mtb (Wiid et al., 1994,
Kremer et a., 1999 ; Gascoyne-Binzi et a., 2001; Mazars et a., 2001) kot tov M.
bovis (Roring et a., 2002), 6nw¢ eniong Kot GAL®V PakTNploKOY 100GV HE TOAD UIKPN
YEVETIKN dlokvpover oteheydv Ommg 1 Yersinia pestis (Adair et al., 2000; Klevytska
et a., 2001), n Salmonella enterica subsp. enterica opotvnog typhimurium (Lindstedt
et a., 2003), ko o Bacillus anthracis (Adair et al., 2000; Keim et a., 2000; Klevytska
et a., 2001; Kim et a., 2002; Lindstedt et a., 2003).

Mia in silico avéivon oAdkAnpov Tov yovidudpatog tov oteréyovg MAP K10
avoyvoploe 78 téheteg emavoinyelg (Amonsin et a., 2004) dwomopuéveg oe
oAOKAN PO TO Yovidiopa. Mia cuvBetn avdAivon, Tov avayvVAOPICE KOl YPTCLULOTOINGE
EMOVOAYELS Bpoyémv arAniovyidv TtoAlorAdv teploydv (Multilocus short sequence
repeats-MLSSRS) o6 évieko mOAVUOPPIKES TEPLOYES, NTOV Kavn va dtyopicel 33
otehéyn MAP o C kot S tomo. Emiong, dapopomoince mepartépw o 20 tOHmOVG TOL
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oteléyn mov eiyav Kotataybel vopitepa otovg 1dtovg MPIL kot AFLP yevotumovg
VTOOEIKVOOVTOG M0 OYETIKG UEYOAVTEPT] KOVOTNTO OLIKPIONG CE OYECT HE TIC
teyvikég MPIL kouw AFLP (Motiwala et a., 2003). Evdiagpépov amoteAel 10 yeyovog
OTL 1| TAEOYNPIO TOV VOUKAEOTIOKOV PeTAAAAEEDY TapatnpnOnke o€ éva oTEAEYOG
7oV &iye amopovmbel omd TpoParto.

M povadiky SSR (G- emavainymn) meployn ypnoomombnke yio
dwpoponoinon otereydv MAP oand 33 odwpopetikd €idn ¢ dyprog moavidag
(Motiwala et al., 2004), ta omoia giyav emiong tvmomomOei pe v gpoppoyr MPIL
(Bull et al., 2000; Motiwala et al., 2003). Me ™V TeYVIKN GVTN TO CTEAEYN TOV
aypiov (owv, Tov elyav kotatoybei otov 1010 MPIL KAddo, dtapopomomOnkay ce 7
SPOPETIKOVG OAANAOLOPPIKOVG TUTTOVS, avdAoya pe 1o (oikd €ldog and 10 omoio
aropovodnkav. H avdivon oev £€0e1&e GUOYETIGUO AVAUEGO GTOVS OAANAOLOPPLKOVS
TOTOVG KOl TIS YEMYPOUPIKEG (dvec. AVTO 0mododnke otnv mOAVOTNTA TO LY UAAMTO
{do vo améknoay T LOALVGN GTNV TEPLOYN TOL YEVVHONKAY TPV TN HETOPOPE TOVG
otov {moroywd tomo. (Motiwala et al., 2003). Ze o o mpdseatn HeAéT, n xpnion
dvo dagopetikdv SSRS (G-emavainyng kot GGT-gmavainyng) yio v TuToToinom
29 oteheyov MAP and 12 dweopetikd povoyaostpikd €iomn g dyprog movidog
KatéANEe o1 dopopomoinon Tovg o 11 SaPopETIKONS CAANAOLOPPIKOVS TOTTOVG OL
omoiot dev oyetiCoviav pe to €100¢ ToV LMoV, KOO oTeléyn amd to 1010 (Ko 100G
KatatdyOnkav o dapopetikong Tomovg (Corn et a., 2005). TTapdpoila aroteAéopaTo
éowoe kot n agorloynon SSR meploydv oteheyov MAP and koatowidwo kot dypio
UNPUKACTIKG, 0o Gyplo. LOVOYAOTPIKA €10 kol amd avOpdmovg e voéso tov Crohn.
Xmv avaivon ovty, To oteAéyn omd to dypo (oo KoatatdyOnkav oe €6
OAANAOLOPPIKOVG TOTTOVG, U OYETILONEVOLS HE TO (KO €100G KOL TNV YEWYPUPIKN
npoérevon. Ta avBpomva otedéyn elyav T LiKpOTEPT YEVETIKY SoKOUOVOT), KOOMG,
oxedov olo (10/11) xotatdybnkav oe évov OAANAOULOPEIKO TOTO, O OTOiog
nepthapfove Kot oteléym and dAla (owd €idn (Ghadiali et al., 2004).

H VNTR 1 1 SSR mpocéyyion katédeiée peyorvtepov Paduod didkpion tmv
otehey®v MAP ce oyéon pe dAheg tomomomtikég pebddovg.  Amartodvtor, OpU®G
neplocdtepec  peAéteg Yoo vo  exTiunBel m emdnpoAoyikny  onuocioc TV
OTOTEAEGUATOV TNG.

1.3.1.8 Mukopaxtiyprokéc Avdonapteg Eravarappavopeves Movadeg
(Mycobacterial interspersed repetitive units) (MI1RU)

MéBodor Pacildpeveg o€ YEVOUKOVS HIKPOOOPLOOPOVG, TOV TEPEXOVV
nowiAo aplBuo Sdoyikav emavarqyenv (VNTRS), é&yovv ¢avel va eivon
OTOTEAEOHOTIKEG Yoo TNV Tumomoinon tov Mtb (Supply et a., 1997). Ot
pokoBaktnplokéc didomapteg emavarapupavoueves povadeg (MIRU) amotelovvran
amd mowilo aplBud Ppayxtmv dodoyKOV emavoAnyemy, ol omoieg Ppiokovial oe
TOMOTAEG TTEPLOYES TOV Yovididuatog (Supply et al., 1997). H puAoyevetikn aviivon
otedey@v tov M. bovis BCG pe ) ypfion MIRU tvroroinong, £deiée 611 oo MIRU
amoteAobV amd To MO €OMANCTO OTOlKEld HEGO o€ OVTA TO HLKOPoKTnploKd
yevopato (Supply et a., 2000).

H yprion 18 kaid cvvinpnuévov MIRUS ywo T didkpion Tov oteleydv Tov
MAP dev katdoepe va d10popomotoet enapk®g to oteAéyn. [Hapdrio mov n MIRU
tomonoinon eEumnpétnoe ¢ amA] Kot ypryopn owdikacio T d0popomoinon twv
otedeydv tov Mtb (Barlow et a., 2001; Cowan et a., 2002), pdiiov dgv pmopsei vo
ypnoworomBet yio T ddkpion Tov otedeydv oo MAP.
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1.4 YnoBaOpo kol 6Komog TG peréTng

O poélhog TV HOVOYOOTPIKOV aypiov (®ov oy emonuioroyia g
TOPOELUATIOONG TOV KOTOKISI®MV UNPLKACTIKOV €Yel Yivel aviikeipevo gvpeiag
UEAETNG, UETA TNV TPMOTN OmTOUOVMOT TOV HKPoopyoviouod omd Aayove (Mathews
and Sargent, 1977) ka1 kvpiog émerta amd TV AVOYVOPION  GALOIDCEDV
TOPOPUUATIOONG OE AYPLOKOOVEAN 7OV oupPiovav pe eAdela, To omoio eiyov
ekdnimoel ) voco (Angus, 1990). And tote Kat, aitepa, v tedevtaio 10etia o
UIKPOoOPYaVIGHOG £xel amopovmbel amd d1dpopa €101 HLOVOYASTPIKOV aypimv (dov.
Ta evpuoTO OVTA €VIGYLOLV OAOEVOL KOl TEPLOGOTEPO TNV vmdbeon 6Tl T
HOVOYOOoTPIKA €101 TNG Ayplag mavidag eivar mBavod va amotehovv deEapevi too MAP
Yo Kémolovg TANBVCHOVE KATOKIOIOV UNPVKACTIK®VY. AgV VAPV TOAAEG LEAETEG
TOL VO APOPOVV TNV OTOUOVMOOT KOl TO HOPLOKO YOPOKTINPIOUO OCTEAEYMDV TOL
LUIKPOOPYOVIGHOD amd S1APOPOLS VITOTTOVG TANBVGUOVS AYPLOV LLOVOYUSTPIKAOV Kol
TANOLGLOVC-GTOYOVG KATOIKIOIWV UNpuKacTIK@OV. Movadikn eEaipeon amotelobv Ta
QMOTELECUATO EPELVAOV OTN XKOTIK, OMOL OlOMOTOOINKE OTL TO OYPLOKOVVEAN
GLUVIGTOVV de€apevr] cuvtipnong kot petddoons tov MAP ota Boogdn, pe ta onoia
ocvppiovav ota id1a Bookotomia (Greig et al., 1997, 1999; Daniels et al., 2001, 2003;
Judge et a., 2005, 2006). To oteréyn MAP mov amopovabnkav amd tovg dVO
mAnbvopovg dvnkoav otov 1010 RFLP kot PFGE tHmo, evd to ayprokodvelo
anékkpwvav MAP og wovéc mooodtTeg, TOGO Yo T LOALVGT AAA®Y 0yPLOKOVVEA®MY
060 kol Yoo T pOAvvon Tov Pooeddv, evd Ta PO0EWd] 0ev ATEQELYAV TNV
KOTOVAA®ON KOTPAV®V ayploKoOveEA®mV Katd T Pooknon. Xe pio GAAN peAETn mov
apopovoe v armopovoon MAP and aypidyateg kot Boogldn| g 110G EKTPOPNG, OTIC
HITA, dwmotdbnke 0Tt To 6TEAEYT TOV AmOUOVAOONKOY amd Tovg 600 TANOLGLOVG
katnyoprormombnkav pe RFLP otov id1o tomo (Palmer et al., 2005). O pdrog tovg
OUMG OTNV EMONMOAOYIN TNG TOPAPVUATIOONS T®V POOEO®V dEV OMOGAPNVIGTNKE,
KaB®G 01 LOAVGUEVEG OypLOYaTEG OEV €YoV TABOAOYOOVATOUIKES AALOIDGELS KOl TO
MAP amopovafnke e TOAD KPEG TOCOTNTEG OO TO EVIEPO KOL TOVG HEGEVTEPLONG
AELPAOEVES, YEYOVOS IOV VITOINAMVEL OTL 1] OMEKKPIOT UTOpEL var efval avemapkng yo
™ poAvvon tov Poosdav. Ot mapamdve peléteg apopodv ) petddoon oo MAP
amd HovoyooTpkd €i0m g dyplag movidag oe Pooewdn. Opwg, dev vmdpyovv
avtiotolyeg peAéteg yia ta mpofata ko 1§ aiyec. Kabag ta dvo avtd (owd &ion
gppoviCovv dlopopetikn omd ta Poogdn maboyévelwn g mapaguuatioong (Clarke
and Little, 1996; Clarke, 1997; Corpacet a., 2000; Tafti and Rashidi, 2000) ka1 £xovv
avapepBel oteréyn MAP pe tpomtiond oto npoPata (Collins et al., 1990a; Stevenson
et a., 2002), éev Ba NTav cOOTO VO avoydyovpe €uOEMC TA OMOTEAECUATO TOV
LEAETMV, TTOL APOPOVV Ta. fOOELDT, GTa TPOPaTa KoL TIS OiYES.

Ta tehevtaia ypovia Exel avorTuyBel TANODPO HLOPIAKAOV TEYVIKOV LE GKOTO
Vv tvnonmoinon v otedey®v tov MAP mov éxovv anopoveobel amd didpopa Coucd
€lon, xoBOC Kol amd SPOPETIKEG YEMYPUPIKES TePLoyéG. Me OAeC oyxedOV TIG
TEYVIKEG EMTVYYXAVETAL O SOYOPIGUOS TOV GTEAEXDV GTOLS OVO KVUPLOVS TOTOVG TOL
MAP, to C xaw tov S (Motiwala et al., 2006b). H yevetikn tomomoinon tov oteleymv,
OUMG, dgV £YEL KATAANEEL LEYPL GTIYUNG OE TEPUTEP® GLUTEPAGLOTA TTOV VoL fonfovv
OTNV OMOGOENVIOT TNG EMONMWOAOYING TOL HKPOOPYAVICHOD G€  O1dpopovg
TANBvoUOVC-6TOYOVS. Tomg avTd va opeiletal oTn HEYEAN YEVETIKN OLOLOYEVELD TOV
GTEAEYDV TOL HKPOOPYAVIGUOV, YEYOVOS OV KOO1GTA OVGKOAD TO OYWPIoUO TOVG
LE TIG TEYVIKEG TVuTOTTOiNoN G Tov Paktnplakol yevouatog (Motiwala et al., 2006b). H
o okpPng péEBodog Yoo ™ OKPIoN TOV POKINPIKOV GTEAEYMOV TOPOUEVEL O
TPOGIOPIGHOG TNG onpelakng aAiniovyiog tov DNA, o omoiog mpoopépet TOALY

33

Institutional Repository - Library & Information Centre - University of Thessaly
18/05/2024 09:15:43 EEST - 18.222.119.227



TAEOVEKTNATO O GYE0T UE TIG cLpPatikég pebddovg Tvmonoinong mov Pacilovtat o
évlvpa mepropiopot. Kotapynv, kabmg Aapfavetal vmoyn Eexwplotd kabe YEVETIKOG
YopokTpag, evromilovtal peyoldtepor apBpol HOVOOIK®V Yol €vo. GTEAEYOG
TOAVLOPPIKAOV TTEPLOYDV, YEYOVOS TOV GUUPAALEL TNV OEOTIOTIO TG AVAYVAOPIONG
evog ouyKekpyEVoy otedéyovc. EmumAéov, n e€étaon tov vovkAieoTdiwv eivar mhovo
VO OTOKOADYEL OPKETH TOIKIAOUOPPIOL (MOTE VO KATOGTOEL TKOVY] U0 O10KPLoN, O
TEPMTOCES OMOL T OTEAEYN epeavilovv Tovg 1d10vg @avotdHmovg Kot Ogv
OloKpivovTol YEVETIKA WE TIG TEXVIKEG TumomoinonG. TéAog, Ta cvuumepdcuato sivot
capn kot 0ev Pacilovtarl og devtepoyevelg HeTpnoels, Onmg to péyebog Tov (evydv
Baoewv. Avtd dev ovuPaivel otig TEXVIKEG TVTTOTOINONG, OTTOV dVO {DVEC, 01 Omoieg
epnpaviCovior deg oe péyeboc, pmopel vo Katéyovv Olapopetikés 0Bécelg oTo
Boaktnprakd ypopocopa (Carrington and Hoelzel, 2001). Evd ot voukA£oTISIKES
aAAniovyieg eiyav amo@acioTikd pOAO GTNV OTOKAALYN TV £EEMKTIKOV OYEGEMV
HETOED NG OPOPETIKNG Kataywyng Paxtnpiov, m ovaivon tov DNA povo
Tpoceata £xel ypnowonombel yio ™ SiKplon EeY®PIOTOV YEVOTUTI®OV G EMIMESO
oteleydv (Ochman and Wilson, 1987; Lloyd and Sharp, 1993; Katenboeck et al.,
1993). H mpoopartn yaptoypdenon tov yevopatoc tov MAP (Li et a., 2005), £yet
TUPOJOTNOEL VEEC WEAETEC TOL CAPOPOVYV TOV TPOGOOPICUO TNG  ONUELNKNG
aAAniovyiog tov DNA Stapopmv meploydv Kat T GUYKPIOT) TOVS E TIS OVTIOTOLYES
TEPLOYES AV E0MV HUKOPBOKTNPWOI®V | TNV OMOGAPNVICT) TOL POAOV TPOTEIVOV
tov MAP pe dyvoom Aertovpyio (Bannantine and Paustian, 2006; Marsh and
Whittington, 2007; Motiwala et a., 2006a). Agv vrapyovv, OU®C, UEAETEG OV Vo
aPopovV TOV TPOGIOPICUO TNG ONUELNKNG aAAnAovyiag teploy®v tov DNA pe okomod
TN oVYKPLIoT OPOPETIKAOV GTEAEXDV TOV UIKPOOPYOVIGHOV.

H pedém tov porlov TV povoyaotpikdv aypiov (dov oty emonuoloyio
™G TOPOPLUOTIOONG TOV KOTOKIOIWV UNPLKACTIK®V OLCYEPAIVETOL Kol Omd TN
dvoKoAio amopdvmoNg Tov HKPOOPYOVIGHOD otV KoAAEpyela. To amoteléouata
TV EPELVAV OV APOPOVV TNV ATOUGVIOGCT] TOV HKPOOPYAVICHOD TOIKIAOVY avaAoy
pe 1o €idog Tov {dov amd to omoio mpoépyovral ta deiypata (Manning and Collins,
2001), 1o €idog Tov Tpog KoAMépyela deiypatog (Sockett et al., 1992; Whitlock and
Buergelt, 1996; Whitlock et a., 2000; Whittington and Sergeant, 2001b), kabmg kot
tov 1o tov oteléyoug (C 1 S) (Collinset al., 1990a). Yrdapyet dStonpovia petac&d tomv
EPELVNTAV Y10 TNV ELOCONGIN TOV SLPOPOV VTOGTPOUATOV YOl TV ATOUOVMOGT] TOV
MAP on6 npoparta (Juste et al., 1991; Aduriz et al., 1995; Whittington et al., 1999;
Kostoulas et a., 2006) 1 Poocidr (Whipple et a., 1991; Nielsen et al., 2004). Ot
dlpmvieg amrododnkav ot O1POPETIKY] KOAAMEPYNGIUOTNTO TOV JOPOPETIKAOV TOTWOV
otehey®v tov MAP, kaBdg gival yvootd 0Tl Ta S TOUTOL GTEAEYN OMOUOVAOVOVTOL
Kopiog amd mpoPata (Stevenson et al., 2002), evd to otedéyn C  TtOMOVL
amopovavovtol kKvuping and Booedn kot aiyeg (Collins et al., 1990a; Whipple et al.,
1990; Thoresen and Olsaker, 1994; Pavlik et al., 1995; Cousins et a., 2000).
[Ip6éceata, or de Juan et a. (2006) cvykpivoviag TEGOEPH SOPOPETIKA OTEPEN
KOAMEPYNTIKA VTOGTPMUATA Y10, TV amopovoot otedey®v MAP S kol C tomov and
delypato 16TV Poocddv kol aydv £deiEav O6tt mbavd dev vmapyel €WKOTTO
EevioTi] TV OTEAEYOV KOl OTL LIAPYEL SWPOPE OTNV KOAMEPYNOIUOTNTO TOV
SPOPETIK®V TUTT®V otereyxdv MAP avéloya pe TO Yp1CILOTOOVUEVO VITOGTPMLLA.
Ta amoteAéopato, OU®MG, NG TOPATAVE HEAETNG KAOMDG Kol GAA®V TPOGOUTOV
gpevvov (Sevilla et al., 2007) yw ta €vOEKVLOUEVA, OVOAOYO LE TOV TOTO TOL
OTEAEXOVS, KOAAEPYNTIKA TPwTOKOAAQ, Paciotnkav e€lte G€ OUOYEVOTOMUEVQ
detypata wotodv amd Oetikd otnv ELISA (o (de Juan et a., 2006) cite oe oteléym
7OV amopovadnKay and opoyevoromuéva deiyuata 1otdv fi/kat korpavov (Sevilla et
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al., 2007). Aev Adpupavav veoyn Tovg TN YEVETIKN Kot TafOYEVETIKY ETEPOYEVELD TOV
oterey®@v MAP otov mAnBuoud twv (Owv amd tov omoio mpoépyoviay T delypato
(Verna et a., 2007) kat dev vTOAOYIGOV TIG, AVOLOYES LE TOV TOTTO TOL GTEAEYOVS, Ev
TOV KAAAEPYNTIKOV TPOTOKOAA®V.

Me Baon maidtepeg avtiqyelg, Eva (oo €idog yapaktnpiletar wg degapevn
eEVOG  KPOOPYOVIoUOD, OTOV 0  WKPOoOpPYoviopuos (el QUOIOAOYIKA Kot
moAlomAactdleTor og avTd Kat, Yo T0 AOY0 avtd, amotedel Ty pOALVONGS Yoo GAAL
€idn (owv (Thrusfield, 1986). TIpoéceata, dumg, ot Haydon et a. (2002) npotevav o
0pPIoHOG NG de&apevng va cLOYETILETOL [LE TOV EKAGTOTE TANOVGUO-GTOYO KOl VO, NV
neplopiletar pévo oe xamolo (wwkd €100og aAAd va  meprlouPdvel évav M
TEPIGGOTEPOVS  EMONUIOAOYIKG  ovoyeTilopevong  (owovg mAnbuopodc  nfkot
nepairovia, 6mov 0 TaBoyYOVOg LKPOOPYOUVIGHOS umopel va dratnpnOel povipo Ko
va petadobel otov {wwd minbuopo-otoyo. O pkpoopyavicpds, BéPata, pmopet va
glval M va unv gtval maBoyovog yia tov 1 Tovg {mikovg TANBLGHOVE TOV GLYKPOTOVV
) oefapevr. T v emPePainon g eumAokng ToL 1 TV (OIKOV 0OV Kol TOVL
nep1ariovog toug ot de&auevny, ot Haydon et al. (2002) npotevav o dodikacio
tec00pov otadiov: 1) Xto 7TpdTo OTASI0 TPEMEL VO VITAPYOLV  ETLOTUOAOYIKOT
ovoyetiopol uetaéd Tov/Tmv GVYKEKPIUEVOV (OIKOV €100V Kol ToL TEPPAALOVTOG
TOVG pe Tov TANOVGO-6TOY0, 2) LT0 JeVTEPO GTASIO TPEMEL VO VITAPYOLV EVOEIEELG
QLOIKNG AolumENg amd Tov HKPoopyavicHd Tov/Tev, £KkTdOg Tov TANBvoUoD GTOYOV,
ooV 00V Kat LoAVVeNG ToL TEPPAALOVTOG TOVG, 3) 10 TPiTo 6TAO10 aKoAoVOEl N
YEVETIKNY] GUYKPIOT TOV GTEAEY®V TOV Omopovadnkav and tov mAnfuoud-otodY0 Kot
and tov/tovg {mikovg TAnbvopovg kot T0 TEPPAAAOV OV dlEPELVOVTOL MG MOV
de€apevry tov pikpoopyaviopod kot 4) Xto tedevtaio oTAd0  EKTIUMVTOL TO
amoTELECUATO TOPEUPACE®V OV GTOXEVOVYV GTNV AMOUOVMOSN TOL TANBLoHOD-
6ToHY0L oo TNV TBOVY SEEQUEVT] TOV LUKPOOPYAVIGUOD.

Ykomdg Mg dwrpPng oavtig nNTav M Olepebvnon  Tov  pOAOL TV
LOVOYaoTPIK®V aypiov (dov kot Tov TepBaALovTOc Tovg G mBaving de&apevng
cuvinpnong kot petdooong tov MAP oe mpdfata kot aiyeg EAANVIKOV EKTPOPOV
(TAnbvopoc-otdxoc). Tt awtd, ko akorovbdvtag v Tpotabeica and tovg Haydon
et a. (2002) odwodwkooio, emAéyOnkav 4 evONUIKG mTPOOPEPANUEVEG EKTPOPES
npofdrov kot arydv (mAnBuopudc-otox0g) amd 6mov cuAAExOnKav kot e€gtdoTnray
detypota  povoyaotpikov aypiov (odwv mov ovufiovcov pe TO  KOTOWKIOW
UNPLKOCTIKG €{TE GTOVG YDOPOVG GTAPAICUOD TV &€ite 6TOVG POCKOTOTOVS TMV.
EmimAéov, cuAléyOnkav kot eEetdotnray detypato arnd 1o mepiPdirov dwfimong twv
vmontwv povoyaotpik®v. Ta otedéyn MAP mov oamopovdbnkav amd v mbovn
de€apevry  (Lovoyaotpikd Kot mwEPPAAAOV  TOVG) Kou  TOov  mANBvopd-cTdHYO
yopakpionkav Kot cuykpidnkay yevetikd pe t pébooo g 1S1311 PCR-REA «ot
HE TPOGOOPIGHO NG onuewnkng aAiniovyiag tov DNA oe tuniua g évBetng
voukAeoTdwkng aAiniovyiog 1S900.  Térog, vmoroyiomnke kot ovykpifnke n
evaicnoio (Ev) tov 51081KAGIOV AmOpOVOOTS TOV SPOPETIKOV TOTMOV CTEAEXDOV
00 MAP (C ka1 S) og 600 gupOtato S10000UEVE, KAOAAMEPYNTIKG VITOGTPOUATA, TOV
Herrold's egg - yolk medium (HEYM) kot tov Lowenstein-Jensen (LJ), mov
xpnopomomdnkay yio v KoAMEPYELo TV deypaTmv (KOTpava Kot 16Tot), Ta oroia
oLAEYOMKaY oo Tov TANBLoud 6ToY0 (aiyeg Kot TpoOPoata).
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Amopévoon tov Mycobacterium avium subspecies paratuberculosis améd
ROVOYOOTPIKG €101 TG dyprog mavidas, mov LOVV 6TOVG YMPOVS oTAPAMOROD Kot
06TOVG fOOKOTOTOVS EAMVIKMOV KOTUOLMV TPOPATOV KUl ALy®V

Eyive dexto yio. onuoasicvon oto meprodxo Epidemiology and Infection
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2.1 Mepiinym

Yxomoi g perétng avtng nrov: (1) n aviyvevon Mycobacterium avium subspecies
paratuberculosis (MAP) ce povoyaotpikd €idn g ayplog mTovidag, Tov £pYoviay o€
emaPn pe mPOPaTO KOl OiYEG YOAOKTOTOPOY®OYDV QUADV, TECCAPOV EAANVIKOV,
EVONUIKA LOAVGUEV®V LE TOPOPVUATIOON, KOToddV Kot (2) 1 YEVETIKY GUYKPLON
HETOED OTEAEYMV TOV amopovadnKay ard ta dypla (oo pe ekeiva TOL amopovmdnKay
amd TO UNPLKOCTIKG TOV KOTadlidv ovtov. Kollepynoape kot eégtdoope pe
aAvc1dmth avtidpacn thg molvuepdong (polymerase chain reaction — PCR), yio tnv
aviyvevon ¢ eWdwng yw 1o MAP évBetng vovkieotidkng ariniovyiog [S900,
opoyevomomuéva dstypata 1otov and 327 aypa (oo, mov mpoépyoviav amd 11
dpopeTiKd €10M ¢ dyplog mavidas. Emiong, kaAlepynoape detypato kompdvov
and 100 wpdPota ko aiyec amd kdbe komddt. To MAP amopovdbnke ond ta
detyparta 11 mpofdrwv, 12 arydv, 2 poov, 2 enipvov, evog Aayod kot piog oAEToNE.
Movo évag emipvg eixe 1otomaboroyikég orllowwoelc. H yevetikn tvmomoinon
katnyopomoince 21 otehéyn ¢ Poeiov tOHmMOL Kot 2, amd €va pv kot pio atyo, g
pdPelov THTOL oTEAEYN. AL €lvan N TPAOTN avaPopd amopudvoons oteréyovg MAP
S thmov and povoyaotpikd €i0n g dyprog mavidag. To oTeEAEYN TOV TPOKTIKOV Kot
TOV KOTOKIOWV UNPUKACTIKOV TOV amopovodnkay and 1o id10 komddt, dvnkay oTov
o010 omo MAP. Ta otedéym mov amopovadnkay amd 1o Aoyd Kot TV oAEToV dvnkov
otov 1010 tOmo MAP pe avtév mov omopovodnke oamd Vv TAEOYNQi0 TOV
KOTOWKIOIOV UNPUKACTIKAOV.

AéEeic-khedrd: Mycobacterium avium subspecies paratuberculosis, tpoktikd, Aayot,
aremovoeg, deEapevn
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2.2 Evoaymym

H dwomopd poivouatikov mopaydviov ond ta okdotto (da oty dypla
navioa omoteAdel Béua peilovog onuaciog yio Tovg EKTPOQEic T000 aypimv 66O Kot
Katowidwwv (oov, kabng emnpedleton 1 vyeia g dyprag movidag, oAAG Kot YiaTi To
dypuo (oo mBavov Aertovpyodv ¢ deapevég petddoong g poAvvons oto (mikod
kepaiato. H aypia mavido pmopel vo ektebel oto Mycobacterium avium subspecies
paratuberculosis (MAP) péom g mpdoAnyng ETMYWOALGUEVNG TPOPNG 1M TNG
KOTOVAA®ONG HoAvcopévey Inpapdtwv. Ot mbavoi odol petddoong tov MAP and
™V Qypio mavidoo 6to {mko KEQAAoo TEPIAAUPAVOLY TV emdAvven TS {OOTPoPg
HE KOTPOva, TOGO HEGH GTOVS YDPOVS GTEYOOTC TV KOTOKIdIwV (dhmv, 660 Kol péca
otovg Aetuoveg (Daniels et al., 2003).

Mo moAAG ypovwa, M moapoeuuotioon Bewpodviav ®¢ vOGOg HOVO TV
UNPLKOCTIK®V. EKTOC amd To KoTOKidw UNpuKacTIKA 1 VOGOG £XEL TEKUNPLOUEVA
evtomiclel ko o€ d1apopa €idn aypiov unpukactikev (Williams et a., 1979; Jessup
et al., 1981; Chiodini and Vankruiningen,1983; Delisle et al., 1993; Buergelt et al.,
2000). Televtoia éxovv oavénbei ot avagopéic omoudvwong tov MAP amd
LOVOYAGTPIKA €101 TG dyprog mavidog, pe 1 yopic TaboAoyoavatopkés 0AAOUDGELS
napagupotioons. To MAP éyet amopovmbei omd Aayopopea (Mathews and Sargent,
1977; Beard et a., 2001b; Raizman et al., 2005; Corn et al., 2005), tpoktikd, acfodc,
POKOLV, OPUOSIAAOVG, papotTouveg, puyolés, kovvapia (Beard et al., 2001a; Corn et
al., 2005; Deutz et al., 2005), ayproyopovc (Machackova et al., 2003; Alvarez et al.,
2005), pwokepovg (Cousins et al., 2000) kou didpopo. €idn mmvaov (Beard et al.,
2001a; Corn et a., 2005; Deutz et a., 2005). I[TaBoroyoavotopikég OALOIDOOELS
nopapupatioong €govv Ppedel oe ayplokovvera, POEC TOL OACOVLS, CAETOVOEC,
epuiveg, vogpitoeg ko kopakia (Angus, 1990; Greig et al., 1997, 1999; Beard et a.,
1999; Beard et al., 2001b; Beard et al., 20014).

["a ™ devkpivion g yeveTikng motkilopoppiog Tmv oteheydv MAP kot
S10pOPOTOINCN TV GTEAEXDV TOL LOAVVOLV dtopopeTikovg tAnbvouovg (Collins et
al., 1990; Whittington et al., 1998; Pavlik et a., 1999; Stevenson et al., 2002), £xovv
ypnoonomBel d1dpopeg TEXVIKEG TVTOTOINGNG TOL YevETIKOD VAIKOD (DNA), dnwc o
1S900 moAvpopeiopds meplopiopod uikovg Opavopdtwv [IS900-restriction fragment
length polymorphism (IS900-RFLP)], n 1S1311 oaAvcidoty avtidopoon NG
nolvpepdong (polymerase chain reaction — PCR) axolovBoduevn amd avdivon
nePLOPIGHOD  evdovovkieaomv (restriction endonuclease anaysis - REA) kot 1
nAekTpoeOpNon TNKTOROTog moApukoy wediov [Pulse field gel electrophoresis
(PFGE)]. Mg Bdomn 10 anote héoUaTo TOV TEYVIKOV OVTMOV KOl TO YOPOKTPIOTIKA
avéntuéng tov MAP omyv kodlépyewa, €ovv avayvoplotel d00 KOpleg OpadeS
oteleydv MAP: ta mpodPeov (sheep-S) tomov 1 tomov 1 otedéym, ta omoia
epeaviCouv moAd apyr avantuén oty KaAMEPYELR Kot £xovv amopovebel kKupimg amd
npofata, kot to Poeiov (cattle-C) tomov 1 tomov 11 otedéyn, To omoio avamtdcGOVTOL
o YPNyopa 6TV KaAMEPYELD Kot GLVIB®E amopovavovial omd Boogdr| kabmg Kot
amd evpL PACHO EEVIOTAOV, CLUTEPIAAUPAVOUEVOD KOt TOV avOp®TOVL.

