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Iepiinyn

Kepdloio 1 - Eroaywyn

H gicaywyn g mapovcag dtatpipng dwakpiveton oe 600 pépn.

210 TPMOTO PEPOG YIVETOL L0 OVAGKOTNOT TNG CYETIKNG LE TNV TOPOPLUOATIOO)
BPAoypapiag pe éupaocn ommv €&EMEN g Aoluwéng oto (Do, TNV 0VOGOAOYIKN
amavinon Tov EevioT| Kol TIS Topatnpovpeveg oAloiwoels. [vetar capéc 6t 1M
a&loAdynon g aSomoTiog TOV  OyVEOOTIKOV OOKIUMV Yo TOV EVIOMIGUO TV
npocPefAinuévov Cowv etvar eEoapetikd 6VGKOAN.

¥10 0e0TEPO HEPOG Olvovtorl apykd Pacikéc eMONUIOAOYIKES £VvOleg Kol
axolovBel pa avackomnon tev vrapyoviev peBddmV a&lodAdynons g aSlomotiog TV
SyVOOoTIK®V doKIp®V. [dtaitepn épupaon divetar ota LoviéAa AavOEvoucas KATAGTUONG
OV AOTEAOLV HeBBd0VG aEloAdyNoNG TG AEI0TIOTIOG TOV SYVOCTIKAOV OOKIUADV Y®Pig
™V TpodmoOHECT TG EK TOV TPOTEPWV YVAOOTG TNG TPUYHATIKNG KOATOVOUNG TOV VYLDV Kol
npooPefinuévov {dwv. Avoivetor mn pebodoroyia emilvong katd Bayes mov mapéyet
OLLPOPETIKY]  SVVOUIKY] OTO HOVTEAD TPOYVOONS O@POV EMTPEMEL TNV EVOOUATMOON)
VROPYOVTOV TANPOPOPLOV o1 dadikacio emilvong. H peBodoroyio emidvong xotd
Bayes epapuoomke oto poviéda AavBavousag KotdoTaong Tov avartuydnkay pe 6Komnd
mv a&loAdynon g a&lomotiog TPV EVPVTOTU YPNCULOTOLOVUEVOV Ol0YVOCTIKOV
SOKIUAV Y10l TNV TOPAPVUATIOOT), YOPIOTA GE aiyeg Ko Tpdparta.

Kepdldoio 2 — H kozo Bayes extiunon g evaicOnoiog koi g e101KOTHTOC ULOS OPOLOYIKNG
ookwung tomov ELISA kou wag uebooov kolliépyeiog xompavav yio. ) oigyvaoon e
TOPaPLUOTIOONS O€ TPOPoTa. Kol aiyeg yolaxtomapaywyikng katevBvvans atnv EALddo.

O oxomdg avTod TOL TUNHOTOS TNG dtaTpPng NTav 1 ektiunon e evacOnoiog
(Ev) ot g ewdwomrag (El) pog oporoywkng dokyung  (ELISA) kot pag pebddov
KoAépyetog kompdvov (KK) yio tn d1dyvmon ¢ Tapa@uUatioong yopiotd o€ KAVIKG,
vym wpoPota Kol aiyec mPooPePANUEVOV EKTPOQOV, HE TNV EQUPUOYN HOVTEA®V
AavBdvovcoag katdotaong H emilvon tov poviéhov €ywve pe ) pebodoroyio katd
Bayes. H mBavomra g vd cuvOnkn aveapmoiog 1 e£GPTNong TV omoTEAECUATOV
TOV SYVOOSTIKOV JOKIL®OV dlepeuvinKe e T GOYKPLon HOVTEA®V oL LrEdeTay v
aveEaptnoio Tovg pe HOVTEAD TOL EAGUPBOvVOV VTTOYN TV €EAPTNON TOVG, HETAEL TV
VYOV Kot HeETaED Tev mpooPefinuévov (dov. Atevepynbnke, emiong, aviivon tov
kapmoAwv ROC ywoo v ELISA kot emdéybniov Bédtiota kpicipua onueio didkpiong
(kod) pe Pdon 10 OYETIKO KOGTOG TOV cQoAudTov katdtatng g ELISA ota
npocPePAnuéva kot vym Loa.

Ag dwmotodnke e&aptnomn petasd tov Ev 1 Et tov dteyvootikdv dokipdv.
YroBétovtag tv vnd ovvOnkn aveEaptnoio tovg ot dwdpeces Twég kot tor 95%
daomuata aélomiotiog yioo v Eveisa, Eteisa, Evkk kot Ewg, frav 62,5% (42,3-
92,8%), 95% (90,2-98%), 7,9 % (2-17,3%) xo1 98% (95-99,7%) otig aiyeg evd MrTav
37,3% (10,2-80%), 96,6% (93,2-98,7%), 15,8%(1,9-47,8%) ko 97,3%(94,5-99,4%) cta
npoPata. To gpPaddv kbto and v kaumrdin ROC vroroyiotke 0,702 ota mpdPata Kot

Institutional Repository - Library & Information Centre - University of Thessaly
11/06/2024 07:19:26 EEST - 3.133.122.126



0,847 otig atyec. ['a v ELISA, n emhoyn t0v K.6.0. mpémet va yiveton pe Paon 1o €i00g
Tov {HOLV OALA KOl TO OKOTMO TOL OlyVOOTIKOV eAéyyov. Ia mapddetyua, otav 10
TPAYUATIKO T0600TO TPOocPoAing eivar 20% kot Bewpdvtag {60 1| TEVTATAAGIO TO KOGTOG
TOVL YELOMG OPVNTIKOD GE GYECT UE TO KOGTOG TOL YEVLOMG BeTIKOD OmoTEAEGUOTOC, TO
koo Nrav 0,3 1 0,05 ota npdPata kar 0,6 | 0,1 otig aiyeg, avtictoya. H cvvoiikn
dwakprrikn wavotnta g ELISA frav kaAvtepn otig ailyeg mapd ota mpoPata. H peimon
10V K.0.0. Bertiowoe v Evgpisa yopic va peidoet onpovtikd v EigLisa Kot ota 000 €idn
Lowv.

Kepaloio 3 — Extiunon kata Bayes wjc svaiobnoiog xar g 1dikotnrog 000 usbodwv
KOAAIEPYELOS KOTPAVWY Y10, T OLAYVWTN THS TOPOPVUOTIOONS O KAIVIKG DYING QUIYES KOl
Tpofota TPOTLEPINUEVOV EKTPOPWV UE TV EQPOPUOYH EVOS NUL-ELOPTOUEVOD UOVTELOD
AovBavoveog kataotaorg.

Ot oKxomol W TOL TOL TUNUATOG TNG SLTPPNC TOV 1) GVYKPLOT TOL TOGOGTOV TWV
amopovooemv Mycobacterium avium subsp. paratuberculosis (MAP) peta&d g
KaAAEpYelog kompavav og vrootpmpo Herrold’s Egg Yolk (HEYM) kot og vrdotpopa
Lowenstein-Jensen (LJ) xat n ektiunon g Ev kot ¢ Et tov uebddwv, yopiotd otig
KAMVIKA vYmg atyeg kot Ta TpoPata TpooPePANUEVOV EKTPOPDOV, LE TN YPNOT LOVTEL®V
AavBdavovcag Kotdotaong Kot peBodoroyia enidvong katd Bayes. To HEYM vrootpiée
mv avartuén tov MAP onupavtiké (P=0,04) cuyvotepa amd to LI evd n copeovia tov
AMOTEAEGUATOV T®V 000 peBddmV Ntav modd ety (Cuywopévn tun kappa=0,062 (95%
dtdotnuo epmiotoovvng: -0,098-0,222)). Ae Bpébnkav evdeilelg eEaptnong petald tomv
Ev, 0AAd ot Et tov 600 pebddwv cvoyetiCovtav Betikd. Emopévog, v v avdivon
vwoBemOnke éva nu-eoptdpevo poviélo mov vrébete v aveoapoio tov Ev kot
AapPoave veoyn v e&hptmon tov Ei Ot ektiunoelg avtod tov poviélov yio g
dtbpeoeg Tég kat oo 95% dwotiuoto aéoniotiag (6.0.) ywo 11 Evneym, Eweym, Evoyy,
Ey, frav 8,4%(0,8-37,1%), 96,7% (93,6-99,3%), 5,1%(0,3-22,9%), 98,6% (96,2-99,7%)
oto. mpoPfota eved Nrov 12,4% (4,1-29,9%), 98,7% (96,1-99,8%), 3,4% (0,2-14,2%),
98,2% (95,7-99,6%) otic aiyeg, avtiotoryo. H mapdAinin epunveio Tov omoteAeopudTmv
TOV KOAMEPYEIOV oTa 800 vrootpdpate &ixe Evgyy Kot Etwp 14,7%(2,7-44,7%) kou
95,5%(92,1-98,3%) oto mpoPata ko 16,1%(6,2-36,3%) wor 97,3%(94,2-99,1%) o1ic
aiyeg, avtiotoryyo. Or Ev tov kaAAiepyei®dv Komplvov 6TiG VITOKAVIKG TpocPePANUEVES
alyeg kot wpodPata Nrav yapnAiés eved ot Er tovg oyeddv andivtec. H tavtdypovn xprion
TV 000 KOAMEPYEIDV KOl 1) TAPAAANAN epunveia TOV 0mOTELECUATOV TOVS PerTioE TNV
Ev pe ehdytot andiero oy Et kot oo dvo £1om (oov.

Kepaiaio 4 — O apiBuos twv t0KeT@V 0po. G TOPOEYDV OANAETIOPOONS OTH OYéoN THG
YOVIUOTNTOS UE TV DTOKAIVIKY TOPOPUUOTIOON TWV OIY®V KOl TPOPATOV EAANVIK®V
EKTPOYWV.

O oxomdg avToL TOL TUNUATOS TNG OTPIPNG MTay 1 depedvnon ™G GYEONS
peta&d vrokhvikng Aoipméng and MAP kot tng pun yévvnong Loviavov apvov 1 eproiov
Katd v mepiodo toketdv (NoéuPprog 2001-lIavovdprog 2002) mov mponyndnke g
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derypotonyiog (Ampidog — Mdwog 2002), oe 4 komadwo mpoPdtav B/kor arydv (oto
detypa 369 {ha>1,5 etdv). And kaOe (Do cuAléyxOnkav 10ml aiporog ko 10 ypouudpio
Kompavev and to amevbucpévo. Ot culheybévieg opol efetdomkay Yoo v Vapén
avTicopdtov Kotd oo MAP pe o ELISA kot ta detypota kompavey koAlepynonkoy
oe vootpopa Herrold’s egg-yolk epmlovtiopévo pe poxofaxtivny kot avtrotikd. Eva
Lo BewpnOnke g vmwokAwvikd mpocPePfAnuévo dtav frav 1 opobetikd 1 BeTikd oV
KoAMépyewn  komphveov. To  mpoyuatikd  mocootd  MPOGPOANG  LITOKAVIKA
npocPepInuévov Cowv, AauBdvovtoc voyn v Ev kot Et g mapdAining epunveiog
TovV 600 dlayvootik®v dokiudv ntov 14 %(0,1-28%) kar 35,9% (9.2-62.7%) ota
npofota ko TIg aiyeg, ovrtiotoyo. H oyxéon g yovipdmtog HE TNV LIOKAVIKNY
TopoeLUATIOON — dlepeuvinke  pe  1Epopykd  dopmuEVE  HOVTEAD  AOYIOTIKNG
moAvopounons. Ta vrokivikd mpooPefAnuéva (da, Evovil ToV VYOV, oV GYETIKO
Aoyo mbavotytev (ZAII) Y ™ yévvnon L{oviovod amoydvov Kotd tnv mponynbdeica
mEP1000 ToKETMV {00 e 5,4, av eiyav mpayuatonomaosl ot Lmn T0Vg £0¢ Kot 3 TOKETOVG,
kot XAIT ico pe 0,05, av siyov mepiocdtepovg amd 6 toketovs, eved o ZAIL dev NTav
ONUOVTIKOC Yo TaL (M0 e EVOLAUESO aplOUd TOKETMV.

Kepaiaio 5 — I'evikn ovolntnon
Ye ovtd TtOo TUNMO ovvoyilovtal To €VPNUHOTO ALTAG NG OTpPng Kot

ocv{ntovvtal o€ oyEom TOGO LE TN TPOVTAPYOLGH ONUOGIELUEVT GYETIKY YVAOON OGO Kot
LLE TNV TPOOTTIKY GLVEYIONG TNG £PEVLVAG GTO HEAAOV
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Summary

Chapter 1 - Introduction

The introductory chapter of this thesis is divided in two parts.

In the first part, the available literature on paratuberculosis is reviewed with
particular emphasis on the progression of disease, the host immune response and lesions.
It becomes evident that, based on current knowledge, the evaluation of diagnostics for
paratuberculosis is largely hampered by the inability to discriminate between healthy and
diseased individuals.

In the second part, the available methods of test-validation are presented with
particular emphasis on latent-class methodology that does not require a priori knowledge
of the true disease-status. Furthermore, the Bayesian methodology in latent-class models,
which improves inferences by allowing the incorporation of prior information in the
estimation procedure, is presented in detail. It has been applied to the research presented
in this thesis for the evaluation of the validity of three diagnostic tests that are frequently
employed both for the diagnosis of and the research on the epidemiology of
paratuberculosis of sheep and goats.

Chapter 2 — Bayesian estimation of sensitivity and specificity of serum ELISA and faecal
culture for diagnosis of paratuberculosis in Greek dairy sheep and goats.

The aim of the research presented in this chapter was to estimate the sensitivity
(Se) and specificity (Sp) of a serum ELISA and a faecal culture (FC) method for the
diagnosis of paratuberculosis separately in clinically healthy sheep and goats from
infected flocks, by using latent-class models. The estimates were obtained by a Bayesian
method. The possible dependence of diagnostic errors was investigated by comparing
models where independence was assumed to models allowing for conditional dependence
given the true disease status. Receiver Operating Characteristic analysis for the ELISA
was done and optimized cut-off values based on the misclassification cost-term were
determined.

No evidence of conditional dependence in either Se or Sp was found. Assuming
independence, medians and 95% credible intervals for the Segpisa, SPeLisa, Serc and
Sprc, Were 62.5% (42.3-92.8%), 95% (90.2-98%), 7.9 % (2-17.3%) and 98 (95-99.7%) in
goats and 37.3% (10.2-80%), 96.6% (93.2-98.7%), 15.8%(1.9-47.8%) and 97.3%(94.5-
99.4%) in sheep. The Area Under the Curve was calculated 0.702 for sheep and 0.847 for
goats. For the ELISA, there was a need for species- and purpose-specific cut-off
selection. For instance, at 20% prevalence, assuming equal and five-fold cost of a false
negative to a false positive test-result, the optimal cut-off was 0.3 and 0.05 in sheep while
it was 0.6 and 0.1 in goats, respectively. The ELISA performed better in goats than in
sheep. Lowering the cut-off improved the Seg,sa Without seriously compromising Sp in
either species.
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Chapter 3 — Application of a semi-dependent latent model in the bayesian estimation of
the sensitivity and specificity of two faecal culture methods for diagnosis of
paratuberculosis in sub-clinically infected Greek dairy sheep and goats.

The aim of the research presented in this chapter was to compare the frequency of
isolation of MAP from faecal samples grown on Herrold’s Egg Yolk Medium (HEY M)
or on Lowenstein-Jensen (LJ) medium and estimate the Se and Sp of the methods
separately in clinically healthy sheep and goats from infected flocks, using latent-class
models and bayesian estimation procedures. The HEYM supported growth of MAP
significantly (P=0.04) better than the LJ method and their agreement was very poor
(weighted kappa-value=0.062(95% CI: -0.098-0.222)). There was no evidence of
dependence between the Se’s whereas the Sp’s were positively correlated. Thus, a semi-
dependent model that assumed independence of Se’s and accounted for the dependence
of Sp’s was adopted. Under this model, medians and 95% credible intervals for Seneym,
SpHEY|\/|, Seu, SpLJ were 8.4%(95%C|:0.8-37.1%), 96.7% (93.6-99.3%), 5.1%(0.3-
22.9%), 98.6% (96.2-99.7%) in sheep while were 12.4% (4.1-29.9%), 98.7% (96.1-
99.8%), 3.4% (0.2-14.2%), 98.2% (95.7-99.6%) in goats, respectively. Parallel
interpretation of the results of the two methods resulted in Separ, Sppar Of 14.7% (2.7-
44.7%), 95.5% (92.1-98.3%) in sheep and 16.1% (6.2-36.3%) and 97.3% (94.2-99.1%) in
goats. The Se’s of culture in sub-clinically infected sheep and goats were low although
the Sp’s were almost absolute. The simultaneous use of the methods and parallel
interpretation of the results improved the Se with minimal loss in Sp.

Chapter 4 — The association of sub-clinical paratuberculosis with the fertility of Greek
dairy ewes and goats varies with parity.

The aim of the research presented in this chapter was to study the association of
sub-clinical MAP infection with failing to produce a live offspring the season of
lambing/kidding (November 2001 to January 2002) before testing (in April-May 2002),
in 4 dairy-sheep and/or goat flocks in Greece (total sample consisting of 369 animals
>1.5 yr old). From each selected animal 10 ml of blood and 10 gr of feces were obtained.
The harvested sera were tested for antibodies to MAP with an ELISA; the feces were
cultured on HEYM supplemented with mycobactin J and antibiotics. An animal was
considered sub-clinically infected when found either seropositive or culture positive. The
true prevalence of sub-clinically infected animals, adjusted for the Se and Sp of parallel
testing, was 14% (0.1-28%) and 35.9% (9.2-62.7%) in sheep and goats, respectively. The
association of fertility with sub-clinical paratuberculosis was investigated in random-
effects logistic models. Sub-clinically infected animals (compared to uninfected) had OR
for live offspring the previous year of 5.4 for parity <4, OR = 0.05 for parity >6, and a
non-significant OR for the middle parity category.

10
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Chapter 5 — General discussion

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

11
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Evyoapiotieg

H dwWaktopikn pov dwatpP ekmoviOnke oto epyactplo Emdnoroyiag,
Blootatiotikng kot Owovopiag Zowng IHoapaymyng tov Tunuatog Kmmviatpikng, g
Yol Emomuav Yyelag, tov [avemompiov Oeccaiiog.

Oewpd VYIOTN VTOYPEMOT LOV VO EKPPAC® TIG EVYOPIOTIEC OV GTO OAGKOAD
pov kot emPAémovta oS TG datpPng, Avaminpwt kadnynt) A. Aegovtion, ywo v
OVLGLOOTIKY] KOBOONYNOT TOL Kol TO 000 OVIOIOTEAMS MHOL Tpocépepe. H Olapkinc
emuotvovia pall Tov yévvnoe Kavoug TpOmovs oKEYNS Kol Epyaciag. Ag umopd akOua
Vo ANOHOVIC® OTL POV €EACQAAICE TNV OAmOPAiTNT OWKOVOUIKY) OTHPEN YL TNV
eKTOVNON TS SOAKTOPIKNG OV StaTpiPmg.

Eniong, 6éAm va evyapiotiom Bepud tov Enikovpo kabnynt) X. Mmdrivn, péhog
™G CGLUPOVAELTIKNG EMITPOMNG, YO TNV OLOPKN KOl VYU GLVEPYOGiO, TNV TOAVTIUN
eumepio Ko TV ToKIAOTponn Pfondeta Tov LoV TPOGEPEPE.

AxoOpa, g0Y0PIOT® TOAD TN GLVASEAPO, cuvePYATIdN Kot Gidn k. M. ®Adpov, Yo
NV avekTiunm Kot avidtotedr] fondeta g, tnv Nk vrooTHPIEN Kot TV VITOLOVN TNG.

Oepud LYOPIOT® Kot TN GLVAIEAPO, cuvepydTIda Kot GiAn k. M. Zogia, Yo TV
KEPOAO®ON GLUPOAN TS, TV NOKY 6TNPIEN KO TNV VOOV TNG.

Evyopiotieg 0ého vo ekppdow kot otov Kobnynm Z. Aeoviidn ywoo v
OVGLOOTIKY] GUUUETOYN] TOV GTO SOYVOOTIKO EAEYY0 TV OEYUAT®V OAAG KOl Yl TIG
TOAOTIIES VTTOJEIEELS KOTA TN GLYYpaEN TNG dlaTpPrc.

Eniong evyopiotd® moAv to cuvvddelpo C. Enge, yiu ™ ovpfoin tov otnv
EPAPLOYT TOV HOVTEA®V AavOEvVOLGaG KOTAGTAONG.

& akopa vo egvyapiotio® 1o Emikovpo kabnynt I'.X. Apopidn, yw v
OVCLUCTIKY] GLUPOAN TOL GTNV dlEPEVVNOT TNG OYEONS UETOED TAPOPVUATIOONS KOt
YOVILOTNTOG OLy®V Kot TPoPdTmv.

Evyapiotd akdpa kot 1o cvvdderpo k. O. Kapatlivo, yuo m Bondeid tov oty
enefepyacio TV OEyUdTOV.

Téhog o@eihm va guyoploTNo® TO VIWOAOUTO LEAT TG EMTOUEAOVS €EETUGTIKNG
EMITPOTNG, OV UE TIG EMONUAVOELS TOVS GLVEPAAOY GTNV OPTIOTEPT TOPOLGIOCT TNG
JUKTOPIKNG OV S TPIPNG.

Ot amopaitntol owovoulKol mopol Yy TV €KTOVNON TG STpPrig avTng
TpoNABay amd avTay®VIoTiKO £pguvnTikd Tpdypoppo thg Evpomaikng Evoong (QLK2-
CT-2001-00879).
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1. Evoayoyn

Y10 péoa TOL OEKOTOL £VOTOV OV, TO CLYVO TEPLOTATIKA YOAEPAG &iyov
OVOOTOTMOGEL TNV TOAN ToL Aovdivov. Av kot 1 aitioloyio TG vOGOL NTav EKEVN TNV
nepiodo ayvootn, o John Snow vrébeoe mwg 0 KOPLog TPOMOC HETAOOONG MTAV 1)
EMUOAVVOT TOV TAPOY®V TOL VEPOL ue kKompava (Snow, 1855). Baoioe v vndbeomn tov
0TO YeYOVOG OTL TO KUPLO GUUTTOO TG VOGOV NTav 1 d1dppota, Kot 0Tt TapOAO oV Ta
mEPLooOTEPU PEAN UI0G OIKOYEVELNG TTPOGPAALOvVTaY, dev TpocsPdAAlovTay ot yloTpol 1 ot
VoooKOUEG oV Toug mepLEBoimav. Afyo mpwv v emdnuioa tov 1854, pmo omd TIg
EMYEPNOELS TOV TTOPELYOV VEPH GTU VOIKOKLPLA HETOKIVIOE TO onueio VOpeLONS Omd TO
KOTMOTEPO OTO AVATEPO TUNHA TOL TOTaUoV Tapeon, 6mov 10 vepd NTaV GAPDS AyOTEPO
HOALGUEVO. AVTO &€lxe oov OmOTEAECUO TN UEI®ON TOV KPOLOUAT®OV YOAEPOS OTO
VOIKOKVLPLE oV vdpevovtay amd TN cvykekpipévn etaipeio. Ta voikokvpld ovtd HTov
TUYOLOL KOTOVEUMUEVO GE OAN TNV TOAN Kol OEV OVIIKOV OE GLYKEKPUUEVT] KOIWVMOVIKN
taén. O John Snow koatéypaye mPocekTiKd Tov apliud TEPIOTATIKOV YOAEPOS, TOV
ap1Ouo tev Bavatov Kot Tov apldpd tov avlpOToV o€ KivOuvo Vo VOOT|C0VV GE GYE0T LE
ToV TpopunBevtn vepov. Onmg avapevotoy, n BvntoTTa NTOV LYNAOTEPN GE OIKOYEVELEG
mov mpopunbevoviav vepd amd etaupeieg mov eiyav TNV £3pa TOVG GTO KATMTEPO KO
TPOPOVAG O LOAVCUEVO TUNLO, TOV TOTOUOD.

O John Snow Bdacioe v £pgvvo. Kot To. CUUTEPAGUATO TOL G& OKPPEIC Kot
aomoteg KAMvikég mapatnprocc. Onwg tote étol kKo onuepo mn aflomotio TV
SyvoOoTIK®V doKIUdV kKaBopilel o peydio Babud v modtnTo TV TOPUTNPNoE®Y Kot
EMOUEVOG TOV GUUTEPACUATOV TOV TPOKVITOVV OO TIG EMONLUMOAOYIKES UEAETEG.
[Ipoamaitmon g opbNg  emMOMMOAOYIKNG  Olepevvnong  OAAD Kol NG
OTOTEAECUATIKOTNTOG TOV TPOYPOUUATOV EMTHPNONG KOl EAEYYOL TOV VOGOV &ival M
Omapén opBd aloAoynUEVOV ¢ TPOG TNV 0ELOTICTIO TOVG SOy VAOOTIKMY SOKILMOV.

2V TapoeUUATIOoN TOV dydV Kol TpoPdtwv, 0nmg Ba dodEe 6T cLVEKELD, TO
KAMvikd tpooPBefAnuéva Cda aviyvevovTal omd TIG VITEPYOVGES OYVIOOTIKES OOKIUESG LE
apKeTn emrvyio, Ol OLMS KOl TO VITOKAWVIKA TtpocsPefAnuéva. Xe évav minbucopod, dHmg,
0 appdg TV KAvikd mpocPBefAnuévov (dwv eival cuviBmg onUavTIKO LKPOTEPOSG 0T
oV 0plOpd TV VTOKAWVIKE TPOSREPANUEVOV, LE OTOTEAEGLO TO POLVOUEVIKO TOGOGTO
TPOGPOANG VO VITOEKTIUA TO TPAYUATIKO T0606TO TPpocsPornc. T[a 1o Adyo avtd, moAD
gvotoya, ot Whitlock and Buergelt (1996), yapaktipicav o kAvikd mpocPefinuéva
Lo, og TV «Kopven ToL Taydfovvov». H peydin dvokoAiio yio tnv opOn extipnon g
aflomotiog TV OoyVOOTIKOV SOKIU®V 6T0 VIOKAVIKA TpooPefinuéva (oo eival
aKpPmg N advvapio pog va evtomicovpe ta (oo avtd. Avon 6to TpOPANUe ovTo diver M
peBodoroyia, ot Pacwés apyés Tic omoiag mopovcldlovior 6To SEVTEPO UEPOS TNG
EICAYWOYNG, TOL EPUPUOCTNKE EKTEVMOG GTNV TOPovGA dtaTpiPn.
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1.1. Ewsayoyn otny mapa@opotioon

1.1.1. Avtwohoyia TG véoov

H mapaguuatioon i voéoog tov Johne (paratuberculosis, Johne’s disease) &ivau
YPOVIOL LETOSOTIKY EVIEPITION 7OV YOPUKTNPILETOL OmO TPOOSEVTIKA EMIOEVOVUEVN
dappota, andAeln Bapovg, kot TeMkd Bavato. AvaeépOnke Yo TpdTN POPA omd TOVG
H. A. Johne kot L. Frothingham to 1895 (Johne and Frothingham, 1895), nap6io mov mg
KAMviKO chvopopo ntav yvootn and tig apyés tov 1800. 'Hon and 1 apyéc tov 1900 n
vOo0G epeoviLOTaV o€ apKETEG EVPOTAIKES Ydpeg kot otic H.IT.A (Chiodini et al., 1984).
Nuepa, M eEATA®ON NG VOoOL €ivol ToyKOOUO e KOPLOVG EEVIOTEG T d1dpopal £10M
unpvkactikev (Harris and Barletta, 2001).

Ymv EAAGOa, n mapovcia g vocov emPeformbnke pe v aviyvevon tov
YOPOKTNPLOTIKOV TAHOAOYOUVATOMK®V OALOIDCEDV Kol TNV KAAMEPYELD TOV LITEYOVVOL
LKPOOPYOVIGHOD Yio Tp®dT Gopd to 1968 (Zuoxofitng, 1970; Leontides et al., 1975).
‘Extote, eivarl éva omd to. 6movdaldTeEPO VOGNLOTO TOV OydV Kol TV TpoPdtwv ot
YOPO HOG TOL TPOKOAEL ONUOVIIKEG OIKOVOMIKEG OTMOAEES OOTL HEIDOVEL TNV
Topay®YIKOTTH TOV TPpocPefAnuévoy (dov (Anuoapéiin, 1994).

To 1910 o F. W. Twort nétuye v kodlhépyeia tov Mycobacterium avium subsp.
paratuberculosis (MAP) 610 €pyaotiplo Kol TNV OVATOPOY®YT TG VOOOL UETA amd
TEWPAROTIKT porlvvon Pooedmv (Twort and Ingram, 1912). TIpoxettal yio évav gram-
Oetikd, 0E&edVTOYO HIKPOOPYOVIGUO YO TOV TOAAATANGCLOCUO TOL omoiov &ival
amapoitntog o oidnpog tov Cmov Eeviotn (Kennedy and Benedictus, 2001). O
HKpoopYaviouds dev mapdyst @opeig tov o1dnpov  (LVKOPOKTIVEC) Kol ETOUEVOC
ypewdletan Yo TNV avantoén tov in Vitro v mopoyn pokofoktivdv. In Vivo mopdyet to
okd tov €vlupo, pedovktdon Tov GLONPOV, TOL KNTOmolEl TO GidNPO TOL EEVIOT
(Homuth et al., 1998). Awkpivovrtal, pe Baon (1) to drapopetikd puOud avamtvéng toug
otTig KoAMépyeleg kat (2) to popakd TPOTLTO YAPAKTNPIoUOD, VO TOTOL CTEAEYDV TOV
MAP (Rienmann et al., 1979; Ris, et al., 1988). H pio opddo meptiappdver oteléyn mov
&xovv amopovmbel amokAeloTikd ond mpdPata Kot aiyeg Kot YOV YOPAKINPIOTEL MG
npdPewa N tOmov I oteréym, evd m AAAN ouddo mepapPdavel oteAéyn ta. omoia
amopovVAOVOVTAL Kupimg amd Poogdn Kot yopaktnpiloviar og Boswa 1 tomov 11 otehéym
(Collins et al., 1990; 1993; Whipple et al., 1990; De Lisle et al., 1992; Thoresen and
Olsaker, 1994). Ta oteléyn tomov I éyovv amopovmbel kor and aiyeg kot mpoPata
KaBmg emiong Ko amd GALO €101 UNPLKACTIKGOV KOL U1 UNPVKAGTIKGOV TOL Holpalovion
Aeypwmveg pe Pooedn (Riemann et al., 1979; Ris et al., 1988; Greig et al., 1999; Beard et
al., 2001; Stevenson et al., 2002). Ta oteléyn tomov | yapaxmpilovrar amd Ppaddtepn
avamtuén, ot amowkieg tovg eivor pkpéc, Aelec, opodpopeeg Kot cvvnBmg €xovv
moptokoii-kitpwvo ypopa. To otedéyn tomov Il oynuatiCovv amowkieg PBpadeiog
avamTuéng He tpoyeio EUPAvioTn, avouotOpopeeg kat aypmues (Stevenson et al., 2002).
Televtaio meprypdetnkay ce aiyec otehéyn evotdpeca tov tomtov I kot 11, ta otedéym
tonov I, pe avdntuén 6mmg avtn Tov otekey@v tomov 1. Ta otedéyn avtd Ppédnkav ce
KOmAdoL ory®v mov yerrvidlov pe komdola mpoPfdtwv mov MTav mpocsPePAnuéva amod
oteréyn tomov I (de Juan et al., 2005).
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A6 1o kotowidw (o to MAP éyel anopovobel ekt0g amd o UNpUKAGTIKG Kot
amd tovg yoipovg (Thoen et al., 1975). EmumAiéov, éxel amouovmbei amd moAAd €ion
LUMPVKAGTIKOV TNG Gyplag mavidog, 0mmg €idn ehaiod [Odocoileus virginianus amd toug
Chiodini and Vankruiningen (1983), Cervus elaphus ka1 Capreolus capreolus and toug
Sharp et al.(1995)], aypia mpoParta [Ovis canadenis amd tovg Williams et al.(1979)],
tapavdovg [Carvus nannodes amd tovg Jessup et al. (1981)], Bicoveg [Bison bison and
tovg Buergelt and Ginn (1999)]. IIp6éceata, amopovobnke kot and HOVOYASTPIKA €idN
g dyprog mavidag, omwe amd ayprokovveia [Oryctolagus cuniculus (Greig et al., 1997;
1999)], eidn mbMkwv (McClure et al., 1987), aypidyoipovg (Machackova et al., 2003;
Alvarez et al., 2005), arenovdec (Vulpes vulpes), epuiveg (Mustela erminea), acBoig
(Meles meles), vopitoeg (Mustela nivalis) kofog kot and aproktikd wrmva (Beard et
al.,1999; 2001), uoveg (Mus musculus) ko exipveg (Rattus norvegicus kou Rattus rattus)
Ko TPOKTIKG ToV ddoovg (Apodemus sylvaticus) (Beard et al., 2001; Florou et al., 2005).

INUovTIKOG Topdyovtag mov CLUPAAAEl otnv e£amhmon Kot duoyepaivel Tig
TPOCTAOEIEG EAEYYOVL TNG TOPAPLUOTIOONG ival 1 OVOEKTIKOTNTA TOV LKPOOPYOVIGLOD
oto e€mtepikd mepipdrriov. To MAP emPudvel oto ewtepikd mepPaiiov 6e TOIKIMO
TePPOALOVTIKOV cLuVONKOV Yo peydio ypovikd dtdotnua (Kennedy and Benedictus,
2001). Xoapaktnpiotikd avapépetar 1 eniPioon tov oto vepd yuo 9 urveg (Lovell et al.,
1954) kot o kémpava Pooeddv yio 8 pnveg (Lovell, 1944) v kat’ dAlovg yio 11 prveg
(Larsen et al., 1956). X¢ piypo kompdvmv kot 0Opwv Boosddv entPimoe yio Ayotepo amd
1 pqva (Larsen et al., 1956). To 6&wvo €dapog guvoel Ty emPimon Tov Kat 1 cuyvOTNTO
¢ vooov ota. foogldn gaiveton 0Tt givor vymiotepn oe 6&wva €ddon (Kopecky, 1977;
Johnson-Ifearulundu and Kaneene, 1999), eve icwc avtoneplopiletal o aAKOAMKE £5GQN
(Kopecky, 1977). Avaioyeg mapatnpnoelg vrdapyovv kot yo. ta tpdPate (Michel and
Bastanello, 2000; Reviriego et al., 2000).

1.1.2. Avoooroyia kor IlaBoyévera

H mo onpavtikr 000¢ Hetdiooong Tov HIKPOOPYOVIGHOV EVOL HEGM TOV TEMXTIKOV
ue v TpoéoAnyn poAivouévng omd kompava tpogng (fecal-oral route) 11 poAvouévou
yéAaktog 1 mpwrtoydiaktog (Chiodini et al., 1984; Thomas, 1983; Sweeny, 1996; Clarke
1997). "Exel avogepbei kot 1 petddoon péocw poivouévov oméppotog (Streeter et al.,
1995) koBd¢ kot m in utero peTddoon TOL IKPOOPYOVIGHOD omd Eykva (Mo 7oL
Bpiockovtav oto teAKO KAvikd otddio (Seitz et al., 1989; Rohde and Shulaw, 1990).
[Totevetanr 0tL tar (Do nAkiog pikpotepns tov 30 nuepdv eivor mo gvaicnta ot
poéALVOT, v Kol 1 KAWVIKY] VOOOG &lval gp@ovig HETO amd Hokpd mEPIod0 €mMMOAOTG
(Hagan 1938; Rankin 1962; Chiodini et al., 1984).

Metd ) poéAvvon, 0 UNYaviIcHOg IGO0V TOV UIKPOOPYOVIGHOD GTO LOKPOPAya
dev &xel mipag Eexabapiotel. Thotedeton mwg, evidg wpdv and v TPOCANYTN TOL, O
HIKPOOPYOVIGHOG TTapaiapfdvetal amd to M kodttapa tov emBnAiov mov KOAOTTEL TIg
mAdkec tov Peyer (Monotami et al., 1988; Stabel, 2000; Whittinghton and Sergeant,
2001; Harris and Barletta, 2001; Siguroardottir et al., 2004). O tpdémo¢ pe tov 0moio 10
MAP mpockoAldtot kot 16€pyeTan oo KoTTopa M dgv givarl yvooTtdc, av Kot TPOGOATES
ueléteg In VItro dgiyvouv TG O0ALTA HOPLO. QUUTPOVEKTIVIIG TPOCKOAAMVTOL OF
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TPOTEIVEG QOpElc, TOGO 6TO HLKOPUKTNPIO0 OGO KOl GTO EMONALO TOL EVIEPOL, Yl VO
uecoAapnoovv oty mpdécAnyn (Secott et al., 2001). Zn cvvéyelo o1 KPOOPYOVIOUOT
OVEVPICKOVTOL OTO EMONAIOEWON HAKPOPAy Kot €ivor opatol HE TO TMAEKTPOVIKO
HUIKPOOKOTIO, OLLMG 01 TPMTES AALOIMGELS OEV EIVOL OPAUTEG E TO OTTIKO LUKPOGKOTIO, Y10l
apketég POoopadec €mg Kol UAVESG HETA TN AWM oKOHO Kot DYNADV  d0cEMV
uvkoPoaktnpidiov and to otoépe (Whittinghton and Sergeant, 2001).

H avocoloyikr amdvinon tov Eeviot ot Aoipwén and MAP Oa pmopobvoe va
YOPAKTNPIOTEL - OTMOC Kol Yo GAAo maboyovo pvkoPaxtnpidla - wg mapdooln. Avo
ONUOVTIKA YOPOKTNPIOTIKE TOL UIKPOOPYAVIGHOL givor kKpiowo yio v e&éMén g
Molpwéng ko eumodilovv v omotelecpoTikny dpova tov Eeviot.  To mpdto
YOPOKTNPLOTIKO EIVAL 1] TKOVOTNTO TOV HIKPOOPYAVIGUOV Va. «kpOfetar» (va «kpvfetars,
VoL EMPLOVEL KO VOL OVATOPAYETOL LEGO OTO LOKPOPAYQ) amd TNV avOGOAOYIKY amdvTnon
EVTOG TV Hokpo@aymv. H tkavotmta avt) eivat ovsuddovg onpaciog yio tnv taboyévela
m¢ mapaguuatioong (Harris and Barletta, 2001; Sigurethardottir et al., 2004). Il
OLYKEKPIUEVE, TO TaBOYOVA PVUKOBOKTNPIO £Y0VV TNV E0IKN KOVOTNTO OTOPLYNG TOV
CD8" T-Aepgpokvttdpov. Etot emPidvovy evidg ToV HoKpPOPAY®V TPOGTATEVUEVD. OO
TNV KUTTOPIKY] KOL YVMIKH OVOGOAOYIKN amdvinon tov opyavicpov (Zubrick and
Czuprynsky 1987; Monotami et al., 1988). To d&gbtepo yapaKTPIOTIKO €ivol 1
KOVOTNTA TOV HUKPOOPYAVIGLOD VO, KTTOPATAOVED» TOVG AVOGOAOYIKOVG UNYOVIGLOVS TOV
OPYOVIGHOV TOV EEVIOTY|, KOTh TNV €EEMEN TNG AOTHMENS, HE amOTEAEGHO TN HeTdPoon
a0 TNV TPOCTUTEVTIKT KVTTAPIKY] OTI UI TPOGTATEVLTIKN YVUIKT 0VOGOAOYIKY| OmdvInem
(Valentin-Weigand et al., 1999; Coussens, 2001; 2004), yia to pokofoxtnpidte mwov
Bpiokovtat EVOOKLTTOPIKA.

H &dwn avocoroywkn amdvinon tov (mov &exwvd, OTOV To KPLUUEVO GTO
KUTTOPOTAACUA TOV HaKpo@dywv pukofaktnpidia exteBovv ota T-Aeppokvttapa. Ta
HOKPOPAYO EVEPYOTOLOVVTOL, HE ML GAANAoLYio yYeyovOT®V 7oL Ogv elval TANP®G
KOTOVONTY, KOl TEMKO OVOTTOCOETOL €VOG OO TOLG POCIKOVG TUTOLG OVOGOAOYIKNG
amdvinong: eite M KLTTAPKOD TUTOL pEGOAMPovpevn amd ta Bondntikd AsppoxvTTapa
tomov 1 (Twl), gite n yopwkov tHmoL pesorafodpevn amd to BondnTikd AeppokvTTopa
tomov 2 (Th2). H xuttopikod THTOL 0VOGOAOYIKY] OTAVINGT €ivVOL TPOCTOTEVLTIKY KOl
neplopiler mv eEdmimon g Aolpméng oto €viepo tov (MOv, v M YLHKOD TOTOV
OVOGOAOYIKN omdvInon €ivol U TPOoTATELTIKY] KOt GLVINO®MG GUVIEETOL YPOVIKA LE TNV
e&amlmon g Aoipwéng (Chiodini, 1996; Valentin-Weigand et al., 1999; Stabel, 2000;
Harris and Barletta, 2001; Huda et al., 2003; Coussens, 2004). H xvttapikod tOIOL
avoGoLOYIKY amdvinon yopaxtnpiletar amd €kkpion, HeTtald GAA®V KLTTOPOKIVAV,
wtepAevkivig — 2 (IL-2) kot y-wvtepeepovng (IFN -y). TTapdAinia, pe Ty mapoyoyn tov
Thl, kataoctéAdetal | dSapopomoinon twv CD4 + Aeppoxvttdpwv oe Tu2 kbtropa. Avty
N KOTaoToA YIVETOL PE TN LEGOALPNON CLYKEKPUEVOV KLTTOPOKIVAV, Otwg TG IFN —y
ko ¢ IL-2 (Coussens, 2004). Apon tng KatooToAng Bo. 00N yHoEL 6 YLUKOD TOTOV
avoGoloYiKn amavinon péow tov Ty2. H yupukn avocoloyikn andvinon yapoktnpiletol
amd Vv evepyomoinom TV B-Agppokvttdpmv kol TNV TOPAYOYH 0VOGOGOUPIVAOV
(rapayoyn avticopdtov). T ™ dagoponoinon Tov Aep@okvtdpov ce tomov Ty2
KOTTopa pecoAafoiv ot kuttapokiveg IL-4, IL-5, IL-6 kot IL- 10. Avtég o1 kutTapokiveg
He T oepd Tovg KotootéAovy Ty Tapaymyn tov Tyl Aspgoxvttapwv (Coussens,
2001). Katd ovvémela, 1 ovoooroyiky amdvinon Oo kupuapysitor gite and tomov Tyl
eite amd tomov Tp2 Aepgoxvttapa. H efaptopevn ond ta Tyl evepyomoinon tmv
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HOKPOQAYy®mV  glval  omopaitntn Yoo TNV OMOTEAECUATIKY]  KOTAGTPOPY|  TMV
pokoPaktnpdiov mov Ppiockovior €vOOKLTTOPIKE Kol EMOUEVMS Ogv eKTiBevtal ota
AVTICOUOTO TOV TopdyovTot Kotd ) didpketo g pecorafovpevng amd to Th2 yupikng
andvinong.

Amd ta mpomyobueva @aivetal TG ©TO0 HOALGHEVO (®o ot dho TVTOol
0VOGOAOYIKNG amavinong Ppickoviar pdArov oe o duvopkn weoppomio. H woppomia
Ba petotomotel TeEMKd TPog Evav TOTO OVOCOAOYIKNG amdvTnomng. Apykd, Kuplopyel
KLTTOPIKOD TOTTOV OVOGOAOYIKT] OTAVINGT KOl TO OlVOCOTOMTIKO cVoTnLa eivat og BEom
va eAéyEet T Aolpwén. Xt @don autr, elval AyveoTto av givol epIKT 11 OAOKANP®TIKY|
KATOOTPOPY] TV pukoPaktnpdiov, BEPato eivar OGS, Twg, 060 KupLapyel N KLTTOPIKY|
avocio. 0 aplfuog Tov pukofaxtnpdiov oto poivouévo (oo dtatnpeitor 6e YoOUnAod
emimedo. Kotd 1 dudpKewn g KLTTOPIKNG, 1 YVMKN OVOGOAOYIKY OmTdvINom Kot
EMOUEVMG M TOPAYOYN OVIICOUATOV ovacTtéAhetal, 1n poOAvvon Opmg Ppioketar og
e&EMEn (Chiodini, 1996). Xe kdmowa ypovikn oty ovpPaiver n petdfoon amd v
kuttapikn (Tul) om youkn (Ty2) avocoroykn amdvinon. Ot vrevbvvor unyovicpoi
YL TV TTAOCN TNG KLTTOPIKNG Ovooiog Kot Tn HETAPaom otn yuuikn eival dyvomoTtol
(Coussens, 2004). ITbavdg va apopodv TN Swapkn £kBecN TOV GVOCOKLTTAP®V GTO
avTlyOvo Tov ameAeVOepOVETOL OO TO HLOAVCUEVE LAKPOPAYO, TNV ovATTLUEN N OXL
TANBVCUDV PLOUGTIKOV KLTTAPOV EWOIKOV TOV OVTIYOVOL 1) KOl YEVETIKOVS TAPAYOVTESG
tov Egviotn (Coussens, 2004). T mopddetypo, 6Tovg ovOpOTOVE KATOLES S10POPEC GTOV
EAEYYO TNG OVOGOAOYIKNG OAVINONG O WHOAOVoElS oamd To  pukoPaktnpidio g
eupoTioong £govv amodobel otn YeVETIKN TotKIAopoppia TV vTodoyéwv yuo v IFN-y
(Altare et al., 1998). Xiyovpa yperaletor meplocdTEPT SEPEVVION TOV TAPUYOVIMV TOL
kaBopilovv v mopeion TNG AVOGOAOYIKNG amavTnong, N onoio paAlov kabopileTon amod
T0 OLVOLOCUO TOV TPOOVUPEPHEVIMV TOPAYOVI®OV 7OV a@opohV Tov EEVIOTN e
Taphyovieg mov apopobv T Aouikotnta tov otekexdv tov MAP (National Research
Council, 2003).

H mopanave meprypagn g mopeiog g avoGoA0YIKNG amdvnong otnpiynke oe
TEPOPATIKG dedopévo Tpogpyopeva Kuping amd Booedn (Lepper et al., 1989; Huda et
al., 2004; Coussens, 2004) kot dgvtepevdvimg and tpdPata (Reddacliff et al., 2003). H
Topelol TNG OVOCOAOYIKNG OmAvTnNoNg UHETO omd QUGIKN AOIUMEN Kol G GYECN HE TO
016010 ™G AolpmEng dev €xer peietnBel. Ot evdeilels amd TIC MEPAUATIKEG WEAETEG
LITOPOVV VO OTOTEAEGOLV TNV ATOPYN TOV OVAAOY®OV LEAETMOV GE PLGIKA TPOSPePAnuUEVa
Coa.

H d1bpreta ¢ Lolpwéng Kot to €100g TG 0VOGOAOYIKNG OTAVINGNG EIVOL CAPDS
ovvoedepéva e 1o €100g, TV évtaon kot T0 Badud dtucmopds TV TaBoA0YOUVATOUIKOV
aALOIDGE®V OV TEPLYpAPovTaLl 6T cVvEYEWL. [Ipo@avdg, N oTpoen and TV KLTTOPIK
OTN YVUIKT] OVOGOAOYIKN] OAVTNGCT KOl EMOUEVAOS TN WUN OTOTEAEGUATIKY GULVO TOL
opyavicpov Kotd tomv pukofaxtnpdiov, mov Ppiokoviol £vOOKVLTTAPIKE, GLVETAYETOL
Kol TN oTadloK emdeivoon kot eEAmTA®oN TV TaHOAOYOUVATOUIK®OV GAAOLOCEWMV.

1.1.3. lTaBoroyoavaTopkd vprpata.

Kotd ta apykd otdowe, 0tov Kuplopyet 1 KOTTOPIKN 0VOGOAOYIKY OTAVINGT), TO
éviepo tov TPooPePAnpEvon (dov eppavileTol HOKPOGKOTIKA PUGIOAOYIKO. AKOMO Kot
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IGTOAOYIKA Ol TPMTEG OAAOUDGELS OV EIVOIL OPOTES LLE TO OTTIKO HKPOCKOTIO Y10, OPKETEG
Boouddec ¢wc war pnveg (Whittinghton and Sergeant, 2001). Apyotepa, 1 Aoipmén
Umopel vo eVIomIoTel LOVO 1GTOAOYIKG MG TOPOLGIN LKPOSKOTIKAOV KOKKIOUATOV oo
AELPOKVTTOPO KO ALY LOKPOPAYX, YVOOTE MG 1) GLUOTIOONSG HOPPY| TOV OALOIDGEMV.
Kotd 1o telkd otdole, m peTdfaocm oTn YUK ovooic, GLYXVA GLVOJELETOL OO
HOKPOOKOTIKEG GAAOLDCELS TOL LOTOAOYIKA yopaKTnpilovtal amd SdyvuTes dALOUDCELG
mov Ppifovv pukoPokpdiov Kot €ivol YVOOTEC ®G 1 AETPOUATMOONG HOPPN TOV
aAloiwoewv (Perez et al., 1996; 1997; Clarke et al., 1996; Stabel, 2000; Corpa et al.,
2000).

Mokpookomikd, oTlg aiyeg Kot o mTPOParto, Ol YOPOUKTNPIOTIKEG OAALOIDGELS
evtomilovtal oto £€vigpo Kot To HECEVTEPLO Aeppoydyyha. Eivar ouwc dwitepa
OVETTUYUEVEG OTO TEAOG TNG VNAOTIONG Kol TOV €Aed KabBmdG Kol 6T0 TLVPAO Kol OTO
npocHio Tupate Tov KoAov. [apatnpeitor tdyvvon tov PAEVVOYOVOL TOL EVIEPOL TOV
umopel va apopd Kot tov voPAevvoyovio. H mayvvon umopel va kxopaiveror omd omin
LKPOKOKK®DON Oyn («oym Behobdov») tov Prevvoydvov péypt kot eykdpotla Trhymon.
To peceviépla Aeppoydyyla givor otabepd dloyKoUEVO @YPA Kot odnuatikd. Mepikég
Qopéc pmopel va mapatnpnodv £otieg VEKPOONG-TVPOEBOTOINGNG Kol acPfectomoinong
(Aeovtidng, 1978). Emiong, umopei va mapatnpeitor miyvvorn tov Aeppayyeiov pe M
yopig olidwa katd ™ ddpoun Tovg («Oyn KopPoroyiov») 1 TAYLVGT TOVG UE EMKOEIDN
mopeio. dote va kabBiotavior opatd oty e£MTEPIKY] EMPAVELD TOV EVIEPOL KOl TO
peoevtéplo. lotohoyikd, n évtaon Kot To €0POG TV TAPUTNPOVUEVAOV OAAOIOCEMVY Elval
aviroyeg Tov otadiov e£EMENG TG AolpmENG. Zto TEMKO OTASI0 M YOPOUKTINPICTIKN
aAloiwon mov oynuatiletar pmopet va £xel T Lopen €ite pag yPOVING KOKKIMUATHOIOVG
EVIEPITIONG GTNV OTOoln TOL EMONAL0EOT HOKPOPAyQ KOTTAPO TTOV dmbovv to PAEVVOYOVO
Kot tov vroPrevvoyovio PBpibovv  ofedvtoywv pUIKpoopyavIGH®V  (TOAVPOKIAALKY-
AETPOUATOING 0AAOI®ON) EITE UI0G AEUPOKVTTAPIKNG d1ONoNG otV omoio omavilovv ot
ofedvtoyol kpoopyavicpot kot 1 omoio. moapatnpeitar oto 30% mepimov TV
npocPefAnuévav Tpofatmv (WevdofakiAAKn 1 GUUATIOONG 0ALOI®OT)).

Ot Perez and Little (1996) a1 Clarke (1997) ota mpoPozo kot or Corpa et al.
(2000) a1 Khodakaram and Rashidi (2000) otic aiyec mpodtewvav évo cdothuo
ToEWVOUN OGS TOV IGTOAOYIKOV aAAOIDoE®Y € 3 TOTOVS (oL £xoLV Kot VToTOHITovE). o
OGUYKEKPILEVAL:

Yta tpdPata n TaSvOUN o CLVOTTIKA TEPAaUPAVEL:

1) T arowwoelg tmov 1 6mov mapatnPOHVIOL WIKPG KOKKIMUOTO 7OV
oynuatiCoviot and pakpoedya Kot eviomifovtol amokAEIoTIKd oTIg TAdkeg Tov Peyer g
eleoTvPAIKNG poipag. Ta pokoPaxtnpidia eivor dtomapto Kot EAYIOTA 1] ATOLGLALOVV
eviehdg. Ot aAhO1doES AVTES TapaTnpovVTOL KVupiwe ce TpoPfato mov LoAdvOnKav og
apvol Kot AEltovpyNnoe N TPOGTATEVTIKT KVTTOPIKT 0VOGiaL.

2) Tig aALOudOELS TOTOV 2 OOV EVTOTILOVTOL KOKKIMUOTO KOl 6T0 BAEVVOYOVO
mov oyetiCeton pe Tig mAakeg tov Peyer.  Mvkofaktnpidie oavevpickovior GtV
TAELOYNOL0 TOV IGTOLOYIKMV TOUMV.

3) Tig aAAowdoelg TOHTOV 3 OTOV EVIOTILOVTOL KOKKIMUOUTO KOl OE TEPLOYES TOV
Brevvoyovov mov de oyetiCovron pe tig mAdkeg Tov Peyer. Ot aArolidoelg Tov TOTOL
avtod SlpovVIOL GE TPES VIOTLROVE: ©) Tov VrOTVLRO 3% OMOL TAPUTNPOVVTOL
TOAVECTIOKE KOKKIOUATO GE TOWKIAEG TEPLOYEG TOL PAEVVOYOVOL TOL Og GLVOEOVTOL
cOoPAOC HE TO AEUPIKO 10TO Kot Ogv emmpedlovv TN Hopeoroyia TG mposPePAnuéving
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nepoyns. Ta pokofaxtnpidio avevpickovtol 6TnV TAEOYNQI0 TOV IGTOAOYIKOV TOUMV,
B) tov votvmo 3" 6mov Topatnpeital HEYALOG aAPOUOS HOKPOPAY®Y SECTOPUEVOS GTO
BAevvoyovo. Ta pokofaktnpidta avevpickovtol TAVTOTE GTIG IGTOAOYIKEG TOUES, Kal V)
tov vrdtono 37 dmov kvplapyobv o AepeokdTtopo pe Alya pakpo@dyo Siecmapuévo
avdpesd tovc. Ta pokofaktnpidia etvor eddyiota 1 amovstdlovy eviedms. O vrotHmog
el TPOGOUOLALEL GTNV AETPOUATOSN HOPPY CALOIDGEDY eVd 0 TOTOC 37 ot PULUATION
popen. Ot aAroidoelg THTOV 2 Kol 3 GLVOOEVOVY TNV LETAPOOT GTNV EVNAKI®GON Kot TV
OTOTVYI0 TV TPOCTATEVTIKAOV OUVVTIK®OV UNYOVIGUOV.

2115 atyec  ta&vounon €ywve pe Bdomn v £viaon TV 0AAOIOCE®Y GTNV TEAIKT|
poipa Tov EIAE0D Kol TOL LECEVTEPLOL AEUPOYAYYAELN KOl GUVOTTTIKG TEPIAAUPAVEL:

1) Tig arlowwoelc fmov  Pobuod mov  yopoktnpilovior amd  EOTIOKES
OLYKEVTIPAOOELS EMONAMOEODV HakpoPdymy, Ta 0moia PBpiBovv pvkoPaktmpidiov, c1o
dvo tunuo tov PAevvoyoévov Kot Tov Aayvav. Ot 1018 CLYKEVIPMOOELS OVEVPIGKOVTOL
oTNV ToPAPAOI®OT {DOVN TOV HECEVTEPLOV AEUPOYUYYAEI®V.

2) Tig alowwoelg pétplov Pabuov mov yapaktnpilovior and dmbnon apykd g
EMMOANG Kol TV &V T PdBv otPfadwv Tov PAevvoydvov Kot TeMkd OAOL TOV
BAevvoydvov amd emONAL0€10T] LOKPOPAYD KOl UEPIKO AEUPOKVTTOPO, EOCIVOPIAL KOl
nhacpokvtTapa. Ot Adyveg gival ehappmg atpoikés. [ToAAd emBnAlosdn pokpoedyo
BpiBovv pukofoknpdiov. Eniong vadpyer onuaviikny omdnon tov dve otifadov tov
VTOPAEVVOYOVIOU  [E  AEUQOKLTTOPA  TEPIPEPIKO TV  Aeppayyeiov. Emumiéov,
UIKPOKOKKIOUOTO ETONMOEODV HAKPOPAY®Y OVEVPIGKOVTOL GTNV TOPAPAOIDON {dvn
KOl GTOVG EMYEIAMOVG AEUPOKOATIOVG TV HECEVTEPL®Y Agppoyoyyieiwv. Ta tedevtaio
TEPLEYOLY LUKPO aplOUd HIKPOOPYOVIGUADV.

3) T alowwoelg évtovov PBobuod mov yapaktnpilovtar omd odnon tov
BAevvoydvov, Tov VTOPAEVVOYOVIOL KO OKOMO KoL TOV HLIKOD KOl TOU 0pOYOVOL Y1ITOVOL
oo TOALG €MONA0EON HoKpoPdya, Afyo yryovTokOTTOPO KOt TOAAL AEUPOKVTTAPO,
TAOGUOKVTTAPO, E€MOWVOPIAL Kol UEPIKES @OpEG Alya ovdetepdpira. OAOKANpOg o
BAevvoydvog emkvprapyeiton amd TANOdpa EMOMAOEWOOV LOKPOPAY®V TOV GVUTLELOVY
T1g kpomreg tov Lieberkuhn. O Adyveg sivor atpogikéc. Ta emiOnAiogidn pokpo@dyo
BpiBovv pikpoopyavicpmv. EmumAéov, moapatnpeitor AEUQoyyeUtido He CLYKEVTPMOOT)
AELPOKVTTAP OV, TAUGHLOKVTTAP®V KOl ATY®V LOKPOPAY®V TEPIUETPIKA TV AEUQAYYEI®V
Kot 18{®wg TOV 0pOYOVOL. ZTOVG LECEVTEPIOVS AEUPOOEVES, EMBNALOEN HOKPOPAYd Kot
yryavtokbdtTapo Tomov Langhans £xovv vroKaTooTHOEL TV VITOKOYIKY TEPLOYN Kot TNV
nepoyn Tov eAowov. Emiong mopatnpodvior eotiokég €mg Kot dudyvteg TEPLOYES
vékpoong pe M yoplc amocPéotmorn. Alya pévo emBnioedn KOTTOPO KO
YLYOVTOKOTTOPO TEPLEXOLV KPS aptBd pukoPaktnpdimy.

Y& oK LOAVOUEVEG alyeg omaviCOVV Ol EGTIOKEG OALOIMGELS EVM 1) GLYVOTNTA
gnEaviong otyvtov arlowwoswv eivor vynin (Corpa et al., 2000) oe oyéon ue
avtiotoyeg uehéteg oe Lokl poivouéva tpdPata (Perez et al., 1996). H napatipnon
avt| iomg va oyetiletor pe TN O0POPETIKY KavdTTa TV 000 €0®V va eA&yEovv
amotedespotikd ) Aoipwén (Corpa et al., 2000) kot GLUEOVEL PE TPDIUES TAPATNPHOELS
omv EALGSa mov katéder&av v avénpévn evmdbela Tov ary®dv oe oyéon Le o Tpofata
(Xenos et al., 1984).
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1.1.4. Khvikég ekonrOcelg

Me kputfpto TV TPOOSELTIKY €VTAOT] TOV TAPUTNPOVUEVOV GUUTTOUATOV Ol
Whitlock and Buergelt (1996) npdotevay thv ta&ivounon Tmv KMVIKOV EKONADCEDY TG
vooov ota Pooedr), oe Téooepa oTAdW. AvoTuy®MG, OV €xel mMPoTabEl ovAAoy™
TAEVOUNOT TOV KAMVIKOV EKONAMOENMV OTIC aiyeg Kol To TpOPata. XVVOTTIKG, Kol Yo
mv TAnpoéTTO TG Topovciaong, avaeépetar mn mpotabeica ToSvoumon pe TNV
EMPVANEN TNG UN TANPOLS AVTIGTOI(IONG TOV KAWIKOV €KONADCE®V, 10101TEPA OTA
oTadw TPV T0 TEMKO, HeTa&h TV fOOEd®V, TOV TPORATMOV KOl TV OLy®V.

Ytédwo 1. Apavng Aolpwén

Ta {da o010 otddo avtd eivon TpooPefinuéva adrid dev Tapovcslalovy Kavéva
ocvuTop. Apvol kat epipro Kabmg Kot apkeTd veapd eviiika (oo pog TpocPePAnpévng
eEKTPOPNG Ppiokovtal 610 oTAd0 aVTO. ZE AVTO TO 6TAS0, To TposPePAnuéva {da dev
avVLVEDOVTAL OO TIG KAVIKEG, KOTPOVOLOYIKES KOl OPOAOYIKEG SLOYVOOTIKES OOKIUES.
Moévo n koAAiépyso | 1 otomaboroyikn eE€taon mpooPefAnuévov 16To0 iomC va
aviyvevoel eAdyiota TpooPefinuéva {da.

216010 2. YmokAMvikny vOGog

Ta mepiocotepa (da 6t0 0TAS0 ALTO givor evilika. Agv ekdNADOVOLY KAIVIKA
CUUTTOUOTO OAAG UTOPEL VO EYOVV OVIXVEVGIUO OVTICOUOTO 1] CLVNOEGTEPA KLTTOPLKOD
TUTOL OVOGOAOYIKY] AAVTNOY. VVNB®G elval apvNTIKA GTNV KOAMEPYELDL KOTPAV®V oV
KOl PEPIKA EKKPIVOLV TTEPLOOIKA KPS aplBUd HIKPOOPYOVIGU®OV OTA KOTPOva. Xg Eva
wkpo mocootd (15%-25% tov npocPefinuévov (dwv) 1 vOcog pmopel va aviyvevbei 1
HE KOAMEPYEWL KOTPAVOV KOl 16TOV 1 amd TNV ovocoAoYIKn amdvinon (yopkn 1M
KOADTEPO 6€ 0VTO TO 6TAG10 KLTTAPIKT) 1} TEAOC e totomaboloyikn e€€taot. O apBudg
TOV YOV Kol TOV TPORATOV Tov 6Tadiov avtov mov peTafaivouy 610 ETOUEVO GTAd10,
e€aptdror and mAnbog mapaydviwv. o mapddstypa, To puiud amopdkpvveong twv (owv
amod TNV EKTPOPT] AOY® UEIOUEVIC TOPOYMOYIKOTNTOS KOl OVOTOPAYWOYIKNG KOVOTNTOG
nov umopei v opeiletar oty mopagpuuatioon (Johnson-Ifearulundu et al., 2000) i oto
GLVOVAGHO TAPAPLUOTIOGNG Kot AV Ttapayovtov (Chi et al., 2002).