H peyddn mieoymeio tov eAMVIKOV Komodudv TPoRdTov Kol oty®v
YOAOKTOTOPAYW YDV QLAMV 0KOAOLOEL NUIEVTATIKO cVOGTNHO EKTPOPNS. Xvvnlmg, Ta
Cda BoOcKovY 6TOVG BOCKOTOTOVG TO LEYOADTEPO HEPOS TOV ETOVS KOl TOVG TOPEYETAL,
EMMAEOV, CUUTVKVOUEV Tpogn. To peyaAvtepo pépog g nuépag Ppickovrar £,
eVO petakwvodvtal 6tovg otdfrovg yw ) vOyta. H peydAn mieoymoeio tov
KOTad1dv otV ivat evonuikd polvopéva pe MAP (Dimarelli et al., 1991). Avto to
GUOGTNUA EKTPOPNG TPOCPEPEL TOALEG gvKapieg yuo tn petddoon tov MAP peta&y
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mpofdtwv, arydv Kol ayplog movidag, mov potpalovtal tovg idtovg PookdTomovS N
x®dpovg otéyaong. Tlpwv ) dieaywyn g puerétng avtng, ot Greig et al. (1997, 1999)
elyav dgi&el 611 ayprokovverla mov {ovcav 6Ta fOCKOTOTLN POOEIODV KPEOTOPAYDYDV
QLAOV o1 Zkortia, anékkpvav o MAP kot mbavag Aettovpyodoav mg de&apevn
poéAvvong twv Pooeddv. ‘Eva mapdpolo ceviplo givar mbovo vo 1oyvEL Kol OTIC
EMNVIKEG  EKTPOPEG  YOAOKTOMOPOAYOY®OV TPOPATOV KOl ory®dv, Omov didpopa
HOVOYaoTPIKA €i0N NG Ayplog movidoag, OmMG TPOKTIKE, Aayol kol OAETOVOES,
owvnBwg ovv otoug otdProvg (tpwktikd) 1 otovg Pookdtonovg (TpwKTIKG, Aoyot,
aAEmOVdES). QoT1600, N TOaVOTNTA VT dev Exel peletnBel oto mapeAboV. Xtnv
TOPOVCO, LEAETN EEETAGALLE, Yia LOAVven pe MAP, detypata 16TV amd LovoyaosTpika
elon g dyprog movidag, Tov {oLGUV GTOVG ¥HPOVS GTEYOONG 1) OTOVS BOCKOTOTOVG
KOOIV TPOPATWV KO OLYDV YOAUKTOTOPOYDYDV QLAMY, EVONUIKE LOAVCUEVOV LE
MAP, kaBd¢ kot delypato Kompavmv mov GLAAEYONKay and mpdfato Kot aiyeg TV
Komadldv avtdv. Ta otedéyn MAP, mov amopovodnkay amd o pKpd PUnpuKacTIKA
Kot TV dyplo mavida, yopokmpiomnkav yevetikd pe t pébodo g 1S1311 PCR-
REA.

2.3 Yhkd kot pé0odor

2.3.1 ITAnBvoudc tnc uelétns - Asryuatoinyio,

Eniléybnkov t1éo0epig extpoéc mpoPdtov Kot atydv g kevipikng EALASaG
(yeoypagikd pnkog: +39° 22°, yewypapikd mAdtog: +22° 007), ov omoieg omeiyav
peta&h toug TovAdyiotov 10 yhdpetpa kot kKopaivovtay og péyebog amd 250 mg 350
Coa. To éva and ta komddwa amotereito amd mpdPata, 10 dALO amd aiyeg Kol To
vroloura 600 HTOV UEIKTA, e avaroyia TpoBdtwv-atydv, To Eva 60-40% kot To AL
40-60%. Olo to KOTAdWL ElYOV 1GTOPIKO KAWVIKNG TOpa@LUATIOOoNS Kot dgv glyav
epuPoriaoctel moté oto mapeABov Yoo to MAP. Ta (®a ekTpépoviay MUEVTATIKA.
Kvplog 6t6y0¢ Ntav n mapaymyn yéAoktog. Ot avTiKoTooTAGEL TPOYULATOTOLOVVTOV
amo aroyovoug LO®V VYNANG YOAOKTOTOPAYM®YNS, EVO TO OPGEVIKE TPOEPYOVTAV OO
{odo vynAng amddoong AAA®v Komadwmy. O etolog puiUoOS avTIKATAGTOONS OTO
Komada ftav mepimov 20% Kot NTov TPORoog He To pLOUd amopdkpuvong, Kabdg ot
mopoywyol Emapvav emdothoelg pe Paon 1o péyebog tov komadiov. T v
TPAYUOTOTOINOT TNG HEAETNG TO KOTASL MTAV VO EVIOTIKY TOPUKOAOVONGN Yo
YPOVIKO Otdotnua 2 et®v. Ot 1O010KTNTEG TOV KOTad®V glyav evnuepmbel yio Toug
OKOTOVG TG EPEVVAG KOl ATOdEYTNKAY OTL dVO amtd Tovg cvyypapeic (ITK kot M®) Oa
EMOKENTOVTAV TOLG GTAPAOVS Yl TV GLALOYN aypiov Ld®V, kKabe devTepn PéPQ, AT
10 ZentéuPpn tov 2001 £wg tov Iovvio tov 2003. H mapakorohbnon tov Komadidv
KOl 1 OLAAOYN Oeypdtwv 0ev moapeumddilov v Kadnuepwn Olayeipon TtV
komadwwv. Ilpwv amd ™ detypoatoinyio tov aypiov {dwv, n evONUIKY HOAVVOT TOV
KooV emiPeformdOnke 1660 0poroyikd, pe opoig mov lyav Anedei and 100 tuyaio
emieypéva (oo ava komadt (IDEXX ELISA test; IDEXX Laboratories, Portland, ME,
USA), 600 kat PBaktnploloyikd, omd deiypoto eviépov (dov >1 evog £tovg e
LOKPOCKOTIKES AALOIDGELS EVOEIKTIKEG TNG VOOOV, TOL lyav cLAAEYDEl oTa Gpayeia.
Kotd ™ owpxen g mepidoov g peAémng, ovvolka 327 dypo (oo omd 11
Swpopetika €idn (IMivakag 1) aypoiotiomkay kot gvbavotddnkay, pe t ypnHon
VOULU®V Kol EW0IKOV ToL €idovg uebddwv (mayideg Lovtavov (dmv kol Kuviyy) 1M
Bpébnkav vekpd, gite péoa otovg otdfrovg (Lveg, emipveg, omovpyitia), €ite 6TOVG
Leludveg Booknong twv Komadumv (aremobdsg, Aayoi, acPoi, kapakdéec, £vag AOKog,
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pio vogitoeo, évo yepdkt kat pio kovkovBaywa). Xe olo ta (do mpaypoToroonke
TAPNG vEKpoyia, KOTA TN SIPKELN TNG OTOL0G CNUEIMONKAY OLEC Ol LOKPOGKOTIKES
AALOIDCELS TOV EVIEPMOV Kol TOV VIoAoinwv opydvov. T kdbe (do Eexwpiotd,
GLAAEYOMKOV Kol opoyevomomOnKoy To TEAELTOL0 TULLATO TOL dMOEKUOOKTOAOD KOt
TOV €AE0V, TO TPOTA TULOTO TOL TVEAOD Kol TOV KOAOV, Ol EILEOTLPAIKOL KOl Ot
KoAkol Aeppadéveg kot to Nrap. Ta opoyevoromuéva detypata torodetdnkay o
oteipovg meplékteg Kot dtatnpnonkav otovg -20°C yio korAiépyeia kot 1S900-PCR.
Eniong Aednkav tepdyio amd toug mopondve 16Ttohg, EKTOS 0md TIC TEPITTMGCELS TOV
eppdavilav avtdéivon vyniov Paduod, kot torobetnOnkav oe 10% ovdétepo didivpa
QopuUOANG Yo 1otomaBoroyikn| e€€taon. EmmAéov twv derypdtov tov aypiov (oov,
amd to ZentéuPpn tov 2002 g 1o Defpovdplo tov 2003, cuaréyOnkav 100, avd
KOTAOL, delypaTo KOTPAVMY omd KAWIKE vy tpoPata kot aiyeg, nikiag >1 étovc.
Ao kdBe (Do cvAAEONKav amd to amevBucuévo mepimov 10 ypappdpio kompdvav,
tomofetnOnkav o€ otelpovg meplEkteg kat  datnpnnkav otovg -20°C  yo
KOAAEPYELOL.

IMivokog 1. Ta &idn g dyplag mavidag mwov orypoAiotiomkay (TpmKTiKd),
oLAAEXONKaY amd kuvyove (Aayol) 1 Ppédnkav vekpd, and to Zentéuppro tov 2001
¢w¢ tov Iovvio tov 2003, oTovg ¥hpovg GTARAIGHOV 1) 6TOVG fOGKOTOTOVS TEGGAPMOV
EMNVIK®OV KOTOSIMV TPOoPAtmv Kal aty®dv, evonuika polvopévav pe Mycobacterium
avium subspecies paratuberculosis (MAP).

Kown ovopacio Emompovikny Ap1Buodc Loov
ovopocio
O1K10KOG PG Mus musculus 149
Enipvog Rattus rattus 55
Kapaxdé&a Pica pica 30
Tmovpyitt Passer domesticus 32
Evponaikdg koeé Aayog Lepus europaeus 44
Alemov Vulpes vulpes 10
Aofog Meles meles 3
Avkog Canislupus 1
Nveoitca Mustela nivalis. 1
Tepaxt Accipiter nissus 1
KovkovPaya Asio otus 1
XHvoro 327
2.3.2 Kolliépyeio,

Ta KOTPOVO KO TOL OLOYEVOTONUEVO OEYLLOTA I0TOV KOAMEPYNONKAY GE
vrootpopata Lowenstein-Jensen (LJ), 6nw¢ meptypdepnke o€ TpOoQOTES LEAETES
(Whitlock and Rosenberger, 1990) kot o€ Herrold's Egg-Y olk (HEY M) petd omd
WKPN TPOTOTOINGT EVOC TPWTOKOAAOL OV TTePLypdpnke and tovg Greig et al. (1999).

[T cvykekpyiéva, Yo v KoAMépyeia oto vrootpopo LI, 2 pe 5 ypap.
KOTPAV®V TPoBATOV Kol oatydv TomofeTn KoV 6€ SOKIUAGTIKO GOAVO TOL TEPLELYE
15ml oteipov PuG1I0A0YIKOD 0pOY, avadedTNKOV Kol apEdnkav oe 6pOia OEon yio
30min. Tavtoypdvag, 0,5cm® EMOPKADG TEUAYICUEVOV 1GTOV oo To dypla (oo
opoyevoromOnkav yia 30-60 devteporenta pe 10 ml anoctelpmpévon vepov, pe ™
xpron texvntob otopdyov (Colworth Stomacher 80, Seward Medical, London, UK).
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[Mo v amopdKpuVoT| TOV EMYPOAVVGEMY, TO OLOYEVOTOMUEVO HETYLO LETOQEPONKE
o€ VEOo OKIUAOTIKO cmANVa, 0 onoiog mepteiye 25ml hexadecylpyridinium chloride
(HPC) (Sigma-Aldrich, Athens, Greece), mokvotntag 0,9%, oe Opentikd vdoTPOLULL
Brain Heart Infusion (BHI) (Oxoid, Basingstoke, UK), ka1 apéfnke o€ 0pbia Oéon,
otovg 37 °C, y10. 24 dpeg. Xt GLVEYELN, TO VIEPKEINEVO StdAvpa peTaépOnke o
VEO doKIHaoTIKO coAnva kot puyokevtpnOnke otig 1.000 otpopég avd Aento, yio 30
Aentd. To oymuatiodéy ilnuo dtadbonke ex véov oe 1 ml BHI, mov mepeiye
Bovkopvkivn (100 mg/ml), vadi&ko o&d (100 mg/ml) ko appotepikivny B (50
mg/ml) (6Aa avtiprotikd g Sigma). To pelypo avtd enmdotke Yo 48 dpeg 6Tovg
37°C. Akolovbwg, Srouupédnke oe tpio tuquato tov 300 pl (6 otaydveg) mepimov kot
evopBalpiotnke o€ TpELg COANVEG TOV TePLelyay vdoTpwua LI, atovg 600
EUTAOVTICUEVO e LUKOPAKTIVI Kot TUPOVPIKO Kot GTOV EVal YMPIG.

Mo mv koAlépyswo oto vrootpope HEYM, 1 pe 2 ypop. xompdvov
TpoPdTOvV Kol aydv m 0,5cm?® EMOPKDOG TEUOYIOUEVOV 10TOV omtd To. dyplo (oo
opoyevomombnkav ywo. 30-60 devteporento pe 10 ml amootelpopévon vepov, HEcH
™¢ xprong texvntob otopdyov (Colworth Stomacher 80, Seward Medical). T v
OTOLLAKPVVGT] TV EXYHOAVVGEDV AO TO OPOYEVOTOMUEVO pelypa Tpootédnkay 10ml
HPC (Sigma-Aldrich), mokvotntag 1,5%. Xt ovvéyeia, to pelypo apidnke o 6pbia
0éon vy 6ko 1O Ppdov, oe Beppokpacic dwpotiov. Tnv emduevn pépa, T0
VIEPKEIEVO OBAVUO LETOPEPONKE GE VEO OMOGTEPMOUEVO SOKILOCTIKO COANVA Kol
euyokevipnonke otic 3.000 otpopéc avd Aentd, yio 20 Aemtd, og Oeppokpacio 4°C.
To oynuotiodéy ilnuo daAvbnke ek véov oe 10 ml amooteipopévov vdatoc. H
QLYOKEVTPNON emavaAneOnke kot 10 oynuatioféy ilnuo dwAivdnke oe 1 ml
OTOGTELP®UEVOL VO0TOG. TO EVOLOPNUO LETAPEPONKE GE OMOGTEPOUEVO COANVAPLL
HIKPOPLYOKEVTPOL Kol puyokevipnOnke otig 13.000 otpopés ava Aentd, Yo 5 Aentd,
oe Bepuokpacio dopotiov. To oynuoticdév ilnua opoyevomomnke pe 0,5 ml
anooTEPOUEVOD VO0ToG.  Amo kdbe evarmpnuo 0,1 ml evopbolpiotkav cg dvo
coMveg pe vrootpouo HEYM, eumiovtiopévo pe pokofoktivn kot aviiPlotikd
(Becton Dickinson product code: 222233).

Ot koAMépyeteg enmbotnray yuo 30 efdopddec, otovg 37°C kon eréyyOnkov
Y10 AVATTVUEN AOKIOV, TOGO HOKPOGKOTIKA 060 Kl pikpookomikd tnyv 11, 2, 47, 61,
8", 10", 12", 16", 20", 24" kau Tnv 30" efSopdda. Amd TNV eMPAVELD EVOPOUAULGHOD
TOV KOAMEPYEIDV Tpaypatomombnkay enypicpota ta omoia Bhonkav pe ypdon
Ziehl-Nielsen.

2.3.3 Exyviion too DNA tov MAP and kailiépyeieg ko maboloyixd vlikd,

O1 dwodwaoieg ekydiong oo DNA 1o MAP ftav mavopoldtumeg Yo Tig
puebddovg PCR yio v aviyvevon tov voukAeoTdkdv aiiniovyiov 1S900, 1S1311
kot 1S1245. H exyviion tov DNA and tovg opoyevomonpévoug 16to0g Kot amd Tig
amoikieg mov avartoydnkav oto LJ, mpayuatomombnke pe ) ypnon tov Genomic
DNA Purification Kit (Puregene, Minneapolis, MN, USA), coppova e T 0dnyieg
tov katackevaoty. H ekyviion tov DNA and tig amoikieg mov avoantdynkov 6to
HEYM, 1-2 anowieg petapépbnioay, Aapfdavovioc pépiuva mote v amoeevydel n
LETOPOPA TELLOYIMV TOV VTOGTPOUATOS, O GTEIPOVG TEPLEKTEG ympnTiKOTNTOG 1,5ml,
ot omoiot mepieiyav 100ul amootelpwpévov vepov. To mepeydpevo Kabe coAnva
avokivinke yuoo 1 Aentd oe avapiktn vortex (IKA-Works Inc. Wilmington, NC,
USA), tomofetbnke otoug 100°C vy 30 Aemtd, pe okond ™ Adon tev Paktnpiov,
kot @uyokevipnOnke otic 14000 otpoéc/ientd yio 10 Aemtd. To vmepkeipevo
dtdAvpa  petapépdnke oe véo oteipo mepiéktn yopntikotntag 1,5ml kot to
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oynuotiodéy inuo amoppiednke. Ta Seiypatra DNA tomofetovviav otovg 4°C,
epooov egetdlovtay dueca, 1 arodnKeLOVTAY GTOVG -20°C.

2.3.4 MéBodor PCR kou avélvong mepropiouot evoovovkieaomv (REA)

To DNA mov mpoékvye petd ) dadikacio ekyOAMong and Tig KOAAEPYELES
Kol o oetypata wotdv egegtdomke pe PCR yioo v aviyvevon g, €101KNG yu to
MAP, £évBetng vovkAieotdwkng aiiniovyiog 1S900. To 1S900-6etikd deiypota
vrofAnOnkav otn ocvvéyela og 1S1311 PCR, akoAovBovpevn and REA pe 1o évlvpo
Hinfl, kon oe 1S1245 PCR. H 1S1311 PCR-REA £&ywve yio T 514Kp1on TV 6TeEAEY®V
tov MAP ce C kot S tomo. H 1S1245-PCR g@appootnke yio v oviyvevon Tov
Mycobacterium avium subspecies avium (M. avium). Ta ekkwvntikd popio (primers)
ov ypnotpomomdnkav oe kdbe PCR, divovtar otov Ilivaka 2. OAleg o1 avtidpacels
npaypatonomdnkay 6nwg £xel meprypapel vopitepa (Millar et al., 1995; Marsh et al.,
1999), énerta omd UIKPY| TPOTOMOINON TOV TPWTOKOAM®Y. Xg Kabe avtidpacn PCR
ypnowonoovviay ta mopakdte avidpactipo: 10ul DNA, 10ul 10X pvbucticod
dwAvpotoc PCR (Invitrogen, Paidey, UK), 2 mM MgCI2 (Invitrogen), 200uM
dNTPs (Deoxyribonucleotides triphosphates, tpipwopopikd deo&vpipovovkieotion)
(Invitrogen), 7.5 povadeg (yia tnv 1S900-PCR) 1 11.25 povadeg (yio v 1S1311- ko
vy v 1S1245-PCR) Tag DNA moAivpuepdong (Invitrogen), 30 pmoles ond tovg
exkvntég ko vepo DEPC (Diethyl pyrocarbonate) péypt copuninpmoeme tov telko
OYKOV. X11 GLVEYEL TO TPOG eEETOON delypata, 0 BETIKOG Kot 0 apvnTIKOG HAPTLPAG,
tomoBetovviav Yo moAlamAaciocpd oe Beppokvkiomomtn. To mpdypoppe wov
ypnoonomdnke nNtav 1o €ENg: Apywkn emndoon otovg 94°C ywo 3 Aemrd,
axolovBovpevn amd 40 kdxKAovg, o kabévag amd Tovg omoiovg mepleldupave 30
devteporenta otovg 94°C, 30 (yw v 1S900-PCR) 1 15 (ywor v 1S1311- kon v
1S1245-PCR) dgvtepdrenta otovg 62°C ko 2,5 (yo v 1S900-PCR) 1 1 (yw v
S1311- xou v 1S1245-PCR) Aentd otovg 72 °C. T v TEMIKN €MEKTAOT TO
delypoto mapépevay otovg 72°C yo 5 hentd. Xt ovvéyeta déka pl and kabe mpoidv
PCR niektpopopnOnkav oe mnktn ayopdlng 2%, oty onoia ciye mpootebel 01bidio
Bpouido (0.5ug/ml). Xto mpoto @pedtio tomobetovvrav 10 ul DNA pdaptopa
popraxov Bapovg (100bp DNA ladder, Invitrogen). ‘Eva deiypo Oswpodvray Oetiko
otav 10 péyebog tov mpoidvioc g PCR ftav 010 pe ekeivo tov DNA pdptopa
popaxov Papovg, dniadn 414bp yio v 1S900-PCR, 268bp yia v 1S1311-PCR «ot
198bp yio v 1S1245-PCR.

OMa ta wpoidvta g 1S900-PCR kabapictnrav amd mv ayapoln (Qiaguick
Gel Extraction kit ; Qiagen, West Sussex, UK) kai otdAdnkov otnyv MWG Biotech
(Ebersberg, Germany) yio v e€akpifmon g oAlniovyiog TV VOUKAEOTIOImV.

Ov avtwpdoelg yio ™ REA mpaypoatomomOnkav oOmwg eixe meprypaget
vopitepa and tovg Marsh et a. (1999). Xe¢ kdbe avtidpoorn ypPNOYOTOOVVTAY Ta
napakdto avtdpaotipuo: 10ul and kabe mpoiov 1S1311-PCR, 2 povadeg and to
évlopo Hinf 1, 1.6 pl and didivpo evoovoukAEAoNG TEPLOPIGUOD KOl OTOCTEPMOUEVO
VEPO UEYPL CLUTANPDOCEMS TOL TeEAMKOD OyKov 16ul. Xt cvvéyela ta mpog e&étaom
delypato em®AGTNKOY GTOVG 22°C Yoo 2 ®pPES Kol NAEKTPOPOPNONKAV GE TNKTN
ayopolng 4%, oty omoia &iye mpootebei aifido Ppopido (0.5ug/ml).  Ta
avopevopeve peyébn tav tpoidviov g REA ftav 268, 218 kot 50bp yio to mpdTumTo
neplopiopot tov C tomov ko 268bp yia o mpdTLRO TEPLOPIGLOD TOV S THTOVL.
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Mivakag 2. Xtoy0¢, €W0KOTNTO KOl OAANAOLYIEG TV HOPIOV EKKIVINTAOV Yo TNV
1S900-, v 1S1311- xou v 1S1245-PCR; Ot oyetikéc avopopés Ppickovion oTIC
napevhéoels. H  1S900-PCR ypnowomomBnke yia v aviyvevon tng évOetng
aAAniovyiog mov eivan €0k ywoo to MAP, 1 IS1311-PCR, axolovBobuevn amod
REA, yw t didxpion tov otereydv oe S kar C tomo, evdd 1 1S1245-PCR yo v
aviyvevon g évOetng aAlnlovyiag mov amavtdral povo oto M. avium.

Ytoyoc  Ewwomta  Mopua AlMnmrovyia (5°-3') Avagpopd
PCR EKKIVNTOV
1S900 MAP P20 GAA GGG TGT TCG GGG CCG TCG CTT AGG (Millar et al.,
1995)
Po1 GGC GTT GAG GTC GAT CGC CCA CGT GAC (Miller et al.,
1995)
IS1311 MAP M56 GCG TGA GGC TCT GTG GTG AA (Marsheta.,
1999)
M. avium M94 CAG CGA TCGTCGACA GTGTG (Marshetal.,
1999)
1S1245 M. avium M114 CTC GAC GCA CTGCGCACC (Collinset d.,
1997)
M115 CCGCAGTTCCAGGTCCCCT (Collinset d.,
1997)

2.3.5 lotomaboroyikn eéétaon

Ta detypota povipomombnkav oe pubuiotikd Sdivpo @oppoing 10%,
aAPLOATOOMNKOY GE GEPE AAKOOADV Kol aKOAOVONGE EYKAEIOT] TOVG GE TAPOPiv. XN
cuvéxeln AMeOnkov Touég mAyxovg Sum, ot omoiec Phenkav pE TG YPDOOELG
apato&uAivn-ewoivn, v T cuvnOn otoraboroyikn e€étaon ko Ziehl-Nielsen yu
™mv aviyvevon o&eavtoyov Paktnpiov (OB).

2.4 AnoteréopaTo

Ta detypota 5 aypiov (dov kol 23 KpdV UNpLKAGTIKGOV NTav OETIKA 6TV
kaAMépyeto (TTivaxoag 3). Ta otedléyn mov amopovabnkay ard 3 tpdPata, 3 aiyeg Kot
2 woec KaAlepyndnkav povo oto LJ, eved ta vrorowta pdévo oto HEYM. "Eva podvo
detypa komphvov amd pio atyo nTav Oetikd Ko pe tic 00Vo pebddovg. Oia Ta oteléyn
evopBoipuiomrav Eava o HEYM, aAhd poévo avtd mov elyav apywd avortoybel oe
HEYM enavakaiepyndnkayv.

Oha ta oteréym Nrav Oetikd yio tnv €vBetn vovkieotidtkn adiniovyio 1S900.
H 1S900 aviyvevdnke eniong 6TOLE OLOYEVOTOUIEVOLG 1GTOVG EVOC EMIVOG, O 0TTOT0G
nrav apvntikoc oty kaAliépyeia (IMivakag 3). H e&axpifoon g voukAeoTidkng
aAiniovyiog 1S900 emPefaivoe v amoudvmon otereyov MAP. H 1S1311 PCR-
REA «xatnyopronoince 21 oteléyn oe C ko 2 otedéyn oe S tomo (Ilivaxag 4). Ta
tehevtaio Tpoépyoviay and pia aiya kot évav pu (Ewova 1). Entd otedéyn dev
tomortomOnkav, mhavog Adym averapkovg mocodOtntag DNA. Ta Oetikd oelypata
mov giyav ovAieyOel amd TO éva €K TV SVO HIKTOV KOTOIUDY, TPOEPYOVTAY OO dVO
npoPoata, pio aiyo, évav emipy Kot £vov PV KOL TO. GTEAEYN MOV ATOUOVOOM KOV
dvnkav oto C tomo. Ta otedéyn mov amopovadnkav amd 10 GAAO HKTO KOTAot,
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Tpoépyoviay amd TEGoEPLS atyeg, éva mpoPato kot évav pu. To tehevtaio NTav S
TOmoL, &VA TO LOAOmO Katnyoplomomnkay g C otedéyn. 210 KOMAOL TOL
amoteleito poévo amd aiyeg, 3 aiyeg Ppédnkav porvcouéveg pe C tomov otedéym, evod
and pia, mn omoio Mrav Oetikn kol ot 000 KOAAEPYNTIKA VLTOCTPMUATO,
amopovodnkav kot ot 0vo tomot MAP. Ta oteléyn mov amopovdbnkav omd to
KOTAO1 OV amoTeAEito uovo amd mpoPata, mpoépyoviav amd 4 mpofata Kot Evov
emipv kot dvnkav oto C tomo (ITivakag 4). Ta otedéyn amd v arenod kat 10 Aayo,
mov elyav Ppebel vekpd 1N eiyav cviheybel amd KLVIYOUS AVTIGTO(O, GTOVG AEIUDVES
Booknong tov komadidv, tvronomdnkoav wg C tomov oteléyn (Ewova 1). Kavéva
amd To oteAEn Oev MrTav Betikd yioo TNV, €0k Yo to M. avium, £vbetn
VOUKAE0TIOKT aAAnAovyia 1S1245.

Kotd 1t vekpoyio dev  mapotnpndnkov HOKPOOKOMIKEG OAAOUDCELG
napoeupatioong oto dypo (oo mov efetdomkav.  Zto 1S900 Oetikd oo
mpaypatotombnke 1otomaboroyikny eEétaon.  Xe Kavéva amd to (do ov
e€etdomkav dev mapoammpnOnkav OB 1 kokKiopAT®OOVG TOTOL  OAAOIDGELS,
ovpPatéc pe Aolpwén amd MAP, minv evdg emipvog. X100 KLTTOPOTAONCUO TV
LOKPOPAY®mV TOL €VIEPIKOD TOL emONAiov vNpye HiKpOg apBpds OB, o omolog, pHovo
ondvio vrepEParve Ta S.

IMivaxkag 3. AmoteAéopata g KOAMEPYELNS SEIYUAT®V KOTPAV®VY 0md KAWVIKA LYW
TpoPoTo Kol atyeg TECOAPMOV KOTASIMY KOl OEIYUATMOV OLOYEVOTOMUEVOV 1GTOV OTd
™V ayplo Taviod.

Eidog (thmog deiyporog)  Apbudc Lhov Betikdv oty Ap1Budc {owv pe 10tovg
KolMEpyeto (cuvolkog aplOpog (owv  Betikovg oty 1S900-PCR
nov e€etdotnay)

IpoBata (kompava) 11(180) AE?
Alyeg (kOmpava) 12(220) AE
Mueg (1otof) 2(149) 0
Emripweg (1otoi) 1(55) 1
Adenondec (1otof) 1(10) 0
Evpomnaikoi kagé hayol  1(44) 0
(1oT0i)

Kapaka&eg (1otof) 0(30) 0
Yrovpyitio (1o7oi) 0(32) 0
Aocpoi (1otof) 0(3) 0
Avkog (1o701) 0(1) 0
Nveitoa (1o701) 0(1) 0
I'epduct (1otot) 0(1) 0
Kovkovfdya (1otoi) 0(1) 0
ZHvolo 28(727) 1

2AE Agv éywav

KdéBe oeiypa opoyevomomuévov iotdv kabe (dov omoteleito omd TO TEAEVLTOIO TUNMMA TOV
d®OEKASOKTOAOV, TO TPMTO TUNE TOV TVPAOD KOL TOL KOAOV, TOVG EILEOTVPAIKOVG KOl TOVG KOAKODG
Aepoodéves kol to Nmap. Ta deiypata wotdv egetdotnray Oyt povo pe KOAMEPYEWL OAAG Kot LE
amevbeiag PCR ya v aviyvevon g €0 v 1o MAP alAniovyiog 1S900. Ot kaAliépyeteg ywvav
og dVo vrootpdpota, Lowenstein-Jensen kot Herrold's Egg-Y olk, kot ta otedéyn mov amopovombnikay
tavtomombnkav g MAP pe 1S900-PCR. To otéheyog mov amopovaddnke amd to KOTpavo pog oiyog
KoAAlepyOnke kot oto dvo vmootpdpata. To opoyevomompévo delypo 10TdV amd €vav emipv, o
omoiog NTav apvnTikds oty KoAMéEpyel, ftav Oetikd oty angvbeiog | SO00-PCR.
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IMivaxkag 4. Amotedéopota tov yevetikov yopaxktnpopot pe 1S1311 PCR-REA pe
Hinfl, 23 oteleyodv, katnyopomomuévov ovdioyo upe tnv tomobecion NG
detypatoAnyiog kot to €i00g tov {®dov amd to omoio amopovodnkav. Aznd to deiypa
Kompavov g aiyog (amd 1o komddt 2), mov frav OeTikd Kol 6to, 600 KAAAEPYNTIKA
VTOGTPMOUOTO, ATOUOVAOONKaY Kat ot dVvo Tomor MAP.