2tadwo 3. Khwvikn| vocog

Ta apywd ocvuntdpato Tov otadiov avtov eivor acoaEr Kot meptlapupdvouvv
ONUOVTIK] TTOCN TNG YOUAGKTOTOPAYMYNG, ENPOTNTO TOL TPLYMOUOTOS KOl GTOOL0KN
anoisw Bapovg moapd TN Swrhpnon ™G opeéng. AkoAovfel M euedvion, oapyikd
dwkeimovcag, dwbppotag. Katd ™ vekpotopkn eEEtaor aveupiokovtol LOKPOGKOTIKES
OAAOIDCEIS ©TO €viePo, WIMG oV TEAKT] pHoipa TOL E€AEOD KOU TO EMLYDOPLOL
Aeppoydyyha. Ta mepiocdtepa {do tov otadiov awtov givor Betikd otV KaAMEpyElo
KOTPAVOV KOl GTIG OLOYVAOOTIKES OOKILES TTOL AVLYVEDOLV YVUIKY] 0VOGOAOYIKT] OTAVTNOT).
Av kot acvvnfeg, {da avtov ToL 6TadioL PTopel Vo TOAVIPOUNGOVY GTO GTASO 2 Kot
va Topapeivouy 6e autd Yoo adlELKPIVIoTO Ypoviko odotnua. O koavovag, Opm, eival n
petdfoon oto endpeEVO 6TAd10.

Ytéd0 4. KAwvikn vocog teAkov otadiov
Xapaxktnpiletar and v emdeivoon 1@V KAvikov copntopdtov. Ta (oa elval
nBapykd, addvopa, kot omoyvacuéva. EpeoviCetor didpeco oidonpa mov ogeileTon
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otV vrompateivaio, koyesio kot évtovn ddppota. 1o otédto avtd o MAP pmopei va
avaPpedel ko vo kadlAiepynOel kot omd dpyava TEPAV TOV EVIEPOL Kol KVPIwSG amd TO
Nrap. Ta {da Tov oTadiov awtod cuVRB®G KataAnyovy 6to Bdvarto.

1.2 Evoayoyn oty Mebodoroyia

1.2.1. Métpnon S vo60v — ALyVOGTIKEG OOKIPUES

H dudyvoon pog vooov yivetal pe tn xpnon €voc 11 GLVOLOGHOD TEPIGCOTEPMV
dayvomoTik®v Kprtnpiov. Avtd pmopei vo gival: 1) 1ig khMvikég exdnimoelg, 2) 1
aviyvevon tov vmrevbuvov TG vooov maboydvov mapdyovio 3) TO OMOTEAECUO
omoVONOTE  GAA®V  SlayVOOTIKOV dokiudv 1 4) m  damiotmwon  oAloIOcE®V
yapoktmplotik®v tg vocov (Thrusfield, 1986). Emeidn o opiopdg avtdg tov
SYVOOTIK®V Kputnpiov ivat amd tnv onTikn yovia evog KMVIKOD KTNVIATPOL 0 OPOG
SYVOOTIKEG SOKIUES OOdIOETAL LOVO OTIG EPYACTNPLUKEG SLOYVOOTIKES SOKIUES.

Epelng, ot £évvoleg dyvomotikd Kpumplo kol OlyveooTiky]  dokiun  Oa
YPNOOTOOVVTOL MG TowTOoTUES. Me Bdon évav yevikd opiopd, dloyveoTikn SoKiun
Oewpeiton KGO ddwacio 1 TEYVIKN TOL €YEl OKOMO Vo aviyveboel tov maboydvo
TOPAYOVTa, TIC KMVIKEG EKONAMGCELS, TIG OAAOUDCELS TMV 10TMV 1| TIC OVOCOAOYIKEG
avtidpaoelg (Gardner, 1995).

O maBoydvog Tapdyovtog, To GOUTTOO, 1| CALOIWGT] TOV IGTMV 1 1 0VOGOAOYIKY)|
avtiopaon elval  peTafAnNT-otodY0C Yoo T doyveootikny dokiur. H petafAnt-otdyoc
umopet va gtvar mototikn 1 mocotikr). H @don avt g dayvootikng dokiung kabopilet
mv KMpoko pétpnone. o mopddetypa, av m OyveooTik] oK givor 1 KAVIKN
e&étaon, o mhovn peETaPANTI-0TOY0G Yoo TNV Topagupatioon givar 1 ddppote. H
duappota ivat ToloTikn PeTafANT Kot 1 KApoko HETPNONG TG Kmopel va £xel Lovo dvo
TIWéS, mapovoia 1 Oyt ddpporoc. Evarlaktikd, m kAipoxo pétpnong pmopet va €xet
dwpaduicels: kabBorov, pétpla ko Evrovn mapovsia dtappotac. To 1010 1oyveL Kot yia T
Opentikn Katdotaon e TpocsPefAnuévng aiyag 1 Tov mpoPdrov. H Bpentikn katdotoon
umopel va givor por akOpo TooTIKn HETAPANTN-0TOYOG TNG KAWVIKNG £EETaomg Otav ExEl
dvo Tpég (kokn M kokn Bpentikn katdotaon) N dwPaduicelg (apiot, TOAD Kakn, KoAR,
HETPLOL Kot Kakh Opentikn Kotdotoon). Avtifeta, yio TIC OpOAOYIKES SOKIUEG, OTMG o
ELISA, 1 petofAnm-otoyoc (m.y. cvykévipmon oviicopdtov koatd tov MAP oto aipo)
€lvoil TOCOTIKY KO EXEL cvveEXN KApaka pHétpnong (m.y. OTTIKY TUKVOTNTA TOV dElyUaTOG,
M, 0pBdtEpa, AOGYOG TNG OMTIKNG TLKVOTNTOG TOL OEILYOTOS TPOG TNV OMTIKY TUKVOTNTA
ToV OgTIKOD papTLPQ).

Ye k@Be mepintwon PBéPara n VO™ ™G S1OYVOOCTIKNG SOKIUNG KOt O GTOYOG TNG
peréng kabopiCovv v kiipaxka pérpnone. o mapdderypa, dtav pog evolapEpeL av o
Coa amekkpivouv 1 Oyt 10 MAP 1 hMpoka pétpnong yo v KOAAEPYELD KOTPAV®OV
umopet va, £yel dvo Tég ((da Betikd 1 apvnTIKA TNV KOAMEPYELL KOTPAVOV). AV oG
evolapépel 0 Pabude amékkpiong, 1 KAipoko pétpnong pmopei vo éxetl dwfobuioeig (pe
Baon tov aplBud TV amotKidv oTnV KOAAEPYEID KOTPAvVmVY To (OO KATOTAGGOVTOL G
aVTG TTOL £XOLV NI, HETPLOL N VIOV OTEKKPIOT] TOV HIKPOOPYAVIGUOD). DPuotkd, Kot
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oT1g 0V0 MEPUTMOOELS, TPOKELTAL Y10l L0, TOLOTIKY UETAPANTIY, TOL UETPA TNV GLYVOTNTA
VOO ONG AVIYVEVOVTOG TOV HKPOOPYOAVIGUO GTO, KOTPOVA.

1.2.2. AvokprTiki] iKovoTTo Kot 0EL0TIOTIO TOV 010y VOGTIKAOV 0KIN®OV

Omnowa ko av eivon 1 kKMpaxko pétpnong mg v A0Y® HeTaPAnNTiG, vrdpyet Eva
€0pog amotelecpdtov yio T dyveoTtikn dokiun. [pokepévon o S10yvmoTiky doKIun
va dywpiler to mpooPefAnuéva and to vym (oo, TPETEL Vo LIAPYEL OLOLPOPA OTN
OLYVOTNTO KATOVOUNG TV TILAV HETOED TV TPooPefAnpévav Kat Tov vyimv (dmv. Oco
peyoAvtepn eivar M Oopopd avTh, TOG0 €lval dLVNTIKA KOADTEPT KOl 1 OLOKPITIKN
KOVOTNTA P0G 010y VOGTIKNG SOKIUNG.

Mo mopdderypo, av 1 cuyxvOTNTO KOTOVOUNG TOV TITAOV OVTICOUATOV Yo pio
v6co oto vym kot oto poAvcopévo (oo elvar onwg @aivetar oty ewova 1.1, o
OPOAOYIKT SLOYVOOTIKT SOKIUT aviyvevons avticoudtov Ba eivol alaviaotn, dedopuévou
OtL dev vmhpyel aAnAokdAioyn peTaEy TV 000 Kotavoumv. Avth elval 1 doviky
nepintoon. Lovnbwg, ot dVo katavoués oAANAOKaAVTTOVTOUL 68 KAmowo PBabud (swdva
1.2). Oco pkpdtepog givar o Babpog oAANAOKAALYNG, TOGO KAADTEPT] EIVOL, EV SUVALLEL,
1 SLOKPITIKY KOVOTNTA TNG SLOYVOOTIKNG OOKIUNG.

Ewévo 1.1. H ocvyvoémmra koatavopng tov TitAov oviicopdtov yio to vy (Aevkn
neployn) Ko ta mpocsPePfAnuéva (da (oxloouévn Teployn). X avTh TNV TEPINTOOT, M
SLKPITIKY IKAvOTNTO, HOG SyVOOTIKNG doKUNG mov Paciletal oty aviyvevorn tov
AVTICOUATOV €ivor 1 PEYIOTN, o@OV dgv VIAPYEL OAANAOKAALYT HETAEDL T®V OVO
KOTOVOLLMV.

ZuygvaThT
TrapaTApnaTg

TitAog avmoopdTony

z

Kpimpo arpzio Sidkpiorg
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Ewévo 1.2. H ocvyvomta KoTovopng tov TITAOL oVIICOUAT®OV Yo, To. vy (Aevky
neployn) Ko ta porvopéva {oa (éviova oklacpévn meployn). H dakprtiky wkavotnto
oG OloyvemoTikng 0oKIUNG mov PacileTor oTnVv aviyveuon TV ovIICOUATOV ival
pKkpotepn omd Vv mepimtoon ¢ ewovog 1.1, apod ot Vo  Katavoupég
aAAnokaAvTTOVTOL (EAAPPDOG OKIOGHEVT TEPLOYN) O KATO10 BaOUO.

ZUwaTH T
TapaTAPNETS

TITADS CwTITWpGETWY

Mia Sayvwotikn dokiun a&loloyeitar cuvnbmg e Baon v a&lomotia (validity)
Kot v okpifed (accuracy) mc. Xt Piproypagio vapyel EVIovn acaEELd Kot cOyYLon
®G TPOG TN XPNON TO®V dVO EVVOIDV TOL GLYVA Bempovvtat espaipéva Tavtdonues. Eivon
OH®G capdc dStakpltég €vvoleg mov opilovtan amd tovg Toma et al. (1999) omoc
aKOAOVOmG avapépetat. Xtnv eikova 1.3 avomapiotdvtol ot 600 EVVOoleg OYTUATIKA.

H o&omotia eivor o Pobpog ovupoviag petad Tov amoteAéouatog g
SWYVOOTIKNG OOKIUNG Kol TG mpoypotikng tune. H adomotia eoptdtor amd to
oLOTNOTIKO 6PaApa. Otov To amoTeAEoUATO TOV ETAVOAAUPAVOLEVOV HETPNOEDV EVOG
OelYHOTOC OEV KATOVELOVTOL OHOLOHOPPO YOP® OTO TNV TPAYHOTIKY] TN, TO COAALQ
etvat ovotnuatikd. Oco mEPIGGOTEPO 1] AYOTEPO AMEXEL TO GLOCTNUATIKO GOAAL OO TNV
TPAYUATIKN TN, TOCO KPOTEPN N UEYOAVTEPY, ovTioToryo, €ivar M alomotio g
dayvmotikng dokung (ewova 1.3).

H oxpifeia (covovoun évvola eivar 1 emavolnyipudtta) ivar pétpo g
wKovoTTaG TG OlyVOOTIKAG  OoKung vo  divel 0w amoteléopata o€
emavorapPoavopeveg petpnoelg oto oo detypa. Ilpdketton yoo éva pétpo tov TLYOIOL
o@dApatog. Otav o amoTeEAECHATA TOV ETOVOLAUPAVOLEVOV HETPNCEMV EVOC dElYLLOTOG
KOTOVELOVTOL OUOIOHOPPO YUP® OO TNV TPOYLUOTIKY TN Kol 1 O1oTopd Tovg eivol
wkpn (neydin), n axpifela g Stoyvootikng dokiung eivor peydn (uucpn) (swova 1.3).
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Ewova 1.3. H o&omotic kor m axpifeio piog Ooyvootikng SoKng, mn onoio
ameoVILETAl G 1 GKOTEVTIKY KAVOTNTO EVOG OKOTEVTH G€ EMUVOAUUPOVOLEVEG POAEC
(tpomomomuévo and Thrusfield, (1986)).

AZIONIZTIA

YynAr Xapnan

YynAn

AKPIBEIA

1.2.3. A&omoTia 10 yVOOTIKOV S0KIUAV

H a&lomotio pog dwyvootikng dokiung egaptdtot omd v kavodttd g va
LETPNOEL OCOOTA OVTO TOL TPEMEL VO PETPE, Ywpic va emmpedletal ond GLOTNUATIKA
opdipato. Otav 1 pétpnon UG OlyVOOTIKNG OOKIUNG YXPNOLOTOLEiTal Yoo TNV
gpunveioc. tov anoteléopatoc g Oetikod N apvnTikod (wy. M Oetikn KoAMEpyELQ
Kompavev epunvedetor og anékkpon MAP kot évdeiEn mpooPoing tov {mov amd
napaupatioon | oy o avtifetn nepintwon), n aélomotio TG ekTindTon pe Paon
dyvootiky evaisncio (Ev) ko ewdwomra (E) (1.2.6). v kmvwotpiky, 6mov to
OTOTEAECLATO TOV TEPIGCOTEPMY OAYVOOTIKOV OOKILMY GLVNOME KT YOPLOTO00VTOL
oe Betikd N apvnTikd pe faon po cvykekpuévn T, n Ev ko n Ev ypnowomolovvrat
EVPEMC OC HETPAL TNG AEI0MIOTIOG TOV O0YVOOTIKAOV dOKIUMDV.

1.2.4. Awyvorotikn gvaisOncio kKot e101KOTNTA.

H Ev pog dtyvootikng dokiung gival 11 mhovotnto mov €Yel Vo KATOTAEEL MG
Betikd o mpooPefinuéva {oa. H El puog dtayvootikng soxiung ivor 1 mhoavotnra mov
&yel va Kotataéel mg apvnrikd ta vy {oa (Thrusfield, 1986).

‘Eotow 011 po doyvootikny 00K  Kototdooel kdmown (oo mov  elval
npooPefAnuéva, opbd w¢g Betikd (o), kot Kamol dAla, ec@OAUEVA ©¢ apvnTikd ().
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Avtietoiymg, opfd Kototdooel Kamola vy (da ¢ apvnTiKa (8) Kot EQaANEVE KAToLo
¢ Oetikd (B). Ta téooepa avtd mbovd anoteléopata eaivovtat otov [Tivaka 1.1.

Mivaxog 1.1. Koatdtoén tov Oetikdv Kot apvnTiKOV omOTEAECUATOV U0 OLOLYVOOTIKNG
JOKIUNG GE€ GYECN LE TNV TPAYUOTIKT KOTOAVOUTN TV TPOSPEPANUEVOV Kot vY1dV (OmV.

[MpooPepinuéva  Yym (oa >Hvoro

Coa
ATOTELEG O O1ALYVAOGTIKTG OOKIUNG
+ a B a+p
- Y ) y+d
>Hvoro oty B+d a+p+y+o

Me Bdon v xatdtaén tov Ilivoka 1.1, n Ev kou 1 Et g Soayveootikng doxkiung
vroAoyifovion m¢:
a

Ev = (1.1)
a+y

Ko

E:= o (1.2)
p+0

KOl TO TPOYUATIKO TOG06TO TPOGPoANg (g mpaypatikd 10606t TpocPfoing opiletal To
TOC0GTO TV TPOSPEPANUEVOV 0mtd GLYKEKPIUEVT VOGO (DY 6ToV TANOLGUO, 1], OAAMDG,
N mlavotnTa éva Tuyaio emheypévo (Mo amd Tov TANBLGUO VO £YEL TN CLYKEKPLULEVN
vooo) () wg:

at+y

1l =——-—
a+p+y+0

(1.3)

EVD TO PALVOUEVIKO TOGOGTO TPOocPoing (mg pavouevikd T1060oT0 TPocoing opiletan
T0 T0G00TO TV {D®V TOL KATATAGGOVTAL OC TPOSPEPANUEVE amd [ SLOYVOOTIKN
dokyn, M, oAlmg, M mhavotnTa éva tuyaio emieypévo {do amd tov mAnBuoud va
Katatayel g 0TIk o8 o S0y VOGO TIKN SOKIUN Yo o, cvyKeKpLpévn voco) (OIIIT), mov
vroAoyileton pe faomn to amoTeEAESHATA TG SOy VOOTIKNG OOKLUNG, MG

omn-— %8 (1.4)
a+p+y+0

H Ev ka1t Et d10yveoTikdv SoKI®Y oL TOipVOLV GUVEXELG TIUES, OTTMG T.Y. Mol
oporoyikn ook ELISA ywo ™ owyvoon g mopa@uuotioons Tov oiydv Kot
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npoPatwv, e£apTdTor 0QeVOg Amd TNV KOTAVOUN TOV TGV TNG UETAPANTAG 6TdY0G oTA
nmpocsPefAnuévo Ko vy (o Kol aQETEPOL amd TNV EMAOYN TOL Kpioiuov onueiov
ddxpiong (kod). [Tpopavmg, 6tav dev vdpyel CAANAOKAADYN TOV KATAVOU®DV TOV TULDV
HETOED TOV VYOV Kot TposPBefAnuévov Cowv ival ouTovontn 1 EMA0YN €VOE KGO TOL
Staywpiler TANpmg TIg dVO KaTavoprES Kot emopévas amodidel Ev kot Er 100% (swova
1.1). Ortav dung, 6mwe cvvibmg, vrdpyel kdmolog Padudc oAiniokaivyng v 600
katavop®mv 1 Ev kot 1 Et ¢ S10yveotikig doKIUNG cuvoEovtal avTioTpOP®s avaAoyo.
KOl 01 TIEG TOVG eE0PTAOVTOL AO TNV EMAOYT Kod. XNV ekova 1.4, petaxivnon tov k6o
a6 aplotepd Tpog ta 6e&1d (amod z1, og 22 kan z23) avédver Tnv Et kot pewdverl tyv Ev.

Ewoévo 1.4. H ocvyvoétnta kotovoung tov Tithov oviiooudtov ywo. to. vy (Aevky
neployn) kot to. TpocsPePfinuéva (oo (oxacpuévn mepoyn). Ta z1, 22, z3 avtictoryovv
og vrobeTikd kpiowa onueio diakpiong (kod). MetatdmIon Tov KGO amd aploTEPA TPOC
T 5e&1d €yl oav amotédespa v avénon g Et kot ™ peiwon g Ev.

EUywaTHT
TTapaTAENaTS

T iy o

TiTADG OV TITUETIY

Hpimp arpeio
Ak QTG

INa tov vroroyiopd g Ev ko g Et givar mpodmdBeon n ex tov mpotépmv
YVOON TG Katavoung tov mpooPefAnuévov (aty) kot tov vyiov (B+d) (dov otov
TANbvopo (atP+y+3d). Tuyvd, 6tav ovty deV LIAPYEL, YPNOOTOLOVVTIOL Ol KOTOVOUESG
OV TPOKVTTOLV OO TO AMOTEAECUOTO LIAG OLYVAOOTIKNG OOKIUNG avAPOpAg Tov, GUYVE
AovBaopéva, Bempeitar ahavBaotn (0Tt €xel, dnAadn, tékein Ev kot E) evd dgv eivon
(Enoe et al., 2000; Greiner and Gardner, 2000). Edav ta o@dApoto g StoyVOGTIKNG
dokyng avagopdg eivat yvootd, n Ev kot 1 Ev g véag dtayvootikng dokiung pmopovv
vo vmoloyiotovv yopic oedaipo  (Gart and Buck, 1966; Staquet et al., 1981),
oLVOLALOVTOG TO ATOTEAEGHOTA TV 600 dloyvooTik®v dokipmv (TTivakag 1.2).
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Mivaxog 1.2. Ot cvvdvacpoi (o, B, vy kot 8) TV OeTikd®V KOl TOV OPVNTIKOV
OTOTEAECUATMOV TNG SLOYVMOOTIKNG OOKIUNG aVAPOPAS Kol TG VENS 10y VMOOTIKNG OOKIUNG,
LETA TNV TALTOHYPOVY EPAPLLOYY| TOVG GE £vay TANOLGHO Vv {D®V.

AlryvooTikn dOKIUT avapopis

+ -
Néa dwyvootikny dokiun + o B n=a+p
Néa d1yveooTIKn doKIun - Y ) 0=y+o
e=a+y {=p+o v=a+B+y+0

Av Ev, ko Eg,,, givon n Ev kou  Et g dayveotikig dokiung avaeopis, n
goaoOnoio ( Evz ) ko n ewwomrta ( Egg ) ™mg véog SyveoTikng SOKIUNG
vroAoyilovtot og:

E: -
Evz = e — (1.5
V(Elam¢ -D+e
Ko
v, . —
Eiy, = e —7 (1.6)
VE Opvap — €
KOl TO TPAYUATIKO 1060010 TpocBoAing (IIIIT) wg:
V(Elam¢ -D+e
TIITIT = (1.7)
V(El)ava¢ +E1,,, -1)

Ot tomor (1.5)-(1.7) woydovy povo yio vad cuvOnKn avedpTnTeg SoyVOOTIKEG
dokyéc. O 6pog «vomd cvvOnkm aveEaptnoio», onuoaivel Twg vrdpyel avesaptnoio VIO
TN cLVONKN TG 10Y(00G HOG CLYKEKPIUEVIG KATAGTOONG, €V TPOKEUEV®, TNG VYElOG 1 Un
tov (Oov. Otav o1 dtyveoTtikég doKIHES etvat vtd cuvOnkm avegaptntec, n Ev g piog
dev e€aptdror amd o av o amoteléopata TG GAANG sivor Betikd 1 apvnTikd otov 1610
mAnBoopod tposPepfinuévav (dov (Gardner et al., 2000). Avtictorya, opiletan kot 1 vd
ouvOnkn aveCapoio yo v E1 800 S10yveoTiKdV SoKIUdY o€ Evav TANOLGHO VYLDV
(oov. To mopadetypa, av pa dwyvootik dokwun pe Ev (), avtiotorya, Ei) 90%
epapuootel og 100 mpooPefinuéva (1 vym) Coa, 10 {da ar' avtd ovapévovue va
Katatayohv ecQOAUEVA O apvnTikd (N OeTikd). Av pio dg0TePT SLYVOOTIKY SOKIUN LE
Ev (1 Ey) 80% «atatd&er opba 8 an' avtd ta 10 {da og nposPefinuéva (1 vyrm), ot dHo
aVTEG OYVOOTIKEG O0KIUEG Bempovvion vTd cuvOnkn aveapmreg petald Tovg oToV
TAnOuopd tov TpocPefinuévov (R vyiov) (dov. Anladn, To OTOTEAEGHOTO TNG MI0G
SYVOOTIKNG dOKIUNG 0€ pag otvouv kapion TAnpogopia yio 10 TOUVO AmOTEAEGUA TNG
GAMNG dyvootikng dokung otov TAnfuopd tov mpoofefAnuévav (1 vywwv) (oov
(Gardner et al., 2000; Enoe et al., 2000; Toft et al., 2005). Y6 cuvOnkn eEdptnon 600
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AYVOOTIK®OV S0KI®V vEapyet, otov 1 Ev (1 Ey) ¢ wog dtoyvootikig dokiung givat
dapopetikn avdueoa ota mpocsPePfinuéva (1 vyn) (da mov givar Betikd (| apvnTiKd)
oV GAAN SyVOGTIKY OOKIUN KOl G€ EKEVA T 0ol 1) AAAN O10yVOGTIKY doKIun £XEl
eoQaApéva Kototaéel og apvntikd (| Ostikd) (Gardner et al., 2000; Enoe et al., 2001;
Georgiadis et al., 2003; Toft et al., 2005). AnAad1|, Ge GLVEYEIDL TOV TPOTYOVUEVOL
TOPAOELYILATOG, OV 1) dEVTEPT O1AYVOGTIKY| doKIu Katatdéel opBa povo 2 and ta 10 {oa,
©¢ mpocPefAnuéva (R vym), ot 600 aVTEG dayvmoTiKEG doKIUEG eppavilovv eEdptnon,
Kot poAoto BETIKN, TOV OTOTEAEGUATOV TOVG 6TOV TANBVGHO TV TposPefinuévov (M
vyiov) (oov. Ev oAlyoig, n mbavotnta vo kavovv poali Adbog otov 1610 mAnbvoud
npocPefinuévov (1 vy1dV) (OoV givol HeyoldTEPT 0Id CLTH OV OPEIAETAL GE TUYAIOVG
TOPAYOVTEG.

Avotoymg, OUMS, M €K TOV TPOTEP®V YVAOON TMOV KOTOVOUDV VYOV Kol
npooPefinuévov {dov 1 1 Omapén SyVOCTIKOV OSOKIUMV ovaQOpPas HE YVOOTN
a&omiotio omavimg vapyet. Mébodot extiunong g Ev kat g Et mov dev amattovv v
€K TOV TPOTEP®V YVAOOT] TOV KOTAVOU®MY VYOV Kot TposPefinuévav (Oov amoteAovv
po eEopeTikn eVOAAAKTIKY] emhoyn. Ot péBodot avtoi, mov meptypdpovtal deodikd o
oLVEYELD, ElVaL YVOOTEG G LOVTELD AoVOAVOLGOG KATAGTOONG.

1.2.5. Movtéha AavBavovsag kataotaong (Latent-class models).

To povtéha AavBdvovooc koatdotaong apykd Bempovv dyvooto av kdbe (do
etvar mpooPePfinuévo N vYKEG, mopd TO OTL 1 TPAYUOTIKA TOL Kotdotaor eivol
ovyKekplévn ko dgdopévn. I'ia o Adyo avtd ypnoomoteital Kot o 6poc AavBavovca
KATAOTOO: KOTAGTOON OV TO, LOVTELD anTd Bempohv dyvmotn aAld glvat vVIOPKT Kot
oLYKeKPLLEVN Yo KéBe Cmo.

H extipnon g Ev ko g Et pe m gprion avtodv tov poviédov tpotmobétel tnv
TOVTOYPOVY €QapUoY] 000 1M TEPIOCOTEP®V  OlOYVOOTIKOV JOKIU®V o€ €vav M
TEPLECOTEPOVS TANOVGHOVG (DO®V HE SPOPETIKO TTPAYUATIKO T0G0G6TO TposPorng. Ot
Hui and Walter (1980) extiunocoav v Ev kot v Et 600 vad cuvOnkn aveEaptntov
SYVOOTIK®V SOKIUMV, LETE aTd TNV TOVTOYPOVN EPAPLOYT TOVG GE ATOLO TPOEPYOUEVHL
and 0Vo TANOLGLOVE pE SLOPOPETIKO TPAYUATIKO TOGOGTO TPOGPOANG. Apydtepa, ot
Walter and Irwig  (1988) mepiéypayov eKTEVOG TV EQAPUOYT] TOV HOVTEL®V
AavBdvovcag Katdotoong Kot o€ GAAES cLUVONKEG, OTMG Y10 TAPASELY IO GTNV TEPITTMOON
evog TANBvopHoD Kot TPV SayvmoTtikdv dokiumv. ITIpdoeata, or Enoe et al. (2001),
epappoocay v mapomave pebodoroyior yioo TNV extiunom g evaucnociog kot g
E01KOTNTOG OVO OOYVIOOTIKAOV dOKIUDV GE TEPLOCCOTEPOVS ATO VO TANBVGLOVG.

To mpdétvmo povtéro tov Hui and Walter xoBd¢ kol ta petoyevéotepo Kot
TOPEUPEPT] LOVTELDL £XOVV EPaPIOOTEL TN otatioTikh Epguva (Vacek, 1985; Walter and
Irwig, 1988; Johnson et al., 2001) ka1 otnv wtpkny (Walter et al., 1991; de Bock et al.,
1994; Mahoney et al.,, 1998; Rybicki et al., 1998). Evtovtolg, televtaio pdvo
ypnoonomdnkov otny kmviotpikn (Agger et al., 1997; Enoe et al., 1997; Georgiadis et
al., 1998; 2003; Enoe et al., 2000; 2001; Branscum et al., 2005).

H pebodoroyia emilvong tov poviéhwv AavBdvovcag kotdotacng otnpiletal
otV &&leopponnon HeTaEd TV SBECIUOV KOl TOV OTOTOVUEVOV TANPOPOPLOV, 1|
oAM®g, Tov Pabudv elevbeplag pe Tov aplBpd TOV TPOG EKTIUNGN TOPAUETPOV.
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Awbéoeg mAnpopopieg eival ol GLVOVAGHOL TOV OTOTEAEGUATOV TOV Ol0YVOOTIKOV
dokiudv e KaBe mAnbvopd. Ot mpog extipnon mapdueTpotl givar ot Ev ko ov Et tov
SYVOGTIK®V OOKLUADV KOl TO TPAYUATIKO TOG0GTO TPOSPOoANg og kKdbe TAnBuouo.

1.2.5.1. To mpéromo poviédo v Hui and Walter (1980)

H gpappoyn 800 doyveosTiK®V S0KIUOV Y10 TOV EVTOTICUO TOV {3100 VOOT|LLOTOG
ota (oo evog TAnBueprov pog divel Téooepig THUvOLS GVVOVACHOVS OTOTEAECUATMOV TOL
oLVOTTIKG Tapovstalovtot otov mivako 1.3.

Mivaxog 1.3. Ot cvvdvacpol (o,B,y Kot 8) TV BETIKOV Kol apVNTIKOV OTOTEAECUATOV
00 SYVOOTIKOV OOKIUMV UETE TNV TALTOYPOVN EPAPLOYN TOLG GE Evav TANOBLGUO v

Lowv.
Awryvootiky dokiun 1
+ -
AwryvooTtikn dokiun 2 + o B n=o+p
- Y o 0=y+o
e=aty {=p+o v=a+B+y+0

Ot mpog extiunon mopdpetpor eivarl mévie. H Ev ko n Ev g xdBe dtoryvmotikng
SOKIUNG Kol TO TPAYUATIKO TOGOGTO TPOGPoAng otov mAnfucud. ‘Evag 2y2 wivaxag, 6mmg
o0 1.3, pog divet, opmc, povo 3 Pabuovg ehevbepiog, emedn, 6Tav €ival YvOoTO TO V Kot Ol
TIWES TPUOV OTOLOVONTOTE KEMMDV, UTOPEL VAL VITOAOYIGTEL 1| TN TOL TETOPTOL KEAOV.
Emopévmg dev givarl duvatdc 0 Tpocsdlopiopods TOV ayVOGTOV TOPAUETPOV.

Ot Hui and Walter (1980) epdppocav 600 S10yvOOTIKEG SOKIUEG TOVTOYPOVE. GE
dropa dvo TANBLoUDV pE OOPOPETIKO TPAYHATIKO TOC0GTO TPocPoAng. Me tov tpomo
avtd oympatiotkay dvo 22 mivakesg, évag Yo kdbe TANBuopd, Tov £6GaV GUVOAMKA
€€ Pabpote ehevbepiag (IMivaxag 1.4). 'E&L ftav eniong kot ot TPOG EKTIUNON TOPAUETPOL
(m Ev kot Et g ka0g d1ayvmoTtikng SOKIUNAG KOl TO TPUYUATIKO TOGO0TO TPOGPOANG o€
KGOe TAnOvoud) ioeg, dnAadn, ue tov apduod tov Pabumv ekevbepiag kot emopévmg nTov
duvartn N EKTIUNGN TOVG.

MMivakag 1.4. Ot cvvovoopol TV OeTIKOV KOl OPVNTIKOV OTOTEAEGUATOV OVO
SLLYVOOTIK®V OOKIU®Y HETA TNV TOVTOYPOVT] EPUPUOYT| TOVS 6T dTopo 0VO TANBVC UGV
LE SLOPOPETIKO TPAYLLATIKO TOGOGTO TPOGPOANS.

[Tinbvopog 1

Awryvootikn dokiun 1

+
Awyvootikf Soxip; 2+ oy B1 M=oy +P1
- Y1 d1 01=y1+d1
g1=ar+y1 C1=P1t+61 V1
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[TnBvopog 2

Awryvootikn dokiun 1

+
Awryvootikh Soxuun 2 + 0 B2 N2=az+P2
- Y2 02 02=y2+6>
£2=0+Y2 Co=P2+d2 \Z

O1 extipnoelg peyiotg mbavopdvelog mov £dmwaooav ot Hui and Walter (1980) ya
v Ev kot v Et tov §00 J10yvooTIK®V SOKIU®V KOl Yo TO, TPUYUOTIKO TOGOCTA
TPOGROANG T®V dVO TANOLGUOV NTAV:

3 (me, —em)lviv, +a, v, —a v, + D

E 1.8
“ 2, 1v, —g 1) (9
Eo. = (m,6, —e,m)viv, +a, v, —a v, + D (1.9)
? 2017, vy =y 1vy)
Ellz(4,102_914/2)/‘/1‘/2+51/V1_52/V2+CD (1.10)
2(e, v, — g, 1v))
Es, = (£20, —6,01) I viv, +6,1vi =6, v, + D (1.12)
2(n7, vy =yl vy)
ﬁl 20.5_{(771 Iv)elvi—glv,)+ e v)mlvi-n1v,)+a,lv,—a /Vl} (1.12)
20
IA—Iz 20.5_{(772 Ivo)e vy =&, 1)) + (& Vo) Ivi—m, [ vy) +a, 1 v, _allvl} (1.13)
20
pe @:
, 05
CD=i[(ng — 17,6, _I_ﬁ_ﬁJ 4[&@][%}} (1.14)
V.V, v, v, v, v, V.V,

o6mov Evi, Eu, Evy, Eiz 1 Ev kou n Et tov dayvootikov doxkypomv 1 ko 2, ko I3, I, 10
TPAYUOTIKO T0G06TO TPOGPoANG otov TAnduoud 1 kat 2, avtictoya.
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Ot dv0 mAnBvopol eivar amoAVT®G omapaitnTol Yoo TV €EICGOPPOTNON TWV
Babuov erevbepiog pe TG mpog ektipumon moapapétpovs. H mpoohnkn mepiocodTepmv
mAinBvopadv avédvel toug Pabuotg elevbepiag kot PeAtioTomolel TIG EKTYUNGES TOV
povtédov (Enoe et al., 2000; Toft et al., 2005). [Ipécpata, TEPLYPAPTNKOV HOVTELD TOL
extipovv v Ev kot v Et 600 doyveooTik®v SoKIU®OY HETE TNV TOVTOYPOVN EQPUPLOYT
TOVG 0€ MePLocdTEPOLG Ao dvo mAnBvouovg (Enoe et al., 2001; Nielsen et al., 2002c;
Kepdiaio 2).

1.2.5.2.Tevikn dour) twv dedousvamv ota povieio AavBavovoaos KoTaoTtoons

INo xdBe TAnBoopo i (i=1,2,....n), o apBuodg TV Tapotnpioe®v o, Pi, i, i, yio
Ka0e GLVOLOGUO OMOTEAECUATOV TV OVO JYVOCTIKOV OOKIU®V Tov mivaka 1.4,
TPOKVTTEL ad TNV KATA UEPN GOPOIoT) TV OVTIGTOY®MY TOPATNPNCEMY GTO LY Kot
npooPepnuéva (oa. H xotavopn towv mopatnpfioemv avtdv givoar pn opatn 1
AavOdavovoa (ITivaka 1.5).

Mivoxag 1.5. Ov AovOavovieg (un opatoi) cuvvdvacuoi TV omotelecpdtmv 600
dayvootik®v dokiumv oto vy (H) ko tposPepinuéva Coa (D) kabe minboucpod i.

Yy (oo
Awryvootikn doxyun 1
(+) Q)
Awyvootich] Soxipf 2 () opi Bi
() hi OHi
[IpooPepfinuéva (oa
Awryvootikn dokiun 1
(+) Q)
Awyvootikn dokiun 2 (+)  api Boi
(-)  voi Opi

Ot oavtiotoyeg mBavotteg eUeAviong tov ocvvovacudv tov Ilivaka 1.5
exppacpéveg oe oyxéon pe v Ev kot mv Er tov 600 d10yvooTtikdv SoKI®Y Kot TO
npaypotikd mocootd mpoofoing (Evsy, Evy, Eu, Ew ko IT;, avtictoya) gaivoviolr otov
nivaxa 1.6.
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Iivaxag 1.6. O1 mBavotteg mapatnpnong tov Aavlavoviov dedopévov Tov mivaxka 1.5
og KB TANOBLouO |.

Yym Coa
Awryvootikn dokiun 1
(+) Q)
Awyvootikn dokyun 2 (+)  (1-11)*(1-Eu)*(1-Ev) (1-T5)*(1-Eu)*Ex,
()  (@@-IH)*Eu*(1-Evw) (1-T)*Eu*Ew,
[TposPefinuéva oo
Awryvootikn doxuyun 1
(+) )
Awyvootikny dokyn 2 (+)  IT;*Evi*Ev, [T;i*Ev1*(1-Evy)
() IIi* (1-Ev1)*Ev2 ITi* (1-Ev1)*(1-Evy)

Epgavn og kd0e mAinboopod i givar 1o dedopéva Tov TPOoKOITTOLY amd THY KoTd
puépn  abpoion tov dedopévev tov mivake 1.5. Opolwg, mpoxvmTOLV KOU Ol
TapATNPOVUEVEG TOAVOTNTES ELPAVIONG, TTOV Yo KGOe TANBVGUO | gival dnw¢ paivovtal
otov mivoka 1.7

IMivaxog 1.7. Ot mBavoTTEG TOPATAPNONG TOV GLVIVAGUDV TOV OTOTELEGUATMOV dVO
SAYVOOTIK®OV SOKIU®V € KaOe TANOvouo .

[MnBvopog i
Awryvootikn doxuun 1
(+) )
Awryvootikn dokiun 2 (+) ITiEv Evo+(1- IT; ) (1- IT; Evy(1-Evp)+(1- IT; )(1-
Eu)(1-Ev) Eu)Ew
(-) 1I; (1-E1)1)E1)2+(1- 1I; (1-ED1)(1-E1)2)+(1-
Hi )Ell(l-Elz) Hi )EllElz

Ot extypnoeg g Ev kot g Et tov dwyvootikov dokipuomv kobmg Kot tov
TPOYUOTIKOD 70600100 TPooPornc oe kdbe mAnbvuopd 1 ompiloviar &ite otig
napaTnpovpeves mbavotnteg tov mivaka 1.7 eite otig mbavotnteg twv AavOavoviov
dedopévov tov mivaka 1.6. H emhoyn e&aptdton omd ) pebodoroyio exilvong (ueyiomg
mbavopavelog N katd Bayes) kat tov akyopiOpo 1 1o derypatoAmn (Tpokeévon yio
™ puebodoroyia ektiunong katd Bayes) mov Oa ypnoipomomei.
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1.2.6. IIpovmoBoers yro. TNV EQUPUROYN TOV HOVTEL®V ALaVOEVOVGOS KOTAGTUONS

Mo mv ypnon tov poviéAov Aavidvovcoc Katdotaong TPETEL Vo, 1GYVOVV Ol
axorlovbeg mpovmobioers:
1. To mpaypotikd mocootd Tposfoing petabd twv TANOVGUAOV Vo SLOPEPEL.
2. H Ev kot n Et ¢ kd0e d10yvooTIKNG dOKIUNG Vo Uy doeépet PHetalld twv
TANOLGUOV.
3. Ta amoteléopata TV S0YVOOSTIKOV dOKIU®V va givatl vtd cuvOnkmn ave&aptnto
HETOED TOLG 1| 0TV LILdpyEL EEGPTNON aLTH Vo AopPaveTor VITOYT).
H woy0g tov npodmobécemv avtdv mpénet va depeuvdtol Tpwv Tn ¥pnon Tov
HOVTEL®V pE TIC HeBBOOVE TOV TTEPTYPAPOVTOL AVOALTIKAE 0kOAOVOWG.

1.2.6.1. IlpoimdBeson S O100OPLS OTO TPAYUOTIKO TOGOGTO TPOGHOINS UeTald TV
TAnQoouwv

Otav dev 1oyveL | TpoimdBeon ¢ O10PoPAg GTO TPAYUOUTIKO TOGOGTO
TPOGPOANG HETAED TV TANBVGUOV, Ol dVO 1) TEPIGGOTEPOL TANBLGLOT Eivat 6TV ovGia
&vag 1 AyoTepOL amd TOLG APYIKA VITOTEDEVTEG e ATOTEAEGILA VO LEL®VOVTOL Ot Babpol
erevBepiag Tov povtédov. I't avtd 1 emioyn TV TAnBvou®V Tpénet va eEacparilel To
SLUPOPETIKO TPAYUATIKO TOGO0TO TPOSPoAn ¢ o€ KaOe mAnBuoud. Tavtdypova n emhoyn
npénel vo, otNpileTon og Evay mapayovTo Tov 0gV OAANAETIOPE e KATOol 1] KATOLES Omd
TIC O1OYVOGTIKEG OOKIUES £TOL OOTE Vo unv apafraleton 1 tpodmoddeon g dpotog Ev
kot Et peta&d tov mAnbvoudv (Enoe et al., 2000; Gardner et al., 2000; Nielsen et al.,
2002c; Toft et al., 2005). T'o Topadetypa, T0 TPAYUATIKO TOG0GTO TPOSPOANG 0d TV
mapaeupatioon iomg va gival dtapopetikd petadd (dmwv nAkiog peyoaddtepng Kot
rkpdtepng Tov 2 etv. To 1d10, Ouwc, Thavadg woyvet kat yo v Ev kot v Ev tov
S yvooTIK®OV dokiudv. Emopévmg, 1 emdoyn tov minfuspumv pe Baon v niio 0o
Nrav ot GVYKeKPIEVN mepintwon AdBog. Kpiripila emhoyng ainfucudv mov givat pn
Broroyukol mapdyovies, OT®G S1LPOPETIKE KOTAdIO 1) TEPLOYES LETAED T™V OTOi®V eV
VILApYEL KAVELG TPoPavng AOYog TtapaBiaong g cuvOnkng g dpotog Ev ko Ev evad
gtvar mBavo to mpaypoTikd m0600td Tpocfoing va dwupépet (Enoe et al., 2000; 2001;
Nielsen et al., 2002c; Toft et al., 2005), cuv0w¢ TpoTiudVTOL.

Ooco peyaidrepn ivat n d1popd LeTall TV TPAYLOTIKOV TOGOGTAOV TPOGLOANG
TOV TANOLVGUOV TOGO HIKPOTEPT EIVOL 1) STUKVUOVOT] TOV EKTIHOVUEVOV TOPAUETPOV
(Enoe et al., 2000; Toft et al., 2005). To képdog avtd otV aKPiPELD. TOV EKTIUNCEWY, GE
OPIOUEVES EIOIKEG TTEPITTACELG, EMOPE OPVNTIKA TNV oYL TG TpoimdOeonc tng dpotag
Ev kot Ev peta&d tov minbuopmv, 6mmg yio Tapddetypo oty mepintmon ypovimv
VOO UAT®V. TNV Tapa@LUaTioon, Yo mopadetypa, N Ev 1ov s1ayvootikdv oKy
eaivetan 6Tt e€apTdtan amd TV Katavour Tov KAViKov otadiov e vocou (Ridge et al.,
1991; Sockett et al.,1992; Collins and Sockett, 1993; Sergeant et al., 2003) kot Twg
POPES 6TO TPAYUATIKO TOGOGTO TPOSPoAng cuvnBme cuoyeTilovTol Le doPOPETIKN
KOTOVOUN TOV KAMVIK®OV 6Tadl0V TS VOoOoU. A0YIKA, AOUTOV, 01 HEYUAES SLOPOPES TV
TPAYULOTIKOV TOGOCTMOV TPOGPOoANg pumopetl va cuoyetiCovia pe dtapopés otnv Ev tov
dyvootikov dokuav (Greiner and Gardner, 2000; Brenner and Gefeller, 1997). X¢
Kk&Oe mepintmon 1 1oy0¢ g TpovmdOeong ¢ opotag Ev kot Ev mpémet va eAéyyeton
OTMG TEPLYPAPETOL GTT) GUVEXELO.
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1.2.7.2. IlpoindBeon tns ouotag Ev kou Etr uetald twv minbooudv

H 1oy0¢ g mpodmdbeonc avtg dacearilel 0Tt n mpocsOnkn kdbe emmiéov
mAnfvopod wpochitel Tpelg emmAéov Pabduovg elevbepiog Kot évav povo ayveoto (to
TPOYUOTIKO TT0600TO TPOoSPoAing tov véov mAnbuvouov) aeod n Ev kot 1 Et kdbe
SyveOGTIKNG doKuNG givat idta avapesa otovg TAnbvopovg (Enoe et al., 2000; Johnson
et al., 2001; Toft et al., 2005). Atapopetikd, | TpocOnKn evoc emmAéov TAnOvouov Oa
npocébete tpelg emumAéov Pabuodc elevbeplag Kol TEPIGGATEPEG TNG HIOG VEES
TOPOUETPOVS TTPOG EKTIUNOT).

o ™ dwepedvnon g vmodbeong g otabepng Ev kar Eu €yl mpotabel
Eeywprot avdivon yia KaBe tAnBououd. Av ot ektypunoelg oe Kabe TAnBuoud ywpiotd
dev dopEPOVY GNUAVTIKE PETAED TOVG KOl UE TIG EKTIUNCELS A TNV AVAALGT OA®MV TOV
mAnfvoudv n tpoimdbeon avtn oyvel (Georgiadis et al., 2003). H cvykpion avty eivor
EQPIKTN HOVO pe 1t xpnon pebodoroyiag emihvong katd Bayes (1.2.8) emedn kotd tnv
Eexywplot) avaivon Tov TAnfucudv ot Babuol ehevbepiog elvar Tpelg ko o1 TapAUETPOL
névte. H pebBodoloyia ovykpiong avomtoydnke oe poviého dVvo mAnBvoudv 6mov
epapudéomkay 600 Swyvootikéc dokipég (Georgiadis et al.,, 2003) kot mpodoata
e€edkedtnKe TEPAUTEP® GE LOVTEAD TPLOV TANOBVGUOV Kot 600 SayVOOTIKOV SOKIU®DV
(Kepdroia 2 & 3).

1.2.6.3. Y7o ovvOnkn avelaptnoio twv 010yvOOTIKOYV SOKLUMDV.

Onwg vopitepa meptypdke ovoALTIKA, dV0 S0yVOGTIKES doKIUEG elvar LT
ovvOnkn avedptnteg OTAV TO AMOTEAECUO TNG MIOG OLOYVOGTIKNG OOKIUNG 0 Hag Oivel
Kapio mAnpogopio. ywo to mOOvO amoTéAecpo TG GAANG OTOL VY] KOl GTO
mpooPepnuéva (oda. Katd v gpappoyn tov poviéhov Aavldvovoas Katdotaong,
OTOV 01 600 JoYVOOTIKES dOKIUEG OV etvan avedptntec HeTa&D TOVG, Ol EKTIUNGELS TOL
TPOKVTTOVV VIOOETOVTOG TS 1oYVEL 1| VIO GUVONKN aveEapTnoio TOVg dOPEPOVY OO
v mpaypatikn tovg Ev kot Ei To péyeBog tng dwagpopds eéaptdror and to Pabud
e&aptnong (Gardner et al., 2000; Enoe et al., 2001; Branscum et al., 2005; Toft et al.,
2005). T T0 AOyo avtd, N oxde avTHG TG TPobmdbeong mpémel TavTa Vo EAEYYETOL.
Avtod emtvyydvetar pe TN oOYKPION TOV ATOTEAECUAT®V HETAD HOVIEA®V oL
vroBéTovy TV VIO GLVONKN aveCapTNoia TOV JYVOOCTIKOV SOKIUOV UE HOVTEAN TOV
Aappévovv vroym v mbavotnTa TS VIO GLVONKN eEApTNOTG.

H mBavomra g vnd ovvOnkn &&aptnong tov SyvoOoTIKOV JOKUMV
AopBavetol vTOYN He TV TPOSONKN EVOG GUVIEAESTH GLGYETIONG TV Ev (YEy) KOl TV
Ev (yg) tov Swyvootikov dokipdv. Otav vmapyxer vwd ocvvOnikn eEdptmon tov
AYVOSTIK®V S0KIU®V, ot Tivakeg 1.6 kot 1.7 dtapopedvovtal otovg wivakes 1.8 ko 1.9,
avticTorya.

H Bapoumta g e£Gpmong 000 doyvVeGTIK®Y SOKIUMV KOl ETOUEVMG KoL Ol TULEG
TOV GUVIEAECTOV Vg, KOL Vg ££0pTOVTOL Ao TIG mpaypotkés Tinég g Ev ko g E,

avtiotoyo (Vacek 1985; Dendukuri and Joseph 2001; Branscum et al., 2005; Kepdiato
2 & 3). To €bpog TV TIUOV TOV cLVTELESTOV £XEL G Opto. (Gardner et al., 2000):

37

Institutional Repository - Library & Information Centre - University of Thessaly
11/06/2024 07:19:26 EEST - 3.133.122.126



IA

max(-(1-Ev;)*(1-Ev3), -Evi*Ev,) Yev £ Min(Ev;*(1-Evy), Evy,*(1-Evy)) (1.15)
Kol

maX(-(l-Ell)*(l-Elz), -Ell*Elz)

IN

ve. £ mMin(Eu*(1-Ew), Ew*(1-Eu)) (1.16)

Mivaxag 1.8. Ot mBavétTeg Tapatipnong TV Aavlovovimv dedopévav tov Ttivako 1.5
og KaOe TAnBvoud i dtav o1 dVo SlayveOTIKEG doKIUEC Elvat vVd cuvOnKkn eEapTnuéved.

Yy (oo
Awryvootikn doxkun 1
(+) )
Awyvootikn dokunf 2 (+)  (1-T1)*((1-Eu)*(1-Ew) + yi) (2-T)*((1-Ew)*E1z - yg)
() (A-IH)*(Eu*(1-Et) - ve) (I-IL)*(Eu*Ewt ve)
AcBevn Loa
Awyvootikn dokyn 1
(+) )
Awyvootikh Soxun 2 (+)  IL*(Evi*Evat ygy) i*(Evi*(1-Evy) - vry)
() II* ((1-Ev)*Evz- k) IT* ((1-Eva)*(1-Ev) + vEu)

MMivaxkag 1.9. H xatd pépn abpoton tov mOOVOTHTOV TAPATAPNONG TOV GLUVOLAUCUDV
TOV SYVOOSTIKOV dOKIUOV 6Ta LYW Kot TpocPefAnuéva (oa tov mivaxka 1.8, dtav ot
300 daYVOOTIKEG OKIUES Elvat VO cuvON KT e€apTnuéveg, oe KAOE TANBvoUO I.

[MnBvopog i

Awryvootikn doxyun 1
(+) Q)
Awyvootiky dokuf 2 (+)  I*(Evi*Evy + ygy) + (- IL*((Evi*(1-Evy) - vRy) +
I)* ((1-Eu)*(1-Ew) + ye)  (1- IL)* ((1-Eu)*Erz - ve)
(-)  I*((2-Ev1)*Evy - ygy) + II*((1-Ev1)*(1-Evy) +
(1- Hi)* (Ell*(l-Elz) - YEl) YEU))"' (1-Hi)*(E11*E12 +
YE

H pndevikn tiuf] 10V GLVTEAECTAOV, TOL OAVTIGTOWXEL GTN UN GLOYETION TOV
OTOTEAECUAT®V, GLVEMAYETAL TNV oYL NG mpoimdbeong tng aveloptnoiog tov dVO
JYVOOTIK®OV S0KIU®Y Yoo tae TpooPefAnuéva (i vym) Coa (Gardner et al., 2000). Av
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Yeo>0 (1 7>0), tOTE VIAPYEL BeTikn cvoyétion peta&d g Ev (1 Ey) tov dteyvootikdv
dokudv. Octikn ovoyétion uetaé&d g Ev (1 E) 600 dayvootikdv dokiudv onpaivel
nog N Ev (Ey) ¢ pog doyveotikng dokung eivar pikpotepn otov vrorAnbuoud tov
yevdme apvntikov (1 yevdmg Oetikdv) (dov oty GAAN dayvooTikn 60K 1
amAoboTEPA OTL Ol OV0 SLOYVOOTIKEG OOKIUEG GUUPMOVOVLV OTO YELOMG apvnTIKA (1)
Oetikd) omoteléopoto o€ mOG0oTO PEYAADTEPO Oomd owTd mov Oa avapévoviay AOym
oymg (Gardner et al., 2000). Abvo d1oyveoTikég SoKIUEG TopEl va eppavilovy GuGYETIoN
TOV OTOTEAEGUATOV TOVG UETOED UOVO TV TPoSRePANUEVODVY 1| VO TV VYOV (OOV Kot
Oy amapaitnta petald kot v 0vo (Kepdiawo 3). Zvvnbéotepa vrapyst Oetikn moapd
apvnTikn ocvoyétion petald tov dtryvootikov dokiumv (Gardner et al., 2000; Georgiadis
et al., 2003). Awyvootikég dokyég pe mohd vynin Ev (1 Et), ko emopévac pikpod
opdiua katdtaing oto mpooPePinuéva (M vym) (oo, sivorl mpaktikd oveEaptntes. T
Tapadeypa, U aviikatdotaon otov tomo 1.16, dvo dayvootikég dokipég pe E1=0.98
EYOUV UEYIGTO KOl EAYIOTO OPLO TOL cuvTeAEaT e€aptnong vy ta vy (oo -0,0004 kot
0,02, avtictorya. Axdpa kot 1 péytotn dvvarny Ty, to 0,02, eivor oAb pkpn. Ze avty
v epinton, N ektipnon g El tov d1ayvoostikdv dokipndv yopis va Anedel vdéyn n
oyxéon eEdptong mpooeyyilel TNV TPAYLOTIKN TIUN.

Awyvootikéc dokipég mov  Pacilovtor o€ O10POPeTIKES PLOAOYIKES  apyEg
GLYKEVIPAOVOLV TEPICCOTEPEG MOAVOTNTES Vo €ival VIO cuvONKN aveEdptnteg 1 vo
epeaviCouv pa acBevn oxéon e&apmmong omd dayveoTikég doKiuéG mov otnpilovion
oty oo Broroywn apyn (Gardner et al., 2000; Nielsen et al., 2002c; Georgiadis et al.,
2003; Toft et al., 2005; Branscum et al., 2005). I'io mapdaderypa, n ELISA xor n
aviyvevorn pe KOAMEPYEW KOTPAvov TG amékkpiong tov MAP eivar mbavodtata
aveEdptnTeg LETOED TOVG, OOV 1M o aviyveDEL TN YVUIKT 0VOGOAOYIKH OTTAVINGT TOL
Eeviot, evd n AN TV anékkpion tov MAP pe ta kompavo (Nielsen et al., 2002c;
Kepdiaio 2). Avtifeta, av ot dayvootikég dokiuéc otnpiCovral otny id1a froloyikn
apyn (my. aviyvevon avticopdtov), n mavotnta g vad cuvOnkn eEaptnong tov
OTOTEAECUAT®V TOVG givol PETPLOL MG LEYAAT], OTT®G Elvar Yo Tapddetypa 1 €E4pTnon TV
anotehecpdtomv e ELISA, e odvdeong tov cupumAnpdUatog Kot TG 0vOGoOLdyvoTg
og Gyap oty ddyvoon g mopapvuatioong (Gardner et al., 2000). Avtd 1oydel og
peyoAvtepo Pabud oe dayvootikég dokyég mov otmpilovioar Oyt poévo oty 10w
Broroyikn apyn oAAd kot oty 10 Pacikn pebodoroyia, dnwg otV TEPITTOON TPLOV
dapopetikmv dokumv ELISA (Gardner et al., 2000). BéBata, ot yevikég avTtég apyes dev
emPefordbnray mTavto ond To ELPNUATO OADV TOV HEAETOV, OTWOC GTNV TEPITTMON TNG
ELISA ka1 g obvdeong cuoumAnpodpatog yoo ™ odyveoon g Aolpméng yolpwv pe
Actinobacillus pleuropneumoniae (Enoe et al., 2001) 6mov 1o cedApota TOV VO
dokmv Mrav aveEdpmra. e kdbe mepimtwon, n woxdg g mpoindbeong g Vo
ouvOnKn aveCopnoiog TOV SyVOOTIKOV OOKIUMV TPEMEL VO EAEYYETAL KOTA TNV
extipmon ¢ Ev kot g Et toug. Av dev 1oyvel, mpémel va TPOTIUAOVTOL LOVTEAN TTOV
Aappdvovy voyn Vv VIO cuvON KN €EAPTNON TOV SOYVOGTIKOV JOKIUMY, LETOEL gite
TV TpocPefinuévov, gite Tov vy (oov (Kepdlao 3), cite ko twv dbo (Gardner et
al., 2000; Branscum et al., 2005; Toft et al., 2005).

H pébodog depehivnong g oxdog g vndbeong g aveCapmoiog eEaptdron
a6 ™ pebodoroyia emilvong mov ypnoyonoteital. Edv ypnowyomoteitan n pebodoroyio
TPOGOIOPICHOL TV AVce®V upeyiomg mbavopdvelag, vmoAoyiletor o AoydapiOupog
mBavopdvelng Tov HOVIEAOL TOoL VmoBETEL TV VIO ovvOnkm aveCapnoio TV
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dayvootik®v dokipumv (Allx) kot tov poviélov mov vrobBéter v vEd GLVONKN
e€apmon tovg (Allg). H dweopd petald twv 600 Aoyapibuwv mbavoedvelog
afoloyeitor pe Paon v Ty tov Adyov mhavoeavelag LR= 2*(All-Allg), mov
aKoAovbel ¥~ katavoun pe 6vo Pabuovc ehevbepiag. Ot Babuoi ehevbepiag 1oobvton pe
™ 010popd GTOV aPOUd TV TAPAUETPOV OVAIESH 6T 000 HovTEL Kot gival dV0 EmedN
VILdpyovy OVO EMITALOV TOPAUETPOL, Ol Vg, KOl YE, OTO HOVTEAO NG e€dptnone. H un
OTOTIOTIKG ONUOVTIKY Jl0pOopd KATUOEIKVIEL MG TO 000 HOVTEAN Toupldlovy oTa
dedopéva, e&icov KaAd, Kot ETOREVOG M voBeon g VO cvuvOnKN aveEoptnoiog TV
SyvooTik®v dokiumv dev umopel va amoppupbei (Enoe et al., 2001; Nielsen et al.,
2002c; Enoe et al., 2003). Ortav ypnowomoteiton  uebodoroyio exilvong katd Bayes
VIapyel peyolvtepn evedéio otov éheyyo g vmdBeong mov pmopel va yiver pe 600
TPOTOVG;

a) O Tp®TOC TPOTOG TEPILAUPAVEL TOV VITOAOYIOUO TOV TWWDV Vg, Kol Vg, Kot Tov 95%
dwotnudTeVv aglomotiog Toug amd T0 LoVTELD EApTNoNG. AV Ta S1OCTLOTO AEI0TIOTIOS
YO TOVG GUVTEAEGTEG QTOVG OEV TEPIAAUPAVOLY TO UNOEV, Ol SLOYVOOTIKES OOKIUES
Bewpovvror vmd ocvvOnkn eCaptnuéves. Xe avtifetn mepimtwon, Oev umopel va
amopprpdel  vrdbeomn ™¢ VO cuvOn kN aveEaptnoiag tovg (Gardner et al., 2000).

B) O devtepog tpoOmOg TEPIAAUPAVEL T GUYKPION TV HOVIEA®V NG LIO GLVONKN
egapmong ka1 aveCoptnoiog.  Ymoloyiletan to kpumpio  amdxkiong (Deviance
Information Criterion, DIC) tov extiunoeonv amd to dcdopéva. To poviélo pe 1o
YOUNAOTEPO KPUTPLo amdKAong eivor avtd mov Touptdlel koaAvtepo ota dedopéva.
Inuoavtikég Oempovvral dapopéc otny T tov DIC peyaidtepec tov 2 (Spiegelhalter et
al., 2002).

Onwc mpoavaeépbnie n oxéomn e£apmong umopel va agopd gite o vy €ite Ta
npocPefinuéva {oa gite Kot o dVo. Me tov tpomo (o) givar dvvartn 1 diepedvnon g
oyéong e&aptnong ywplotd ota vy kot ta tpocPefinuéva Loa, eved pe tov Tpomo (B)
wapéxetal €va PETPO TNG GUVOMKNG KOTOAANAOTNTOG TOL HOVTEAOL. XvviBmg, To
CLUTEPACUATO KOl HE TOVG 00O Tpdmovg eival 1ot Opmg, vmdpyetl n mhavoOTHTOL Lo
oyxéon €&apmong povo pHetaEL v tpocsPefAnpévov (dov vo yabel dtav extipudton M
OUVOAIKT KOTOAANAOTTA TV poviédwv pe tov tpémo (B), ko €tot vo viobetnBel
eopaipéva to poviélo avefoptnoiag. Xe autny TV TEPITTOON, TO KOUTOAANAOTEPO
povtédo Ba Mrtav €va pewktd povtédo aveEaptnoiog petald tov vyiwv {(dov kot
e&aptmong petaé&d tov tpocsPepfinuévav (Kepdiato 3).

1.2.7. BaOpoi grevBepiog Ko eKTipN o TOV TOAPAPETPOV

H extipnon mc¢ Ev kou g Ev mpodmobétel 6Tt 1o dedopéva mapéyovv Pabpode
elevbepiag ioovg M meplocOTEPOVS OO TOV OPOUd TOV TPOG EKTIUNGCT TOPAUETPOV
(Enoe et al., 2000; Toft et al., 2005). Eivor opbn mpoxkTiKn Yoo TN OTATICTIKN
ocvumepoaopatoroyio ot Pabuoi ehevbepiog va gival meplocdTEPOL OO TIC TAPAUETPOVS
(Toft et al., 2005). Eropévemg, oty mepintmon tov d0V0 vad cuvOnkn aveaptmtmv
SYVOOTIK®V SOKIL®VY, avti Tov eAdyloto omottovpuevov 600 mAnbucudv o nfrov
opBoTtepO Vo xpnoyonotovvtat Tpels (Kepdhaia 2 & 3) 1) mepiocotepol minbuopoi (Enoe
et al., 2001; Nielsen et al., 2002c). Otav ot doyvooTikéc doKéG gival vVTd GLVONKN
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avegapmteg, Kabe mANOLopOG Topéyel Tpelg emmAféov Pabuovg edevBepiog kot pio
EMMAEOV AYVOOTN TOPAUETPO, TOL €ivol TO TPAYUATIKO TOGOGTO TPOGPOANG TOL
TAnBvopov. Xvvenmg, 1 tpocHnkn kdbe emmAéov mAnbvcpov, Tpochitel dvo mapamdve
Babuotg ehevbepiag amd T1g Ayveooteg mopapéTpous. XuvonTikd, ot Babuol ehevbepiog
elvar Ayotepotl amd Tig mapapéTpoug otav to dedopéva apopodv TV epappoyn piog M
000 OOYVOOTIKOV SOKIL®OV og &vav mAnduoud, evd eivarl icotl 1 mePecdTEPOL amd TIC
TOPOUETPOVG OTOV TA OEOOUEVO, OPOPOVV TNV  €QUPUOYN 000 1 TEPIGGOTEPWOV
aveEGpTNTOV S10YVOOTIK®V 0KV o€ 600 1 TepLocdTepovg TAnBuopove (Branscum et
al., 2005).

Otav, opmg, vdpyel vTd cuvONKn e€dptnomn HETAED TOV JYVOOTIKGOV SOKIUOV,
N mpocsbnkn mAéov tv 2 mAnBuoupmv, av kol mpocHitel Pabupovg eievbepiog oTo
CUOTNUO TOV EEICMCEMYV, dVOYEPAIVEL TN AVOT] TOVG, EMEWN €VIOC TOL KAOe emmALOV
TANBLoUOV TTEPAV TOL TPAYLATIKOD TOGOGTOV TPOGPROANG TPEMEL Vo, eKTIUNOOVY Kot Ot
dvo ocvvtedeotéc ovoyétiong tov Ev kot Eu (Georgiadis et al., 2003; Branscum et al.,
2005; Toft et al.,, 2005). Av kot €ovv mpotabei povtéda €£apTnong Kot TPOmoL
TPocdlopIool TV Acewv peyiotng mibavoedvelog (Enoe et al.,, 2001; Nielsen et al.,
2002c; Enoe et al., 2003), omv mepintwon ¢ vad ovvOnkn eEaptnong TV
SYVOOTIK®V dOKIU®V, TPOTOTEPN €ivar 1 xprion ¢ pebodoroyiog emidvong kotd
Bayes. H diapopetikn pebodoroyio emidvong o€ Advel to TpoPAnua, aAAd emiTpémel TV
EI0AYWOYN - EKTOC TOV OEOOUEVOV - KOL EK TOV TPOTEP®Y TANPOPOPIDOV Y10 KATOES Omd
TIG TTPOC EKTIUNON TOPAUETPOVS, PBeATioTomoldVTOG €101 TIg ekTiunoelg (Joseph et al.,
1995; Johnson et al., 2001; Enoe et al., 2000; Branscum et al., 2005).

1.2.8. M£0odor emidvong
1.2.8.1. Ilpoacoiopioudgs twv v ueyiotng mbavopaveiog

Ot tpég peyiomg mbavoeavelog yio tig TapaptéTpovg etvol avtéc mov givor mo
mhavo va Exovv dmoet ta dedopéva katl vroloyilovtol péca amd TN HEYIOTOTOINoT TG
TWAG ™G ovvaptnong mbovoedvewng tov dedopévav (Tanner, 1996). Ot ektiufoelg
peyiotng mBavoeAavelng Kot To. TUMIKE GOAAUATE TOLg vmoAoyilovtal gite pe TOV
adyopiBpuo Newton -Raphson (Tanner, 1996) cite pue tov okyopiOuo Expectation-
Maximization (Dempster et al., 1977), O tehevtaioc a&lomoiei kaAvtepa ™ AavOdvovca
dopn v dedopévov (Enoe et al., 2000). Otav to péyebog tov deiypatog eivan peydro, ot
EKTINOELS peyiomg mBavoeavelag Ppickovtol TOAD KOVTE GTIC TPAYHOTIKESG TIUEG TOV
TOPOUETPOV KOl TO SLOCTAIOTO EUTIOTOGVVNG TOLG givar pikpd. Ot Enoe et al. (2000;
2001; 2003) meptéypoyay avarvTika Kot epappocay ™ pebodoroyio Tpocdlopiopol Tmv
AboemV peyiotc mbavopdvelag.

1.2.8.2. MeBodoloyio. emilvons kozo Bayes

H peBodoroyia extipnong tov mapapétpov katd Bayes Bewpel tig mapapétpovg
ToYaieg pneToPAntés. Emtpénet tov optopd ek tov mpotépmv katavoumv f(6) (priors) mov
pmopel var TOPEYOLV KATOEG TANPOPOPIES Yo TIG TPOG EKTIUNGT| TOPAUETPOVS, KoL
vroloyilel T ek TV votépwv (posteriors) katavopéc f(Aly) tov mapoapétpov o to
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YWOUEVO T®V €K TV TPoTépmv Katavoudv f(f) pe v mbavoedveln tov dedopévaov
f(y|0) (1.17). And v &K TV VOTEPOV KOTOVOUY YIVOVTOL EKTIUNOCELS Y0 TO UETPOL
KEVTPIKNG TACGNG KOl SLGTOPAS TOV TOPAUETPMV.

f@ly)=f(yl/0)=1(0) (1.17)

H pebodoroyion emilvong xoatd Bayes Oewpeitor o¢ mo «mBoavobewpnrtikn»
TPOGEYYION OE OYEON HE TOV TPOGOOPICUO TOV TIUAOV Heyiomng mihavoeavelog
(Ntzoufras, 1999). To Pacwd mreovékTud G €lvan 0Tl umopel va cvumepthapet
TAnpogopia £0IKOV (OTMOG EUTEPOYVOUOVOV KOl ETGTNUOVOV TOL GITOVIOL TOV VTTO
HEAETN  OVTIKEWEVOL) 1 OMOTEAECUATO GAA®V HEAETOV YO TIG TPOG EKTIUNON
TOPAUETPOVS, UEGO, AT TOV OPICUO €K TV TPoTEP®V Katavoudv (Joseph et al., 1995;
Johnson et al., 2001; Enoe et al., 2000; Toft et al., 2005; Branscum et al., 2005). Ot ek
TOV VOTEP®V KOATOVOUEG TOV TPOKVATOVV Y10 TIG TAPAUETPOLS €EAPTOVTOL OO TOV
OPIOUO TOV €K TOV TPOTEPMOV KOTOAVOUMV Kot TV Tihoavopdveln tov dedopévav. H
eEdptnomn amod TIC €K TOV TPOTEP®V KATAVOUES EIvaL 10YLPOTEPT] OGO LUKPOTEPOS Eival O
apOuoc tov dedopévev (Enoe et al., 2000; Johnson et al., 2001). I'i To Adyo avto, M
EMAOYY] TOV €K TOV TPOTEPMV KATOVOUMV TPETEL VO EIvol 1010{TEPA. TPOGEKTIKT] KO VO
ompiletoar o YvoOUN EWOIKAOV 1 TPONYoLUEVEG HEAETES, 1OlmG Otav o aplBpds Tov
dedopévov eivan pukpog. Xe kdbe mepintmon, 1 emidpoon OTIG EKTIUNGES TS XPNONG
OPOPETIKMY €K TOV TPOTEPOV Kotavoumv mpénel vo agloloyeitor. H dadikacio
aE0AOYN oG TNG EMOPAOTG TOV EK TOV TPOTEPMV KATAVOUMY OTIS EKTIUNCELS KOAEITOL
avédAvon svacOnciog kot TEPLYPAPETOL GTN GUVEXEW. AV Ol EIGOYOUEVEG €K TMOV
TPOTEP®V TANPOPOPIES Elval aGTNPIKTEG, TO KOPLO0 TAEOVEKTNHO TNG HeBOOoV umopel va
LETATPOTEL GTO PEYUAVTEPO LELOVEKTNUAL TNC.

H sioaymyn ek Tov Tpotépmv TANPoPopLOY YIVETAL LE TNV EI0AYWOYT KOTOVOLMOV.
YuvOmg, Yoo TOV OPIGUO TOV €K TOV TPOTEPOV KOTOVOUNDV EMALYETOL UKL OUAdQ
g0ypNoTOV KoTovoumy, onmg ot Pita (B) xatavoués (Johnson and Gastwirth, 1991;
Joseph et al., 1995; Mendoza-Blanco et al., 1996; Enoe et al., 2000; Johnson et al, 2001,
Georgiadis et al., 2003, Branscum et al., 2005). Ot B katavouéc opilovior amd TIg
napapéTpoug o kot B (Be (a,b)). H ypron tov B kotavoudv, agevog amlovcTedEL TG
VTOAOYIOTIKEG OlOIKAGIEG, OPETEPOV EMEWDN Ol KOTAVOUES E€ivol 0OpKETO EVEMKTEG
OYMNUOTIKA, EVOEXOUEVES OALAYEG TV OO TaPAUETpOV o Kot B eEacparilovv TAnBmpa
drapopetikmdv popeav (Joseph et al., 1995; Enoe et al., 2000; Bransum et al., 2005). H
Be (1,1) avtiotoly el otV €K TOV TPOTEPMV KATAVOUTR TOV OEV TOPEYEL Kapiow TANpoPopia
Kol omodidel Ty 0o mbavotnTa epupaviong kdbe TIUNG 610 €VPOC Amd UNOEV €mC Eva
(opotoyevig KoTovoun). AVTH N KATOVOUT YPNCULOTOLEITOL VIOl TIG TOPOUETPOVS YO TIG
omoieg Oev givorl dtBéoiun n yvoun eWIKOV, 1 0eV LITAPYOVY TPOTYOVUEVEG UEAETES, 1),
TEAOG, OTNV TEPITTMON OV OV EMBVUOVLLE TNV EIGAYMYN EK TOV TPOTEP®V TANPOPOPLDOV
(Johnson and Gastwirth, 1991; Gastwirth et al., 1991; Geisser and Johnson 1992;
Mendoza-Blanco et al., 1996; Johnson and Pearson 1999; Enoe et al., 2000; Johnson et
al., 2001). H avéaivon pe m pebodoroyia katd Bayes umopel va yivel yopic v elcoymyn
Kopiog amoADTOS TANPOPOPIaG Yo TIG TAPAUETPOVS, LE TN XPNOT AVTNG TNG KOTAVOUNG
Yo OAEG TIG TOPOUETPOVG. XTNV TMEPIMTOON OVTH, Ol €K TAOV VOTEPOV KOTAVOUES
e€aptdvtor pdvo amd TV THUVOPAVELL TOV SEOOUEVDV.
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IMo tov optopd pog B katovoung, amotteitor apykd o kabopiopdg 600 1 TPLOV
YOPAKTNPIOTIKOV 7oL emfupovpe yuo v katavoun. H ovvnng dwodwacio givar m
axorovn: Ipota ertléyeton n wo mbovy Ty (Mode) yio v TopapueTpo. Akorovbwmg,
N T ywo v onoio sipocte 95% PEParol TG N TAPAUETPOC TOV oG EVOLAPEPEL OE Ot
v vaepPei H/kar n eAdyom avapevopevn ). Ot Tég avtég avtiotoyovv oto 950
N/kat 010 50 ekoTooTNUOPLO TNG B Katavourg, avtictorya (Joseph et al., 1995; Enoe et
al., 2000; Johnson et al., 2001; Branscum et al., 2005). EvaAlaxtikd, €yl mpotadel Kot o
0pLopdg ™S B katavoung pe Paon Tov avoueEVOUEVO HEGO OPO KOL TNV TUTIKN OTOKALOM 1|
™ Jlakvpovon, 1 10 pé€co 6po kar v mo mbavny T (Joseph et al., 1995). T
ocuvéyewn, pe Pdon TG Tpocdiopiobeicec TWES KoL TN ¥PNON KOTAAANAOL AOYIGHIKOV,
opifovtar o1 mapdapeTpol o kol B S B KATOVOUNG OV 1KOVOTOOVV NG opilobeioeg
ovvOnkes. H katovoun mov 1eMKd TpoKOMTEL avamopioTatol YPoPikd. Av 1 HopeY| TG
dev KOvVOTOlEL, 1 dladtKaGio emavalapBaveTol e GAALO THTO KATOVOUNG.

Metd tov OpoHd TOV €K TOV TPOTEP®V KATAVOUMDV akoAovOel mn Avon tov
eflodoemv (Joseph et al., 1995; Dendukuri and Joseph, 2001). Eé® vrewcépyetor M
detypotolnyio katd Gibbs. O ev AOym OderyuatoAmTng eivor pio ETOVOANTTIKA
Swadkacio 000 oTadimv. AP KA ETALYOVTOL TIES Y10 TIC TOPAUETPOVG, Ol OTTOIEC UIOPEl
va glval o1 KaAvTePEG TPOPAEYELS TOV €O01KOD Yo TNV T NG TOPAUETPOL 1 OTAA
Toyoio EMAEYHEVEG TIHEG OO TIG €K TOV TPOTEPWV KOTAVOUEG. Me Bdomn Tig TiHég avTé,
OLOHOPPOVOVTOL Ol TTPOCOPWVEC 1| LG CLVONKN €K TOV VOTEPOV KOTAVOUES TMV
TOPOUETPOV. LTI GUVEYELD, L0 TUYOLO TIUN OO TIC KOTOVOUES LTEG EMAEYETOL Yol KAOE
TOPAUETPO, TPOKEUEVOL Vo ypnoipomondel og apykn T otov enduevo kvkio. H
dwdwkacio avty emavaiapPavetor moAAés eopéc. Ot tuyaieg TwéS mov KABe @opd
TPOKLIITOVV OO TIC VIO GLVONKN €K TOV VOTEPOV KATOVOUEG TMV TOPOUETPOV,
oynuatilovy TEAKA TNV €K TOV VOTEP®V KATAVOUN Yo TV KaOe mapduetpo. o Tig
TEMKEG EKTIUNCELS TOV HETPOV KEVIPIKNG TAONG Kol O0GTOPAS XPNOILOTOI0VVTIOL Ol
TIEG Otav £xet eméldel ovykMon Tndv. Ot TPOTES TWES TOV amOPPInTOVTOL VITEyovTOoL
oV emovoualopevn @aon Tpocuproyne e aivoidoag Monte Carlo vy MC («burn-in»
phase) (Johnson et al., 2000; Ntzoufras, 1999).

Ot Tyég tov mapopétpov mov vroAoyilovtar pe ) pebodoroyia emilvong Kotd
Bayes, ogv eivar amodektéc mapd povo otav £xel ereyybel m ovykion tyomv. ‘Exovv
avamtuydel pnéBodol eAEyyov EMPUEPOVS GTOEI®V TNG VTOAOYIOTIKNG O1001KOGI0G TOV
apEYovv evoeitelg 0Tt £xetl emédBel n ovyKAon Tindv. Emeldn ot pébodot avtéc eAéyyouv
OAAG OV amodEKVOOVY TN cUYKAIoT, Kapio dev mpémel va Bewpeital aldvOoostn Kot o
éleyyoc ¢ ovykhong mpénet va Paciletal e cuvovacud V0 1 TEPIocOTEP®V PeBddMV
(Best et al., 1995). Ot Baocikég pébodot eEréyyov g ovykiong tuodv (Best et al., 1995;
Spiegelhalter et al., 1996; 2003) ivaut:

(o) "EXeyyog TG mopEiog TV TIHOV TOV EK TOV VOTEPOV KOTOVOLMV.
(B) ‘EAeyyog twv avtocvoyeticewv (autocorrelations check).

(y) Ontikdc ENeyY0G T®V EK TOV VOTEPOV KUTOVOLDV.

(8) Mébodog twv Gelman and Rubin (Gelman and Rubin, 1992).

() MéBodog Raftery and Lewis (Raftery and Lewis, 1992).

Amd T1c mopomdve povo m uébodog twv Raftery and Lewis upmopel va
YPNOUOTOMOEL KO Y10l TOV VTOAOYIGHO TOL aPlOUOD TOV ETMOVOAMYEDY TOV OTOLTOVVTOL
Y10l TOV DTOAOYIGUO GLYKEKPIUEVOL EKATOCTNUOPIOV TNG EK TMV VOTEP®V KOTAVOUNG GTO
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emBounto eminedo akpifelag. Ipopavmg, 660 peyardtepn eivar n emBountn axpifea,
TOGO PEYOALTEPOC Elval Kal 0 aplBUoc TV eravainyewv Tov orotteiton. Emiong, OAa ta
exotooTnuopla. de ypewlovior tov 1010 opBud emavolqyewv ywoo To dto eminedo
axpipelag (Raftery and Lewis, 1992; Best et al., 1995). Exatootnudpia ota akpo e €K
TV VOTEPMV KATAVOUNC, O1tme 1o 5° 1) 10 957, cuvhbmg ypetdlovtol pkpotepo apdud
EMOVOANYEWDV OO EKOTOGTNUOPLO GTN HECT] TNG EK TV VOTEPMOV KATAVOUNG, Y10 TNV 1010
akpifero. I't' avtov to Adyo, KOAO eivor va a&loloysitor 0 omoutovuevos oploudg
enavaAyenv, 1060 og akpaio ekorootnuopta (.. 2.5° ka1 97,5°) dc0 kot 6N Sdpeon
Tun (50° exatootnuédpro) (Kepdrowa 2 & 3).

H eniAvon pe ) pebodoroyia katd Bayes dev ohokAnpdvetatl Tpv v avaivon
evatoOnociog. EAéyyxetar mdéco aAldlovv Ol €K T®V VOTEPWV KOTOVOWUES LE TN ¥pNom
SLLPOPETIKMV EK TMOV TPOTEPWV KATAVOLMV. AV TOL OTOTEAECUATO EIVOL TOAD O1LPOPETIKA
HE TNV OAAOYY] TOV €K TOV TPOTEPOV KOTOVOUADV, Ol EKTIUNCELS &ival dwaitepa
evaiocntec otig oAlayég avtég Kot emPaiieton va mopotiBevion ol EKTIUNCES TOV
TOPOUETPOV TOV TPOKVTTOLV amd TN XPNon KAOe SapopeTkohl GLVIVAGHOV €K TOV
npotépwv Kotavoumv (Joseph et al., 1995; Gardner, 2002; Toft et al., 2005).

1.2.9. Extipnon g 0&lomoTiog d0yVOOTIKAOV OOKIHAV OV TTAIPVOLV GLVEXEIS
TIHEG

Onwg mpoavapépOnke n Ev kot Et dtoyvootik®dv doKiudv mov mtaipvovv cuveyeic
TWWES, OMMC, Y., o opoAoykn dokyny ELISA yia m didyvmon ¢ mopagupatioong
TOV alyov Kol mpoPdtov, aptdrol, aeevog amd TNV KOTAVOU| TOV TIUOV TNG
peTafAnTnG-otoxov ota mpooPefAnuéva kot vym {da, Kot apeTEPOL Omd TNV ETAOYY
tov k.06.0. Ilpopoavmdg, dtav dev vapyel OAANAOKAALYT TOV KATOVOUDV TOV TV
petalld TV VYOV Kol TV TpocsBefAnuévav (dov, elval avtovomtn N emAoyn evog K.6.0.
7oV dtaywpilel TAMPWS TIC SV KATUVOUES, Kot eTopEVas amodidel Ev kot E1 100%. Otav
TUHOTO TNG TEPLOYNG T®V 000 Katovou®v oaAiniokoAvmrovtor, 1 Ev kot m Eu g
SYVOOTIKNG OOKIUNG GLVOLOVTOL AVTIGTPOPM®S aVAAOYa KOl Ol TIEG TOVG eE0PTMOVTOL
amd TV EMAOYN K.G.0.

H xapmdin ROC (Receiver Operating Characteristic curve) avamtoydnke otic
apyés g dexaetiog tov 'S0 y v avdAvon g aviyvevong oNUATOV OTIG TEYVIKES
EMGTILES KOl XPNOIUOTOMONKE APYIKE GTNV 10TPIKT TPOG TO TELOG TNG deKoeTiog Tov '60
yioo v aloAdynon TovV GLokKev®mV amekdviong (axtvodlayveotikn). H avéivon
kapmoAov ROC, av kot eivor okdpo TEPLOPIOUEV] GTNV LOTPIKN KOL TNV KTNVINTPIKN
emotqun (Greiner et. al., 2000), ypnowwomoteitor OAO KOlU TEPGGOTEPO Yo TNV
a&loloynon tov dayvootikov dokudv (Henderson, 1993; Zweig and Campbell, 1993;
Schulzer, 1994; Smith, 1995). I'a v xotaokevn ¢ Kapmding ROC apyikd extipumvton
1N Ev ka1 n Et 6¢ po oepd and k.6.6. H kapmoin ROC givat to ypdenuo tTov 10606100
TV 0pfag Oetikdv anotelecudtov (Ev) otov dEova TV Y PO T0 TOGOGTO TV YELOMG
Betikov (1- E) otov d€ova tov X yia to (evyn tinodv Ev ko Ev mov mpokdmtovy amod
KaOe k.0.0. (ewodva 1.5).
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Ewova 1.5. Avo xaumoreg ROC, A kot B, yio dvo oporoywég doxkypéc. Kébe kopumdin
TPOEKLYE OO TN YPUPIKT TOPACTOOT| TOV TOGOGTOD TV Yeuddg Oetikdv (1-Et) mpog 1o
10606T0 TV 0pbhg Betikdv (Ev) amotelecpdtov g kdbe dokiung oe por 6epd amod
K.0.0. To guPfadd g meployng Kdt® amd v KapumOAn A de dapépel amd avTd NG
KapmoAng B. Awgépouv Opwg to tunpotikd epfadd tov koumdiov A kot B mwov
Bpiokovtat 0e€1d Tov onueiov TOUNG TOVG. XT0 oNUEi0 TOUNG TOVS 01 OPOAOYIKEG OOKIUES
&yovv 1010 Ev xon Et.

ly.l
- J
iy
B
X , X'
y 1-Eidiatnma

Onwg n Ev ko 1 Ey, €161 ko 1 kapmodn ROC pog dtoyveootikng SOKUNgG apopd
ovykekpuévo TAnbvoud (Kraemer, 1992; Smith, 1995; Greiner et. al., 2000) kot umopei
va gival SPOPETIKNG HOPPTG 6€ dtapopeTikovs mAnbvopovg (Zweig, 1993; Greiner and
Gardner, 2000).

To epPadov g meproyng katm and v kapumvin (Area Under the Curve - AUC)
elval éva HETPO NG GLVOMKNG OLOKPITIKNG KAVOTNTOG MING O0lyVOOTIKNG OOKIUNG. Mia
aAdvBaotn SoyvemoTtiky dokipur| £xel epPaddv ico pe 1, evad po doxyu, to amoteAéopato
™¢ omoiag givar kabapd BEpa ToyMe (m.y. T0 oTpiyo EVOC VOUIGUATOS) Kat, ETOUEVOG,
0¢ pog dtvouv kapio mAnpoeopia yio ™ vOco, £yl epPaddv ico pe 0,5. O mo amidg
vIoAoYIo OGS Tov gufadov g koumding ROC yivetan pe tov tpanelosidn kavova (Zweig
and Campbell, 1993) eved vrdapyovv kat pébodor eopdivvong g kapmving ROC kot
vroAoylopod  Tov  guPadod pe mapapetpikd tpoémo (Obuchowski, 1994; 1997).
[Ipopavag, 6co peyardtepo eivar 10 epPfaddv, 1660 KaALTEPN €ivol Kol 1) GUVOAIKN
SLOKPLTIKT TKOVOTNTO TNG SL0YVOOTIKNG OOKIUNG. ZOUQ@vVe Ue o avdaipetn katdtaln
(Swets, 1988), ue paon v kapmvAn ROC, wa doyveotikn dokiun dev mapéyel Kopio
mnpoeopia otav €xet AUC=0.5, evd €xst younin, péTplo kot LYNAN SloKpLTikn
wavotra otav &gt 0.5<AUC < 0.7, 0.7<AUC<0.9 kot 0.9<AUCK<1, avtictorya. To
euPaddv umopel va ypnoyomombel yio T cOYKPION NG OKPITIKNAG KAVOTNTOS TWV
Swyvootik®v dokipumv. H ovykpion avt) Aappdvel vroym e&icov dheg Tig Tiég Ev kot
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Et mov mpokdztovv and to mbavd k.6.6. Edv to epfaddv 500 S10yvmoTIKOV SOKIUMV deV
SLpPEPEL GLVOMKE, AAAG SLOLPOPOTOLEITOL TO TUNUATIKO EUPAOOV TOV apOPE TV TEPLOYN
SYVOGTIKOD EVOLOPEPOVTOG TTPOTEIVETAL 1) GVYKPIOT T®V TUNUATIK®V eUPaddv (gikova
1.5) (Greiner et al., 2000).

H xotackeun pog kapmving ROC mov mpovmobétel ) yvoon g Ev kot g Et
™G SYVOOTIKNG OOKIUNG G€ Uio OE1PA 0md K.G.0. Lwopel vo dlevkoAvvOel pe  ypnon
povtélov haviavovoag kotdotoong (Nielsen et al., 2002c; Kepdrawo 2). Xe avti v
TEPIMTOON, 1010{TEPN TPOCOYN OmoUTEITOL GTOV EAEYYO TG VIO cLuVONKT avesoptnoiog
TOV SYVOOSTIKOV SOKIU®V Tov TTPEMeL vo, AapPdvel yopa oe kdbe Bewpovpevo k.c.0.,
a@OoL UE TNV AAAAYY] TOV K.G.0. glval TOavO va epugoviotel oyéon e£apTnong LeTOED TV
30 d1ayvOSTIKGOV dokiudv (Kepdiato 2).

To onpeio g koumdANG mov PpicKeTal TO KOVIA GTNV TAVE® OPLoTEPT] YOVIK TOV
TETPOYDOVOL pe epPaddv 1, peyioromotel tavtdypova v Ev kot v El g dtayvootikng
JOKIUNG.  XTO OMNUEID OVTO EAOYIGTOMOLEITOL GUVOAKA TO TOGOGTO TV GOUALATOV
Katdtaéng (mocootd Yevdmg OeTiKdV Kol YELOMG CPVNTIKOV OTOTEAECUATOV) TNG
SwyvooTikng ookymg. H  emdoyn g ovykekpyévng Tyng ¢ K.c.0. &ivor m
KatoAAnAOTepn Otav de yvopilovpe €K TV TPOTEPOV TIMOTOL G€ OYEON UE TO
AVOUEVOUEVO TPAYUOTIKO TTO0G00TO TPOSPOANG otov mAnfucpd kot 10 KOGTOG TV
ocpolpdtov katdtaing (og k6otog Oswpeitoal TO EMONUIOAOYIKO KOl TO OUKOVOUIKO
KOOTOG TV GPUAUGTOV Katdtaéng g SyvooTikig dokiung). Otav umopodue va
AdPoope voyn TIC TOPUUETPOVS aWTEG vToAoyilovpe To Kputplo PertioTomoinong (X)
TOV K.G.0. OV &lvat:

_@-m

s * AK (1.18)

omov 11 10 mpaypatikd mocoostd mpocsPfoing otov mAnBuoud koaw AK o Adyog K6GTOLG
iooc pe:

Kep — Koy
Key —Kep

AK = (1.19)

omov Ko, Key s Kyp kot Kiy 10 K006T0G TOUL Wevd®g Oetikov, yevudmg opvnTikov,

aAnBag Betikov kol aAnbmg apvnTikod amoteAéopatoc. Av vrofécovpe Twg o aAnom
anotedéopota dev £xovv kKootog K, =0 kot Ky, =0, o tomog (1.19) andomoteitor 6to

OYETIKO KOGTOG TOV YEVIDV OMOTEAEGLATOV:

K
AK =—F° (1.20)
K FN
To Béltioto K.0.0. glvar eketvo mov divel T pikpOTEPN TIUN 2.
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1.2.10. Ektipnon g 0£10motiog 6vvovaopHol o10yVOOTIKOV d0KILAOV

H Ev xot Et pmopodv va a@opovv gite po povo d1oyveoTikn SoKIU €ite )
CLUVOLAGUEVT] EQOPUOYT Kol epunveia 000 N TEPIGGOTEPWV SUYVOOTIKMOV OOKIU®V. X
OLTH TNV TEPITTOON, 1 CLVOAKY gvaucHncio Kot 1 €OIKOTNTA NG Ol0YVOOCTIKNG
Sladkaciog eEapTdVTAL Ao TOV TPOTO EPUNVEING TOV ATOTEAEGUATMOV TOV S10YVOCTIKMOV
SOKIUADV.

1.2.10.1. Epunveia diayvewatik@yv 00KIUmY o€ GeIPO,

Me Baon avtdv tov tpomo epunveiog éva (o Kotatdooetar o¢ Oetikd poévo av
Bpebel Oetikd oe OAeC TIG OYVOOTIKEG OOKIUES, KOl MG OPVNTIKO o€ KAOe GAAN
nepintowon. H cvvolikn Ev elvar petopévn kot n cvvoiikn Er avénpévn. H cuvolikr Ev
kot Ev g epumveiag 800 doyvooTikK®v SoKIUOV 6 GEPA diveTat omo:

Ev, =EuEv, (1.23)
Ko

Ei, =1-(1-E4)1-Ey) (1.24)
avtioTorya.

1.2.10.2. IHopaiinin epunveio 010V TTIKOV OOKIUDV

Me Bdon avtdv tov 1pomo epunveiag éva (Do katotdooeTor o¢ Betikd av Ppedel
OeTikd ToLAGYLoTOV GE pia omd Tig SayvmoTtikég dokipéc. H ouvoikn Ev avédverat, evad
n ovvolkn Ei pewwvetor. H ovvolkn Ev kar Ev g gpunveiog 600 dayvootikodv
JOKIL®V 6€ oelpd divetal amo:

Eup =1-(1-Ev,)@-Ev,) (1.25)
Kot.

E:, =EyEy (1.26)
avtioTotya.

Ou e&womoelg (1.23)-(1.26) apopodv vwd cuvinkn aveEApTNTEG SUYVMOOTIKEG
dokipés. Eivan dwaitepa onpavtikd va Aapfavetor vedyn n vd cvovOnkn eEdptnon tov
OWYVOOTIK®V JOKIU®V KOTé TNV €puUnveiol TV omoTELECUATOV TOLG G GEPA M
TOPAAANAQ, Y10 VO, U1V VTOEKTILATOL 0AAG 0VTE KOl VO DITEPEKTILATOL ) GLVOALKT Ev kot
Ev. AapBavovtog vedyn v mBavi vd cuvOnkm e£aptnomn dV0 S10yVOSTIKAOV OOKIUAOV,
N ocvvolikn dtayvootikn Ev kot El toug 6tav epunvevovtal o€ oelpd givar:

Ev, =EuEv, +y¢, (1.27)

Ko

Ei, =1-(1-Eq)A-Eg) -y, (1.28)
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Kot 0Tav epunvevovtal TopdAinia eivar:

Ev,=1-(1-Ev)1-Ev,) -y, (1.29)
Kot
Ei, =EqEi, + e, (1.30)

(Gardner et al., 2000; Smith and Slenning, 2000). T va peyiotomoteiton 1 emtBounm
napdpetpoc (Ev 17 Ev), eivon mpogavic amd tic eéiodoeg 1.27-1.30, o611 mpémer vo
ovvdvalovtat vd cuvOnkn avegaptnreg Syvootikég dokipég (Gardner et al., 2000).

1.2.11. Ektipnon 10v APAYRATIKOV TOGOGTOV TPOGHOANG

Ortav givar yvootéc  Ev kot 1 Eu e dtoyvootikhg dokiumg, ot Rogan kot Gladen
(1978) édwoav ™ podnpatiKy oYECN MOV GLVOEEL TO TPAYHOTIKO TOGOGTO TPOGPOANG
(T1IT) kot to ovopevikd mocootd npocPorng (PITIT):

_OIIT+E:-1
Ev+Er-1

T (1.31)

"Etot, 6tav to AP €yt vtoAoyioTel HETE TV QOPUOYN UIOG SOy VOGTIKNG OOKIUNG
ue yvootn gvoodnoio (Ev) ko edikotnta (Ev), ivor dvvatd and ) oyéon 1.31. va
extiunOet to II1.

H dwaxvpavon tov IIT eivon:

\m%1=®nnal®nn) (1.32)
nJ

(Greiner ko1 Gardner, 2000),

ne

J=Euv+Ei-1 (1.33)

yvooto ko ¢ Youden’s index (Youden, 1950). AAlwc, 1 dtaxvpovon tov TIT givan ion
pe 1132 popég ™ doxvpovon tov GIIIT (Greiner kon Gardner, 2000). Ipdypartt, av:

vumHZQHHQJQHH) (1.34)

tote 1 (1.32) ypdoeton kat:

var,, = Va;q;”” (1.35)
48

Institutional Repository - Library & Information Centre - University of Thessaly
11/06/2024 07:19:26 EEST - 3.133.122.126



Me Baon t1c e&lomoerg (1.31) ko (1.35), pmopovv va vroroyicBovv to ITIT ko n
dakvpavon tov amd to AP, ™ dwakvpavor tov, v Ev kot v Et g dtoyveootikng
dokung (Greiner and Gardner, 2000).

1.3. YrnopaOpo kol okomdg tng perétng

H oéomotio tov oporoyikdv dokipudv ELISA mov avyvebovuv T Yok
OVOGOAOYIKT] amavtnon tov &eviot ot Aoluwén ond MAP, éxet oto mapelOov
a&loroynOei ota Pooeidn (Collins et al., 1991; Sockett et al., 1992; Sweeney et al., 1995),
oto TpoPata Ko Tig aiyeg Kupimg pe pebodovg mov Paciloviav oe un akavbooteg (ywpig
téleton Ev kon Et) doxipég avapopds. Avolvtikotepo oto mpofota, ot Hilbink et al.
(1994), Baoilopevor pdvo oe (oo Oetikd oV otoTaboloyIKy €EETOOT, VTOAOYIGOV TNV
Ev g ELISA (PARACHEK®, CSL Ltd, Parkville) ion pe 98%. Baciopevot oe (oo
TPOEPYOUEVH amd TEPLOYEG TOV BewpovvTay amaAlayuéves TS vosov vtoddyioay v Et
ion pe 99%. Ot Dubash et al. (1995) vroldyisav v Ev kot Et g idwag ELISA e 45%
ka1 98%. Oswpnoav o¢ tpocPePfinuéva TpdPata To omoia NTav OeTIKA 6TV KAAMEPYELD
Kompavev 1 otV otomaforoyikn eE€tacn N 6TV £E£TOCT EMYPICUATMOV TOV EVIEPIKOD
PAevvoyovov mpoepyduevo omd TNV mEPLOYN TOL €Ae0L. Q¢ vy BewpnOnkov T
npofata Tov TPoépyovtay omd mEPLOYES Tov Bempodivtay amariaypéves e vocov. [a
v 10w ELISA, o1 Hope et al. (2001) extipnoav v Ev og 44,5% xot v Et o 98,8%
YPNOLOTOIDOVTAS avticTorya Ostypota {hmv BeTik®dv otV 16TonadoAoyiky) e££TaoT TOV
eeov kot detypoto {Owv Tpoepyopévev omd amoriaypéveg meployés. Opoimg, ot
Sergeant et al. (2003) voAdyicav v Ev piag dokwung ELISA, mov apyikd mtpotddnke
a6 tovug Yokomizo et al. (1983, 1985), ion ue 41,5% xat v Et ion pe 95%. Xtic aiyeg,
ot Molina et al. (1991) vroAdyioav v Ev 800 dokipumv ELISA, mov avartoybnkov 6to
gpyoompld tovg, ion pe 88,2% o 87,5% wou v Eu ion pe 95,2% xo 93,6%,
avtiotorya. Ov Rajukumar et al.(2001) extipnoav v Ev kot v Eu pog dAing ELISA
oV 0wKov Tovg gpyaotnpiov, oe 81,8% ot 90,6%. Ko otig 600 avtég pehéteg m
katdtoén tov (Oov oe vym kot mpooPePAnuéva Paciotnke omv emiPePaimon ™G
Aotpwéng pe MAP pe v KoAMEPYELDL KOTPAV®VY 1) TNV €EETAOT EMYPIGUATOV KOTPAV®V
N 1o omotélecpa G totomaboroykng e&étacng. Ou Whittington et al. (2003),
EAEYYOVTOG OElYLLOTA OY®V TPOEPYOUEVAOV OTtd TEPLOYES BEDMPOVUEVES OTAALAYUEVES ATTO
™ v6o0, vroAdyisav v E1 dvo dokipdv ELISA [PARACHEK™, CSL Ltd, Parkville kot
avT¢ mov avamtvydnke amd tovg Yokomizo et al. (1983; 1985)] ion pe 99,8% o
99,7%, avtictoya. H a&lomotio g KOAMEPYELNS KOTPAV®V, OV KOl XPTNGLLOTOOMKE
vy Vv extipnon g aélomotiog towv dokiumv ELISA ota mpoPata kot Tic aiyeg, dev
éxet extiunBet mapd povo oto Pfooedr). Ot Whitlock et al. (2000) vrordyisav v Ev g
KaAMépyewong kompavov oe Herrold’s Egg Yolk Medium (HEYM) ion pe 42%. H
exktipmon avty agopohce TV TPMTN KOAMEPYEWL GE LKL GEWPA EMAVAAALUPOVOLEVOV
eréyyov kabe {oov kot ompiytnke oty emPefainon g Aoipwéng pe Pdon to Betikd
amotéAecpa oty O vV KoAMEPYEWDL KOTPAvVOV Ge éva TOLAAYLoTOV Jelypo ToV
EMOVOLOUPOVOUEVOV EAEYYMV.

Oleg o1 mpoovagepbeicec extynoels Poaciocmnkov o€ OlyVOOTIKES OOKIUEG
avaQopdic mov ecPoApéva Bewpnnkov adldvOlooteg Kot yi avtd Katd v Sadikacio
ekTiumong ™g a&lomotiag TV VEOV SoyVOSTIKOV dOKIL®V, 0gv ANeOnke vrdym 1 un
téhewnr Ev kot Ev toug. Ot doxipée avapopdg dev eitvar addvOaoteg kvpimg yati dev
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avyvebouV EMTVYMOG OAEG TG AavOdvovceg popeég e Aoipwéng (Nielsen et al., 2002c),
enedn (1) oy mepintmon ¢ KaAMEPYELNG KOTPAV®Y, 1 OmEKKPLoT 0 cLuPaivel Katd
TO apylKO OTAO0 TNG AOIH®MENG €VA OTO UETAYEVESTEPO OTAOW UTOPEl va givar
dloAeimovoa 1 Vo KATOVEUETOL AVOLOIOHOPPA TNV HAla TV KOTPAavev 1 0 apliuoc tov
LUKPOOPYOVICUMV OTO OEIYHOTO TOV KOTPAVOV va givol WKPOG Kol ETOUEVEDS UM
avyvevowoc (Whittington and Sergeant, 2001), (ii) otnv mepintwon ¢ KAAMEPYELOG
16TOV 0 aplOpdS TOV UIKPOOPYOVIGU®OV 6T0 eEeTalOpevo detypa va givar pukpdc Kot
EMOUEVOG LN aviyvevolpog kot (i) oty mepintmon g wwtonaboloyikng e€étacng ta
pokofaktnpidi dev  €xovv TPOKOAESEL OKOUO  OVIXVEVCIUES TOOOAOYOOVOUTOUIKES
aArowwoeic (Whittington et al., 1999). Ot advvopieg awtéc Eytvay epupaveic OTov ot VEES
JyvVOoTIKEG OOKIUEG epoppdotTkay oTo (MO oL MTAV OPVNTIKO OTIG OOKLUES
avapopac.  Xapaktnpiotikd, ot Collins et al. (1991) dwmictwoav 6tt 14,7% TV
APVNTIKOV 0TV KOAALEPYELD KOTTpavey Boosdmv ftav Oeticd otnv ELISA (HerdCheck,
IDEXX). Ou Hilbink et al. (1994) Bpnkav 29% tov apvnTiKOV TNV 16TOTAO0AOYIKY
e&étaom mpoPatmv Oetikd oty ELISA. Ou Whittington et al. (1999), e pio obykpion
SYVOOTIK®V doKU®V aviyvevong tov MAP, Bprkav Betikd oty KoAMEPYELD 1GTOV
Ko Kompavev (ce tpia dapopetikd vrootpodpotoe BACTEC 12B, Middlebrook 7H10
kot 7H11) 10 32% ko 17%, avtictoyo, TV mpoPatmv mov MTav apynTikd otV
otortadoroyikny e€étaon. Ou Sergeant et al. (2003) av ko dev e&étacav mpdPata
apyNTIKE 6TV 16TomafoAoyIKn EETOON, GLNTNGOV EKTEVMOG TNV TOOVOTNTO VO EXEL M
otonaboroykn e&étaon 1000 Ev 600 kar Ei pikpotepn amd 100%, edwkd ota
vrokhMvikd mpoosPepinuéva (da. Or Whitlock et al. (2000) avabedpnoov v apyikn
T0VG eKktipnon tov 45% yio v Ev g kaAMépyelag kompdvmv o 25% otav ta {da mov
Nrav Oetikd omv 1otomaforoyikn e£€taon Katd TN oeOyn OAAG OpVNTIKA OTNnV
emovalopuPovopevn KOAMEPYELDL KOTPAV®V VTOAOYIGTNKOV ®G OETIKA GTOV LTOAOYIGUO
™m¢ Ev.

Awgopetikd otedéyn MAP eaivetar va kuplapyovv oto tpofata kot 11§ aiyeg. H
CUVTPUTTIKY TAELOYN QIO TOV CGTEAEYDV TTOV OTOUOVOVOVTOL 0td T TPOPaTa avijKovV
otov mpdfeto tomo 1 TOmo I kol dev avOmTUGGOVTOL KOAL GE TEXVNTO VITOGTPAOUATO
(Collins et al., 1990; Juste et al., 1991; Marsh and Whittington, 2005). H mAeioyneio tov
OTEAEYMOV TOL ATOHOVAOVOVTAL Omd TS aiyeg avikovv oto Poso tomo 1 tomo I won
Tapovctalovy TaydTEPN avamTuEn amd Ta oteAéyn tomov L. TIpoxerton pdAlov yuo fosia
oteréyn tov MAP mpocoppocuéva otig aiyeg (Whittington et al., 1998; Cousins et al.,
2000; Whittington et al., 2000; Stevenson et al., 2002). Televtaio weptypdoTnKoy o€
alyeg evoldueca otedéyn tov tonov I ko I, ta otedéyn tomov III, n avémtuén tov
OTOl®MV G€ VIOGTPAOUATO. EIVOL OOl e aVTh TV TpdPetmv 1 ToTov I oteleymv (de Juan
et al., 2005). Ta otehéyn ovTd TPOEPYOVTAY OO KOTASL0 aydV YETVIALOVTO e KOO0
nmpoPdtwv oty lomavia. Meta&d tov oteleydv tov MAP mov kuplapyodv ota mpofota
KOl OTIG aiyes vdpyovv, mhavAg, doeopésg otn Aooyovo ddvaurn. O Saxegaard (1990)
dwmictwoe Vv Ymoapén evog otehéyovg MAP mov ftav maboydvo yuo Tig alyeg oAAd oyt
vy to TpoPata. Ot dnpocievpéveg ektiunoelc g Ev ko g Etv g kaAAiépyetog
KOTPAV®VY, TOL Tpoépyovtal amd ta Pooedr], Ba ntav Adbog va viobetnbovv yia Ta
npoPata kot Tig aiyeg apov (a) to mpdPea otedéyn (Collins et al., 1990) kot to oTEXéYM
omov Il tov arydv (de Juan L. et al., 2005) &yovv dapopetikd puOud avamtvéng ot
TEYVNTA VIooTpOpoTo Kot (B) Ta OTEAEYN TOV HIKPOV UNPUKOCTIKOV EVOEYOUEVMG
emnpealovtal Le SPOPETIKO TPOTO Ao TO, GTEAEYT TV POOEWBDV amd TO, TPOTOKOAAN
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amopakpuveng Tov empoArvvoemy (Reddacliff et al., 2003). ®a frav Adbog, emiong, va
YeVIKELOOVV 01 EKTIUNGELS TNG a&10MIoTIOG TNG KOAMEPYELNS KOTPAVDV ot Tpdota Kot
TIG aiyeg o OAa TOL KOAMEPYNTIKA VTOGTPOUATA. XT0 BOOELDN, VITAPYEL ACVUPOVIN TOV
AmOTEAECUATOV HETAED SPOPETIK®Y KoAMepynTikdv pebodwv. Ou Nielsen et al.
(2002a) dwomictoay TOAD YOUNAY GLUEOVIO TOV OTOTEAEGUATOV NG KOUAMEPYELOS
KOTPAvev o€ 300 d10popeTikd vrootpduata, 0 HEYM kat to Lowenstein Jensen (LJ).
O pvOuog avantuéng Nrov peyardtepog 6to HEYM mapd oto LI evd mpmtitepa ot Juste
et al. (1991) siyav kataAnéel oo axpifmg avtifeto coumEpacua.

H emdeivoon kot e£amimon Tov mafoloyoovaTopUIK®OV OAAOIOCEDY GLVIOM®G
onNUaivel Kol amoTLYio TNG TPOCTATEVTIKNG KVTTAPIKNG 0VOGig Kol cuyvé cuvovdleTon
pe v avamtuén yvuikng avocoroykng omavimong (Whittington and Sergeant, 2001;
National Research Council, 2003). O Clarke et al. (1996) danictwcav 611 n oyxetikn Ev
wog dokyne ELISA, mov mpoopilotav yia ta Pooedn (Cox et al., 1991), wg mpog v
otomalfoAoyikn €EETOION MTOV ONUOVTIKE UEYOAVTEPY, O QULOIKA TPOocPePAnuéva
TpOPaTa TOV EYOV TN AETPOUATOIN TOPA TN QLUOTIOON Hopen aAloiwcemv (86,4 Kot
10% avtioctoya). Opoimg, ot Sergeant et al. (2003) dwanioctwoov 6tL N oxetikny Ev g
npoavapepbeicag ELISA mpog v 1otomaboroyikn eétaon Mtav peyoAdTepn oTo
TPOPoTo TOL ElYOV TN AETPOUATOSN TOPA TN ELUATIOON Hopen aAloidoemv (65,1 Kot
32,2%, avtiotoyo). Xto TpoPfato HE TN QUUATION HOPPN GALOIDCE®V O APOUOS TV
UIKPOOPYOVIGUAV elval pikpos. Avtifeta 1 yuUIKY] 0VOGOAOYIKT GAVTNOT GLVOOEVETOL
and v e&amlwon tov MAP kot v mapovsio peydiov aptfuod HKPOopPYaVIGUOV,
omw¢ cvpPaivel oto TpdPata pe ™ Aempouatddn poper ariowwoewv (Clarke and Little,
1996; Perez et al., 1997). Xtig aiyeg dev €xel mpayuatomomOel avaA0y0og GLGYETIGUOG
HETAED TNG HOPPNG TOV OALOIDGEMY KOl TNG YVMIKNG avooiag. Daivetal Opmg Ot o
npoPata Kot ot afyeg mopovctdlovv dlapopetiky evmddeia otn Aoipwén and MAP ko
drapopetikn avocoroyikn amdvinon. Ou Corpa et al. (2000) danictwcav pikpd apOuod
QLOIKA TPOGPEPANUEVOV oy®dV LE EGTIOKEG AALOIDGELS Kol VYNAGTEPO aplBUd YDV LE
JLTEG OALOIDOELS, GE CUYKPION HE OVAAOYEC UEAETEC TOV TPUYUOTOTOWONKOV GE
eLoKa mpocoPepinuéva tpoPota (Perez et al., 1996). Yroothpi&av 41t t0 YEYOVOS 0VTO
TOOVOG VITOJEIKVVEL TI UELOUEV IKOVOTNTO TOV oydv vo meptopilovv ™ Aoipmén. H
TOPOTNPNON aVT] o€ oLVOvooud pe v mpoavapepbeica dwpopetiky Ev tov
OPOAOYIKMV SOKIUDV OVAAOYO LE TN HLOPPN T®V OAAOIDCEMY KOOMDC KOl 1) SLOPOPETIKN
KOTOVOUN TOV TUT®MV TOV GTEAEY®V UETOED aty®dV Kol TPORAToV, KOTAOEKVOEL TNV
avdykn a&lohdynong g a&lomoTiog TV OPOAOYIKMY SOKIU®OV YOPLGTH 0T0 TPOPaTa Kot
T1G afyec.

Emunpdobeta, 6mmwg mponyovpeva ava@épinke, 1 eTA0YN KGO Y10 TIG OPOAOYIKES
doKpéG (Tmv omoiwv N petafint) 610)0G givarl cuveyng), e&apTdTal amd T0 KOGTOG TMV
oQOAUATOV KaTATaéNG Kol TO TPAYUOTIKO T0600Td TPOocPoAng otov mAnbuoud (Zweig
and Campbell, 1993; Greiner et al., 2000). Xvvendg, n eTAoyn KGO TEPAV TOV EIGOVG TOV
Coov mBavdc VIOKEWVTOL GE TPOTOTOIGELS AVAAOYO LLE TO OKOTO TNG UEAETNG KOl TOV
vd perétn minBvopd. H emdoyn tov kod emnpedlet ektodg amd v Ev ko v Ei. H
tedevtaio umopel va Stapépel kot petald TANOLGUOV Kol TEPLOYDV HE SLOPOPETIKN
nepParioviikn pokoPaxtnpdroxy yhopioa (Nielsen et al., 2002a).

Emopévog, sivor mpotiudtepn, omd tv evbela avaymyr EKTIUAGE®V TOL
npaypatotomOnkav oe dAAeg meployés kot mAnBuopovg {odwv, - a&oddynon g
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a&loTIOTIOG TOV SYVOOTIKOV SOKIUMV 6TIG bItd uehétn meproyéc—mtAnbvouovg (Greiner
and Gardner, 2000).

Ta povtéda AovBAavovcog KaTAoTaoNS, ToL Ogv mpobmobétovy v Vmapén
LY VOO TIKMOV SOKILMY 0VOPOPAS Yol TNV AEI0AOYN oY TV SL0YVOOTIK®V OOKIU®Y, HOVO
TpOceaTa ypnoiponombnkay yio v ektipnon g Ev kot g Eu oag ELISA kot pog
KOAMEPYELOG KOTPAVOVY Yo TN Stdyvmon g mapoevpatioong ota fooedr (Nielsen et
al., 2002c), oAra dev €xouvv epappootel otV a&loAdynon dyvooTik®v uedddwv ota
npofoaro kot Ti¢ aiyeg. Ot extunoeic twv Nielsen et al. (2002¢) Basiomkav og {da mov
Bpiokoviav ce 6Ao T GTAOIN TNG TAPAPVUATIOONS, XOPIG VO ATOKAEICOVV TO KAVIKA
npooPefinuéva (oa, av kot (o) eivar coaeég OTL N YPNOUOTNTA TOV SAYVOCTIKOV
JOKI®MV givorl 1010{TEPT OTOV EVIOMIGUO VIOKAMVIKG Kot Ol KAWVIKA TpocPePAnpévev
Coov kat (B) n Ev t660 ™™g KOAMEPYELNG KOTPAV®Y OGO KOl TMV OPOAOYIK®OV SOKLUMDY
elval cap®g peyaAvtepn oto KAMVIKG Topd oTo LIOoKAWKE mpooPePfAnuéva {da
(National Research Council, 2003).

H pn téAetn Ev ko Et tov dtoyvootikdv dokiudv mpénet va Aappdvetal vmoym
KOTA TN OlEPEVVNOT TOV EMONUOAOYIKOV cLoyeTIop®v. H Aolpwén amdé MAP pdiiov
eMNPeAleL opvNTIKA TN YOVILOTNTO TOV POOEW®V oV Kol To €upiuato TG O1eBvoug
BipAoypaeiag sivar aviikpovopeva. H oyxéon avt dev €xel depevvnbel ota mpdPata
kot Tig aiyeg. Ot Merkal et al. (1975) dwmictocov onpavtikd vVYnAOTEPO TOGOCTO
ayoviOTNTOG G€ VITOKAVIKA TpocPefAnuéva Pooedn mov Ntav BeTikd otnv KoAMEPYELR
KOTpavov M v KoAMEépyel Tunpatog tov eheov. Ot Buergelt and Duncan (1978)
avaeepay  cLYVOTEPN  EUEAVIOTN TPOPANUATOV  OyOVILOTNTOG KOU HOOCTITIONG OF
VITOKAMVIKG TTpocPePfAnpéveg ayedddeg mov ftav OeTIKEC otV KOAMEPYELD 16TOV H/KOoL
kompdvov. Ot Abbas et al. (1983) dianictwoay 6Tt T0 HEGOSIAGTNUA TOKETOD — TOKETOV
o€ VIOKAVIKE TTpocPePAnuéveg ayelddeg ntav 1,73 unveg peyoldtepo o€ oyéon Ue Tig
vyteic. Xty mo mpdoeotn uerétn, ot Johnson-Ifearulundu et al. (2000) Bprkav avénuévo
uecodidotnua toketod — 1°” 0iotpov og KAvikd vyieig ayehddeg mov frav Oetikéc ) otV
ELISA (HerdCheck, IDEXX) 1 oty kaAlépyela kompavav. Avtifeta, ot DeLisle and
Milestone (1989) xoi ot McNab et al. (1991) 6g Bpnkov kopic oyéon peta&d
LEGOJIOCTNUOTOS TOKETOV — TOKETOV KOl VRTOKAWIKNAG Aoipméng omd MAP. Ta
OVTIKPOLOUEVO gVPNHATO TOOVOG 0PeiAovTal TEPAV TOL OLOPOPETIKOV OPICHOV NG
VOGOV KOl GE GOAALATO TV SlOyVOOTIKOV SOKIU®OV, TOV TUPUAAAGGOLY HETAED TmV
peretdv. Ektog avtdv, oty vrdpyovca acvpemvia mhovodg cuvéBaie Kot 1O YEYOVOS
ot d¢ depevvnOnke 1 mBav Tpomomoinomn ¢ oyéong petald Aoipméng pe MAP kot
YOVILOTNTOG OVOAOYX LLE TO TOPAY®YIKO GTAS0 TV (D®V, oL glval TOAVAOG GNUAVTIKY,
apov ot Nielsen et al. (2002b) dwomictwoay 0Tl T, ATOTEAEGUATO TV OPOAOYIKMDV
SOKILMV S0pPOPOTOLOVVTOAL AVAAOYE LE TOV OplOUd TOV TPAYLATOTOMOEVIOV TOKETMV
K01 TO GTAS10 TNG YOAOKTOTOPAYWOYNG.

Yxomog ¢ dwTpiPrg avtng NTav N ektipmon g adlomotiog PG 0poAOYIKNG
JoKIUNG Kot 000 pHeEBOd®V KAAMEPYEUDV KOMPAV®V, TOV YPNCUOTOOVVTOL SlEBVDS
gupliTOTA OTN OYVOON TNG TOPUELUATIOONS, 68 KAWVIKA Vvyielg aiyeg ko mpdfarta
npooPefinuévov  ektpoeadv oty EAAGSa, pe T ypfion poviéAwv AavBdvovoag
Katdotaonc. Ot ektiunoels £yvav yoplotd yio Kabe eidoc (oov. Emmiéov, diepsuviOnke
N oyxéon petald yovipdmtog Kot vwoKAWVIKNG Aoipméng amd MAP tov aryov kot tov
npofdtwv, avaioyo pHe TO TOPAY®YKO oTdo0 TV (Oov, Aaupdvovtag vmoyn To
OQAALOTO KOTATAENS TNG OLYVOOTIKNG S10d1KAGT10g.
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I1. Kootovrag!, A. Asovtidnc’, C. Enge?, X. Maikiviic®, M. ®dAdpov’, M. Zopio’
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Tuquo Kmviatpikng, [avemompio ®sooariog, 43100 Kapditoa, EALGSa.

*The National Committee for Pig Production, Danish Bacon and Meat Council, Axelborg,
Axeltorv 3, DK-1609, Copenhagen V, Denmark.

3Epyacm']pto MukpoBroroyiag kot Iapacitoroyiog, Tunuoa Kmmviatpiknig, Tavemotuio
®eoccariag, 43100 Kapditoa, EALGSa.

Eywe dexto yia dnuooicoon oto weprodko Preventive Veterinary Medicine
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2.1. Mepiinyn

INo v ektipnon g evaictnoiog (Ev) kot g edikotntog (Et) piog oporoyikng
dokung tomov ELISA kot pog pebddov kodhépyetag kompavav (KK) yuo t didyvoon
™G TAPAPLUOTIOONS, YWPIOTA 6€ KAWIKG vym TpodPata Kol aiyeg mpooPefAnuévov
EKTPOP®V, epopuocape pHoviédo Aavldvovcag kotdotaons. Xpnotpomomonke n Kotd
Bayes pebodoroyio emilvong. H mbBavotmra g vmd ocvvOnkn edptmong tov
JYVOOTIK®V SOKIUDV dlepeuvninke Hé€ow TG cLYKPLoNG HOVIEA®Y oV LIEBeTaY TV
aveCaptnoio pe poviéda mov eAdpPovov vmoOyn v €£APTNON TOV OYVOCSTIKOV
JoKI®V peTalld TV VYoV Kot tev mpocPefAnuévav (dov. Atevepynbnke, emiong,
avdivon tov KopmvAdv ROC ya v ELISA kot emdéybnkav BéAtiota kpicyo onueio
dtdxpiong (k.0.0.) pe Pdon 10 oyeTIKd KOGTOG TV GQUANdTOV Katdtaéng g ELISA ota
nmpocPePAnuéva Kon ta vym {oa, Yo Kabe idog Cmov.

Agv dtumotdbnke e£aptnon petald tov Ev 1 tov Et Tov d10yvooTik®dv oKiudy.
Yrobétovtag v vwd ocvvOnkn aveEaptoio Tovg, ot dtduecec Tpég kot to 95%
dwotquata a&lomotiog yoo T1¢ Eveisa, Etelisa, Evkk kau Ewg, frav 62,5% (42,3-
92,8%), 95,0% (90,2-98,0%), 7,9 % (2,0-17,3%) xo1 98,0 (95,0-99,7%) otig aiysc, kat
37,3% (10,2-80,0%), 96,6% (93,2-98,7%), 15,8% (1,9-47,8%) o 97,3% (94,5-99,4%)
oto. mpoPata. To euPfaddv kdtw omd v kapmdin ROC vmoroyictmke 0,702 ota
npoPata kou 0,847 otig aiyeg. ['a v ELISA, n emtloyn Tov K.6.8. mpémet va yiveton pe
Baon 1o €id0og tov {Dov aAAG Kol TO okomd TG pHeEAETNG. [ moapdderypa, OtOv TO
TPAYLATIKO T0600TO Tpocsforng eivar 20%, Bewpdvtag ico 1| TEVIOTAAG1O TO KOGTOG TOV
YELOMG APVNTIKOD G GYECN UE TO KOGTOG TOL YELOMSG OETIKOD OmMOTEAEGUOTOC TNG
ELISA, 10 k.6.5. ntav 0,3 11 0,05 ota npoPata kot 0,6 | 0,1 otig aiysg, avriotorya. H
ovvolkn Swokprtikny wavotto ™g ELISA ftov keaAvtepn otic aiyec am' 0,11 ota
npoPata. H peiwon tov k.0.0. Pertiooe v Evglisa yopic va peidost onpavtikd v
EteLisa kot ota dVo €iom (oov.