IS1311 PCR-REA
TonoBeoia Eidog {®ov amd to omoio
detypotonyiog QTOLLOVAOBN KOV TO 6TEAEY
(tdmog xomadiov) C tomnog S thmog
Komddt 1 (puktd) IpoPara 2 ME*
Alyeg 1 ME
Enipoec 1 ME
Mveg 1 ME
Komddt 2 (aiyeg) Alyeg 4 1
Komnadt 3 (npéPota)  IpoPara 4 ME
Enipveg 1 ME
Komnddt 4 (puktd) IpoPara 4 ME
Alyeg 1 ME
Mveg 0 1
Asyoves tov 4 Evponaikoi kagé Aayol 1 ME
KOTOSLDV Alemohoeg 1
ME
>Hvolo 21 2

*ME: un epoappootéo
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Ewova 1. Tvmkd mpdtoma g 1S1311 PCR-REA pe Hinfl oe cuveyoueveg othiec.
®aivovion ta C tomov oteléyn MAP (omieg 2, 3), mov amouovobnkay amd pio
aAETOV Kat Evo Aayd ovtioTtotya, kabmg kot to. S tomov otehéyn MAP (othleg 4 kat
5), mov amopovadnkov amd éva. po ko pio aiya. Ot othreg 1 kot 6 avtimpooc®TedOVY
ToVg BeTikoe papTupes Yo ta S TOmov oteléyn (oteréyn MAP nov giyav amopovmbei
vopitepa pe 1S900-PCR amd tov €ked mpofdtov pe mapa@upotioon Kot
yopoxktnpiotnkov ©g S tomov otedéyn e 1S1311 PCR-REA), evéd m omin 7
avtimpoownevel 0 BeTikd paptvpa Yo ta C tomov otehéyn MAP (Ztéheyoc MAP
ATCC19698). min M: DNA pdaprtupa popiakod Bapovg 100bp

—
b
e

268 bp
218 bp

2.5 Zvlnmon

Aviyvevoope M amopovacape to MAP and téooepa dapopetikd €idn g
dyprog mavidag, ta omoio. oHoOV GTOLG YMPOLS GTEYOONG N GTOVS POGKOTOTOVLS
KOOIV HOAVCUEVOV  UE  TOPOPUUATIOOT). [T ovykekpyéva, o MAP
amopovodnke and dVo emipves Kot dVO POEG, OV giyov Ay LOA®MTIOTEL HEGO GTOVG
YOPOVG OTEYOONS, KOODG Kol amd pio aAemov kot Evav Aayd, mov elyav Bpebel vekpa
N &iyav ovAleyfel omd wKvvnyolg otovg PooKOTOTOLG TV KOTMAdldV.  Agv
anopovodnke amd omovpyitia, acPovc, Kapoakd&eg, €va AVvko, pio voeitoa, €va
vepakt Kot pio kovkovPayta, aAld o dtafécipoc apBpnog owv and ta £iom avtd NV
neplopiopévog  (IMivokag  1). Agv  aviyveLoOUE HOKPOOKOTIKEG OAAOIDGELS
napapupatioons ota ayplo (oo mov efetdoape. Ilapdra avtd, vanpyav OB ota
HOKPOPAYO TOV €VIEPIKOD emBNAiov €vOg, apvnTikod oty KaAAEpyEwn, Tipvog, o
omolog &iye Betkovc wotovg oty 1S900-PCR.  To evpnua avtd, moid mbavdv,
VOOEKVOEL AoTpmEN Ko Oyt anhd «mépacpo» tov MAP amd tov evtepikd cwAnva,
AOY® TPOGEITNG KaTaviiwong polvopéveov vakov. O Beard et a. (2001a), eriong,
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elyav dwmotwoel v mopovcioc OB péca oe moAvdapiOua pokpodyo coe &vav,
BeTikd oV KaAMEPYELa, pL ToL dAcovs. H dapovia tov amotelecpdtov petald
NG KOAMEPYELNG Kat TG toTtomafoloyikng eE€taomng £xet emonpuavOet kot amd dAlovg
ovyypoeeic (Beard et al., 2001la; Corn et al., 2005). To yeyovog avtd £xet
wapotnpnOel Kol 6 TEWPAUATIKE PLOAVGUEVOLG HOEG KOl EMIHVESG, TOV dev epPdvilov
otobepd KAiIKG cvuntdpoto Kot otoraboloyikd svpnuata (Harris and Barletta,
2001).

O1 Stevenson et al. (2002) mov tvromoincav pe 1S1311 PCR-REA o peydn
TOWKIMOL OTEAEYDV OO LOVOYASTPIKG €101 TG dyplag mavidag, Pprkav 6Tt dAa NToV
C 1 tomov II oteréym. Zmv mapovoa pHeAET OAQ To GTEAEYT TOV AmOpOVOONKOY 0o
dypwa {da, TAnv evédg, dvnkav oto C tomo. To otéheyoc mov katatdydnke otov S
TOTO TPOEPXOTAV amd &vav pv. MEyxpt onuepa, ovty €ivar 1 TPOTN ovaeopd
amopdvmong otedéyovg MAP S thmov and povoyaotpikd €idn g dyprog moavidog.
To ebpnuo avtd LTOJEIKVOEL OTL TAL LOVOYAOSTPIKA €10M TG dyplag movidag sivar
mBovod vo polvvovtar kot pe toug dvo tomovg MAP. O ocuykekpipévog g
aUOA®TIOTNKE HECH OTO YOPO OTEYOONG €VOG KOMAdoD, omd TO Omoio
amopovodnkav poévo C tomov otedéyn and to mpdParta kot tig aiyes. To yeyovdg
avtd pmopel va VWOOMAMVEL, €lte OTL TO TPOTOKOAAD OelypaTtoAnyiog Kot
KOAMEPYELOG AMETVYAV VO ATOLOVAOCOVY S TOTOV GTEAEYN, €lte OTL O pLG pHOAVLVONKE
HE TO OLYKEKPWEVO OTEAEXOG KOmov oAAoV.  Ilpogavdg, T0 TteAevtaio £yet
peyoAvtepn emdnoroyky onuacio. Ot Whittington et a. (2003) avépepav 6t 1
aropovoon tov MAP and mepiBailoviikd detypota o EKTPOPEC TPOPATMV Kot ory®dv
o Néa Znlovdio Mtov mOAD younAn S pnveg HETd TNV OTOUAKPUVOY| TOV
poAvouévonr {owkod kepoiaiov, aAAd €0n g poAvouévng Aayplag movidog e
peyolvtepoug ypdvovg Cmng, Ommg eivar ot poeg, ot emipveg, ot Aayol kot ot
alemovdeg, ivor mBovo va cuveyilovv TNV AmEKKPIST) TOV HIKPOOPYOVIGHOD KOl Y10
YPOVIKO SLAGTNLO LEYOADTEPO TOV 5 UnvdV.

Ot Haydon et al. (2002) avépepav 0Tl 0 YEVETIKOG YOPOKTNPLoUOS TaboydvVmV
TAPOYOVIOV TOL amopovankay amd SapopeTikovg TANBuopovg, amotedel €va
1oYVPO epyareio Yo TNV avayvaplon pog Thoavng oeEapevig evog KPOOPYaVIGLOD.
Ov St gpevvntég mpotevay 0Tt ¢ de€apevny Ba mpémer vo opiotel €vag 1M
TEPLGGOTEPOL EMONUIOALOYIKE cuvdedpevol TAnBuopol 1 Tepdiiovta, 6To Omoio O
nafoydvog mapdyovrag pmopel vo dtatnpnBel povipa Kot vo petagépel ™ pnoivveon
otov kofopiopévo mAnbououd otodyo. O {owdg TANOLVGUOC péca oe o deEOUEVT
pmopet vo mepthapPdvel d1opopeTikd €10m To. omoia va cLUVOEOVTOL AUEGH 1 EUUECH
peTa&y Toug. XN Zkotia, o ayplokovvera BewpnOnkayv apyikd donta wg dEEUUEV
oLVTINPNONG KOl HETAS00TG TG TTapaevpotioong ota Booedn (Judge et a., 2005,
2006), emewdn dev vmanpye OWEOPG OTA OTEAEYT TOL OTOUOVOOMKAV  a7d
aypokobvelo kot Pooegwdn oamd Vv 1010 1 OPOPETIKEG  EKTPOQES, OTOV
tornoromOnkav yevetikd pe RFLP xow PFGE (Greig et al., 1999). H vroyia avty
apyotepa emPefordOnke pe TO YEVETIKO YOPOUKINPIOUO TV otereydv.  Ta
TEPLGGOTEPA OO TOL GTEAEYT] TTOV ATOUOVAGAUE OO TNV AypLoL TOvidd Kot To, KOTddio
mpoPdtwv kot aryodv dvnkav otov C tomo. Evowapépov anoteAdel 1o yeyovog Ot
TAELOYN QL0 TOV CTEAEXDV TNG AYpPLoS Tavidag avnkoy oTov 110 YeveTikd THTo Ue To
oTeEMEYN TOV TPOPATOV Kol Tov aty®v amd 1o 0o Komddl. Ta otedéyn amd v
aAemOV Kol TO Ayd, e€miong, dvnkov otov Kupiopyo, HETAED TV GTEAEY®V T®V
mpofdtwv kot tov aryov, C tomo. Ta tpoktikd mbavév pordvinkav pe to MAP
TPOYOVTOG TEGUEVT] GTO £00(POG TOV YDP®V GTARAIGUOD TPOPN TOV £lYE AVAKATEVTEL
HE HOALGUEVA KOTPOVO TOV WKP®OV Unpukactik®dv. H oiemod mbavov poidvonke
TPOYOVTOG HOALGHEVO Onpapata, Ommg TPOKTIKA kot Aayovs. Ta gvpiuota ovtd
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vrodetkvoovy 0Tt givor mBavd va éxer ovpPel perddoon tov MAP petald tov
OLOLPOPETIKMY E10MV Ko OTL TA TPOKTIKA, 01 AAETOVOES, Ol Aayol Kot To TepPBEAlovV
dwPiwong tovg mBavOV CUUUETEYOLV GE €va TEPITAOKO GVGTNHO SloTPNoNg TNg
uolvvong andé MAP tov pukpov punpuvkootikov. Ot Daniels et al. (2001, 2003)
avépepav O0TL 61 Zkotia poAvopuéva pe MAP ayplokovvela amékkpivay mg kot 4
exatoppopro. CFU/ypappdplo kompdvov, pic moocdtnta n omoio HTav 1Kovy Vo
amoteAécel LoAbvovsa doom yia To fooedr|. Emiong dwumictwoay 61t o foogldn dev
amEPELVYOV, KOTA TN BOCKN O], TV KOTAVAAMGY] KOTPAvov ayprokovvelmv. Emeidon n
CLUTEPLPOPE BOCKNONG TOV TPORATOV KOl TOV AlyDV £ivol SlopopeTikn omd ekeivn
TV  Pooeddv, amoutobvtol TEPIGOOTEPES UEAETEG TOL  Vva  GLOoYETICOLV TN
ooumepLpopd toug Kot v maboyévela tov MAP oty dypla mavida, €161 wote va
OlEVKPIVIOTEL OV TOL LOVOYAOTPIKE €101 NG Ayplag movidag cuvieTohv cofapn OmEIAn
v T HOALVON TOV WKPOV pnpukoctikdv. I[Tbavog, n dyplo mavioo moilet
ONUOVTIKO pOLO oTnV emdnuoioyio g poAvvong and MAP og extpopég mov £xovv
expillooel v mopagupatioon M oe amaAloypéves omd 10 MAP extpogéc evtog
YEQYPOPIKDV TEPLOYADV UE AALES TPOCPEPANUEVES EKTPOPEC.

Amopovocape kot tovg 6o tomovg MAP and ta kémpave piog aiyog.
oppekteg Aoaéels pe otedéyn MAP, mov avnkav oe dtupopetikotg RFLP tomovug
&xovv avaeepei oe pio ayelada (Pavlik et al., 1995). Emiomng, o1 Corn et al. (2005)
ATOUOVOGOY GTEAEYT), OV AVNKOV CE TPES OLOPOPETIKOVG YEVOTLTOVS Ppayémv
akolovbidv, amd évav apuadidio, kabBmg Kol oteEAéyn, mOL Avnkav og 000
OLOLPOPETIKOVG YEVOTLTOVG, Ao pio YATH. XTNV Tapovsa HEAETN, 1) aiyo AvnKE og Eva
KOmAdL oL NTOV poAvouévo puovo pe otedéyn C tomov. H aiya avt) pmopel va giye
poAvvOel amd 1O GLYKEKPIWEVO OTEAEXOG KATOL OAAOD, KAOMG 1 CLYKEKPUEV
EKTPOON 0ev aKolovBovoe KAEWGTO cvoTNUO dlayeiplong, 1| vo HOALVONKE KATA T
Booknon oe kowvovg Asmdveg HE GAAO KOmAdw, OmMOTE VLINPYXE M SvVATOTNTO
AVTOAAOYNG OTEAEXDV HETAED OLPOPETIKAOV KOoTaddv. Duoikd, elvar emiong mbovo
OTL GTO GLYKEKPYEVO KOTAL, Kabmg emiong Kot oto VTdAouto Tpio, LINPYAY Kol Ot
ovo tomor MAP, aAAd voekTIUNGOE TO TOGOGTO TPOGPOANG and oteAéyn S TOmOL
emedn: (1) koriepyobvtar ToAD SVOKOAD KOl LIAPYOLV TOAAEC Ol0Q®VIEG OGOV
aPopd TO KOTAAANAO Y TNV OMOUOVMOOCT] TOVG KOAMEPYNTIKO VLIOGTPOUN
(Whittington et al., 1999; de Juan et al., 2006) ka1 (2) to kabiepopéva TpOTOKOAAN
YL TNV AOQLYT EXLUOADVGEDV TOV KOAALEPYELDOV LEUDVOLV TOV 0pOUO TOV GTELEXDV
S torov mov anopovadvovtol (Reddacliff et al., 2003).

Joumepacpatikd, mpoonadnoaue vo anopovocovpse MAP and éva peydio
evpog aypiov €d®v mov (oboav oe exTpoPés mpoPdtwv kot aryov. Téooepa
daPopeTIKA €16M NG dyprlog mavidag (Loeg, emipwec, adenovdeg Kot Aayoi), kabdg Kot
TO. KOTOWKIOW HIKPA UNPLUKOCTIKE TOV £pYoviav o€ €maQn He avtd Bpednkoav
poAvcpéva e Tov pkpoopyoviopd. Ot pdeg Mtav HOALGUEVOL Kot pe TOuG 00O
tomovg MAP, evd ta vrorowma aypila €idn povo pe 1o C thmo. Avty eivon | TpmdTY
avagopd aropdévoong oteréyovg MAP S tomov and povoyactpkd €idn g dyplog
nmavidag. Ot tomor MAP mov amopovafnkov and to mpoPato Kot TG oiyeg TtV
EKTPOO®OV OMOUOVAOONKAY Kol Ot To TPOKTIKG oL cLUPlovcay 6to {dt KOTadia.
Ta mapandveo vwodniovovv 011, mhavdg, £xel cvuPetl petddooon tov MAP petagd
OLPOPETIKMVY WMV KoL EVIGYVOLVY TNV mBavotTa 1 dypla wavida vo wailel Kamolo
pOLO oTNV emdNoAoyio TNG TapaPLUATIOONS TV TPOPdTmV Kot Tov arywv. Eival
YEYOVOG OTL OMOTOVVTIOL TEPIOGOTEPEG WEAETEG OV VO, OLPOPOVV TN CLUTEPLPOPA
Booknong twv mpoPdremv Ko TV arydv, kabng kot v taboyévein tov MAP oty
dyplo. Tavidoa, TPOKEEVOL VL SIEVKPIVIOTEL AV T LOVOYOOTPIKE €10m NG Gyplog
Tovidog OTOTELOVY TTPAYHOTIKY] OEIAN Y10 T HOALVOT TV WKPAOV UNPLUKOCTIKOV
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Q01660 TO ATOTEAEGUATO TNG TOPOVCAG UEAETNG VITOJEIKVOOVY OTL 1 dyplo wavido
umopel va mailel onuaviikd poro oty emdnporoyia g porvvong and MAP, og
EKTPOPES TTOL £XOVV eKPLLMCEL TNV TAPAPLUATIOON 1) 6€ amaAlaypéves and to MAP
EKTPOPEG EVTOC YEMYPOUPIKDV TEPLOYDV UE AAAES TPOGPEPANUEVES EKTPOPEC.
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I'evetiki] ovykpron oteleydv Mycobacterium avium subsp. paratuberculosis mov
amopovadnkay amwd eAANVIKA Tpofata Kol aiyes, amwd TV TPOQT] Kol T1) GTPOUVI
TOVG, KOOGS Kol amd cvoyeTICONEVO e OVTO POVOYUSTPLKA €I0M TS AYpLOC
Tavidac.

Eyxer vrofAnOei yia onuocicvon oo meprodiké Epidemiology and Infection
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3.1 epiinyn

O oKx0moG NG TaPOVCAG UEAETNC NTOV 1) YEVETIKN oVYKplon otedeymv Mycobacterium
avium subsp. paratuberculosis (MAP) mov amopovabnkav amd eAAnvikd tpdPata kot
ailyeg, amd TV TPOPY Kol TN GTPOUVY TOVS, KaODS Kot amd cuoyeTilopeva Ue avTd
povoyaoTpikd €10m g dyprog moavidag.  Ta otedéyn yopakmmpiomnkav Kot
ovykpiOnkav yevetwkd pe ™ p€Bodo g 1S1311 aAvcdwtic avtidpaons TG
nolvuepdong (polymerase chain reaction — PCR) axolovBoduevn omd avilvon
neploplopon evdovovkieacmv (restriction endonuclease analysis - REA) kot pe
TPOGIOPIGHO TNG onuelakng aAiniovyiog Tov DNA Kot pUAOYEVETIKY avAAVOT TOV
oTEAEXDV OE TUNUA TNG EVOETNG VOUKAEOTIOKTG aAAndovyiag 1S900. Koiliepynoape
kot egetdoape pe PCR, ywo tv aviyvevon g ewdwng yw to MAP évBetng
VOuKAEOTIOWKNG adAniovyiag 1S900, opoyevoromuéva detypata wotov and 327 dypila
Coa, mov poépyovtay amd 11 dapopetikd £idn g dyprog mavidag, To omoia siyov
ayypolotiotel 1 Ppebel vexkpd otovg otdPfrovg 1 010V POoKOTOTOVS TEGCAPMV
EMMMVIKOV KOTASIDV TPOPATOV KOl oy®V, EVONUIKA poAvopévev pe MAP. Emiong,
and kéBe Komdd, karliiepyndnkov 60 detypata otpouvig, 15 delypata tpoeng Kabmg
kot ogtypato Kompdvev and 100 npofata kon aiyes. EmumAéov, kadlepynnkav kot
eEetaotrav pe 1S900-PCR opoyevomompuévo delypato 10TOV omd TOV EVIEPIKO
COAVO KOl TOVG EMYDPLOVG Aeppadéveg 142 mpofdtwv kot 72 arydv, mov eiyav
ovMeybel oe tpla ocpayeio, Ta omoia Eéc@alav mpoPata Ko atyeg amd TV evpiHtepn
epoyn TV vrd dtepevvnon ektpoedv. To MAP aviyvedtnke oe 1 deiypo otpopvig,
oe 1 deiypo tpoeng, kabmg ko ota deiypata 6 aypiov (dov xou 33 pKpdv
unpvkoctikov. H 1S1311 PCR-REA katmyoplonoinoce 25 otedéyn MAP cg Boeio kot
10 oe mpoPeto tOmo. Tevikd, To OTEAEYN TOV TPOKTIKOV, TNG CTPOUVAG KO TNG
TPOPNG avnkav otov idto Tomo MAP e gketva TV KOTOKISI®OV UNPVKACTIK®OV, TOV
aropovodnkav ond 1o 110 komddl. O mPocdoPIcUOS TG CNUEWNKNG AAANAOLYING
tov DNA kot m @uhoyevetikn ovOiAvon TV oTteleydv o€ TUNuo ¢ €vOetng
voukAeoTdkng aArniovyiog 1S900 opadomoince 19 otedéyn MAP avdioya pe v
wepoyn g detypatoAnyiog kot €0e1ée 011, mbavag, elxe ovuPel petddoon twv
oteAeX@V PETAED NG dyplog movidag, TV TPOoRAT®V Kol TOV a1ydV.
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3.2 Evocaymym

[Tapd tO yeyovog OTL WOAAG ONUOVTIKA VOONUOTO TOV avOpOT®V, TOV
Katokidiwv {dowv Kot Ttov TANLGUOV NG dyplog Tovidag moTevETAL  OTL
ovvtnpovvrtal o€ Eeviotéc-deapevéc (Daszak et al., 2000), avtég o1 deapevic omavia
opifovrat ko avayvopilovtat. Ot Haydon et a. (2002) 6pioav ) deapevi og évav
N TEPLGGOTEPOVS EMONUOAOYIKE cLoYeTILONEVOLG TANBVoLOVE 1 TEpBdAiovTa, oTa
omoia 0 Tafoyovog opyavicudc pmopel va dtatnpnbet kot and tov omoio 1 poAvvon
umopel va petadobel otov kabopiopévo TAnBvord otdyo. Tovicav 0Tl o1 deEapevég
UTOPOVV VO, AVOYVOPIGTOUV  UOGVO OTaV avagEpovial 6 Kabopiopévoug mAnbucpong
otOYoVG Kot OTL O  YeEVETIKOG YOPOKINPIOUOG maboydovemv  mopaydviowv Tov
amopovodnkay and dapopeTikovs TANBLGHOVS Kot To TEPPAAAOV TOVS, amoTeAel
YPNOO EPYAAEID YOl TNV AVAYVOPIOT] TOV OEEQUEVDV.

IMaporo mov to Mycobacterium avium subsp. paratuberculosis (MAP) £yet
amopovembel omd moALd €idn dypiov povoyaotpikdv (Beard et al., 2001; Corn et al.,
2005; Anderson et a., 2007), o mBavog poLOG TV €OV QVTOV O deEAUEVIC TOV
UIKPOOPYOVIGLOV TOPOUEVEL adlELKPIVIoTOS. ['evikd, vapyel EAAEWYN LEAET®OV TOV
va a@opolv Tn yevetikny ovOykpion otedey®dv MAP mov amopovobnkov omd
HOVOYOoTPIKA €10 TG Ayplog movidag pe ekeiva, kold kabopiopuéveov kot
emdNUIoOAOYIKG oyeTilopevmV pe Vv dypla Tavida, ooy TAnfvoudv. O Greig et
al. (1997, 1999) ypnowomoincav yi tnv TVIOTOinon otelexdv MAP 1S900-
TOADUOPPIGUO TTEPLOPIGHOD pnKovg Opavopdtov [1S900-restriction fragment length
polymorphism (1S900-RFLP)] ka1 mAektpo@dpnon ANKIOUOTOG TOAUIKOD 7ediov
[Pulse field gel electrophoresis (PFGE)] kot dev PBpikov Sw@opéc petald Tmv
OTEAEYDV TOL amopovOONKay amd ayplokovvelo kot amd Pooegwdn, e To omoio
épyovtav oe emar. Ot Pamer et al. (2005) &dei&av 6t t00 otedéyn MAP mov
amopovodnkav and aypldyoteg Kot BO0EN GE YOAOKTOTOPOYMYIKES EKTPOPES OTIG
HITA évnxav otov id10 RFLP tomo.

Aev vrdpyovv TOPOUOLEG LEAETEG TOV VO, ApOPOoVV Ta TPOPata 1/KaL TIC aiyeg
Kol T povoyaotpikd aypa (da. Kabobg n maboyéveln g mapagupatioons tov
TpofaTmv Kol ToV ary®v givar dtapopetikny and ekeivn tov Poosdwv (Clarke and
Little, 1996; Clarke, 1997; Corpa et al., 2000; Tafti and Rashidi, 2000) ka1 kabdg ta
HIKPA umpukaoTtikd mlavog polvvoviot amd dapopetikd otedéyn MAP og oyéon pe
to. Booedn (Collins et al., 1990; Stevenson et a., 2002), to anoteléopata TV
HEAETOV TOV apopovv Pooegdn doev Ba mpémel va emekteivovtol 6ta TPOPaTo Kot TIg
atyec. T 10 Adyo avtd, oyedidoape o LEAETN Yo v SIEPEVVIIGOVUE TOV OV
POLO, Y10, TNV TOPAPVUATIOOT) TOV TPORATOV KOl TOV AIYDV, KATOU®Y LOVOYUSTPIKMV
aypiov €dov, mov (ovv 6ToVG OTAPAOLG KOl GTOLG AEWMVEG €VOG TANBLGLOV
EMNVIK®OV TPOBATmV Kal arydv, EVONUIKA LoAVoUEVDV e Tapoaeuuatioon (Florou et
a., 2007). O okomdg TG TOPOVGOG LEAETNG NTOV VO GUYKPIVOVLLE YEVETIKG GTEAENM
MAP mov aropovodnkav amd tpoPata Kot aiyeg, TNV TPOEY| KOl T1 GTPOVI TOVS KOt
amd povoyaotpikd dypie (oo pe ta omolo épyoviav oe emapn. O yevetkdc
YOPOKTNPIOUOS TV oTeEAEYDV mpayuatomomdnke pe ™ upébodo g 1S1311
aAvoldmTHg avtidpaong g molvpepdonc (polymerase chain reaction — PCR)
akoAovBovpevn amd  ovéilvon  wEplopopod  evéovovkieacwmv  (restriction
endonuclease analysis - REA) kot pe mpocdlopiopd g onUEnKng aAlniovyiog Tov
DNA a1 guAOYEVETIKT] AVOALGT TOV GTEAEYDV GE TUNHOL TNG £VOETNG VOUKAEOTIOIKNG
aAiniovyiog 1S900. Eved n 1S1311 PCR-REA &yxet ypnowonomBel emtuydg yo
dkpion TV oteheydv otovg dvo kvplovg tomovg MAP (Marsh et al., 1999), o
TPOGOOPIGHOG TNG onuelakng aAiniovyiog tov DNA kot 1 @uAoyevetikny avaivon
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TOV GTEAEYDV GE TUNUA TNG £vOETNG VOUKAEOTIOKN G aAAniovyiog 1S900 dev €yovv
ypnooromBet 6to mapeAbov yia ) cvykpion otedeyodv MAP.

3.3 Yhkd kot pédodor

3.3.1 IIAnOvouog e ueiétns - Asryuotoinyio.

Emiléybnkov té00epic ekTpoéc mpofdtv Kol arydv TG Kevipikng EALGOaC
(yeoypagikd pnkog: +39° 22°, yewypapikd mAdtog: +22° 007), ov omoieg omeiyav
peta&b toug TovAdyiotov 10 yhdpetpa kot kKopaivovtay og péyebog and 250 Emg 350
Coa. To éva and ta komddwa amotereito amd mpdPata, 10 dALO amd aiyeg Kol To
vroloura 600 HTOV UEIKTA, HE avaloyia TpoBdtwv-atydv, To Eva 60-40% kot To AL
40-60%. To v mpoypatomoinon TG UEAETNG TO KOMASW MTOV VIO EVIOTIKY
TapakoAovOnon yo xpovikd ddotua 2 et@v. Avo and toug cvyypoesic (MK Kot
M®) emioKénTOVTOY TOVG GTAPAOVG Yo TV aviyvevon Kot cvAloyn aypiov (dwv, Ta
omoio aryporotiomkay 1 Ppédnkav vekpd, gite péco otovg otdfrovg, €ite oTOVG
Aewwaves Booknong tov komadwwv ([Mivaxag 1). Ou Aemtopépeleg yo T YEVIKN
owyeipion, kaBmg kot o1 TEYVIKEG OetypatoANyiog Kot EneEepyaciag TV dEYUATOV
&yovv Mom meprypapei (Kostoulas et a., 2006; Florou et al., 2007). Extog amd to
detypota tov {dov, cLAAEYONKav ond kabe KomdAdl, e TN YPNON TETPUYMOVIKNG
detypatoanyiog, 60 dsiypata otpopvig. Xt cuvéyeln, cLAAEXOnKkov omd kdbe
komddt 15 delypata cvumvkvouévng Cmotpoeng, tepimov 10gr to ke éva. TloAld
amo to Oetypota {OoTpoPng MTaV ETUOAVGUEVA LUE KOTPOVO TPOKTIKOV.

Ta aypo (oo mov eiyov ayypoiotiotel gvbavatobnkav pe ™ yxpnon
KATOAANA@V pnefddmv. Xe 0ha ta {da mpaypaToromOnke TANpNg vekpowia, KOTd T
olapkelo g omoiag cLAAEOMKav, Yo kdbe (Mo Eexwplotd, Ta TeEAevTAio TUAUATO
TOV OMOEKAOOKTOAOL KOl TOV EIAEOD, T TPMTO, TUNLLOTO TOV TVOAOD KOl TOL KOAOV, Ol
ELEOTVOAIKOL Kot Ot KOMKOl Aegp@odévec Kou TO Mmap, 7OL, aKOAOVO®G,
opoyevomomOnkay, tomofetnOnKav ce oTEIPOVS TEPLEKTEG KAt daTnpriOnKoV GTOoVG -
20°C yuo kaAMépyeta kot 1S900-PCR.

Kabdc moALd amd ta dypia €10 mwov egetdomnray siyoav Ppedel vekpd 1 elyov
nupoPoinbei amd kvvnyolg (akemovdeg, Aayoi, acPoi, kapaxdées, Evag Avkog, pia
vooitoa, éva yepdkt Kot pio KovkovPdayia) otovg Asudveg 6mov o TpdPata Kot ot
atyec g perémng éPookav pall pe yertovikd komadia, cuAAExOnKav, eniong, oelypota
and mpdPoata Kot aiyeg mov elyav odnyndel mpoc cpayn o€ Tpia TomKd Geayeia, T
omoia 6éyovrav {da amd TV TEPLOYN TOV TECCEP®V Komadimdv. ' xpovikd dibotnuo
€EL uMvav dVo amd tovg cvyypaeic (M® ko ITK) emokéntovtay o opaysio KGOe
Vo gfdopddeg kot, oaveEdpmra o évag amd Tov GALO, emBempoVcaV OMTIKA TOV
EVTEPIKO GCOANVA KOl TOVG ETLYDPLOVG AEUPAOEVEG OA®V TV GOAUYI®MV Y10 AALOUDCELG
EVOEIKTIKEG NG Topaeupatioons.  XvAAExOnkav 6ca Bewpnbnkov vmomta yuo T
v060, dNAadT] GUVOAIKA O1 EVIEPIKOT COANVES Kat ot Aeppadéveg 142 mpofdtwv kot 72
atyov. H mepartépm cvihoyn kot emeepyacio SelyHdTOV Omd TOVG EVIEPIKOVS
COANVES TOV TPOPATOV KO TOV OLy®V MTOV TAPOUOoLa Le EKEvN TV ayplov (dhov.
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IMivokog 1. Ta &idn g dyplag mavidag mwov orypoAiotiomkay (TpmKTiKd),
oLAAEXONKaY amd Kuvyove (Aayol) 7 Ppédnkav vekpd, and to Zentéuppro tov 2001
¢w¢ tov Iovvio tov 2003, oTovg hpovg GTARAIGHOV 1) 6TOVG fOGKOTOTOVS TEGGAPMOV
EAMNVIK®OV KOOIV TPOPAtmv Kal aty®dv, evonuika polvopévav pue Mycobacterium
avium subspecies paratuberculosis (MAP).

Kown ovopacio Emompovikny Ap1Buodc Loov
ovopocio
O1K10KOG G Mus musculus 149
Enipog Rattus rattus 55
Kapaxda&a Pica pica 30
Yrovpyitt Passer domesticus 32
Evponaikdc kapé Aayog Lepus europaeus 44
Ademov Vulpes vulpes 10
Aooc Meles meles 3
AbKog Canislupus 1
Nvegitoa Mustela nivalis. 1
Tepaxt Accipiter nissus 1
KovkovBdyia Asio otus 1
XHvoAo 327

3.3.2 Kalliépyeia, uédodor PCR kar avaivong mepiopiouod evoovovrleaowv (REA)

Ola to detyparta kaAlepynnkav oe vrootpdpate Lowenstein-Jensen (LJ)
kot Herrold' s Egg-Y olk (HEY M) 6nmg meprypaonke oe npocateg peréteg (Whitlock
and Rosenberger, 1990; Greig et al., 1999; Florou et al., 2007). Ot koAMépyeieg
ENMACTNKOV TOVANYIOTOV Yo 7 PNVES, GTOVG 37°C kau eMEYYOMKaY Yoo avamTuén
ATOKIAV, TOGO HOKPOCKOTIKG 0G0 Kal pikpookonikd tnv 17, 21, 41, 61, 81, 10", 12",
16", 20", 24" kou v 30" efSopdda.