AéCeig-kleroid:. mapapouatioon, ELISA, xalliépysia kompavawv, poviéio. iavBavovoas
kotdotaong, uebodoloyia kara Bayes, avaivon kourvionv ROC, aiyes, mpofara.
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2.2. Evoayoyn

O emtuyng €Aeyyog ko 1 ekpilmon ¢ TaPAPLUATIOONS £X0VV, KOTA Vo LeYAAO
LEPOG, EUTOOIOTEL OO TNV EAAELYN JLAYVOCTIKMV SOKIUMV IKOVOV VoL aviyvedcovy opbd
o, VY Kol Kupimg o mwpooPePAnuéva (Mo Katd to apyikd otdolo TG Aoiuwéng
(National Research Council, 2003). TTponyovueveg ektiunoeig g Ev kot Ev g ELISA
oT1¢ yahaktomapoywyés ayehadeg (Collins et al., 1991; Ridge et al., 1991; McNab et al.,
1991; Sweeney et al., 1995), ta npéPata (Hilbink et al., 1994; Dubash et al., 1995;
Clarke et al., 1996; Hope et al., 2001; Sergeant et al., 2003), ti¢ aiyeg (Molina et al.,
1991; Rajukumar et al., 2001) ko o€ pektd komadia tpoPdrwv kot arydv (Munjal et al.,
2004), xabdc ko tov pebddwv kaalépyetog konpdvov (KK) otig yoloktomapaymyég
ayeladeg (Whitlock et al., 2000; Sockett et al., 1992), otpiyOnkov oy emPePaionon
™m¢ Moluwéng ondé MAP péoo g 1otomaboroyikng e€€taong N tov  Oetikov
OTOTEAEGUATOG OTNV KOAAMEPYELD 1GTOV 1] KOTPAVAV, 1 TOV enavoiapfovouevo Beticon
anoteréopatoc oty KK. Evtodrtolg, avtéc ot dokipég avapopds dev ivar addvOooTteg
KO 0V aviyvevovy emtuydg OAeg Tic AavBdvovoeg popeéc e Aoipméng (Nielsen et al.,
2002). H Moipwén dev pmopeil mavto vo aviyvevbel emeidn (o) oTiC TEPMTOOES NG
totonaforoyikng eEETaong Kot TG KOAAEPYELNG 10TMV To, pukoPaktnpidia pmopel va punv
£YOVV TPOKAAESEL aKOUa aviyveLolueg maforoyoavatopkés ardowwoelg (Whittington et
al., 1999), xou (B) omv mepintwon g KK, n anékkpion de Aappdvel ydpo Kotd T0
apyKoO 6Tdoo TG AoIU®ENG, VD OTO. LETAYEVESTEPO, GTAOO 1) OMEKKPION WTOPEL Vo
elvar dwdeimovca 1 vo KatovERETOLl avOpOlOpopPa ot palo TV KOmpavov
(Whittington ot Sergeant, 2001). EmmAéov, otV ZTpaypotikdTTa, Ot VIAPYOVGES
oxetikég ektyunoelg Ev ko Eu dgv etvon mhvta dpeco cvykpicipeg, dedopévov 0Tl o€
TOAAEG TEPIMTMGELS Ol OAYVAOOTIKEG SOKIUES avAPOPAS Kot 01 VIO UEAETN OLOYVIOOTIKEG
JOKIUEG PETpOVOAY dlaPOPeTIKE Tpdypata. [a mapdaderypa, n wotonaboroykn e&€toon
OVIYVELEL OAAOLOCELS 1 TNV EVOOKLTTOPIKY Tapovsio. pukopfaktnpdiov, evo n KK
AVLYVEVEL TNV ATEKKPIGT] TOV UIKPOOPYOVIGHLOV.

Mo eVOAAOKTIKN TPOGEYYIoN GTNV EKTIUNGT TNG AS0TIOTIOG TOV Sl0YVOCTIK®OV
JOKI®V amoTeAoVV To. Hoviéda AavBdvovoag katdaotaons. H yprion g pebodoroyiog
aLTAG TTPOLTODETEL TV TAVTOYPOVI] EQOPUOYN VO 1 TMEPLGGOTEPMOV SLOYVOOTIKMOV
doKmVv o€ évav 1 teplocdtepovs TANBuopovs. Kapio amd tig Stayveootikés doKég o€
Bewpeitar doxun avaeopds. Emopévmg, n kotdotacn g vysiog tov {Owv apykd
Bewpeitar AavBdavovoa, onAadn, av Kol VIOPKT KOl CLYKEKPIUEVT Elval Ayvmotn 6Tov
egpeovnm. Emedn n pebodoroyio emilvong wkotd Bayes éyer to mAeovéKTnpo g
EVOOUATOONG €K TV TPOTEPOV TANPOPOPLOV Y1 TIG TPOG EKTIUNGN TAPAUETPOVS, EYEL
EPaPLOOTEL 0TOL HOVTEAD AOVOAVOLGOC KATAOTOONG €1TE Yoo TNV TEPITT®ON NG VIO
ovvOnkn aveEaptnoiog (Johnson et al., 2000; Joseph et al., 1995), gite g V6 GLVONKN
e&aptnone (Dendukuri and Joseph 2001; Georgiadis et al., 2003) tov d0yvoOGTIKGOV
dokiumv, gite kot Tov dvo nepurtdcemy (Black and Greig, 2002). Movtého AavOdvovcoag
KATAoTOONG EQUPUOGTNKOY 6TOV VITOAOYIGHO TG Ev kot g Ev pag ELISA «o pog KK
ot yohoktomopoyoyég ayelddec (Nielsen et al., 2002), aAld mpotyundnke o
TPOCIOPIGHOG TV AVGe®V peyiotng mhavopdvelag kot oyt | Kotd Bayes pebodoroyia
emihvong. AvaAoyeg EKTIUNGELS eV VILAPYOVY GTO TPOPOTA Kot TIG ALYES.

Eivar emopkmg texunpuopévo 6tt 1 Ev tov So0yvootikdv SoKIudv yuoo v
mapoeuuatioon eEaptdtal amd TNV Katavoun TV otadiov g Aoipwéng otov TAnducud
(Collins and Sockett,1993). ITiBavotata Soeéper koaw M Ei peta&d meploydv ue
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dwapopetikn  mepifordoviikny pokofoaktnpdtakn yrlopida (Nielsen et al., 2002).
Emumdéov, dagopetikd oteréyn MAP kuplopyodv ota mpdfata kot tig aiyec (de Juan L.
et al., 2005; Stevenson et al., 2002), mov umopei vo €ival SAPOPETIKNG AOYLOYOVOL
duvoung (Saxegaard, 1990) kat, icmg, vo ennpealovy ™V a&lomIoTio TOV S0YVOCTIKMOV
dokucv. Ilpdoeoata, ov Corpa et al. (2000) avoeépbnkav oty mOavotTnTo NG
SLLPOPETIKNG €VTAOELNG Kol TNG OLPOPETIKNG OVOCOAOYIKNG OAVTNONG UETAED oymdv
kot poPdrtov. Ta wpoPeia ko pepcd otedéyn oryov (de Juan L. et al., 2005) éyovv
dapopetikd puud avamtvéng oto texvntd vrootpopate (Collins et al.,, 1990) kot
emnpealovtal, evoeYOUEVMG, e JOPOPETIKO TPOTO OO TO TPWTOKOAAD OTOUAKPUVONG
TOV ENPOAIVOE®V GE o)EoN UE Ta otedéyn Tov Pooedmv (Reddacliff et al., 2003). Katd
ovvénew, O0g Ba MTav epdvywo vo viobetnBodv ekTyunocelg ywoo v oaélomotic TV
SLYVOOTIK®V SOKIUMV TOV TPOEPYOVTOL oo T, f0oed] ot TPOPaTa Kot TG atyes 1 va
vo un dwyoplotoby Ta 000 €101 KOl Vo TO. XEPICTOLUE O &viaio €100¢ KaTd TNV
aE0AOYN O TOV OYVOCSTIKOV OOKIUMV.

Ye aumv T peAétn, epappdcope povtéda Aavldvovcag KatdoToong Kot TV
puebodoroyia emidvong kata Bayes, yio v extipnon g Ev kot g Et poag dokiung
tomov ELISA kot pog KK, yopiotd oe mpdPota kot oiyeg yoAOKTOTOPOY®YIKNG
katevBuvong. Atepevvinie, n mbavomta vrd cvvOnKn eEdptnong petald twv Ev ko
10V E1 tov dvo diuyvootikdv dsokiudv. I'ia v ELISA, npaypatoromdnke avédivon tov
kapmoAav ROC, yia va diepguvn et | avaykn exthoyng e81K®V yia 1o €100¢ Tov {Hov Kot
TO 6KOTO TNG LEAETNG K.G.0.

2.3. YMka kon péfodor

2.3.1. Opioudcg g roiuwing amdé MAP

Ywbemoope tov opwopd G AOIH®ENG Yo TNV TOPOELUATIOON  OTMG
datvrmbnke amd tovg Nielsen et al. (2002). Mg tov 6po Aoipmén evvooldue mTmg ta
npoPata 1 ot aiyeg @épovv t0 MAP evdokvttopucd. H dolpwén de ocuvvemdyeton
amoPoiTNTO TOALUTANGIUGUO GE HEYOAOVS OPLOLLOVG TOV HKPOOPYAVIGHOVD, POl Hmopel
va gival AavBdvovoa. Oswpolpe, emiong, mwg N «eykateoTnUéV» Aotuwén éxer i Oa
TPOKOAESEL OAVOGOAOYIKY] OAVINON Kdémola ypovikn otiyun g (ong tov {oov. Ev
oAlyotg, vrobétovpe Tog amd T otiyp| mov eykadictatal n Aoipmén, Tapapével €' 6pov
Cong. Emopévmg, pe Paon tov opiopd avtd, o Eeviotig Ba epepavicel amékkpion tov
MAP pe ta kOTpavo Kot YUUIKN 0VOGOAOYIKT OTAVINGN.

2.3.2. Yno uerétn minBoouos

Téooepa Komadia Tpofdtmv Kot arydv, pe péyebog mov kopovotov and 250 £mc
350 {oa, emAgymrav yi' avtv ™ perétn. Oho to komdolo eiyov 16TOPKd KAVIKNG
mopoeuuatioong ko Ogv egiyav moté euPolaoctel katd tov MAP. 'Eva oan' avtd
arotereito and mpofata, £va amd aiyeg Kot 00O NTOV PEKTA, He avoroyio TpoPdtwv-
aryov, 60-40% to éva ko 40-60% 1o GAro.
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2.3.3. Aeryuazoinyio.

Yroyeion TpogpyOUEVA OO TIG YOAOKTOTOPAY®YES ayeAddeg delyvouv mwg 1 Ev
™G OporOYIKNG Ookung Peitiotomoteitar  mpog TO  TEAOG TG MEPLOOOV
yoloktomapaymyne, eve 1 El mapapéver otabepny (Nielsen et al., 2002c). Katomv avtov,
n oetypatoyio tov (Owv &ywve katd ™ Odpkeld Tov Tpunvov Ampiiiov — Maiov
2002. Xe kdPe exktpoen emhéxOnkav toyoio (e Aioto tuyaiov aplBudv amd Tov
vroloylotn) ekatd KAwikd vy (oo (yopic KAMVIKEG eKONADOELS  EVOEIKTIKEG
TAPOPLUATIOONS: YPOVia 1) dSoAeimovca didppota, OTOAEWD BAPOVS U AVTATOKPIVOUEVN
oe ovOeluwOn 1N avtyukpoProkn Ogpomeio), a@ol amoxkieiotnkov (Mo mMAkiog
pupotepng tov 1,5 €tovg. H gv duvdpel avantuén yuIKng ovOGOAOYIKNG OEVTNONG Kot
anékkpiong Tov MAP pe ta kémpava, dmwg TpokdnTel amd Tov oplopd ™ Aoipuméng amd
MAP (2.3.1), artroroyel v emhoyn (dov peyaddtepov avtc g nhikiog. Amd Kabe
emleyév (0o cuAAEyOnkav mepimov 10 ml. aipatog kot 10 ypapudplo kompdvev and o
anevOLGUEVO.

2.3.4. Mioyvwotikég OOKIUES

Ta detypota opdv eetdotnray yio avticoOpato Katd tov MAP pe pio opohoyikn
Soxwg ELISA tov eumopiov (IDEXX ELISA '), oopowva pe tic odmyiec tov
katackevaot (Sockett et al., 1992). Kabe deiypa kompavov evopboipiotnke ce 600
doKIUaOTIKOVG cmANVEG TOL mepteiyov vrdotpwua Herrold’s Egg Yolk, sumiovtiopévo
ue pokofaxtivny ko avtiProtikd (Becton Dickinson product code: 222233), petd amd v
EQOPUOYY EVOG TPOTOKOAAOV OMOUAKPUVONG TMV ETUOAVVOEDV OV TEPLYPAPNKE CE
npocpateg peréteg (Greig et al., 1999). Ot kaAMépyeteg emwaotnkay yio 30 efdopddeg
otoug 37°C, evo «déPBe 0600 ePdopddec ywoOtav EAEYYOG YL TNV avVATTLEN
wkpoopyoviopwv. o v emPefaioon tov €00Vg TOV WKPOOPYAVIGUADV TOV
avartoyOnkav, aroondotnke DNA and T KaAMépyeteg Ko eAEyyOnKe yio TV Topovsia
™c kNG tov MAP évBetng axoArovbiog 1S900 (Green et al., 1989), Baost g teyviKng
™G OALGLOMTNG OVTIOPOUGNC TNG TTOAVUEPEOTG.

2.3.5. Zraniotikn avaivon

2.3.5.1 Movtélo kou éleyyog vmobéaewv

INo v ektipnon tov Ev kot Et g ELISA kot tg KK (Evepisa, Eterisa, Evkk
kot Bk, avtictoyyo), epappocope poviéda Aavidvovoag katdaotaong (Hui and Walter
1980; Walter and Irwig, 1988; Enoe et al., 2000) ko1 emé€ape v katd Bayes
nebodoroyia exilvong (Johnson et al., 2001; Branscum et al., 2005). Ot ektipunceig £ywvav
YOPIGTA 6T TPOPOTA KoL TIC OiYES.

Ot extynoeg Tov Ev kot Ev ompiymkav 610 cuvovooud tov onoterespdtov
TOV 600 JyvOoTIK®V dokiumv. H opfn yprion avtodv tov poviéAov mpodmodétel v
16Y0 POV 0VGLEGTIKGOV Vobécemv: (o) Ot dayvooTikég dokipég mpénel va givor ved
ouvOnkn ave&apmreg peta&d tovg (Gardner et al., 2000), (B) o mTAnOvouds avagopds
npénel vo. amoptietor omd dVO 1N MEPIGGOTEPOLS VLIO-TANOVGUOVG LE SLOPOPETIKO

Y DEXX laboratories, Portland, ME
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TPOYLOTIKO T0600TO TPoSPoing, kot (Y) peta&d tov vro-tAnbvouodv avtdv, Oa tpénet
va un sweépovv n Ev kot n Et ké0e dwayvootikng soxyung. H 1oy0g tov tpiodv avtov
vroBécemv eAéyyOnke g e&Ng:

o. Yno oovbnkn aveloptnoio twv dayvwotikav dokiuwmv — Emxidoyn uetald tov
Hovtélov )¢ vo covinkn aveloptnaoiog kou eCaptnong

Xpnoworomdnke 1o HOVTEAD TNG VIO GLVONKN aveEaPTNGIOG TOV TTEPIEYPAYAY
ot Johnson et al. (2001) kot To povtélo g Vo cvVONKN EAPTNONG TOL TPOTEWVAV Ol
Dendukuri and Joseph (2001). Tporomomcopue KOTAAANAQ Ta. 3VO LOVTEAQ, TPOKELUEVOD
v xpnoomomBovv 6TV avAaivon ToV OedOUEVOV LOG OV TPOEPYOVIOV Omd TNV
TAVTOYPOVY EPAPUOYR VO SLAYVOOTIKOV SOKIUDV 0€ TPELS VITo-TANOvouovg (ta poviéla
Yoo TV TEPITTOON NG OVAALONG OESOUEVOV OV TPOEPYOVTOL OO TNV TOLTOYPOVN
epopuoyny 000 JYVOOTIKGOV OdoKW®V o 000  vmo-mAnbuouovs, mpdseaTa
avookomnkav omd tovg Branscum et al. (2005)). T to poviého TG VO cLVONKN
e&aptnong mpotunoape ™ doun twv Dendukuri and Joseph (2001) eneidn evoouatdver
dueca 1o ovvieleot ovvolakdpaveng tov Ev (yey) kot tov Et (yg) tov 800
dayvootikodv dokuadv (Branscum et al., 2005).

Ao ™V €QOPLOYN TOL HOVTEAOL TNG VIO GVVONKT €£APTNONG, VITOAOYIGALLE TOVG
YEv K01 Y, Kat To, avtiototya 95% dwaothuata aélomotiog (6.0.). Ta .0 mepieddpupavoy
TV TN UNdév. XVVEn®G, n vrdBeon g VO cuvOnkn ave&optnoiag dev UTOPOVCE Va
amoppipbei (Gardner et al., 2000). Emmpocbétmg, pe ™ ypnon tov DIC Tool oto
nepidrdov tov Aoytouikod WIinBUGS, vroloyicape to kpitipro andkiiong (DIC) tov
HOVTELOL amd Ta dedopéva, TOGO Yo TO LOVTELD TNG VO GLVONKN avesapTnoiog OGO Kot
YU avtd g e&dptnong. H dwapopd tov DIC peta&d twv dvo poviéhmv ntav pkpotepn
tov 2 (0.1 yo ta poPata ko 1.3 yia T1¢ aiyec), mpdyua To 0moio GNUAIVEL TOE To dVO
povtéha Toptdlovy ota dedopéva &icov kald (Spiegelhalter et al., 2002). Q¢ ex TovToL,
emeAEYT Yoo TNV avdAvon 1o povtédo TG Lo cuvONKN aveSapTnoiog.

L. YrobOeon tns orapopds oto mpayuatiké mocooto mpocfoing

ZnmOnke omd TOV EMOMTEVOVTA KTNVINTPO VO KATOTAEEL TO. KOTAd (e PAon TO
TOGOOTO EUPAVIONG YPOVIOG ETAVOAAUPAVOUEVNG O1appolaG, TOV &ivol EVOEIKTIKN
KAMvikng mapagupatioons. Me Baon v tagwvounct| tov, cOUeova pe TV onoio 1o
TOGOGTO EUPAVIONG XPOVIag emavaropPavopevng duappotag ntav 1-2%, 5% xor >10%,
dapopeddnkay tpelg vro-mAnbuouoi mpoPdrtwv (o Komadt TV TpoPdtov Kol To
TPOPBoTo TOL TPOEPYOVTAY Od TOL dVO UEIKTA KOTAdSIN) Kol TPELS aty®V (To KOmAdl TV
aLy®V KoL Ol 0YEG TPOEPYOUEVES OO TOL VO UEIKTA KOTAA0L), GTOVG OTTOI0VE OVOUEVOTALV
TO TPAYUOTIKO TOGOGTO TPOGPOANG amd mopagupatioon vo sivar younid, péco Kot
VYN0, avticToyo.

v. YrobOeon tne ouorog Ev kou Et puetald twv minbooucv

Mo tov éheyyo ovtig ¢ vmobeong, ovolvcape Eeymplotd OAa to mhovd
Cevydpia TV Vo-TANOLGUOV, ETOVOIAALBAVOVTOS, ETOUEVMG, TNV AVAALGOT TPELS POPES.
Kd&be @opd, m dour] tov HOVIEAOL KOl Ol €K TOV TPOTEPMOV TANPOPOPIEC 7OV
evoouatonkoy 6e avtd NTav 01EG e TN OOUN KoL TIG €K TOV TPOTEPOV TANPOPOPIES
OV XPNGHOTOONKAV GTNV OVAAVGT| TOV TPLOV VTTO-TANOVSU®V poll. Ot EKTIUNCELS TNG
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Ev kot g Et and 11g avaivoelg OAov tov (evydv dev dlEpepav amd TIG EKTIUNGELS OO
™V avdAvon Tov TPLOV LTO-TANOVGUAOV, 0TOTE CLUTEPAVALE OTL | LTOBEST] TG OHOLNG
Ev kot Ev peta&d tov vro-nAnbucuav ioyve, 160 ota tpdpato 660 Kot oTIS aiyed.

IMivaxog 1. Ot avagopég otn debvn Piproypapia yo v evaicOnoio (Ev) kot v
ewdwotra (Et) g ELISA kot g xaAlépyelog kompavov (KK) yio ) didyvoon g
TOPOPLUOTIOONG o€ foogldN), atyec kot TpoPata.

Avopopd Eidoc ELISA KK
Collins et al., 1991; Ridge et Booegwn Ev ~ 45%
al., 1991; McNab et al., 1991 E1>90%
NielEvn et al., 2002 Boogion Ev =27-86%, Ev=20-73%
E1=55-98% E1> 98%
Sockett et al., 1992 Boogion Ev=47-65% Ev =45-73%
E1> 99%
Sweeney et al., 1995 Boogion Ev=15-87%
Whitlock et al., 2000 Boogidn Ev=15-75% Ev=42%
E1>99%
Evrgeant et al., 2003 IIpoPata  Ev=25-73%; 10-47%
Et>95%
Whittington et al., 2003; TIIpofata
Hilbink et al., 1994 E>97%
Hope et al., 2000 IIpoPata  Ev=35-54%
E1=98,2-99,5%
Dubash et al., 1995 [poPata Ev=48%
E1=95%
Rajukumar et al., 2001 Alyeg Ev>75%
E1>90%
Molina et al., 1991 Atyeg Ev>85%
E1>93%

2.3.5.2. Ex TtV mpotépwv TAnpopopieg

Xpnowomombnkav katavoués Prita (Bn (o, B)) v v evoopdtoon ek tomv
TPOTEPMV TANPOPOPLOY GTO HOVTEAO Y10, TIG TPOG eKTipnon mapapétpovs (tig Ev, tig Et
KOl TO TPOYUATIKO TOG00TO TPocPoing oe kdbe vmo-mAnbuouod). Ou idieg katavouég
YPNCLOTOWONKAV Yo TO HOVTELO TG VIO GLVONKT aveEopTnoiag Kot e£APTNOTG Kot Yo
Ta 60 €idn Lowv.

Mo mv Evepisa kot v Evkk ypnowomomnke po opotdpopen katavoun Bn
(1,1) mov dev mapeiye Kopio €K TOV TPOTEP®V TANPOEOPin Kot £5ve ioec mBovOTNTEG OE
Kk60e TN and 10 0 éog to 1. Mg PBdomn ™ Swbéoun PpAoypaeia yio ta Boogdn], Tig
atyeg kot ta mpdPata ([Mivaxag 1), n mo mbovy T yioo v Egsa kabopiotnke oto
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0,95, evo uactav 95% BéPatol mwg NTav tovidyiotov 0,90. H Bn mov €yel mo mbovn
i 1o 0,95 kau 50 ekatootnudplo to 0,90, eivon n Bn (100, 5,5). T v Ewkk, 1 mo
mBovn T Beopndnke mwg eivor to 0,98, eved Muaoctav 95% PéParor TG MOV
tovAdytotov 0,95. Avtd ta ototyeio avtiotolyovoay o€ pio Bn (100,2).

Ot mo mbavég Tpég Yo ta Tpaypatikd mocootd mpocsPorng (IT) otovg vmo-
TAnBvopovg pe xaunid, pétpro kot vymid IT tébnkav ota 3, 25 kot 50%, avrtictorya, v
nuaotav 95% PéPatot 6tL dev vrepéPavav to 10 kot 55% otovg vro-mTAnBvouovg e
younAo kot pétpio I, aAld kor 61t dev eivar kbt and to 30% ctov vro-TAnOveud ue
vynid I1. Ot katavouég mov avrtictoyovoav o avtég Tig cvvinkeg ntov Bn (2,84,
56,40), Bn (3,09, 7,25), ka1 Bn (8,11, 7,91).

Téhog, vy 10 poviého TG vrd ouvvOnkn eEdpmong, ypMNoLoTOONKaV
OUOLOHOPPEG KATAVOUES IOV £dvay {6€C TOOVOTNTEG GTO GHVOAO TOL EDPOVS TIUDV TWV
YEv KO YE.. TO €0pOG TILADV TOV Vi, KO Y, €€ 0pIGHOV EaPTATAL AUESH OO TIC TILEG TOV
Ev ka1 Ei. Ta 6pta yia Tovg v, Ko yg, €ivar max(-(1-Evepisa)*(1-Evkk), -Everisa*Evkk)
< YEv < min (EUEUSA*(].-EDKK), EDKK*(].-EUEUSA)) Kot max (-(1-ElEL|SA)*(1-ElKK), -
ElELISA*ElKK) < Ve < min (ElELISA*(l'ElKK)1 EIKK*(l-ElEUSA)), avTicTol (Gardner et
al., 2000).

2.3.5.3. Zoyxpion e Ev kou ¢ Et yra v ELISA ka1 v KK petolod aryav xai mpofdrwv

[Tpokeévov va eréyéovpe av 1 Eveisa 01épepe peta&d mpoPfdtov Kot atydv,
vroAoyicape 10 X = EVeLisA(yov) = EVELISAGpopatay). TN GUVEXELR, XPNCUYLOTOW|GOLE T
Agrtovpyia step tov Aoyispkodv WINnBUGS. Ze avt ) Aettovpyia, toyvet step(X)=1, av
X >0, adhwg step(X)=0. Enopévmg, o uésog 6pog tov X frav 1 Monte Carlo extipnon
™G €K TV Votépmv mhavotnTag N Evglisa va etvar peyokdtepn otig alyeg an’ 0,11 ota
npoPota. Opoiwg, vroloyiotnke M oavticToyn €K TV VOTEPOV THOVOTNTA Yo TIG
ELEUSA, EDKK Ko EIKK.

2.3.5.4. Avaivon evaicOnoiog

Mo va a&oroyn el n enidpaocn g EVEOUATOONG SIUPOPETIKAOV EK TOV TPOTEPMV
TANPOPOPLDV GTIG EKTIUNGELS TOV HOVTEAWMV, 1) OVAAVGON ETAVOANPONKE pe TN Xpron dvo
SLPOPETIKOV OUASOV EK TMOV TPOTEP®YV TANPOPOPLOV: (A) OLHOLOHOPEES KaTavouég Bn
(1,1) mov dev mapeiyov Kopio mAnpoeopio yia Tig Ev, kabdc kot ot idieg katavoués pe
™mv Kopla avdrvon ya tig Et, ko (B) opotdpopeeg Katavopég mov dev mapeiyay Kopio
mnpoopia yia tig Ev kat 11 Et. Té6co yia 1o A 660 kot yio To B, ot 101G evpeieg ek twv
TPOTEPMOV KOTAVOUES YpnotpomomOnkay yia ta I1: ['a tov vro-mtinBuopd pe yopnAd I1
YPNOLOTOUONKE Lo OUOOHOPPN EK TOV TPOTEPMV KaTavoun e gvpog amd 0 £wg 50%,
v Tov vo-tAnBvoud pétplov kot vymiov I, n mo mbavn Ty €tébn ota 25 ko 75%,
ta 0e 950 ka1 50 exaroomnuoplo ot 65 kar 35%, avtictoyo. Ot Katavouég mwov
avtietorovoay o€ avtég T ouvinkeg ntav 1 Bn (1,1) mov opildtav amd 10 0 mg T0
50%, n Bn (2, 4) ka1 Bn (4, 2).

2.3.5.5. Avaivon kourviov ROC
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Ye kdOe vmo-mAnBuopd, oynuatiomkav 2 ent 2 MVOKEG TNG KOTOVOUNG TOV
OLUVOLAGHOD TOV ATOTEAECUATMOV TOV VO OYVOCTIKOV SOKIUADV YloL U0, GEPE omd
SPOPETIKA K.0.0., oTa omoia To amotélecpa g ELISA epunvevtnke ¢ Betikd M
apvNTIKO. X KGOE K.G.0., Ta dESOUEVO TOV TV 2 €Ml 2 TVAK®V avalvdnkav, TO60 |E
10 povtéAo NG Vo cvvOnkn aveEapoiog 600 Kol pe TO HOVTEAO TNG LG GLVONKN
eEdptnong, pue okomod va ereyyfeil n mBavoéTNTA EPPAVIONG VIO GLVONKN ££APTNONG TV
OTOTEAECUATOV TOV JAYVOCTIKGOV SOKIUAV KATA TV ALY TOL K.0.0.. Kdtl 1é1010 dev
mopoTnpOnKe.

Xe Oheg TIC AVAADGELS O YPNOILOTOMONKOV EK TV TPOTEP®V TANPOPOPIES YLl
mv Ev ko v Et, aALd povo yuo ta I, ovtmwg dote va unv ennpealoviot ol EKTIUNGELG
¢ Ev kot g E1 amd 11g ek tov mpotépwv mAnpoeopiec vt avtéc. Ev ovveyeia, and ta
Cevyn tinadv Evgisa kot Etgpisa mov extiundnkov omd v avaivon tov dedouéveav oe
Kd0e k.0.0., oynuatiomke N KapmwvAn ROC yia v ELISA ota tpofata ko tig aiysc.

Axolovbwg, ot k4be gidog Lmov, N Tur S/P (0 Adyog TG OTTIKNG TLKVOTNTAS TOV
delypotog opol mPog awthv Tov OeTiKoD UAPTLPE) TOV OAVTIOTOLEL 6TO ONpeio NG
kaumoAng ROC mov Ppioketor mo kovid oty ave O0efld yovio TG YPOUQIKNAG
napdotaong (ewova 1) kai peyiotomotei tavtodypove v Ev ko tv Et emAéybnke og
duvnTiko K.6.0.. EmmAéov, vmoAoyiotnke 1o euPfaddv kdtm and kdbe Kapmoin pe Pdaon
tov «tpaneloedn kavova» (Hanley and McNeil, 1982), pe okomd 1 cvykpion g
oLVOAIKNG amodoong TG ELISA peta&d aryov kot tpofdtmv (Greiner et al., 2000).

[Mo va diepguvnioovpie v avlykn emAoyNg K.6.0. avaioya pe to €idog Tov {mov
KOl TO O6KOTO TG MEAETNC, ypnoiponomoape Tig Kaumvieg ROC, dote va kabopicovpe
Bértiota k.6.0., oTig aiyeg kol Ta mpdPata. Avtd Eywve yuoo cuykekpuévo I kot oyéon
ueta&O Tov KOGTOLE TOL YeLdms Betikoy (KWO) kot tov yevddg apvnrikod (KWA)
arotedéopatog. H emioyn PéAtiotov K.6.5. ompiymnke otnv €AoyIGTOTOINGN TOV
napbyovio,  AavBaocuévng  katdtaéng  ([TAK), mov vmoloyiotnke ¢ &€EAG:
HAK:(K‘PA/K‘P@)*H*(].- EDEL|5A) + (1- H)*(l- ELEL|5/_\) (ZWGIg and Campbell, 1993;
Greiner et al., 2000). H tpdéxAnon avtg g mpocsyylong EyKettal 6To OTL omottel omo
TOV EPEVVNTN VO TOGOTIKOTOGEL TIG GUVETELEG TOV YELODV anotedecpdtov. O Smith
(1995) édmwoe éva mopadelypo ETAOYNG K.G.0. 6 TPOoPEPANUEVE amd TAPUPLLOTIOON
Boogdn Otav 10 KOGTOS TOL YeLdMG apvNTIKOD amoteléouatog BewpnBnke 1010 1 Kot
TEVTOMAGGLO GE GYE0N UE TO KOGTOG TOV Yeudmg BeTikoy, oe cuykekpipévo I1. Opoiwmg,
emieEape K.6.0. Y Ti 101eg avoroyieg cpaipdrov Kot yia IT ico pe 20%, mov cuvnBmg
VIAPYEL 6€ EVONUIKA TpooPefAnuéva komddia mpofdtmv kot arydv (ue Baon dedouévo
TOV €PYOOTNPIOV HAG).

2.3.5.6. Eleyyoc ¢ abykiions tiumv

Ymv katd Bayes peBodoroyio emilvong, elvar amapaitnto vo kobopiotel OG0
npénel vo, givar o pnkog g Monte Carlo popkofrovig alvcidag (Markov Chain Monte
Carlo, MCMC), emopévmg kot 0 aptuds tov eTavorlnyemy ¢ Slod1Kaciog EKTIUNoNG,
TPOKEWEVOL va, eMEADEL cOYKAIoN TIL®V. ExTdC avtov, onuovtkd eivar va gheyydet av n
oLYKAMON TV Kabvotepel AOY®, Yoo TOPASELYHO, TNG EMAOYNG OKATOAANA®V TIUOV
Evapéng, ELEAVIONS LYNADY OVTOGVGYETIGEDY, 1| AOY® KKMADUOTOC» TNG AALGIONG GE
wo teployn Tiwmv (Raftery and Lewis, 1992).
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Kopio pébodog eréyyov g ovykAiong Tiwdv dev givor addvBoaot. [a to Adyo
oVTO TPOTEIVETAL O GLVIVACUOG SPOPETIKMY UEBOI®V EAEYYOV GUYKAIONG TIUDV, KOOMOC
Kot 1 €moKOnnon g akoAovdiog tov Tov g aAvcidag MCMC, g popeng twv ek
TOV VOTEP®V KATAVOUDV, OTMOC KO 0 EAEYYOG TOV TEPLYPOUPIKMY CTATICTIKAOV TOV EK TMOV
votépav katoavopmv (Best et al., 1995). Epueig ypnowworomcope ™ pébodo tmv Raftery
ko Lewis (Raftery and Lewis, 1992), t uébodo twv Gelman ka1 Rubin (Gelman and
Rubin, 1992) kot eAéyEaple TIG AVTOGVGYETIGEIS TOV TAPAUETPOV.

Apywkd, n oOyKMon TOV TIUOV TOV TOPOUETPOV OTI OTACIUN KOTOUVOUN|
e éyyOnke pe m pébodo tov Raftery kot Lewis. To 6pio tov mapdyovta I tébnke oty
Tun 5. Twég peyaddtepeg Tov 5 KATAOEIKVOOVY DYNAEG OVTOCLOYETICES Ko mhavi
amotuyia ovykAlong tudv. H tiun tov | vroAoyiotmke yw to 2,50, 500 ko 97,50
exatootnuoptlo. EmmAéov, ta anoteAéopata e pebodov avtig ypnoyoromonkay yio
oV VIOAOYIGHO Tov aplfuod tev emavoaiyeov (N) mov amottodvior Yoo vo
aroktnoovue, pe 95% PePfardtra, axpifeia £ 0,01 vy v ektiunon tov 2,500, 5000
kot 97,500 ekatootnuopiov. O HEYIGTOC AMOLTOVUEVOS OPOUOS ETAVOANYEDY NTOV
45.000, petd amd wa edon mpooapuoyng (koyiportog) 15 erovainyewv. Q¢ ek TovTOV,
ot ektiunoelg pog Poaoiotnkav oe 50.000 emoavainyelg tov derypatoinmen Gibbs, petd
amo po eaon tpocapuoyns 500 emavainyemy.

11 cuvéyeln, TPoKeEWEVOL v epappootel 1 pébodog twv Gelman kot Rubin,
YPNOILOTOON KAV Ol TWES TPLOV TApIAANA®Y odvcidmv MCMC mov siyov dtopopeTikég
Tiég ekkivnong. Ilpdkettat, ovolaoTikd, yroo pio GUYKPIoT NG dtaKOUAveNg HeTadl Kot
EVTOC T®V 0AVGIOMV, TPokeEEVOL va eAeyyBel  cOykhon Tywmdv. Télog, eAéyyOnkav Ko
Ol VTOGVGYETIGELC.

[Ma 6Aa o povtéra, Kot ot 600 pEBodol KatédelEay mmwg enNAde GOYKAMGN TYLOV.
Eriong, ot Téc TV 00TOGLGYETIGEMV HEUDVOVTOV TOYVTOTO.

2.3.5.7. Aoyiouixo

Olo o poviéro avomtdynkov Kot €QOPUOCTNKOV HECH OTO TO AOYIGUIKO
WinBUGS (Spiegelhalter et al., 1996). To 1610 Aoywouikd ypnouyomombnke yio v
epappoyn g pebodov Gelman kot Rubin kot tov éleyyo twv awtoocvoyeticemv. T'a
puébodo tov Raftery wkor Lewis, ypnowomomoape to R-CODA (Best et al., 1996).
[pokerton yioo por opddo Aettovpyudv R-Plus mov Aettovpyel wg eneepyoocthig tov
dedopévav mov mapdyovton ard to WinBUGS.

2.4. Anoteréopata,

Amotedéopota kat amd Tig 600 dayvootikég dokiuég (HEYM ot ELISA) siyape
and 368/400 {da. H kotovoun Tov cuvOLacH®V BETIKMOV Kot 0pVNTIKOV OTOTEAECUATMV
TOV 000 SlYVOOTIKOV SOKIUDV, YOPIGTA Yo TIG oiyeg Kol To TpoPata, QoiveTol GTOV
mivoka, 2.

¥10 ocvviotduevo amd tov kataokevoot) ™ ELISA x.0.6. (S/P = 0,4), o
duapeoceg Tipég kot ta 95% o.a. yia tig Everisa, EteLisa, Evec kot v Eiec, ftav 62,5%
(95% 6.0..:42,3-92,8%), 95,0% (90,2-98,0%), 7,9% (2,0-17,3%) wor 98,0 (95,0-99,7%)
otig aiyeg. Xta mpodPato frav 37,3% (10,2-80,0%), 96,6% (93,2-98,7%), 15,8% (1,9-
47,8%) xou 97,3% (94,5-99,4%), avtictoyo. Amd T cHYKPION TOV €K TOV VOTEPOV
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Katavop®mv G EveLisa petaéd orydv kot mpofdrtmv, mpokvmtel 6Tt 1 mbavotta m
Evepisa va gtvar vymAdtepn otig aiyeg arm' 6,11 ota tpoPota sivor 93%. Ot avtictoryeg
mBavotnteg Yo Ti¢ Etgpisa, Evkk kot tv Ewg, rav 20, 46 kou 77%.

ATO TV €QapLOYN TOL HOVTEAOL TG LIO GLVON KN €£APTNONG, Ol SIAUECES TIUES
Kot ta 95% 3.0 TOV TPOEKLYAV Y10, TOVS Vi Kot Ve Tav -0,04 (-0,11-0,001) o 0,004 (-
0,0004-0,02) otig aiyec, evd oto mpoPato 0,009 (-0,04-0,07) o 0,003(-0,001-0,02),
avticTorya.

Ov extynoelg ™m¢ Ev kar g Et amd v epappoyn tov poviélov g vmd
ouvOnKn e&dptnong kot ¢ Vo cuVONKN avesaptnoiog TV 6H0 SYVOSTIKOV SOKIUOV
napovctaloviot otov mivake 3. Xtov wivaka 4, mapotifevrol o extiunoelg g Ev kat g
Et pe ™ gprion tov povtédov g vmd cuvOnkn aveEaptnoiog HETA TNV EVEOUATOON TOV
SPOPETIKMV OUAd®V EK T®V TPOTEP®V TANPOoPoptdV (A) ko (B).

INo v ELISA, 1o gppaddv kbtm and v kopndin ROC vroroyiotke 0,847 yia
T1¢ aiyeg kau 0,702 yio o wpoPara. H Ty S/P=0,1 o¢ k.6.8. ueytotonotei tantdypova
v Evgpisa kot v Etgisa otig aiyeg. H avtictoym tyun ota mpdfata givar 0,05 (sewdva
1). Ot tiuéc S/IP, mov g «.6.8. ehaytotomolovy tov IIEK dtav 10 kO6TOC VOGS WELdMDC
Beticov amoteléopatog BewpnOnie 1610 pe T0 KOGTOG EVOG WeLdMDS apvntikov, ntav 0,6
o11g aiyeg kat 0,3 ota mpoPata. Otav T0 KOGTOG EVOG YEVOMS OPVNTIKOD OTOTEAECUATOG
BewpnOnie TeEVTOTAAG1IO TOL KOGTOVS EVOG WeLdMG BeTIk0D, ot avticToryeg Tinég nrav 0,1
otic aiyeg kar 0,05 ota mpoPata (swkdvo 2). Avtég ot TuéC mpokOILTOLY OTAV TO
OVOUEVOEVO TTPOYUATIKO TOGOGTO TPOocPoAng otov vrd e&€tacn mAnbucud eivar 20%.
Y& owtd to K.6.0., 1 Evgisa ko 1 Etgisafrov 59% kot 95%, 79% kan 84%, yia Tig aiyec.
Avrtiotoyya, ota mpoPata Ntav 41% xor 98%, 57% wor 89%. Avtég ol eKTIUNGELS
delyvouv mwg, 1000 OTIC atyec 060 Kot ota TpoPata, 1 HelwoN TOov K.G6.0. PEATIOVEL TNV
Ev yopic va enépyetar onpavtikn peiwon g Et [pdypatt, peioon tov x.6.9. katd 75%
odnynoe oe andieln povo kotd 11% ko 7% ywo v EtgLisa 011G aiyeg ko ta mpoParta,
avticTorya.

IMivaxkag 2. H «atovoun Tov GLUVOLOGUOD TOV OETIKOV Kol TOV  OPVNTIKOV
amoteleopdtov e KK kot e ELISA og tpeic vmo-tinfucpong eAvikdv arydv kot
mpofdtwv yolakTomapaywytkig katebvvong pe younio, HETplo kol vYnAd mocootd
ELLPAVIONG KAMVIKNG Tapopupatioons (ved-mtaAnbvoudc 1, 2 kot 3, avtictorya).

[TpoPata Alyeg
ELISA+ ELISA- ELISA+ ELISA-
Yno-mAnbvoopocl KK + 0 6 0 0
KK - 1 85 2 36
Yno-mAnBvoopoc 2 KK + 0 1 1 3
KK - 4 49 24 64
Yno-mAnbvuopoc3 KK + 1 0 1 3
KK - 5 21 23 38

. Ta amotedéopata g ELISA aflohoyhfnkay 6To TPOTEWOUEVO b TOV KOTOGKELAGTY KPIGILO oNueio
dudxprong (S/P=0.4, IDEXX Laboratories, Portland, ME).
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IMivaxog 3. Ot didueoeg Tuég kot tor 95% daothpota aélomotiog (8.0.) yia v Ev kot
mv Et mg KK, ¢ ELISA kot yia to mpaypotikd nocootd npocsPoing (I1) otovg vro-
mnOvopovg 1, 2 ko 3, pe ™ ypnon &ite TOv HOVTEAOVL 7OV VTOOETEL VIO GLVONKN
aveEapmoia (AM) eite avtov mov AapuPdver voyn v vad cvvOnkn eEdptnon (EM)
TOV OTOTEAECUATOV TOV dV0 OYVOOSTIKOV OOKIUMV.

Movrtélo Atdpeon tyun (95% 6.0.)
[Ip6Para Alyeg
Ev 37 (10-80) 62 (42-93)
AM ELISA Ei 97 (93-99) 95 (90-98)
Ev 16 (2-48) 8 (2-17)
HEYM Et 97 (95-99) 98 (95-100)
Yro-mtAnbvoudc 1 111 3(0,7-9) 4 (0,8-10)
Ymo-tAnbvopog 2 112 19 (5-45) 36 (20-57)
Yno-tAinbvoudc 3 113 50 (28-73) 54 (35-74)
Ev 32 (13-68) 69 (46-91)
ELISA EL 97 (94-99) 95 (90-98)
EM Ev 16 (0,4-26) 10 (3-21)
HEYM EL 96 (93-98) 99 (96-100)
Yno-mtAinbvouoc 1 111 3(0,7-9) 4 (0,8-10)
Yno-tAinbvouodg 2 112 21 (7-48) 33 (20-52)
Yno-tinbvoudc 3 113 51 (29-74) 50 (34-70)

MMivaxkag 4. Ot dwdpeoceg Tég kot ta 95% d.a. yio v Ev kot v E1 ¢ KK kot g
ELISA, petd v evoopdtoon 610 AM S10QOpPETIKOV €K TOV TPOTEPOV TANPOPOPUDV
(ETII).

ETIIT Atdpeon tipn (95% 6.0.)
[Ipo6Para Alyeg
A ELISA Ev 24 (0,7-62) 50 (34-80)
Eu 97 (93-99) 95 (90-98)
HEYM Ev 8 (1-26) 7(3-15)
Eu 97(94-99) 98(95-100)
B™ ELISA Ev 26 (10-64) 49 (32-84)
Eu 98 (94-100) 94 (80-99)
HEYM Ev 6 (0,7-22) 7 (2-15)
Eu 95 (90-98) 97 (91-100)

" Ov Ev &iyav o¢ EIIT v opodpopen katavops B (1,1), Eigyisa, Etheym, Kot ot vro-mAn6vcpoi 1,2 ko
3 eiyav og EIIT wia xatavoun Bn (100, 5,5), Bn (100,2), Bn (1,1) and to 0 émg to 0,5, Bn (2,4) xor Bn
(4,2), avtictouya.

™ Ot Ev kou ot Eu giyav og EIIT opodpopeg kotavopés Bn (1,1), ko ot vwo-mAnucpoi 1,2 ko 3 eiyov
wg EIIT Bn (1,1) amd 1o 0 éwg 10 0,5, By (2,4) xou Bn (4,2), avtictouyo.
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Ewova 1. Ot kapumdreg ROC yia v ELISA petd and v xotd Bayes extiunon g Ev
ka1 g Et ota npofata (Srakexoppévn ypauun) Kot tig aiyeg (cuveyng ypapuun). Ot tuég
g Ev kot g Et mponABov and to poviého AM. Enueidvovion ta K.6.0. TNG KAOe
KOUTOANG oL Bpickoviol 7o KOVTO OTnV Ave oploTePn] YOVIo KOl HEYIGTOTOLOVV

tavtoypova v Ev kot v Eu
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Ewoévo 2. H oyéon peta&d tov mapdyovia k66toug TV o@oipdtonv katdraéne (IMTEK)
Kot Tov K.6.0. 6tav to IT eivor 20% ota mpdPata (StakeKoppEVN Ypapun) Kot Tig oiyeg
(ocvveyng ypapun). To IMEK vroroyiotnke yio v mepintwon mov (o) 10 KOGTOG TOL
YEVSMS apvnTikod Kot Oetikol amotedéopatog Bswpeitan ico, kol (B) to KOGTOC TOV
YEVomSg opvnTikoh Bewpeitol  TEVIOMAAGIO TOL KOOTOUG TOL WeLdMS OeTiKov.
InUeEdVOVTOL Ta K.G.0. TOV ghaytotonmolovy to I[TEK.
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0.7 s ™ m m = -

A\ -
o | SIP=0.05 == ©)
-
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« 51 . - - —
o S/P=Q
QY
031
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o S/P=0.3 SIP=0.6
0 T
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K.0.0

2.5. Zvintmon

Ot eKTIUNGELS Y10 TOVG VE, KO Vi, KAOMG KOL 1| GUYKPIGT TOV LOVIEAMV TNG LILO
ouvOnkn e&dptnong kot aveEaptnoiog, dev katédelEay vtd cvvOnkn eEdpmon petald
¢ ELISA kot g KK. EmutAéov, o1 extyunoeig g Ev kot g Et amd v epappoyr| tov
HOVTEAOL NG VO cvvOnkn e&aptnong N aveéaptnoiag, o diépepav. H vmd cuvOnkm
aveapmoia, elvar AOYIKOTEPO VO AVOUEVETOL UETAED OLYVOOTIKOV OOKIUADV OV
BaoiCovtar oe dwpopetikny Proroyikn apyn (Enoe et al., 2000; Greiner and Gardner,
2000; Toft et al., 2005), 6mwg oyvEL 6TV TOPOVCA UEAETY. AVAAOYEC TOPATNPNOELS
&ywav mpoceata vy v ELISA kot mv KK oty moapagupatioon tov Poosddv
(Nielsen et al., 2002). Onwg eaiveton omd T1¢ extiunoelg v 1, ioyve 1 vedbeon twv
JKPITOV S0POPOV HETOED T®V VITO-TANOVGUOV. EKTOC anTov, Tay onuHavtiko 1o 0TL 0
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Topaymv  Sloympiopod ce  vro-TANOueHoDE (N cuyvoTTe. KAWIKNG VOGOVL) Ogv
aAMNAemdpovoE e TNV TOAVOTNTO EUPAVIONG WYeLd®S Betikdv 1 / Kol apvnTIK®OV
amoterecTOV, ®ote vo mapafialetor 1 vedbeon g opotag Ev i / ko Et petaéd tov
mAnbvoucdv (Nielsen et al., 2002; Toft et al., 2005). H 1oy0¢ g tedevtaiog owthg
vdbeong edvnke omd TN cvpewvio Tov ektiunoev ¢ Ev kot g Ev mov mponibav
and TV avdAivon TV (Euydv TV LTO-TANOVCUOV LE TIG EKTIUNCELS TNG AVOAVONG TOV
TPV vro-tAnducudv. H coppovio avt mapatmpndnke kot Kotd v enaviAnyn tov
OVOADCE®V HE TNV EVOOUATMOON TOV OlPOPETIKOV OUAd®Y €K TOV TPOTEPWV
mnpogopldv (A) kot (B).

21N HEAETN VTN, EMAEYTNKOV EK TOV TPOTEPMV KATAVOUES TOV eV £01vaY Kapio
minpoeopia ywo tig Ev. H emdoyn avty avtikoatontpiler v dyvold pog yoo v
KaTovoun TV otadiov g Aoluwéng otov mAnbuoud, n omoia motedeTon 0Tl ennpedlet
mv Ev tov dwyvootikov doxudv (Collins and Sockett, 1993). Ot dnpocievpéveg
extiunoelc Ev mapovsialovv peydin otaxovuaveon, mov oe peydio Padbud eCaptdror amd
NV KOTOVOUN TOV 6TadimVv TG Aoipméng otovg vd pedétn minbvcspovg (Dubash et al.,
1995; Hope et al., 2000; Sergeant et al., 2003). An6 v GAAn TAevpd, 1 adtopuPoPRTnT
vynAn €oc¢ kot amdAvtn Er kot yuo tig 600 dyveootikég dokipég dikatoloyel v
V10BETNON TOAD GLYKEKPIUEVOV EK TOV TPOTEPMY TANPOPOPIOV. Ol EK TOV TPOTEP®V
mnpoeopieg yia to I, xdAvmtay oyxetikd peydlo pépog tiudv. Me tov TpOTo 0To,
amoTLTOONKE M YEVIKN 10€0. TOV ElYOUE Y10 TO TPOYUOTIKO TOGOGTO TPOGPOANG GTOV
mAnBvouod, pe Paon tm yvoun tov vaehivvov KTNVIATpov, oA, TapdAinia, EKEpPAcTNKE
kol 1 afefardmta pog yoo v tun tov I, H avéivon svaicOnciog tov poviédov pe
APNOT| OLOLPOPETIKAOV OUASMV EK TV TPOTEPWV TANPOPOPLOV £0€1EE OTL TOL AMOTEAEGLOTA
pag, mopd 1o Ot e€aptdvtay oe pKpO Pabud omd to €100C TOV EK TOV TPOTEPMV
TANPOPOPLOV, NTAV TOLOTIKA Opota. (PA. mivaka 2.) TELOC, dlEPEVVIGOUE TIC EMMTOCELS
NA®V  TPOTOTOWCEDV TOV OedoUEVOV oTlG TeMkéC exktyunoelc Ev won Ei ITwo
ovykekpipéva, erEyEape moteg Ba NTav Ol EKTIUNGELS oV €vag 1| TEPICCOTEPOL OO TOVG
UNOEVIKOVEC GLUVOVAGHOVG TOV OTOTEAEGUATOV TOV O0YVOGTIKOV SOKIU®OV glyay amd pio
napoatnpnon. H avéivon tov tportonompuéveov dedopévmv giye TEPLOPIGUEVES EMTTAOGCELS
oT1g ekTunoelg e Ev kot e Et, vrodeikvdovtog pe tov tpdmo avtd 0t O mpémet va
atcbavopaote aceoreis yua tig ektipnoelg pag (Enoe et al., 2000).

H EvgLisa ftav peyoddtepn otig aiyeg am' 0,Tt ot mpofota. Avt) 1 dapopd
nopoTNPNONKE Kol HE TNV EMAVAANYM NG OvAAvong, WHETE TNV EVOOUATOON TOV
JPOPETIKMOV OUAd®OV €K TOV TPOTEPWV TANPoPoptdv A kot B. Ta v ELISA, ot
Molina et al. (1991) xor Rajukumar et al. (2001) vrordyioav v Evgpisa oT1¢ aiyeg g
ueyaAvtepn N ion pe 75% xar 85%, avtiotoyya. Xta tpoPata, ot Dubash et al. (1995) ko
Hope et al. (2000) kot v vroAdyicay ion pe 48% war 35-54%, avtictoya. Avtég ot
ekTyunoelc Paciomrav omv emPePaioon g Aoipwéng pe v KK 7 / ot v
otonaforoyik e€étaon. Q¢ ek TOVTOVL, OVTEC Ol eKTUNGES dev lafav vmoyn Vv
TOOVOTNTO  YELOMG OPVNTIKDV  OMOTEAECUATOV TOV  OOKIU®DV  OvopOopds Kot
vrepektipnoay, o€ dyvooto PBabud, v Ev (Staquet et al., 1981). Mdaiota, o Babudg
VIEPEKTIUMONG Elval, eVOEXOUEVMG, HEYOADTEPOG 6T TPOPata Tapd otig aiyeg (Sergeant
et al., 2003). H Ev tov 310yvooTIKOV SOKIU®V TOV aviXVEDOLV YVUIKT avoocia, &ival
eVOE®G avarloyn Tov €100VC, TG EVTOONG KOl TNG OOTOPAS TOV OAALOIDCE®DY KOl TOV
otadiov g vooov (Hilbink et al., 1994; Dubash et al., 1995; Perez et al., 1997; Sergeant
et al., 2003). Ot Corpa et al. (2000) vrootipiEav 611 1 EAAEWYN PLOKA TPpOoSPePAnuEVEDV
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YOV HE EOTIOKEC OAAOIDCELS, GE GLVOVLAGUO HE TOV VYNAOTEPO OPOUO ALYDV LE
SAYVTEC OALOIDGELS, GE GUYKPION HE OVAAOYEG WEAETEC TTOL TPAYHOTOTOMONKAY OE
euokd tpocPefinuéva tpoPata (Perez et al., 1996), mbavmdg vTodekvdel TS ot aiyeg
Exouvv pelmpévn woavotnta vo meplopilovv ) Aolpwén. Tétolec aAloudoelg cuvdéovTon
ue Vv amotvuyia g anotelecuatikng (Kuttopikng) avocsoloykng andvinong (National
Research Committee, 2003) kat, emopévac, v avamtuén youkng avociog (Clarke et al.,
1996; Perez et al., 1997; Sergeant et al., 2003). Zvvendg, N TOHAVOTNTO SIAPOPETIKNG
OVOGOAOYIKNG OmAvINomG HETOED TPOPRATOV Kot ary®v pmopel frodoyikd vo eEnynoet
dtpopd g Evepisa petald tov dvo edmv. Emmiéov, ota mpdPata n Aoipnmén opsiretar,
Katd kOpto Adyo, og mpoPeta oteléyn (Whittington et al., 1998; Cousins et al., 2000), evd
otic aiyec o€ Poswo otedéyn mov eival mpooapuosuéva otig aiyeg (Cousins et al., 2000;
Whittington et al., 2000). ITbavn dopopd ot Aotpoydvo duvaun petald Tov otehey®v
e€nyel mepartépw ™ SapopeTiky] Evgsa petaéd tov ewodv. O Saxegaard (1990)
Tapovciace Eva oTEAeY0S oL ftav Tafoyovo oTic atyeg Kot anaboyovo ota TpoPata Kot
Booedn, yeyovdc mov vrootpilel v Vmapén €0IKOV CTEAEYDV TPOGOPUOGUEVOV GE
ké0e £100g Ldov.

Kot ota dvo €idn Lowv, n Evkk ftav yoapmAdtepn amd v Evgpisa. Me pa mpo
patid, n vroAoyisbeioa ot peAétn avty Evkk @aivetal onpovtikd pukpotepn amd g
vrapyovoeg oty oebv PiProypapio (IMivaxag 1). Evrodtolg, o1 mpoyevéotepeg
EKTINOELS, OTmOC Ko otV epintmon ¢ ELISA, Baciomkav og dokipég emPefaimong
nov Ogv mepteAdpupovay OAec TIg AavBdvovoeg HopPEég TG AOTUMENG Kot avamOPELKTOL
vrepektipovoav v Ev. Xe yoalaktomopoaywyés ayedddec, or Whitlock et al. (2000)
ypnowonoinoay v enavoiapfovopevo Betikn KK og addvBoot dtayvootikny dokiun
avapopds Yo va vmoloyicovv v Ev g idiag g KK. Me tov 1pomo avtd, vtordyicav
mv Eukk o¢ ion pe 42%. Avt) n extipmon peiwdnke oto 25% otav apvnrtikd oty
eravorapPavopevn KK {oa, mov ntav Oetikd omv otomaboroyikn eE€taon Katd
opayn, katatayOnkav g mpooPefAnuéva. AxkOpo Kt €TGL,  HEPIKA  VTOKAVIKG
npooPePfAinuéva Cma dev aviyvevdnkav moté, agol apKeETA €5 ovT®V dev gppavifovv
arlowwoetg (Whittngton et al., 1999; Whittington and Segeant, 2001). Xvvendg, axdpa
kot M Tt tov 25% vmepekTpd, oe  pkpoétepo  Opweg Pabud, v Ev otig
yorokTomapaymyEg ayeddoes. H televtaio avutn extipnon Ppioketol mo kovtd oTig O1KES
KOG, oV otnpiytnkav oe OAeg TIc AavOdvovses HopPég TG AOTHMOENG OTO VITOKAVIKG
npocPepAnuévo (da (mpoPato kar aiyeg). EmmAéov, 0o mpémel v Anebodv voyn ot
JVOKOMEG TNG KAAMEPYEWNG OTIC aiyeg Kol Ta TPOPata, o€ oxéon UE TIG OyEAGOES. XTal
npoPata Kvplapyodv to. oteéyn tomov I (Stevenson et al.,, 2002). H cvvrpurtiky
T goyNeio ToV TPOPEIWV GTEAEXDV OV OVOTTUGOETAL KOAGL GE TEYVITO VTOGTPOOTO
(Collins et al., 1990; Juste et al., 1991; Marsh and Whittington, 2005). Av kot ta
TEPLOGOTEPQ OTEAEYN TV otydV givat 1diov tomov (II) pe ta Pocia oteréyn (Collins et al.,
1990; Whipple et al., 1990; Thoresen and Olsaker, 1994; Pavlik et al., 1995; Cousins et
al., 2000), tehevtaio TeprypdeTnKoV o€ aiyeg evoldpeoa oteléyn Tov tomov I ko I, ta
oteAéyn tomov I, n avantuén Tov omolwv ce vrooTpdOUaTa eivorl OpOL HE QLT TOV
oteleymv tomov I (de Juan et al., 2005). Ta otehéyn owtd Tpoépyoviay omd KOmAdIoL
alyov yertvidlovto pe Komadio TpoPatwyv, KATL oL {oYLE Kot GTNV TopoLGO UEAETT).
[MBavmg, N emkpatnon otereydv tomov I ko 1T otic eAAnvikég aiyeg ko ta Tpofota
yYohokTOmOpay®YIKNG KoatevBuvong eényel mepartépm v exktyunbeico younin Evkk.
Téhog, vapyel o pHOVO epyacio. OV AVAPEPETOL GTNV EMIOPACT TOV OOOIKACIOV
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ATOUAKPLUVONG TV EMUOAOVOE®MY OTo TPOPELD OTEAEYN KATA TNV KOAMEPYEWL TMOV
detypatov og texvyntd vrootpdpato (Reddacliff et al., 2003), kot Ba RTov icwg oediua
va voBécovpe 4Tl T VILAPYoVTA, Yo To POlo oTEAEYT dedopéVa, 1GYVOVY Kol Yo TO
wpdPea oteEAEYM, amd TN GTIYUN TOV Ol OMOTHGELS TNG KOAMEPYELNG HeTaEy Twv 000
ALTAOV TOTMOV GTEAEXDV VOl TOAD S1OPOPETIKES.

H Ewk kot ota Vo €idn frav oxeddv andivtn. To pikpd mococtd TV WYELOMDS
OeTikdv omoteAespdToOV avtikatonTpilel T pkpt, TANV Op®G vropkth, mOavoTnTo
poAVVON G Kol ToONTIKNG 018 0oNG TOV UIKPOOPYOVIGHOV OO TOV EVIEPIKO COANVA YWPIG
eykatdotaon ¢ Aoipwéng (Sweeney et al., 1992), 1 mv mbavotnTo, EPYOGTNPLOKOD
oQAANOTOC, CLUTEPIAOUPAVOUEVNG NG EMUOALVONG, Katd v emeCepyoacio TV
detypdrwv.

Ot Nielsen et al. (2002) avépepov mmc ot EKTIUNGEIS UeYioTNG TOOVOPAVELNG Yl
v Evkk Ntav vyniotepec kabag 1o k.6.0. g ELISA avéavotav. Osodpnoav mog avtn
N petaPoAn avrtimpoownevel ) peyolvtepn Evkk ota {da telkod otadiov mov Exovv
Kot VYNAO TiTAo avTicoudTmv. Xtn 0kn pog nekét, n Evkk moapéueve otabepn pe v
aAlayn tov K.6.0. yuo v ELISA kot mapoatnprinikay povo pukpés amokAicelg oty Tiun
¢ Evkk, otig akpaieg Tyég k.0.0. g ELISA. T va diepevviicovpe v emidpacn g
aALlOYG TOV K.0.0. UIOG Ol0yVOOTIKNG OOKIUNG Tov maipvel ovveyeic tipée (0nmg
ELISA), otig extypunoelg yuo tv aélomoTtio piog doyvooTikig SOKIUAG oV maipvel dVo
draxprrég Tuég (0mmg n KK), mpaypotoromoope po ueAétn tpocopoinong. Osmprooue
™V Ymapén dV0 SloyVOGTIKOV SOKIU®VY TG 001, mov maipvel cuveyeic Tiuég, Kot tng 662,
oL ToipvEL 000 TIHES. YTOOEGE MG TO, OMOTEAECUATO TV VYOV (OoV ot 601 &xovv
mo ovyvn T ion pe 0.1 wor 950 exatootmuopro ico pe 0.4 (Bn(2,9), evd tov
npocPepinuévav {dwv £xovv mo mbavny tiun ion pe 0.5 kot 50 ekatooTnUOplo 160 LE
0.14 (Bn(2,2)). H Ev xoun Et yio ™ 861 o€ o oepd K.6.0. vroloyiotkay pe Bacn Tig
katavopéc Bn tov tpocfefAnuévov kot tov vyiov (dov. T 862, dha ta vy Kot To
npocPefAnuéva Coa giyav avtictoryo ion mbavémra 0.980 kot 0.400 va aviyvevBouv.
Emopévog, n Ev ko Etr g 862 ftav 0.40 kor 0.98, avrtictorya. Ot ioeg mbavotnteg
aviyvevong mg 602, oe O6Ao T0 €VPOG TW®V NG 801, draceaiilovv Vv 16Y0 ™G VIO
ouvOnin aveboptnoiog petald 81 kot 862, X cuvvéyela mapnydOnoav, 10.000 atopuxd
amoteAéopato yuo 1 001 kot 082 og 6vo mAnBucouovg, évav pe I11=0.050 kou évav pe
[12=0.200. To dedopéva Kot 01 GLVOLOCUOL TOV ATOTELECUATOV TV 051 Kol 602 6TOVG
dvo TAnbvopovg avelvdnkav oto Aoyiopkd WIinBUGS, vrobétoviog v vad cuvOnkn
avegoptnoio TV JyVOOTIKGOV JOKIU®Y. OUOOUOPRES €K TMV TPOTEPMV KOTOVOWES
ypnoomomdnkav yo 6Aeg tig mapapétpovg (Ev, Ev, IT), Be (1, 1). Toa anoteléopatd
g Tpocopoimong £0et&av mmg 1 Ev kot Et g 862 mapépevay otabepéc pe ™ petafoin
70V K.G.0. Y TN 881, Onwg ko yio v Evkk otn 0kn pog HeAé, To omoTeAEGHOTO TG
062 KOTA TNV TPOCOUOIMGoT TOPEKKALVAY TG TTpaypatikng Ev otig akpaieg tipég k.6.9..
[TBavotata, ota akpaio K.6.5., 1| KOTAVOLY TOV OTOTEAEGUATAOV TNG 002, GE GYEOT LE TA
amoteléopato G 601, eppaviCel pia toyaio amdKAlon and T Oe@pnTiKd avaUeEVOUEVN
katavoun. Ilpdypati, katd tnv TPOcopHoi®won, 1 KOTOVOU TOL GULVOLAGLOD TOV
amoteEAeo ATV TV 001 Kot 802, ot axkpain K.6.0. dEpepe eEAaPPOS amd T BempnTikd
OVOUEVOLEVT], YEYOVOS TOv €ENYel TV UIKPN TOPEKKAMON TOV EKTIUNCE®V Oond TIg
mpaypotikég Twés.  H emavdinym g avdivong pe 1t ypnon g Bewpnrikd
OVOLULEVOLLEVIG KATAVOUNG TOV GUVOLOGUOD TOV ATOTEAECUATOV TV 001 Kot 082, £0wce
EKTIUNOELC OV O€ SEPEPAY amd TIG TPAYUATIKES TIHEG TV mapapétpav (Ev, Eu kot IT) oe
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OA0 TO €VPOG TOV K.G.0. TNG 802, AVOALTIKN TEPLYPAPN TNG UEAETNG TPOGOUOIMONG KOl
TOV OTOTEAEGUATOV OO TNV AVAALGT TNG KATOVOUNG TOV GUVILAGH®V TV 861 kot 662
Kot TG Oewpnrikd avopevopevng, o€ Kabe K.6.6., divetan oto mapaptnuo (2.6).

To guPadov g kaprving ROC (AUC) ftav peyaddtepo oTig aiyeg mapd oto
npoPata, koTadekvhiovtog T peyoAvtepn dtokprtikn wavotnta g ELISA otig atyec.
Yougwva pe évav avbaipeto kovovo tov Greiner et al. (2000), n dwokpitikn kavoTnTO,
m¢ ELISA, ot yio 1o dvo €idn, yopoktnpileton pétpro (0.7<AUC<0.9). Otav
Oeopnoope 160 TO KOGTOG €VOG WELOMG OPVNTIKOL KOl €VOC Yevdmg Oetikon
arotedéopatog ¢ ELISA, kot 1o [1=20%, Bdoer tov KKZ, ta Bértiota x.0.0. ftav
drapopetikd yio TI¢ aiyeg kot ta TpdPata (ewova 2). Opoimg, dopopeTikd Kot oicOnTd
HEWUEVO NTaY To K.G6.0. 0Tav Be@pfGape TEVIOMTAACIO TO KOGTOG [N aviyvevong evog
npocPePAnuévov (dov, 6e oyxéomn He TO KOOTOG Un aviyvevong evog vyove. H emloyn
K.G.0. glval o amd@aoT Tov TPENEL VoL AapBAvVEL LITOYN TV ETONOAOYIKY] KOTAGTOON,
onw¢c 10 I otov mANOLoUd oL HEAETALE, KOl TIG GYETIKEG GUVEMEIEC TMV WYELOMDG
APVNTIKOV KO YELOMG OETIKMV ATOTELECUATOV TNG OOKLIUNG, O1 OTOIEG EMIOTG SLOPEPOVY
availoya pe 1o okomd g e€étaong (Greiner et al., 2000). Emopévac, sival cagég moc 1
EMAOYN TOV K.6.0. e Pdon to €i60¢ Tov {Mov (aiya 1 TpOPaTo) Kot TO GKOTO TNG MEAETNG
0o Pedtiove v aglomotio g ELISA.

Ta 6.0. twv Ev ftav gvupéa. [Mopdyoviec mov cvufdiiovv otnv avénorn g
SWIKOUOVONG TO®V  EKTIUNGE®V TOV TPOKLITOVV OO TNV  EQOPUOYN HOVIEA®V
AavOavovcag kotaotaong givar (o) ot pukpéc mpaypatikég tiuég tov Ev ko Et, (B) to
wkpo péyebog deiyuaroc, kot (y) n pikpn dagopd petaéd tov IT tov tAnbvoudv (Enoe
et al., 2000; Georgiadis et al., 2005; Toft et al., 2005). Xt w1 pog mepintwon, o mo
ONUOVTIKOC Tapdymv fTtav o TpmdTog (ot pikpég Tiuég Ev). Avtd amodeikvietat Kot omd 1o
yeyovog Ot ot ektunoels Tov Et (ot Tpaypotikég Tipég Tv omoimv nTov vyniéc) dev
glyav evpéa 0.0., AKOLO KO OTOV O€ YPNOIUOTOONKAY EK TV TPOTEPMV TANpOPOpPiES YU
avtég (IMivaxag 4). Eniong, og dAleg peléteg pe cuvolko péyebog deiypotog 1o modd i6o
ue to o6 avtng g perétng (Enoe et al., 2000; Joseph et al., 2000; Frossling et al.,
2003), ot extunoelg twv Ev kot Eu giyov capng otevotepa 6.0., akpipdg €medn ot
mpaypotikég Twég tov Ev ko Eu ftov vymlotepec. Xe pia mpoomdbeio mepotépm
dlepevvnong ¢ emidpacng Tov HeYEBOLG TOL JelYHOTOG GTO OEOOUEVA, OVOADGOLE
nolamidota kot 10 kot 100 gopég tov apyikav dedopévav (Johnson et al., 2001). Ta
dexamlacloopéva dedopéva (e TOV EVILIMGIOKO GLVOAMKO oplOpd tov 3.860 {owv),
M Edwoav gupy d.a. Yo TV Evgisa ota mpdfata. MoOvo T EKOTOVIOTANGIOCUEVO
dedopéva (0 vVYNAGTETOg GVVOALKOG aPlOpog Tv 38.600 (dhwv) £dmoe GTeVA 6.0 Y10 OAES
Ti¢ Ev. Emopévmg, n peydin dtaxvpoaven mov mapotnpndnke arodidetot TpmticTmg ot
YOUNAN TTparypoatikn Tiun Tov Ev.

Ta povtéda AovOAvovcoc KOTAGTAONG TOPEXOLV VOV  EVOAAOKTIKO TPOTO
exTiunong g a&lomoTiog TOV Sy VOCSTIK®V OOKILMV, TOV AoUBEVEL VITOWT] TOL OAEG TIG
havBdvovceg popeéc e Aolpwéng. H katd Bayes pebBodoroyia extipmong éxet to
TAEOVEKTN IO TNG ELCUYMYNG EMAPKADS TEKUNPLOUEVOV EK TOV TPOTEPWOV TANPOPOPLAOV, O
onoieg ouvoyilovv ™ yvoun ewvikov M / kot 11 dbéoueg and ™ PiProypagio
EKTIUNGELS Yo TIG Tpog ektipnon mapapétpovs (Ev, Eu ko I1). To anotedéopatd pog
KOTAGEIKVOOUY TNV VTopEn mOavOToTo S10POPETIKOD OPOAOYIKOD TPOPIA HETAED alydV
Kol TPOPATOV Kal, EMOUEVMS, TNV AVAYKN €MAOYNS K.G6.0. 1e Pdom o €idog tov {dov,
aAAG Kot To okomo g peAétng. H peimon tov k.0.0. Beltiooe aobntd v Evepisa xopig
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vo peltdoel onuavtikd v Eigisa, HEYIOTOTOIOVTAG, GUVETMG, TN OYVOGTIKY OTdd00T)
¢ ELISA ka1 ota 600 €ion {dwv. H KK, av kat &xet vynin éog amdivt Et, otepeiton
Ev o116 vroxhvikd mpocsPefinuéveg atyeg kot to vtokAvikd tposPefinuéva tpdpatoa.

2.6. Hopaptnpo

Ye avtifeon pe tovg Nielsen et al. (2002), ot omoiot dumictwoav TG Ot
extiunoelg g Ev ko g Et yio v kaAMépyela kompavev avéavoviay étav 10 K.G.0.
NG OPOAOYIKNG OOKIUNG UEYAAMVE, OTN UEAETN LG OgV TopaTnPONKE TO QUIVOLEVO
avtd ([Mivaxag 1). T tov mepartépw éheyyo g 0pHOTNTAC TOV ATOTEAECUAT®V UG,
dlevepynoape v akoAovdn pekétn Tpocopoimong.

Mivaxog 1. H diapeon tyun (kou 95% 6.0..) yio tig Ev kan Et tng koAMépyeiag konpdvov
(Evkk ko Ekg, avtiotoyo) oe dtapopetikd emheypéva k.0.0. tg ELISA yia tig aiysg
Kot T TpdPara.

K.c.0.  Alyeg [TpoPata
Evgk Ewk Evgk Ewk

1 8(2-20) 97,4(92,4-99,9) 15,9(0,2-49) 96,0(91,6-99,2)
0,9 9(2-20) 97,3(92,3-99,9) 15,9(0,2-49) 96,0(91,6-99,2)
0,8 9(2-20) 97,3(92,3-99,9) 15,9(0,2-49) 96,0(91,6-99,2)
0,7 8(2-19) 97,1(92,1-99,8) 15,1(0,2-47,3) 95,9(91,6-99,2)
0,6 8(2-19)_ 97,0(92,1-99,8) 14,5 (1,8-45,8) 95,9(91,6-99,2)
0,5 8(1,5-19) 97,0(91,8-99,8) 14,5 (1,8-45,8) 95,9(91,6-99,2)
0,4 7(1-18) 96,6(91,4-99,7) 12,6 (1,4-40,7) 95,7(91,3-98,8)
0,3 7(1-18) 96,5(91,4-99,7) 11,6(1,1-40,6) 95,7(91,3-99,0)
0,2 7(1-18) 96,8(91,5-99,8) 13,6 (1,5-44,6) 96,1(91,6-99,4)
0,1 7(0,5-17) 96,6(91,2-99,8) 11,4 (1,1-41,3) 95,8(91,2-99,2)
0 7(0,5-18) 97,1(92,1-99,8) 12,6(1,0-48,1) 96,1(91,1-99,6)

YnoOéoape v vmoapén dvo dokipumv, piag 00l pe cuveyeig tuég (m.y. ELISA) ko
HoG pe 600 dtokplrég Tuég 602 (m.y. pog KK).

[No ta vym Coa, ot tég ™g 801 Bewpndnke mwg axolovBovv pio Prita
katavour], Bn (2,9,) kot ywo ta mpooPefinuéva (oo o Bn (2,2). Avtég ov Bny
avTioToryovV o€ mo cvuyvn TN ton pe 0,1 o 0,5, kot ota 950 kot Sa exatooTnUOPIA,
0,4 xou 0,14, avtictoyya. H wpaypatikny Ev kot n Et yuo ) 68 1 pmopodv edkora va
VIOAOYIOTOVV o€ Kdbe K.G.0. e PAon T EKATOCTNUOPIO TOV KOTOVOUMY. XTN GUVEXELD,
emAéymrayv téooepa mbava k.c.0.. 0,1, 0,4, 0,7, xou 0,9. Mg Bdon ta ekatooTnUOPLO
TOV TOPOTOVEO Katavoudv, vroloyiotmkav n Ev (0,972, 0,648, 0,216 xar 0,005,
avtiotoya) kot 1 E1 (0,264, 0,953, 0,990 kot 0,999, avtictorya) yio tn 661. o tn 862,
BewpnOnke mwg ta vym (da giyav ion mBavotnTe, 68 A0 TO €VPOG TOV TIUOV TG 01,
ue 0,980 va xotatayovv opbdc. H avtictoyn mbavoétra yio ta mposPefinuéva etébn
oto 0,400. Q¢ ek tovtov, M 8602 eixye Ev= 0,400 xor Ei= 0.980. H ion mbavdtmra
aviyvevong o€ OA0 T0 €VPOG TOV TILMV TNG 801 avomolel TV VO cuvONK” aveaptnoio
TV 001 Kot 062.

> ovvéyela, mapnyOnoav 10.000 dedopéva yio 6o mAnbvopodg pe toyoio
emhoyn I1 mpoosPefinuévov kat (1-I1) vyiedv (dov. T'a tov iinbouopod 1 tébnke 11=0,050
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Kot ywo tov TAnBvopd 2, 11=0,200. Telkd, dtopopeddnke 1 Katovoun Tov GLVOLOGHOD
TOV OTOTEAEGUATOV TV 001 Kot 682 otovg TAnBvcpovg 1 kot 2 yio k4be K.6.6. TG 601,
AxolobOnoe 1 avdivon avtdv TV dedopévav oto Aoyiopkd WInBUGS, vrobétovtag
v vd ocvvOnkn aveoptnoio Tov 661 kot 662. T'a 6Aeg Tig mopauétpovg (Ev, Ev, 1)
YPNOUOTOONKOV OUOLOUOPPES EK TOV TPOTEP®V Katavoués, doniadn Bn (1, 1). Ta
amoteAéopaTo TG avaAivong Tapovotdloviat otov [ivaxa 2.

IMivakog 2. Ot Tpoypoatikég TIHES Kal ol EKTIUNOELS Yo T otdpeon T (95% 6.a.) yo
mv Ev kot v Et tov 861 kot 862 kot yio To Tpaypatikd 1oc6ootd npocfoing (I1) tov
minbvoumv 1 kot 2 og dapopetikd K.6.6. TG 60 1.

K.G.0. Ev 601 [Tpaypotikn) Ty
0,1 0,978(0,951-0,998) 0,972
0,4 0,662(0,606-0,723) 0,648
0,7 0,203(0,168-0,243) 0,216
0,9* 0,020(0,011-0,034) 0,050
E1661
0,1 0,261(0,249-0,275) 0,264
0,4 0,954(0,946-0,966) 0,954
0,7 0,998(0,995-0,999) 0,990
0,9 0,999(0,997-1,000) 0,999
Ev 662
0,1 0,414(0,318-0,589) 0,400
0,4 0,421(0,378-0,468) 0,400
0,7 0,391(0,343-0,449) 0,400
0,9 0,323(0,197-0,510) 0,400
E1 662
0,1 0,984 (0,978-0,991) 0,980
0,4 0,982(0,976-0,986) 0,980
0,7 0,979(0,972-0,987) 0,980
0,9 0,975(0,962-0,996) 0,980
m1
0,1 0,056(0,033-0,088) 0,050
04 0,050(0,037-0,066) 0,050
0,7 0,048(0,030-0,069) 0,050
0,9 0,046(0,006-0,135) 0,050
112
0,1 0,201(0,137-0,269) 0,200
0,4 0,192(0,169-0,218) 0,200
0,7 0,204(0,169-0,242) 0,200
0,9 0,240(0,137-0,434) 0,200

*: Ta 95% CI’s dev meptlapfavouy v mpory Loty T

Ta omoteréopotd avtd emPefordvovv mog n Ev xor n Er g KK opBag
Tapopévouy otabepég pe v aAhayn tov k.0.0. ¢ ELISA. Znuavtikég petaforéc oty
Ev mc KK iocmg gpoavictodv otav pe v aliayr Tov K.6.0., ovaKOWeL vd cuvOnKn
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e€APTNON TOV SOYVOOSTIKOV SOKIU®V. ZTN UEAETN Hag, 1 vd cuvOnkn aveoptnoio TV
SYVOOTIK®V S0KIHL®OV aloroyndnke o Kdbe K.6.90..

Ta amoteléopato TG TPOSOUOIMONG KATAIEKVOOLV OTL OTAV 1oYVEL | VITOBEOT
™mg w6 ocvvOnkn aveoptnoiag, n Ev kot n Ev g 862 kot to. TpaypaTikd mocooTtd
TPocPoAng Tapapévouy otadepd, aveEapTTOS TOL K.0.0. TNG 001, Enpavtikn andkiion
NG EKTILOVUEVTG OO TNV TPOAYLOTIKY T mopatnpidnke povo 6tov to K.G6.0. yuo TV
061 rav 0,9. ITBavotata avtd opeileTan oTnV TVLYOLN JLAKVUOVGET TOV SEGOUEVOV TOV
mpocopotminKav kot aplduntikd MTov Atydtepo M mePocoTEPU Oomd To. OempnTiKd
avapevopeva pe Baorn v vd cuvinkn aveEaptmoia. H katavour tov cuvévacpov tov
amoTEAEoUATOV TV 601 Kot 662 OV TPOGOUOIOONKAY NTAV EAAPPDG SLOPOPETIKY OO
™m Oesopntikd ovapevopevn (Ilivaxog 3). Emavoloufdavovtag v ovdiveon pe to
BeopnTiKd avapevopeva dedopéva, 0Ol EKTIUNGELS NTAV TOVTOCTUEG UE TIG TPOYUOTIKES
TG (mivakog 4).

Mivaxog 3. [Ipocopowwtnca (A) kot Oswpnrikd avapevouevn (B), pe Baon v vro
ouvOnKn ave&optnoia, KATavoun TOV GVVIVAGHOD TOV dESOUEVOV TV 8Ol Kot 862 6ToVg

I11 wxon I12.
1 A B
K.G.0. 661+ 601- 661+ 001-
0.1 Ad2+ 340 45 334 56
Ad2- 7181 2434 7144 2466
0.4 Ad2+ 147 238 139 251
Ad2- 618 8997 626 8984
0.7 Ad2+ 40 345 45 345
Ad2- 73 9542 158 9452
0.9 Ad2+ 3 382 10 380
Ad2- 14 9601 15 9595
12 A B
K.G.0. 661+ 601- 661+ 001-
0.1 Ad2+ 911 50 896 64
Ad2- 6960 2079 6936 2104
0.4 Ad2+ 546 415 525 435
Ao2- 1100 7939 1142 7898
0.7 Ad2+ 161 800 175 785
Ad2- 268 8771 337 8703
0.9 Ad2+ 17 944 40 920
Ad2- 40 8999 60 8980
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Mivaxog 4. [poaypatikég TiHéG Kot eKTUNAOELS Yo T dtdpeon T (95% d.a.) yia v Ev
kot v Et tov 661 kou ta I11 o T12 oe Sapopetikd k.6.0., UeTd TN YpNom TOV
dedopévmv g oming B tov Iivaka 3.

K.G.0. AlGueon tiun [MpaypoTikn Tiun
(95% 6.0..)

0,1 Ev 861 0,971(0,938-0,997) 0,972
Ev 862 0,397(0,305-0,565) 0,400
E1661 0,264(0,252-0,277) 0,264
E1 662 0,980(0,973-0,989) 0,980
11 0,051(0,028-0,086) 0,050
12 0,201(0,137-0,274) 0,200

0,4
Ev 861 0,644(0,587-0,704) 0,648
Ev 802 0,397(0,355-0,442) 0,400
E1661 0,954(0,946-0,964) 0,954
E1 662 0,980(0,975-0,986) 0,980
1 0,052(0,038-0,069) 0,050
I12 0,202(0,177-0,230) 0,200

0,7
Ev 661 0,212(0,172-0,256) 0,216
Ev 862 0,395(0,327-0,471) 0,400
E1661 0,990(0,986-0,996) 0,990
E1 662 0,981(0,973-0,992) 0,980
11 0,053(0,031-0,094) 0,050
12 0,204(0,161-0,266) 0,200

0,9
Ev 851 0,049(0,033-0,071) 0,050
Ev 802 0,403(0,301-0,543) 0,400
E1661 0,999(0,997-1,000) 0,999
E1 662 0,980(0,968-0,997) 0,980
1 0,051(0,018-0,102) 0,050
12 0,200(0,135-0,288) 0,200
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Extipnon koata Bayes tig evowoOnoiog ko tng ew0kétnrag o6vo pedoéowv
KOAMEPYEWNG KOTTPAVOV Yo TN O1dyvmon] TS TOPUPVUITIOONS 6E KAIVIKA vYu|g
alyes kov mpoPora mpooPefinuévov EKTPOPOV pHE TNV EQUPUROYN €VOS MUL-
e€aptONEVOL HOovVTELOV AavOAVOVCUS KATAGTAONG

I1. Kootovrag!, A. Agovtidnc', X. Maiihivinc?, M. ®Adpov’

1Epy(xcm']p10 Emonoroyiag, Buootatiotikng xor Owovopiog Zowng Iapoywyne,
Tuquo Kmviarpikng, Iavemotuio ®sooariog, 43100 Kapditoa, EALGSa.

Epyactipto MucpoBroroyiag kot Hopasiroroyiag, Kmviatpur Zyoh, Hovemotiuo
®eccariag, 43100 Kapditoa, EALGSA.

Eywe dexto yia dnuooicvon oto wepiodko Preventive Veterinary Medicine
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3.1. Ilepiinynm

Y& 0T TN UEAETN, GLYKPIVOUE TO TOGOOTO T®V amopovocemy Mycobacterium
avium subsp. paratuberculosis (MAP) omd v KoAMEPYED SEWYUATOV KOTPAVDV
TPOEPYOLEVOV Omd KMVIKA VYIEIG atyec ko TpdPata mposPePAnUéEvev eKTPoQaY, LETAED
Vo KaAAepYNTIK®OV pebddwv, ¢ piog og vrootpopa Herrold’s Egg Yolk (HEYM) ko
¢ GAAng oe Lowenstein-Jensen (LJ). Ev cuveyeia, extiunoape v evaictnoio (Ev) kot
v ewvwotmra (El) tov dvo pebddwv, yoplotd otig aiyeg Kot ta Tpofata, e T xpNHon
HoVTEL®V AavBavovcag Katdotaong mov emAvdnkav pe v kotd Bayes pebBodoroyia.
Atepgovinke 1 mhovotnto g vd cLVONKN ££APTNONG TOV SOYVOGTIKOV SOKIU®MY,
HEC® NG OUYKPoNg HOVTEA®V Tov vmébetav v aveoptnoio, HE HOVIEAD TTOL
erdpovoy voym v eEAPTNON TOV SOYVOSTIKOV SOKIUOV HETAED TOV VYDV Kol TOV
wpocPePAnuévav (Owv.

To 1060616 anopovocemv 6to HEYM ftav onpavtcd peyardtepo (P=0,04) and
7o LJ. H ovppovia petaéd tov anotedecudtov tov 600 pebddmv ftav daitepa gToymn
Kot pn  otatotikd  onupoviiky  (Qoywopévm  tun  kappa=0,062 (95% Sidotmua
eumotoovvng. -0,098-0,222)). Ae vmipye e€aptnon peta&d tov Ev tov 800
dwyvootik®v dokiudv. Ot Eit tovg, ouwg, eiyav 0Oetikr] ovoyétion. Emopévog
oNuovpyndnke Kot ypnoyomomOnKe yuo Ty avdivon Eva Nu-e£0PTOUEVO LOVTEAO, TTOV
vrébete v aveéaptnoio tov Ev kol eddpPoave vmoyn v eEdptmon tov Ei Ot
EKTIUNOEIC OVTOV TOV HOVIEAOL Yio Tig Oldpeceg Twég ko to 95% OSraothpara
aélomotiog (8.0.) Yo 1 Evpeym, Ewieym, Evpy, Euy frav 8,4% (95%6.0..:0,8-37,1%),
96,7% (93,6-99,3%), 5,1% (0,3-22,9%), 98,6% (96,2-99,7%) ota mpdPata, evd NTaV
12,4% (4,1-29,9%), 98,7% (96,1-99,8%), 3,4% (0,2-14,2%), 98,2% (95,7-99,6%) o11c
aiyes, avtiotoyya. H mapdAinAn epunveia tov amoteAeospatov tov 600 puedddwv Edmaoe
Evrap, Etrap fom pe 14,7% (2,7-44,7%), 95,5% (92,1-98,3%) ota mpodPata, xor 16,1%
(6,2-36,3%), 97,3% (94,2-99,1%) otig aiysc, avtiotoya. H Ev tov uebddmv
KOAMEPYEWG KOMPAVOV OTIG LIOKAVIKA TpooPePfAnuéves aiyeg kot mpdfata nrov
younAn, evd n Et toug oyxeddv andivt. H tavtdypovn yprion twv 600 pedddmv kot n
TOPAAANAN epunveia TV anotehespdtov Toug Bertiooav v Ev pe eldyiom peioon
¢ Eu

Aéeic-klernid:  moapapouatioon, Herrold’s egg yolk, Lowenstein Jensen, woviéla
AovBavoveoag kataotaons, oo ovvOnkn nui-eéoaptnon, katd Bayes usfodoloyia emilvong.
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3.2. Evcayoyn

Y& oplopéveg PipAoypoaeikéc avapopéc, N kKaAlépyewn kompavov (KK) éyet
ecpaipéva BempnBel og aAdvOaoTn JyVOOTIKN OOKIUY OvVAQOPAS Yol TNV aviyvevon
™m¢ Aoipwéng amd Mycobacterium avium subsp. paratuberculosis (MAP) (National
Research Council, 2003). H vr60eon avtn eivor ecQaApUEVT], SESOUEVOD OTL GTO APYLKO
otdda  Aoiuwén dev pmopei va aviyvevbel omd v KK (Whitlock and Buergelt, 1996)
EVD OTO HETOYEVESTEPO 1 OMEKKPLON Umopel va gival Stodeimovoa 1 Vo KOTOVELETOL
OVOLLOLOLOPPO, 6TN HALo TOV KOTPAV®V, LE OTOTEAEGUO KOl TTAAL VO DILEPYOVY YEVLOMG
apvntika anoteréopata (Whittington and Sergeant, 2001). H Aoipwén ue MAP xotd ta
TPO 6Tdd umopel va punv oviyvevBel axdpo Ko pe v otoraboroyikn e&étaon,
eMeWdn to pukofaxtnpidlo dev €YoVV aKOUN TPOKOAEGEL OVIXVEVCIUEG TOHOLOYO-
avatoukés alowwoelg (Whittington et al., 1999; Nielsen et al., 2002). Avtq n
avurapéio, otV ovoia, aAdvOaoTg SyveSTIKAG SOKIUNG W1oitepa GTO LITOKAVIKG
npooPefinuéva Loa, e€nyel v dmapén eldyotov ektiufoswv svatcnociog (Ev) kot
ewdwomrag (Ev) yio v KK, poévo otic yoroktomapaymyés ayerddeg (Sockett et al.,
1992; Stabel, 1997; Whitlock et al., 2000; Eamens et al., 2000), kot v amovoia
avdAoymv peEAET®V oTiG aiyeg kou to mpoPata. Ewdikd Otav dev vmbpyer aidvOactn
SlYVOOTIKY SOKIUN avopopds, To HOVTEAN AavOAvouGag KOTAGTOONG TOPEXOVY EVOV
OTOTEAECUATIKO EVOALOKTIKO TpOmo ektipnong g Ev kot g Et tov dweyvootikdv
dokiudv. Ta poviéha AavBdvovcag kotdotaons Tpotddnkay yio TpdTN eOPA amd TOVS
Hui and Walter (1980), evéd npoceata £ytve EKTEVIAG AVOCKOTNGT TOVG omtd Tovg Enoe et
al. (2000). To tpia TeElevTOio YPOVIA £YEL OPYIOEL VO OVOTTOGGETOL OTIC PLOAOYIKES
eEMOTAUES M emilvon tovg pe 1t pebodoroyio katd Bayes. H ypnon avtg g
uebodoroyiag, mov Tpdoeata TEPLypapTnke amd toug Branscum et al. (2005), eppavilet
TO TAEOVEKTNLO TG EVOOUATMOONG €K TOV TPOTEPMOV TANPOPOPLOV Y10 TIG TPOG EKTIUNON
TOPOUETPOVG KO EMITPEMEL TNV EVKOAN Olepevvnomn ¢ vrodbeong g vd cuvOnkm
avebapmoiag. O éheyyxoc TS 10x00g TG TeAevtaiog avts vdBeong mailel kabopiotikd
poro omnv opBdTTa TV ekTunoev ™ Ev kot g Et, 10img 6tav ot SoyvemoTtikég
dokyég ompifovrar oty 101 ProAoykn opyn Ko eivor mBavdtepo va givar vrod
ovvOnkn eEaptnuéveg (Gardner et al., 2000; Enoe et al., 2000; Georgiadis et al., 2003;
Toft et al., 2005).

Ot vrdpyovoeg ektunoetg yuo v aétomotio g KK apopovv ta foogidn. Ae Oa
Ntav epOVILO Vo VI0BETGOVLE TIG EKTIUNGELS QVTEG Yol TA TPOPOTO KOt TIG aiyeg amd ™
oTiyu] mov ta mpoPeto Ko kdmolo otedéyn tov aryev (de Juan et al., 2005) &youvv
dapopeTikd pubud avantuéng ota texvntd vrootpmdpato (Collins et al., 1990; Juste et
al., 1991; Marsh and Whittington, 2005) kot dvvntikd emnpedloviol He SLPOPETIKO
TpOTO amd To TPWTOKOAAL amopdkpuvong Tav entporvvoemv (Reddacliff et al., 2003).
Emumiéov, d10popetikd oTeAEYT, TOV EVOEYOUEVOS EXOVV SLOPOPETIKN AOLOYOHVO SUVOUN
(Saxegaard 1990), amavtdvrar oto TpdPoto kot Tig aiyeg (Stevenson et al., 2002; de Juan
L et al., 2005) ko1 pmopei vo emnpedlovv v al0TOTIO TOV SyVOOTIKGOV S0KU®OVY. Tt
avtd Ba oy AdBog va unv ektipdror 1 a&lomietio Toug YoploTd oTo Kabe £160¢ {dov.

2V mapovoa HEAETN, GLYKPIONKE T0 T0GO0TO TV amopovadcewv Tov MAP and
™mv KoAMEpyeln detyudtov kompdvov oe vrdotpope Herrold’s Egg Yolk Medium
(HEYM) xou Lowenstein-Jensen (LJ) kot extyumOnkav n Ev ko 1 Et tov 600 pebddmv
KK yopiotd, oe xhvikd vymg aiyeg kot mpoPata mpoosPefAnpéveov extpoe®v, LEe
xpon povtédwv Aavldvovcoag katdotaong kot pebodoroyiag ektipnong katd Bayes. H
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mbavotnto e&apong tov Ev kot tov Et depeuvnOnke, kol 6mov vmnpye, €Anedn
oy

3.3. YhMka kot pé@ooot.

3.3.1. Opiouog ¢ Aotuwéng

Kot ot 300 doyveotikés SoKIHEG Tov Ypnoipomombnkay GToxevovy GTnV
aviyvevon g anékkpiong tov MAP pe ta kénpava. Emopévag, vioBetoape — petd and
TPOTOMOINGELS — TOV OPIGHO TNG AOTU®ENG e MAP 6nwg datvrdOnie amd tovg Nielsen
et al. (2002), oto Pooedn. Me tov 6po Aoiumén evvoovue Tmg ta mpdPata 1 ot aiyeg
@Epouv 1o, pokoPaktnpidia evookvtTapikd. O TOAAATANGIOCUOG G PEYOAOVS aptOovg
TOVL HKPOOPYAVICUOV Ogv givan amapaitnto va cvopfaivel eneldn n Aoipmén pumopel va
etvar AavBavovca.. YmoBétovpe mwg amd T otiyw| mov gykabictator 1 Aoipwén,
ToPapEVEL £Q' Opov {ong. Xuvenms, pe faon tov optopd avtd, to TposPefAnuévo Lmo Ba
anekkpivel kdmowo otiypr| g (ong tov MAP pe ta kompava.

3.3.2. Yno ueiétn minboouog

Téooepa Komddia mpoPfdtwv Kot arydv, pe peyédn mov kopaivovror and 250 €wg
350 {ma, emedéynoay yi' avtv ) pedétn. 'Eva amd ta komddio amoteAeito and mpdfata,
éva amd alyeg Kot 00O NTaV PEKTA, HE ovaroyia Tpofdtov-arymv, to éva 60-40% kot o
dAlo 40-60%. Olo to KOTASIOL ELYOV 1GTOPIKO KAWVIKNG TOPAPLUOTIOONG Kot OV glyav
noté euPohoaotel katd tov MAP. Ot aiyeg wor to mpofota MTov Ol0GTAVPADGELG
dapdpov eyyodpiov euimv (my. Capra prisca, Xiov, Kapaykooviko). Ta (oda
ektpépovtov nu-ektatikd. Koplog otdyog nrov n mopaywyn yaioktoc. Ta (oo éfockav
OTOVG AEWMVEG KOTA TN HEYOALTEPN dtdpKew TOL £Tovg Kot toilovtav mpdcheta pe
CLUTVKVOUEVES TPOPES. [Tepvodcav 10 peyoldTepo PLEPOG TG NUEPAS TNV VITanfpo Kot
EMECTPEPAY GTOVS GTAPAOVG KaTd TN S1dpKelo TNG VOYTOC.

3.3.3. deryuazroinyio.

Ye kabe extpoen emdéyxOnkav tuyaio (ue Aloto Tuxai®V aplOp®OV omd TOV
VIOAOYIOTN)  eKatd KAWwKG vy (do (yoplc KMVIKEG eKONADOELS EVOEIKTIKEG
mapoeupatioons: xpovia 1 dheimovoa dappota, andAelo PAPOVS LN AVTOTOKPIVOLEVN
oe avlehuvOikn M avtyukpoPflokn Oepaneia), a@od amokieiomnkav (Mo mAkiog
kpdtepng tov 1,5 érovg. Amd kdbe (o cvAAéyOnKav and 1o ancvBuouévo mepimov 10
YPOUUAPLO KOTPAV®V.

3.3.4. Mioyvawotikég dokiuéES

3.3.4.1 H uébososc HEYM

Ta koémpava KoAlepyndnkav HETA omd HIKPT TPOTOTMOINGT €VOC TPMTOKOAAOVL
mov meplyphonke o€ npocpateg peréteg (Greig et al., 1999). Ev cuvtopia, 1 pe 2 ypay.
Kompavav opoyevoromdnkav ywa 30-60 devteporenta pe 10 ml omootepmpévov vepoo,
Héow G ypnong texvntov otoudyov (Colworth Stomacher 80, Seward Medical). ' v
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QOLLAKPVVGT] TOV EMHOADVOEMY OO TO OUOYEVOTOMWUEVO pelypo Tpootédnkav 10ml
hexadecyl pyridinium chloride (Sigma-Aldrich), mukvéomrag 1,5%. Xt cvvéyela, to
petypo agédnke oe 6pba Béon yuo 6A0 10 PBpadv, oe Bepupokpacio dwpotiov. Tnv
EMOUEVT UEPQ, TO VTTEPKEIUEVO SLOAVLOL LETAPEPONKE GE VEO OTOGTEPOUEVO OOKILUGTIKO
colMva kot @uyokevipnOnke otig 3.000 otpoeéc avd Aemtd, ywoo 20 Aemtd, o€
Bepuoxpooia 4°C. To oynuatiodév ilnuo d1advbnke ek véov og 10 ml amooteipmpévon
voatog. H @uyoxévrpnon emavalnednke kot 1o oynuoticdéy ilnua dtaddbnke o 1 ml
OmOGTEP®UEVOL VOATOC. To evaldpnuo HETOPEPONKE GE OMOGTEPMOUEVE COANVAPLOL
pKpo@uyokEvTpov kot puyokevipndnke otic 13.000 otpopég avd Aemto, Yo 5 Aentd, o€
Bepuokpoocic  dwpoatiov. To oynuaticfév  ilnua  opoyevomombnke pe 0,5 mi
AmOGTEPOUEVOL VO0TOG. Ao KdOe evarmpnpa, 0,1 ml evopbaipictnkay o€ 600 GOANVES
ue vmootpoua Herrold’s Egg Yolk, sumhovticpévo pe pvkoPaxtiviy kot avtiBlotikd
(Becton Dickinson product code: 222233).

3.3.4.2 H uébodog LI

Ta kompava KarAepynOnkay 6mme meptypdenke oe tpdopate peréteg (Whitlock
and Rosenberger, 1990). Ev cuvtopia, 1 pe 2 ypap. konpdvov opoyevoromdnkov yio 30-
60 devteporenta pe 10 ml anootelpopévon vepod, pe T YPNON TEXVNTOV GTOUAYOV
(Colworth Stomacher 80, Seward Medical). T'a. Tnv amopdkpvven TV ETPOAHVGEDY, TO
OLOYEVOTOMUEVO pElypo PETOPEPONKE O VEO OOKILOOTIKO COANVO, O 0moiog meplelye
25ml hexadecyl pyridinium chloride (Sigma-Aldrich), muokvotntog 0,9%, oe Opemtio
vrdéotpoua BHI (Oxoid), kot apébnke oe opbio 0éon, otovg 37 °C, yio 24 dpec. Ztn
OULVEYELD, TO LTEPKEIUEVO OldALUO HETOPEPONKE O VEO OOKIHOCTIKO COAVO Kol
euyokevtpnnke otic 1.000 otpoeéc ava Aemto, yuo 30 Aemtd. To oynuaticdév ilnua
daAvOnke ek véov e 1 ml BHI, mov mepieiye Pavkopvkivn (100 mg/ml), vaiidiEco o&p
(200 mg/ml) xar apgotepikiviy B (50 mg/ml) (6ia avtiprotikd e Sigma). To peiyua
avtod enmaotke Yo 48 dpeg otovg 37°C. Akolovbwg, dtopébnke oe Tpia TUAHATA TOV
300 ul (6 otoydveg) mepimov kol evoPBOAUIOTNKE OE TPEL COANVEG TOV TEPLELYAV
vrooTpopa LI, otoug dvo eumhovticpévo pe pokofaktivn kot TupovuPikd Kol 6Tov Eva
YOpic.

3.3.4.3 Avayvwon twv amoteieouaty kot exipefaiwan s ovartoing tov MAP

Ot kaAMépyeteg enmdotray Yo 30 efoopdodes, 6Tovg 37°C. T v emPePoaimon
TOV €100V¢ TV Kpoopyoviou®v mov avoartoydnkav, DNA amd T1g KaAMEpyeleg
OOCTAGTIKE Kot eAEYYONKE Yo TV Tapovoia ¢ eWkng tov MAP évBetng axolovbiog
1S900 (Green et al., 1989). ITpwv v KK, ta delypoto yopiomKav g 1GOUEPT TUNUATO.
Kol KOOKomomOnKav pe dapopeTikd kKmoko. 'Etot, ot gpguvntég mov acyondnkav pe
mv KK kot 11 dwdwkaocieg emPefaimong g avantvéng tov MAP dev eiyav
SuvaTOHTNTO VO, SLLGTOVPDOGOVV TO OTOTEAEGLOTA TOVG.

3.3.5. Xoyrpion tov mocootod twv amopovacewv tov MAP ko uétpnon s copupmviag
uetoco HEYM xou LI

H avantoén oo MAP a&loroyndnke pévo yo ta delypota mov nTav 0etikd petd
and enmoon 30 efdopddmv. Ot kaAlépyelec pe emyporvvon oev altoloyndnkav. H
oUYKPION TOV TOGOCTOD TOV OMOUOVOGE®V HeETAlD Ttv dvo KK &ywve pe 1 doxun
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McNemar. H copeovia petagd tov KK a&toloynonke pe Baon v tun tov {uyispévou
kappa.

3.3.6.Extiunon koza Bayes ¢ Ev koi g E1 oo HEYM ko tov LI ota mpdforta kar tig
oryeg

3.3.6.1 Movtélo kou éleyyog vmobéaewv

Xpnowomombnkav povtéda Aavldvovcog katdotacng (Hui and Walter 1980;
Vacek 1985; Walter and Irwig 1988; Enoe et al., 2000), eved mpotiunibnke 1 kotd Bayes
uebodoroyia emilvong tovg (Johnson et al., 2001; Dendukuri and Joseph, 2001;
Branscum et al., 2005). Ot ektunoeic tov Ev kot tov Et yio 1o HEYM ot to LJ
(Evseym, Ewieym, Evy xor Euy, oviiotoyo) ompiytnkov oty KOTOVOUN TOL
GLVOVAGHOD TMOV ATOTEAEGUATOV T®V V0 JOKIUDV GE TPELS LITO-TANOVCUOVS aydV Kot
TPELG VTO-TANBVGLOVE TPOPaTwV.

H opbf ypion tov poviédov mpobmobéter v 1oy0 TPLOV OVCUCTIK®V
vroféoewv: (o) Ot doyveoTikég SoKIHEG Tpémel va eivar vd cvvOnKn aveEaptnteg
ueta&d tovg (Gardner et al., 2000), l0GAA®C TPETEL VL YPNCILOTOLOVVTOL LOVTELD TTOV
Aoppdvovv voyn v mlovOTNTA TG VIO GLVONKN €EAPTNONG TOV SlOYVOOTIKOV
doxucv (Enoe et al., 2000; Branscum et al., 2005), (B) o mAnbvopdg avapopdc mpénet va
aroptiletal amd VO N TEPIOCOTEPOVS VIO-TANOVGUOVG HE SLUPOPETIKO TPAYLOTIKO
10606td mpooPoing (I1), kot (y) peta&d twv vro-mtAnbvoudv avtdv, 1 Ev ka1 Et tov
SayvooTIK®V dokiumv o tpénel va un dapépovv (Hui and Walter, 1980). H woydg tov
TPLOV aVTOV VToBécemv eEAEYYONKE ¢ €ENG:

o. Y6 ouvOnkn aveEaptnoio TOV S10yVOSTIKGOV OOKIUMV

Emedn ot 600 dayvootikég dokipég Bacilovral otnyv oo foloyikn apyn, VINPYE
évtovog mpoPAnpatiopnds ywo v oxd avtg g vrdbeon. Qg ek tovTOL, APYIKE
YPNOOTOMOAUE TO pHovTéLo TG vid cuvOnkn e€dpmong (Dendukuri and Joseph, 2001)
KOl GTN GLVEXELWD TO HOVTELO TNG L0 cuvOnkn aveEaptnoiog (Johnson et al., 2001) tov
dayvootike®v dokipumv. To povtého tov Dendukuri and Joseph (2001) mpotiunOnke
EVOVTL GAL®V ETELDN] EVOOUATOVEL AUECH TO CLVTEAESTN cvoyétions v Ev (yg,) kot
TV Et (Yg) tov 600 dayvootikedv dokipumv (Branscum et al., 2005). Tpororomcoue o
OO0 avTd poOVTEAD Yo TN ¥PNON TOLG GTNV OVOAVLCT TOV JEOOUEVOV TNG TOPOVGOS
peAémg (ta povtéha yio TNV ovGALGT OEGOUEVMV TTOV TPOEPYOVTOL GO TNV TAVTOXPOVN
epapupoy”n o000  SyVOOTIKOV  OOKIUAV o6 V0  vmo-mAnBuopovg,  mpdsPaTa.
avookomnOnkav arnd tovg Branscum et al. (2005)).

H vrobeon g vtd cuvOnkn aveEaptnoiog eréyybnke pe dvo tpomovs: (o) Amo
TNV €QOPUOYN TOL HOVTELOL TNG LG GLVVONKN €EAPTNONGC, VITOAOYIGTNKAV Ol YE, KOL YE,
Kot ta avtiotoyo 95% Swotiuata aglomiotiag (8.0.), kot (B) vroAoyiotnke TO KprTpLO
amoxhong (DIC), 1660 yia 10 povtédo g vd cuvOnkn aveEaptnoiog 660 Kot yU' avTo
mg e€aptong. Av ta d.a. mepthopfavouv v tuf undév (Gardner et al., 2000) ko n
dwapopd tov DIC tov dvo poviélmv givar pukpotepn tov 2 (Spiegelhalter et al., 2002),
dev pmopet va amoppreBel 1 vrdOeon g VIO cVVONKN aveCapPTNGiog TOV SYVOCTIKOV
doxmv. H drapopd tov DIC tewv 600 poviéhmv ftav pikpdtepn Tov 2, TpAyo T0 0Toio
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onuoivel mog to. dvo povtéda taipalov ota dedopéva e€icov kaAd (Spiegelhalter et
al., 2002). EmumAéov, ta 95% d.a. yio T0 g, mepErdufovay to undév, KoTodEkviovTog
pe tov tpomo avtd v aveCapmoio twv Ev. Ocov agopd, OUw®c, ToV Yg, OV KoOl, GE
OPIOUEVEC TEPUTTAOCELS, TO aplotepd Oplo tov 95% d.0. Mtav ico pe pndév, 10 50
EKOTOCTNUOPLO TNG €K TOV VOTEPMV KOATAVOUNG TOV NTav mavia 0eTikd. Avtd onpaivet
¢ vnpxe 95% ek TV VoTépwV TOAVOTNTA OETIKNG GVOYETIONG TOV OTOTEAEGUATOV
tov KK ota vym) {oa. Me Bdon avtd to supripoto viobetinke telkd €va mut-
e€optduevo HoviéAo mov evooudtove povo tov v, (BA. Tapaptnua).

p. YroOson ¢ d109popds ato mpayuotiko Tocooto Tpocfoing

Znmonke omd tov emonTeEHOVIO KTNVIATPO VO KOTATAEEL T KOTAdw e Pdomn to
TOGOOTO EUPAVIONG YPOVIOG ETAVOAAUPAVOUEVIS O1GPpPOLaG, TTOV Eival EVOEIKTIKY] TOV
T0c0oTo0  TPOCPOANG amd  mopagupatioon. Me Pdaon v taivounocn  tov,
Stpopeodnkav tpelg vmo-mAnBucpol mpoPdTwv KOl TPES OYy®V, GTOVS ONOIOLG
AVOUEVOTAV TO TPOYUOTIKO TOGOGTO TPOGPOANG amd TOPAPLUATI®OOT Vo €ival YounAo,
Héco, kot vynAd (vromAnbvouoi e TOGOoTO EUPAVIONG KAMVIKNG €1KOVOG GUUPATAG UE
napaopotioon 1-2%, 5% kot >10%, avtictoya).

y. Yrobeon ti¢ oporog Ev kou Et puetald twv ninboouwv

INo tov éheyyo ovtng ¢ vmobeong, ovolvcape Eeymprotd OAa to mbavd
Cevydpro Tov vro-tAnbvopmv. Eropévog, emavoldfape tnv avaivon tpeig popés. Kabe
QOpA, M OOUN TOL HOVTEAOL KOl Ol €K TMV TPOTEPOV TANPOPOPIES TOV EVOMUATOONKAY
oe ovtd NTOv 101G HE TN OOUN KOU TI €K TMOV TPOTEPOV TANPOPOPIEC TOL
ypnoonomdnkay oty avdivon tv Tptdv vro-tAndvouav pali. Ot extypunoeg e Ev
kot ¢ Et and t1g avaivoelg OAmv Tov {euydv NTov avAAOYEG e TIC EKTIUNGELS amd TNV
avaALGN TOV TPUOV VTO-TANOVGLMV, VITOOEKVVOVTOG £TGL OTL 1) VTdBeon g dpotag Ev
kot Ev peta&d tov vro-tAnbucuav ioyve, 160 ota tpdPato 660 Kot OTIG aiyeC.

3.3.6.2. Extiunon tov ueyéBouvg s elaptnons twv El

Enedn o yg, amotekel pé€tpo g amdAvTng TIung Kot oyt tov fadpod Papvntog
mg e€dptnong, ypnoo gival va vroloyiletor 1o mocootd g e&dpmong (Rye) o€
oyéon pe ) péylotn dvvarn eEdptnomn mov pmopet va wapatnpnei (Gardner et al., 2000).
H péytom dvvam e&dpmon yia 1o v, eivar M=min (Eweym™*(1-Ewy), Euws*(1-Eneym)).
H dudpeon i ko to 95% 6.0 tov Ryg, vmoloyiommkav pe Baon 1o SerypotoAnm

Gibbs wg: Ry, = T\; 100%.

3.3.6.3 llopaldinin epunveio twv KK

Amo ™ otiypn| mov vanpye oaveCapmoio twv Ev, Ntav d6Kipo, mpokeyévon va
pueytotomombei m Ev g aviyvevong vmoxkiwvikd mpocPePAnuéveov  (Owv  mwov
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anekkpivoov 10 MAP, va gpappootel n mopdAANAn epunveios TOV OTOTEAECUATOV TOV
ovo KK. Katd v mapdAinin gpunveia, éva {do Bewpndnke Oetikd av ntav Oetikd og
TovAdyotov pio amd Tig dvo KK kot apvntikd av ftav apvntikd kot otig ovo KK. H
goooOnGio (Evgep) kot n e01koOmTa (Etrgp) TG TapdAAnAng eppunveiog vroroyictnkoy pe
Baon 1o  derypatodnmin  Gibbs  ®¢  Evgp=1-(1-Evp)*(1-Evneym) ko
Etwap=Ews*Eweym+ye, (Gardner et al., 2000).

3.3.6.4. Ex twv mpotépmv TAnpopopies kot avaloon evaicnoiog

Mo ™V evoouaTmOoT €K TOV TPOTEPOV TANPOPOPIDV GTO HOVIEAO YL TIS TPOG
ektiunon mopopétpoug (tig Ev, 1ic Et kot 1o mpayuatikd mocootd npocPorng oe ke
vo-TAnBuopd) ypnowomombnkav katavoués Prta, Bn (o,f). Ou idiec xoatovouég
YPNOoOTOmONKAY Y100 TO LOVTELD TNG VIO GLVONKN aveEapTnoiog Kot e£ApTNoNg Kot Yo
ta ovo glon {dwv. E&otiag g amovoiog avaAoymv HEAET®OV Yo TIG oiyes Kot To
mpodfarta, v tic Ev tov KK ypnowormomnkav xoatavopuég mov dev mapeiyov kopio €K
TOV TPOTEPMV TANPOPOpia Kot amédday ion mbavotta o kabe Ty and to 0 £wg o 1.
Agdopévnc g adappioprimra oxedov andivtng Et tov KK (ITivakag 1) oto foogidn, ot
€K TOV TPOTEPOV KATAVOUES TOVG Paciotnkav ota dedopéva avtd. Kot yia tig dvo KK, n
mo mhavny Ty yuoo v Ekk 1€0nke oto 0,98 ko uaoctav 95% BéPatot g dev fTav
rkpotepn and 0,95. Ta croyeio avtd avtioToyovv o o katavoun Bn (100, 2). Ot mo
mOavég TéC Yo Ta mpoypatikd tocootd npocfoAing (IT) otovg vro-mAnbvopove pe
Yoo, pétpro kot vymAio I tébnkav ota 3, 25 ko 50%, avtictowya, evd uactav 95%
BéParot 6TL dev Mtav mepiocdtepo amd 10 kar 55% oTovg VIo-TANBVGUOVG pE YoUNAD Kot
uétpro 11, kabmg kot 6t1 dev rav Aryotepo amd 30% otov vro-tAnbvoud pe vymio I1. Ot
avtiotoyyeg Kortavopéc nrav B (2,84, 56,40), Bn (3,09, 7,25), kot Bn (8,11, 7,91).

[Tpokeévov va aglohoynBel n emppon TG EVOOUATOCNG SUPOPETIKAOV EK TMOV
npotépwv TAnpopopidv (Joseph et al., 1995; Enoe et al., 2000; Georgiadis et al., 2003;
Branscum et al., 2005) otig eKTIUNGELS TOV HOVTEA®V, 1 OVAADGT EMAVOAQPONKE e T
xpNon 000 SLPOPETIKOV OUGd®V €K TV TPotépV mANpoeoptdv: (I) Opotdpopeeg
KOTOVOUEG oV Ogv mapeiyav kapio mAnpoeopio yio tig Ev kot tig Ev, Bn (1,1), kot ot
idleg katavoués vy to IT mov ypnowwomomnkav otnv kdpwo ovdivon, kot (1)
opoopopeeg koTavoués , Bn (1,1), mov dev mapeiyav kapio tAnpoeopio v tig Ev, ot
idteg pe v kHpla avédlvorn katavopés ywo Tig Et, kat, téhog, katavoués yio ta IT pe
guplTEpA Oplo am' avTA TS KOpLag avaivong. Avtéc Nrav: o tov vro-mtAnfuoud e
younAo I1, pio opotdpopen ek TV Tpotépmv katovoun pe evpog and 0 éwg 50%, yuo Tov
vro-tANOvopd péTplov kot vymiov I, wa katavoun pe mo mbovn Ty to 25 kot to
75%, avtiotoyo, ko 950 kot 50 exoatootuoplo ico pe 65 kot 35%, avrtiotorya. Ta
ototyeio avtd aviioToyovv otig katavopég Bn (1,1), mov givar opiopévn amd to 0 £mg To
50%, Bn (2, 4) ko B (4, 2).

Téhog, Y To povtédo g vd cuvOnkn €£APTNONG Kot TNG VIO GLVONKT M-
e€APTNONG, YPNOLLOTOMONKAY OUOIONOPPES KATAVOUES TOV amédday ion mbavotnta o€
OAO TO €VPOG TYLDV TOV YEy, KO YE. TO €DPOG TYDV TOV YE, KAL VE,, €& OpIGHOV eEapTdTan
amo Tig TiéG Tv Ev kat Er Ta 6pa yuo Toug ye, kot yg, €ivar max (-(1-Evgeym)*(1-Ev,
-EDHEym*EULJ) < YEv < min(EDHEym*(l-EDLJ), EDLJ*(].-EDHEYM)) Kot Mmax (-(1-
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Ewievm)*(1-Ewy), -Eweym*Ewy) £ vee £ min (Eweym™(1-Ewy), Ews*(1-Ewevm)),
avtiotowyo (Gardner et al., 2000).

O éheyyog ™ vrobeons (o) emavaiEOnKe Yo KGOe SLOPOPETIKY OPAdO EK TMV
TPOTEPOV TTANPOPOPLOV TOV EGNYONGOV 6TO HOVTELD. X& OAEG TIG TEPIMTMOGELS, TO
LOVTEAO TNG NU-€EAPTNONG TV 1| EVOESELYUEVT] ETAOY.

Mivaxag 1. Ot avagopés ot debvr Piproypagio yioo v evawsOncia (Ev) kot v
edwotta (E) g kaliépyetag konpavav (KK) yia ) didyvoon g mapa@uuotioong
ota foogdn.

Avapopd KK

Nielsen et al., 2002 Ev=20-73%
Ei1> 98%

Sockett et al., 1992 Ev =45-73%
E1> 99%

Whitlock et al., 2000 Ev=42%
E1> 99%

3.3.6.5. Eleyyoc ¢ adykiions tiumv

Kopio pébodog ehéyyov g oLYKAMONG TOV TUAOV KOTE TNV €QAPUOYT| NG
uebodoroyiag enthvong katd Bayes dev eivan addvOaotn. T'a to Adyo avtd mpoteivetal o
GLVOLAGHOG SLOPOPETIKMY TEXVIKMV, Kol ETTAEOV, APEVOS 1] EMGKOTNOT TG oKoAovdiog
tov tipuov g Monte Carlo popxopravic oivoidag (Markov Chain Monte Carlo,
MCMC), a@etépov 0 EAEYXOG TG HOPONG TV €K TOV VOTEPOV KOTOVOUDV KOl TOV
TEPLYPOPIKDV OTOTIOTIKOV TOV €K TV Votépov katavoudv (Best et al., 1995).
Xpnoipomomoape cuvovacprd Tev vrapyovcmv puebddwv (Heidelberger and Welch,
1983; Raftery and Lewis, 1992; Gelman and Rubin 1992), ot omoiec dev katédei&ov
mpofAnpata ot cHYKAGT TV TIHAOV.

EmumAéov, ta amotedéopata g pebddov twv Raftery and Lewis vaédei&av oti o€
Oheg Tig meputtoets, 49.500 erovainyelg Tov detypatoinmen Gibbs petd omd po edon
npocappoyng 500 emavolnyemy NToV OPKETES Yo Vo amoKToovpE, e 95% BePardmra,
akpifera = 0,01 yio v extipnon tov 2,50v kot 97,50V ekarooTpopiov TOV
TOPOUETPOV.

3.3.6.6. Aoyiouixo

H dokiyum McNemar kat o vrodoyioudc g kappa dievepyndnkov 6to Aoyiopuko
StatXact, ékdoomn 4.0.1 ywo Too Windows (Cytel Software Corporation, 1999). To erninedo
onuavtikdmrag 1€0nke oto 5%.

[o 1o poviélo AovBAavovcos KATAGTOONS, YPNOWOTOmONKE TO AOYIGHUKO
WiInBUGS (Spiegelhalter et al., 1996). To i610 mpdypappa xpnoiporomdnke yo v
gpappoyn ™ nebddov Gelman and Rubin kot tov éheyyo tov avtocvoyeticewv. Ta
uébodo twv Raftery and Lewis, ypnowonomoape to R-CODA (Best et al., 1996).
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[Ipokertor yoo por opdda Asrtovpyuwv R-Plus, mov Aeitovpyel wg enelepyacstic tov
napayopévev ard to WinBUGS dedouévamv.

3.4. Anoteréopata

Metd ond encdacn 30 gfdopddwv, ot kolépyeieg 32/400 deiypata Kompavmv
(8%) eiyov empoAvvbel eite ot pio gite otmv GAAn pébodo KK kot dev
ypnoonomdnkav. ‘Evteka arnd ta 173 (6,3%) mpoPata kot 11/195 (5,6%) aiyeg nrov
OeTikd TovAdyIoTOV G€ pia amd Tig pebddovg KK. Tta mpdParta, 3 rav Oetikd oto LI kot
8 oto HEYM. Ot avtictoryot apBuoi otig aiyeg ntav 4 kot 8. H avantuén tov MAP ftav
kaAOtepn ot0 HEYM o' 6,11 oto LJ (p=0,04), pe mocootd aviyvevons e amékkpiong
pe to kompava ico pe 4,3% yuw 1o HEYM, évavtt 1,9% vyio 10 LJ. 'Eva povo delypa
Kkompbvav and ta 368 (0,27%) Nrav Betikd kot pe tig dvo uebddove. H cvupwvio peta&y
TV 600 pebddmv NTav moAd ety pe Ty kappa ion pe 0,062 (95% o.¢.: -0,098-0,222).

H xatoavoun tov cuvdvacuod tov OeTik®V Kol apvnTIKOV OTOTEAECUATOV TMOV
dvo KK, yopiotd yio tig aiyeg ko ta mpdfarta, mapovoidleror otov mivaka 2. Ot
dudpeoeg Tuég ko ta 95% J.a., TOV TPOEKLYOV OO TO LOVTELD TNG NUL-EEAPTNONG, NTAV
v 116 Evpeym, Etneym, Evy ko Evy 8,4% (95% a.6.€.:0,8-37,1%), 96,7% (93,6-99,3%),
5,1% (0,3-22,9%), 98,6% (96,2-99,7%) ota mpdPata, kor 12,4% (4,1-29,9%), 98,7%
(96,1-99,8%), 3,4% (0,2-14,2%), 98,2% (95,7-99,6%) o11¢ aiyeg, avtiotoyo. H yg, kot t0
Ryg ftav 0,002 (0-0,01) ko 16% (0-81%) ota mpdPata, eved frav 0,004 (0,0002-0,016)
kot 49% (3-97%) otic aiyec, avtiotoyo. H mapdAinin epunveio tov dvo uebddwv eiye
Evrgp ton pe 14,7% (2,7-44,7%) kot Euy, ion pe 95,5%(92,1-98,3%) oto npdfata. Xtig
atyeg, ot avrtiotoyeg Tywég frav 16,1% (6,2-36,3%) kot 97,3% (94,2-99,1%).

Ytov mivaka 3 moapotifevtor ot extyunoelc TV Evheym, Etneym, Evy kan Eyy,
TOV TPOEKLYAY OO TNV EPOAPUOYN TOV HOVTEAOL NU-EEAPTNONG LETA TNV EVGOUATOON
SAPOPETIK®V €K T®V TPoTéEPV TANpopoptdv (I, IT ko III).

IMivaxag 2. H katavoun Tov 6uvovasod Tov BETIKOV Kot TOV 0pVNTIKOV
amotedespdrtov e KK og Herrold’s egg yolk medium (HEYM) ka1 Lowenstein Jensen
medium (LJ), o€ tpelg vro-tANOVGHOVE EAMANVIK®V ay®dV Kot TpoPdtmv
YOAOKTOTOPAY®YIKNG KATELOLVONG [E YOUNAD, HETPLO KOl VYNAO TOGOGTO EUPAVIONC
KAMWVIKA G mapapupatioong (vrwo-tAnbuopog 1, 2 ko 3, avtictoyo).

[Ip6Para Atyeg
LJ+ LJ- LJ+ LJ-
Ymo-tAnbvopogl HEYM + 0 6 0 0
HEYM - 2 84 1 37
Yno-mtAinbvopog2 HEYM + 0 1 1 3
HEYM - 1 52 2 86
Yro-tAinbvoudég 3 HEYM + 0 1 0 4
HEYM - 0 26 0 61
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Mivaxoeg 3. O ddpeceg Tyég (A) ko ta 95% dSaotuarta alomiotiog (8.0.) yio v Ev
kot v Et too HEYM kat tov LI (Evpeym, Eweym, Evly and Euy, avtiotoyya) petd tyv
EVOOUATMON 6T0 HovTéAo TG Nut-eEdptnong (e€dpon tov Et ko aveéapmmoio tov Ev)
SLOPOPETIKMY OUAd®V €K T®V TPOTEPWV TANpopopimv (ETII).

EIIIT [Ip6Para Alyeg
(A) 95% .5.0.  (A) 95% d.a.
I Evneym 8,4 0,8-37,1 124 4,0-29,9
Etveym 96,7 93,6-99,3 98,7 96,1-99,8
Evyy 51 0,4-22,9 3,4 0,2-14,2
Eu, 98,6 96,2-9,7 98,1 95,7-99,6
n Evneym 51 0,2-26,3 11,0 2,3-28,0
Etveym 94,3 89,2-98,0 98,0 92,7-99,9
Evyy 4,6 0,3-22,1 2,7 0,1-12,9
Ew, 98,1 94,4-99,8 97,2 93,0-99,6
e Evneym 11,0 0,2-29,1 9,0 3,0-24,1
Etveym 98,3 94,5-99,8 98,6 95,7-99,7
Evyy 3,7 0,4-14,3 2,7 0,1-11,9
Eu, 98,6 95,8-99,9 98,1 95,3-99,6

*: O1 Ev &iyov oc EIIT mv opodpopen xatavouy By (1,1), ot Er m Bn (100,2) ko ot vro-mAnBucpoi 1,2
xon 3 eiyav T1c Bn (2.84, 56.40), Bn (3.09, 7.25) ko B (8.11, 7.91), avtictoya.