Ot dwdwaoieg exyviong tov DNA tov MAP ftov mavopoldtuneg yio Tig
pefosovg PCR o v aviyvevon twv voukAeoTdK®V aAiniovyiov 1S900, 1S1311
kot 1S1245. H exyviion tov DNA amd tovg opoyevomonpévoug 16to0¢ Kol amd Tig
amoikieg mov avamtoydnkav oto LJ, mpayuatomombnke pe tn ypnon tov Genomic
DNA Purification Kit (Puregene, Minneapolis, MN, USA), copoova pe Tic 0onyieg
Tov Koataokevaot. o v ekyviton tov DNA and Ti¢ anoikieg mov avamtdydnikov
oto HEYM, 1-2 anowieg petagpépbnkay, Aappfdavovtog pépyvo dote va omopevyel
N HETOPOPE TEUOXI®V TOL VTOGTPOUATOS, GE OTEIPOVS TMEPLEKTES YMPNTIKOTNTOG
1,5ml, ot omoiot mepieiyav 100ul omooteipopévov vepod. To mepieyouevo kdade
ocolva avakwviOnke yo 1 Aentd og avapiktn vortex (IKA-Works Inc. Wilmington,
NC, USA), tomofetifnke otovg 100°C ywo 30 Aemtd, pe okomd T Abom Tav
Boktnpiov, katr euvyokevipnOnke otig 14000 otpogéc/ientd ywo 10 Aemtd. To
VIEPKEIEVO O1AAVO. LETAPEPONKE GE VEO oTElpO TTepLEkTn yopnTikdTTag 1,5ml ko
t0 oynuaticBéy iinua amoppipdnke. Ta delypata DNA tomobetovviay otovg 4°c,
epooov eEetdloviav dpeoa, 1| amodnkevovay otovg -20°C.

To DNA mov mpoékvye petd TN O1adkacior EKYOAIONG amd TIC KAAAEPYEIEG
Kot to delypata wotwv egetdomke pe PCR yia v aviyvevon g, €01KNG Yo 10
MAP, £évBetng vovkAeotidikng aAiniovyiog 1S900. To 1S900-6etikd deiypota
vrofAOnkav ot cvvéyela o 1S1311 PCR, akoAovBovpuevn and REA pe to évlovpo
Hinfl, kon og 1S1245 PCR. H 1S1311 PCR-REA éywve yio T 014Kp1on TV 6TEAEYDV
tov MAP o¢ PBoso (cattle-C) xor oe mpoPero (sheep-S) tomo. H 1S1245-PCR
epapudotKe yoo TV aviyvevon tov Mycobacterium avium subspecies avium (M.
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avium). To ekkvntikd poplo (primers) mov ypnowomombnkav oe kabe PCR,
otvovtar otov Ilivaxka 2. ‘Oleg otr avtidpdoelg mpaypotomombnkoy Omme &xet
neplypagel vopitepa (Millar et al., 1995; Marsh et al., 1999; Florou et a., 2007). 'Eva
detypa Bewpovvtay Betikd otav 10 péyebog tov mpoidvrog g PCR ntav idwo pe
ekeivo tov DNA pdptopa poplakod Pdapovg, dniadn 414bp yuw v 1S900-PCR,
268bp yia v 1S1311-PCR kot 198bp yia v 1S1245-PCR.

Ot avtwdpdoeig ywoo ™ REA zmpoaypatomomOnkav Omwg eiye meprypoaet
vopitepo ond tovg Marsh et a. (1999). To avapevopevo, LeyEOn tov Tpoidvimv NG
REA ftav 268, 218 ka1 50bp yio to mpdtumo mepropiopov tov C thmov ko 268bp yia
TO TPOHTLTO TEPLOPIGLOV TOL S TOHTTOV.

Mivakag 2. Xtdyog, €W0KOTNTO KOl OAANAOLYIEG TV HOPIOV EKKIVINTAOV Yo THV
1S900-, v 1S1311- xou v  1S1245-PCR; Ot oyetikéc avoapopés PBpickovionl oTiC
napevhéoels. H  1S900-PCR ypnowomomOnke yia v aviyvevon tng €vOetng
aAAniovyiog mov eivan €0k” ywoo to MAP, 1 IS1311-PCR, axolovBobuevn amod
REA, yw ) d1dxpion tov otereydv oe S kot C tomo, evdd 1 1S1245-PCR y v
aviyvevon g évOetng aAlnlovyiag mov amavtdral povo oto M. avium.

¥toyoc  Ewwomta  Mopua AlMmrovyia (5°-3') Avagpopd
PCR EKKIVITOV
1S900 MAP P20 GAA GGG TGT TCG GGG CCG TCG CTT AGG (Millar et al.,
1995)
Po1 GGC GTT GAG GTC GAT CGC CCA CGT GAC (Millar et al.,
1995)
IS1311 MAP M56 GCG TGA GGC TCT GTG GTG AA (Marsheta.,
1999)
M. avium M94 CAGCGA TCGTCGACAGTGTG (Marsheta.,
1999)
1S1245 M. avium M114 CTCGAC GCA CTGCGCACC (Callinset al.,
1997)
M115 CCGCAGTTCCAGGTCCCCT (Callinset dl.,
1997)

3.3.3 Ilpoadiopiouos e onuetoxns oiinlovyios tov DNA oe tunua e évOetng
vovkieotioikng oiintovyiag 13900

o vo devkpviotel M yevetikn| etepoyévela tov oteheyov MAP 6lha ta
npoiovto g 1S900-PCR (414bp) xabapiomnkav omd v ayoapoln (Qiaquick Gel
Extraction kit ; Qiagen, West Sussex, UK) kot otdiOnkav oty MWG Biotech
(Ebersberg, Germany) yio tov mpocdiopiopd e onuelakng aAlniovyioag oo DNA
KOl TPOg TIG OLO  KOTELOVVGELS, YPNOOTOIOVIONS TOLG TPOGHIoNg Kol TOVG
avVTIGTPOPOVS EKKIVNTEG. Xe 23 OTEAEYT, O TPOGIIOPICUOG TNG CNUEINKNG akOAOVOinG
tov DNA mpayuatorombnke oe 178 nt and éva mpoiov PCR peyébovg 414bp tng
TEPLOYNG OV K®OKoTolel TV €vBetn vovkdeotdkn aiiniovyio 1S900. H avdivon
KGO delypatog mpaypatomomonke oVO POPES Kt ypnotpomomdnkay Hévo LYNANG
mowdTag aAAnAovyies. H oVykpion TV VOUKAEOTIOKAOV OAANAOLYUOV KOl 1)
QLAOYEVETIKN avaivon mpaypotoromdnkay oe 178 nt tng meployng mov KwoOIKomolE
v 1S900 pe ™ yprion tov Aoyiopkod MEGA 4 (Tamura et a., 2007). T v
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amocagnvion g efeMktikng  wotopiag 19  eddnvikov  otedeyov  MAP
ypnowonmombnke 1 pébodoc Neighbor-Joining, evd ot eEeMKTIKEG AmOOTAGELG
vroloyiomnkav pe ™ péBodo tng peyiotng ocvvoetng mbavoedveloc. Ta mocootd TV
EMOVOANTITIKOV  QUAOYEVETIK®OV OEVIPp®Y oTa Oomoiot ot oyeTONevEC OUAOESG
ta&vounong kotatdynkav pali otic avtodvvapeg dokiypég (1000 emavornyemv)
eppavifovtat dimha omd tovg kKAGdovg (Ewcova 1).

3.4 Antoteléopota

Ta amoteléopato g koAAépyelag ko tng 1S900-PCR ¢aivovtar otov
[Tivaxa 3. 'Eva oelypa otpopvng, éva detypo {owotpoepng, kabng kot ta deiypoto 5
aypiov {dov kot 33 pKpdv unpukactik®v Ntav Oetikd oty koAdiépyela. Ta
oTeEAEYM ToL amopovainKav and 4 tpdPata, 6 aiyeg kol 2 poec kaAlepynOnkay udévo
010 LJ, evdd T vtorota povo oto HEY M. "Eva povo detypo kompdvev and pio aiyo
Nrav Oetikd kol pe t1g dvo pebodovg. Oia to otedéym evoebaipiotray Eavd oe
HEYM, oAAd pévo oavtd mov eiyov  opywd ovamtoybet oe HEYM
emavakoiepynonkav. Ola ta otehéyn Moy OeTikd Yoo TV €VOET VOUKAEOTIOKT
aAiniovyio 1S900. H 1S900 aviyvevdnke emiong otovg opoyevomompévoug 16todg 3
mpofdtv Kou 7 aydv, BeTiKOV oV KOAAEPYEW KOl €VOG, OPVNTIKOD OGNV
KaAMEpYEL, emipwog (IMivakag 3).

Ta amoteléopota g 1S1311 PCR-REA epgaviCovtor otov Ilivaka 4. H
1S1311 PCR-REA «atnyopilonoince 25 otedéym oe C kou 10 otehéyn oe Stomo. Entd
oteAéym Oev TvmomomOnkav, mOavdg Adym avemapkovg mocotntag DNA.  Xto
Komddl 1 ta oteAéyn mov amopovadnkay Tpoépyovtay and dvo mpofata, pia atya,
évav emip, Evav P Kot éva oetypa Cmotpopng kot dvnkav oto C tomo. X10 Komddt 2
7oV omoteAeito novo amod aiyeg, 3 aiyeg kot £va deiypa oTpopUVIG Ppédnkav ott eiyav
poAvvoet pe C tomov otedéyn, evad omd pio aiya, n omoio Tav Oetikny kot oto 600
KOAMEPYNTIKA VTOGTPOUOTA, omopovadnkay Kot ot dvo tomot MAP. Ta otedéyn mov
amopovodnkayv omd 1o Kondol 3 Tov amoteleito uévo amd tpodata, TPoEPYovVTAY aTd
4 mpéPata kot évov enipn Ko avnkav oto C tomo. Ta oteléyn mov amopovabnkay
amd 10 Komdor 4, mpoépyovtav amd TEcoEPLS aiyes, £va mpoParto kot Evav pv. To
tedevtaio NTov S TOTOL, v TOL VITOAoTa kKaTnyopromomOnkav wg C otehéyn. Ta
oteléyn amd TV akemol kot to Aoyd TuvromomOnkay wg C tomov otedéyn. Télog ta
oTEAEYN TOL omopovVAONKay amd Ta ceaysion Katnyoplomombnkay ®g S TOMOL
oTeAEYM, €KTOG amd To oTteEAéyM amd évo mpdParto kot pia aiya, mov dvnkav oto C
tomo. Koavéva and ta oteléyn dev frav Betikd yw v, €d1k) ywoo to M. avium,
évBetn voukAeoTidokn aAiniovyia [S1245.
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IMivaxkag 3. AmoteAéopata g KOAMEPYELNS SEIYUATMV KOTPAV®VY 0md KAVIKA LYW
mpofoto Kol 0iyeG TECCAP®V KOMOODV, OEYHAT®V TNG OTPOUVIAG KOl TNG
GLUTVKVOUEVNS LooTpoeNng TV Kot TG KoAAépyelag kot tng 1S900-PCR derypdtov
OHOYEVOTOMUEVMVY 16TMOV oo TV dypla mavido Kot and mpoPata Kot aiyeg amd tpia
ocoayeia, TOV dEYOVTAV TPOS SOy LM amd TV TEPLOYN TOV TEGCAP®V KOTUIUDV.

[Ipoéhrevon delypotog Ap1Opdg (owv M derypdtmv® Betikdv Ap1Budc {owv pe 10tovg
(tOmog deiypatog) otV KaAMEPYELR (GUVOAKOS aplOpdS Betikovc oty 1S900-PCR
{owv 1 derypdtov mov egetdotnKoy)
Mpopara (kémpava) 11(180) AEP
Atyec (xOmpava) 12(220) AE
IpéPoaza (1010i) 3(142) 3
Alyeg (1ot0i) 7(72) 7
Mueg (1otof) 2(149) 0
Emripweg (1otoi) 1(55) 1
Adenondec (1otof) 1(10) 0
Evponoikol  xapé Aayol 1(44) 0
(1ot0i)
Kapaka&eg (1otof) 0(30) 0
Yrovpyitio (1o7oi) 0(32) 0
Aocpoi (1o70f) 0(3) 0
Abvkog (1o701) 0(1) 0
Nveitoa (1otof) 0(1) 0
I'epduct (1otoi) 0(1) 0
KovkovBaya (1otofi) 0(1) 0
Agtypato otpopuvig 1(238) AE
Agiypata Lmotpogng 1(60) AE

*névo yia to Selyporo oTpopvig kot (OoTPoPng
PAE Agv éyvav

KdaBe deiypo opoyevomompévev 1oTdv omd o Tpofate Kol TIG aiyeg amoteAeito and 10 TEAELTAIO
TUAHO TOV SMIEKASAKTOAOD, TO TPATO TUHLLO TOV TVPAOD KOl TOV KOAOV, TOVG EILEOTVPAIKOVG KO TOVG
KoAkovg Aeppodéves. Kabe delypa opoysvomrompévav 1otdv and ta dypla {da mepiedapfove 6ha ta
TOPATAVE TUNHOTE Kol emmAéov To Nmap KaBe {mov. Ot kaAliépyeleg £ywvav oe S0 VTOCTPOUATA,
Lowenstein-Jensen kou Herrold's Egg-Yolk, kot ta otedéyn mov amopoveddnkayv tavtoromdnkoy g
MAP pe 1S900-PCR. To otédeyog mov amopovadnke amd to KOmpova pog aiyag KoAlepynonke Kot
oto 600 vrmootpopate. OAo ta BeTikd oty KoAAMEPYELWDL Oopoyevomompévo delypata 1oTdv and ta
npofarto kot Tt aiyeg rav Betikd Kot otny amevbeiog | SO00-PCR, 6ntmg emiong Kot T0 OpLOYEVOTOINUEVO
delypo 1ot@v amd Evav emipy, 0 0moiog NTaV APVNTIKOG GTNV KAAAMEPYELD.
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IMivaxkag 4. Amotedéopota tov yevetikov yopaxktnpopot pe 1S1311 PCR-REA pe
Hinfl, 35 oteleyodv, katnyopomomuévov ovdioyo upe tnv tomobecion NG
OEIYHATOANYI0G TOVG Kot TNV TPOEAELGT TOVG. ATH TO delypo KOTPAvmV NG aiyog
(o6 10 KOMASL 2), mov NrTav OeTikd kol ota dVO KOAMEPYNTIKA VTOOTPOUATA,
amopovodnkav Kot ot 6vo tomwot MAP.

IS1311 PCR-REA
TomoBeoia [Ipoéhevon TV cTEAEXDV
detypotonyiog
(Tdmog Komad10V) C tomnog Sthmog
Komnadt 1 (ukto) IpoPara 2 ME*
Atyeg 1 ME
Enipvec 1 ME
Mvueg 1 ME
Z®otpopn 1 ME
Komddt 2 (aiyeg) Alyeg 4 1
Ztpopvn 1 ME
Konddt 3 (npéfata)  TIpdPara 4 ME
Enipveg 1 ME
Komadt 4 (uikto) IpoPara 4 ME
Alyeg 1 ME
Mvueg 0 1
Agydveg tov 4 Evporaikoi kapé Aayoi 1 ME
KOTOdOLDV Alemohieg 1
ME
Yopayeio [pdPata 1 2
Alyeg 1 6
>Hvolo 25 10

*ME: un epappootéo

Ilpoaoiopiouos g onuetaxns oiintovyioc tov DNA oe wunuo s évBetng
vovrieotidikng oiintovyiog 1900 kar pvioyevetikn avaloon twv ateleywv

O wpocdopiopdg ¢ onuetakng aliniovyiog tov DNA g 178nt g évBetnc
voukAeoTOKNG aAAnAovyiag 1S900 emPefainoe dtL ta 23 eAAVIKA oTEAéN NTOV
otedéym MAP. Ot apiBuoi eyypaogng tov oteheydv oty GenBank, ot tomobeocieg
detypatoAnyiog Tovg, to €id00g Tov {dov 1 Tov delypaTog amd T0 0moio aTopovMOON KoY
kot 0 Tomog MAP otov omoio dvnkav gppaviCovtatl otov [livaka 5. Ot cVuykpion twv
VOUKAEOTIOIK®V aAAnAovytdv petold tov 10 oteleydv mov amopovobnkav omd
npoPata kol aiyeg and ta ceayeio £d€1Ee Ot oL 7 amd aVTE MTAV TOVOUOLOTLTO
(kwduonorovvtar wg GRE-12, GRE-15, GRE-16, GRE-20, GRE-21, GRE-22, GRE-
23) pe 100% peta&d Toug VOLKAEOTIOKN OpoAoYia. Zuvenmg emhéxOnkay 3 amd ovtd
YL TN QLAOYEVETIKY ovdAvon pe Paomn tov tomo MAP otov onoio dvnkav (ITivakag
5). To pvioyevetikd dévipo (Ewova 1) £deie 011 To 6TEAEYT oymudrticay 600 KOpleg
ouddes. H mpdn amoteleito amd ta GTEAEYN TOV TPUOV TPOTO®V KOTAOIDV, TO
OTEAEYT TOV COAYI®MV Ko QVTA TNG AAETOVG Kol TOL AayoV. ['evikd, péoa otnv opdda
ALt T oTEAEYM amd Ta dw komddw katatdyOnkov pali, pe e€aipeon ekeiva mov
armopovodnkav oamd 1o Komddr 1. To oteAéyn Tov Adyod Kou TNG OAETOLG
KkatotayOnkav poli pe otedéyn mpoPdtwv kol arydv amd ta cpayeio. H cvvorm
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VOUKAEOTIOIKY OpoAOYie TV oteEleydV péoa otnv opdda kvpovotay and 98 Emg
100%. H devtepn opdada mepieAduPove to oteAéyn amd 10 KOomddt 4 To omoia
eppvitav  peta&d toug 100% vouvkieotidikn opoAoyio.  Ta otedéyn tov
povoyoaotpik®v aypiov (dwv dev opadorombnkov Eeymplotd kol pe eEaipeon to
oTéAeY0G TOV PO amd To Komadt 1, elyav vyMAN opoldTTO LE TO OTEAEYT TOV
TPOPATOV Kl TOV oydV.

IMivaxog 5. H xowdwonoinom, ot apBuoi eyypaoerg ot GenBank, ot tomobecieg
derypotoAnyiag, to €100g tov {®ov amd to omoio amopovodnkav ko o tvrtoc MAP
otov omoio dvnkav ooupava pe v 1S1311 PCR-REA (C 71 S) 23 oteleymv MAP,
oT0 OTOl0 EPUPUOCTNKE TPOGOIOPIGHOS TG aAAnAovyiag tov DNA og éva tunua g
évBeng voukieoTidkng akorovbiog 1 S900.

Kwdwodg ApBuog eyypaorg  TomobBesia Eidog {dov 1S1311 PCR-
GTEAEYOVG derypoatolnyiog REA
GRE-1 EU057153 Koméd 1 Aiya C
GRE-2 EU057154 Koméd 1 Mvog C
GRE-3 EU057155 Koo 2 Atya C
GRE-4 EU057156 Koo 2 Atya C
GRE-5 EU057157 Komédt 3 [Tpo6Paro C
GRE-6 EU057158 Komadt 3 [poparo C
GRE-7 EU057159 Konaor 4 Atya C
GRE-8 EU057160 Komndd 4 Mug S
GRE-9 EU057161 Komnddl 4 Alya C
GRE-10 EUO057162 Komdod 4 Atya C
GRE-11 EU057163 Komdo 4 Ip6Pato C
GRE-12 EU057164 Topayeio IpdPato S
GRE-13 EU057165 Agiuoveg Evpomaikdc

Kopg Ayog C
GRE-14 EU057166 Yoayeio [Tp6Pato C
GRE-15 EU057167 Yopayeio Aiya C
GRE-16 EU057168 Yopayeio Aiya S
GRE-17 EU057169 Yoayeio Alya S
GRE-18 EU057170 Sopayeio IIp6éPato C
GRE-19 EU057171 Agdveg Koékkivn arenod

C

GRE-20 EU057172 Yoayeio Atya S
GRE-21 EU057173 Soayeio Alya S
GRE-22 EU057174 Soayeio Alya S
GRE-23 EUO057175 Toaysio ITpéBato S

Entd otehéym and to opaysio ppdvicay peta&d toug 100% vovkieotidiky oporoyia (GRE-12, GRE-
15, GRE-16, GRE-20, GRE-21, GRE-22, GRE-23) ka1 y10. To Ady0 0wt ypncipomotonkay novo to tpio
TPMOTA GTN PUAOYEVETIKT] OVAAVGT], TO OTOL0L AVTITPOCAHTELAY dtapopetikd {wikd £16n kot Tvmovg MAP.
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Ewoéva 1. H ogvloyevetikn oaviivon 19 elinvikdv oteleydv MAP, n omoia
npoaypatonomdnke oe 178 bp g mepoyng mov kwdwkomolel TV  €vhetn
voukAeoTdkn adinAovyio 1S900. Ot mapevOécelg kot ot aykvieg mepthappdvovy Ta
Cowd €idn kot To KoTAd1a, avTicTolyd, and To. onoin amopovankay to oteléyn. Ta
VROAOUTO GTEAEYN TTPOPATOV KAl OLLYDV TPOEPYOVTAV OO TO GOAYEIX.

GRE-16(Aiya)
GRE-15(Aiya)
GRE-12(Mpo6Baro)
GRE-1(Aiya)  Komdsi1
—I_ GRE-B(Adi) :|Ko1'rd§| 2
59  GRE-4(Aiya)
33— GRE-13(EupwTraikocKagé Aaydg)
4] GRE-19(K6KKIVn AAETTOU)
GRE-18(MNpo6Bato)
9450 GRE-17(Aiya)
GRE-5(IMp6paTo)
6! GRE-6(Mpsparo)
— GRE-14(Mp6Baro)
GRE-Z(M Ug) :|Ko1'rd6| 1
| GRE-11(MpépaTo)
GRE-8(Mug)
G RE-Q(A[VG ) Kotrdd! 4
GRE-7(Aiya)
20 GRE-10(Aiya)

o]

1

~J

1

©

:| Komadi 3

100

0.01

3.5 Zvlnton

Ye mpomnyoOuevn) UEAETN, avagépape v amoudvoon tov MAP  and
HovoyaoTpikd €idn g ayplag mavidag mov fovoav pali pe evonuikd HoAvGUEVA
npofato ko aiyeg (Florou et al., 2007). Xtnv mapodoa PeAETN YPNOUYLOTOCOE
LOPLOKES TEYVIKEG L€ OKOTO TO YOPUKTNPICUO KOl Tr GUYKPION TOV CTEAEYMV TTOV
amopovodnKav amd Tpofato Kol alyeg, TNV TPOPN Kol TN GTPOUVY TOVG, KaBmG Kot
amd povoyaotpkd dyplo (oo pe to omoia Epyovtov og emagn. Oscwpnioaue OTL M
opoTNTO PETOED TOV OTEAEYDV omd TNV aypla movida, v {ooTpoen Kol
OTPOUVY amd TN o Kot TV oTEAEY®V omd To KOTOIKIO UNPUKACTIKA amd TV ALY,
0o vmoompile ™ Oewpla 011, ot xKabBopopévovg TANOLGHOVE GTOYOLS, TO
povoyacstpikd dypo {oa Kot 1o TepPaAlov Tovg pumopel va mailovy poro ¢ ototyeio
wog de€apevne datipnong tov MAP (Haydon et a., 2002). Anopovocaue 1o MAP
amd6 tov mAnBvoud otdyo, O omoiog omoteAeito omd  TEGCEPLS  EVOMUKE
PO PePANUEVEG EKTPOPEC TPOPATOV Kot aydV, KaB®OS Kot amd TpoPata Kol oiye pe
HOKPOGKOTIKES AALOIDGELS TAPUPLUATIOONS, TOL GLAAEXONKAY o€ Tpla cpayeio Ta
omoio d&yovtav Tpog oceayn {do amd TG eVPUTEPEG TEPLOYES TV EKTPOP®V. Emiong
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amopovocape 10 MAP and povoyaotpikd €101 g dyprog mavidag, v {ootpoen| Kot
™ oTpOUVY oL glyav cLAAEYDEL amd TOVG GTAPAOVE TOV KOTOILDV.

l'evikd ta otedéyn MAP mov oamopovddOnkav omd v 10100 €KTpOQN
KatnyoplomomOnkav otov id1o tomo. Evowapépov gival to yeyovog O6tL og éva amd ta
KOTAd0, O PKPOOPYAVIGUOS OMOUOVAOONKE amd TPOKTIKA, TPOPata Kot alyeg Kot amd
delypoto Tpo@ng kot ta otedéyn katnyoplonomdnkav otov C tono (ITivakac 3). H
TPOON MTOV ONTIKA HOAVCHEVN HE KOMPOVO TPOKTIKOV Kot Ogv giye ektebel ota
mpofato ko TG aiyeg, kabdg M dsrypotoAnyio mpoypotomomOnke HEGO GTOVG
Y®OPovS oamobnkevong TV Tpoedv. To edpnuo avtd delyvel OTL TA TPOKTIKA
anekkpivouv 10 MAP e ta KOTpoava Kot EMPOADIVOLY TNV TPOPT TOV UNPLVKACTIKOV.
Ot Beard et a. (2001) emiong amopdvecav 10 MAP amd KOTpave TOVIIKGOV TOV
dacovg. H amopovoon tov MAP and kdémpava GAA®V HOVOYASTPIKAOV aypimv 100V
OTMG 0OTOGOVYL, APUASTIAOVS, AYPLOYOTES, POKOVV, VOPITOEG KOl GOPKOPAY TTVE EXEL
avoeepOei (Corn et al., 2005; Beard et al., 2001). Xt Zkotio £xel dwomiotmbel 0Tt T
AYPLOKOVVELD OTOTEAOVV TPOAYLOTIKY OEA Y10 T HOALVON TV Boosd®dV, Kabdg
Bpébnke O0tL amnékkpwvav £o¢ ko 4 exotoppvpro. CFU/ypoupdplo kompdvov, pio
TOGOTNTO. 1 OToie MNTOV 1KOVY VO amoTeAécel LoADVOLsa 06om Yo 0. OO
(Daniels et al., 2001, 2003). Xe éva GALO KOmAOL TNG TOPOVCOG UEAETNG OTEAEM
MAP C tomov amopovodnkav and aiyeg kot omd ) otpouvr. Ot Whittington et al.
(2003) avéeepav o011 M amoudvwon tov MAP oand mepiforioviikd deiypoto oe
EKTPOQEC TpoPdtmv kot arydv ot Néa Zniavoia ftav ToAD younAn, S unveg petd
TNV OTOUAKPLVGN TOL HOAVGUEVOL (®IKOV KeQAAOiov, OAAG €10M TNG LOAVGUEVNG
dyprog movidag pe peyodvtepovg xpovoug Long, Onme eival ot peg Kol Ot EMIPVES
glval mBavo vo cuveyilovv TV AmEKKPION TOV HKPOOPYAVICHOD KOl Y10, LEYOADTEPO
YPOVIKO SLAGTILLOL KO VO ETOVOLOAVVOLV TO TEPBAALOV KOl TNV TPOPY].

Eniong, epappocope Tposdloptopd g onuelokng aAiniovyioc oo DNA kot
(QUAOYEVETIKY] OVAALGY TOV OTEAEY®V o0 TUNUA NG £€vOETNG VOLKAEOTIONKNG
aAiniovyioag 1S900, n omoia ypnoomoleital evpéwc Yo TV Tovtomoinon tov MAP,
KoOmG €ivorl AOKAEIGTIKT TOV GLYKEKPLUEVOL pikpoopyaviopov (Green et a., 1989).
H vovkAeotiowkm adiniovyia 1S900 vrdpyet oe 15-18 avrtiypagpa 6to yovidioua tov
MAP kot éyer ypnowpwonombel eKtevds Yy TV €QApUoyr] HOplak®v peBOdwV
Tumomoinong oteheydv Tov pikpoopyavicpod (Motiwala et a., 2006). v
TPOCTADELD ATOCAPNVIONG TNG EMONUOAOYING TOL &YOLV EQOPUOCTEL TOKIAEG
puéBodotl tvmonoinong otereywv tov MAP, ta omoio amopovodnkav and didpopa
Lowad €idn (cvvoyilovton amd tovg Motiwala et al., 2006b). H mio akpiPig puébodog
Yo TN OKpon TOV PAKTNPOK®OV CTEAEY®V TOPAUEVEL O TPOCIOPICUOS TNG
onuelokng oAniovyiog tov DNA (Carrington and Hoelzel, 2001), dwitepo og
TEPWTAOGES OMOV T OTEAEYN ep@avilovv Tovg 1d1ovg EOVOTOHTOVG Kot OgV
OlKpivovTol YEVETIKO LE TIG TEYVIKEG TLMOMOINOMG, ON®G cvpuPaivel o€ TOAAES
neputtooel; oteheyd@v MAP (Motiwala et a., 2006). H @uloyevetikr] avdAvon tov
otehey®v £0e1&e OTL TOL GTEAEYM OV amopovadnkay and ta dypro {do KatoTdynkay
pali pe otedéym oamd mpdPata kat aiyeg (Ewova 1). T'o mapdderypa, To 6téAe0g amod
oV P and 1o Komdol 4, 1o omoio elye TvmomonBel w¢ S tHmov, Katatdydnke pali pe
T 6TEAEYN Od T TPOPaTaL KO TIS OiyEG TOV KOTOd100 0vToV, To omoia Tav C Toumov.
Eniong, ta otedéym omd v akemov kot o Aayd, mov giyav yopaktnpiotel og C tomov
oteAéym, KatatdyOnkav pali pe otedéyn mpofdrov kol ary®v ond to ceoyeio, M
mieloymoeio tov omoiwv Nrov S tomov. To gvpniuate avtd JSE®OVOLV pE TNV
vdOeom g Vmapéng ewworTag EevioTod TV otedey®v MAP, mov amopovavovton
and dopopetikd €idn pnpukactikdv (Collins et al., 1990; Stevenson et al., 2002).
EmimAéov evioyvovv v voBeon g petadoong otereywv MAP petald tov pukpaov
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UNPLKOCTIKOV Kol TG ayplag movidag. H oamovoia ewdwodmtog Eeviotov TV
otedeydv Tov MAP mov amopovdvovionr amd v dyplo mavida £xel avapepbel ot
Yrotia ko otig HITA (Greig et a., 1997, 1999; Palmer et a., 2005). H uoévn
e€aipeon ot perétn pog nTav 1o otédexog MAP mov amopovabnke and évav pv oto
komddt 1, to omoio, mapdro mov &iye yapoktnplotel ®g otédeyog C tomov, degv
katatdyOnke poali pe 1o otéleyog amd aiyo Tov 16100 KoTad10V TO 0TOio NTaV EMIONG
C tomov (Ewdva 1). To yeyovdg avtd pumopei va DVITodNAMVEL, €ite OTL To TPOTOKOAAM
OEYHOTOAN YOG KOl KOAMEPYELNG ATETLYOV VO OVIXVEDGOLV LOAVVGT] TOV KOTASIO0U LE
avTd 10 OTEAEYOC, €lTe OTL O HVG HOAVVONKE LE TO GLYKEKPYEVO GTEAEXOG KATOV
aArov. Tevetikn mowilopopeia towv oteleywv MAP péca oto 1010 komdadl €yet
avapepbet oty lonavia, 6mov 18 otedéym amd aiyeg g 010G exTpoPng oto ToAédo
dyopiomkav pe PFGE og mévie dopopetikd molhanid npotumo. (de Juan et al.,
2005). Emiong o1 de Juan et al. (2006) mepiéypayov GOUUEIKTN HOALVON uiog
ekTpon Pooeddv pe C kot S tOmov oteAéym.

O mpocdoptopdg g onpelakng oAiniovyiog tov DNA kot 11 @uAOYEVETIKN
avOIAVON TOV GTEAEY®V O TUNUA NG £vOETNG VOLKAEOTIOWKNG aAinAovyiog 1S900
OTNV TOPOLGO HEAETN OMOKAALYE OPKETN YEVETIKY] TOKIAOHOPPIO. DOTE Vo
TPAYLLOTOTOMOEl TEPATEP® SOYWPICUOG TOV GTEAEYMV TOL OTOI0 TV TOVOUOLOTLTTO
ovpowva pe v 1S1311 PCR-REA. Ta oteléym tov TpoPatov Kot ToV aydv amd To
komadla 1, 2 ka1 3, ta omoia elyav yopaktnpiotel wg C tomov, dywpicTnKoy
TEPOLTEP® GOUG®VO LE TNV TTEPLOYN NS detypatoAnyiog tove. I[dwitepa ta otedéym
amd 10 Komadl 4 oynudticav po Eexmploty opdda, YEYOvOS Tov LITOJEIKVOEL OTL TO.
oo rav porvopéva pe €va dtapopetikd otédeyoc MAP. To gvpnua avtd mboavmg
OVTOVOKAG TEPLOPIGUEVT SVVATOTNTO, OVTOAANYNG OTEAEY®V UETAED TOV KOTAOUDV
OTNV TEPLOYN TS UEAETNG, TTOPd TO YEYOVOG OTL TO MLUEKTOTIKO GUOTNHA dloyEipong
TOV KOOSOV NTav YeVIKA apdpotlo uetald tov ektpopav (Kostoulas et al., 2006;
Florou et al., 2007).