™ OvBEv xou o1 B giyav wg EITIT opotdpopeeg xotovouéc By (1,1), kot o vro-tAndvopoi 1,2 won 3 siyav
11 Bn (2.84, 56.40), B (3.09, 7.25) kou Bn (8.11, 7.91), avtictotya.

++,

: Ot Ev giyov wg ETIIT v opodpopen xatavoun Bn (1,1), ot Ev ) Bn (100,2) kot o1 vro-mAnfvcpoi
1,2 kou 3 giyav Bn (1,1) opiopévn and to 0 émg 10 0,5, Bn (2,4) kot By (4,2), avtictouya.

3.5. Zvlnton

To m0G00TO TV OAMOUOVAOGEWV TOL Kpoopyaviopod oto HEYM nrtav
onUovtiK@ vynmidtepo oe oyéon pe to LJ. To yeyovdg avtd avritiBeton oTig
napatnpnoelc towv Juste et al. (1991). Ttic yohoktomapaywyéc ayelddes, ou Nielsen et al.
(2004) avépepav karvtepn avantuén oto HEYM an' 6,11 oto LJ, k4t mov eniong ftav
oe avtifeon pe mpoyevéotepeg mopatnpnoslg (Whipple et al., 1991). H cvpeovia tomv
amotelecpudTov petosd tov 6o KK ftav mold mepropiopévn. Mdovo éva detypo ftav
Betikd kou otig 6vo KK, kot pe Baon v tiun kappa, dev amoppinteton n vrobeon g
TANPOVG ACLUPOVING TOV OTOTELECUATOV TOVG. DToY cvppwvia peta&® HEYM ko LY,
npocPata avaeépdnke kot otig yohoktomapaywyés ayeladeg (Nielsen et al., 2004). H
T tov kappa og évav mpooPepAnuévo mAnbvoud eEaptator and to I1, mv Ev kot v Et
TOV SYVOOTIK®OV OOKIU®V Kot T0 Pobud cLoyETIONG TOVG Yey KOU Vg, OVTIIGTOU(O
(Gardner et al., 2000). X& avtiy ™ peAétm, n VyNAR €o¢ omoivtn Ewk kot n oyéon
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e&aptnong tovg (Ye>0) cvopPdArovv 6T GLUPOVIO. TOV OTOTEAEGUATOV UETAED TMV
vyiov (oov. Ot yauniéc Eugk kot n aveEaptnoia toug ( ye, 0¢ di€pepe amd 10 0)
GUVEICOEPOVY GTIV OTOYN CLHEOVIK TOV OTOTEAEGUATOV UETAED TV TPOSPEPANUEVOV
Lowv. TIpopavag, 1 acvpeovia Tmv dVo pHedddmV Katadekviel Tmg ot xapuniéc Evkk ko
N ave€aptnoio ToVG Ve, emmpéocav coPapd v T tov Kappa oto mAnOvoud g
HEAETNG.

AopPavopévov voyn tov 6t Ev ko 1 Ev tov KK elyav vymiég kot yopmAég
TPAYUATIKEG TIES, avTioToLQ, £ OPIGHOD Ol THES KOl TO €0POG TYLDY TOV LITOPOVV V.
TAPOLV 01 Vg, KOL Y, €IVOL YOUNAGQ. Apa Ol EKTIUNGELG OTOOLINTOTE HOVTEAOL Yia TG Ev
kat Et 6g Qo giyov peyddn swapopd. I'a to Adyo avtd, to DIC, o¢ uétpo g cuvolkng
KOTOAANAOTNTOG TV HOVTEA®V, £0€1&e OTL TO aveEApTNTO KOl TO MUL-EEUPTAOUEVO KOt TO
eCaptdpevo poviéro, taipalav ota dedopéva e€icov KoAd. e GLUEMVIO e QLT TNV
TOPOTPNON, N VTOAOYIGOEICA T TOV Vi, £0€1EE OTL Ta amoteréopata tov HEYM kot
tov LJ tav aveEdptnta ota vrokAvika tpocBefAnuéva (da, Katdotoon mov cuviiwng
OgV amavTaTOL 6 JYVMOTIKEG OOKIUES 01 omoieg atnpilovtal otny 1010 Proloyikn apyn
(Enoe et al., 2000; Gardner et al., 2000; Toft et al., 2005). H vroLloyicOeico Tiun tov Y,
Oumg, £d¢e1Ee 011 To amoteAéopata tv 0Vo KK cuoyetilovrav Oetikd petad tov vyiov
Lowv. Av kal 11 vrohoyieOeioa T Tov cvvteleot e€dptnong Nrav younir, eoutiog
tov vyniov El tov KK, o oyetikdg Pabuog eEdptnong Pyg, €6e1&e 011 o péyebog g
eEdptnong avtne, o€ oxéomn He TO UEYIOTO duvaTO, NTav UETPLO €S LYNAD. XVVETAC,
Ntav Kot BroAoyikd Kot DTOAOYIGTIKA GMGTO VO, YPNCUYLOTOUGOVUE TO MN-EEAPTAOUEVO
povtélo mov vrébete v aveaptoia tov Ev kot eAdpPave vrdym v eEdptnon twv
Eu

Ot exktyunoelg tov Ev kot tov dvo KK ftav modd yauniéc. H Evkk e€aptdrot amd
10 6Tdo10 ™S AolpmENG, T0 omoio emnpedletl T0 PabBUd ATEKKPIGNS TOV LKPOOPYOVIGLOD
ue to kompavo (Crossley et al., 2005). Zta vrokhvikd npocBefinuéva (oa, o aplOudc
Baxmmpdiov ota kompava sivar yaunioc (Reddacliff et al., 2003) kot 1 anékkpion tovg
elvar  Swoheimovoa Kol Un OUOWOYEVAS KoTAVEUMUEVT, oTn HAlo TV  KOTPAvmV
(Whittington and Sergeant, 2001). Katé cvvéneia, t0 T0G06TO TOV YELODE OPVNTIKMDV
anotedeocpdtov avapévetor vo givor vynio. H Eukk pe po mpot) potid eoiveton
aoOnTd youniotepn o€ oyéon He TIg LIapyovces otn PiAloypagion EKTIUNCELS Yo TIG
YOAOKTOTTOPAY®OYEG ayeAAdeS. EVTonTolg, ol EKTIUNGELS AVTEG, NTAV GTNV TPAYLOTIKOTNTO
oxetikég extiunoelg Ev (Sockett et al., 1992; Stabel, 1997; Eamens et al., 2000), axoua
kot o€ oyéon pe v do tnv KK (Whitlock et al., 2000) mov vrepextipovoay tig Evkk o€
dyvooto Pabuo (Sergeant et al., 2003). Orv Whitlock et al. (2000) ypnoionoincav tmv
emavalapPavopeva Oetik] KK w¢ aAdvBaotn S1oyvmoTiky] oK) avapopic, Kol Le TOV
Tpomo avtd vroddyioav v Evkk ton pe 42%. Avt n ektipnon peuwdnke oto 25% dtav
apvntikd oty emavarapPavopevn KK {oa, ftav Betikd oty 1otonaboroyikn eE€toon
oV akoAoVONGE T Geayn, Kot KoatatdyOnkav ota mpooPePAnuéva. Axopa ki €101,
uepikad mpooPePfinuéva Coa dev aviyvehnkav. Zovende, akopo kot 1 Tiun tov 25%
vrepektind v Ev og kdmowo PBabud (av kot capng pkpdtepo omd to 45%), otig
yoloktomapaymyés ayelades. Tlpodoeata, or Nielsen et al. (2002) vroroyicav, pe Baon
mv efloowon g peylome mbavoedvewng, v Evkx og 20% vy to vrokAwvikd
npooPefAnuéva Pooedn. Bacioav, OU®S, TOLG VTOAOYIGHOVG Tovg o€ deiypa {dwv ot
Ola o 6TA00 TG AoTH®ENG Kol Oyl o€ KAWVIKA vy (®a, Kot ETOUEVOS KOl OTH M
ektiunon umopei vrepPaivel v mpayuatikny Twy. [Haviwg, ol extyumoelg tov Whitlock
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et al. (2000) xar Nielsen et al. (2002), Bpiockovtor Mo KOvVTé OTIG OIKEG WOG, 7OV
oTnpiytKav povo og KAMVIKA vYielg alyec Kot Tpdfata Kot apopodV amOKAEIGTIKA AVTAL.
Av, pédota, Anedodv vtoY” ot SuoKOAES TOV TOPOVCIALEL 1) KOAALEPYELN TOV CTEAEYDV
TOV WKPOV UNPVKACTIKOV GE GYECT LE OVTH TOV CTEAEYDOV T®V POOEWODV, Ol TAPOVGES
EKTIUNOELS PaivovTol OKOUO TTO PEAMOTIKEG. XTa TpOPaTa Kuplapyohv Ta 6TEAEYN TOTOV
I (Stevenson et al., 2002) mov 6TV GLVIPITTIKY TAEOYNQIO, TOVG OEV AVATTVGGOVTOL
KoAd o texvnta vrootpopata (Collins et al., 1990; Juste et al., 1991; Marsh and
Whittington, 2005). Av kot to. otedéyn tov aryodv givar 1diov tomov (II) pe to Posia
oteléyn (Collins et al., 1990; Whipple et al., 1990; Thoresen and Olsaker, 1994; Pavlik et
al., 1995; Cousins et al., 2000), televtaio TEPLYPAPNKAV OE QiYEG GTEAEYT EVOLAUETO TMV
tonov I kot I, ta otehéyn tomov III, pe yopaktpioTikd avAaTTLENG TOL TOAPUTEUTOVY
ot otehéyn tomov I (de Juan et al., 2005). Ta otehéyn avtd Tpoipyoviay omd Komadio
atyov yervidlovto pe komddo TpoPaTmv, KATL Tov ioyve Kol otV mopovca peAétn. H
mOavr| emkpdatnon otedeydv tomov I wor Il otic eAAnvikés aiyec kot ta mpoParta
YOAOKTOTTOPAY®OYIKNG kKoTevbuvong eEnyel mepartépm ) younin Evkk.

H Ewkk kot ota dvo €idn ntav oxeddv amdAvtn. To pikpd moGooTd TV YELIMG
BeTikdv amoterecpdtov avtikatontpilel ) pikpn, oAAE vapkTy, ThavOTTO HOAVVOTG
Kol TafnNTIKoy TEPACUOTOS TOV UIKPOOPYOVIGHOD OO TOV TENTIKO COANVO Y®PIg
«gykataotoon» ™ Aoipméng (Sweeney et al.,, 1992) 7, omdvia, v mBavoémra
EPYOOTNPLOKOD GOAALOTOG KO EXUOAVVONG KATA TNV eneepyacio TOV SEYUATOV.

H mapdAinin gpunveia tov dvo KK Beitiooe v Ev yoo v aviyvevon g
OTEKKPLONG TOV LUKPOOPYAVICHOD GTO VITOKAWVIKE TtpocPefAnuéva {da, xmpic vo Heunoet
onuavtikd v Eu o v avénon g Ev mpoteivovtor n emhoyn kot n mopdAAnin
epunveio aveapmTOV SOyVOOTIK®OV SOKIUOV HeTald Tov mpocsPefAnuévav (owv
(Gardner et al., 2000). Xtnv mapodoa pekétn, av kat ot dvo dokiuég facifovratl oty id1a
Bodoywn apyn, m aveEoptnoio TOV AmOTEAECUATOV TOVS ot TpooPePfAnuéva (oo
Kabotd ookun v mopdAAnin epunveio tovc. EmmAiéov, n amoAiewn otv Euv tng
TOPAAANANG epunveiag pelmbnke onuaviikd Ady® Tov BeTikod cLGYETIGHOD HeTAED TV
Ettov KK (yg,> 0).

H pebodoroyio kotd Bayes €xel 1o mAEOVEKTNUO TNG EVOMUATOONG €K TOV
TPOTEPMOV TANPOPOPLDV GTO HOVIEAO YOl TIG TPOG EKTIUNGN TAPAUETPOVG. AV OVTEC Ot
TANPoQopieg elval TEKUNPIOUEVEG, GULUPAAAEL onuaviikd ot PeAtiotonoinon Ttwv
ovumepacpdtov g avaivong (Joseph et al., 1995; Branscum et al., 2005; Toft et al.,
2005). H mpaktikn, ouwmg, opbng avalvong kotd Bayes emiPdiler tov éleyyo g
EMPPONG OLULPOPETIKAOV TANPOPOPLOV GTIG TEMKEG EKTUUNGCELS. XTNV Tapovso PEAETN,
avT M avdAvon evoicOnciog £01&e TMG Ol EKTIUNGELS EMNPEACTNKOV GE YOUNAO £mG
pétpro Pabud amd TV TPOTONOINCT TOV €K TOV TPOTEPOV TANPOPOPLOV, OAAL TTOV
moloTikd dpotec. To yeyovog 6t ot ektunoelg tov Er mopépevay otabepd vymiéc otov
de ypnolpomomoape mAnpogopieg yi' owtég (opdda II), emPePoudver, apevog tnv
opBoTNTO TOV YpnoomonfelcmdV Yoo TV El mAnpogopidv, apetépov v opbdtTa TV
ektymoewv. Emmiéov, n mapampndeica aveoptnoia tov Ev ko eEdptmon tov Et
damot®Onkay vId omoldNTOTE opaAde €K TV Tpotépv TAnpogopiov (I, I 1 III).
Téhog, OlepeuViCOE TIC EMITTAOCELS OTIC EKTIUNGES NNV TPOTOMOM|CEDV TMOV
dedopévov. ITo ocvykekpéva, eléyéope moleg Bo MTOV Ol EKTIUNACEC av o€ KOOE
mAnBuopd YOPoTE Ol PUNOEVIKOL GUVOLAGLOL TOV ATOTEAECUATOV TOV O0yVOCTIKOV
JOKI®V glyav pia povadikn mopatnpnon. H avdivon tov tpomomomuévav dedopévev
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elye mePLOPIGUEVEG EMMTOGELS 0TIS eKTUN el TS Ev ko ¢ Et, vmodewvoovtag 61t Ha
npénel va aicbavouaote ac@areic yio tig ektiunoeig pog (Enoe et al., 2000).

Y10 povtélo ¢ vd cvvOnkn eEdptnong, mov apyikd mpotewvav ot Dendukuri
kot Joseph (2001), o KoTMTEPO OPLO TMV YE, KOL YE, ELYE TEPLOPIOTEL 6TO UNOEV, EMELON M)
OPVNTIKY GUGYETION HETAED TOV SOyVOOTIKOV JOKIU®V Be@prOnke oTAvVIo QOVOLEVO.
Eueic edd mpotyunoape ta oplo, omwg meprypaeovtal amd tovg Gardner et al., (2000),
OV EMTPEMOVV GTOVG Yg, KOU Vg, VO maipvovv Oetikéc wot apvnrikés tués (PA.
napdpmmue). Me tov 1pomo avto, katéotn duvatd va. a&loAoynBel ympioTd yio Tov yg, Kot
TOV Vg, TO OV OEPEPE ONUOVTIKA atd TO UNdév pe Pdomn TV €K TOV VOTEPOV KATAVOUN
tov. 'Eto1, 10 1EMKO povtého dev emedéyn pe Paomn povo to DIC (ua dadikacio eEAEyyov
TOL GUVOAIKOD TOIPLICUOTOC TOL HOVTEAOL ©T0. Oedopéva), oAAG kol pe Pdom
dtepeivnon g onpaciog kibe GUVTELEGTN Y, KL Vi, EEXWPIOTAL.

Ot dyvootikég dokipég pmopet va epgaviCouv e€dptnon TV amotelecudTov
Tovg eite peta&y TV mpooPePAnuévav eite petald tov vyiov (dov. Xe ovtny TV
TePITTOON, TPEMEL VO SlepEVVATAL 1] YPNON HOVIEA®V M-€EAPTNONG TTOL TEPIAAUPAVOLY
elte LOVO TOV Vg, €lte pOVO TOV Y, avtiotoya. Ot KK eiyav moAd younin Ev otig
VIOKAWVIKG TpooPefAnpéves aiyeg Ko mpoPata, n onoio PEATIOONKE pe TNV TOPAAANAN
epunveion tovg. Apedtepec or puéBodor, Bo umopovoav va ypnoipomomnbovv ¢
dyvooTikég doKIpéS emPefaimong, Adym g VYNNG £wg kot amdAvtng Et.

3.6. Hapaptnpo

To ovvolo tev mapatnpioemv Ny o€ Kabe mAnOvoud K mpoxvmtel amd Vv
KOTOVOUT] TV GLVOLOCU®MV TOV OTOTEAECUATOV TOV OlOYVOOCTIKOV OOKIUDV GTOV
TNOvouo, Ye=(Y111,Y121,Y211,Y221), OOV Y11k (Y22k) M KOTOVOUN T®V OTOTELEGUATOV GTOV
mnBoopd K, mov eivor Oetikd (apvntikd) kot oTic 600 SAyVOOTIKEG OOKIUES, Kl Yiok
(Y21x) M xatavoun tv anotelecpdtov otov mAnbvoud K, mov givon Ogtikd (apvnricd)
ot dayvmoTtiky dokun 1 kot apvnrikd (Oetikd) ot dwoyvootikr dokiun 2. ' Eoto 61t ta
dedOUEVA Yk KOAOLOOVVY TNV aVEEAPTNTI TOAVOVULIKT KOTOVOUT:

Y ~ multinomial(n, , (Pyy s Pioks Porer P2k )y K =12,...L

pe T mBavOTNTES EUPAVIONS TNG KOTAVOUNG KAOE GUVOLAGHOV ATOTEAEGUAT®OV GTOV
TAnBvoud K va divovtot omod Tic oY£GELS:

P =P(T,T,) = 7,.(Se,5e,) + (-7, )((1-Sp, )1 - Sp,) + 75,)
P = P(T" T, ) = 7, (Se,(1-Se,)) + (1- 7, )((1 - Sp,)Sp, — 75,)
P =P(T,T,)) =7, ((1—Se,)Se,) + (17, )(Sp, (1 - 5p,) — 75,)
P =P\ T,) =7, (1-5e,)1-5e,) + (1-7,)(Sp,Sp, + 7s,)

OTOV 7k TO TPAYUATIKO T0G06TO TPOGPoANg atov K TAnfucud.

101

Institutional Repository - Library & Information Centre - University of Thessaly
11/06/2024 07:19:26 EEST - 3.133.122.126



YnobBétovpe g ot dvo Ev (Se; and Se,) kot o1 0o Eu (Sp; and Spy) akolovbodv
aveEdptrec B Katavopés. Emedn ex tov mPpotépwv TANPOPOPIES Yol TOV Vg, GLYVA
amovc1alovv, TPOTEIVETAL 1] XPNOT OLOLOLOPPNG KOTAVOUNG TOV aodidet ion mbavotnta
o€ OAO TO £0POC TOV TIUOV TOV Y. TO £0POG TIUDV TOV YE, IKavomolel T oxéon: max(-(1-
Sp1)*(1-Sp2), -Sp1*Sp2) < ye. < Min(Sp1*(1-Sp2), Sp2*(1-Sp1)), (Gardner et al., 2000).
[Ipoxertan, ovoGlOGTIKA, Yo [0, TPOTOTOINGT TOV HOVIEAOL 7oV TPOoTddnke amd TOLg
Dendukuri and Joseph (2001) kot (o) mepihapfaver povo tov yg, ko (ii) to €0pog twv
opl®V TOL Vg, EVO EMTPEMEL KO TNV OPVNTIKY, TEPOV NG OeTIKNG, oLoYETIoN TV
ATOTEAEGUATOV TMOV JOYVOCTIKOV SOKIU®V HETAED TV VYDV {OOV.
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O oapOpdc TOV TOKETOV Opo O TOPAY®V GAMAETIOpOONS ©T] oYéon TNG
YOVIHOTNTOG ME TNV VAOKAVIKY] TOPOPUUATIOON TOV 0yOv Kou 7wpofatmv
ELMAMNVIKQOV EKTPOPAOV

I1. Kootovhac', A. Agovtidng', X. MmM{vngz, r.z. Aumpiéingg, M. ®Adpov’

'Epyactipo Emdnuoroyioc, Buoototiotikic kou Owovopiag Zownc Ilapayoyig,
Tunpo Kmviatpikng, Havemommpo @socariog, 43100 Kapditoa, EALGSa.

2Epyowm']pto MukpoBroroyiag kot Iapacitoroyiog, Tunuoe Kmmviatpikng, [avemotiuio
®eoccariag, 43100 Kapditoa, EALGDA.

3 KAwvikr,  Avamopayoyng xor Matevtikng, Tunuo Krmviatpikrg, Ilavemotiuo
®eocariag, 43100 Kapditoa, EALGSA.

Eywe dexto yia dnuooicoon oto weprodko Preventive Veterinary Medicine
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4.1. Mepiinyn

Y& auTY TN HEAET XPOVIKOD onueiov OlEPELVNCAUE TN GYEON HETAED VITOKAMVIKNG
Aoipméng and Mycobacterium avium subsp. paratuberculosis (MAP) kot t mBavotnta
un yévvnong Loviavov apvov 1 eptpiov Katd v mepiodo toketmv (amd to Noéupplo
tov 2001 péypt tov Iavovdpio tov 2002), mov mponyndnke g derypatoAnyiog (to Mdio
tov 2002). H pelétn mpayuatomombnke oe 4 eAAnviKd Komadio, TpoPatmy Kol orydv
(oto detypa 369 (oo >1,5 etdv). Ao kdbe toyaio emleypévo (Do cvAAExOnkav 10ml
aipatog ko 10 ypoappdpio kompdvev amd to omevBuopévo. To delyparta aipotog
eetaotnKav Yoo TNV Vapén aviicopdtov Kotd tov MAP pe g dtoyvootikn dokiun
ELISA xou ta delypoto kompavev kailepyndnkav oe vmoéotpopo Herrold’s egg-yolk
(HEYM), eumlovtiopévo pe  pokoPoktivn kot avtifotikd. Q¢ vrokAvikd
npocPePAnuéva (da opionkav ekeiva mov Ntav OeTikd 6e TOLAG)IOTOV piol €K TOV
dwyvootik®v  dokiudv. To  mpoaypotikd  mocosTd  TPOGPOANG  LIOKAVIKA
npooPefinuévav (owv, Aappdvovtag vToyn T dyveoTikh gvaictncio Kot 101KoTnTo
™G TOPAAANANG EPUNVELNS T®V ATOTEAEGUATOV TV 0VO0 dSyVOCTIKOV SOKILADV, NTOV
14% (0,1-28%) w1 35,9% (9,2-62,7%) ota mpdPata kot T1g aiyes, avtiotorya. H oyéon
petalld g YoVIHOTNTOS TV TPOoPAtev Kol TV orydv kot g mhovotntog vo £xouv
VITOKMVIKN TApO@LUOTI®OOT OlepeLvIONKE He TN XPNoN 1EPAPYIKE SOUNUEVOV HOVTEA®V
Aoyiotikng malvopoumone. Ta vrokAvikd mposPefinuéva {da, Evavtt TV VYOV, giyav
oxetikd Adyo mbovoritov (ZAII) yw ™ yévwnon Cwvtavod omoydvov Kotd Tnv
nponyndeica nepiodo tokeTdv ico pe 5,4, av elyav mpaypotonomoel otn (o1 ToVG MG
kat 3 tokeTovg, kKo ZAIT ico pe 0,05, av eiyov meprocdTEPOLE OO 6 TOKETOVG, EVAD O
2AIT 6ev NTav onuavtikdg yuo to {oo pe evOllpeso aplipod TOKETMV.

AéCeig-kleroid:.  mapopouotioon, yoviuotnta, aplOuog Toketwv, mpofata,  aiyeg
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4.2. Evoayoym

H napagupotioon tov tpopdtwv (ITII) oeeiletar otn Aoipwén tov npofdrtmy,
Kupimg, pe mpoPela oteléyn tov Mycobacterium avium subsp. paratuberculosis (MAP)
(Whittington et al., 1998; 2000; Cousins et al., 2000). H napagupatioon tov atryov (AIT)
opeidetal ot Aolpwén Tov ayodv, koping, pe Poswa oteléyn tov MAP, mov eival
npocoppocpéva ot aiyec (Cousins et al.,, 2000; Whittington et al., 2000). ZXZtig
npooPePfinuéveg ektpoéc, ot All kou IIT mpoxkarodv ddpopng éviacng voonpotnta,
BvnromTa Kol ammAElEG TG mopaywyne. o mpodtn eopd oty EALGda meptrypdptnKoy
70 1969 (Leontides et al., 1975).

> oebvn Biproypapio vdpyovv avTikpovdueveg eVOEigels, OGOV apopd TNV
entdpaon ¢ Aolpwéng oand MAP ot yovipdmra tov Poogd®mv. Avtd mbavadg va
opeiletal 6To YEYOVOG OTL 0 0PICUOG TG VOOV KOt TO €100¢ TV SlOyVOOTIKMY OOKILMY
SpopoTooHVTOL HETOED TOV ONUOCIEVUEVOV  UEAETAOV. AVLGUEVNG €midpacn NG
TOPAPVUATIOONG GTV OVOTOPAYWOYIKY] IKOVOTNTA TV POOEODOV KATASEIYTNKE OO TOVG
Merkal et al. (1975), Buergelt and Duncan (1978), Abbas et al. (1983) kot Johnson-
Ifearulundu et al. (2000), evd o1 ueiéteg twv DeLisle and Milestone (1989) ka1 McNab et
al. (1991a) odev avédei&av kapio oyéon peta&d YOVIHOTNTOG KOl TOPOPVUATIOONG.
IIpoopata, ot Nielsen et al. (2002c¢) dianictwoay mwe ota fO0EON TA OTOTEAEGLOTO TOV
OPOAOYIKMV SOKIUMV HETABUAAOVTAL avAAOYo e TOV aplBUd TOV TPOYUOTOTOMOEVTMV
TOKETMV KO TO GTAOL0 TNG YOAUKTOTOPAYWOYTG.

2xed1AcoUE QLT TN LEAETT XPOVIKOD ONUEIOD, EMELON OV LILAPYEL KOopio LeEAETN
mov vo &fetdlel To MOPATAV® OTO UIKPA pNnpuKaoTikd. O okomdg poc MTov Vo
dlepguvnoovpie T oyxéon neta&d Aoipwéng amd MAP kot ™ yévvnon {oviavov apuvav 1
ePLPI®V KOTA TNV TEPT000 TOKETMOV TOV TPONYNONKE TNG SEYLOTOANYIOG.

4.3. Yké kot pé0odot

4.3.1. Yro ueiétn minBoouog

Téooepa Komadia TpofdTmv Kot ary®dv, pe peyétn mov kopaivoviav amd 250 £mg
350 Cwa, emeréynoav YU avtiv t perétn. Ot 010K Teg TV emAeXDEvViav KOmTadudvY
EMETPEYAV TN SLPKN emTpnon Tovg Yo 6vo étn (2001-2002). Olo ta komddo eiyov
1GTOPIKO KAWVIKNG TOpaQLUOTIOOoNS Kol 0gv giyov moté guPoiaoctel kKatd tov MAP.
2Oopeova pe tov vrevbuvo KIMVIioTpo, TO0 TOGOGTO EUPAVIONG TEPLOJIKNG O1dppolog,
EVOEIKTIKNG TNG KAWVIKNG Tapapupatioong, Ntav <10% (1 konddt), 10-30% (2 komddia)
kot >30% (1 xomdor). Ot aiyeg kat To TPOPoTo NTOV SUCTAVPDOELS APOPOV EYYDPLOV
evAov (m.y. Capra prisca, Xiov, Kapaykodviko). Ta (Do eKTpEQOVTOV MLUL-EKTATIKA.
Kvpiog 61006 NTOV 1 TOpOry®Y” YEAGKTOG.

Ot KTNVOTPOPOL EMEAEYOAV TIC OVTIKOTAGTAGELS OO TOVG OITOYOVOLS TV OLYMV Kot
TV mpoPativov vymAng yoraxktomapaywyns. Ta apcoevikd Ntav andyovolr {dwv pe
VYNAES amodocels and drha komdow. H yevikh mpoaktikny dloyeiplong tomv eKTpopdv
Nrav mapopota. Ta {da ELockay 6TOVE AEIUDVES KOTA TN LEYAAVTEPT] SIAPKELD TOV ETOVG
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Kot emmALoV TailovTav e GUUTVKVOUEVES TPOPES. Tlepvodoay To peyalvtepo PEPOG TG
Nuépag €€ Kot EMEGTPEPAY GTOVS GTAPAOLG KoTd TN dldpkela TG voytoc. Ot cvulevelg
yivovtav eueikd, xopic emtpnon, and tov lovvio £mg Tov AVYovGTO KOt YEVVOUGAY A0
10 NoéuBplo €mg tov lavovdpro. Ot apvol kot ta epipra amoyoraktilovrov 45 g 60
pépeg peta ) yévva. H yoloktikn mepiodog dtakOmTovTaY OTOV, KATH TNV EKTIUNGT TOV
KTNVOTPOQOV, N TOGHTNTO TOV YAANKTOG NTOV TOGO UEIOUEVT], LE OTOTEAECUO, VO UMV
KOADTITEL TO KOGTOG TNG €pYaciag TG AUEAENS Kol TG TPHGOeT g datpopnc. e avtd Ta
KOTAoLD, M HEOT] TEPI0OOC YOAUKTOTAPAYM®YNG, 1 LECT] ETNOLO TAPAY®YY| YOAAKTOC Kol O
pécog appog Covtavav yevvnBéviov auvav 1 epipiov avd tpofotiva 1 aiya frav 180
uépec, 160 xhd o 1,4 apvoi 1 epipua avd mpoPativa M aiya, avtictoya. O etnolog
pLOUOG avtikatdotoong nTav 20%.

4.3.2. Aeryuaroinyio.

Ye kaOe extpopn emAéyOnkav tuyxaio (pe Aloto Tuyoiov aplOudv omd Tov
VIOAOYIOTH)  eKatd KAWwKG vy (do  (yoplc KAMVIKEG eKONADOELS EVOEIKTIKEG
TapoeuuaTioons: xpovia 1 dtudeimovoa didppota, aTdOAEWD BAPOVS U AVTOTOKPIVOUEVN
oe ovBeluwvOun 1N avtyukpoProkn Oepomeia), ool amoxieiotnkav (oo MAKiog
ppodtepng tov 1,5 €tovg.  ®€toviag 10 0modektd ocedipa tomov I ico pe 5% kou to
tomov 11 ico pe 20%, ko vroBETovtag OTL 0 EVTOG TNG EKTPOPTC GLVTEAEGTNG GLOYETIONG
(EXX) e mbBavotntog éva (oo va givar yovio wwovton pe 0,01, o otdyog pog nrov va
vroAoYloTel To EAAyloTo HEYEDOG TOL delyaTog Yoo va oviyvevBel d1apopd 6To TOGOGTA
yovipdttog HETOEL vTokAViKE mpooBefAnuévav Kot vyidv (dwv TovAdyiotov 15%. H
vndOeon tov yoaunAov EZXY Paciotnke oy 100 ovomopay®ylkn Kot OlTPOPIKN
Jloyelplon TV EKTPOPAOV KOl 6TO OTL HETAED TOV EKTPOPAOV OEV LINPYOV OAUPOPESG OVTE
®¢ mpo¢ 10 TPdypouua eAEyyov ¢ PpovkéAlmone (wa avackdémnon tov bvikov
TPOYPApaTOg ELEYYOL TG PpovkéAAmong divetal amd Tovg Minas et al., 2004), obte mg
pog TNV Kotavoun ¢ opobetikdtntog yw tnv Chlamydophila abortus. Ta b0
TeAevToio,  OmOTEAOVY  TOLG  GLYVOTEPOLS  AOUMOELS Topdyovies  mTPOKANONG
AVOTOPAYOYIKOV TPOPANUATOV OTIG eAMNVIKEG oiyeg Kot Ta mpoPfota  (avékdota
dedopéva). Xpnotpomowwvtag ) pEBodo mov mepiéypayav ot Campbell et al. (2004), 1o
eMdyoto péyebog detypatog rav ekatd (do og kdbe komadt, oniadn cvvorwkd 400 Lma.

Agdopéva omd TIG YOAOKTOTOPAYMYES OYEAAOES OELYVOLV MG 1 OYVOGCTIKN
evocOnoia g oporoyikng dokiung Peitictomoleitonr TPog T0 TEAOG NG TEPLOOOL
yaraktomapaywyng (Nielsen et al., 2002c). Tw to Adyo awtd, 1 derypoatoinyio
TPAyHOTOTOMONKE KOTA TN ddpkeln Tov Ampidiov — Maiov 2002. Amd kdébe Tuyaia
emieyfév (0o ocvAiéybnkov 10 ml aipatog kot 10 ypoppdpie Kompdvev omd To
ancvBouopévo. IapdAinia, koteypdenoov atopkd ototyeion Tov {dov ®g TPog To £100C,
™mv NAkia, Tov apBpd TtV TponyoOUEVOV TOKETOV kot TN yovipodtnta. Eva (®o
KaTayphonke ¢ yovipo €dv eiye yevwnoel Procipo andyovo 1 amoyovovg KaTd TNV
nponyndeica mepiodo toketdv (NoéuPplog 2001 - Iavovdpiog 2002), 1, o€ avrtibem
TEPIMTOOT, WG U1 YOVILLO.
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4.3.3. J1ioayvawotikes OKIUES

Ta deiypato tov opodv efetdotnkav Yo avticopato Kotd oo MAP pe v
IDEXX ELISA ? coppova pe Tic odnyiec tov kataokevooty (Sockett et al., 1992). Ta
KOpoavo KOAAEpYRONKOV peTd amd kPN TPOTMOMOINGoM €VOG TMPOTOKOAAOL OV
neptypaotnke oe podopatec peréteg (Greig et al., 1999).

Ev cuvtopia, 1 pe 2 ypop. kompdvev opoyevorombnkay yo 30-60 devtepodrenta
ue 10 ml amootelpmuévo vepo, pe tn ypron texvntod otoudyov (Colworth Stomacher 80,
Seward Medical). T v amopdkpovvorn TOV ETPOAIVOEDY OO TO OUOYEVOTOINUEVO
ueiypa wpootédnkav 10ml hexadecyl pyridinium chloride (Sigma-Aldrich), Tukvotntog
1,5%. Xt ovvéyew, to petypo aeébnke oe Opba Béom yww 6ho TO Ppadv, o€
Oepuoxpacio dopatiov. Tnv erduevn pépa, 1o VITEPKEiEVO dtAAva LETAPEPONKE GE VEO
OTTOCTEPMOUEVO SOKIHOOTIKO coAnva kKot puyokevtprOnke otig 3.000 otpopég avd Aento,
ywo. 20 Aentd, og Beppokpocia 4°C. To oynuoticbév ilnuo dtadvdnke ek véov pe 10 ml
amooTeEPOUEVOL VdaToc. H @uyokévipnon emavoAnebnke kot to oynuaticdév inuo
dwodvnke pe 1 ml oanooteipopévor vdéatoc. To evaidpnuo petapépdnke oe
OTOCTEPOUEVO COANVAPLOL LKPOPLYOKEVTPOL Kat euyokeviprOnke otig 3000 otpopég
avé Aemtd, Yo 5 Aemtd, oe Ogpuoxpocio dwupatiov. To oynuoticBéy  ilnua
opoyevomombnke pe 0,5 ml amoctelpopévov Héotog. Amd kdbe evoumpnuo, 0,1 ml
evopboluiotnke oe 600 cwAnveg mov mepleiyov vrootpopa Herrold’s egg yolk,
eumlovtiopévo pe pvkoPaxtiviy kot avtifrotikd (Becton Dickinson product code:
222233). Ot kaiMépyeleg enmwbomrav yioo 30 efdopnddeg, oTovG 37°C. T'u mv
emPePaiovon tov €ldovg TV pIKpoopyovicU®V 1oL avoartoxOnkav, DNA amd T1g
KOAMEPYEIEG amoomdotnke Kol eA&yyOnke vy tv mopovcsio ¢ €0kng tov MAP
évBetng axorovBiag 1S900 (Green et al., 1989). O vrevbuvog yia ) Paxtmploloyikn
g&étoomn gpeuvnne (M®) de yvopile ta omoteléopata TS 0poAOYIKNG eEETAOTC.

o v extipnon ™mg dwyvootikng evatctnciog (Ev) kot ewdwdmrag (Ey) g
ELISA (EveLisa kot Etgsa) xor g xoAlépyelag kompdvov (Evkk xot Ekk),
ypnoonomdnkoy povtéda AovBdvovcog Katdotaong mov vrEdetav v ved cvvinKn
aveopmnoia TtV Slayvootikdv dokiudv. Ot extyunoeslc kow to 95% OSootipota
a&romiotiag (8.0.) v t1i¢ Evepisa EteLisa, Evkk kot Eg rov: 39% (17-67%), 98,5% (94-
99%), 19% (5-41%) wa1 97% (94-99%) oto mpoPara, kor 64% (43-83%), 94(89-97%),
11% (4-21%) xou 98% (95-99%) o1 aiyeg, avrtiotorya. Xpnowonomdnke pebodoroyia
enilvong kot Bayes (Johnson et al., 2001). Ot ek TV TPOTEP®V TANPOPOPIES TOV
evoouaTOONnKoY 6To HOVTEAD, Tpoékvyav pe PBdon ™ PiPrloypoeic mov avapépetal
otov mivaka 1. Emedn ot avagopéc yia v Ev dtapopomotovviay acOntd avd peiétn,
Kapio amoAvTmg TAnpogopia Yo 11g Ev dev evoopotddnke oto poviého. Emopévag ya
11 Ev ypnowomomnke 1 opotdpopen katavour, mov amodidet ioeg mbavotnteg oe OA0
10 €Vpog TIAV and 10 0 éog to 1. H ocvppovia tov BipAoypagpikdv ovaeopdv otnv
VYNA €mg andivtn E1 001 ynce oty eVeOUATOGT TOAD GLYKEKPIUEVOV TANPOPOPLAV,
pe ™ popen P koatovoudv Bn (a, B)) v g Et 10V S0yvOCTIKGOV SOKIUOV.
Jvuykekpéva, 1 mo mlavy T v ™y Etgpisa té0nke oto 0,95 ko fpoactav 95%
BéParor mwg dev Ntov pikpdtepn and 0,90. Mo Bn pe mo mbBaviy tiun to 0,95 kou 50
ekatootnuopto to 0,90, eivau n Bn (100, 5,5). H o mbavn Ty yio mv Ekk 1€0nke 010
0,98 kot fpoctav 95% BéPator mmg dev Nrav pkpotepn and 0,95. Ta otoyeia avtd
avtiotoyobv og uia katavour Bn (100, 2).

2IDEXX laboratories, Portland, ME

111

Institutional Repository - Library & Information Centre - University of Thessaly
11/06/2024 07:19:26 EEST - 3.133.122.126



Mivaxog 1. Ot avapopéc amd ™ oebvn Piprloypapia yo v evarsbneio (Ev) kot v
edwotta (E) g ELISA kot g kaAlépyetog kompavov (KK) yio t didyvoon g
TAPOELUATIOONS 6€ BoogdN, alyeg kot TpoaTa.

Avopopd Eidoc ELISA KK
Collins et al., 1991; Ridge et Booeidn Ev ~ 45%
al., 1991; McNab et al., 1991 E1>90%
NielEvn et al., 2002 Booedn Ev =27-86%, Fv=20-73%
E1=55-98% E1> 98%
Sockett et al., 1992 Boogidn Ev=47-65% Ev =45-73%
E1>99%
Sweeney et al., 1995 Booegdn Ev=15-87%
Whitlock et al., 2000 Boogwon Ev=15-75% Ev=42%
E1>99%
Evrgeant et al., 2003 [IpéPata  Ev=25-73%; 10-47%
E1>95%
Whittington et al.,, 2003; IIpopata
Hilbink et al., 1994 E>97%
Hope et al., 2000 [IpéPata  Ev=35-54%
E1=98,2-99,5%
Dubash et al., 1995 [IpoPata  Ev=48%
E1=95%
Rajukumar et al., 2001 Alyeg Ev>75%
E1>90%
Molina et al., 1991 Alyeg Ev>85%
Er>93%

4.3.4 Zroniotikn ovéioon

‘Eva {®o Bempnbnke vrokAvikd tpocfefAnuévo av nrav 0etikd o TOLAG IGTOV
o ek tov dwyveotikdv dokiuodv.  To katd Rogan-Gladen mpaypotikd mocootod
npocPorfg (IT) Twv vrokAvikd mpooPePAnuévov (dmV VTOAOYIGTNKE YOPIOTE Yo TIG
aiyeg kot o wpoPata, pe Pdon to @awvopevikd mocootd mpooPorrg (PII) twv
vrokAMviKA mpocPBefAnuévov {omv Kot Tig Eunap ko Eygap g mapdAining epunveiog
TV 0yVOSTIKGOV doKudV and v e&icmon: IT=(DIIIT + Eigap — 1) /(Evnapt Etap -1)
(Rogan and Gladen, 1978). H Evmg, kot M Eurp, vmoBétoviag v vmd cuvOnkm
avegapmnoio. Tov SyveoTIKGOV doKdv, vroloyiomkov og €éfg Evpap= 1 — (1-
EUELISA) * (l - ElKK) Kot Etnap= Etelisa * Ewk (Gardner et al., 2000)

To {do ntav n povéda avagopds. Enedn ot AIl ko ITIT eivor Aopudoegg vooot
KOl VTAPYOVV OVOPOPES GYETIKEG LLE TN GLGYETION TOVS UE OLOTPOPIKOVS KOl TAPAYOVTEG
dwayeipiong (Lugton, 2004), sivar mOavi) 1 OLOYETION TOV OTOTEAECUATOV TOV
SYVOOTIK®OV SOKIHOV LETAED TV {hmv ¢ 1010¢ ektpopnc. E&attiag g cvoyétiong
avtg N dtakvpovor tov OIII (eropévog kot Tov IT) avapevotay peyaAdTepn amd avTHv
mov avapéveror pe Paon ™ dwwvopkn katovour. [ avtd, vmoloyiotnke o EXE ko

112

Institutional Repository - Library & Information Centre - University of Thessaly
11/06/2024 07:19:26 EEST - 3.133.122.126



eréyyOnke av dweépst onuoviikd and 1o 0 oe eminedo onuavrikdtrag 5%, Om®G
neptypboetar and tov Lui (2004). T ocvvéyela, vroloyiotnke o mapdymv peyébuvong
™m¢ oakvpavong (IIMA), pe Paon tov otatiotikd onupoviikd EXY, omd tov toHmO:
I[IMA=>m;j[1+EZZ(m;-1)]/m., 6mov m; givon o puéyeboc tov i°° komadiov kol M.= X m;.
AxoroO0wg, moAlamhacidotnke o IIMA pe v mpoPremduevn amd N OLOVULUIKY
KOTOVOUT SLKOLLOVOT), KOl TPOEKVYE 1 Cuytopévn extipmon yia ) dtakvpoaver tov OIIIT
(Aorm). To 95% diGotnuo epmotocdvig (8.€.) vroroyiotnke og: OIIII + 1,96 * Agmn™’?
(Lui, 2004). H Cuyopévn dwcopavon yw o I, A vooyiotnke o¢: An=Aonn /12 6mov
I= Evnap + Eurap — 1. To 95% 4.€. yio to IT vmoroyiotke wg: T+ 1,96 * Ar? (Greiner
and Gardner, 2000).

H oyéon peta&d g yovipdtmrog kot g LIOKAWIKNG Aoipwéng pe MAP
dlepeuvnOnKe e TOV VITOAOYIGHO HOVTEA®V GTO TEPPAALOV TOL CTATICTIKOV AOYIGHIKOD
SAS® (e ™ ypfon g pakpoevtoric GLIMMIX). Ta dedopéva pog frov epapyikd
dounpéva, mpdypo mov onuaivel 0Tt 1 dtoekdpavon PeTad TOV KOTOdOV OVOUEVETOL
peyoAVTepN amd TN otaxkvuavon petald tov (dov péco oe kabe xomdolr. Emopévec,
YPNOLOTOMON KAV TOAD-eMimedo LOVTEAD AOYIGTIKNG OVAALONG TAAVIPOUNONG LE TOV
TOPAYOVTO KOTAOL G HETAPANTY pe Tuyaio amotédespa. H eEaptnuévn petafinti ntav
N yoviwotnta kéBe Cmov. Apyikd, m oyéon Kabe pog aveEaptntng petaPAntng, pe
otafepd amotédecua, HE TN YOVIHOTNTO €A&yyOnke pe v ecaywyn g Kabe pog
Y®P1oTd 6T0 povtéro. Eneldn n cuoyétion peta&d g nikiog tov (dov Kot Tov aptdpod
toket®v ftav vynin (r=0,9, P<0,001), n Aydtepo onpavtikn ax’ avtég Tig HeTaPANTEG
(MAkia tov (omv) arokheionke amd TV mepAlTép® ovdAvom. H woydg g vedbeong g
YPOUUIKOTNTOG 0T AOYOPlOpIK KMpoKo yuo T ovveyn HETaAnt) oplfuog ToKeETMOV,
eAEyyONKe Ypagikd Omwg mpotdbnke omd tovg Hosmer and Lemeshow (1989). H
petofAnt €idoc tov {Mov d0ev NTAV OTOTIOTIKG ONUOVTIKY. TEAMKA, Ol OTUTICTIKA
ONUOVTIKES, O€ eMimedo onuovTikoOtnTog 25%), petafintég Katd v apyikn depebvnon
(0p1Opdg toketdv kol vwokAvikny Aoipwén pe MAP), swonydnoov tavtoypovo o©to
povtéro. Akolov0wg, elonydn n Tp®@TOL Pabrod AANAETIOPACY] TOVG KOl EAEYYONKE GE
emimedo onuaviikomrag 5%. ‘Htav onupoavtikny xot dwrtnprinke o©to  HOVTEAO.
[Mpokeévovr va Peitiwbel m egpunveia tov poviéhov, Yopig OU®G va pelwbel m
TPOCOPLOYN TOV oTo dedopéva, voroyiotnke, pe m ypnon eviodmwv CONTRAST, o
oyetcds Aoyog tov mbavomtov (ZAII) yo kabe apBud mponyndéviov toketdv. Me
Baon tig extynoeg tov XAIl, o apBudc twv tokeT®V opadomombnke ce TPELg
katnyopies. H mpotn mepehdupave (do mov €lyov TPaypoTtomomosl £0¢ Kol TPELG
TOKETOVC, M d0evTEPN LM pe 4 €mg Ko 6 TokeToNE, Ko 1) Tpitn (oa pe TePlocdTEPOVS 0md
6 tokeToVC. X1 cvvE)ELln, EAEYYONKE N KAAT TPOGAUPLLOYT TOL HOVTEAOV TTOV EVOMUATOVE
oV aplOUd TOV TOKETOV MG KOTNYOPLOTONUEVT] LETAPANTY], OE GYE0T UE TO LOVTEAO TTOV
eVoOUATOVE TOV aplBd TV TOKETOV ¢ cuveyn petafint). H mpocappoyn tov 6bo
povtélmv ota dedopéva Tav e€icov kol (dokym LR ¥, ue 2 pabuovg erevbepiac=2,3,
i P=0,3). H koAn tpocoppoyn tov tedikod povtélov ota dedopéva (mov mepieiye Tov
aplUd TOV TOKETOV OC KATNYOPLOTOMUEVT petaPinty) eiéyydnke ue Pdon to av o
Adyog TG SokuiAg Tov ¥° Kotd Pearson mpog tovg Poabpovs evbepiog Tov povELo,
amokAivel and ™ povada (Witte et al., 2000). Ov ZAIT kor o 95% d.6. ywo kéOe
Katnyopic. oplfpod TOKET®V VTOAOYIOTNKOV HE TN YPNON KATOAANA®V EVTOAGDV
ESTIMATE.
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Télog, voloyiotnke o Quytopévo oeelopevo kidopa (ZOK) kot to 95% 3.¢.,
onw¢ mepryphoetar and to Lui (2001, 2004). To ZOK eivar 10 T0606TO KOTA TO 0MOi0
avopEVETOL VO LELwBEL TO T0G0GTO TV ayOVIH®mV (OwV av dev NTav TpocsPefAnuéva ard
TopovpatiooT (ma Tov TANBLVGHOV TN LEAETNG.

4.4. Anoteléopata

Agv vpyav dedopéva oe oxéon pe tov apdpd tov toket®dv Yoo 31 (®a mov
mpdoeata amokTOnKay amd tovg mapaywyovs. Ta {da avtd amokieiotTnKay omd TV
avéAivon. Aekooktd amd to 173 mpoPata ko 58 amd tig 196 aiyec Mrav vrokAwvikd
npocPePAnuéves. Zta mpoPata, 8 Nrav Betikd povo oty KK, 9 frav Oetikd uoévo oty
ELISA xot 1 frov Betikd kKo oT1g 600 d1oyvmoTtikég Sokipég. XTig aiyeg, 7 frav OeTiKég
uovo oty KK, 49 frav Oetikég povo omv ELISA ko 2 fitov Betikég kot otic ovo
dwyvootikés dokpés. Tpuavta tpia mpoPata kot 34 aiyeg de yévvnoav amoydovovg tnv
EMOYN TOV TOKETOV Tov mponyndnke g oderypotoinyiog. To DI teov vrokMvika
npocPefinuévov (dwv frav 10,4% (95% d.e.: 3,6-17,2%) o 29,7% (13,6-45,6%) oto
npdPota ko TG aiyeg, avtiotorya. H xotavoun tov vrokAvikd mpocsPefAnuévov kot
VY10V LDV 68 oYéon pe Tov aplipd Tev TokeTdv Tapovstaletar otov wivaka 2. H Evpap
kot M Eygap vroroyiomrav 51% kot 96% ota mpoPfata kot 68% kot 92% otig aiyeg,
avtiotoyo. To IT vroroyiotnke 14% (0,1-28%) ko 35,9% (9,2-62,7%) ota mpoPfoto Kot
TIG aiyeg, avticToya.

IMivoxkog 2. H xotavoun tov vrokAvikd mtpooBepfAnuévov ard Mycobacterium avium
subsp. paratuberculosis (MAP) (tov Arpilio-Mdio tov 2002) eAAnvikdv mpofdtov Kot
alydv TpoepyouEvev amd 4 komadla, o€ oy€on He ToV OplUd TV TPOTYOVUEVOV
TOKETMV Kal TN Yévvnon 1 0yt Loviavav apvav 1 epreiov Kotd v Tponyndeica tepiodo
toket®Vv (oo to NoéuPpio tov 2001 £wg tov Iavovdpro tov 2002).

I'évvnon Ap1Opog Yvvolkdg apBpdc % (owv
LovTtavdv auvov 1 TPoyoOUEV®V Lowv VITOKAMVIKA
EPLPIOV KOTA TNV  TOKETMV npocPefAnuévav
nmponynbeica and MAP

nepiodo TOKETOV

No
<4 138 23,2
4-6 111 20,7
>6 53 20,7
O
<4 41 7,3
4-6 21 14,3
>6 5 80,0
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H oyéon mg yovipdmrag towv mpofdtov kol Tov ary®v pe v mbavotrta
VROKMVIKNG Aoipméng e MAP, petafdiriovtav avdioya pe tov aplfuod twv toketdv. O
EZX fjtav 0,1 kot n petaPAntm pe toyaio amotélespo (Komdadt) nrov onuovtiky (Aokyum
LR (ue 3 Pobupodc ehevbepiag)=88, tur P<0,0001). Xtov mivaka 3 divovior ot
exTiun0évteg amd to 1Mo poviého ZAIL Zoa pe apBud toketdv <4 Ntov mo mhovo
va oy YOVIHO Kol VTOKAWVIKG TpoosBePAnuéva, mopd vyu). Zoa pe aplfud toketdv >6
Nrtav o mhovo vo un oy yovipa 0Tov TaV VITOKAWVIKA TpocPefAnuéva, Tapd vyu). Av
to. tedevtoio avtd (oo dev Moy vIokKAwikG mpooPefinuéva, Ba avoauévoviav 19%
(13,5-65,4%) mepiocotepeg yeVWNoELG omd To (Mo OUTAG NG KOTNYopiog KOt TNV
nponyndeica g derypotoAnyiog Tepiodo TOKETMV.

IMivaxog 3. Ot extipnoelg kot ta 95% daothpota eumiotocivng (6.€.) TOV GYETIKOV
Aoyov mbavomtov (ZAIT) yuo ™ oyxéon peta&d g mbavotntag yévvnong {ovioavov
apvod N epipiov Katd tnv mponyndeica mepiodo TOKETMOV KOl TNV LVITOKAIVIKY] AOTH®EN
and MAP, avéloya pe TOV aptOpod TV TPONYOUUEV®V TOKETMV, GE EAANVIKA TpOPata Kot
alyeg YoAoKTOTapoy®YIKN g Katevhuveng.

Ap1Ouog YmoxAvikn 2AIL 95% d.e. T P
TPONYOLUEVOY  Aoiumén ue
TOKETOV MAP
<4

(0)% 1 -

No 54 1,5-13,3 0,007
4-6

Ox 1 -

No 1,2 0,3-4,5 0,80
>6

Oxt 1 -

No 0,05 0,007-0,4 0,004

Ty Sokiung x* tov Pearson=338, Padpoi ehevBepiag Tov poviéhov=358

4.5. Zolqtnon

H pelém avt rav tunpa piog peyoldtepng LeAETNG, 6TOY0G TG OToing NTaV VoL
eetdoel av €0 g dyplog mavidag mov Epyovion o€ emagn pe oTafAlouéva pKpd
unpukacTikd, moailovy onuavtikd poA0 otV EMONUOAOYIQL TNG TOPUPLUATIOONS
(op1Opdg ovuPoraiov E.E. QLK2-CT-2001-00879). I't' avtov 10 okomd, 4 komddio pe
KAMvikY| voco, gpyactnplokd emPefoatopévn mpv v Evapén g Heétng, t€onkav vro
EVTOTIKN Tapokolovdnon v 2 ypdvio. Apyikd, ot KITNVOTPOPOL EVNUEPOONKAV Yo TO
oKOTO NG HEAETNG KOl CLUPAOVIOAY OVO0 EPELVNTEG VAL EMCKETTOVTIAL TIG EYKATACTACELS
TOV EKTPOPAOV Yo va TTaydevovy aypla {oa kdbe devtepn pépa, yio to &t 2001 ko
2002. Avt M TOKTIKY TAPOKOAOVONOT TOV EKTPOPDV OV TOPEVEPAIVE GTNV TPUKTIKY
duoyelptong M TG SLoEPIOTIKEG AmOPAGEIS TOV EAGUPOVE O TAPAYWOYOS LLE OTOLOVONTOTE
TpOTO, NTAV OUMOG TETOLN, MGTE VO OLUCPOAMGEL TNV VYNAN TOOTNTO TOV OESOUEVAOV TOV
KaTayphonkay Kot avalvdnkav oty tapovcoa epyacia. To akorAovBovdpevo M-evtatiko
GUGTNUO EKTPOPNG TOV KOTAOIDV TNG LEAETNG O O1€pepe amd T0 chHvnBeC GLGTNLLA TOV
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axolovbOeitar amd v mAEOYNEIL TOV EAAMVIKOV EKTPOQOV. AEV VIAPYEL, ETOUEVEMG,
Kavelg mpoeavng AOYog va Bempnoovpe OTL To OMOTEAEGLOTO OGS OEV OQOPOVV TO
LEYOADTEPO TOGOGTO TV EAANVIKAOV EKTPOPDV HUKPOV UNPLVKACTIKDV.

Ot extipunoelg, katd Rogan - Gladen, tov IT tov vrokAvikd mpooPefAnuévov
Cowv ftav apketd vymidtepeg and 1o OIIIL. Avtd avopevoTay ETEWDN KOl 1| OPOAOYIKY
doKiun kol M KoAMEpysln Kompdvov Exovv vynAn Ei, oAAd votepodv oe Ev oTig
VIOKAWIKG TtpooPePfAnuéves mpoPativeg Kot aiyeg YOAUKTOTOPAY®OYIKNG KATELOLVONG
(Kepdraio 2 & 3). O opiopdg tov vrokAwvikd tpooPefinuévov (dov mtepteAdupave tnv
TOPAAANAN epunveia d00 O0YVOOTIKOV SOKIUMY 7OV UETPOVV OVO OLPOPETIKG KOt
ave€dptnto  yopaKTNPoTIKG TG Aolpwéne pe MAP, v amékkpion  TOL
LKPOOPYOVIGHOD HE TO KOTPOVO, KoL T1 YUUIKT 0VOGOAOYIKT OAVINGT) TOV OPYUVIGHOV
(ne mapoywyn, kupimg, 1gG1 kor 1gG2) oto MAP (Whittington and Sergeant, 2001). H
TOVTOYPOVY  YPNOM TOLG vobetOnke 7POGPATO, TPOKEWEVOL Vo PeAtiwbel m
SlyvooTikny  evoiotnoio g  OlyveooTikig  Odikaciag o€ mpoosPePAnuévoug
mAnBvcpovg Boosdmv pe pétpro I (Nielsen, 2002a).

Ymrdpyovv Proroywkoi Adyor mov €€nyovv v élhewyn Ev kdbe doyvootikng
doKNG katl v emaxoiovdn éAdenym Ev g mopdAining epunveiog tovg. Ta Oetucd
otV KoAAEpyewn {do votiBeton Ot elvarl mpooPefAnuéva Kol em®AlovV TNV KAVIKY
v6c0. Avtiy M vdBeon cuvnBwc, OAAG Oyl TAvVTa, oYVEL EMEWN UTOPEL Vo VIAPEoLV
ondvieg mepWTOOEL TAONTIKNG  OPaocng TV pvkoPaxtnpdiov  HEC®  TOL
yootpeviepikov coAnvo (Sweeney et al., 1992). H anékipion tov MAP, gvtovtolg, ond
To. VIOKAWVIKG TpooPefAnuéva Coa elvarl dtaheimovsa Ko, TOVAAYIGTOV GTO BOOEWN, M
OMEKKPLON TOL HKPOOPYAVIGHOD UITopel Vo efvat avoLOIOHOpOO KOTOVEUNUEVT 6T HAlo
TOV KOTPAV®V, CLUBAAAOVTOG HE TOV TPOMO avtd otV VIapén Yevdmds apvITIK®OV
ATOTEAECUAT®V, OGOV aPOPE TNV KAAMEPYELD OALG KOl GTNV avTIANY™N OTL 1] OTEKKPLON
eivon dradeirovoa (Whittington and Sergeant, 2001).

Ot PBroroywoi Adyor yuoo v avemdpkelon mov gpeavilert n doxyn g ELISA,
Bacilovior oto axdAovbo maboyeveTikd kot avocoroywkod mpotvmo. Kotd t Aoiuwén,
petd amd 1t St otopaToc TPOSANYN T0v MAP, ta pukofaxtnpidia Tposhappdvovton
otov €ed amd to KOTTOpa -M kou petagépovror ot VIO Kol EVOO-EMONALOKE
pokpoeaya (Momotani et al., 1988). Mg t @oyokdtwon tov pokoBoktnpidiov ard ta
HOKPOQAYO, HTOPOVV VO EUPAVICTOVV 000 KUPIEG OVOGOAOYIKEG OMOVINGES: M
KLTTOPIKOD TUTOV, OV EAEYYETAL Ao T Thl-Aeppokdttapa, | N YOUKOD THTOV, TOV
e éyyetar and ta Tp2-Aeppoxvtrapo (Waters, 2001; Nielsen, 2002a). Ot dbo tomot ¢
OVOGOAOYIKNG amdvinong Ppiokovial, ovCLOGTIKE, GE o IGOPPOTia, GTe TAAIGLOL TNG
omoiog ot mapdyovteg mov kabopilovv v kvplapyio dev givor apketd KotovonTtoi.
Apyikd, n KLTTOPIKOL TOTOV CVOGOAOYIKY OTAVINGT KLPLPYEL KO TO OVOGOTOUTIKO
ocvotnua givor oe Béon va ehéyEer ) Aolpmsn, av oyt eEovdetepmvovtog OAa too MAP,
TOVAGYIOTOV KPATOVTOG ToL 68 XoUNAO eminedo oto mpooPePinuévo (oo (Schorey et al.,
1997). Koatd ™ Sudpkelo ¢ KLTTOPIKOD TOTOV OVOGOAOYIKNG GmGvTNoNG, M YLMIKN
OVOGOAOYIKT] OAVINGY, KOl EMOUEVOC 1] TOPAYOYN OVIICOUITOV, givol og Veegon
(Chiodini, 1996). Ta yeyovota mov 061 yovV 6T HETATOMION ad TV Kuplopyio Tov Tyl-
AELQOKLTTAP®V GTNV Kuprapyio Tov ThZ2-Aepeokuttapmv eival katd éva peydio pépog
dyvoota, oAAG yevikd Oswpeitor OTL HOAMG Kuplapynoovy To TH2-Aeu@okvTTapa, 1
avocohoykn amndvinon dev avactpéeetar (Waters, 2001). Me v kvpapyio tov Ty2-
AELPOKVTTAP®V, Ol AAAOLDGCELS, TOL Oap)IKE TePopiloviay OTIC ENEAKES TAGAKES TOV
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Peyer, efeAlicocovtar o OudyLTN KOKKKIOUOTOON EVIEPITION, Yopaktnpiopevn amod
a1oONT TAYVVOT TOL EVIEPOL Kol TNV TOPoLGia TANODpAG pukoPaktnpdiwy eviog Twv
nokpo@dymv mov amaptilovv To kokkiopata (Perez et al., 1996; Corpa et al., 2000). O
xPOVOG HeTdfaong amd o va 6To GAAO €100C AVOGOAOYIKNG omdvinong eival dyvwoTog.
Eniong, dyvmortn eivan 1 oxéon g nikiag pe v evaictnoia otn Aoipwén pe MAP tov
TpofdTv Kot TV a1ydv, oedouévovu OtL 0ev €xel epevvnbel Aemtopepd o€ dAAa
npocParlopeva €idn extog amd to Pooewdn (Chiodini and Davis, 1993; Wyatt et al.,
1994). O)o to Tapomdve Katadelkvoovy Ty mifavotnta Aaviacuévng tasvounons tomv
VITOKAWIKG mpooPefAnuévov (v oe vym. Agv vIapyel TPOoEavig AOYOS avtd To
cQaAL0 KaTaTaENG Vo UMV eivor tuyoio KotavepnUéVo HETOED YOVIL®V KOl oyOVIL®V
{owv. Emopéveg, ovty m toyoio kotovourn tov AdBovg peumvel v akpifeia tov
OTOTEAECUATMV KOl GUVETMDC EAATTAOVEL TN £VIOCT TOV TOPATNPNOEVIOV CLGYETICUDV.