SOUTEPAGUOTIKE, TOL EVPNUOTE LG TaPEYOLY EVOEIEELS OTL GTOV VIO UEAETN
TAnBuoud TOV UIKPOV UNPLUKOCTIKOV, TO TPOKTIKA, Ol OAETOVdEG KOl Ol Aayoi
mhavag moilovv kdmoto poro, OxL EVIEADS oo ovTo, otn petddoon tov MAP gvtog
Kol PETAED TOV KOMaddv. To MUEKTATIKO GVOTNIO S0 EIPIONG TOV EKTPOPDOV TOV
TpoPaTOvV Kol TOV alydv &lvol TomKG avtov wov akoAovdeiton amd T MEYOAN
TAeoYMOia TOV EKTPOP®OV TPOPAT®mV Kol aydV o AALeG TeployEs g EALGSaG, aAld
Kol otig yopeg e Notwog Evpanng ko g Méong AvatoAng. [Ma to Adyo avtd
TIOTELOVUE OTL TO. AMOTEAEGUOTO OGS OPOPOVV CNUOVTIKO TOGOGTO KOTAOIDV GE
OVTEG TIC YEOYPAPIKEG TEPLOYES. AVTO onuaivel OTL emryelpovuevn ekpilmon g
TAPOPLUATIOONS, TOCO € TOTIKO 060 Kot o€ Bvikd eminedo, B mpémel va AapPavet
oy v mBavotnTa Vapéng LG SPOPETIKNG, amd To. TPOPaTa Kol TIS Oiyeg,
deapevng tov MAP.
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Extipnon g evaeOnoiog g karlhépyelag Tov Mycobacterium avium subsp.
par atuber culosis avaioya pe Tov TOTO TOL 6GTEAEYOVG 68 EMANVIKG TPOPaTO KL
aiyec.

“Eyve dexto yio. onuooicvon oto meprooiko Zoonoses and Public Health
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4.1 Mepiinyn

Ot omoutnoelg ywo v omopdvoon tov Mycobacterium avium  subsp.
paratuberculosis (MAP) eivar mbavd va oyetiCovior pe tov TOTO TOL GTEAEYOVG
[poPeio (sheep-S) N Poeio (cattle-C)] war oyt pe tov Eevior. O okomdg NG
Tapovcag UEAETNG MTav M ektiumon Kot m ovykplon TG evatcdnciog (Ev) dvo
OTEPEDV KAAMEPYNTIK®OV VTooTpoudtev, Tov Herrold's egg - yolk medium (HEY M)
kot tov Lowenstein-Jensen (LJ), ya v amopdvoon tov MAP, avaioya pe tov tHno
TOL OTEAEXOVG Kol TO €id0o¢ Tov Ogiypatog (kompave 1M 10toi) amd eAANVIKA
yohoktomopaywyd mpoPoata kot oiyes.  And 400 dsiypoto kompdvov, mTov
SLAAEYONKOV amd vToKAVIKA poAvouéva Tpdfata Kot aiyeg 4 koradidv kot amd 214
delypoto opoyevomomuévev otov (142 ond mpoPata kot 72 omd aiyeg), mov
ocVAAEYONKav ota ceayeia amd (do peyoddtepa tov 1 €T0VG UE UOKPOOKOMIKEG
aALo1doELS TapapLpatioons, aropovodnkav 34 oteléyn MAP. And ta napondvo,
18 xatatdydnkav otov C kat 9 otov S tomo, pe m pébodo ¢ 1S1311 PCR-REA.
Xpnotiponombnke n pebodoroyio enilvong katd Bayes yia v ektipnon g Ev tov
KOAAEPYNTIKOV VTOGTPOUATOV OVOAOYO HE TOV TUTO TOL oTeAéYoVs. H Evneywm-c-
wompava= 17% (95% Ardompa a&romotiog: 7, 40) rov peyorvtepn and ™mv Evieym-s
wompava. =2% (0.3, 11). Emiong, N EvnHeyM-Cocompava NTAV pEYOAOTEPN 0O TV Evpsc.
wompava=4%0 (1, 12). Xto opoyevomompéva deiypata 16tdv dev diépepav ot Ev yo tmv
ATOLOVOGT OOLPOPETIKMOV TOTOV MAP.

Aéeig-rAerod: mapagupatioon mpoPdtwv kol arydv, KoAlépyewa, peBodoroyia
enidvong katd Bayes, evaicOncio avaroyo Le TOV TOTO TOV GTEAEYOVG
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4.2 Exoaymyn

H xol\iépyeio. tov Mycobacterium avium subsp. paratuberculosis (MAP)
amotelel omapaitnTo 6Tdd10 oTNV dladKasio SAyvmoNS TNG TOPAPVLOTIOCNS KoL TN
UETEMELTO.  €EQPAPUOYY  HOPOKADV TEYVIKAOV TULTOMOINGCNG TMOV  GTEAEYMV. O
O YVOOTIKES O1001KOGIEG KOl TO TOCOGTH amopdvmong TolkiAovy avdioyo LE TOV
Eeviot, Tov TOMO TOL deiyuatog (KOTPavo 1 10TOL) Kol TOV TOTO TOV OTEAEXOVG
[oteréyn Poeiov (cattle-C) v mpoPeiov (sheep-S) tomov] (Whitlock et al., 2000;
Manning and Collins; 2001; Stevenson et al., 2002). Ilapd to yeyovog Ot 00 S
oTEAEYM amopovmvovTol Kupimg amd mpdPata (Stevenson et a., 2002), evd ta C
oteléym Kupimg amd Pooedn kar aiyeg (Pavlik et al., 1995), npdopatec peréteg (de
Juan et al., 2006; Sevilla et al., 2007) deiyvouv 61t OOV dev VITAPYEL EOIKOTNTOL
Eevioth] TV otedeydv. [ avtd mpémer va depeuvnBel n mBavotTo EMAOYNG TOL
TPOTOKOAAOV KOAMEPYELNG (e BACT TOV TUTO TOVL GTEAEYOLS Kot Oyt pe Bdon to Loikd
€160¢ amd o omoio cvAAEyovtan To detypato (de Juan et al., 2006). H kadAiépyeia tov
MAP, mapd v oxedov téleta €dkotntd (Et) g votepei oe evaucOnoia (Ev). Ot
VILAPYOVCEG OVOPOPES Y10 TOL EVOEIKVVOUEVA OVOAOYO L€ TOV TOTO TOV GTEAEYOVG
KOAMEPYNTIKA TPOTOKOAAM, PocicTnkayv €ite e opoyevomompéva Oeiylato 16Tdv
and Oetikd omv ELISA (oo (de Juan et a., 2006) cite oc oteléyn mov
amopovadnKov amd opoyevoromuéva detypatao 1otodv fi/katl korpdvov (Sevillaet al.,
2007). Agv Adpupavav vwdyn Tovg T YEVETIKN Kol TAOOYEVETIKY ETEPOYEVEIN TMV
otehey®v MAP otov mAnbuoud tov (dov ard tov omoio mpoépyoviav tao deiypata
(Verna et al., 2007) kot dev vITOAOYIGAV TIC AVAAOYEG LE TOV TOTO TOL 6TEAEXOVG Ev
TOV KOAMEPYNTIKOV TPOTOKOAAMV.

[Ipoécpata dnpocievoape ektipunoelg e Ev g kaAiépyelog kompavov ard
VIOKAMVIKG poAvopéva mpoPota ko aiyeg (Kostoulas et a., 2006a.,p), mov Tpoékvyav
and poviéda AavBavovooag katdotaong (Gardner et a., 2002, Branscum et al., 2004).
AoV yapaktnpicope yeveTika to oteléyn mov amopovocoue (Florou et a., 2007),
ypnowonomoope pebodoroyio emidvong xoatd Bayes ywo vo vmoAoyicovpe v
avdAioyn pe tov TOomo tov oteAéyovg Ev tov vrootpopdtov. EmmAiéov, epappocope
Vv 1010 S10yVOGTIKN Kol OVOALTIKY] TPOGEYYIoT KOl GE OHOYEVOTOMUEVO dElypaTo
10TOV and Tpdfata Kot aiyec. XKomOG OGS NTOV VO EKTIUNCOVLE KOl VO GUYKPIVOULE
™V avOAOYN LE TOV TUTO TOV GTEAEXOVS Kot TO €100G Tov detypatog Ev peta&y dvo
GTEPEDV KOAALEPYNTIKAOV VITOCTPOUATMV TOL YPNGLLOTOOVVTOL GTIV OTOUOVMOGT TOV
MAP, tov Herrold's egg - yolk medium (HEY M) kot tov Lowenstein-Jensen (LJ), og
detypata mov GLAAEYONKAY amd eEAANVIKE yohakTomapaywyd tpdPata Kot alyes.

4.3 Y ké kot pédodor

4.3.1 Aeryuotolnyia

SoléyOnkov kot kadlepynonikov 400 dsiypoto kompavov amd Onivkd,
KAvikd vym (oo, peyoAdtepa tov €vOg €tovg, amd 4 eKTPOPEG,  EVONUKA
npocPePAnuéveg pe mapapouuatioon. Emmiéov, cuidéyOnkav delypota 1otV omd
tpio cpayeia, ta omoia éc@aloav 400-500, katd péso 6po, mpoPata Kot aiyeg kabe
gfoopdon amd TV VPVTEPT TEPLOYN TV VO SEPEVVION EKTPOP®OV. Mg GKOTO TNV
avénomn g mbavotrag amopdvoong ov MAP, 6o and tovg cuyypapeic (ITK kot
M®) emickéntovtay ta cQoyeio V0 PopES TV BdoUGdA, Yo ¥poviKo ddotnua. 6L
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unvev (oo to ZentépPpro tov 2002 Emg tov Defpovapio tov 2003) kat, ave&aptnta
0 évag amd tov OGAAO, €MBE®POVOOV ONTIKG TOV EVIEPIKO COAVA OA®V TOV
UEYOADTEPOV TOV £TOVG GPOAYIMV Y10 AALOIDGELS EVOEIKTIKEG TNG TOPUPLUATIOONG.
SuArE Koy 6ca BempnOnrav vromTa Yo TN VOG0, dNANOT] GLUVOMKA Ol EVIEPIKOL
ocwAnveg kot Aeppadéves 142 mpofdrtov ko 72 aryov. Katomw, and kdbe deiypo
vmomtov {MOv aeapnkoy Kol OpoyeEvVOoTomOnkov To TEAELTOIO TUNMOTO TOV
OMOEKAOKTOAOD KOl TOV EIAE0V, TO. TPMTO TUNLOTA TOL TVGAOV KOl TOL KOAOVL, Ol
EILEOTVOAIKOL KOl Ol KOAKOL Agp@adéves. Aemtopépeleg yio v dwyeipion tov 4
EKTPOQ®V, KOOMG Kol Yo T CLAAOYN KOU TV KOAAEPYEWL TOV OEYHAT®OV, TNV
emPePaioon g avirruéng MAP pe 1S900-PCR ko 1S1245-PCR kou to popioxod
Swyopopd tov oteheydv pe 1S1311 PCR-REA pe to évlopo Hinf | wot pe
TPOGOIOPIGHO NG aAANAovyiag TV vovkAeoTwiwv ce tunua g 1S900 £yovv Mo
dnpootevbei (Kostoulas et al., 2006a,3; Florou et al., 2007).

H 151311 PCR-REA mpaypotomomnke yioo o Oly@PIOUO TWV GTEAEXDV
MAP ce C kot S tomo, evo n 1S1245-PCR ywoo tov amokAelopd g avamtuéng
Mycobacterium avium subsp. avium (M. avium).

Mo tov vmohoywopd twv Ev tov vrootpopdtov yio v amoudveon)
SLOLPOPETIKMY TOTMV GTEAEYDOV OO TOLG SVO TUTOVG OELYLATWV TOL GLAAEYONKAY aTd
o wpofata Kol TG aiyeg yprolpwomomoope pebodoroyio emilvong katd Bayes
(Branscum et al., 2004). H mpocéyyion pag cuvowyiletatl oto akoiovda: Yrobétovue
ot yi givar o apBudg Tov Betikdv derypdtov omd ta Ni (dao mov e&gtdotnkoy, 6mov
0 delkng | dnAdver 8 dlaPopeTikéG LIOKOTNYOPieS, AVAAOYQ UE TOV TOTO TOV
oteléyovg (C 1 S), 10 kaAlepyntikd vroctpopo (HEYM 1 LJ) kot tov tOmo tov
delyporog (kOTpavo 1 opoyevomopévot 10toi). Oempovue Ott ta dedouéva {yi}eivor
aveEdpnto peta&d toug Kot akohovbovv T dtwvopukt katavour (Bin):

y, | T, Ev,, Ey~ Bin(n,, TITIIL* Ev, O(1-TTIIL)* (1- Ev)) (1)

omov IIIIII, Ev xou Et givon to mpaypatikd mocootd nposfoing amd tn Aoiuwén ue
MAP — pe tov 6po Aoipwén evvoovpe 0t tar {da pépovv 10 MAP gvdokvtTapikd,
OmoL £xel M 0ev €xel ToAATAOGLOOTEL, KOOMDC 1 Aoipmén uropel va eivatl AavBdvovca
-, M evocOncio Kot 1 EVKOTNTA TNG KAAMEPYELNG, avTioToya, o€ KaOe vTokatnyopio
I. Av Beopnoovpe 6t 11 E1 ¢ kahAiépyetog ioovtan ue 1 (Whitlock et al., 2000), n

egicmon (1) maipvel T popoen
y. | TIIIIL,, Ev, ~ Bin(n,, IIIIL* Ev,) (2)

[MopaPAéyape TNV AVAUIKTI KOTOVOLT TOL EMITPENEL TNV THavOTNTA TG KAOE
vrokoTyopiag i va unv givatl LoAVGHEVT ETELON O) TO. KOTTASIO HTAY YVOGTO OTL TV
EVONUIKG poAvopéva, B) ta SElyoTo. OLOYEVOTTOUEVOV 1GTOV TPOEPYOVTAY 0o (Mo
pe aAlolwoelc Kot y) N oyetkn Piphoypapio (de Juan et a., 2006, Sevilla et al.,
2007) vmodeikvoel capdg 0Tl 68 HOAGUEVOLG TANBLGLOVG TpoPdtov Kot arydv
ouvnBmg vtapyovv Kat ot dvo oot MAP.

XpnotpomomOnkav katavoués nta (Bn (a - B)) yio v evoopdtoon ek Tov
TPOTEPOV TANPOPOPIDOV GTO HOVTEAO Yo TIG TPOog ekTipnon mapauétpovg (Ev kot
[IIIT).  Xpnowonomooue 0 Aoyiopko Beta Buster, to omoio givar dtabéoipo otov
ototomo:  http://www.epi.ucdavis.edu/diagnostictestsy yio v extipnon TV
TopapéTpev a kol b tov o ek tov mpotépov Katavopmv. H mo mboav tun mg
Ev yw 6Aeg T1g vrokatnyopieg kabopiomke oto 10%, evod uoacte 95% PéPatot 6Tt
dev vmepéfave To 50%. Avtd to cToryeio avticToyovv o pio Bn (1.48, 5.38). Ou
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€K TV TPOTEPOV TANpoopieg yio to IIIIT Paciotnrov oty aroyn e&edikevpévav
KIVIATpV ov enéPAemay ta Komddo katl To ceayeio. o ta delypato kompdvwv, n
mo mlavn Ty yo to I Arov 30% ko quacte 95% PEPatot 6Tt TOV TOLAGYLIGTO
15%. Avtd to otoiygia avtiotoyovv oe pio Bn (5.09, 10.56). H mo mbovn tiun yio
to TIIIT tov wtdv ftav 50% kot nuacte 95% BéPatot 6t1 dev NTav Aydtepo omd
33%. H avtiotoymn kotavoun frav Bn (11.25, 11.25). Xpnouonomoaue g K TV
mpotépav mAnpogopio Yo to I oyetikd gvpeieg Bn kotavoués. Me tov tpdmo
aVTO EKPPACTNKE TOGO M EKTIUNGY| Hag 060 Kot 1 afefatdtnTd pog OGOV apopd To
[IIIT tev kompdvev kot Tov otdv. [ vo diepevviicovpe 10 kAt TOGO Ot
emieyBeioec ek TV TPOTEP®V TANPOPOpiec emédpacay oTlg exTunoelg ¢ Ev
YPNOCLOTOMOOLE, EMTAEOV, MG €K TOV TPOTEPMV TANpoopies yw v Ev,
OLOL0YEVEIC KOTaVOEC oL amodidovy ion mbavomrta and 0-100% [Bn(l, 1)]. H
eKTiUNOoN TOV JPop®V oTig TIWES TG Ev mov vroloyiommkav Poaciocmnke oty %
aAAnAokdAvym peta&d TV GLYKPOEVT®VY £k TV votépmv katavoumv (Kostoulas et
al., 20060). Ot kabepopéves dwyvootikés dwdikacieg (Heidelberger and Welch,
1983; Raftery and Lewis, 1992; Gelman and Rubin, 1992) ¢ Monte Carlo
popkoflavig aAVGidag Kot Tov EAEYXOV TV OVTOGVGYETICE®MV £0e1E0V OTL OEV VIPYE
TpOPANUa ocvykAlong Twav. Ot xoatd Bayes sktipunoeilg kot o 95% dwothuato
aélomotiog (AA) mpoékvyav and 45.000 eravornyelg tng Monte Carlo poprofiavig
alvoidag, petd omd o eaon mpocsapuoyns 5000 eravoarnyewv. Ola To povtéda
avortoyOnkav Kot gpappootnkav oto Aoyiopukd WIinBUGS (Spiegelhalter et al.,
1996).

4.4 Anoteréopata

2uvolkd amopovadnkav 34 otedéyn MAP. Ola ta oteléyn Ntav Betikd yio
v évBetn vovkieotdikn oAAniovyia 1S900. Koavéva omd to otedéyn doev nTov
Beticd yo TV, €101kN Yoo To M. avium, évBetn vovkieotidikn aAiniovyio 1S1245. H
1S1311 PCR-REA «xatnyoplonoince 18 oteréyn oe C ko 9 otehéyn o€ S tomo. Emntd
otehéyn dev TumomomOnkav Adyw averapikovg rocdtntag DNA (ITivaxag 1). Ot kotd
Bayes sktiunoeig tov didpecwv tudv (kat tov AA) e Ev mopovsialovial oty
Ewoéva 1.

Y10 detypota kompdvev 1 Ev oo HEYM yo v anoudéveoon C otedeydv
[EVHEYM-Ccompava=17% (AA: 7, 40)] frav vyniotepn and v Ev tov yo v
anopdveoon S otedexdv [Evneym-swenpava=2% (0.3, 11)] (Ew. 1, apiBpoi vwoépvnong
(AY) 3-1); to mocootd odlniokdioyng tmv AA ftav 1%. Emiong, N EvHeyM-conpava
nrav vynAotepn omd ™MV Evi s cenpava=4% (1, 12) (AY 3-4); 10 avtictolyo 1ocGooTo
aAAnAokdioyng tov AA fitav Atydtepo amd 1%. Avtideta, N EVHEYM-Swémpava KOL M
EvLiswonpava 08V O€@epav (AY 1-2). Zta opoyevomowmpéva Setypota 16Ttdv, M
EVHEYM-Ci610is T EVHEYM-St16101, N EVLECat00i KO N EVL 3516701 08V S1€@epav (AY 5,6,7,8).
H Evheym-c Mrov vymAidtepn oto SelypoTto KOTPAVOV OO TO OUOYEVOTOUUEVO
detypata 10TdV (EVHEYM-C610i=2% (0.4, 8), AY 3-7); 10 106006TA AAANAOKAALYNG
tov AA fjtav Aydtepo amd 1%.
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IMivaxkag 1. Amoteléopato g E€T00NG OEIYUAT®OV KOTPAVOV KOl 10TOV Kol Ol
avtiotoyeg katd Bayes extynoeig ¢ Evaisbnoiag (Ev) [didueceg Tpég xat
Sdwothpata a&omiotiag (AA)]. Ta detypoto KOTpAvoy GLAAEXONKAV 0O VTOKAVIKG
poAvcuéva TpoPato Kol aiyeG KOl TO. OLOYEVOTOMUEVO OELYLATO 1OTMV amd GEAYL
EVNAIKOV TpoPATmV Kol dy®dV PE HOKPOOKOTIKEG OAAOIMGELS Tapapupatioons. Ta
oteléym amopovabnkav eite o Lowenstein-Jensen (LJ) site oe Herrold' s Egg-Yolk
medium (HEY M) kot katnyopromomOnkav ce Skot C tomo pe 1S1311-PCR REA.

Tomog Tomog HEYM LJ
delypotog GTEAEYOVG
Bcetikd Ev (AA) Betikd Ev (AA)
(E&etacHévta) (E&etacHévta)
Kémpava S 0 (368) 2(0.3,11) 1(368) 3 (0.4, 15)
C 14 (368) 17 (7, 40) 2 (368) 4(1,12)
Opoyevomomp S 5 (204) 7 (2, 15) 3(204) 4(1,12)
évot 1670l C 1(204) 2(0.4,8) 1(204) 2(0.4,8)
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Ewoéva 1. O dudpeoeg tipég ko ta 95% AA g Ev. Ot vrokatnyopieg opilovran pe
Baon 1o €idoc Tov deiypatoc (kOmpova N opoyevomomuévol 10toi), tov THno Tov
oteléyovg (S1 C) kar to kKolhepyntikd vrootpoua (HEYM 1 LJ). O xdbe apOpog
vopvnone (omd 1 éwc 16) avtiotouet ot Stapopetiky viokatnyopia . Ta opfoydvia
TOPOAANAGYPapIO avTIGTOLOVY 670 2° Kot 3° TETUPTNUOPIO TG €K TOV VOTEPOV
KOTOVOUNG ME TN Ypapun oto péso kdbe opboymviov va avtiotolyel otn didueon
mf. Ta dkpa tov opboyovieov ekteivoviar £og To 2,5° kot 97,5° ekatooTnuopto g
€K TOV VOTEPOV KATOVOUNG DOTE TO YpAPNua vo anetkovilel to 95% AA v kdbe
vroko T yopia.

8
0.6
0.4f
0.21 4]
[5]
A i8]
[ 7 18]
T 1 1 1T 1
| |

0.0F ; Eg |:|:| —1 I:I:' I:I:'

T4]: xompava, S, HEYM; [2]: kompava, S, LJ; [3]: kénpava, C, HEYM; [4]: kénpava, C, LJ; [5]: 1o70i,
S, HEY M; [6]: wtoi, S, LJ; [7]: wtoi, C, HEYM; [8]: 10701, C, LJ.

4.5 Xvintnon

Xpnoworomoape tnv peBodoroyia enihvong katd Bayes yio va ektyumceovpe
v Ev g keAMépyslog avdioya e TOV TOTO TOL GTEAEXOVG, AapuPdvovtag voym
ola to (®a ota omoio M Aolpwén Mroav oe AavBAvovco KATAGTOOT, HE TNV
eVoOUATOOoN €K TV mpotépwv mAnpoeopidv Yoo to IIIII.  Ta mpaxtid
mAgovekTnuata ¢ peBodoroyiog enilvong katd Bayes mov ypnowomomdnke oty
napovoa perét sivar ot (i) pmopel mdvto vo epopprooTel o€ HKpE detypata- oty
TEPIMTOON HaG 6TO PIKPO 1 Kot Undeviko, o€ opiopéve neputtocels (PA. mivaka 1),
aplBpd amopovmcoemv-, (i) emTpénel 10 GLVOLAGHO TOV JEGOUEVOV UE VITAPYOVCEG
EMOTNUOVIKEG TANPOPOpieg e okomd ™ Peltictonoinon tov ektiufoewv kot (i)
amodidel AUESH TPOG AEOAOYNON TV aKPPT] KATOVOUY TOV TBAVOTATOV EUOAVIONS
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kaOe amoteréopotog (Gardner et a., 2002). Koabmhg dev vanpyav mponyodueveg
ekTunoels yuoo v Ev g kaAMépyetag avaroyo pe ToV TOTO TOL GTEAEXOVS, PYIKA
YPNOCLOTOMCALE GYETIKA gupeieg BN kotavouésg g ek TV TPoTEP®V TANPOPOPIEG
Y TN o0yKpion OAwV Tev vmokatnyopiwv. EmmAéov, mpaypatomomocope v
avéAvon gvaicnoiog pe T YPNon OUOWYEVAOV KATOVOU®MY MG €K TOV TPOTEP®V
TANPOPOPIES, AVIOVOKADVTAG TNV AYVOLL OGS YO TNV KATOVOUY TOV OTUOIOV TNG
hoipwéng mov moteveton 0Tl ennpedlel v Ev (Sergeant et al., 2003). XEnuovtikod
glval To yeyovog Ot étav ypnoyomomOnKay opoloyeveic Katovoués mapotnpnonkoy
01 101e¢ e TV apyIkn avaivon d1opopég LETAED TOV GUYKPIVOLEV®OV VITOKATIYOPLDV.

2to OelypaTo KOmpaveoyv amd LVTOKMVIKA HoALGUEVA TTpofata Kot aiyeg, M
Evheym-c NTov vynAotepn amd ™V Evheym-s kat and v Evi g c. Tapd 10 yeyovog
OTL 0 GYEO1CUOG KOL 1) OVUAVTIKY] TPOCEYYIOT] GTNV TOPOVGH UEAETT OLPEPOVY AT
TIG )01 ONUOGLEVUEVEG, Ta amoTeEAEGHOTA Oeliyvouv Kat d® 6tL To HEY M vrootpilet
KaAvTtepa TV amopdvoon C moapd S otedeydv MAP kot 611 givon koddtepo yia tnv
amopovoorn C oteleydv amd pKpd unpukaotikd o€ oyéon pe to LJ (de Juan et al.,
2006; Sevilla et a., 2007). Tlapoéio avtd &ival SVGKOAO VO GLYKPIVOLUE TIC
exTinoels pog ywoo v Ev g koAMépyetag avdioya pe tov TOHTO TOV GTEAEYOVS e
GAAeg dnuoctevpéves, Kabmg dev vTdpyovy PEAETEG TOV Va ypnoorolovy 1o HEYM
®¢ KVPLo VdoTPp®Ua Yoo TNV amopudvemon tov MAP and koémpava mpofdtwv, emeion
Bempeito 011 Ta0 TPOPata poAvvovton pe S otedéyn kot 0t o HEY M dev vootpilet
mv avantuén tov otedeydv avtodv (Whittington et al., 1999; de Juan et al., 2006).

To HEYM xan 1o LI fjtav €€icov gvaicOnta yio v amoudévoon S oteheydv
MAP an6 detypoto kompavov. H younin Ev kot tov dvo vrootpoudtov ([ivakog
1), mBavov avtavokAd to yeyovoc 0Tl TOKIAOL TOPAYOVTEG OTMG TO TEPLOPIGUEVO
Boktnplakd @optio oto delypoto (ta deiypoto KOTPAVOV  TPOEPYOVTOV OO
VIOKAMVIKG poAvouévo (da), 1 avEnuévn evmdbeia tov MAP ota mpwtdkolia
AmOAVHOVONG  T®V  OEYHAT®OV, Ol  1loitepeg  OpPenTIKES  OMOITNGELS — TOV
HUIKPOOPYOVIGHOV, KOODG Kot 1 avEnpévn eumdleld Tov otV ovosTAATIKY Emidpaon
TOV OVTIPLOTIKOV OTO LTOGTPMOUATE £X0VV TOUVOV TEPLOPIcEL TV AVATTLEN TOV
oteleymv avtdv (de Juan et al., 2006; Sevillaet al., 2007).

H Evheym-c Ntov vynmAdtepn ota delypota Kompdvov e oyéon e To detypota
OLOYEVOTOMUEVOV 1OTMOV. XTO OEIYHOTO OLOYEVOTOMUEVOV 1OTMOV eV SEPEPAY Ol
Ev tov 000 vrootpoudtov yioo TNy aropudvmot SQOpPETIKOV TOT®OV oTeEAeXDV. Ta
gupnuaTo. oVt £pyovtal o€ avtifeon pe GAla mov £yovv dnuoctevtei Tpdoeato (de
Juan et al., 2006; Sevillaet a., 2007) kot givar PLGAAOV ATOTEAEGLOTO, TPOKOTOANYNG
AOY® KaKNG EMAOYNG; TO OEtypata 16TV GLAAEYONKaY amd eviiika (Do Le OpaTEG
aAlowwoels mopapupatioons. Ot alyec oe oxéon pe ta mpdfata mbavov €xovv
neploplopév ikavotnto va eréyEovv ) Aoiuwén (Corpaet al., 2000; Kostoulas et al.,
2006a). Emiong, 1o S otedéyn MAP givar mbavo va gpepoavifovv d10popeTiky
naboyévela and ta C otedéyn otig aiyeg kot oto mpoPfata (Verna et al., 2007).
[MBavmg, petald tov detypdtov mov cLAAEYONKav omd to ceaysio. VaNPYoV Ge
peyolvtepo apBpd aiyeg polvouéveg pe S otedéym.

Yvumepacpatikd, 1 Ev tov vrostpopdtov egaptdtot and tov TOmo 6TeEAEXOVS
MAP. To HEYM ntav mo gvaicOnrto yio v aropoévoon C mapd S oteleydv MAP.
Eniong Ntav mo evaicbnto oand 1o LI yio v amopdvoon C oteleydv amd ta
delyloTa KOTPAV®VY IKPOV UNPUKACTIKOV.
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5.1 TI'eviki] Xvlntnon

Xy mopovco SaTpiPny OlEPELVNCANE TO POAO TOV HOVOYOSTPIKAOV oypiwv
LoV Kot Tov TEPPAAAOVTOG TOVG G TOAVIG SEEAUEVIG GUVTIPNONG Kol LETAOOONG
tov MAP ocg npdPoata ko aiyeg eMAnvikav ektpoeav. [a v emPePaivon g
EUMAOKNG TOL 1 TV {OIKOV €0GV Kol ToL TEPPAALOVTOS TOovg ot de&apevn, ot
Haydon et a. (2002) npdéceota mpotevay po dadikacio teccdpmv otadiov: 1) Xto
TPOTO OGTASIO TPEMEL VO VIAPYOVV EMONUIOLOYIKOL GUGYETIGHOL HETOED TOL/TMV
OVLYKEKPIUEVDV {OIKOV E18MV Kot TOL TEPPAAAOVTOS TOVE L ToV TANBVGUO-6TOYO, 2)
210 0e0TEPO OTAOI0 TPEMEL Vo LILAPYOLV EVOEIEES QLOIKNG AoiuwENg omd Tov
LKPOOPYaVIGUO TOV/T®V, KTOG TOV TANBVGLOV-0TOYOV, (OIK®OV 100V Kot LOAvveNg
oV TEPIPAALOVTOG TOVG, 3) XT0 TPiTO 0TAS10 aKOAOVOEL I YEVETIKY GUYKPION TOV
oTELEYOV OV amopovadnkav amd tov TANBvoud-0toYX0 Kot amd tov/Toug (mikovg
mAnBvopovg Kot 1o TEPPAAAOV TOL Olepevvdvtor ®g mBavh deapev TOL
Kpoopyaviopod kot 4) X10 TEAELTOHO OTASIO EKTIUMVTOL TO OTOTEAECUOTOL
TAPEUPACE®V OV GTOXEVOVYV GTNV ATOUOVMOCY] TOL TANOLGHOV-GTOYOV Oamd TNV
mhavn Oe&apevn TOV UIKPOOPYOVIGLLOV.

v épevvl pog apyikd emAEYONKay ®G TANOLOUOG-0TOX0G 4 evomukd
npocPePAnuéveg amd MAP ektpogéc mpofdtmv kot arydv. AxkolovOwg cuALEXOM KOV
Kol €EeTdonKaY Yoo TNV amopdveoon MAP detypoto povoyaostpikov aypiov (owov
oL cLUProvoaV e To TPOPATA KOL TIC OLYES TOV EKTPOPDV ALTOV EITE GTOVG YDPOVG
otaPAopob gite oTovg fookdTonovg Twv. EmumAéov, culdéyOnkav kot eeTdoTnKoy
delypota amd TG CLUTVKVOUEVEG TPOQES KOl TN OTPOUVH TV Komoadwwv. Ta
TeAEVTOiO. OmMOTEAOVOOY GLGTATIKA TOL TePIPAAlovtog dwfiwone Twv VmomTwv
povoyaotpik®v. H mapovoio euoikng Aolpwéng ota vmomta dyplo LOVOYOSTPIKA
dtepeuvinke kot maboroyo-avatopikd. To MAP amopovddnke and povoyaostpucd
€ldn g dyplog Tavidog, TNV TPOPN Kol T GTPOUVY TOV TPOPAT®OV Kol TOV YDV TOV
1e660pv ekTpoe®v. o cvykekpyéva, amopovmbnke amd dvo emipveg kol dVO
poeg, mov lyav oryUOAOTIOTEL HEGO GTOVG YDPOLS GTAPAICHOD, KOOMG Kot amd pio
aiemod kol évav Aayd, mov eiyav Ppebel vekpd N elyov cvAieyBel amd Kvvnyoug,
avTioTolyo, 6Toug BooKOTOTOVG TV Komadu®y. Agv amopovalnke and omovpyitia,
acPoig, Kapakdies, £va AOKo, pio voeitoa, Eva yepdxt Kot pio kovkovPayto, oAAd o
owBéopog apBuog Cowv amd to €10 avtd NTav TEPOPIGUEVOS. MoKpPOOKOMIKEG
aALOIDGELS TTapaLUATIOoNS dev aviyvevnkav ota dypia {da. Bpédnkav opwmg
o&edvtoya PakTiplo oTo LOKPOPAYa TOL EVIEPIKOD emONAiov evOg emipvog.

Tavtdypova, amopovocape MAP and tov minbBuopo-ctdyo Kabmhg kot amd
emmAéov  delypota  mpofdtv Kol oy®V, HE  UOKPOOKOMKEG OAAOUDCELG
TapoELUATIOoNS, TOV GVAAEYONKaY amd Tpio ceayeid oto omoia mpocokopilovtov
(oo amd Vv guputepn TEPLOYN YVP® amd ToV TANOLOUO-0TOYO. ZvyKpivoue To
oTeAéYN mov amopovednkav amd T povoyaotpikd dypla {da Kot o mepPdAiov
owBimong tovg pe ta oteEAEYN mov amopovadnkay and tov TANBLVGHO-0TOYO Kol To
mpoPfata Kol atyeg TG €upvTEPNS TEPOYNG YOp® amd ovtov, pe v 1S1311 PCR-
REA. levikd, 10 otedéym mov omopovodnkav amd v 100  eKTPOPN
KatnyopomomOnkoyv ctov 1010 TOTO, gite TPoépyovtay amd UNPLKACTIKA, &ite amd
LOVOYAGTPIKG, €iTe amd T0 TEPIPAAAOV TOVG. ApBuntikd Kupiapyog nTav o C Tomoc
oTeEAEY®V. XTOV {010 TUTO aVNKAY Kol To. GTEAEYT omd TV OAEmoV kot To Aayd. Ta
TPOKTIKG mlavov poAvvOnkav pe to MAP tpoyovtag meouévn oto €00.(p0oC TV
YOP®V GTAPAGLOD TPOPT OV EiYE AVOKATEVTEL LE LOAVGUEVO KOTPOVE TOV HUKPAOV
unpvkactikov. H aiemod mbavov poAdvOnke tpadyoviag poivouéva Onpduara,
OM®G TPOKTIKA Kol AoyoOs. Amd 1o éva pKTd Komddt Tov TANBLGHLOV-GTOYOV
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amopovodnkav C otedéyn amd tpoxtikd, mpdfata kol aiyeg kot omd oelypota
tpopns. H televtaio TV OTTIKA HOALGUEVN LE KOTPOVO TPOKTIKMOV Kol OeV €lye
extebel ota TpoOPata Kot 6TIg aiyeg, KaBDS 1 detypotoAnyio TpoypoTtonomdnke péco
GTOVG YMPOVS OTOONKEVONE TWV TPOPADOV. XVVOLALOVTOG TO EVPNUATO OVTO UTOPOVLLE
va vmoBécovpe OTL To TPOKTIKA omekkpivoov to MAP pe ta koémpova kot
EMPLOADVOLV TNV TPOOT).

‘Ewg mpdopata, 51e6vag kuplapyohoe 1 aroyn 0Tt ot aiyeg LOALVOVTOL KUPIWG
pe C otedéym, evd 1o S otedéyn epgovifovv woyvpd Tpomoud Yo to. TPOPara.
Emumiéov, péypt onuepa 6ho to OTEAEYM MOV ElYOV TOYKOGHIMG omopovmbel amd
povoyoaotpika €idn g ayprog movidag ko eEetaotnkav pe 1S1311 PCR-REA,
tornomomnkayv og C otedéyn. Tt perétn pog 7/17 (42%) and to otehéyn mov
amopovadnkov omnd aiyeg Mrav S tomov, 8/10 (80%) twv otEAEXDV WOV
amopovodnkav and mpoPfata Nrav C  oteréyn, evd OAd TA OTEAEYN TOL
aropovodnkav and aypro (oa, TAnv evog, dvnkav oto C tomo. Ilpopavag, ta
amoteAéopatd pag apeiofntodv my ewkdomra Eeviot tov C kar S otedeyav. To
otéle)0g Gyplov {dov mov Katatdynke otov S TOHTMO TPoEgPYOTAV QIO Evay pv. Avti
elvar | TpO™ avapopd amopdvoong S oteréyovg MAP and povoyaotpikd €idog g
dyplog movidag. XVVETMS, TO LOVOYOOTPIKA £10M TG Ayplag mavioag eival mBavod va
poAbvovtor kot pe tovg ovo tomovg MAP, evd dev vmdpyer tpomioudg tv S
otedeydv ota mpofata kot Tov C oTic atyec.

Extog and v 1S1311 PCR-REA, gpappocape tpocdlopiopd g ONUEIKNG
aAAniovyiog tov DNA Kot QUAOYEVETIKN OVOALGN TOV OTEAEYMOV GE TUNUA TNG
évBenc voukAeoTdtkng adAniovyiag 1S900, n onoia ypnoomoteitan vpémg yio TNV
tavtoroinon tov MAP. Av kot éyovv epapuootel mowkiieg péBodot tvmomoinong
otehey®v T0v MAP, oty Tpootddeia yio TV amoGaenVIcT] TNG EMONUOAOYING TOV,
0 TPOGOIOPICUOG TG onuelakng oAiniovyiag tov DNA mopapéver n mo axpipng
péBodoc duakpiong tov Pakmnplokodv otehey®v.  H @uioyevetikn avdivon tov
oteAeXDV £0€1Ee OTL TaL GTEAEYM OV amopovadnkav amd ta dypla (oo KoTaTdyOnKov
padi pe otedéym omd mpoPata kot aiyec. o mapdostypa, 1o otédexog amd Tov (o amd
T0 éva IKTO Kool kotatayOnke poll pe to otedéyn amd ta TpdPoto Kot TIG oiyeg
TOV Komadlov ovtov. Emiong, ta otedéym and v adlemod Kot to Aayd kotatdydnkov
poali pe otedéyn mpofdtav Kot arydv amd to ceayeio. To guprjpato avtd evioyvovy
v vdBeon g petddoong otehey®v MAP petald tov pikpdv UnpukocTik®v Kot
™m¢g aypwog mavidac. EmumAéov, o mpocdloptopdc g onuelakng aAiniovyiog tov
DNA «xot m @uAoyeveTiki] avdAvon Tov oteleydv o€ TUNpo NG EvOetng
voukAe0TIOKNG aAAnovyiog 1S900 amokdAivye apKET YEVETIKN TOIKIAMOUOPPIO DOTE
va  mpoypatoronfel mEpOITEP® OYWPIGUOC TOV OTEAEXDV TO OmOlo MTOV
navopoldtuna copewvoe pe v 1S1311 PCR-REA. Ta otehéyn tov mpofdrtwv kot
TOV ay®V omd To £va KTO KOmddl, Kabdg kol amd To KOomdodl Tov omoteAeito povo
amo TpoPata Kot ekeivo mov meplelye novo aiyeg, Ta omoia giyav yopaktmpiotel wg C
TOTOV, SYOPICTNKOY TEPOUTEP® CULPMOVE LLE TNV TEPLOYN TNG OEIYUATOANWIOG TOVG.
[Switepa tor oteréyn amd 10 A0 puKTd KOmhdt oynudticav po Eeymprot) oudda,
YEYOVOS oL LIOOEKVOEL OTL TaL LD NTOV HOAVCUEVA e €VO SLOPOPETIKO GTEAEYOG
MAP. To gbpnua avtd mbovodg avTovakAd TEPIOPIGUEVT SVVATOTNTO OVTOAANYNG
oteheY®V PETAE) TOV KOTOOUDY TNV TEPLOYN TNG UEAETNG, Tapd TO YEYOVOS OTL TO
NUEKTOTIKO GVOTNUO OOLXEIPIONG TOV KOTASIMV NTOV YEVIKA TapOUolo PETAED TV
EKTPOPDV.

IMa va diepevvnoovpe av 1 EAAEYT €OIKOTNTAG EEVIOTN TOV CGTEAEXDV TOL
MAP opeiletoar 611 S0QOPETIK KAVOTNTA TOV KAAMEPYNTIKOV pHeBOS®V Vva
aviyvevoovy ta SN C otedéym, ektyunoape v Ev g kaAlépyelog avdioya pe tov
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TOMO TOL OTEAEYOVLS Kot TO €idog Tov delypatog. H koAAiépyelo amoterel mpo-
OmaiTNo™ YO TN UETEMELTO EQUPUOYN] TOV TEPIGGOTEPMOV UOPLIKAOV TEXVIKDOV
tonomoinong twv otehey®v tov MAP ko, emopéveg, n yvoon tmg Ev tov
VTOGTPOUATOV OvOAoyo pe To €i00¢ tov Eeviotn Kol tov deiypotog Pfonda oty
EMAOYN TOL KOTOAANAOTEPOL VTOGTPOUOTOS YO TV OTOUOVOGCT KOl TOVTOTOINGM
TOV OLOLPOPETIKMOV OTEAEYDV. Xpnoonomocope pebodsoroyia emiivong xatd Bayes
OV EMETPEYE TNV EVOOUATMOON €K TV TPOTEP®V TANPoopt®v Yo to T and
MAP tov vrokAwvikd tpocBefAnuévov arydv kot tpoPdtmv. To mheoveKTnoTa TNG
pebodoroyiag enilvong kotd Bayes mov a&lomombnkav givar 61t (o) pmopet mhvta va
eQapuooTel o KPG deiypato (€0 ©TO HIKPO 1 KOl UNOEVIKO GE OPIGUEVES
TeEPUTOGELS opdpd anopovocemv — Iivaxkag 1), (i) emrpénel to cuVOLAGUO TOV
OOOUEVDV LLE VTTAPYOVGESG EMGTNUOVIKES TANPOQOPiES Le okomd TN PeAtiotomoinon
TV ekTiunoemv Kot (i) amodidel aueca mpog a&loAdynon v akpiPn Kotavou Tov
TOOVOTNTOV  EUPAVIONG KAOE OomOTEAEGUOTOG. XTO  Oeiypota  KOmpavov omd
vrokAvikd tpocPePAnuéva tpofata kot aiyeg, 1 Evheym-c ftav vynAdtepn and v
Evpeym-s xoau and v Evic. Ta amoteAéopato avtd doeiyvouv 6tt to HEYM
vrootpilel koAvtepa v amoudévoon C mopd S oteheyov MAP ko 611 givon
KOADTEPO Yo TNV amopoveon C oteley®v amd PiKpd UnpukacTikd o€ oxéon pe to LJ.
Eniong o HEYM «at 1o LJ giyav e€icov yaunAn Ev yio v amopdévoon S otereydv
MAP ond detypato kompdvmv, mov mlavov aviovokAid 10 yeyovog 0Tl TopayovVTeG
OT®G TO TEPLOPIGUEVO PaxTnplakd @optio ota deiypata, 1 avEnuévn gumddeia Tov
MAP ota mpotdékorho amoADHOVONG TGV OEYUATOV, Ol 1010itepeg OpemTiKég
QMOITNOE TOV HIKPOOPYOVICHOV, kaBmMg Kot 1 avénuévn eumdbeid tov otV
OVOOTOATIKY €midpacn TV oviPloTiKOV OTo LIOCTPOUATO TEPLopilovy TNV
avanTuén TV oteAey®V avtdv. Emmiéov, n Evyeym-c ftav vynAdtepn ota delypota
KOTPAvmV o€ oyxéomn pe Ta dstypata opoyevomompévay otav. Kapio dwapopd dev
wapotpnOnke oty Ev tov 600 vTOGTpOUATOV Yoo TV OTOUOVOGT) OOPOPETIKAOV
TOTOV GTEAEYMV A0 SEIYUOTO OLOYEVOTOMUEVOV 1GTAOV.

Joumepacpatikd, Aowmdv, amopovocsane o MAP and téooepa d10popeTikd
eidn ¢ aypuog mavidog (udeg, emipveg, olemobdeg kot Aoyoi), to mepParlov
dwPimone tovg ko and tov mANBvoud-6TOX0 TV TPOoPdTmV Kot TV arydv. O
YeVeTIKOG yopaktnplopdg tov oteheymv pe 1S1311 PCR-REA kot mpocdtoptopd g
onpeakng aAinAovyiog tov DNA kot QUAOYEVETIKY OVAAVOT| TOV GTEAEYDV GE TUNLLOL
g évBetng voukAeoTidtkng aainiovyiog 1S900 £doei&e ot1, mbavog, €xet cvpPel
petéooon tov MAP petald dSwgpopetikdv (oikdv €ddv kot O6tL dgv vrdpyet
EWKOTNTA EEVIOTOD TMV OTEAEY®V. AMIOTOCAUE OTL TPOKTIKE OTEKKPIVOLV TO
MAP ka1 porlvvouv v tpoen Kot 10 mepifaiiov dwufiwons tov mpoPdtmv Kot Twv
aryav. Ta gvppota avtd VTOOEKVOOLV OTL TAL TPMOKTIKE, 01 AAETOVOES, 01 Aaryol Kot
10 TEPPAALOV O10BimoNG TOVG UTOPOVY VO GUUUETEYOVV GE £va TEPITAOKO GVGTN L
dwtpnong g porvvong and MAP tov pukpov pnpukactikav. [Tibavog, n dypla
nwavioa mailer onuavtikd polo oty emdnuoroyia g péivvong amdé MAP og
EKTPOPEG OV £X0VV EKPLADGEL TNV TOPAPLUATIOON 1| o€ omaAdaypéveg omd 10 MAP
EKTPOPES EVTOG YEWYPAPIKAOV TEPLOYDV e AALeG TpocPePAnuéves extpopés. Kabiog
TO MNWEKTATIKO ovoTNnua dlayeipiong tov 4 ekTpop®v TPoPatmv Kol ory®dv, Tov
amoTeAoVGOV TOV TANOLGUO NG HEAETNG HOG, ivol TLTTIKO AVTOV TTOV aKoAoLOEiTaL
amd TN pHeYOAN TAEOYNEeio TOV EAMMNVIKOV EKTPOP®OV, TMIOTEDOVHE OTL TO
AMOTEAECUATO LAG APOPOVV GNUAVTIKO TOGOCTO TOL €Bvikoy (muol Kepaiaiov.
Avtd onpuaivel 60TL ) ekpilmon g mopapuUATiOonS, 6mov emyepeital, Oa TpEmel va
Aappaver veoyn v ThovOTNTA VTOPENG LAG, SUPOPETIKNG amd T TPOPaTa Kol TG
aiyeg, deEapevng dratnpnong kat petddoons tov MAP. EmutAéov, extiunoape v Ev
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™G KOAMEPYEWNG aVAAOYO LLE TOV TUTO TOL OTEAEYOLG KOl SOMICTMOGOUE OTL TO
HEYM ntav mo evaicOnto yu v amopdvoon C mapd S otedeydv MAP. Eriong
ntav mo evaictnto and 1o LJ ywo v amopdvoon C oteheyodv amd to deiypato
KOTPAVOV LIKPp®V unpukactik®v. Etopévog n Ev tov vtootpopdtov eEaptdatal and
tov 1m0 oteréyovg MAP, yeyovdg mov vodeikviel Tt 1| EMAOYT TOV TPAOTOKOAALOV
KoAAEpyewog Oa mpémel Aappavel vwoyn tov TOmo Tov oteAéyovg MAP kol oy to
Cokd €ldog amd t0 omoio mpoépyoviat Ta detypoto Kabhg aivetal 0Tt mBavmg dev
VILAPYEL EVIKOTNTO EEVIOT TOV OTEAEYDV. YT TO TTpicpa avtd Tpénet va 10mBel Kat
N TPOTY OMOUOVOOT S 6TEAEYOVG amd HoVOyaoTPIKO Ayplo {do. Aev glvar, pdAiov,
éva, pepovopévo oebvag mepiotatikd. [Ibavotoata to 0 otehéyn poAVVOLV Kot
aALOV dyplo HOVOYOOTPIKE OAAG, eivol eldyiotn 1 mOavOTTO OTOUOVAOGCNG TOVG
KaOMOG 1 EMAOYT TOL TPMOTOKOALOL KOAMEPYELNG YIVETAL [LE OEOOUEVO OTL LOADVOVTOL
amoxielotikd pe C oteléym MAP.

5.2 IlpoonTikég PELLOVTIKIG £pEVVaG

Movoyaotpikd €idn g dyprog mavidoag mov {ovv 6Tovg YHOPovs oTafMSHOD
kot Pooknong eAMVIKOV mpoPdtov kot orydv poAdvovior amdé MAP kot 10
anekkpivouv. H ocvyvétta mposfoing Toug OUmS GaiveTol va givol GYETIKE pKp.
A&iler ouwc va depeguvnbel to €dv vmdpyer dvvordmTa KABeTNG M opldvTiag
petadoons tov MAP evtog Tov TANBLGUOV TOV TPOKTIKOV.

[MBavotata vapyet dtapopd otnv madoyévela Twv dvo TtV Tov MAP oT1g
ailyeg, aALd Kol T@V S otehey®dV PETOED TV TpoPdtev Kot tov arymv. Kabdg frav
eopatwpévn m memoibnon OtL ot aiyeg poAvvovion kvpimg pe C otedéym, dev
ovykpidnke n maboyéveln twv Vo THm®V Tov MAP oTIG aiyec kot ota mpoPata. H
HEAETN pog, kaTEANEE OTL OV VLTAPYEL EOIKOTNTA EEVIGTOL TV GTEAEYMDV OTA
npoPata ko Tic aiyeg. It avtd ko mpémer vo peretnBel n woyvpn mbavoTTO
dpopeTikng maboyévelag avdioya e To 6TEAEYOG Kot TO Lmko €100C.

O mpocdoptopds g onuetakng oAiniovyiog tov DNA kot n puAoyevetikn
avdALGON TOV OTEAEYDV CE TUNMUO TNG VOUKAEOTWOWKNG oAAnAovyiag 1S900, mov
TPAYULATOTOMONKE YOO TPMOTN POPA, HE OKOMO Tr oVYKPLon tev oteieymv MAP,
odnynoe omv &&aywyn OPIOUEVOV GLUTEPACUATOV TOV OPOPOVY TO POAO TMOV
HOVOYOOTPIKOV aypiov €00V ¢ mhavhg defoapeving petdooong tov MAP ota
eMnvikd. mpoPata kKo ot aiyec.  H owlaywyn epsuvav oe kabopiopéveg
YE®YPOPIKEG TEPLOYEG oL O mEPAaUPAVOLV TOV TPOGOIOPIGUO TNG ONUELOKNG
aAiniovyiog oo DNA oty vovkieotdowm aiiniovyio 1S900 1 oe dAAieg meproyég
TOV YOVIOI®UOTOG KOl TNV PUAOYEVETIKY] avaAvon otereyxwv MAP and dypra Cda, to
nepPEALOV TOVg Kol amd KOTOwKidw UnNpuKacTiKd 0o GUUPAAAEl oNUOVTIKE oV
dtevkpivion tov aypiov e0dV Tov poAvvovion tepiocdtepo and MAP, kabag kot tov
POLOL TOVG G dEEAUEVES LETAOOGNC TOV LKPOOPYAVIGLOD 6TO {m1kd KEPAANLO.
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1. K®dwkag tov Aroywopikod WinBugs ywe tnv ektipnon katd Bayes tov
APOUYRATIKOV T0606ToV mposPorng (M) TV KomPavVOV Kol TOV 16TOV AT
TOVG OLUPOPETIKOVS TVTTOVG 6TEAEXDV M AP, Aappdavovrag vroéyn T 10 yvOGTIKY
guaeOnoio g KaAEpyarug.

model
{for (i in 1:n)

{
pog[i]~dbin(ap[i] test[i])
apli]<-tp[i]* Sefi]

Sefi]~dbeta(1.48, 5.38) #M 0de=10% 95% certainty of at most 50%

}

for (iin 1.7)

{
papl[i]<-step(ap[i]-ap[i+1])
ppp[i]<-step(tp[i]-tp[i+1])
}psel[i]<-step(8e[i]-Se[i+1])

for (i in 1:6)

{
pap2[i]<-step(ap[i]-ap[i+2])
ppp2[i]<-step(tp[i]-tp[i+2])
}lf>862[l]<-step(Se[I]-Se[l+2])

for (i in 1:4)

{
papA]i]<-step(apli]-ap[i+4])
pppA[i]<-step(tp[i]-tp[i+4])
;3864[I]<-step(8e[I]-Se[l+4])

tp[1] ~dbeta(5.09,10.56) #mode =30% 95% certainty of at least 15%
tp[3]~dbeta(5.09,10.56)

tp[5]~dbeta(11.25,11.25) #mode=50% 95% certainty of at |east 33%
tp[7]~dbeta(11.25,11.25)

tp[2]<-tp[1]
tp[4]<-tp[3]
tp[6]<-tp[5]
;p[8]<-tp[7]

list(n=8,pos=c(0,1,14,2,5,3,1,1), test=(368,368,368,368,204,204,204,204))
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2. H xotavopn B

2 Bewpio TOV TOOVOTHTOV KOl TN OTATIOTIKN, 1 T KoTtovour ivorl pio GUVEXNG
KaTovoun mOovOTNTOG OV opiletan ano mv eklowon:
. an a—1 _ a-1

flz; o, 3) —B{a,_ﬁjr (1—1x)

oOmov a ko B etvon wapdpetpot Tov TpEmet va eivarn peyodvtepeg omd unodév ko B tvan
n Bfrta cvvapmon. H Bita cuvéptnon sivor por otabepd Kovovikomoinong yuo vo
eEao@aAioel 6TL TO OAOKAP®ULO TG TUKVOTNTOG TBOVOTNTAG TNG KOTAVOUNS Ba efvat

ico pe 1: 1 -1
P e e
fl:.T, a;, '3:] _ fﬂl ua—llf]_ _ u:]-s_l du

_ ]__‘If& + .3:] .;-.—1{1 . I:]_E—l

T T(r(@ "

1 . .
_ 21— 2)P?

B(a, 8)

omov I elvar ) ovvaptnon I'dppa..

M e101k1| epintwon ™g Pra Katavoung 6tav a=1 kot =1 eivor n opoidpopen
katavoun. H péon tun E(X) xou n dwaxvpaveon var(X) pog toyaiog petapintig X
oL 0KOAOLOEL B Katavoun pe TapapéTpoug o Kot B divetar amd Tovg TOTOVG:
. "
E(X)= ——,
a+ 3

var(X) = ap

(a+ 82t B+1)

Kot 1 KOptwon 1 veepPoin elvar:

a? —a?(28 -1+ 3*(B3+1) —2a8(3+2)

0 aBlatB+2)(atdi3)

Avtiotpogag, pe E(X) kot var(X) yvootég ot mapdapetpot o kot B vroroyilovron amd
TOVG TUTTOVG:

[ E(X) ,
a=E(X) (m [1 - E(X)] - 1) )
- 1-E(X)

'J_Q—E(X:]

e 0 <E(X) <1, 0<var(X) < E(X)(1 ~E(X)),

Mopopéc

H B katavoun pmopel va mapet T SLpOPETIKES LOPPES AVAAOYOL LE TIG TILES
TV 600 TOpaUETpOV o Kot P.:
a=P=1 eivar 1 OLOIOLOPPT KOTAVOLT
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a=P eivar cvppetpikn nepimov oto 0.5

a<l <1
a>1 g=1
a=1 8=>1
a =1,

elval oe oynua v
avéavetal avotnpa
LELOVETOL OVOTNPA

G = 1sivou dikopon
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Summary

We aimed to: (1) investigate whether non-ruminant wildlife interfacing with dairy
sheep and goats of four Greek flocks endemically infected with Mycobacterium avium
subspecies paratuberculosis (MAP) harboured MAP and (2) genetically compare the
strains isolated from the wildlife to those isolated from the small ruminants of these
flocks. We cultured and screened, by polymerase chain reaction (PCR), pooled-tissue
samples from 327 wild animals of 11 species for the MAP-specific 1S900 insertion
sequence. We also cultured faecal samples from 100 sheep or goats from each of the
four flocks. MAP was detected in samples from 11 sheep, 12 goats, two mice, two
rats, a hare and a fox. Only one rat had histopathological findings. Genetic typing
categorized 21 isolates as cattle-type strains and two, from a house mouse and a goat
respectively, as sheep-type strains; this is the first report of a rodent harbouring a
sheep-type strain. The MAP-types that were most frequently isolated amongst the
sheep and goats of each flock were also the ones isolated from sympatric rodents,
those isolated from the fox and hare also belonged to the predominant ruminants
strains.
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1. Introduction

Spillover of infectious organisms from domestic herds to wildlifeis of concern
to wildlife managers and livestock keepers, both because it affects wildlife health and
because wild animals may serve as potential reservoirs or disseminators of infection
to livestock. Wildlife may become exposed to Mycobacterium avium subsp.
paratuberculosis (MAP) viafeeding on contaminated grain, forage in pastures, faeces,
or on infected prey. Potential routes of transmission of MAP from wildlife back to
livestock include faecal contamination of feed and forage, both in farm buildings and
on pastures (Daniels et al., 2003).

Paratuberculosis has long been considered a disease of ruminants only. Apart
from domestic ruminants, the disease is also well documented in several wild
ruminants (Williams et al., 1979; Jessup et al., 1981; Chiodini and Vankruiningen,
1983; Delide et a., 1993; Buergelt et a., 2000). Only lately, isolations of MAP from
non-ruminant wildlife species, with or without typical pathology suggesting natural
paratuberculosis, are increasingly being reported. Mycobacterium avium subspecies
paratuberculosis has been isolated from lagomorphs (Mathews and Sargent, 1977;
Beard et a., 2001b; Raizman et al., 2005; Corn et a., 2005), rodents, badgers,
racoons, nine-banded armadillos, opossums, northern short-tailed shrew, striped
skunks (Beard et al., 2001a; Corn et al., 2005; Deutz et al., 2005), wild boars
(Machackova et al., 2003; Alvarez et al., 2005), a rhinoceros (Cousins et al., 2000)
and several bird species (Beard et al., 2001a; Corn et a., 2005; Deutz et al., 2005).
The typical pathology of paratuberculosis has been noted in wild rabbits, wood mice,
foxes, stoats, weasels and crows (Angus, 1990; Greig et al., 1997, 1999; Beard €t al.,
1999; Beard et al ., 2001b; Beard et al., 2001a).

DNA-based subtyping techniques, such as 1S900-restriction fragment length
polymorphism (IS900-RFLP), 1S1311 polymerase chain reaction - restriction
endonuclease analysis (1S1311 PCR-REA) and pulse field gel electrophoresis (PFGE)
have been applied to revea the genetic variation of MAP-isolates and differentiate
among strains infecting different populations (Collins et al., 1990; Whittington et al.,
1998; Pavlik et al., 1999; Stevenson et al., 2002). Based on these and the cultura
characteristics, two maor groups of MAP strains have been identified, the sheep or
Type-l strains, including slow-growing strains that appeared to have a strong host-
preference for sheep, and the cattle or Type-ll strains, including faster growing strains
commonly isolated from cattle and a broad host-range including humans.

The great majority of Greek dairy sheep- and goat-flocks are kept under semi-
intensive management systems. Typically, animals graze on pastures throughout most
of the year and are offered a concentrate supplement. They spent most of the day
outside and are moved into their sheds during the night. The great majority of these
flocks are endemically infected with paratuberculosis (Dimarelli et a., 1991). Their
management provides several opportunities for interspecies transmission of MAP
between sheep, goats and wildlife which co-habit the same pastures or sheds. Before
this study commenced, Greig et al. (1997, 1999) showed that wild rabbits living on
the grazing grounds of beef cattle in Scotland harboured and excreted MAP, and,
therefore, potentialy acted as a maintenance reservoir for the infection in these farms.
A similar scenario is possible in Greek dairy sheep- and goat-flocks, where other non-
ruminant wildlife, such as rodents, hares and foxes, that frequently co-habit the sheds
(rodents) and the grazing grounds (rodents, hares, foxes), may be involved. However,
this possibility had never been investigated before. In this study we screened for
MAP non-ruminant wildlife that lived in the sheds and on the grazing grounds of
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endemically infected dairy sheep- and goat-flocks. At the same time, we screened for
MAP samples collected from the sheep and goats of these flocks. The strains isolated
from the small ruminants and the wildlife were genetically characterized by 1S1311
PCR-REA.

2. Methods

2.1 Sudy site and collection of samples

Four dairy sheep- and goat-flocks, each with 250 to 350 animals, located in
Central Greece (longitude: +39° 22', latitude: +22° 00'), situated at a distance of more
than ten kilometres away from each other, were selected as study-sites. One of the
flocks was a sheep-only flock, another was a goat-only flock and the remaining two
were mixed, one with 60:40 and the other with 40:60 sheep-to-goat ratios. All flocks
had a history of clinical paratuberculosis, but vaccination against MAP had never
been applied. The sheep and goats were kept under semi-intensive management, for
the purposes of milk production. The farmers selected breeding replacements
amongst the daughters of the high-yielding ewes and goats. The males bought into
the flocks originated from high-yielding animals from other flocks. The annual
replacement rate in these flocks was around 20%, which was similar to the annual
culling rate; this was because farmers received subsidies on the basis of flock size.
The flocks were intensively monitored for 2 years. Prior to launching the study, the
flock-owners were informed about the study's tasks and accepted that two of the
authors (PK and MF) would visit their flock sheds to trap wildlife every second day
from September 2001 to June 2003. The monitoring did not interfere with routine
management or affect management decision in any way. Prior to sampling wildlife,
the endemic level of infection in the flocks was confirmed both serologically, on sera
obtained from 100 animals per flock randomly selected among >1 year-old animals
(IDEXX ELISA test; IDEXX Laboratories, Portland, ME, USA), and
bacteriologically, on gut samples collected at slaughter from animals >1 year-old with
macroscopic lesions suggestive of paratuberculosis. During the study period, a total
of 327 wild animals, from 11 species (Table 1), either were captured and euthanized,
by using authorized, species-appropriate methods (live-captured traps and shooting),
or were found dead in the sheds (mice, rats, house sparrows) or on the grazing
grounds of the flocks (badgers, foxes, hares, magpies, awolf, aweasel, a hawk and an
owl). All animals were subjected to full necropsy, during which all gross-lesions of
the intestine and other tissues were noted. The last parts of the duodenum and the
ileun, the first parts of the cecum and the colon, the ileocecal and the colic lymph
nodes and the liver were collected, and pooled for each animal, put into sterile bags
and preserved at -20°C for culture and direct IS900-PCR. Parts of al samples, except
those originating from animals found dead in advanced autolysis, were fixed in 10%
neutral buffered formalin for histopathology. In addition to wildlife sampling, from
September 2002 to February 2003, 100 clinically healthy animals, >one year-old from
each flock,were faecally sampled. Approximately 10 gr of faeces were collected from
the rectum of each animal. Samples were separated and put into sterile bags and
preserved at -20°C for culture.