H dwmioctwon 6t ta veapd (oa, pe apBpd toketov < 4, eivar mbavdtepo va
etvalr yovipo mopd ayovipo o6tav eivar vmokMvikd mwpooBePAnuéva, @aivetar, pe puo
TPOTN HoTLd, Tog givor dvokoro va e&nyndei. Etvar yvooto 6t n Aolpwén pe MAP givan
gokolo vo. emtevyfel pe yauniéc dooeic (Sweeney et al., 1992; Whittington and
Sergeant, 2001) kot mwg, o éva pOAVGUHEVO TEPIPAAAOY, TO. TTEPLGGOTEP Veapd {da
TPoGBAailovTat. AVAAOYQ LE TNV TOPOLGIN 1] O)L TOPAYOVI®V, CUUTEPIAAUPBAVOLEVIS TNG
poldvovcag o06ong, To veopd (oo eite efovdetepmdvouy TN AolpmEn eite ot
gykafioTatal, TPOKAAMVTOS APYIKA TNV EAAYLOTN 1GTOAOYIKN avtidpaon. Xe éca (ma 1
Aolpwén eykoataoctdOnke otav NTav ToAD véa, 1 pLOUICT TS OVOCOAOYIKNG OmdVTNONG
KOTA TN OAPKELN TNG EYKVUOGVVNG, OC UNYXAVICUOG U1 mOpPpIYnG ToL EUPpLOL, paiveTon
va evvoel v emdeivoon ¢ Aolnwéng kat ™ petatpony tovg oe opobetikd. O Luppi
(2003), o po TPOGEATY AVOCKOTNGON TMV AVOGOAOYIKMV UNYOVIGU®V KATO TN O1apKELd
NG €YKVHOGUVIG GTOV AVOp®TO, OvEPEPE TNV KOTAOTOAN TG Opactnpiotrog twv T
Kuttdpwv ®¢ ™ Paon ™ avénuévng evaucHncioc Tov UNTPIKOD OPYOVIGUOL CE
AodEeIS TpoepyOLeEVES amd 100G KOl GUYKEKPIUEVE EVOOKVTTAPIKE Tafoyova, Ommg M
Listeria spp., to omoia d1a@edYOLV THG QAYOKLTIOP®ONG amd TO, HOVOKVTTOPA.
Avtifétmg, n Asutovpyio Tov B-kuttdpov kot 1, petd amd epfoliocpd, mopoymyn
AVTICOUATOV, NTAV KOVOVIKEG KATA TN Oldpkeln TG eykvpoovvne. Ta otoyeio avtd
KATAOEKVOOUY OTL TO UNTPIKO OVOCOTOMTIKO cOoTNUa, OTav gvepyomoleitol, givat
mOavotepo va avramokpBsl pe TNV TOPAY®YN AVIICOUATOV Kot Oyt 1060 e
gvepyomomuévo T-kottapa. Xe coppavia pe avtd, ot Avelino et al. (2003) dwmictwoay
OTL M gyKupooHVN NATAV TAPAY®V ETKIVOLVOTNTOG Ylo. TV 0poBeTIKOTNTO GE OeTIKEG
eykOmV pe ofela ToEomAdoUmon - £va GALO GNUAVTIKO GTNV OTPIKT] TOV avOpdTOL aALL
KOL TNV KTNVIATPIKT, evooKvuTTaptko maboyovo. Xta (ma, o Entrican (2002) mpoéPn oe
EKTEVN] OVOOKOTN O™ TNG PUOUOTG TOV OVOGOAOYIKMV UNYOVIGLMV KOTE TN SLOPKELL TNG
EYKLHOOLYNG Kol TIG OAANAemdpdoels Eeviotn — maboydvov mapdyovta. KatéAnée oto
coumépacpa 0Tt N Tpoyestepdvn vvoel v avamtuén Tu2 Asppokvttdpov. EmmAiéov,
ot Feola et al. (1999) dianictwoav OtL 6Ta Boogdn 1 TPOAaKTIVN Kat 1 aéNTIKH 0provn
LELOVOLV T1 SUVOTOTNTO TOV LOKPOPAY®Y VO EAEYEOVV TNV EVOOKLTTAPIKN OVATTLEN TOV
MAP in vitro, enidpacn n omoio TV peyoldTEPN OTAV aPapEONKAY 01 OpUOVEG LETH
and in Vitro kadMépyeto 5 nuepmv. Tovendg, unopei vo vrotedel 6Tt 01 SLIOKVUAVEELG 6T
OLYKEVIPMOOT] OVTMOV TOV OPHOVAV GTNV KUKAOQOPI TOV OUHOTOC KATH T SIUPKELL TOV
TOKETOV KO TNG YOAAKTOTOPOYMYNG, 16MG Vo Kab1oTOOV To QOryOKVTTOP OVEKTIKE GTNV
evookLTTOPIKY] avénon tov MAP. Yrép avthg g vmodbBeong, ot mpoavapepBEivieg
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EPEVVITEG TTOPATHPNGOV AVENUEVO EVOOKVTTOPIKO TOAAATANGIAGHO Tov MAP in vitro oe
HOVOKLTTOPO 7OV eANeONoav oamd por ayeAddo Katd Tn Oldpkeld NG EMAOYELNG
TEPLOSOV.

H opayn tov mpofdtov oe pikpotepn niikia, icwg eivat £vag Tpomog va. petwbovv
ot andieteg Adyw T, apov peudvetor n HOAVVOT TOV AEUOVOV Kot meplopileTol M
ovyvotnTa. KAvikng vocov ota ueyolvtepa og nikia (oo (Sergeant and Whittington,
2000). Xe o perétn ypovikod omnpeiov oty AvotpoAio y T Slepedvnon TV
TOPAYOVTOV TOV GLVEEOVTOL e TV eUeavior KAwvikng T, o mapdywv «kabvotepnuévn
oQoyN MMKIOUEVOV (O®OV» GLOYETIOTNKE HE TNV VYNAOTEPT SLyvOTNTA BovaTov AOY®
ITIT (Lugton, 2004). Evtobtolg, M 7POKTIKA o@QoynS NMAKIOUEVOY (OOvV oravia
vioBeteitar 6mov VIAPYEL SVOKOAMA TAPUYWYNS AVTIKOTACTAGE®Y 1 dTav odnyeital ot
o@ayn vepPoAIKE peydrog apBpdg veapwv (dov. Emedn ta komddia otnv mapovca
peAétn Mrav mpooPefAnuéva amd KAWVIKY TOPOPLUOTIOON Yoo TOAAG YpoVia, Ot
KINVOTPOQOL NTOV TEMEPOUEVOL Kot EEAPETIKA Kovol 610 vo avayvopilovv kol va
opalovv mpoéwpa To mpocsPePAnuévo {do, eved, mopdAAnia, kpoatovcav to {da
HEYOADTEPNG NAKIOG YioL VO O10TPGOVYV TO GUVOAKO WEYEHOC TOL KOO0V GYETIKA
otafepd. Avti M TPAKTIKY SloEIpIong, 10MC €GN YOYE O TPOKATAANYN AOY® KOKNG
EMIAOYNG, N OTOLN EIYE EMTTMOELS MG TPOG TN OLVOTOTNTO VO KATOOELOEL ol GTATIOTIKA
ONUOVTIKY GY€0T HETAED TNG LITOKAWVIKNG Aoiuwéng amd MAP kot g yovipdtntog oto
Coa pe pecaio aplBud toketmv (amd 4 £o¢ ko 6).

Ta vrokAvikd mpooPefAnuéva (oo Kwvdvvehovv mepiocdtepo va Ppebodv oe
apvnTikd evepyelakd 1oolvylo (AEI) Aoym g peElouévne eVIEPIKNG amoppOPNoNG
Opentikodv ovcldv. H Kokkiopatddng evtepitida kot 1 mdyvvon tov PAevvoydvov, mov
elval YapoKITNPIGTIKA TNG TUPAPVLATIOOTG, 001 YOVV GE GUVOPOLO dVG-ATOPPOPNONG KoL
evtepitidog yopaktnpllopevne amd amoiewn mpoteivaov (Kreeger, 1991). Aev éyet
KkaBop1otel €dv 01 AALOIOGCELS G6TO £VIEPO VITOKMVIKA TtpooPefAnuévov (dmv Peidvouy
QPKETA TNV ATOPPOPNTIKY| IKAVOTNTO TOL EVTEPOL OoTE Vo Tpokarécovv AEL Evtovtorg,
ayeAddec Tov epeaviCovy akOUN Kot pio e HElmoT TG AEITOLPYIKOTNTOS TOV EVIEPOL
AMOy®  vIoKMVIKNG VOGOV, JTpPEXOLV  LENUEVO  KIVOLVO  GNUOVTIKNG  OPVNTIKNG
EVEPYEWONKNG 1GOPPOTIOG KATA TN OdpKewD TG TEPLOOOV OUECHG UETA TOV TOKETO KO
uéypt v mepiodo péytog yoraxtorapaymyng (Johnson-Ifearulundu et al., 2000). Xtig
aYEAAOES, AUECMG LETA TOV TOKETO, 1 YOAOKTOTTApAY®YT TIOETAL GE TPOTEPOUATNTO EVAVTL
m¢ avamapaywyng (Lucy et al., 1992). ‘Etot n vrmokAwvikn Aoipwén odnyei telMkd o€
TOPATACT TG GVOIGTPNG TTEPLOOOL KOl MG €K TOVTOV GTNV KOOLGTEPNUEVN ETOVAANYT
Tov wobdnkikdv kokimv (Beam and Butler, 1997; Stagg et al., 1998; Roche and Diskin,
2000). 1o mpdPata kot TIG aiyeg, 0T N TEPI0d0C VYNNG emkvdvuvotntag Yo AEL 1
ePi000g OUECHOS LETA TOV TOKETO, GUUMINTEL LLE TNV AVOLGTPN TEPI0S0, KOt EMOUEVMG OE
Oo énpeme va avapévetor kopio Guecn emidpAcn GTOVS avamopay®ykovs deikteg. Ot
atyeg kot o TpoPata, Op®S, xavovv, cuvnlwc, Bépog Katd T pHakpd YoroKTikn Tepiodo
Ko Bpickovion 6Tto TEA0G ™G o€ Un PEATIOT Opentikn KoTdoTooT, Tapd TV Tpoctddeia
KAALYNMG TV SATPOPIKOV OVOYKAOV LE CUUTANpOUaTe. Metd v dtokony| g AueAéng,
ta {®a, ouvnBme, petaktvobvtal oTovg PLGIKOVS Astudves. H avamapaywyikn mepiodog
apyiler ota téAn lovviov, 6tav n PAdonon sivar ety Aoy tov Leotov Kor Enpov
eMNVIKOL Kadokoplov. Emopévag, pmopel va vmotebel ot 6tav tor {ma elval 6Toug
AEWDOVES, M KOTAVOMOKOUEVT €VEPYELD TTPEMEL VAL KATOVEUNOEL HETAED TNG COUATIKNG
dpaoTNPLOTNTOC Kot TG cuvTNPNonG. Avtd, evdeyouévag ta ekbétel oe AEI (axdpo kot
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Nmo), T0 0moi0 EMOEWAOVETAL OO TO OQEOUEVO GTNV VIOKAWVIKY Aoipmén pe MAP
GUVOPOLO dVG-ATOPPOPNONG.

H @von tov oyedioopov g pelémg (uekém ypovikod onueiov) de dac@orilet
oOtL Ta ayovipoe oo poAdbvOnkav Tpdypatt Tpv omd TN YPOVIKN GTIYUN Yo TNV Omoio
KOTOypaeTnKe 1 yovipdmtd tovg. Eviovtolg, m pikpn ypovikn mepiodog HeTaEd Tng
OVOTTOPOY®YIKNG TTEPLOOOV KOl TNG OEIYUATOANYING, GE GULVOLOCUO HE TN OEOOUEVN
LLOKPOYPOVIO, ETMOGCT] TOV TPONYELTAL TNG EUPAVIOTG OVIYVEDGIUNG YVLUKNG OVOGOAOYIKNG
amdvinone kot amékkpiong tov MAP pe ta xompova, kabiotovv avty v vrdbeon
evAoOYT.

To amoteAéopato o' VTRV TN LEAETN UTOPOoVV va. xpnoiporombodv o¢ fdon yo
Lo TEPLOCOTEPO ECTIONCUEVT SLEPEVVNION YL TN SELVKPIVION NG GYEONG AUTIOV-0UTIATOV.
O apBpdc TV ToKeETOV PaiveTol vo eival onUaVTIKOS TopEy®mVY TOL TPOTOTOLEL TN GYEO
HeTa&l YOVIHOTNTOG KOl VITOKAWVIKNG TOPUPLUOTIOONS OTIS TTpoPativeg kot TG alyeg
YOAOKTOTOPAY®YIKNG  KoatebBuvong kot mpémet va  AouPdvetor vadéyn Kotd v
nmpoondOeln epunveiag avte g oyéone. llpodcepata dwumotmbnke 6t 0 aplBuodg TV
TOKETOV TPOTOMOLEL TN GY€on UETAED 0poBETIKOTNTOC KOl TG HOPPNS TOV KOAUTLAMY
yoAoKToTapaymyng otig yoraktoropoywyés ayeladeg (Nielsen et al., 2002c; Kudahl et
al., 2004).
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5.1. T'evuikn Zvintnon

Ot extipnoelg g oE0MoTIOG TOV JYVOCTIKGOV SOKIUAV, TOV LITEAPYOLV GTY|
oebvn PBroypagio yioo v mapapupatioon tov Poogd®v, TPoPATOV Kol orymv,
Baciomkav og dayvootikég dokiuég emPefaimong e Aoipwéng and MAP, mov, av kot
dev Ntav, BewpnOnkav aravlactes. Avtd eiye cov amotélespa ol eKTiunOeioes THES TV
Ev ka1 Ev va Sa@épovv tov mpaypoatikov. Kopiog, n advvapio tov S10yveooTIKOV
dokiumv emPefainong va aviyvedoovV EMTUYDG OAEG TIC AAVOAVOVLCEG LOPQES TIG
Moipwéng andé MAP odnynoe oe vrepextipnon tov Ev. Ilpoeavdg, n vrepextiumon
OLTH NTOV UEYAADTEPT) GTO VITOKAWVIKA amtd To KAMVIKA TpoosPePAnuéva {oa apod Kat 1
KovoTNTo aviyvevons tov (Omv ant®dv amd TI¢ d10yvemoTikég doKIUEG emPBePaimong ftav
pikpotepn. Ewdwd ota {do avtd, ta povtédo AovOdvoucos KatdoTaong amoteAoby o
eEopetikn] evaAloktikny péBodo extipnong g a&lomoTiog TV SloyVOoTIKOV S0KIUOV
aQov 1 EPOPUOYN TOLG Oev TPOVTOOETEL TN YVAOON TG TPAYUATIKNG KATACTOONG TNG
vyelog tov (dov. H epappoyn g katd Bayes pebodoroyiog otnv emilvon tov
HOVTEL®V AavBAvVOLGOS KOTAGTOONG, EMITPENEL OPEVOC TNV EICAYMOYT €K TOV TPOTEPWOV
TAnpoeopldv Yoo ™V Ev kot Ei tov dayvootikdv dokiudv cvufdiloviog £tol ot
BeAtioTomoinon TOV EKTIUNCEMY, OPETEPOL TOV EVEAIKTO EAEYYO TNG LVIOOBeoNg TG VIO
oLvON KN aveEopTnoiag TMV S10yVOGTIKOV SOKIUMV.

H xatovoun tov tHmov tov oteheydv tov MAP eivor dtopopetikn peTa&y
Boocdmv, arydv kot mpoPdtwv. Ot TOTOL TOV GTEAEYDV £YOLV SLOPOPETIKO PLOUO
avAmTLENG OTOL TEXVNTO KOAAEPYNTIKA LITOCTPMUATO KO, EVOEYOUEVMGS, emnpedlovion
SPOPETIKA OO TO TPOTOKOAAN OTOUAKPVVOTG TOV EMLOAOVeEwV. Eniong, n sumdbeia
KOl 1) 0VOGOAOYIKT] aAVTNOT 0T AoimEN Thavmdg dtapépet LETaED arydv kot TpoPdtmy
EVD TOL GTEAEYN TOV OMOVIMVTOL OTIS aiyeg kol To TpoOPata i6m¢ vo elval S10popPETIKNG
Aowoyovov dvvaune. Emopévemg, etvar AdBoc, apevoc va vrobécovue mmwg n aglomotio
TOV O0YVOOSTIKAOV JOKIHMV Ot dapépel HETOED POOEWOOV KOl HIKPOV UNPLKAGTIKDV,
APETEPOL VO UMV 0&LOAOYNGOLUE TNV AEI0TLGTION TOVG YMPLOTA OTIG OiYES Kol T TPOPaTOL.
Enedn, €€dAlov, n Ev tov dloyvooTikdv dokipdv Eaptdtal amd Tty KOTOVOUY TV
otadiwv TG AOIHMENS otov VO peAétn mAnbuopd adrd kot 1 Ev umopel va dwapépet
petalld meploydv pe SPOPETIKN TEPPAALOVTIKY HUKOPOKTINPOWKY YA®pida, elvor
TPOTILOTEPN, OO TNV €LOEiD avay®mYN EKTIUNCEOV TTOV TTpaypotomomdnkay e GAAeg
mepoyég kot mAnBvopovg (owv, M aflohdynon g aflomotiog TOV JyVOCTIKOV
OOKIUDV OTIC VITO PEAETT TEPLOYEC—TANOVGLLOVG.

2mv mapovoa PEAETN, epapudcTnKay Hovtéda AavOdvovucag Katdotaong Kot 1
pebodoroyia emidvong kotd Bayes ommv afioddynon g alomotiog Tpiodv evpvTaTa
YPNOOTOOVUEVOV SyVOSTIKOV doKipmv, pog ELISA kot 000 pedddmv kariiépyetag
konmpbvov og vrdotpopo HEYM kot L, yio t d1dyvoon g mapagupatioong, xopiotd
o alyeg kot tpoPata. Toco ota mpdPata 660 Kot oTig atyes 1 extiundeica Evgisa tav
HIKpOTEPT TV VTOPYOVIOV ot v Piphoypapia. Avtd, oavopevotav oagol ot
TPOYEVESTEPEG EKTIUNGCELS Paciomnkay o€ O10yveoTikég dokipég emPePaimong mov dev
aviyvevav pe emruyio OAeg TG AavOdvovoes HopPES TG AOTHMENG e ATOTEAEGHUA VO
vrepekTipovy Vv Ev oto vrokAvikd mposBefinuéva {oa og dyvooto Pabud. Mdiota,
0 Babudg vepekTipnong NTav, EVOEYOUEVOS, LEYOADTEPOG OTA TPOPATO TOPA OTIS OLYES
aPOov 1N GLYVOTNTO TOV VITOKAVIKG TPpocPefAnuévev tpoPdtwv eival cuyva peyaidtepn
TOV Oly®V Kol EMOMEVOS  elval  peyoAddtepn 1M mhovotnta  Yevdmds OpVNTIK®OV
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OTOTEAECUATOV TV JAYVOCTIKOV doKIUdV emiPePainong oe avtd. H mapadoyn avty
Baciletoan omv mpdceatn moapatnpnon erdyiotov opluod euotkd mpooPefAnuévev
YOV UE €0TIOKEG OAAOLMGELS KOl VYNAOTEPOL OPIOLOY aydV HE S1dyVTES AAAOIDGELS,
o€ GUYKPILON HE aVALOYEG HEAETEG TOV TTpAyHOTOTOMONKAY G PUOIKA TpooPefAnuéva
npoPata. H mapatnpnon vt amodddnke oe mbavy avénuévn eumdbelo tov ay®dv og
oyéomn Ue to TpoPato apov N TPOVGio SIUYVTM®V CALOUDCENDY GUVOEETOL LE TNV OTOTLYI0
™G OMOTELEGUATIKNG (KVTTOPIKNAG) GVOGOAOYIKNG OAVINONG KOl TNV €makoAovin
avAmTLEN YLK G avociag. Avti N TBavOTTA SPOPETIKNG CVOGOAOYIKNG OAVTNONG
petalld mpofatev Kot ary®v pmopel Prodoyikd va €ENYAOGEL TN OMUOVTIKA UEYOADTEPT
extiunOeica Evepisa ot1g atyeg an' 0,11 ota mpoPfata. EmmAéov, n mbavn dwapopd ot
Aooydvo dvvaun peta&h Tov €100VG TV GTEAEY®V TOL KLPLPYOHV 6T TPOPATO Kot TIG
atyeg tomg va e&nyel mepartépm T S10popeTikn Evgpsa Hetald tov e10mv.

H dwkpitiky wovomta tg ELISA, kot ywo ta dvo €idn, frav pérpia
(0.7<AUC<0.9). To guPadov g kaprving ROC frav peyoddtepo otic aiyec mapd ota
TPOPatTa, KATOOEKVOOVTOG TN HEYUAVTEPT GLUVOMKTN SKPITIKY KovotnTa Tng ELISA
ot1g aiyec. Katd m owdikacio emioyng PéATIoTOV K.6.0., AapPavouévov vrdym tov
OYETIKOV KOGTOVS YELOMDC OPVNTIKAOV KOl WYELOMG OETIKMOV OMOTEAEGUATOV KOODS Kol TOV
OVOUEVOLEVOD TPAYUOTIKOV TTOGOGTOV TPOGPOANG OTOV LIO UEAETN TANOLGUO, TO
emheyfévia PEATIOTA K.G.0. AV S0LPOPETIKA Y TG aiyes Kot T TpoPata. Ot oyeTikég
OUVENELEC TOV  YELOMS OPVNTIKOV Kol YELOMG BOETIKOV  OMOTEAEGUATOV  HLOG
YVOGOTIKNG OOKIUNG SLopEPOVY AVAAOYQ LLE TO OKOTO TNG £EETOOTG KOL TNV VIO PEAETN
v6G60. ATodidovtac, TEVTOTAAGLIO KOOTOG U aviyvevong evog tpooPefAnuévou (mov, oe
oxéon He T0 KOGTOG U aviyvenong evog vylovg, emAéyOnkay aictntd peiopéva BErTicTa
K.0.0., TO. OTOia MTOV EMIONG SPOPETIKA LETOED anydV Kot mpofdtwv. Emouévemg, etvan
OaPEG TTMG 1 EXAOYT TOV K.0.0. e Bdom to €idog Tov {mov (aiyo 1 TpdPato) aAld Kot TO
okomo ¢ ueAéng Ba Pertiove v adlomotia g ELISA. A&iler va onueimbel mwg n
peimon tov K.6.0. Kot 6ta 000 £idn Lowv Bedtiooe onpoavtikd v Evepisa e pikpn povo
peiowon g Etepisa.

Ot extypnoetg twv Ev kot tov 600 KK ftav yapuniés. "Evag amd tovg Adyous Yt
oVTO MNTAV TG Ol EKTIUNGCELS PacioTnroyv g 0£O0UEVO TPOEPYOUEVE OO KAVIKA LYW
Coa. H Evkk e€aptdratl amd 10 6tddt0 ¢ Aoipméng, to onoio cuoyetiletar pe 1o Babpod
OTEKKPLONG TOL HKPOOPYOAVIGUOD LE TO, KOTPOVO. XT0 VITOKAWVIKA posPePAnuéva Coa,
0 apfuog Paxtmpdiov ota KOmpovae ivar youniog, cuvnbmg Un aviyvedoLog Kot M
OMEKKPLOT| SOAEITOVGO KO U OUOLOYEVMG KOTOVEUNUEVN oTN KAl TV KOTPpavav pe
OTOTEAEGLO, TO TOCOGTO TOV YEVOMG OPVNTIKMV OMOTEAEGUATOV VO OVAUEVETOL VYNAO.
Xe oyéon pe Tig vapyovces ot PiPMoypario exTiunoels Yo Ta foogwdn, n Ev kot tov
ovo KK ntav arebntd yoaunidotepn. Eviovtolg, ot mpodmdpyovces eKTUNcEeLS, Omms Kot
omv mepintwon g ELISA, ftav oty mpaypatikdmto oyetikés ektiunoelg Ev akdpa
ka1 og oxéon pe v o v KK pe amotéleopa va vrepektipodv v Evkk o€ dyvooto
Bobuod. Ta mapdaderypa, or Whitlock et al. (2000) ypnowomoincav eo@oiuéva tnv
emovoropPavopeva Betik] KK g aAdvBootn Ooyveotiky] doKun avagopdic, Kot
voAdyloav v Evgk ion pe 42%. Avti n ektipnon tovg €nece 6to 25% Otav apvnTika
omv enavoroppavopevn KK (oo, Bpédnkav Oetikd otnv wotonaboroykn e&étaon mov
aKoAovOnce ™ oceayn, kot opfd katatdyOnkav ota mpooPefAnuéva. Axopo ki €101,
nepkd mpooPefAnuéva Coa dev aviyvehnkayv. Zuvendc, akopa kot 1 Tiun tov 25%
vrepekTipnd TV Evkk o€ kdmoo Pabud (av kot capdc pikpdtepo amd to 45%), otig
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yolokTomopaywysg ayehddec.  Ilpdoeoata, amodddnke pe 1 ypfon HOVTEA®V
AavBdvovcag Katdotaong Kot v e€lomon ¢ peyiotng mbavoedvelng, Evkk ion pe
20% ota vrokAvikd mpoosPefinuéva Boogtdn. Ot vmoloyicpol Opmg avtol facicTnray
oe dedopéva poegpyduevo and (do o€ Ol To. oTAdIL TG AOTUWENG, Ko EMOUEVOS Kot
avt| M ektiynon vmepPaiver v mpaypoatiky T, [aviog, ot tedevtaieg avtég
EKTIUNOCELS PpioKoviol o KOVIA OTIS OKEG WHaG, oL PacioTnkov HOVO GE LVITOKAIVIKA
nmpooPefinuéva {da Kot apopodv amoKAEISTIKA avtd. Av, pdiota, Anedodv vrdyn ot
dVOKOATEG TOV TTAPOLGIALEL 1] KOAMEPYELDL TOV CTEAEYMDV TOV UIKPOV UNPVKACTIK®OV CE
oxé0oM HE TNV KOAMEPYELD TV GTEAEYDV TOV POOEODV, Ol EKTIUNGELS LOG EIVOL ATOAVTMG
PEOMOTIKEG. Xt TpOPoTa Kuplapyovv To oTeAéyn TOHmov I, TV omoiwv 1 GLVTPUTTIKN
migloyneio 0ev OVOTTOGGETOL KOAG GE TEYVNTA VITOCTPOUOTO. XTIC OIYEG OTOVIDVTOL
oteléym 1iov tomov (II) ue ta Boswa. Ieprypdotnrov Opmg teElevtaio Kot oTEAEYN TOHTOV
I, pe yapokplotikd aviamtuéng mov mapanéunovy ota otedéyr tomov I. Ta otedéym
ovtd amopovadnkav and euokd mpooPePAnuéva Komdow oydv yerrvialovto pe
Komdda TpoPdTmv KATL oL {oyve Ko oty mapovoa peAétn. H mboavhy emkpdtnon
otereydv tomov I kot III ot1g vrokMvikd TpooPefinuéves aiyeg Kol TpOPATU AVTAG TG
UEAETNG TTEpaUTEP® EENYOLV TNV ekTiunBeioa Evkk.

H Ek kot ota dvo €idn frov oxeddv aAld Oyt amdéAvtn. To yeyovog avtd
avTIKaTomTpilel T piKpY|, dAAL LTAPKTY, TOUVOTNTO YEVODS BETIKMOV ATOTEAECUATMV
mov pmopel va ogeidetar (o) oto TOONTIKO TEPAGUE TOV HIKPOOPYOVIGHOD amd TOV
TENTIKO cOAMVA Yopic «eyKatdotacn» ¢ Aoipwéng 1 (B) ,omdavia, oty mbavotnto
empoAvLVoNG Katd v enelepyacio TV dEIYUATOV.

H ELISA ko1 n KK ftav vd cuvOnknm ave&apmteg peta&d tove. To gawvopevo
avtod amavtatal cuvnBEéoTepa 6e dYVOOTIKEG OOKIUEC Tov Pacilovtol o€ S1pOPETIKY
Broroyin apyn onwg €0 petad ELISA kot KK. Ynd ocuvOnkn efaptnuéves eivan
oLV 0BG 01 dlyveOOoTIKES doKIEG Tov PBacilovtal ot ot frodoyikn apyn. Onwme, ot KK
av Kot epedvifov e£0pTnor TOV OmOTEAEGUATOV TOVG ota vym (oo ftav oveEdptnreg
oto. VTOKAMVIKA TpocBefAnuéva. H owamictwon avty e€nyel kot v mopotnpndeica
QTOYN CLUP®VID GUVOMKA TV amotehespdtov Tov dvo KK mov eivar coppovn pe
mponyovueves mapatnpnoels ota Pooewdn. Ot doyvootikég dokiuég pmopel va
eppaviCouv €€Apnon TV OTOTEAEGUATOV TOVG gite petald tv mpocPefinuévov eite
HETOEL TV VYOV (O®V. ZE OVTN TNV TEPIMTOON, TPEMEL Vo OlEPELVATOL 1 XPNON
povtéhwv mui-eEdptnong mov mepthapPavovy gite HOVO TOV YR, €lte HOVO TOV YE,
avtioTorya.

Soumepacpatikd, n aloAdynon e alomiotiog TMV SlyVOOSTIKOV SOKIUOV UE
™ yxpHon poviédwv Aavbdvovoag katdotaong katédelée (o) v vmapén dlapopeTikoy
0poLoYIKOD TPOPIA ueTalH arydv kot Tpofatmv (B) v avaykn emloyng K.c.0. pe Paon
10 €i60¢ 1OV {HOoV, aALA Kat T0 okomd TG HeAETNG (Y) OTL 1 peiwon Tov K.0.0. PeATudVEL
™V Evepisa yopic va peidver Ty Eigisa kot ot 600 €1 (dwv (8) 61t ot KK éyxovv modd
yapmAn Ev otig vroxkhvikd mpooPePAnuéveg aiyeg kat mpdPata (g) 6t or pébodor KK
UIopoLV va ¥pNnoonotnBodv g dayvaoTikég dokipuég emPePainong, Ady® ™ vymAng
émg kot amdAvNe Ekk kot (o1) 611 N mopdAinin epunveio tng ELISA xot g KK, og
VO GLVONKT AVEEAPTNTOV SOYVOCTIKOV dOKIU®V, UTopel va ypnoiomombel e okond
™ LElMOoT TOV YEVOMG OPVNTIKOV OTOTEAEGUATOV GTO VITOKAWVIKE TpocBefAnuéva Lo

2 debv PpAoypagia vdpyel ddoToon ATOYE®YV OGOV aPOPA TN GYEoM
peta&d g yovipnotntog Kot g Aoipwéng omd MAP, ota foogidn. Avdioyec pehéteg dev
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&yovv mpaypatomombet otig aiyeg N ta mpodPata. H acvpewvia mbovog opeidetal oto
yeyovog Ot 0 0p1opdg TG VOGOV, TO €100G Kol 1 0ELOTIOTIO TOV SLOYVOOTIK®V OOKIULMDY
dtopopomotoHvtal HeTaED TV ONUOGIELUEVOV HEAETOV. ExTOC autdv, oty vrdpyovca
acvppovia TOov®OG GLVEPBAAE TO YEYOVOG OTL GE OPIGUEVES LEAETEG Oe OlepevviOnKe 1
mBovn tpomomoinom g oyéong peta&y Aoipméng pe MAP kot yovipdtntog avaioyo pe
T0 mopAY®YlKd otadlo tov (owv. I[Ipéceata dwmiotdbnke 1 Tpomomoinon TOV
OTOTEAECUAT®OV  TOV  OPOAOYIKAOV  JOKIUW®V  ovliAloyo pe Ttov  oplbud tov
TPAYULATOTOMOEVTOV  TOKETMV KOL TO OTAO0 TNG YOAOKTOMOPAY®YNS. X& KdaOe
TEPIMTOON, TO GOEOALOTO KOTATAENG TOV SlOyVOOTIKOV JOKIH®V emnpealovv
Olepelivon TV ETONUOAOYIKOV CUCYETICUMV. TNV TAPOVCH UEAETN) EQUPUOCTNKE M
TAPOAANAN epunveio T@V VO €K TGOV TPIOV OlOYVOGTIKOV SOKIU®OV 7OV NTOV VIO
owvOnkn aveEaptnteg ko giyov v vyniotepn Ev (ELISA kot HEYM) pe oxond
pelmon TV Yeudde apVNTIKAOV OTOTEAEGUATOV GTIG VIOKAVIKA TpooBePAnuéves aiyeg
Kol TpoPata. Me Tov TPOTO OVTO TEPLOPIGTNKE M EMIMTOOT TOV CPUAUATOV KATATAENG
ot MeAETN G oxéong METOED VTOKAWVIKNG TOPOOLUOTIOONG Kol YOVILOTNTOG.
Svumepdvape 0Tt n oxéon HeTalh VTOKAMVIKNG AoTumEng Kot yovipdtnrog petafaAloviay
avdAoya pe Tov aplipd TOV TOKETOV TOL EYAV TPOYHOTOTOMGEL Ta. TPOPATO KOt O OiYES.
Z®a. pe AMyovg toketong (<4) Nrov mbavotepo va givarl yovipo mapd oydvipa 0toy nTov
vrokMvikd mpocsPepAnuéva. Zoa pe moAlodg toketovg (>6) frav mbavotepo va givol
ayovipa Topd yovipa 6tav NTav LITOKAWIKAE mpooPefinuéva. Ileipapatikd Kot KAVIKA
dedopévo otov AvOpwmo Kot T (MO KOTAOEIKVOOLY TG 1) PLOLICT] TNG OVOGOAOYIKNG
OmAVINONG KATA TN OWIPKEWL TNG EYKLUOGVUVNG, ®OC UNYOVICUOC UN amdppyng Tov
euPpovov, eaivetal vo euvoel TV EMOEVOOT AOUDEEDMY OPEIMOUEVOV GE EVOOKVLTTUPIKA
moboyova, 6mwg 10 MAP, kaBd¢ kot v avamtuén YLIKNS 0VOGOAOYIKNG OmdvInong.
EmumAéov, otig yoloktomopaymyss ayelddes €xel oamotobdel 6Tl 1 TPoAakTivn Kot M
avénTIK opuOVY HEWOVOLV TN duvaTdTNTo TOV  HOKPOQdywv vo ehéyEovv v
gvookvttapiky ovamntoén tov MAP in vitro. Xvvenmg, pmopel va vmotebel Ot o1
SWIKVUAVGELG GTY) CLYKEVTPMOT] QLTMOV TOV OPLOVAV GTNV KUKAOPOPio TOL 0ipaTog KOTd
M SLIPKELD TOL TOKETOV KOt TNG YOAAKTOTOPAY®YNG, {60¢ va kabioTodv To poryokhTTepa,
OVEKTIKG otnv  gvdokvttopiky avénon tov MAP. Ynép oavmg g vrndbeong,
nopotnpNOnKe avENUEVOG evOOKLTTAPIKOG TOAOTAAGIAGHOS Tov MAP in vitro og
HOVOKLTTOPO 7OV eANeONcav oamd por ayeAddo Katd Tn Oldpkeld NG EMAOYELNG
neptodov. [MbBovog n pbOon ™ avocoloykng amdvinong Kotd  Oodpkewn g
EYKLUOGUVNG, OC UNYOVIGUOG Un amdppiymng Tov eUPpvov, Kabdg Kot 01 GUYKEVTPDGELS
TOV OPUOVAOV KOTE TOV TOKETO KO TNV EMAOYELWN TTEP1000 CLUPAAAEL GTNV EMOEIVMOOT] TNG
AOTHOENG Kol Kat’ eméKToon TNV avamtuén youikng ovooiog oe veapd (ma, to. omoia
poldvinkav otnv apyn g Cong tovg.  Xta peyoAvtepa (Do, 1N KOKKIOUATOONG
eviepitioa. kot 1 mAyvvon Tov  PAEVVOYOVODL, TOL  Eivol  YOPAKTNPIOTIKG NG
TOPAPLUATIOONG, 0dNYOUV GE GUVOPOUO  OLGATOPPOENONG  XOPAKTNPWOHEVO AT
ATOAEWL TPOTEVOV. AOY® 0vTOD, TOL LIOKAWVIKE TposPePAnuéva (da KivovuveLOLY Vo
Bpebodv oce AEL Ayehddeg mov epeavifovv axdpo Kot pie \mo peloon g
AELITOLPYIKOTNTOG TOV EVTIEPOL ADY® VITOKAVIKNG VOGOV, daTpEYovV avénuévo kivovvo
onuavtikov AEI xotd m didpketa g meptdoov aUECHOS LETA TOV TOKETO KOl PLEYPL TNV
nepiodo PEYIoTNG Yoraktomapaywyns. To yeyovog autd 6 GuvOLOGUO LE TO OTL, AUECHG
petd tov ToKeETd, M YOAOKTOTOPAY®YY TiBeton o  mpotepardtnTal  EVOVTL NG
avOTapoy®mYNG, oonyel TEMKA G TaPATACT] TNG AVOIGTPNG TEPLOOOV KOl OC €K TOVTOL
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oV KoBvoTepNUEVT] EMAVAANYN TOV ©OONKIKOV KUKA®V. XTo Tpdfata Kot TS aiyes,
oVt 1M TEPI0O0C, GLUTIMTEL PE TNV GvoloTpn mEPI0d0, Kol emOopEVeC O Oa Empeme va
avopévetol Kapto dpeon emidpacn 6Tovg avamapoywykovg dgikteg. Evtovtolg, ot aiyeg
Kol To TpdPatTa mapovstdlovy cuvnBmG emdEivwon TG OPENTIKNG TOVE KOTAGTOONG KOTA
T0 TEAOG TNG HOKPAG YOAOKTOMOPOYWYIKNG Teplddov. Metd v Enpavon, ta (oo
LETOKIVOOVTAL GTOVG PUOIKOVS Aelpudves. H avamapoywywkn mepiodog mov apyilel ota
téAn lovviov cvumintel pe v emoyn mov N PAdcTnon eivar Ty Ady® Tov (E0TOL Kot
Enpov eAAnvikov kalokoprov. Emouévag, pumopel vo vrotebel 6t1 60tav ta {ma eivon
OTOVG AEWMVES, M KOTOVOAMOKOUEVY gvépyela Tpémel vo. katovepmOel petald g
COUOTIKNG OpOcTNPLOTNTOS KOl TG SuVINPNOoNG. Avto, evoeyouévmg ekBétel ta (da og
AEI (axépo kot Hmo), T omoio EMSEVAOVETOL OO TO OPEIMOUEVO GTNV LTOKALVIKY
AoipmEn pe MAP chvopopo ducamoppoenong.

5.2. IIpoomTIKEG PELAOVTIKIG EPEVVAG

Yy mopodoe UEAETN €QAPUOCTNKOV HOVIEAN AavOAVOLCOG KATACTOONG KOl
pebodoroyia emilvong katd Bayes yu v extipnon g Ev kot g Et dayvootikov
SoKIU®V 610 eminedo tov {dov. [ TV moTomoinon OAGKANP®V EKTPOP®OV 1] TEPLOYDV
elval amopoitntn 1 TEPAUTEP® EPUPUOYN OVTAOV TOV HOVTEA®V Kol TG puebodoroyiog
emtAvong katd Bayes, oty extipmon g Ev kot g Et o¢ eninedo extpoenc. H Ev ko n
El tov 010yveoTIKOV SOKIUOV Yio TV TOPAQUUATIOON 6T0 ninedo tov (mov Ppédnkav
va dopépovy  HeToEh ouddmv BOOE®V  SlopOpPETIKAG NAKIoG /Kol Topoy@ytkoh
otadiov. Emouévog, m okpifela tov ektipunoenv g aflomotiog TV JOKIUOV GTO
eminedo ¢ arydog M tov mpofdtov (Kot okoloVOmG 61O EmimedO TNG EKTPOPTS)
avapéveror vo PeAtiobel av evtomioBovv mapopolor pe to PooEdN CLOYETIGHOT Ko
petalld avtov.

To amaitovpevo eldyioto péyebog detypatog eoptatal, HETad GAL®VY, omd Tig
TPUYUOTIKEG TYEG TOV TPOG EKTIUNGCT TOPAUETP®V Kol amd T pebodoroyia eniAvong mov
emAéyetat. [Ipoceata, mpotddnke tpOTOg TPOGIOPIGHOD TOL HEYEBOVE delypatog mTov
arorteitor yioo v ektipnon ¢ Ev kot g Et katd tov mpocdiopiopd tmv AVcemv
peyiomg mbavoedvelag. O TpoOTOC OVTOC apopd TNV €papuoyr] 600 vId cLVONKN
aveEpTNTOV SLYVOCTIK®OV S0KIU®OV 6g 600 mAnbvcpove. Eivat arapaitntn n yevikevon
TOVL TPOTOV VTOAOYIGHOV TOV OATOUTOVUEVOL pEYEOOLG Oetypatog yio kaBe GLVOLOGHO
aplOpoy SyVOOTIK®OV SOKIU®OV Kol oplfpuod mAnbuvoudv kot peBodoroyiag emilvong
(6tav ypnoonoteitar pebodoroyio emilvong katd Bayes Oa mpémer emumAéov va
Aoppdvetar vroyn o aplBUOg TOV TOPAUETP®V Yol TIG Onoies eivar dtobEcieg ek TV
TPOTEP®V TANPOPOPIES, KAODG Kl TO €0POG TV TILAOV KoL 1| TPOPAEYN NG mOavdTEPNS
TWAG Yoo ™V Topauetpo). Emmdéov, npémel vo avomtuydei tpdmog vmoAoyiopov Ttov
OmonTOOLHEVOL EAAyIoTOL peYEBovg Ostypatog yia v ektipunomn g Ev ko g Et vnd
cLVONKT EQPTNUEVOV SLOYVOCTIKAOV SOKILDV.

Ta cedipota Katdtoéng TV SyVOOTIKOV SOKIUAOV  EGAYOLV TPOKATOANYN
AOY® KOKNG TANPOPOPIOG OTIG EMONUIOAOYIKEG UEAETES Kot EMNPEALOVY TIG EKTIUNGELS
TOV PETPOV EMONUOAOYIKOD cvoyeTiopol. Evdtapépovcsa eival n avamtuEn povtélmv
OV KOTA TNV EKTIUNOT TOV HETPOV EMONUIOAOYIKOD GLGYETIGHOD, O emTpEéMOVLY TV
EVOOUATOON, UE TN HOPON €K TOV TPOTEPMOV TANPOoPopl®v, TG Ev kot tg Et tov
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YVOOTIK®OV SOKIU®V. AVOTOPEVKTO, OVTH 1) TPOCEYYIoN TPOoLHTOBETEL TNV XPNON NG
kata Bayes pebodoroyiog emilvong ota poviéha depehivnong mbovadv emONLOAOYIK®V
GUGYETIGLAOV.

TéNOG, OTNV TPOOTMTIKN EQOPUOYNG HEYOADV TPOYPOUUATOV EAEYYOL Kot
ToToToiNoNG, 1WwWiTeEPO  eVOlPEPOV €L M YPNOM TOV UOVIEA®V  AavBAdvovcog
KaTaotaong kot g pebodoroyiag emiAvong katd Bayes otnv moloTiKn Kol TOGOTIKY|
dlepegvvnon g oxéong Hetald otoputkng kot opadikng Ev kot Et tov dwyvootikdv
oKDV  OTOV  YPNOILOTOIOVVIOL OTOV EAEYY0 ORAdwV Odetypdtomv.  Xtn  Oebvn
Biproypaeia, 6mote epapudletor o opadikog éreyyog, ibiotor 1 Ev kot 1 Et tov va
Bempovvron 1dtec pe v Ev kot Eu tov atopikov ehéyyov. Xvyvd, O 1 vwodeon avtn
dev 1oybel. Towg ypetdletor Tpomomoinon TV SoyVOSTIKOV KPrmpiov Katdtoéng tov
DeTIKOV Ko apVINTIKOV 0N O10yVOGOTIKN 0OKIUY opddmv yio ) PeAtiotomoinon g Ev
kot Et Tov opadikod elEyyov, mate va glvat duvatn 1 EvpOTEPN EQOPLOYT TOV.
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1. K@dwkog tov Aoyspikov WinBugs yw v ektipnon tov Ev, tov El ko Tov
TPAYRATIKOV TOGOGTAOV TPOSPOIS, KATOmV TG €Qappoyns 6V0 vwd cuvOnkn
aveapTNTOV S10yvVOOTIKOV doKin®v 6 N tAn0vopovg (N=3).

model;

{

y1[1:Q, 1:Q] ~ dmulti(p1[1:Q, 1:Q], n1)

y2[1:Q, 1:Q] ~ dmulti(p2[1:Q, 1:Q], n2)

y3[1:Q, 1:Q] ~ dmulti(p3[1:Q, 1:Q], n3)

pl[1,1] <- pil*Selisa*Selj + (1-pil)*(1-Spelisa)*(1-Splj)
p1[1,2] <- pil*Selj*(1-Selisa) + (1-pil)*(1-Splj)*Spelisa
p1[2,1] <- pil*(1-Selj)*Selisa + (1-pil)*Splj*(1-Spelisa)
p1[2,2] <- pil*(1-Selisa)*(1-Selj) + (1-pil)*Spelisa*Splj
p2[1,1] <- pi2*Selisa*Selj + (1-pi2)*(1-Spelisa)*(1-Splj)
p2[1,2] <- pi2*Selj*(1-Selisa) + (1-pi2)*(1-Splj)*Spelisa
p2[2,1] <- pi2*(1-Selj)*Selisa + (1-pi2)*Splj*(1-Spelisa)
p2[2,2] <- pi2*(1-Selisa)*(1-Selj) + (1-pi2)*Spelisa*Splj
p3[1,1] <- pi3*Selisa*Selj + (1-pi3)*(1-Spelisa)*(1-Splj)
p3[1,2] <- pi3*Selj*(1-Selisa) + (1-pi3)*(1-Splj)*Spelisa
p3[2,1] <- pi3*(1-Selj)*Selisa + (1-pi3)*Splj*(1-Spelisa)
p3[2,2] <- pi3*(1-Selisa)*(1-Selj) + (1-pi3)*Spelisa*Splj
Separ <- 1-(1-Selisa)*(1-Selj)

Sppar <- Spelisa*Splj

Eppvl <- pil*Selisa/(pil*Selisa+(1-pil)*(1-Spelisa))
Enpvl <- (1-pil)*Spelisa/((1-pil)*Spelisa+pil*(1-Selisa))
Fppvl <- pil*Selj/(pil*Selj+(1-pil)*(1-Splj))

Fnpvl <- (1-pil)*Splj/((1-pil)*Splj+pil*(1-Selj))

Eppv2 <- pi2*Selisa/(pi2*Selisa+(1-pi2)*(1-Spelisa))
Enpv2 <- (1-pi2)*Spelisa/((1-pi2)*Spelisa+pi2*(1-Selisa))
Fppv2 <- pi2*Selj/(pi2*Selj+(1-pi2)*(1-Splj))

Fnpv2 <- (1-pi2)*Splj/((1-pi2)*Splj+pi2*(1-Selj))

Eppv3 <- pi3*Selisa/(pi3*Selisa+(1-pi3)*(1-Spelisa))
Enpv3 <- (1-pi3)*Spelisa/((1-pi3)*Spelisa+pi3*(1-Selisa))
Fppv3 <- pi3*Selj/(pi3*Selj+(1-pi3)*(1-Splj))

Fnpv3 <- (1-pi3)*Splj/((1-pi3)*Splj+pi3*(1-Selj))

Selisa ~ dbeta(3.3, 4)

Spelisa ~ dbeta(120, 6)

Selj ~ dbeta(2.9, 4)

Splj ~ dbeta(100, 2)

pil ~dbeta(2,5)

pi2 ~ dbeta(2,21)

pi3 ~dbeta(9,10)

ky

list(n3=27, n2=92, n1=54,
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yl=structure(.Data=c(0,1,4,49),.Dim=c(2,2)),
y2=structure(.Data=c(0,6,1,85),.Dim=c(2,2)),
y3=structure(.Data=c(1,0,5,21),.Dim=c(2,2)),
Q=2)

list(pi1=0.50, pi2=0.50, pi3=0.50, Selisa=0.40, Spelisa=0.95, Selj=0.30, Splj=0.95)

2. Kodwkag tov Aoyropikov WinBugs yw v ektipnon tov Ev, tov El ko Tov
APUAYLATIKOV TTOGOOTAOV TPOSPOI)S, HeTd amd TNV £@appoyn 6v0 vré cvvOnkn
EapmUiveV 10 yvVOSTIKOV dokip®dv o€ N minbuvopovg (N=3).

model;

{

y1[1:Q, 1:Q] ~ dmulti(p1[1:Q, 1:Q], n1)
y2[1:Q, 1:Q] ~ dmulti(p2[1:Q, 1:Q], n2)
y3[1:Q, 1:Q] ~ dmulti(p3[1:Q, 1:Q], n3)
alphal <- Selj*Selisa +D

alpha2 <- (1-Splj)*(1-Spelisa) +H
betal  <- Selj*(1-Selisa) - D

beta2  <-(1-Splj)*Spelisa - H
gammal <-(1-Selj)*Selisa - D

gamma2 <-Splj*(1-Spelisa)- H

deltal <-(1-Selisa)*(1-Selj) + D
delta2  <-Spelisa*Splj + H

z1 <-1-pil
z2 <-1-pi2
z3 <-1-pi3

pl[1,1] <- pil*alphal + z1*alpha2
p1[1,2] <- pil*betal + z1*beta2
pl[2,1] <- pil*gammal + z1*gamma2
pl[2,2] <- pil*deltal + z1*delta2
p2[1,1] <- pi2*alphal + z2*alpha2
p2[1,2] <- pi2*betal + z2*beta2
p2[2,1] <- pi2*gammal + z2*gamma2
p2[2,2] <- pi2*deltal + z2*delta2
p3[1,1] <- pi3*alphal + z3*alpha2
p3[1,2] <- pi3*betal + z3*beta2
p3[2,1] <- pi3*gammal + z3*gamma2
p3[2,2] <- pi3*deltal + z3*delta2
Separ <- 1-(1-Selisa)*(1-Selj) - D
Sppar <- Spelisa*Splj + H

Selisa ~ dbeta(3.3, 4)

Spelisa ~ dbeta(120, 6)

Selj ~ dbeta(2.9, 4)
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Splj ~ dbeta(100, 2)
pil ~dbeta(2,5)

pi2 ~ dbeta(2,21)
pi3 ~dbeta(9,10)

H ~dunif(-1,1)

D ~dunif(-1,1)

¥

list(n3=65, n2=92, n1=38,
yl=structure(.Data=c(0,0,2,36),.Dim=c(2,2)),
y2=structure(.Data=c(1,3,24,64),.Dim=c(2,2)),
y3=structure(.Data=c(1,3,23,38),.Dim=c(2,2)),
Q=2)

list(pil=0.50, pi2=0.50, pi3=0.50, Selisa=0.40, Spelisa=0.95, Selj=0.30, Splj=0.95,
D=0.1, H=0.1)

3. Kadikag tov Aoyopikov WinBugs ywa v ektipnon tov Ev, tov El ka tov
TPAYRATIKOV TOGOGTAOV TPOSPOAS, MeETd amd TNV £QUppoyn] V0 SLUYVOOCTIKAOV
doxudv pug gaptnon tov Ev km aveboptnoia tov Ev, 6g N ain6vopovg (N=3)

model;

{

y1[1:Q, 1:Q] ~ dmulti(p1[1:Q, 1:Q], n1)
y2[1:Q, 1:Q] ~ dmulti(p2[1:Q, 1:Q], n2)
y3[1:Q, 1:Q] ~ dmulti(p3[1:Q, 1:Q], n3)

alphal <- Selj*Selisa

alpha2 <- (1-Splj)*(1-Spelisa) +H
betal  <- Selj*(1-Selisa)

beta2  <-(1-Splj)*Spelisa - H
gammal <-(1-Selj)*Selisa
gamma2 <-Splj*(1-Spelisa)- H
deltal <-(1-Selisa)*(1-Selj)
delta2  <-Spelisa*Splj + H

z1 <- 1-pil
z2 <-1-pi2
z3 <-1-pi3

p1[1,1] <- pil*alphal + z1*alpha2
pl[1,2] <- pil*betal + z1*beta2
pl[2,1] <- pil*gammal + z1*gamma2
pl[2,2] <- pil*deltal + z1*delta2
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p2[1,1] <- pi2*alphal + z2*alpha2
p2[1,2] <- pi2*betal + z2*beta2
p2[2,1] <- pi2*gammal + z2*gamma2
p2[2,2] <- pi2*deltal + z2*delta2
p3[1,1] <- pi3*alphal + z3*alpha2
p3[1,2] <- pi3*betal + z3*beta2
p3[2,1] <- pi3*gammal + z3*gamma2
p3[2,2] <- pi3*deltal + z3*delta2

al<- -(1-Selisa)*(1-Selj)
b1<- -Selisa*Selj

cl<- Selj*(1-Selisa)
d1<- Selisa*(1-Selj)
Al<- max(al,bl)

B1<- min(c1,d1)

a2<- -(1-Spelisa)*(1-Splj)
b2<- -Spelisa*Splj

c2<- Splj*(1-Spelisa)
d2<- Spelisa*(1-Splj)
A2<- max(a2,b2)

B2<- min(c2,d2)

Selisa ~ dbeta(1,1)
Spelisa ~ dbeta(100,2)
Selj ~ dbeta(1,1)

Splj ~ dbeta(100,2)

pil ~dbeta(3.09,7.25)
pi2 ~ dbeta(2.84,56.4)
pi3 ~dbeta(8.11,7.91)

Separ<- 1- (1-Selisa)*(1-Selj)
Spar<- Spelisa*Splj+H

H ~dunif(A2,B2)
RH<-H/B2

¥

list(n3=27, n2=92, n1=54,
yl=structure(.Data=c(0,1,1,52),.Dim=c(2,2)),
y2=structure(.Data=c(0,6,2,84),.Dim=c(2,2)),
y3=structure(.Data=c(0,1,0,26),.Dim=c(2,2)),
Q=2)
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list(pi1=0.50, pi2=0.50, pi3=0.50, Selisa=0.40, Spelisa=0.95, Selj=0.30, Splj=0.95, H=0)

4. Mopaderypo TG YPNONS TNS 0VTOTEAOVS Aroyiopikng povadag CODA oto
nepifardov R yia v epappoyn g pe@odov Tov Raftery ko Lewis.

AxoiovBobv oamotedéopota and 10 Aoyiopuikd R-CODA, 6cov agopd v
extiunon tov 5000 exatootnuopiov pe axpifera 1% wor Befoardomra 95%, kabmbg kat o
VIOAOYIoUOG TOV Topdyovio 1. Apywd TO TPOYPOUUO HAG EVNUEPDOVEL Yol TO
JOKIUAOTIKG dedopéva mov Ba ypnotpomomBovv. Ev mpokeyévm, ypnoiortotobvtol ot
npoteg 10.000 eravarnyeig tng MCMC odvoidoc.

Iterations used = 1:10.000
ue k=1

Thinning interval = 1
Sample size per chain = 10.000

AxoAovBei To dvopa Tov apyeiov mTov TEPLEYEL TOL OEOOUEVOL:
$"c:\my.out"

1 ovvéyelo emAéyel to emfountod ekotootnuopto (m.y. 500) kabmg kot v embounty
axpipela (m.y. 0,01) xon Befordtra tov extypunocnv (.y. 0,95 11 95%):

Quantile (q) = 0.5

Accuracy (r) = +/- 0.01
Probability (s) = 0.95

Ev cvveyeia, to Tpdypappa pnag diver tig tiuéc M, N, Ny kat | ya thv mapapetpo (€00,

Selisa).
Burn-in  Total Lower bound Dependence factor
M (N) (Nmin) (N
Selisa 10  33.816 9.604 3.52

H epunveio tov amotedecpatov £xel g e€Ng: 0 eAdyiotoc apBudg emovoiyemv Nuin
TOL OTOLTOVVTOL Y10 TV EKTIUNGT TOV GLYKEKPLUEVOV EKATOGTNOPIOL otV emibuunty
axpifero elvar 9.604, o mpotewouevog N eivar 33.816 kot o aplBpdc twv TpOTOV
emovolnyenv M, yia Tig omoieg dev €xel eméABel cLYKAMON TILAV Kol Bo TPETEL VO KOovV
(paon mpocappoync), ivar 10. H tipn tov 7 givor pikpdtepn tov 5, pe amotéiecua va
Unv KaTadetkvoeTol TpORANO GUYKAONG TILAOV.
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5. H xatavopn B.

> Bewpio TV TOAVOTATOV KOl TN GTOTICTIKN, 1 PrTo KoTovoun €ivol pior cuvexng
KOTOVOUN mOavoTnTOG oV opiletan ano ™mv eglomon:

. an a—1 _ g-1
f':r1ﬂ!.'3:]_ Bl:ﬂ.,,ﬁ::lr (1 ‘T:]

omov a ko B etvon mapdpeTpol mov mpénet va givan peyardtepeg amd undév ko B eivon n
Bnta ocvvéptnon. H Bnta cuvéptnon eivar o otabepd xovovikomoinong ywo va
e€ao@aAicel OTL TO OAOKANPOLLO TNG TUKVOTNTOS TOUVOTNTOG TG Katavouns Oa eivat ico
pe 1:

| I‘Q_lllr]. _ .T:]'S_l
fle;e, B) = fnl w1 —u)¥1du
“ T’ T

1 : .
- 1)t

B(a, 8)

omov I' eivar n svvaptnon I'aupa..

Muw €1dkn mepintowon g PNta katovoung otav a=1 kot =1 &ivor n opotOpOpEN
kotovour. H péon tym E(X) ko n dtaxvpaven var(X) uioag toyaiog petafintme X mov
aKoAovBel B katavoun| pe TapapéTpoug o Kot B dtveTon amd Tovg TOVTOVG:

o}
EX)= ——,
(X) a+ 3

var(X) = b

(a+_ﬁ)?(d+_ﬁ+1}'

Kot 1 KOptwon 1 veepPoin etvat:

o’ —a?(286-1)+3(B8+1) —2a3(8+2)
aB(a+ B+2)(a+8+3)

6

Avtietpoonc, ue E(X) kot var(X) yvootéc ol mapduetpot o kat f vroroyilovtat amd Tovg
TOTOVG;!

e (EX e
o 1-E(X)
J—G—EET—

e 0 <E(X) <1, 0 < var(X) < E(X)(1 - E(X)),
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Mopepéc
H B xotavoun pmopet va mapet Tig O10popETIKES LOPPES OVAAOYOL LIE TIC TIHES TMV
dvo TapapéTpmV o Kot B.:
o=P=1 elvar 1 opoldpOPPN KaTOVOUN
a=p eivor coppeTpikn mepinov oto 0.5

a<l <1
a=>1 =1
a=1,

elval o oynua v
av&avetal avoeTnpa
*3 >1 LELOVETOL QVGTNPA

a>1, 8> 1gyqsicopen
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ApOpa oty ayylikny yAwcoa.
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Abstract

Latent class models were used to estimate the sensitivity (Se) and the specificity
(Sp) of a serum ELISA and a faecal culture (FC) method for the diagnosis of
paratuberculosis separately, in sheep and goats. The estimates were obtained by a
Bayesian method. Possible dependence of diagnostic errors was investigated by
comparing models where independence was assumed to models allowing for conditional
dependence given the true disease status. ROC analysis for the serum ELISA was also
performed and optimized cut-off values based on the misclassification cost term were
determined.

No evidence of conditional dependence was found. Assuming independence,
posterior medians and 95% credible intervals for the Segisa, SPeLisa, Serc and Spec,
were 63% (42, 93%), 95% (90, 98%), 8% (2, 17%) and 98% (95.0, 100%) in goats and
37% (10, 80%), 97% (93, 99%), 16% (2, 48%) and 97% (95, 99%) in sheep. AUC was
calculated 0.702 for sheep and 0.847 for goats. For the serum ELISA, there is need of
species- and purpose-specific cut-off selection. For instance, with 20% prevalence
situation and assuming equal and five fold cost of a false negative to a false positive test
result, the optimal cut-off is 0.3 and 0.05 in sheep, respectively, while it is 0.6 and 0.1 in
goats, respectively. Serum ELISA performed better in goats than in sheep. Lowering the
cut-off improved the Seg sa Without seriously compromising specificity in either species.

Keywords: paratuberculosis, ELISA, faecal cultural, latent class models, Bayesian
estimation, ROC analysis.

1. Introduction

Successful control and eradication of paratuberculosis has been largely impeded
by the lack of accurate diagnostic tests that are able to correctly classify individuals
especially at the early stages of infection (National Research Council, 2003). Previous
estimates of the diagnostic sensitivity (Se) and specificity (Sp) of the ELISA in dairy
cattle (Collins et al., 1991; Ridge et al., 1991; McNab et al., 1991; Sweeney et al., 1995),
sheep (Hilbink et al., 1994; Dubash et al., 1995; Clarke et al., 1996; Hope et al., 2001,
Sergeant et al., 2003), goats (Molina et al., 1991; Rajukumar et al., 2001) and in mixed
sheep and goat flocks (Munjal et al., 2004) and of faecal culture (FC) in dairy cattle
(Whitlock et al., 2000; Sockett et al., 1992) were based on cases of paratuberculosis
confirmed by histopathological examination, or on positive culture from faecal or tissue
samples, or on repeated faecal culture measurements. However, these reference tests are
not perfect and do not include all latent cases of infection (Nielsen et al., 2002). Infection
may not always be detected because (i) in the case of histopathology and tissue culture,
the bacteria may have not yet caused detectable pathological changes (Whittington et al.,
1999) and (ii) in the case of faecal culture, shedding usually does not occur at the early
silent stages of infection whereas in the later stages shedding may occur unevenly
(Whittington and Sergeant, 2001). Thus, published Se and Sp estimates were in reality
relative Se and Sp estimates to imperfect reference tests.