2.2 Culture

Faecal and pooled tissue samples were cultured on Lowenstein-Jensen
medium (LJ), using a slight modification of the procedure described by Whitlock and
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Rosenberger (1990), and on Herrold's Egg-Yolk medium (HEYM), using the
procedure described by Greig et al. (1999). More specifically, for culture on LJ, 2-5
gr of faeces, from sheep or goats, were placed in a tube with 15 ml sterile normal
saline, mixed and allowed to stand for 30 min. From wildlife, 0.5 cm® of finely
chopped tissues were homogenized for 30 sec in 10 ml of sterile distilled water with a
Colworth Stomacher 80 (Seward Medical, London, UK). Subsequently, 5 ml of the
faecal supernatants and the tissue homogenates were transferred to a fresh tube
containing 25 ml of 0,9% hexadecylpyridinium chloride (HPC) (Sigma-Aldrich,
Athens, Greece) in haf strength Brain Heart Infuson (BHI) broth (Oxoid,
Basingstoke, UK) and alowed to stand at 37°C for 24h. Subsequently, the
supernatants were centrifuged at 1000rpm for 30 min and the formed pellet was
collected and re-suspended in 1 ml half-strength BHI broth, containing vancomycin
(100 mg/ml), nalidixic acid (100 mg/ml) and amphotericin B (50 mg/ml) (all Sigma
antibiotics). The tube containing the pellet with the mixture of antibiotics was
incubated for 48 h at 37°C. The prepared sediment was divided in three equal
portions and approximately 300 ul (6 drops) were inoculated onto each of three slopes
of LJ medium (two with mycobactin and pyruvate, and one plain).

For culture on HEYM, 1-2 gr of faeces or 0.5 cm® of finely chopped tissues
were homogenized for 30 sec in 10 ml of sterile distilled water with a Colworth
Stomacher 80 (Seward Medical). The homogenates were decontaminated by adding
10 ml of 1.5% HPC (Sigma-Aldrich) and left to stand overnight at room temperature.
The resulting supernatants were centrifuged at 3080rpm for 20 min at 4°C, and each
pellet was re-suspended in 10 ml of sterile distilled water. The centrifugation step
was repeated, and each formed pellet was re-suspended in 1 ml of sterile distilled
water. Suspensions were then transferred to a microfuge tube and centrifuged at
13,000rpm for 5 min at room temperature. The pellets were re-suspended in 0.5 ml of
sterile distilled water. Following decontamination procedures, two slants of HEYM
supplemented with mycobactin J and antibiotics (Becton Dickinson product code:
222233), were inoculated with 0.1 ml of the prepared suspension.

The inoculated slants were incubated for at least 7 months at 37°C. Growth
was determined, both visually and microscopically, at weeks 1, 2, 4, 6, 8, 10, 12, 16,
20, 24 and 30. Smears were prepared, using sterile procedures, from the inoculation
surface of the medium and stained by Ziehl-Nielsen.

2.3 DNA Extraction

MAP DNA extraction procedures were identical for 1S900-, 1S1311- and
1S1245- PCR assays. DNA extraction from pooled tissue samples and from colonies
grown on LJ was performed using the Genomic DNA Purification Kit (Puregene,
Minneapolis, MN, USA), according to the instructions provided by the manufacturer.
To prepare DNA for analysis from HEYM cultures, one or two colonies were lifted
off the media, taking care not to remove any media, added to 100ul of sterile water in
a sterile 1.5ml tube. The contents of the tube were mixed vigorously for 1 min on a
vortex mixer (IKA-Works Inc. Wilmington, NC, USA), heated at 100°C for 30 min to
lyse the bacteria and centrifuged at 14000rpm for 10 min. The supernatant was
transferred to another sterile 1.5 ml tube and the pellet was discarded. DNA samples
were placed at 4°C, when analyzed immediately, or were stored at -20°C.
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2.4 PCR and restriction endonuclease analysis (REA) reactions

All culture isolates and pooled-tissue samples were subjected to PCR for the
MAP-specific 1S900 insertion sequence. Subsequently, 1S1311-PCR followed by
REA with Hinfl and 1S1245-PCR were performed on all 1S900-positive isolates. The
1S1311 PCR-REA was performed to discriminate cattle- and sheep-type strains. The
1S1245-PCR was used to identify Mycobacterium avium subsp. avium (M. avium).
The sequences of the primers used for each PCR are given in Table 2. All PCR
reactions were performed as previously described (Millar et al., 1995; Marsh et al.,
1999), using a slightly modified protocol. Each PCR reaction mixture contained 10 pl
of genomic DNA, 10 ul 10x PCR buffer (Invitrogen, Paisley, UK), 2 mM MgCI2
(Invitrogen), 200uM of a dNTP mix (Invitrogen), 7.5 U (for 1S900-PCR) or 11.25 U
(for 1S1311- and 1S1245-PCR) of Tag polymerase (Invitrogen), and 30 pmoles of the
primers. The reaction volume was adjusted to 100 pl with DEPC treated H,O. The
thermal cycler parameters included an initia denaturation step at 94°C for 3min,
followed by 40 cycles of denaturation at 94°C for 30sec, annealing at 62°C for 30sec
(for 1S900-PCR) or 15sec (for 1S1311- and 1S1245-PCR), extension at 72 °C for
2.5min (for IS900-PCR) or 1 min (for 1S1311- and 1S1245-PCR) and afinal extension
of 5minat 72°C. Ten ul of each PCR product were analysed by electrophoresis on a
2% agarose gel and stained with ethidium bromide (0.5ug/ml). A 100 bp DNA ladder
(Invitrogen) was analysed on the same gel to serve as a size marker. The expected
sizes of the products were 414bp for 1S900-PCR, 268bp for 1S1311-PCR and 198bp
for 1S1245-PCR.

All 1S900-PCR products were gel-purified (Qiaguick Gel Extraction Kit;
Qiagen, West Sussex, UK) and sequenced in both directions by MWG Biotech
(Ebersberg, Germany), using the forward and reverse PCR primers.

Restriction endonuclease analysis reactions were prepared, as described by
Marsh et a. (1999), by adding 10 pl of 1S1311-PCR product, 2U of Hinf I, 1.6 pl of
buffer (supplied with restriction endonuclease) and made up to 16 pul with sterile
purified water. Restriction digests were incubated at 22°C for 2 h and were assessed
by electrophoresis in 4% agarose gel prestained with ethidium bromide (0.5ug/ml).
The expected sizes of the REA products were 268, 218 and 50bp for the cattle strain
digestion pattern and 268bp for the sheep strain digestion pattern.

2.5 Histopathology

The formalin-fixed samples were dehydrated through graded alcohols and
embedded in paraffin wax. Then, sections were cut and stained with hematoxylin and
eosin (HE), for routine histopathological examination and by the Ziehl-Nielsen (ZN)
method for detection of acid-fast bacteria (AFB).

3. Results

MAP was isolated from the samples of five wild animals and 23 small
ruminants (Table 3). The isolates from three sheep, three goats and two house mice
grew only on LJ and the remainding isolates only on HEYM. One faecal sample from
a goat was positive on both culture-media. All isolates were re-cultured on HEYM
dants, but eventualy only thoseinitially grown on HEYM grew again.

All isolates were positive for 1S900. The 1S900 insertion sequence was also
detected in the pooled-tissue sample from one culture-negative black rat (Table 3).
Sequence analysis of the 1S900 insertion sequence confirmed that the isolates were
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indeed MAP isolates. 1S1311 PCR-REA categorized 21 isolates into cattle- and two
into sheep-type strains (Table 4). The latter originated from a goat and a house mouse
(Figure 1). Seven isolates were not typed, possibly due to inadequate quantity of
DNA. The positive samples from one of the mixed flocks originated from two sheep,
a goat, a black rat and a house mouse, and were al classified as cattle-type strains.
Those from the other mixed flock came from four goats, a sheep and a house mouse.
The latter was classified into sheep-type and the former into cattle-type strains. In the
goat only flock, three goats were infected with cattle-type strains and one, which was
positive in both culture media, by both strain-types. The isolates from the sheep only
flock, were from four sheep and a black rat and belonged to the cattle-type strains
(Table 4). The isolates from the fox and the hare, found dead and shot respectively,
on the grazing grounds of the flocks, were typed as cattle strains (Figure 1). None of
the isolated strains had the M. avium specific 1S1245 insertion sequence.

No gross lesions of paratuberculosis were noted at necropsy in any of the
wildlife animals examined. The formalin-fixed samples from the 1S900-positive wild
animals were examined histologically. No acid—fast bacteria (AFB) or granulomatous
infiltrates consistent with MAP-infection were seen in the tissues of all but one
animal, a black rat. In this rat intestine there where small numbers of AFB-positive
macrophages scattered throughout the intestinal lamina propria. Only rarely >5 AFB
were seen in the cytoplasms of these cells.

4. Discussion

We detected or isolated MAP from four different wildlife species co-habiting
the sheds and the grazing grounds of paratuberculosis-affected flocks. Specificaly,
MAP was recovered from two black rats and two house mice trapped in the sheds and
from a fox and a hare found dead or shot on the grazing grounds of the flocks. We
failed to recover MAP from magpies, badgers, a wolf, a weasel, a hawk and an owl
but the available number of animals from these species was very small (Table 1). We
found no gross lesions of paratuberculosis in any of the wild animals examined.
However, there were AFB in the intestinal macrophages of one culture negative black
rat, which was found 1S900-positive by direct tissue-PCR. This finding indicates,
very likely infection and not “passing-through” of recently ingested contaminated
material. Beard et a. (2001a) also found numerous AFB-containing macrophagesin a
culture-positive wood mouse. Other authors have aso noted the disagreement
between histological and culture results (Beard et al., 2001a; Corn et al., 2005). This
has also been evident in experimentally infected mice and rats, which did not
consistently develop clinical disease and histological lesions (Harris and Barletta,
2001).

Stevenson et al. (2002) when characterized a large battery of isolates from
nonruminant wildlife, by 1S1311 PCR-REA, classified al of them into cattle- or type-
Il strains. All but one of our isolates were also classified into the cattle-group.
However the isolate from a house mouse belonged to the sheep-group. To our
knowledge this is the first report of a sheep-type strain isolated from nonruminant
wildlife. Therefore, it is likely that nonruminant wildlife may be susceptible to
infection with either type of MAP. The mouse was trapped in the shed of a flock
where only cattle-type strains had been isolated from MAP-shedding sheep and goats.
This may indicate either that our sampling and isolation protocols failed to detect
infection of the flock with sheep-type strains or that the mouse picked-up MAP
elsewhere. Evidently, the latter is epidemiologically more important. Whittington et
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al. (2003) reported that recovery of MAP from environmental samples in sheep and
goat farms in New Zealand was very low 5 months after the infected stock were
removed, but infected wildlife with longer life spans, such as mice, rats, hares and
foxes, may continue shedding at some level beyond this period of time.

Haydon et al. (2002) suggested that genetic characterization of pathogens
isolated from different populations provides a powerful tool for identifying key
components of likely reservoirs. They proposed that a reservoir should be defined as
one or more epidemiologically connected populations or environments in which the
pathogen can be permanently maintained and from which infection may be
transmitted to the defined target population. The animal populations in a reservoir
may include different species which are directly or indirectly connected to each other.
In Scotland, wild rabbits were initially suspected as a possible maintenance reservoir
for paratuberculosis in beef cattle (Judge et a., 2005, 2006), because molecular
genetic typing by RFLP and PFGE could not discriminate between rabbit and cattle
isolates from the same or different farms (Greig et al., 1999). Thiswas later proved to
be the case through genetic characterisation.. Most of our isolates from the four flocks
and the non-ruminant wildlife were classified into the cattle-type strains.
Interestingly, the majority of the wildlife isolates from each flock belonged to the
same MAP-type with the sheep and/or goat isolates from the same flock. The isolates
from the fox and the hare also belonged to the predominant, among sheep and goats,
cattle-type strains. The rodents probably picked-up MAP through scavenging
livestock feed on floors contaminated with livestock faeces. The fox probably picked-
up MAP when consuming contaminated prey, like rodents and hares. These findings
indicate that interspecies transmission may have occurred and that rodents, foxes and
hares and their environment may have a potentia role in a complex maintenance
reservoir for MAP infection of small ruminant populations. Daniels et al. (2001,
2003) reported that infected wild rabbits in Scotland excreted up to 4 millions CFU/gr
of faeces, an amount which was sufficient to constitute an infective dose, and that
cattle did not avoid grazing on pasture contaminated by rabbit faecal pellets. Clearly,
since the grazing behaviour of sheep and goats is different from cattle, further studies
considering this and the pathogenesis of MAP in non-ruminant wildlife are needed to
determine whether non-ruminant wildlife species represent true threats for infection of
small ruminants. It is suggested that infected wildlife may have the greatest effect on
the epidemiology of MAP infection on farms that have eliminated all infected
livestock from the premises or on MAP-free farms located in the same geographic
area as infected farms.

We isolated both MAP types from the faecal samples of a goat. Mixed
infections with MAP strains, belonging to different RFLP types, have aready been
reported in a cow (Pavlik et a., 1995). Also, Corn et al. (2005) recovered three
distinct short sequence repeat genotypes from an armadillo and two from a feral cat.
The goat in our study belonged to a flock from which only cattle-type strains were
recovered. Thisgoat may have picked up this strain elsewhere, because the flock was
not operating as a completely closed flock, or whilst grazing on communal pastures
where different flocks have the potential to interchange different MAP strains. Of
course, it is also possible that both MAP-types existed in this and the other three study
flocks, but we underestimated the prevalence of sheep-type strains because: (1) they
are very difficult to culture, as there is still disagreement on the most appropriate
culture media for MAP (Whittington et al., 1999; de Juan et al., 2006) and (2) routine
decontamination protocols decreased the number of sheep-type strains isolated
(Reddacliff et a., 2003).
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In conclusion, we examined a wide range of wildlife species co-habiting four
infected sheep- and goat-flocks for the presence of MAP. We found that wildlife
belonging to four different species (mice, rats, foxes and hares) and the domestic
livestock exposed to this wildlife shed and/or harboured the organism. The mice
harboured both MAP-types, whereas, only cattle-type strains were detected in the
other wildlife species. Thisisthe first report of sheep-type strain being isolated from
non-ruminant wildlife. The MAP-types most frequently isolated from the sheep or
goats of each flock were also the ones isolated from sympatric rodents. These facts
strongly suggest that interspecies transmission of MAP may have occurred and
substantiate a potential role of wildlife in the epidemiology of sheep and goat
paratuberculosis. Although further studies considering the grazing behaviour of sheep
and goats and the pathogenesis of MAP in non-ruminant wildlife are needed to
determine whether the non-ruminant wildlife species represent true threats for the
infection of small ruminants, our results strongly indicate that the wildlife may have
the greatest effect on farms that have eliminated all infected livestock from the
premises or on MAP-free farms located in the same geographic area as infected farms.
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Table 1. Wildlife trapped (rodents), shot (hares) or found dead in the sheds and on the
grazing grounds of four endemically infected with MAP Greek sheep and goat flocks,
from September 2001 to June 2003.

Common name Scientific name No sampled
House mouse Mus musculus 149
Black rat Rattus rattus 55
Magpie Pica pica 30
House sparrow Passer domesticus 32
European Brown Hare Lepus europaeus 44
Fox Vulpes vulpes 10
Badger Meles meles 3
Wolf Canislupus 1
Weasel Mustela nivalis. 1
Hawk Accipiter nissus 1
Owl Asio otus 1
Totd 327

Table 2. Summary of the target, the specificity and the sequences of the primer pairs,
for 1S900-, 1S1311- and 1S1245-PCR; the relevant references are in square brackets.
The 1S900-PCR was used to identify the insertion sequence which is specific to MAP,
the 1S1311-PCR, followed by REA, was used to discriminate cattle from sheep-type
strains, while the 1S1245-PCR was used to identify the insertion sequence which is
found only in M. avium.

PCR Species Primer Sequence (5'-3') Reference
target specificity pairs
1S900 MAP P90 GAA GGG TGT TCG GGG CCG TCG CTT AGG Millar et al.
(1995)
PI1 GGC GTT GAG GTC GAT CGC CCA CGT GAC Millar et al.
(1995)
1S1311 MAP M56 GCG TGA GGC TCT GTG GTG AA Marsh et a.
(1999)
M. avium M94 CAGCGA TCGTCGACA GTGTG Marsh et al.
(1999)
1S1245 M. avium M114 CTCGACGCA CTGCGCACC Collinset al.
(1997)
M115 CCGCAGTTCCAGGTCCCCT Collinset al.
(1997)
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Table 3. Summary of results from the culture of faecal samples from clinically
healthy sheep and goats of four flocks and of pooled tissue samples from wildlife.

Species (sample type) No of culture positive No of animals with 1S900-
animals (total number of positive tissues
animal's examined)

Sheep (fagces) 11(180) ND?
Goats (faeces) 12(220) ND
House mouse (tissues) 2(149) 0
Black rat (tissues) 1(55) 1
Red fox (tissues) 1(10) 0
European Brown Hare (tissues) 1(44) 0
Magpie (tissues) 0(30) 0
House sparrow (tissues) 0(32) 0
Badger (tissues) 0(3) 0
Wolf (tissues) 0(1) 0
Weasel (tissues) 0(1) 0
Hawk (tissues) 0(1) 0
Owl (tissues) 0(1) 0
Total 28(727) 1

#ND not done

Each pooled tissue sample consisted of the last part of the duodenum and ileum, the first part of the
cecum and colon, the ileocecal and colic lymph nodes and the liver of each animal. The pooled tissue
samples were also screened by PCR for the MAP-specific 1S900 insertion sequence. The isolates grew
either on Lowenstein-Jensen or on Herrold's Egg-Y olk medium and were confirmed as MAP by |S900-
PCR. The isolate from a goat faecal sample grew on both media. A pooled-tissue sample from a
culture-negative black rat was positive to 1S900-PCR.
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Table 4. Results of genetic characterisation with 1S1311-PCR and REA with Hinfl,
of 23 of the isolates arranged by sampling location and origin of the isolate. The goat
sample (from flock 2), which was positive on both culture media harboured both

MAP-types.
1S1311 PCR-REA
Sampling location Origin of the isolates
(flock type)
Cattle type Sheep type
Flock 1 (mixed) Sheep 2 NA?
Goat 1 NA
Black rat 1 NA
House mouse 1 NA
Flock 2 (goats) Goat 4 1
Flock 3 (sheep) Sheep 4 NA
Black rat 1 NA
Flock 4 (mixed) Sheep 4 NA
Goat 1 NA
House mouse 0 1
Grazing grounds of European Brown Hare 1 NA
the 4 flocks Red fox 1 NA
Totd 21 2

#NA: non-applicable
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Figure 1. Typica 1S1311 PCR-REA patterns with Hinfl-digested amplicons in
adjacent lanes. MAP cattle-type strains (lanes 2, 3) recovered from a fox and a hare
respectively and MAP sheep-type strains (lanes 4 and 5) recovered from a house
mouse and a goat are shown. Lanes 1 and 6 represent positive controls for sheep-type
strains (ileum from sheep previously positive by 1S900-PCR and 1S1311 PCR-REA)
and lane 7 a positive control for cattle-type strains (MAP strain ATCC19698). Lane
M: 100 bp ladder

268 bp
218 bp
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Summary

The aim of this paper was to genetically compare Mycobacterium avium subsp.
paratuberculosis (MAP) isolates from Greek sheep and goats, their compound feed
and litter and the associated non-ruminant wildlife. We genetically characterized the
strains by using both the 1S1311 polymerase chain reaction (PCR) followed by
restriction endonuclease analysis (REA) and the sequence and phylogenetic analysis
of a part of the IS900 insertion sequence. We cultured and screened by PCR for the
1S900 insertion sequence, pooled-tissue samples from 327 wild animals of 11 species,
trapped or found dead in the sheds or on the grazing grounds of four endemically
infected with paratuberculosis sheep and goat flocks. We also cultured 60 litter and
15 concentrate feed samples and faecal samples from 100 sheep or goats from each of
the four flocks. In addition, we cultured and screened by PCR pool ed-tissue samples
from the gastrointestinal tracts of 142 sheep and 72 goats, collected at three abattoirs
receiving animals from the region around the flocks. MAP was detected in samples
from six wild animals, 33 small ruminants, one litter and one feed sample. 1S1311
PCR-REA classified 25 isolates into cattle- and ten into sheep-type strains.
Generadly, the same MAP type was recovered from feed and litter samples, wildlife
and sympatric sheep and goats. The sequence and phylogenetic analysis on a part of
the 1S900 sequence discriminated 19 MAP strains according to sampling site and
showed that interspecies transmission between wildlife and sheep and goats has
occurred.
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1. Introduction

Although many emerging diseases of human, domestic animal, and wildlife
populations are considered to be maintained in reservoir hosts (Daszak et al., 2000),
these reservoirs are rarely identified. Haydon et al. (2002) defined a reservoir as one
or more epidemiologically connected populations or environments, in which the
pathogen can be permanently maintained and from which infection is transmitted to
the defined target population. They pointed out that reservoirs can only be understood
with reference to defined target populations and that genetic characterization of
pathogens isolated from different populations and their environment provide a
powerful tool for identifying key components of reservairs.

Despite the fact that Mycobacterium avium subsp. paratuberculosis (MAP)
has been recovered from many non-ruminant wildlife species (Beard et a., 2001;
Corn et a., 2005; Anderson et al., 2007), the potential role of these animals as
components of the pathogen’s natural reservoirsis yet unclear. Generaly, there is a
paucity of studies comparing strains from non-ruminant wildlife to those from well
defined and epidemiologically associated to the wildlife livestock populations. Greig
et al. (1997, 1999) used restriction fragment length polymorphism (RFLP) and pulse
field gel electrophoresis (PFGE) for typing strains and found no difference between
strains from wild rabbits and in-contact beef cattle. Palmer et a. (2005) showed that
MAP strains from cats and cattle of US dairy herds belonged to the same RFLP type.

There are no similar studies about sheep and/or goats and in-contact non-
ruminant wildlife. Because the pathogenesis of ovine/caprine paratuberculosis is
different than that in cattle (Clarke and Little, 1996; Clarke, 1997; Corpa et al., 2000;
Tafti and Rashidi, 2000) and because small ruminants may harbour different MAP
strains than cattle (Collins et al., 1990; Stevenson et al., 2002), the results of studies
on cattle should not be extrapolated to sheep and goats. Thus, we designed a study in
order to investigate the potential role in the epidemiology of paratuberculosis of some
non-ruminant wildlife living in the environment, in the sheds and on the grazing
grounds, of a geographically defined population of Greek sheep and goats
endemically infected with paratuberculosis (Florou et al., 2007). The aim of this
paper was to genetically compare MAP isolates from the sheep and goats, their
compound feed and litter and the associated non-ruminant wildlife. We genetically
characterized the strains by using both the 1S1311 polymerase chain reaction (PCR)
followed by restriction endonuclease analysis (REA) and the seqguence and
phylogenetic analysis of a part of the 1S900 insertion sequence. Although the 1S1311
PCR-REA has been successfully used to discriminate between the two major MAP
genetic types (Marsh et a., 1999), the 1S900 sequence and phylogenetic analysis has
not been used previoudly for MAP strain comparison.

2. Methods

2.1 Sudy sites and collection of samples

Four dairy sheep- and goat-flocks, each with 250 to 350 animals, located in
Central Greece, situated at a distance of more than 10 kilometres away from each
other, with a history of clinical paratuberculosis, were selected as study-sites. One of
the flocks was a sheep-only flock, another was a goat-only flock and the remaining
two were mixed, one with 60 to 40% and one with 40 to 60%, sheep-to-goat ratios.
During a two-year period, the flocks had been regularly visited by two of the authors
(MF and PK) in order to identify and trap wildlife that lived in the flocks' sheds or
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collect wildlife that were found dead or were shot by hunters on the grazing grounds
of the flocks (Table 1). In addition to wildlife sampling, faecal samples were
collected directly from the rectum of 100 clinically-healthy animals from each flock,
aged over 1 year. Details on the flocks general management, as well as techniques
for sampling and processing of samples have been presented elsewhere (Kostoulas et
al., 2006; Florou et a., 2007). In addition to the samples collected from animals, we
collected approximately 60 samples of the litter, consisting of faecally contaminated
hay and soil, of each flock, using quadrat sampling. Then, 15 feed samples of
concentrate feed, approximately 10 g each, were also taken from the storage bins of
each flock. Many of the feed samples appeared to be spoiled with rodents’ faeces.

The trapped wildlife were euthanized with appropriate methods. All wildlife
were subjected to a full necropsy during which the last part of the duodenum and
ileum, the first part of the caecum and the colon, and the ileocaecal and colic lymph
nodes of each animal were excised, pooled and grinded and preserved at -20°C for
culture and direct 1S900-PCR.

Because many of the examined wildlife species were either found dead or shot
by hunters (badgers, foxes, hares, magpies, a wolf, a weasel, a hawk and an owl) on
the grazing grounds where the sheep and goats of the study-flocks grazed together
with neighboring flocks, samples were also collected from sheep and goats
dlaughtered in three local abattoirs, receiving animals from the region around the
study-flocks. During fortnightly visits throughout a six-month period, two of the
authors (MF and PK), independently, visually assessed the gastrointestinal tracts of
slaughtered animals, older than one-year, for paratuberculosis lesions. Those found
suspect, in total the gastrointestinal tracts of 142 sheep and 72 goats, were collected.
The same parts of the gastrointestina tract as above were collected and similarly
processed.

2.2 Culture, PCR and REA reactions

All samples were cultured on Lowenstein-Jensen (LJ) and on Herrold’'s Egg-
Yolk medium (HEYM), following previously described procedures (Whitlock and
Rosenberger, 1990; Greig et al., 1999; Florou et al., 2007). The inoculated dants
were incubated for at least 7 months at 37°C. Growth was determined, both visually
and microscopicaly 1, 2, 4, 6, 8, 10, 12, 16, 20, 24 and 30 weeks after beginning of
the incubation.

MAP DNA extraction procedures were identical for 1S900-, 1S1311- and
1S1245- PCR assays. DNA extraction from pooled tissue samples and from colonies
grown on LJ was performed using the Genomic DNA Purification Kit (Puregene,
Minneapolis, MN, USA), according to the instructions provided by the manufacturer.
To prepare DNA for analysis from HEYM cultures, one or two colonies were lifted
off the media, taking care not to remove any media, added into 100ul of sterile water,
vigorously mixed for 1 min on a vortex mixer (IKA-Works Inc. Wilmington, NC,
USA), heated at 100°C for 30 min to lyse the bacteria and centrifuged at 15339 g for
10 min. The supernatant was transferred to another sterile 1.5 ml tube and the pellet
was discarded. DNA samples were placed at 4 °C, when analyzed immediately or
alternatively were stored at -20 °C.

All culture isolates and pooled-tissue samples were subjected to PCR for the
MAP-specific 1S900 insertion sequence. Subsequently, 1S1311-PCR followed by
REA with Hinfl and 1S1245-PCR were performed on all 1S900-positive isolates. The
1S1311 PCR-REA was performed to discriminate cattle- (C) and sheep-type strains
(S). The 1S1245-PCR was used to identify Mycobacterium avium subsp. avium (M.
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avium). The sequences of the primers used for each PCR are given in Table 2. All
PCR reactions were performed as previously described (Millar et al., 1995; Marsh et
al., 1999; Florou et al., 2007). The expected sizes of the products were 414bp for
1 S900-PCR, 268bp for 1S1311-PCR and 198bp for 1S1245-PCR.

Restriction endonuclease analysis reactions were prepared, as described by
Marsh et al. (1999). The expected sizes of the REA products were 268, 218 and 50bp
for the C strain digestion pattern and 268bp for the S strain digestion pattern.

2.3 1900 sequence analysis

To determine the extent of genetic heterogeneity of the MAP isolates, PCR
products (414 bp) were gel-purified (Qiaquick Gel Extraction kit; Qiagen, West
Sussex, UK) and sequenced in both directions commercially (MWG Biotech,
Ebersberg, Germany), using the forward and reverse primers. In 23 strains, sequence
analysis was performed on 178 nt of a 414 bp PCR fragment of the 1S900 coding
region. All the samples were analysed twice and only high-quality sequences were
used. Nucleotide sequence alignments and phylogenetic analysis were performed on
178 bp of the 1S900 coding region using the program MEGA 4 (Tamura et a., 2007).
The evolutionary history of 19 Greek strains was inferred using the Neighbor-Joining
method and the evolutionary distances were computed using the Maximum
Composite Likelihood method. The percentages of replicate trees in which the
associated taxa clustered together in the bootstrap test (1000 replicates) are shown
next to the branches (Figure 1).

3. Results

Culture and 1S900-PCR results for MAP isolation are shown in Table 3. MAP
were isolated from five wild animals, 33 small ruminants, from one litter and one
compound feed sample. The isolates from four sheep, six goats and two house mice
grew only on LJ and the remaining isolates only on HEYM. One faeca sample from
a goat was positive on both culture-media. All isolates were re-cultured on HEYM
dants, but eventually only those initially grown on HEYM grew again. All isolates
were positive for 1S900. The 1S900 insertion sequence was also detected in the
pool ed-tissue samples of three culture-positive sheep, seven culture-positive goats and
one culture-negative black rat (Table 3).

The results of the IS1311 PCR-REA arein Table 4. Twenty five isolates were
categorized into C- and ten into S-type strains. Seven isolates were not typed, possibly
due to inadequate quantity of DNA. In flock 1, the isolates originated from two
sheep, one goat, one black rat, one house mouse and one feed sample. They were
categorized as C type strains. In flock 2, the litter sample and samples from three
goats yielded C type strains, while the sample from one goat yielded both MAP types.
The isolates from flock 3 were from four sheep and one black rat and belonged to the
C type. Finaly, those from flock 4 came from four goats, one sheep and one house
mouse. The isolate from the latter was classified into S type and the other onesinto C
type. The isolates from the fox and the hare were typed as C strains. The isolates
from the abbatoirs were categorized as S type strains except for the isolates from one
sheep and one goat, which were C type strains. None of the isolated strains had the
M. avium specific 1S1245 insertion sequence.

I 000 sequence and phylogenetic analysis
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Sequence analysis on 178 nt of the 1S900 coding region confirmed that the 23
Greek isolates were indeed MAP isolates. The GenBank accession numbers, the
sampling location, the species of origin and the MAP type of the strains are in Table
5. Nucleotide sequence alignments between ten of the strains isolated from sheep and
goats sampled in the abattoirs showed that seven of the strains were identical (coded
GRE-12, GRE-15, GRE-16, GRE-20, GRE-21, GRE-22, GRE-23) displaying 100%
nucleotide identity. As a consequence, three of them were selected for phylogenetic
analysis based on MAP type (Table 5). The phylogenetic tree (Figure 1) indicated
that the strains formed two major clusters. The first one comprised of strains from
flocks 1-3, from the slaughterhouse samples, and from the fox and the hare.
Generdly, in this cluster, the strains from the flocks were clustered together; the
exception was the strains from flock 1. Those from the fox and the hare were
clustered with strains from sheep and goat sampled in the abattoirs. The overal
nucleotide identity in this cluster varied from 98 to 100%. The second cluster
included strains from flock 4 displaying 100% nucleotide identity. Strains from non-
ruminant wildlife did not form a separate group and, with the exception of the house
mouse strain from flock 1, they were closely related to sheep and goats strains.

4. Discussion

In a previous study, we reported the recovery of MAP from non-ruminant
wildlife cohabiting with endemically infected with paratuberculosis sheep and goats
(Florou et a., 2007). In this study, we used molecular techniques to characterize and
compare isolates from the sheep and goats, their feed and litter and associated
wildlife. We proposed that strain-similarity between the wildlife and litter and feed
isolates from one side and those from the domestic ruminants from the other would
support the theory that in defined target populations non-ruminant wildlife and their
environment may play a role as components of a maintenance reservoir of MAP
(Haydon et al., 2002). We isolated MAP from the target population which included
adult sheep and goats of four endemically infected flocks, as well as adult sheep and
goats slaughtered in three abattoirs, receiving animals from the region around the four
flocks. We also recovered MAP from the wildlife, the concentrated feed and the litter
collected from the flocks' sheds.

In general, MAP strains isolated from each flock were classified into the same
MAP type. Interestingly, in one of the flocks, MAP was recovered from rodents,
sheep, goats and the feed, al the isolates being C type strains (Table 3). Since, the
feed samples were visually contaminated with rodents' faeces and had not been
exposed to sheep and goats, given that sampling was carried out directly from inside
the storage bins, this finding suggests that rodents may excrete MAP and contaminate
the ruminant feed. Beard et al. (2001) have also isolated MAP from wood mice
faeces. Other studies have reported the isolation of MAP from faeces collected from
other non-ruminant wildlife, such as opossums, armadillos, feral cats, racoons, foxes,
stoats and crows (Corn et a., 2005; Beard et al., 2001). In Scotland, wild rabbits have
been found to consist a real risk for paratuberculosis infection of beef cattle, since
they excrete MAP, up to 4x10° c.f.u./g of faeces, an amount sufficient to constitute an
infective dose (Daniels et al., 2001, 2003). In another flock, C type MAP strains were
recovered from goats and the litter. Whittington et al. (2003) reported low recovery
of MAP from environmental samples in sheep and goat farms 5 months after removal
of the infected stock. They argued that infected wildlife with longer life spans, such
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as mice and rats, may continue shedding at some level beyond this period of time and
thus, re-contaminate the environment and the food.

We also conducted sequence and phylogenetic analysis on a part of the 1S900
insertion sequence, which is widely used for MAP identification because it is unique
for this species (Green et al., 1989). 1S900 insertion sequence appearsin 15-18 copies
in MAP's genome and has been used as the base for the application of many
fingerprinting techniques for strain discrimination (Motiwala et al., 2006). In an
effort to obtain information relevant to the epidemiology of the organism, many DNA
fingerprinting methods have been applied to isolates from different species (reviewed
by Motiwala et al., 2006). Indisputably, nucleotide sequence is considered to be the
most accurate and powerful method for bacterial strain discrimination (Carrington and
Hoelzel, 2001), especialy when strains are phenotypically and genetically
homogeneous, as are MAP strains (Motiwala et al., 2006). The phylogenetic analysis
indicated that MAP strains recovered from wildlife were clustered with sheep and
goat isolates (Figure 1). For example, the house mouse strain from flock 4, which was
classified as S type, was grouped together with isolates from sympatric sheep and
goats which were classified as C type. Similarly, the strains from the fox and the hare
which were classified as C type were closely related to sheep and goat isolates from
the abattoirs, the majority of which was classified as Stype. These findings are not in
accord with suggestions regarding a possible host specificity of MAP strains isolated
from different ruminant species (Collins et al., 1990; Stevenson et al., 2002).
Furthermore, they lend strong support for the hypothesis of interspecies MAP
transmission, between small ruminants and wildlife. Previous reports have shown the
lack of existence of wildlife specific strains in Scotland and the USA (Greig et a.,
1997, 1999; Palmer et al., 2005). The only exception, in our study was the house
mouse isolate from flock 1, which, although it was categorized as C type, was not
grouped together with the sympatric goat isolate, aso C type (Figure 1). This may
indicate that either our sampling and isolation protocol failed to detect infection of the
flock with this strain or that the mouse picked up MAP elsewhere. Within-flock
genetic variation of MAP strains was observed in Spain, where 18 goat isolates from a
single farm in Toledo were divided by PFGE analysis into five different ‘multiplex’
profiles (de Juan et a., 2005). Also, de Juan et al. (2006) described a mixed infection
with C and S strainsin a cattle herd.

The sequence and phylogenetic analysis of MAP strains in our study revealed
enough variation to make discriminations possible that appeared clonal by 1S1311
PCR-REA. Sheep and goat isolates from flocks 2, 3 and 4, typed as C strains, were
further discriminated according to their sampling site. Especially strains from flock 4
formed a totally separate cluster indicating that animals were infected with a different
MAP strain.  This finding may reflect restricted strain sharing among flocks in the
studied area, athough the semi-intensive management of the flocks is generally
similar (Kostoulas et al., 2006; Florou et al., 2007).

Overal, our findings provide clear evidence that in the small ruminant
population studied rodents, foxes and hares and their environment may play arole, not
entirely insignificant, in the transmission of MAP within and among flocks. The
semi-intensive management pattern of the sheep and goat flocks, in our study, is
typical to the one followed by the great majority of sheep and goat flocks in many
other parts of Greece, of other Southern European and Middle-eastern countries.
Therefore, one can suggest the present results may apply to a significant proportion of
flocks in that geographic area. Therefore, attempts to control paratuberculosis, in a
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local or national level, should consider the possibility of a MAP reservoir outside the
ruminant hosts.

Acknowledgements

This research was part of a project entitled “The role of wildlife in the epidemiology
of Mycobacterium avium subspecies paratuberculosis in domestic ruminants in
Europe” funded by the European Commission (contract number: QLK2-CT-2001-
00879). The first author aso acknowledges financial support from the Project
“Herakleitos’ which is co-funded by the European Union — European Social Fund &
National Resources— EPEAEK 11 .

127

Institutional Repository - Library & Information Centre - University of Thessaly
18/05/2024 09:15:43 EEST - 18.222.119.227



References

1. Anderson, J.L., Meece, JK., Koziczkowski, JJ., Clark, D.L.Jr., Radcliff, R.P.,
Nolden, C.A., Samuel, M.D., Ellingson, J.L., 2007. Mycobacterium avium subsp.
paratuberculosis in Scavenging Mammals in Wisconsin. J. Wildl. Dis. 43, 302-308.

2. Beard, P.M., Daniels, M.J., Henderson, D., Pirie, A., Rudge, K., Buxton, D., Rhind,
S., Greig, A., Hutchings, M.R., McKendrick, I., Stevenson, K., Sharp, JM., 2001.
Paratuberculosis infection of nonruminant wildlife in Scotland. J. Clin. Microbiol. 39,
1517-1521.

3. Carrington, M., Hoelzel, A.R., (eds)., 2001. Molecular Epidemiology; A Practical
Approach. Oxford University Press. 2001: pp. 57.

4. Clarke, C.J., 1997. The pathology and pathogenesis of paratuberculosis in
ruminants and other species. J. Comp. Pathol. 116, 217-261.

5. Clarke, C.J,, Little, D., 1996. The pathology of ovine paratuberculosis. gross and
histological changes in the intestine and other tissues. J. Comp. Pathol. 114, 419-437.
6. Callins, D.M., Cavaignac, S., de Lisle, G.W., 1997. Use of four DNA insertion
Sequences to characterize strains of the Mycobacterium avium complex isolated from
animals. Mol. Cell. Probes. 11, 373-380.

7. Collins, D.M., Gabric, D.M., De Lide, G.W., 1990. Identification of two groups of
Mycobacterium paratuberculosis strains by restriction endonuclease anaysis and
DNA hybridisation. J. Clin. Microbiol. 28, 1591-1596.

8. Corn, JL., Manning, E.J., Sreevatsan, S., Fischer, JR., 2005. Isolation of
Mycobacterium avium subsp. paratuberculosis from free-ranging birds and mammals
on livestock premises. Appl. Environ. Microbiol. 71, 6963-6967.

9. Corpa, JM., Garrido, J.,, Garcia Marin, JF., Perez, V., 2000. Classification of
lesions observed in natural cases of paratuberculosis in goats. J. Comp. Pathol. 122,
255-265.

10. Daniels, M.J., Henderson, D., Greig, A., Stevenson, K., Sharp, JM., Hutchings,
M.R., 2003. The potential role of wild rabbits Oryctolagus cuniculus in the
epidemiology of paratuberculosisin domestic ruminants. Epidemiol. Infect. 130, 553-
559.

11. Daniels, M.J., Ball, N., Hutchings, M.R., Greig, A., 2001. The grazing response of
cattle to pasture contaminated with rabbit faeces and the implications for the
transmission of paratuberculosis. Vet. J. 161, 306-313.

12. Daszak, P., Cunningham, A.A., Hyatt, A.D., 2000. Wildlife ecology—emerging
infectious diseases of wildlife: threats to biodiversity and human health. Science. 287,
443-449.

13. de Juan, L., Mateos, A., Dominguez, L., Sharp, JM., Stevenson, K., 2005.
Genetic diversity of Mycobacterium avium subspecies paratuberculosis isolates from
goats detected by pulsed-field gel electrophoresis. Vet. Microbiol. 106, 249-257.

14. de Juan, L., Alvarez, J., Aranaz, A., Rodriguez, A., Romero, B., Bezos, J., Mateos,
A., Dominguez, L., 2006. Molecular epidemiology of Types I/lll strains of
My cobacterium avium subspecies paratubercul osis isolated from goats and cattle.

Vet. Microbiol. 115, 102-110.

15. Florou, M., Leontides, L., Kostoulas, P., Billinis, C., Sofia, M., Kyriazakis, I.,
Lykotrafitis, F., 2007. Isolation of Mycobacterium avium subspecies paratuberculosis
from non-ruminant wildlife living in the sheds and on the pastures of Greek sheep and
goats. Epidemiol  Infect.1-9. Published onlinee 20 Jun 2007,
doi:10.1017/S095026880700893X .

128

Institutional Repository - Library & Information Centre - University of Thessaly
18/05/2024 09:15:43 EEST - 18.222.119.227



16. Green, E.P., Tizard, M.L., Moss, M.T., Thompson, J., Winterbourne, D.J.,
McFadden, J.J., Hermon-Taylor, J., 1989. Sequence and characteristics of 1S900, an
insertion element identified in a human Crohn’s disease isolate of Mycobacterium
paratuberculosis. Nucleic Acids Res. 17, 9063-9073.

17. Greig, A., Stevenson, K., Perez, V., Pirie, A.A., Grant, JM., Sharp, JM., 1997.
Paratuberculosis in wild rabbits (Oryctolagus cuniculus). Vet. Rec. 140, 141-143.

18. Greig, A., Stevenson, K., Henderson, D., Perez, V., Hughes, V., Pavlik, I., Hines,
M.E. 2nd, McKendrick, ., Sharp, JM., 1999. Epidemiologica study of
paratuberculosis in wild rabbits in Scotland. J. Clin. Microbiol. 37, 1746-1751.

19. Haydon, D.T, Cleaveland, S., Taylor, L.H., Laurenson, M.K., 2002. Identifying
reservoirs of infection: a conceptual and practical challenge. Emerg. Infect. Dis. 8,
1468-1473. Review.

20. Kostoulas, P., Leontides, L., Enoe, C., Billinis, C., Florou, M., Sofia, M., 2006.
Bayesian estimation of sensitivity and specificity of serum ELISA and faeca culture
for diagnosis of paratuberculosisin Greek dairy sheep and goats. Prev. Vet. Med. 76,
56-73.

21. Marsh, 1., Whittington, R., Cousins, D., 1999. PCR-restriction endonuclease
analysis for identification and strain typing of Mycobacterium avium subsp.
paratuberculosis and Mycobacterium avium subsp. avium based on polymorphismsin
S1311. Mal. Cell. Probes. 13, 115-126.

22. Millar, D.S., Withey, SJ, Tizard, M.L., Ford, J.G., Hermon-Taylor, J., 1995.
Solid-phase hybridization capture of low-abundance target DNA sequences.
application to the polymerase chain reaction detection of Mycobacterium
paratuberculosis and Mycobacterium avium subsp. silvaticum. Anal. Biochem. 226,
325-330.

23. Motiwala, A.S,, Li, L., Kapur, V., Sreevatsan, S., 2006. Current understanding of
the genetic diversity of Mycobacterium avium subsp. paratuberculosis. Microbes
Infect. 8, 1406-1418.

24. Pamer, M.V., Stoffregen, W.C., Carpenter, J.G., Stabel, J.R., 2005. Isolation of
Mycobacterium avium subsp paratuberculosis (Map) from feral cats on a dairy farm
with Map-infected cattle. J. Wildl. Dis. 41, 629-635.

25. Stevenson, K., Hughes, V.M., de Juan, L., Inglis, N.F., Wright, F., Sharp, JM.,
2002. Molecular characterization of pigmented and nonpigmented isolates of
Mycobacterium avium subsp. paratuberculosis. J. Clin. Microbiol. 40, 1798-1804.

26. Tafti, A.K., Rashidi, K., 2000. The pathology of goat paratuberculosis: gross and
histopathological lesions in the intestines and mesenteric lymph nodes. J. Vet. Med. B
Infect. Dis. Vet. Public Health. 47, 487-495.

27. Tamura, K., Dudley, J, Nei, M., Kumar, S, MEGA4: 2007. Molecular
Evolutionary Genetics Analysis (MEGA) software version 4.0. Mol Biol Evol. 24,
1596-1599.

28. Whitlock, R.H., Rosenberger, A.E., 1990. Fecal culture protocol for
Mycobacterium paratuberculosis a recommended procedure. Proceedings of the 94™
Annua Meeting of the USAHA, pp. 280-285.

29. Whittington, R.J.,, Marsh, |.B., Taylor, PJ, Marshdl, D.J., Tarage, C.,
Reddacliff, L.A., 2003. Isolation of Mycobacterium avium subsp paratuberculosis
from environmental samples collected from farms before and after destocking sheep
with paratuberculosis. Aust Vet J. 81, 559-63

129

Institutional Repository - Library & Information Centre - University of Thessaly
18/05/2024 09:15:43 EEST - 18.222.119.227



Table 1. Species of wildlife in sheep or goat environment, from which samples were
collected for isolation of MAP during a two-year survey (September 2001 to June

2003).
Common name Scientific name No sampled
House mouse Mus musculus 149
Black rat Rattus rattus 55
Magpie Pica pica 30
House sparrow Passer domesticus 32
European Brown Hare Lepus europaeus 44
Fox Vulpes vulpes 10
Badger Meles meles 3
Wolf Canislupus 1
Weasdl Mustela nivalis. 1
Hawk Accipiter nissus 1
Oowl Asio otus 1
Tota 327

Table2. Summary of the target, the specificity and the sequences of the primer pairs, for 1S900-,
1S1311- and 1S1245-PCR [relevant references in square brackets]. The 1S900-PCR was used to
identify the insertion sequence which is specific to MAP, the 1S1311-PCR, followed by REA,
was used to discriminate C from S-type strains, while the 1S1245-PCR was used to identify the
insertion sequence which is found only in M. avium.

PCR Species Primer Sequence (5'-3') Reference
target specificity pairs
1S900 MAP P90 GAA GGG TGT TCG GGG CCG TCG CTT AGG Millar et al.
(1995)
Pl GGC GTT GAG GTC GAT CGC CCA CGT GAC Millar et al.
(1995)
1S1311 MAP M56 GCG TGA GGC TCT GTG GTG AA Marsh et a.
(1999)
M. avium M94 CAGCGA TCGTCGACAGTGTG Marsh et .
(1999)
1S1245 M. avium M114 CTCGACGCA CTGCGCACC Collinset al.
(1997)
M115 CCGCAGTTCCAGGTCCCCT Collinset al.
(1997)
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Table 3. Summary of results from the culture of faecal samples from clinically
healthy sheep and goats of four flocks, of litter and feed samples and from the culture
and 1S900-PCR of pooled-tissue samples from wildlife and sheep and goats from
three abattoirs, receiving animals from the region around the four flocks.

Sample origin (sample type) No of culture positive animals  No of animals with 1S900-
or samples® (total number of positive tissues
animals or samples examined)

Sheep (faeces) 11(180) ND"
Goats (faeces) 12(220) ND
Sheep (tissues) 3(136) 3
Goats (tissues) 7(68) 7
House mouse (tissues) 2(149) 0
Black rat (tissues) 1(55) 1
Red fox (tissues) 1(10) 0
European Brown Hare (tissues) 1(44) 0
Magpie (tissues) 0(30) 0
House sparrow (tissues) 0(32) 0
Badger (tissues) 0(3) 0
Wolf (tissues) 0(1) 0
Weasdl (tissues) 0(1) 0
Hawk (tissues) 0(1) 0
Owl (tissues) 0(1) 0
Environmental samples 1(238) ND
Final feed samples 1(60) ND

&0nly for environmental and final feed samples

®ND not done

Each pooled-tissue sample from sheep and goats consisted of the last part of the duodenum and ileum,
the first part of the cecum and colon, the ileocecal and colic lymph nodes. Each pooled-tissue sample
from wildlife included all the above portions and aso the liver of each animal. The isolates grew either
on Lowenstein-Jensen or on Herrold’s Egg-Y olk medium and were confirmed as MAP by 1S900-PCR.
The isolate from a goat faecal sample grew on both media. All culture-positive pooled-tissue samples
from sheep and goats were also positive by tissue 1S900-PCR, while a pooled-tissue sample from a
culture-negative black rat was positive to tissue | S900-PCR.
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Table 4. Results of genetic characterisation with 1S1311-PCR and REA with Hinfl,
of 35 of the isolates arranged by sampling location and origin of the isolate. The goat
sample (from flock 2), which was positive on both culture media harboured both

MAP-types.
1S1311 PCR-REA
Sampling location Origin of the isolates
(flock type)
Cattle type Sheep type
Flock 1 (mixed) Sheep 2 NA?
Goat 1 NA
Black rat 1 NA
House mouse 1 NA
Final feed 1 NA
Flock 2 (goats) Goat 4 1
Environment 1 NA
Flock 3 (sheep) Sheep 4 NA
Black rat 1 NA
Flock 4 (mixed) Sheep 1 NA
Goat 4 NA
House mouse 0 1
Grazing grounds of European Brown Hare 1 NA
the 4 flocks Red fox 1 NA
Abattoirs Sheep 1 2
Goat 1 6
Total 25 10

#NA: non-applicable
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Table 5. Codes, accession numbers in GenBank, sampling site, species of origin and
MAP type by 1S1311 PCR-REA (C or S) of the 23 MAP isolates genetically
characterized in part of 1S900 insertion sequence.

Isolate code Accession Number  Sampling site Species IS1311 PCR-
REA
GRE-1 EU057153 Flock 1 Goat C
GRE-2 EU057154 Flock 1 House mouse C
GRE-3 EU057155 Flock 2 Goat C
GRE-4 EU057156 Flock 2 Goat C
GRE-5 EU057157 Flock 3 Sheep C
GRE-6 EU057158 Flock 3 Sheep C
GRE-7 EU057159 Flock 4 Goat C
GRE-8 EU057160 Flock 4 House mouse S
GRE-9 EUO057161 Flock 4 Goat C
GRE-10 EUO057162 Flock 4 Goat C
GRE-11 EU057163 Flock 4 Sheep C
GRE-12 EU057164 Abattoirs Sheep S
GRE-13 EU057165 Grazing grounds European Brown
Hare C
GRE-14 EU057166 Abattoirs Sheep C
GRE-15 EU057167 Abattoirs Goat C
GRE-16 EU057168 Abattoirs Goat S
GRE-17 EU057169 Abattoirs Goat S
GRE-18 EU057170 Abattoirs Sheep C
GRE-19 EU057171 Grazing grounds Red fox C
GRE-20 EU057172 Abattoirs Goat S
GRE-21 EU057173 Abattoirs Goat S
GRE-22 EU057174 Abattoirs Goat S
GRE-23 EU057175 Abattoirs Sheep S

Seven isolates from abattoirs displayed 100% nucleotide identity (GRE-12, GRE-15, GRE-16, GRE-20, GRE-21,
GRE-22, GRE-23) and therefore we used only the first three, representing different animal species and MAP types,
in the phylogenetic analysis.
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Figure 1. Phylogenetic analysis performed on 178 bp of the IS900 coding region of
19 Greek MAP strains. Brackets and sgquare brackets included the names of species
and flocks, respectively, from which MAP strains were genetically characterized. The
remaining strains from sheep and goats were collected from abattoirs.
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Summary

The requirements for isolation of Mycobacterium avium subsp.
paratuberculosis (Map) may be related to the strain-type [sheep (S)- or cattle (C)-
type] and not to the host. The objective of this paper was to estimate and compare
strain—, and biologic sample (faeces or pooled-tissue) - specific sensitivities (Ses) of
two solid culture media, Herrold's egg yolk medium (HEY M) and Lowenstein-Jensen
(LJ), for Map isolation from Greek dairy sheep and goats. From 400 faecal samples
collected from subclinically infected sheep and goats of 4 flocks and from 214
pooled-tissue samples (142 from sheep and 72 from goats) collected, at the abattoir,
from >1 year-old, routinely slaughtered animals, with gross pathology suggestive of
paratuberculosis, we isolated 34 Map strains. Of those, by the IS1311 PCR, 18 were
categorized into the C- and 9 into the Stype; 7 were not typed. We used a Bayesian
approach to estimate the strain-specific Ses.  Seyeym-caeca= 17% (95% credible
interval: 7, 40) was higher than Seneym-staeca=2% (0.3, 11). AlsO, Seqeym-c-faeca WaS
higher than Se_ jc.taca= 4% (1, 12). In pooled-tissue samples the strain-specific Ses
did not differ between the two media.

Keywords: ovine and caprine paratuberculosis, culture, Bayesian estimation, strain-
specific sengitivity
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1. Introduction

Culture of Mycobacterium avium subsp. paratuberculosis (Map) is an
essential step both for diagnosis of paratuberculosis and for later application of certain
molecular typing techniques. The diagnostic processes and the isolation rates may
vary depending on the host, the biologic sample (tissues or faeces) and the strain-type
(sheep (S) or cattle (C)) (Whitlock et al., 2000; Manning and Collins, 2001; Stevenson
et a., 2002). Although it is commonly accepted that S-type strains have a host
preference for sheep (Stevenson et al., 2002) and C-type strains for cattle and goats
(Pavlik et a., 1995), recent reports (de Juan et a., 2006; Sevillaet a., 2007) indicate
that the host specificity of strains may not exist. Thus, the possibility of strain- rather
than species-specific selection of Map culture protocols should also be considered (de
Juan et al., 2006). Map culture although of high to absolute specificity (Sp) lacksin
sensitivity (Se) (Whitlock et al., 2000). Reports on the most strain-sensitive culture
protocols were based either on pooled-tissue samples from ELISA-positive animals
(de Juan et al., 2006) or on culture isolates from pooled- tissue and/or faecal samples
(Sevilla et a., 2007) as gold-standards. These papers did not account for the genetic
and pathogenetic diversity of Map strains in the target population (Verna et al., 2007)
and did not provide media-specific Se estimates.

We recently published Se estimates for culture of faeca samples from sub-
clinically infected sheep and goats (Kostoulas et al., 2006a, b), which were obtained
with non-gold standard methods (Gardner, 2002; Branscum et al., 2005). After
genetically characterizing our isolates (Florou et al., 2007), we applied a Bayesian
methodology to estimate strain-specific Ses. The same diagnostic and analytic
approach was also implemented on pooled-tissue samples from sheep and goats. The
objective of this paper was to estimate and compare, strain—, and sample-type-specific
Ses of two solid culture media, Herrold’ s egg yolk medium (HEY M) and Lowenstein-
Jensen (LJ), for Map isolation from Greek dairy sheep and goats.

2. Materialsand methods

We collected and cultured 400 faecal samples from clinically healthy dairy
sheep and goats of 4 endemically infected flocks. In addition, we obtained tissue
samples from 3 slaughterhouses, slaughtering on average 400-500 sheep and goats per
week from the region around the flocks. In order to increase our chances for MAP
isolation, two of us (MF and PK) visited the slaughterhouses bi-weekly, during a 6-
month period (from September 2002 to February 2003), and independently, visually
inspected the gastrointestinal tracts of all slaughtered adult (>1 year-old) sheep and
goats for lesions suggestive of paratuberculosis. Those suspect, in total the
gastrointestinal tracts of 142 sheep and 72 goats, were collected. The distal
duodenum and ileum, the proximal cecum and colon, and the ileocecal and colic
lymph nodes from each gastrointestinal tract were excised, pooled and grinded.
Details on the flocks, the animals, the collection and culture of samples, the 1S900-
PCR and sequencing, the 1S1311-PCR followed by REA with Hinfl, and the 1S1245-
PCR can be found elsewhere (Kostoulas et al., 2006a,b; Florou et al., 2007).

The 1S1311-PCR was done to discriminate between C- and S-type strains and the
| S1245-PCR to rule out Mycobacterium avium subsp. avium (M. avium).

We used a Bayesian approach to estimate strain-specific Ses of the two culture
media for the two sample types from sheep and goats (Branscum et al., 2004).
Briefly, let y; be the number of positive samples out of n; tested animals, where the
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subscript i denotes 8 different subcategories according to strain type (C or S), culture
medium (HEYM or LJ) and sample type (faeces or pooled-tissues). We assumed that
the data {y;} are independent and that the sampling distribution is approximately
binomial:

Y ITR, S8, S, ~ Bin(n,, TR * S +(1-TR)* (1-p))) (1)

where TP, Se and Sp are the true prevalence of MAP infected animals - by infection
we mean that the animals carry MAP intracellularly, with or without substantial
replication, because the infection can be latent -, the senditivity and specificity of
culture, respectively, in each subcategory i. Assuming that Sp=1 (Whitlock et al.,
2000), equation (1) reducesto:

y, | TP, Se ~ Bin(n,, TP *Sg) (2)

We omitted the mixture distribution that allowed for the probability that each
subcategory i may not be infected because i) the flocks were known to be endemically
infected, ii) the tissue samples were from animals with lesions and iii) the relevant
literature (de Juan et al., 2006; Sevilla et a., 2007) strongly suggest that infected
sheep and goat populations usually harbour both MAP types.

We used Beta distributions, Be(a,b), to incorporate prior information about Se
and TP. We used the Beta Buster software available a the website:
http://www.epi .ucdavis.edu/diagnostictests/ to compute the parameters a and b of the
beta distributions. The most likely value of Se, for all subcategories, was thought to
be 10%, while we were 95% certain that it was not more than 50%. This
corresponded to a Be(1.48, 5.38). TP prior elicitation was based on expert opinion of
the practicing veterinarians supervising the flocks and the abattoirs. For faecal
samples, the most likely value for TP of faecal excretion was thought to be 30% and
we were 95% sure that it was at least 15%, Be(5.09,10.56). The most likely value for
TP of tissue colonisation was thought to be 50% and we were 95% sure that it was not
less than 33%, Be(11.25,11.25). We selected relatively wide TP priors attempting to
capture both our uncertainty and general idea about TP of faecal excretion and/or
tissue colonisation. To assess the influence of the selected priors on the posterior Se
estimates we also considered uniform distributions on the range from 0 to 100% as Se
priors, Be(1,1). The assessment of differences in Ses was based on the % of overlap
between the competing posterior distributions (Kostoulas et al., 2006a). Standard
diagnostic procedures (Heidelberger and Welch, 1983; Raftery and Lewis, 1992;
Gelman and Rubin, 1992) of Markov chain-Monte Carlo and visua inspection of
autocorrelation plots revealed no convergence problems. Bayesian estimates and 95%
credible intervals (Crls) were based on analytical summaries of 45,000 iterations after
a burn-in phase of 5000 iterations. Models were run in the freeware program
WinBUGS (Spiegelhalter et al., 1996).

3. Results

In total, 34 isolates were recovered. No isolate had the M. avium specific
1S1245 insertion sequence while all were confirmed as MAP by sequence of the
1S900 region. With the 1S1311 PCR-REA, 18 isolates were categorized into C- and 9
into S-type strains; 7 isolates were not typed due to inadequate quantity of DNA
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(Table 1). Bayesian estimates of posterior medians and Crls of Ses are depicted in Fig
1

In faecal samples, the Se of HEYM for recovering C- [Seneym-c-faeca= 17%
(Crls: 7, 40%)] was higher than the Se for recovering S-type strains [Seqevwm-s
faeca=2% (0.3, 11)] (Fig. 1, Identity Numbers (IN) 3-1); the Cris exhibited 1%
overlap. Also, Seneym-cfaeca Was higher than Sejc.faeca= 4% (1, 12) (IN 3-4); the
corresponding Crls overlap was less than 1%. Contrarily, Seneym-staeca aNd S& 3sfaecal
did not differ (IN 1-2). In pooled-tissues, Seneym-cisuer SEHEYM-Stissues SELICtissuer
and Se_ s s+issue did not differ (IN 5,6,7,8). Seqeym-c was higher for faecal than pooled-
tissue samples (Seqeym-ctissie = 2% (0.4, 8), IN 3-7); the Crls overlap was less than
1%.

4. Discussion

We used a Bayesian approach to estimate strain-specific Ses accounting for all
latently infected animals by the incorporation of TP priors. The primary practica
advantages of the Bayesian framework are that (i) it can always be used for small
samples—in our case the small or in some instances zero number (Table 1) of isolates
—, (i) it alows for the combination of our data and available scientific information in
a coherent way and (iii) it allows direct probability interpretation of outcome results
that can be readily evaluated (Gardner, 2002). Because there was paucity of strain-
specific Se estimates, we initially selected a relatively wide Se prior for al
subcategories compared. Further, we conducted sensitivity analysis using uniform Se
priorsto reflect our ignorance about the distribution of infection stages that is believed
to affect the Ses (Sergeant et al., 2003). Importantly, under uniform Se priors the
same significant differences between Ses were observed.

In faecal samples from sub-clinically infected sheep and goats, Seqeym-c Was
higher than Seneym-s or Se zc. Although our study design and analytical approach
differs from the ones recently published, we also found that HEYM supports better
the isolation of C- than S-type strains and that it can recover more isolates than LJ
from small ruminants infected with C-strains (de Juan et al., 2006; Sevilla et al.,
2007). However, it is difficult to compare our strain-specific Se estimates with other
published estimates because there is a general paucity of studies using HEYM as the
primary medium for isolating MAP from sheep faeces, because it was believed that
sheep were infected with Stype strains and that HEY M does not support growth of S-
type strains (Whittington et a., 1999; de Juan et a., 2006).

The Seqeym-s in faecal samples from either sheep or goats did not differ from
the Se ;s. Both of them were very low (Table 1), possibly reflecting the fact that
severa factors including limited bacterial burden in the sample (faecal samples were
from sub-clinically infected animals), increased sensitivity to the decontamination
protocol, specific nutritional requirements, and increased sensitivity to the inhibitory
effect of antibiotics in the media may have restricted growth of these strains (de Juan
et a., 2006; Sevillaet al., 2007).

In goats, Seneym-c was higher for faecal than pooled-tissue samples. In either
sheep or goat pooled-tissue samples the strain-specific Ses did not differ between the
two media. These findings disagree with those recently reported (de Juan et a., 2006;
Sevilla et a., 2007) and were most likely the result of a selection bias; the tissue
samples were collected from adult animals with visible lesions of paratuberculosis.
Goats may have only limited ability to control infection when compared with sheep
(Corpa et a., 2000; Kostoulas et a., 2006a). Also, S may have different
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pathogenicity than C-type strains in sheep or goats (Vernaet a., 2007). Likely, inthe
samples selected from the slaughterhouse, goats infected with S-type strains were
over-represented.

In conclusion, the Se of the media depended on the Map strain. HEYM was
more sengitive for isolation of C- than S-type strains and could recover more C-type
isolates than LJ from faecal samples of small ruminants.
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Table 1. Summary of results from the examination of faecal and pooled tissue
samples and respective Bayesian sensitivity (Se) estimates [posterior medians and
95% credible intervals (Crls)]. Faecal samples were collected from sub-clinically
infected sheep and goats and pooled-tissue samples from routinely slaughtered adult
sheep and goats with gross pathology suggesting paratuberculosis. The isolates grew
either on Lowenstein-Jensen (LJ) or on Herrold's Egg-Y olk medium (HEY M). Sheep
(S) or catlle (C) strains were distinguished by 1S1311-PCR REA.

Sample  Strain HEYM LJ
type type

Positive Se (Crls) Positive  Se(Crls)
Tested Tested

Faeces S 0(368) 2(0.3,11) 1(368) 3(0.4,15)
C 14 (368) 17(7, 40) 2(368) 4(1,12)
Pooled S 5(204) 7(2,15) 3(204) 4(1,12)
tissues
C 1(204) 2(0.4,8) 1(204) 2(0.4, 8)
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Figure 1. Posterior median and 95% Crls of Ses. Subcategories are defined by
sample type (faeces or pooled-tissues), strain (S or C) and medium (HEYM or LJ).
Identity numbers denote different subcategories. Boxes represent inter-quartile
ranges and the solid black line at the approximate centre of each box is the median;
the arms of each box extend to cover the central 95% of the marginal posterior
distribution with their ends corresponding to 2.5™ and 97.5™ credible quartiles.
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"[1]: faeces, S, HEYM; [2]: faeces, S, LJ; [3]: faeces, C, HEYM; [4]: faeces, C, LJ; [5]: pooled tissues,
S, HEYM; [6]: pooled tissues, S, LJ; [7]: pooled tissues, C, HEY M; [8]: pooled tissues, C, LJ.
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