An alternative approach is to use latent class models with two or more diagnostic
tests applied in one or more populations. None of the methods will be the reference test,
hence the disease status of the study subjects is designated latent; existing but not
presently evident or realised. Non-gold standard methods were first introduced by Hui
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and Walter (1980) and extensively reviewed by Walter and Irwig (1988). Bayesian
methodology has also been used for the model proposed by Hui and Walter, and ones like
it, considering cases of either conditional independence (Johnson et al., 2000; Joseph et
al., 1995), dependence (Georgiadis et al., 2003; Dendukuri and Joseph 2001) or both
(Black and Graig, 2002). Recently, frequentist and Bayesian diagnostic test modelling
strategies were extensively reviewed (Enoe et al., 2000) and the computational aspects
involved in a fully Bayesian approach were extensively described (Branscum et al.,
2005). A latent class model approach was recently utilized in conjunction with maximum
likelihood estimation of the Se’s and Sp’s of a serum ELISA and a faecal culture in dairy
cattle (Nielsen et al., 2002). However, there is paucity of comparable results for sheep
and goats.

It is well documented that the Se of the tests for paratuberculosis depends on the
distribution of the infection stages in the test population (Collins and Sockett,1993) and
that differences in the Sp are likely between different areas with different environmental
mycobacteriological flora (Nielsen et al., 2002). Furthermore, different strains seem to
predominate in sheep and goats (de Juan L. et al., 2005; Stevenson et al., 2002) that may
be of different virulence (Saxegaard, 1990) and affect the diagnostic performance of tests.
Recently, Corpa et al. (2000) discussed the likely difference in susceptibility and immune
response between sheep and goats. Ovine and some caprine strains (de Juan L. et al.,
2005) have different growth index on artificial media (Collins et al., 1990) and are
potentially affected in a different way by the decontamination procedures than cattle
strains (Reddacliff et al., 2003). Thus, it would be unwise (i) to simply extrapolate results
of validation studies from cattle to sheep and goats and (ii) not to evaluate diagnostics
separately in sheep and in goats and treat them as a single species instead.

In this study we used the latent class approach in a Bayesian framework to
estimate Se and Sp of an ELISA and a FC separately for Greek dairy sheep and goats.
The possibility of conditional dependence between the tests was investigated. For the
ELISA, ROC analysis was performed to assess the potential need of species- and
purpose- specific cut-off selection.

2. Materials and methods

2.1. Definition of infection

The latent class models create their own probabilistic definition of infection,
which is based on the implicit assumption that both tests are directed towards the same
target disorder (Enoe, 2003). In our case the definition, in biological terms, is similar to
that described by Nielsen et al. (2002). Hence, by ‘infection’ we mean that sheep or
goats carry Mycobacterium avium subsp. paratuberculosis (MAP) intracellularly;
substantial replication need not take place because the infection can be latent. Entrance
and persistence of MAP have lasted long enough to give an immune response at any time
during their life; we assumed that once an animal has an established infection, the
infection persists for life.

2.2. Population under study

Four dairy sheep and goat flocks, with a size ranging from 250 to 350 animals,
were selected for the study. The flocks had a history of clinical paratuberculosis and
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vaccination against MAP had never been applied. 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 one with 40-60% sheep-to-goat ratios.

2.3. Sampling strategy

One hundred clinically healthy animals from each flock older than one year of age
were randomly sampled from the flock’s registry. Data from dairy cows suggested that
the sensitivity of serological testing was optimized towards the end of the lactation period
(Nielsen et al., 2002). Therefore, sampling of the animals was done during April and
May, shortly before the mating season that runs from June to September. From each
sampled animal approximately 10 ml of blood and 10 grams of faeces from the rectum
were collected.

2.4. Testing

Serum samples were tested for antibodies to MAP via the commercial IDEXX
ELISA test kit® using the manufacturer’s recommended protocol (Sockett et al., 1992).
Each faecal specimen was cultured onto two slopes of Herrold’s egg yolk medium
supplemented with mycobactin J and antibiotics (Becton Dickinson product code:
222233) after a decontamination procedure described in recent studies (Greig et al.,
1999). The cultures were incubated at 37°C for up to 30 weeks and examined biweekly
for bacterial growth. To confirm the identity of colonies grown, DNA from the colonies
was extracted and screened for the presence of the MAP-specific insertion sequence
I1S900 (Green et al., 1989).

2.5. Statistical analysis

2.5.1 Model and assumptions

We applied latent-class models (Enoe et al., 2000; Walter and Irwig, 1988; Hui
and Walter 1980) in a Bayesian framework (Branscum et al., 2005; Johnson et al., 2001)
to estimate the Se and Sp of the ELISA and the FC (SegLisa, SPeLisa, Serc and Spec,
respectively), separately in sheep and in goats.

The estimation of Se and Sp of the ELISA and the FC was based on their cross-
classified results. For the method to be valid, three main assumptions need to be met: (a)
the diagnostic tests should be conditionally independent of each other (Gardner et al.,
2000); (b) the target population should consist of two or more subpopulations with
different prevalence (P); and (c) in these subpopulations, the Se and Sp of the diagnostic
tests should be constant. These assumptions were validated as follows:

a. Assumption of conditional independence - Choosing between the independence
and dependence model

Tests (ELISA and FC) were expected to be conditionally independent since they
were based on a different biological principle (Toft et al., 2005). Thus, we initially
considered the independence model as described by Johnson et al. (2001). To assess

3 IDEXX Laboratories, Portland, ME
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whether the assumption of independence holds we also considered the dependence model
as described by Dendukuri and Joseph (2001). We preferred the parameterization
proposed by Dendukuri and Joseph (2001) to the one proposed by Georgiadis et al.
(2003) as it directly incorporates the covariance of the Se’s (yse) and the Sp’s (ysp)
between the two tests (Branscum et al., 2005). For both models software codes (that
were recently reviewed by Branscum et al. (2005)) were modified for use in the analysis
of three subpopulations.

We used the DIC Tool dialog box in the WinBUGS environment to estimate the
Deviance Information Criterion (DIC) for the independence and dependence model in
sheep and in goats. The difference in the DIC of the two models was less than 2 (0.1 for
sheep and 1.3 for goats), suggesting that the two models fitted the data equally well
(Spiegelhalter et al., 2002). Additionally, under the dependence model, we estimated vys,
and ysp and the corresponding 95% credible intervals (Crls). The estimated Crls included
zero and consequently the null hypothesis of conditional independence was not rejected
(Gardner et al., 2000). Hence, the independence model was further adopted in the
analysis.

b. Assumption of difference in prevalence

The practising veterinarian supervising the flocks was asked to rank the
prevalence of chronic recurring diarrhoea, as an indication of the prevalence of clinical
paratuberculosis. Based on his ranking, three subpopulations of sheep and three
subpopulations of goats were formulated in which low, medium and high prevalence of
paratuberculosis was suspected.

c. Assumption of constant Se and Sp across subpopulations

To validate this assumption, we re-analyzed all possible pairs of sub-populations,
effectively running the models for three times, for each species. Each time the model and
prior information considered were identical to the model and the priors used in the three
sub-population case. Se and Sp results from all paired sub-population analyses were
similar to the results from three sub-population analysis, suggesting that the assumption
of constant accuracy was not unreasonable, in sheep and in goats.

2.5.2. Priors

Beta distributions Be (a, b), were used as priors for the parameters of interest
(Se’s, Sp’s, and P’s). The same priors were used for these parameters for the
independence and dependence model and for both species.

A uniform prior distribution on the range from 0 to 1 was chosen for Segiisa and
Serc, Be (1,1). Based on the available literature for cattle, sheep and goats (Table 1), the
most probable value of Spgisa was determined to be 0.95, while we were 95% sure that
it was more than 0.90. The Be with mode 0.95 and 5" percentile 0.90 is Be(100,5.5). The
most probable value of Spec was 0.98, and it was thought to be at least 0.95 with 95%
certainty. This corresponded to a Be(100,2).

The most probable values for P’s in the low, medium and high prevalence
subpopulations were set at 3, 25 and 50%, respectively and we were 95% sure that they
should not be more than 10 and 55% in the low and medium prevalence subpopulations
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and not less than 30% in the high prevalence subpopulations. The corresponding
distributions were Be (2.84, 56.40), Be (3.09, 7.25), and Be (8.11, 7.91), respectively.
Finally, for the dependence model, uniform prior distributions over the ranges of
the two covariances were used. The magnitude of the conditional covariances is directly
affected by the magnitude of the Se and Sp values. The limits for yse, ysp were max(-(1-
Sep)*(1-Sey), -Se1*Sey) < yse< min(Sei*(1-Sey), Sex*(1-Se;)) and max(-(1-Sp1)*(1-Spo),
-Sp1*Sp2) < ysp< MIn(Sp1*(1-Spy2), Sp2*(1-Sp1)), respectively (Gardner et al., 2000).

2.5.3. Comparing Se and Sp of the ELISA and FC between sheep and goats.

In order to test whether Seg;sa was higher in goats than in sheep, a possibility
previously reported (Corpa et al., 2000), we calculated X = Segpisa(goats) - S€ELISA(heep) AN
used the step function in the WinBUGS. In this function step(X)=1 if X > 0 and 0
otherwise. Hence, the mean of X was the Monte Carlo estimate of the posterior
probability of Segsa being higher in goats than in sheep. Potential differences between
SpeLisa, Serc, and Spgc between sheep and goats were similarly assessed.

2.5.4. Sensitivity analysis

To assess the influence of prior information (Branscum et al., 2005; Georgiadis et
al., 2003; Joseph et al., 2000, Enoe et al., 2000) on the estimates of the model parameters
two additional different sets of prior information were considered: (1) uniform priors on
the range from 0 to 1 for Se’s and the informative priors for Sp’s used for the primary
analysis and (111) uniform priors on the range from 0 to 1 for Se’s and Sp’s, Be (1,1). For
both (11) and (I11) the same more diffuse priors for all P’s were considered: for the low
prevalence subpopulations a uniform distribution on 0 to 50%, and for medium and high
prevalence subpopulations most probable prevalence values of 25 and 75% and 95" and
5" percentiles of 65 and 35%, respectively. These priors correspond to a Be (1,1)
truncated over the range from 0 to 50%, Be (2, 4) and Be (4, 2), respectively.

2.5.5. Receiver operating characteristic (ROC) curve analysis

In each subpopulation, 2 x 2 tables were created at a number of cut-off values for
the ELISA (with classification as ELISA + or ELISA -) cross-tabulated with FC+ and
FC- individuals. After creating all the 2 x 2 tables, the Se’s and Sp’s were estimated using
both the independence and dependence models. The potential conditional dependence
between ELISA and FC was evaluated as earlier described. No evidence of conditional
dependence was found, for any cut-off, in sheep or in goats. In all analyses, the
informative priors of the primary analysis were used only for the P’s and uniform priors
Be (1,1) for the Se’s and Sp’s so as not to influence Se and Sp estimates. ROC-curves
were produced based on the posterior medians of Seg ;sa and Spepisa, at the different cut-
off values, for sheep and for goats.

Subsequently, the S/P value corresponding to the point on the ROC curve closest
to the upper left corner that optimises prevalence-independent summary measures of Se
and Sp such as the Youden index (J=Se+Sp—1) was selected as a potential cut-off.
Furthermore, we calculated the area under the curves (AUC’s), using “the trapezoidal
rule” (Hanley and McNeil, 1982), in order to compare the overall diagnostic performance
of ELISA between sheep and goats (Greiner et al., 2000). To investigate the need of
species- and purpose-specific cut-off selection, the constructed curves for sheep and
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goats were used to derive optimal cut-off values with regard to a given prevalence and a
ratio of the costs of the false positive to the false negative test outcomes (CFP and CFN,
respectively). Cut-off selection was based on minimisation of the misclassification cost
term (MCT), which was calculated as: MCT=CFN/CFP*P*(1- Seg isa) + (1- P)*(1-
SpeLisa) (Zweig and Campbell, 1993; Greiner et al., 2000). The challenge of this
approach is that it requires the users to quantify the consequences of each false test
outcome. Smith (1995) gave an example for selection of an optimal cut-off in
paratuberculosis affected dairy cattle when considering equal and fivefold cost of a FN to
a FP test result and under certain prevalence assumptions. We selected cut—offs for sheep
and goats at the same cost ratios for a disease prevalence of 20%, which is commonly
met in endemically infected Greek sheep and goat flocks (unpublished data). Finally,
because the AUC summarises the ROC curve as a whole, and therefore attributes the
same weighting to both relevant and irrelevant parts of the curve (Greiner et al., 2000),
we also calculated partial AUC for Sp values of 0.80 and higher because our previous
results indicated that over this range of Sp values we could improve Se and optimise the
MCT.

2.5.6. Assessment of convergence

In order to use Markov Chain Monte Carlo (MCMC) it is necessary to determine
how long the simulation needs to be run. It is also important to diagnose lack of
convergence that may be due to bad starting values, high posterior correlations or
“stickiness” of the chain (Raftery and Lewis, 1992). However, convergence diagnostics
are not foolproof. Therefore, a combination of diagnostics plus visual inspection of the
trace plots and summary statistics is recommended (Best et al., 1995). We used both the
Raftery and Lewis method and the Gelman—Rubin diagnostic. Autocorrelations were also
checked.

Initially, convergence of the iterates to the stationary distributions was assessed,
by using the Raftery and Lewis method for diagnosing convergence to single chains. A
threshold value of the factor | equal to 5 was used to assess convergence. Values of | > 5
indicate high within chain correlations and probable convergence failure (Raftery and
Lewis, 1992). We estimated the value of | for the 2.5", 50" and 97.5" percentile.
Furthermore, the results of the Raftery & Lewis method were used to assess the number
of iterations (N) that should be run to obtain with 95% confidence parameter estimates of
the median, the 2.5™ and 97.5" percentile with + 0.01 accuracy. Parameter estimates were
based on analytical summaries of 49500 iterations of the Gibbs sampler after a burn—in
phase of 500 iterations, which was adequate because the Raftery and Lewis method
suggested that analytical summaries of 45000 iterations after a burn-in of 15 iterations
were needed.

Subsequently, we ran three parallel chains with different starting values of the
parameters and used the Gelman—Rubin convergence statistic, as modified by Brooks and
Gelman (1998), which essentially is a comparison of the within- and between-chain
variances for each variable to assess convergence. Autocorrelations were also checked.

For all models, both the Raftery and Lewis and the Gelman-Rubin method
suggested that convergence occurred and autocorrelations dropped-off fast.

2.5.8. Statistical software
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Models were run in the freeware program WinBUGS (Spiegelhalter et al., 1996).
The same program was used to check the Gelman-Rubin diagnostic and the
autocorrelations. For the Raftery and Lewis method, we used the R-CODA (Best et al.,
1996), which stands for Convergence Diagnostic and Output Analysis software. This is a
menu-driven set of R-Plus functions which serves as an output processor for WinBUGS.

3. Results

Of the 400 animals initially sampled, results on both FC and ELISA for 368 were
obtained. For each species, cross-classified results of the ELISA and FC by
subpopulation are in Table 2.

At the recommended ELISA cut—off (S/P value = 0.4), posterior medians obtained
under the independence model for the Segiisa, Speuisa, Serc and Spgc, were 63%
(95%Crls:42, 93%), 95% (90, 98%), 8% (2, 17%) and 98 (95, 100%) in goats and 37%
(10, 80%), 97% (93, 99%), 16%(2, 48%) and 97%(95, 99%) in sheep, respectively.
Applying the step function, the posterior probability of Seg sa being higher in goats than
in sheep was 93%. Therefore we were 93% sure that Seg ;sa Was higher in goats. The
corresponding values for Speiisa, Serc and Spec were 20, 46 and 77%, respectively.

Under the dependence model posterior medians of yse and ys, were -0.04 (-0.11,
0.001) and 0.004 (-0.0004, 0.02) in goats, while in sheep were 0.009(-0.14, 0.07) and
0.003(-0.001, 0.02), respectively (Figure 1).

Independence and dependence model estimates for Se’s, Sp’s and P’s for sheep
and goats are in Table 3. Results of the independence model when incorporating different
sets of prior information are in Table 4.

For the ELISA, the AUC was calculated as 0.847 for goats and 0.702 for sheep.
Partial AUC were calculated as 0.078 for goats and 0.048 for sheep. An S/P value equal
to 0.1 and 0.05 optimises J for goats and sheep, respectively (Figure 2). ELISA S/P
values that minimise MCT, when considering equal and five fold cost of FN to FP test
result, were 0.3, 0.05 for sheep and 0.6, 0.1 for goats, respectively for a 20% prevalence
situation (Figure 3). At these optimal cut-offs, Segisa and Speiisa are estimated to be
59% and 95%, 79% and 84% for goats and 41% and 98%, 57% and 89% for sheep,
respectively. These estimates indicate that lowering the cut-off in either species improves
Se without seriously compromising Sp; 75% reduction of the normal cut-off resulted in
11% and 7% loss for the point estimate of Spgpisa in goats and in sheep, respectively.

4. Discussion

Tests based on a different biological principle are expected to be conditionally
independent (Toft et al., 2005; Enoe et al., 2000; Greiner and Gardner, 2000); this has
been recently demonstrated for the ELISA and the FC for diagnosis of paratuberculosis in
cattle (Nielsen et al., 2002). For our data, the difference in the DIC values between the
independence and dependence model suggested that both models fitted the data equally
well. Furthermore, the covariance estimates under the dependence model provided no
evidence of conditional dependence between ELISA and FC. Latent-class models of
dependency for two tests lack identifiability and the use of more than two populations
does not further reduce the identifiability problem although it decreases the reliance on
additional prior information. Since the model is not identifiable, the results (and thus the
power to detect dependence) necessarily depend heavily on prior information (Georgiadis
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et al., 2003). We re-evaluated the assumption of conditional independence at every set of
prior information and any considered ELISA cut-off. The independent model was
adopted for all the analyses. This choice was based on the different biological principles
of the tests, the DIC values and the range of the covariances.

As prevalence estimates indicated, the assumption of distinct difference in
prevalence was valid. Importantly, the stratifier for subpopulations (the level of clinical
disease) did not obviously interact with the tests’ outcomes so as to violate the
assumption of constant Se and Sp across sub-populations (Nielsen et al., 2002; Toft et al.,
2005). Results of pair-population analyses were consistent with those obtained from
three-population analysis in either species, suggesting that the assumption of constant Se
and Sp was not unreasonable (Georgiadis et al., 2003). Pair population analyses results
were also consistent to three-population analysis when the alternative sets of prior
information 11 and 111 were used (data not shown).

Bayesian methods allow for the incorporation of published estimates and/or
expert knowledge into the modeling process (Branscum et al., 2005). The inclusion of
informative priors that distinguish amongst the components of the latent-class models
prevents label switching which can occur in the Bayesian estimation of mixture models
(Stephens, 2000). Selection of uniform priors for Se’s reflected our ignorance of the
distribution of infection stages in the population that is believed to affect the test’s
performance in the target population (Collins and Sockett, 1993). Published estimates
greatly varied depending on the stage of infection (Sergeant et al., 2003; Hope et al.,
2000; Dubash et al., 1995). The undisputed absolute to high Sp for both ELISA and FC
justified the adoption of the very informative priors for Sp’s. Relatively diffuse
informative priors were used to reflect both our uncertainty and general idea about the
true prevalence in the subpopulations. More diffuse prevalence priors were also
considered in the sensitivity analysis. Sensitivity analysis suggested that our results were
moderately dependent on prior information but were qualitatively the same (tables 3 and
4). We, also, considered the effect of slight perturbations of the data on the final
inferences to determine the impact on our analysis if one or more of the zeros in the data
had actually been observed to be one. Modifying every one and all of the zeros in our
data had a minimum impact on the results indicating that we could be confident about the
results of our analysis (Enoe et al., 2000).

SeeLisaWas higher in goats than in sheep. This difference was also observed when
the different sets of prior information Il and 111 were used for the analysis. Rajukumar et
al. (2001) and Molina et al. (1991) estimated Seg sa in goats as at least 75% and 85%,
respectively. Hope et al. (2000) and Dubash et al. (1995) estimated Seg sa in sheep as
48% and 35-54%. These estimates were based on confirmation of infection by faecal
culture, faecal examination and histopathology. Hence, these estimates were not adjusted
for the imperfect Se of the reference test and are likely to overestimate the true values of
Se to an unknown extent (Staquet et al., 1981). This overestimation might be greater in
sheep and goats with early paucibacillary lesions (Sergeant et al., 2003). The Se of tests
detecting humoral response to paratuberculosis is inversely related to the extent of lesions
and disease stage (Hilbink et al., 1994; Dubash et al., 1995; Perez et al., 1997; Sergeant et
al., 2003). Corpa et al. (2000) argued that the scarcity of goats with focal lesions along
with the higher number of goats with diffuse lesions when compared with studies carried
out in sheep (Perez et al., 1996) may indicate that goats have only limited ability to
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control infection. Such lesions are associated with failure of effective immune
mechanisms (National Research Committee, 2003) and subsequent humoral response
development (Sergeant et al., 2003, Perez et al., 1997, Clarke et al., 1996). Therefore, a
potential difference in the immune response to paratuberculosis between sheep and goats
may biologically explain the difference of Segisa between the two species. Nevertheless,
ovine paratuberculosis predominantly results from infection with sheep strains of MAP
(Whittington et al., 1998; Cousins et al., 2000) while caprine paratuberculosis may result
from infection of goats with cattle adapted strains of MAP (Cousins et al, 2000;
Whittington et al., 2000). Subsequently, difference in strain virulence along with host
preference may also account for the different Seg;sa between species. Saxegaard (1990)
reported a strain of MAP that was pathogenic for goats and non-pathogenic for cattle and
sheep suggesting that certain strains may have a host preference for goats.

In both species, Serc was lower than Seg sa. At a first glance our estimates of
Serc seem considerably lower than published estimates (Table 1). Yet, published
estimates of Serc, as for Seg isa, Were based on confirmation procedures that did not
include all latent cases of infection and tended to overestimate Serc. In dairy cattle,
Whitlock et al. (2000) used the repeated FC positive results as his gold standard method
and provided a Se estimate of 42%. This dropped below 25% if FC negative animals that
had infected tissues when examined at slaughter were considered infected. Even so some
infected animals were missed implying that a value of 25% still overestimated Serc in
dairy cattle. This estimate is closer to our estimates that accounted for all latently infected
animals. Furthermore, we should also consider the difficulties FC has in sheep and goats
in comparison to cattle faecal and tissue samples. Type | strains appear to have a strong
host preference for sheep (Stevenson et al., 2002). Many ovine strains do not grow well
on artificial media (Collins et al., 1990; Juste et al., 1991). Although most caprine strains
belong to the cattle group or Type 11 (Collins et al., 1990; Whipple et al., 1990; Thoresen
and Olsaker, 1994; Pavlik et al., 1995; Cousins et al., 2000), lately, a type Il profile was
described (de Juan L et al., 2005) that appears to be intermediate between Type | and
Type 1l and phenotypically are slow growing like Type | strains. The latter strains were
from goat flocks neighbouring with sheep flocks, which was also the case in this study.
Possible predominance of type | and Ill strains in Greek dairy sheep and goats,
respectively, would further explain the very low Serc estimate. Finally, there is only one
published report (Reddacliff et al., 2003) on the effects of decontamination procedures on
the sheep strains, and it would be unwise to simply extrapolate from cattle strain findings
since these two are very different in their cultural requirements. Sp of FC was always
close to unity but not absolute. This reflects either the potential of pass through of orally
ingested organism by uninfected animals (Sweeney et al., 1992) or the small yet existent
possibility of false positive FC results in high prevalence infected flocks where the
premises are likely to be heavily contaminated (Manning et al., 2003) or the likelihood of
laboratory processing errors, including cross-contamination of the samples.

The AUC and the partial AUC was higher in goats than in sheep indicating the
higher discriminatory power of ELISA in goats. According to a guideline provided by
Greiner et al. (2000), the ELISA could be described, for both species, as a moderately
accurate test. When considering equal cost of false negative and false positive test results
at a 20% prevalence different cut-off values were suggested for sheep and goats based on
MCT (Figure 2). Different and quite lowered cut-off values were suggested when
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considering a five-fold cost of losing an infected animal to losing a healthy one, at a 20%
prevalence situation. Cut-off selection is an informed procedure that takes into account
the epidemiologic situation such as prevalence in the target population and the relative
consequences of false negative and false positive test results which also differ for every
decision making situation (Greiner et al., 2000). Hence, species-adjusted and purpose-
specific cut-offs for paratuberculosis serum ELISA in sheep and goats would improve its
diagnostic performance.

Nielsen et al. (2002) reported that maximum likelihood estimates of Serc
increased with increasing milk ELISA cut-off when the cross classified results of FC with
the results of milk ELISA were analysed. They suggested that this observation
represented the higher Segc in terminal disease stage animals with high antibody levels in
milk. In our study, the Serc in sheep and goats remained similar with increasing cut-off
of the serum ELISA (data not shown here), which indicates that the FC results were
evenly distributed over the range of the ELISA values, in the subpopulation of infected
individuals. To investigate whether the Se and Sp of a conditionally independent
dichotomous test remain constant with changing cut-off of a continuous test we carried
out a simulation study. We considered two tests, test 1 with a continuous outcome and
test 2 with a dichotomous outcome. Outcomes (S/P values) for the healthy individuals of
test 1 had a mode of 0.1 and a 95" percentile of 0.4 (Be(2,9)) and for the latently infected
individuals a mode of 0.5 and a 5™ percentile of 0.14 (Be (2,2)). The true Se and Sp for
test 1 at a series of considered cut-off values were estimated from the appropriate
percentiles of these distributions. For test 2, healthy individuals had an equal probability
of 0.98 to be classified as healthy and infected individuals had an equal probability of
0.400 to be classified as infected. Hence, test 2 had a Se of 0.400 and a Sp of 0.980. The
equal probability for the outcomes of test 2 over the range of the S/P values of test 1
satisfies the assumption of conditional independence (even distribution of test results).
Subsequently, for both tests 10,000 individual data were generated for two populations of
prevalence 0.050 and 0.200 and the cross-classified results were subjected to latent class
analysis at each considered cut-off. Uniform priors were used for all parameters (Se’s,
Sp’s and p’s), Be (1,1). Simulation results suggested that Se and Sp of the dichotomous
test remained constant with changing ELISA cut-off.

Our Se estimates had wide credible intervals. Contributors to variation of latent
class models estimates are low true values of parameters (Se’s and Sp’s), small sample
size per parameter and small difference in prevalence between subpopulations (Enoe et
al., 2000; Georgiadis et al., 2005; Toft et al., 2005). In our case, the most important factor
was the first one (low true Se). Note that Sp estimates did not have wide intervals even
when not using informative priors for them (Table 4). Other studies with a total sample
size at most half than ours (Enoe et al., 2000; Joseph et al., 2000; Frossling et al., 2003)
provided narrower intervals due to the fact that true Se and Sp values were higher and the
difference in disease prevalence was greater. At an attempt to further assess the impact of
sample size on our data we analysed multiples of 10 and 100 times of the original data
(Johnson et al., 2001), assuming conditional independence. Multiples of the original data
10 times (that is an impressive hypothetical total of 3860 animals tested) would still give
wide intervals for Segisa in sheep. Only the consideration of 100 multiples (resulting in
the extreme total of 38600 animals) would provide narrow intervals for all Se’s. Hence,
variation may be primarily attributed to low true Se’s of both tests.
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Latent-class models provide an alternative method of evaluating diagnostic tests
that account for all latent cases of infection. Bayesian estimation procedures have the
advantage of incorporating well-documented prior information that summarizes expert
opinion and/or current published knowledge for the parameters of interest (Se’s, Sp’s and
P’s). Our results suggest a different serological profile between sheep and goats and
therefore the need of species-specific cut-off selection. Furthermore, lowering of the cut-
off in both species would improve Segisa Without significantly compromising Spepisa,
thus improving the performance of ELISA in either species. FC, although highly specific
lacks in Se.
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Table 1. Published estimates of the sensitivity (Se) and specificity (Sp) of the serum
ELISA and the faecal culture (FC) for the diagnosis of paratuberculosis in cattle, sheep

and goats.
Reference Species ELISA FC
Collins et al., 1991; Ridge et Cattle Se ~45%
al., 1991; McNab et al., 1991 Sp >90%
Nielsen et al., 2002 Cattle Se =27-86%, Se=20-73%
Sp=55-98% Sp > 98%
Sockett et al., 1992 Cattle Se=47-65% Se =45-73%
Sp > 99%
Sweeney et al., 1995 Cattle Se=15-87%
Whitlock et al., 2000 Cattle Se=15-75% Se=42%
Sp > 99%
Sergeant et al., 2003 Sheep Se= 25-73%; 10-47%
Sp>95%
Whittington et al., 2003; Sheep
Hilbink et al., 1994 Sp>97%
Hope et al., 2000 Sheep Se=35-54%
Sp=98.2-99.5%
Dubash et al., 1995 Sheep Se=48%
Sp=95%
Rajukumar et al., 2001 Goats Se>75%
Sp>90%
Molina et al., 1991 Goats Se>85%
Sp>93%
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Table 2. Cross-classified results of FC and serum ELISA® in subpopulations of Greek
dairy sheep and goats with low, medium and high prevalence of paratuberculosis (sub-

populations 1, 2 and 3, respectively).

ELISA+ ELISA-

Sheep
Sub-population1  FC + 0
FC - 1
Sub-population2  FC + 0
FC - 4
Sub-population3  FC + 1
FC - 5

6
85
1
49
0
21

Goats
ELISA+ ELISA-

0
2
1
24
1
23

0
36
3
64
3
38

1 ELISA results were interpreted at an S/P value of 0.4 (IDEXX Laboratories, Portland, ME)

Institutional Repository - Library & Information Centre - University of Thessaly
11/06/2024 07:19:26 EEST - 3.133.122.126

155



Table 3. Median and 95 Credible Intervals (Crls) for the sensitivity (Se) and specificity
(Sp) of the FC and ELISA and true prevalence (Ps) of low, medium and high prevalence
subpopulations, under the independence and dependence model

Model Median (95% Crls)
Sheep Goats
Se 37 (10-80) 63 (42-93)
Independence  ELISA Sp 97 (93-99) 95 (90-98)
EC Se 16 (2-48) 8 (2-17)
Sp 97 (95-99) 98 (95-100)
Subpopulation1  P1 3(0.7-9) 4 (0.8-10)
Subpopulation2 P2 19 (5-45) 36 (20-57)
Subpopulation3  P3 50 (28-73) 54 (35-74)
Se 32 (13-68) 69 (46-91)
ELISA Sp 97 (94-99) 95 (90-98)
Dependence FC Se 16 (0.4-26) 10 (3-21)
Sp 96 (93-98) 99 (96-100)
Subpopulation1l  P1 3(0.7-9) 4 (0.8-10)
Subpopulation2 P2 21 (7-48) 33 (20-52)
Subpopulation3  P3 51 (29-74) 50 (34-70)
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Table 4. Median (95% Crls) for the Se and Sp of the FC and ELISA under the
independence model using different sets of prior information.

Prior Median (95% Crls)
Sheep Goats
n ELISA Se 24 (0.7-62) 50 (34-80)
Sp 97 (93-99) 95 (90-98)
FC Se 8 (1-26) 7 (3-15)
Sp 97 (94-99) 98 (96-99)
e ELISA Se 26 (10-64) 49 (32-84)
Sp 98 (94-100) 94 (80-99)
FC Se 6 (0.7-22) 7 (2-15)
Sp 95 (90-98) 97 (91-100)

*: Se’s had uniform priors Be (1,1), SpeLisa, SPrc, low, medium and high prevalence subpopulations had Be
(100, 5.5), Be (100,2), a uniform (0, 0.5), Be (2,4) and Be (4,2), respectively.

™. Se’s and Sp’s had uniform priors Be (1,1), low medium and high prevalence subpopulations had a
uniform (0, 0.5) Be (2,4) and Be (4,2), respectively.
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Figure 1. Prior density and marginal posterior density of the conditional covariances

vse (1&) and ysp (1b) for sheep and for goats.
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Figure 2. ROC curves for the ELISA from Bayesian estimation of Se and Sp in sheep
(dotted line) and goats (continuous line). The ROC-curves were calculated assuming
conditional independence between the ELISA and the FC. Marked points correspond to

the S/P values closest to the upper left corner of the unit square.
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Figure 3. Misclassification cost term (MCT) for 20% prevalence as a function of the cut-
off (S/P) value for ELISA in sheep (dotted line) and goats (continuous line). MCT’s were
estimated considering equal and five fold cost of a false negative (CFN) to a false
positive (CFP) test result. Marked points correspond to S/P values that minimize MCT.
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Abstract

In this study, we compared the frequency of isolation of Mycobacterium avium
subsp. paratuberculosis (MAP) from faecal samples grown on Herrold’s egg - yolk
medium (HEYM) or on Lowenstein-Jensen (LJ) medium and estimated the sensitivity
(Se) and specificity (Sp) of the methods separately in sub-clinically infected Greek dairy
sheep and goats, using latent-class models and Bayesian estimation procedures. Faecal
and blood samples were collected from 400 animals > 1 year old in April — May 2002.
The HEYM supported growth of MAP better than the LJ method and their agreement was
very poor (weighted kappa=0.062 (95% CI: -0.098, 0.222)). There was no evidence of
dependence between the Ses whereas the Sps were positively correlated. Thus, a semi-
dependent model that assumed independence of Ses and accounted for the dependence of
Sps was adopted. Under this model, the parallel interpretation of the results of the two
methods gave median estimates and 95% credible intervals (Crls) for Separ, Sppar 0f 15%
(Crls: 3, 45%), 96% (92, 98%) in sheep and 16% (6, 36%) and 97% (94, 99%) in goats.

Keywords: paratuberculosis, Herrold’s egg-yolk medium, Lowenstein-Jensen,  latent-
class models, conditional semi-dependence, Bayesian estimation.
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1. Introduction

Occasionally and erroneously, faecal-culture (FC) has been regarded as a gold-
standard method for determining an animal’s Mycobacterium avium subsp.
paratuberculosis (MAP) infection status (National Research Council, 2003). However, at
the early stages, infection cannot be detected by FC (Whitlock and Buergelt, 1996) and in
late stages uneven shedding of bacteria can occur (Whittington and Sergeant, 2001).
Early infection can go undetected even with histopathology because the pathology may
not yet be detectable (Whittington et al., 1999; Nielsen et al., 2002). The actual lack of
gold-standard methods explains the few, in reality relative, sensitivity (Se) and specificity
(Sp) estimates of FC in dairy cattle (Sockett et al. 1992, Stabel 1997; Whitlock et al.,
2000; Eamens et al., 2000) and the absence of similar studies in sheep and goats. Non-
gold standard methods (“latent-class models”), which were introduced by Hui and Walter
(1980) and recently reviewed by Enoe et al. (2000), provide an efficient alternative to Se
and Sp estimation. Bayesian methodology, recently reviewed by Branscum et al. (2005),
has the advantage of including prior information about the parameters to be estimated and
allowing flexible investigation of the potential conditional dependence between tests’
outcomes. The latter is crucial for the validity of the Se and Sp estimates when tests are
based on the same biological principle and are likely to be dependent (Gardner et al.,
2000; Enoe et al., 2000; Georgiadis et al., 2003; Toft et al., 2005).

It is unwise to extrapolate Se and Sp estimates from dairy cattle to sheep and
goats because ovine and some caprine strains (de Juan et al., 2005) have different growth
rates on artificial media (Collins et al., 1990; Juste et al., 1991; Marsh and Whittington,
2005) and are potentially affected differently by the decontamination procedures
(Reddacliff et al., 2003). Furthermore, different strains, that could be of different
virulences (Saxegaard 1990), predominate in sheep and goats (Stevenson et al. 2002, de
Juan L et al., 2005) and might affect the performances of diagnostic tests. Hence,
validation of diagnostics should be carried out separately in sheep and in goats.

In this study, we compared the frequency of isolation of MAP from FCs grown on
Herrold’s egg-yolk medium (HEYM) or on Lowenstein-Jensen (LJ) medium; we
estimated the Se and Sp of the methods separately in sub-clinically infected Greek dairy
sheep and goats, using latent-class models and Bayesian estimation procedures. The
potential dependence between the Ses and Sps was also assessed and was accounted for
(when present).

2. Materials and methods

2.1. Definition of infection

Both tests applied here aim at detecting faecal excretion of MAP. Hence, we
adopted (after modifications) the definition of infection for paratuberculosis in dairy
cattle as given by Nielsen et al. (2002): “... infection here means that sheep or goats carry
the bacteria intracellularly; substantial replication need not take place because the
infection can be latent; we assumed that once an animal has an established infection, the
infection persists for life”. Thus, infected animals potentially excrete MAP.

2.2. Population under study

163

Institutional Repository - Library & Information Centre - University of Thessaly
11/06/2024 07:19:26 EEST - 3.133.122.126



Four dairy sheep and goat flocks (250 to 350 animals each), were selected for this
study. 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 one with 40-60% sheep-to-goat ratios.
All flocks had a history of clinical paratuberculosis; vaccination against MAP had never
been applied. They were selected to participate in a larger study designed to evaluate the
role of wildlife in the epidemiology of paratuberculosis in small ruminants. To fulfil the
tasks of this study the owners of these flocks agreed to permit close monitoring for 2
consecutive years (2001-2002). Sheep and goats were of various domestic breeds (e.g.
Chios, Karagouniko, Capra prisca) or their crosses; no flock had a distinct breed pattern.
The animals were kept, under semi-intensive management, for milk production, which
was the primary breeding goal. They grazed on pasture throughout most of the year and
were additionally fed concentrates. They spent most of the day outside and were moved
into the shed during the night

2.3. Sampling strategy

One hundred female animals clinically healthy at the day of sampling, older than
one year of age were randomly (from the flocks’ registry using a computer-generated list)
selected for sampling from each flock. From each sampled animal, 10 grams of faeces
from the rectum were collected.

2.4. Testing

2.4.1 HEYM method

Faeces were cultured following a slight modification of a protocol described in
recent studies (Greig et al., 1999). Briefly, 1-2 grams of faeces were homogenized for 30
sec in 10 ml of sterile distilled water using a Colworth Stomacher 80 (Seward Medical).
Homogenates were then decontaminated by adding 10 ml of 1.5% hexadecyl pyridinium
chloride (Sigma-Aldrich) and left to stand overnight at room temperature. The resulting
supernatants were centrifuged at 3080 rpm for 20 minutes at 4°C, and each pellet was re-
suspended into 10 ml of sterile distilled water. The centrifugation step was repeated, and
each pellet was re-suspended into 1 ml of sterile distilled water. Suspensions were then
transferred to microcentrifuge tubes and centrifuged at 13,000 rpm 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.

2.4.2 LJ method

Faeces were cultured as described earlier (Whitlock and Rosenberger, 1990).
Briefly, 1-2 grams of faeces were homogenised for 30 sec in 10 ml of sterile distilled
water with a Colworth Stomacher 80 (Seward Medical). The homogenates were
transferred to a fresh tube containing 25 ml of 0.9% Hexadecylpyridinium chloride (HPC,
Sigma) in half strength BHI broth (Oxoid) and allowed to stand at 37°C for 24h. Then,
the supernatants were centrifuged at 1000 g for 30 min and the 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
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tube containing the pellet with the mixture of antibiotics was incubated for 48 h at 37°C.
The prepared sediment was divided in three and ~300 pl (6 drops) was inoculated onto
each of three slopes of LJ solid medium (2 with mycobactin and pyruvate and 1 plain).

2.4.3 Reading of results and confirmation of MAP growth

The inoculated slants were incubated for 6 months at 37°C. A sample was defined
as positive if at least one tube had detectable growth. To confirm the identity of colonies
grown, DNA was extracted and screened for the presence of the MAP-specific insertion
sequence 1S900 (Green et al., 1989). Prior to culturing, samples were divided to two
equal parts and each part was coded differently. Thus, the authors responsible for
culturing and confirmation procedures were unable to cross-reference their results.

2.5. Evaluation of MAP growth and measurement of agreement between HEYM and LJ.

MAP growth was evaluated only for samples that were positive after 30-
week-long incubation. Contaminated samples were excluded. The frequency of MAP
isolates was compared between the methods with the McNemar’s test. Exact weighted
kappas were calculated to determine the agreement between the two methods.

2.6. Bayesian estimation of sensitivity and specificity for HEYM and LJ in sheep and in
goats.

2.6.1 Models and assumptions

We applied latent-class models (Hui and Walter 1980; Vacek 1985; Walter and
Irwig 1988; Enoe et al. 2000) in a Bayesian framework (Johnson et al. 2001; Dendukuri
and Joseph 2001; Branscum et al., 2005). The estimation of Se and Sp for HEYM and LJ
(Serevm, Spreym, Sesand Spy, respectively) in sheep and in goats was based on their
cross-classified results in three subpopulations of sheep and three subpopulations of goats
(for details on the division to sub-populations see below).

To validly use the method, we had to meet three main assumptions. (a) The
diagnostic tests should be conditionally independent of each other, given the true disease
status (Gardner et al., 2000); otherwise, models adjusting for the likely conditional
dependence between the tests should be used (Enoe et al, 2000; Branscum et al., 2005).
(b) The subpopulations should be of different prevalence (P). (c) In these subpopulations,
the Se and Sp of the tests should be constant (Hui and Walter, 1980). These assumptions
were validated as follows:

a. Assumption of conditional independence

We were highly concerned about the assumption of conditional independence
because both tests were based on the same biological principle. Therefore, we considered
the dependence model as proposed by Dendukuri and Joseph (2001) that directly
incorporates the covariance of the Ses (yse) and the Sps (ysp) between the two tests and
the independence model as proposed by Johnson et al. (2001). Both models were
modified accordingly for the analysis of three subpopulations (conditionally independent
and dependent models for the two test/two subpopulation case were recently reviewed by
Branscum et al. (2005)).
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The assumption of conditional independence was assessed in two ways: (i) Under
the dependence model, we estimated ys. and ys, and the corresponding 95% credible
intervals (Crls) and (ii) we estimated the Deviance Information Criterion (DIC) for the
independence and dependence model in sheep and in goats. DIC is given by DIC = Dhat
+ 2 * pD, where Dhat is a point estimate of the deviance and pD is the posterior mean of
the deviance minus the deviance of the posterior means. The model with the smallest DIC
is the model that fits the data best (Spiegelhalter et al., 2002). If estimated Crls included
zero (Gardner et al., 2000) and the difference in the DIC value of the two models was < 2
(Spiegelhalter et al., 2002) the assumption of conditional independence was valid. The
DIC difference between the two models was < 2 (1.8 for sheep and 1.7 for goats with the
dependent model having the smallest value) indicating that they fitted the data equally
well. Furthermore, 95% Crls of yse included zero, suggesting that tests were independent
between infected individuals. Although the left bound of 95% Crls for ys, was equal to
zero, the 5™ percentile of the posterior distribution of vsp Was always > 0.0. This meant
that there was a posterior probability of at least 95% that the tests’ outcomes were
positively correlated among healthy individuals. Hence, a semi-dependent model that
incorporated only ys, was adopted (see appendix).

b. Assumption of difference in prevalence

According to the responsible practising veterinarian, the incidence of chronic
recurring diarrhoea (an indication of clinical paratuberculosis) was<10%, 10-30% (2
flocks) and >30%. Accordingly, three subpopulations of sheep and three subpopulations
of goats were formed in which low, medium and high prevalence of paratuberculosis was
expected.

c. Assumption of constant Se and Sp across subpopulations

To check the validity of the assumption of equal accuracy across subpopulations,
we re-analyzed all possible pairs of sub-populations, effectively running the models three
times for sheep and three times for goats. Each time, the model and prior information
used were identical to the model and the priors used in the three-subpopulation case.
Results from all paired sub-population analyses were consistent with the three-
subpopulation analysis, indicating that the assumption of constant accuracy was valid, in
both sheep and goats.

2.6.2. Quantification of the magnitude of conditional dependence.

Because covariances do not provide a direct measure of the magnitude of
dependence, it is useful to express the covariance as a percentage (Rysp) of the maximal
possible value (Gardner et al., 2000). The maximal possible value for ys, was
M=min(Spreym*(1-SpLy), SpLs*(1-Sprevm)). Median and 95% Crls of Rys, was estimated

by Gibbs sampling as Ry, = %100% .

2.6.3 Parallel interpretation of FC methods

To maximize Se to detect faecal shedding in MAP sub-clinically infected sheep
and goats, we also considered the parallel interpretation of the two FC methods. Under
parallel interpretation an animal was considered positive if positive on at least one FC
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method and negative otherwise. Separ and Sppar Of the parallel-interpretation scheme were
estimated by  Gibbs  sampling as  Separ=1-(1-Sepy)*(1-Seneym) and
SPpar=SPLi*SpHevm*ysp(Gardner et al., 2000).

2.6.4. Prior information and sensitivity analysis

Due to the absence of relevant studies in sheep and goats, we used non-
informative priors for Ses and informative priors for Sps, which were based on published
estimates from dairy cattle. Beta distributions Be (a, b), were used as priors for the
parameters of interest (Ses, Sps, and Ps). The same priors were used for both sheep and
goats. The undisputed high to absolute Sp for FCs (Sockett et al., 1992; Whitlock et al.,
2000; Nielsen et al., 2002) justified the adoption of very informative Sps priors. For both
Sps, the most-probable value was determined to be 0.98, and it was thought to be at least
0.95 with 95% certainty. This corresponded to a Be(100,2). For prevalence priors, the
most-probable values for Ps in the low-, medium-, and high-prevalence subpopulations
were set at 3, 25 and 50%, respectively and we were 95% sure that they should not be
more than 10 and 55% in the low- and medium-prevalence subpopulations and > than
30% in the high-prevalence subpopulations. The corresponding distributions were Be
(2.84, 56.40), Be (3.09, 7.25), and Be (8.11, 7.91), respectively.

To assess the influence of prior information on the estimates of the model
parameters (Joseph et al., 1995; Enoe et al., 2000; Georgiadis et al., 2003; Branscum et
al., 2005) two additional different sets of prior information were considered: (I1) the
abovementioned prevalence priors and uninformative Ses and Sps priors and (I11) wide
prevalence priors, uninformative Ses priors and the abovementioned informative Sps
priors. We used uninformative priors for Sp’s in prior set 1l to check whether our initial
Sp-prior selection severely affected the estimates. Also, because there might be
differences between the true and the assumed prevalences, which were based on the
veterinarian’s classification, we used wider prevalence priors, in prior set 111, to assess the
effect of extra uncertainty on our estimates. For the latter prior set (lll), the low-
prevalence subpopulation’s prior allowed for equal probability of the prevalence over the
range from 0 to 50%, and for medium- and high-prevalence subpopulations, the most-
probable prevalence values were set to 25 and 75% and 95™ and 5" percentiles to 65 and
35%, respectively. These priors correspond to a Be (1,1) truncated over the range from 0
to 50%, Be (2, 4) and Be (4, 2), respectively.

Finally, for the semi-dependent and dependent models, uniform prior distributions
over the ranges of the two covariances were used. The magnitude of the conditional
covariances is directly affected by the magnitude of the Ses and Sps. Hence, the limits for
Yses Ysp were max(-(l-SeHEYM)*(l-SeLJ), - SeHEYM * SeLJ) < 'YSeS min(SeHEYM*(l- Se._J),
Ses*(1- Seneym)) and max(-(1-Spreym)*(1-SpLy), -SPHEYM*SPLI) < Ysp <
MIiN(Spreym™(1-SpLy), SPLi*(1-Sprevm)), respectively (Gardner et al., 2000).

Under every considered set of prior information, assumption (a) was assessed as
previously described. In all cases, the semi-dependent model was selected.

2.6.5. Assessment of convergence

Convergence diagnostics of Markov chain-Monte Carlo (MCMC) sampling are
not foolproof. Therefore, we did a combination of diagnostics plus visual inspection of
the trace plots - as recommended (Best et al., 1996). Standard diagnostic procedures
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(Heidelberger and Welch, 1983; Raftery and Lewis, 1992; Gelman and Rubin 1992)
revealed no convergence problems. We also checked autocorrelations by visual
inspection of the autocorrelation plot for each parameter.

In addition, the results of the Raftery & Lewis method indicated that, in all cases,
analytical summaries of 49,500 iterations after a burn-in phase of 500 iterations were
adequate to obtain, with 95% confidence, parameter estimates of the median, the 2.5 and
97.5™ percentiles with + 0.01 accuracy.

2.6.6. Statistical software

McNemar’s test and weighted kappa were calculated using the statistical package
StatXact, version 4.0.1 for Windows (Cytel Software Corporation, 1999). Significance
was evaluated at the 5% level.

Latent-class models were run in the freeware program WinBUGS (Spiegelhalter
et al., 1996). The same program was used to check the Gelman-Rubin diagnostic and the
autocorrelations. For the Raftery & Lewis and the Heidelberger & Welch methods, we
used the R-CODA (Best et al., 1996), which stands for Convergence Diagnostic and
Output Analysis software. This is a menu-driven set of R-Plus functions which serve as
an output processor for WinBUGS.

3. Results

After 30 weeks of incubation, 32 were contaminated in either or both media.
Eleven out of 173 sheep and 11 out of 195 goats were positive in at least one of the FCs
(Table 2). In sheep, 8 were HEYM positive and 3 were LJ positive. The corresponding
numbers in goats were 8 and 4. Growth was significantly more successful on HEYM than
on LJ (McNemar’s y* =3.86, 1 d.f., p=0.049), with 4.3% apparent prevalence of faecal
excretion on HEYM compared with 1.9% in LJ. Only 1/368 (0.27%) faecal samples was
positive in both cultures. The agreement between the two media was very poor: kappa =
0.062 (95% ClI: -0.098, 0.222).

The Ses and Sps for the single-test situations are in Table 4. Under the prior
information used in the primary analysis (prior set I) the ys, and Rysp, were 0.0017 (O,
0.01) and 16% (0, 81%) in sheep while were 0.0043 (0, 0.02) and 49% (2, 97%) in goats.
For prior set I1, ysp and Rys, were 0.0022 (0, 0.02) and 26% (0, 93%) in sheep and 0.0049
(0, 0.02), 50% (7, 97%) in goats, respectively. For prior set 111, the corresponding values
of ysp and Rysp were 0.0024 (0, 0.01) and 30% (0-94%) in sheep and 0.0078 (0, 0.036)
and 50% (7, 97%) in goats, respectively. Parallel interpretation of the two methods
resulted in Separ and Sppar 0f 15% (3, 45%) and 96% (92, 98%) in sheep. In goats, Separ
and Sppar Were 16% (6, 36%) and 97% (94, 99%), respectively.

4. Discussion

The HEYM method supported growth significantly better than the LJ method.
Contrarily, Juste et al. (1991) reported better growth of sheep and goat isolates on LJ than
HEYM. In dairy cattle, Nielsen et al. (2004) reported higher frequency of MAP isolates
on HEYM than on LJ; their finding was also in contrast to previous findings (Whipple et
al., 1991). In our study the agreement between the two methods was very poor; only one
sample was positive on both media. Poor agreement between HEYM and LJ was also
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recently reported in dairy cattle (Nielsen et al., 2004). Gardner et al. (2000) reported that
the magnitude of kappa in a mixed population of infected and non-infected animals
depends on the prevalence of infection and the Se and Sp of the tests and their
covariances. In our study, although Sps were high and dependent, the Ses were low and
independent — adversely affecting agreement.

Because Se and Sp had low and high true values, respectively, by definition the
range of the conditional covariances, yseand vysp, was small and the Se and Sp estimates
under any considered model were close. That is why DIC (a measure of overall model fit)
indicated that the independent, semi-dependent and dependent models fitted the data
equally well. The ys. suggested that the results of HEYM and LJ were independent for
sub-clinically infected individuals. This is generally not expected for tests based on the
same biological principle (Enoe et al., 2000; Gardner et al., 2000; Toft et al., 2005). The
vsp Was small because both FCs were highly specific, but Rys, indicated that the
magnitude of dependence of the FCs among healthy individuals was moderate to high.
Consequently, it was both biologically and computationally correct to adopt the semi-
dependent model that accounted for dependence of Sps and assumed independence of
Ses.

Se estimates of both FCs were very low. Serc depends on the stage of infection,
which affects faecal-shedding of bacteria (Crossley et al., 2005). In sub-clinically
infected animals the number of bacteria in faeces is low (Reddacliff et al., 2003), and
intermittent and uneven shedding of bacteria occurs (Whittington and Sergeant, 2001). At
a first glance, both Ses seem considerably lower than published estimates in dairy cattle
(Table 1). However, the published estimates of Serc in dairy cattle were actually relative
Se estimates (Sockett et al. 1992, Stabel 1997; Eamens et al., 2000) even to the FC itself
(Whitlock et al., 2000) and overestimated Serc to an unknown extent (Sergeant et al.,
2003). Whitlock et al. (2000) faecally sampled the same group of cattle repeatedly.
When they classified as positive those that were positive in at least one from the series of
FCs, they estimated the Se of the first FC at 42%. This dropped below 25% if FC-
negative animals that had infected tissues when examined at slaughter were considered
infected. Nielsen et al. (2002) recently reported a maximum likelihood Se estimate of
20% for a FC method for sub-clinically infected dairy cattle. Furthermore, we should
also consider the difficulties FC has in sheep and goats in comparison to cattle. Type |
strains appear to have a strong host preference for sheep (Stevenson et al. 2002). Many
ovine strains do not grow well on artificial media (Collins et al., 1990; Juste et al., 1991;
Marsh and Whittington, 2005). Although most caprine strains belong to the cattle (Type
I1) group (Collins et al., 1990; Whipple et al., 1990; Thoresen and Olsaker, 1994; Pavlik
et al., 1995; Cousins et al., 2000), lately, a Type-I11 profile was described (de Juan et al.,
2005) that appears to be intermediate between Type | and Type Il and phenotypically are
slow growing like Type-I strains. The latter strains were from goat flocks neighbouring to
sheep flocks, which was also the case in this study. Possible predominance of Type-I and
-111 strains in Greek dairy sheep and goats, respectively, would further explain the very
low Serc estimate.

Sp of both FCs was always close to unity but not absolute. This small false-
positive fraction reflects either the potential of pass-through of orally ingested organisms
by uninfected animals (Sweeney et al., 1992), or false-positive FC results in high-
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prevalence flocks where the premises are likely to be heavily contaminated (Manning et
al., 2003), or the small yet existent possibility of laboratory contamination.

Tests of independent Ses should be preferred when parallel interpretation of tests
is used to maximize sensitivity (Gardner et al., 2000). In our case, although both tests
were based on the same biological principle, independence of Ses justified parallel
interpretation. In addition, Sp of parallel testing was not seriously compromised because
both Sps were high. The loss in Spyar Was further reduced due to the positive correlation
of the Sps (ysp>0).

Bayesian methodology has the advantage of including prior information about the
parameters to be estimated and provides improved inference if substantive prior
information are available (Joseph et al, 1995; Branscum et al., 2005; Toft et al., 2005).
However, good Bayesian analysis should include a judgement of the importance of the
prior (Joseph et al., 1995; Toft et al., 2005; Branscum et al., 2005). Sensitivity analysis
suggested that our results were moderately dependent on prior information but
qualitatively the same (see table 4). That Sps remained the same when using non-
informative priors (set Il) supported our original Sp prior selection. Moreover,
independence of Ses and dependence of Sps was observed under each considered set of
prior information. Finally, we considered the effect of slight perturbations of the data on
the final inferences to determine the impact on our analysis if the zeros in each
subpopulation had actually been observed to be one. We modified all zeros of each
subpopulation each time and re-analyzed the data. The analysis of the perturbed data had
a minimum impact on the results, which indicated that we could be confident of the
results from the analysis of the observed data (Enoe et al., 2000).

In the dependence model initially proposed by Dendukuri and Joseph (2001) the
lower bound of the conditional covariances was fixed to zero, because negative
correlation between tests outcomes was considered a rare phenomenon. For our models,
we adopted the definition of the limits of the covariances proposed by Gardner et al.
(2000) that allowed for both positive and negative correlation of test outcomes (see
appendix). Doing so, we could separately investigate the significant difference of each
covariance from zero by inspection of its posterior probability. In this way, we selected
the semi-dependent model based not only on a measure of the overall model fit, such as
DIC, but also on the judgement of the importance of each covariance parameter
separately.

We found poor agreement between the results of FC on HEYM and LJ
(kappa=0.062) in sub-clinically infected Greek dairy sheep and goats. Both FCs had very
low Se, which improved by their parallel interpretation. The Sepsr Was 15% and 16% in
sheep and goats, respectively.
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Appendix
The ny observations from population k lead to the data vector for the joint test
results yi=(Y111,Y121,Y211,Y221) Where yiik (Y22k) IS the number of sampled animals from
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population 1 that test positive (negative) on both tests and yiak (Y21x) IS the number of
animals sampled from population k that test positive (negative) on test 1 and negative
(positive) on test 2. The data yk are assumed to have independent multinomial sampling
distribution:

Y ~ multinomial(n,, (Pyycs Pooks Porer Pozi ), K =12,...L

where the multinomial cell probabilities for population k are given by

p =P T,)=7,(Se,Se,) + (1- 7, ) (- Sp,)L-Sp,) +7sp)
P =P, T, ) =7, (Se,(1-Se,)) + (L— 7, )((L—Sp, ) Sp, _73p)
P =P, T,) =7, ((1-Se,)Se,) + 1—7, )(Sp, (1- Sp,) ~7sp)
Py =P, T,) =7 ,(1-Se)1-Se,) +(L—7,)(SP,SP, + 7s,)

with 7, the prevalence in the k™ population.

The two sensitivities (Se; and Se,) and the two specificities (Sp; and Sp,) are
assumed to have independent beta prior distributions. Because prior information about
the covariance often will be absent, one may use uniform prior distribution over the range
of the covariance. The covariance between the test outcomes for the non-infected
subpopulation satisfies max(-(1-Sp1)*(1-Sp2), -Sp1*Sp2) < ysp < MIn(Sp1*(1-Spy),
Sp2*(1-Sp1)), (Gardner et al., 2000).

This is essentially a modification of the model initially proposed by Dendukuri
and Joseph (2001) that (i) incorporates only ys, and (ii) definition of the range for ys,
allows for both negative and positive correlation of test outcomes for uninfected
individuals.
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Table 1. Published estimates of the sensitivity (Se) and specificity (Sp) of various faecal
culture (FC) methods for the diagnosis of paratuberculosis in dairy cattle

Reference Species  Faecal culture
Nielsen et al., 2002 Cattle Se=20-73%
Sp > 98%
Sockett et al., 1992 Cattle Se =45-73%
Sp > 99%
Whitlock et al., 2000 Cattle Se=42%
Sp > 99%
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Table 2. Cross-classified results from faecal samples of 173 Greek dairy sheep and 195
goats, older than one year at sampling in April — May 2002, from four Mycobacterium
avium subsp. paratuberculosis (MAP) sub-clinically infected flocks, that were cultured

on Herrold’s egg-yolk medium (HEYM) and Lowenstein-Jensen medium (LJ).

Assumed prevalence
<10%
10-30%

>30%

HEYM +
HEYM -
HEYM +
HEYM -
HEYM +
HEYM -

Sheep
LJ+

0
2
0
1
0
0

LJ-

6
84
1
52
1
26

L
0
1
1
2
0
0

LJ-

37

86

61
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Table 3. Parameters a and b of the Beta distributions (Be(a,b)) that were used as priors for
the Se and Sp of the HEYM and the LJ method (Seneym, Sprevm, Ser; and Spyy,
respectively) and for the assumed prevalence of paratuberculosis, under the semi-
dependent model in each set of prior information (I, Il and 111)

Prior Set Se or Sp Assumed
a,b prevalence a, b

| Seneym 1,1 <10% 2.84,56.4
SPHEYM 100, 2 10-30% 3.09, 7.25
Sey; 1,1 >30% 8.11,7.91
SpLJ 100, 2

1 Seneym 1,1 <10% 2.84,56.4
SPHEYM 1,1 10-30% 3.09, 7.25
Sey; 1,1 >30% 8.11, 7.91
SpLJ 1,1

i Seneym 1,1 <10% 1,1°
SPHEYM 100, 2 10-30% 2,4
Sey; 1,1 >30% 4,2
SpLJ 100, 2

* truncated over the range from 0 to 0.5
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Table 4. Median and 95% credible intervals (Crls) for the Se and Sp of the HEYM and
the LJ method under the semi-dependent model with prior information sets I, Il and 111.

Prior Sheep Goats
Median 95% Crls Median 95% Crls
I SeHEYM 8 1-37 12 4-30
SPHEYM 97 94-99 99 96-100
Sey 5 0-23 3 0-14
SpLs 99 96-100 98 96-100
I SeHEYM 5 0-26 11 2-28
SPHEYM 94 89-98 98 93-100
Sey 5 0-22 3 0-13
SpLs 98 94-100 97 93-100
Il SeHEYM 11 0-29 9 3-24
SPHEYM 98 95-100 99 96-100
Sey 4 0-14 3 0-12
SpLy 99 96-100 98 95-100
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3. The association of sub-clinical paratuberculosis with the fertility of Greek dairy
ewes and goats varies with parity
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Abstract

Our cross-sectional study investigated the association of sub-clinical Mycobacterium avium
subsp. paratuberculosis (MAP) infection with failing to produce a live offspring the season of
lambing/kidding (November 2001 to January 2002) before testing (in April-May 2002), in four
dairy-sheep and/or goat flocks in Greece (369 animals >1.5-year-old). From each selected animal
10 ml of blood and 10 g of feces from the rectum were obtained. The harvested sera were tested for
antibodies to MAP with a commercial ELISA test kit; the feces were cultured on Herrold’s egg-yolk
medium supplemented with mycobactin J and antibiotics. An animal was considered sub-clinically
infected when found either seropositive or culture positive. The true prevalence of sub-clinically
infected animals, adjusted for the sensitivity and specificity of the parallel testing, was 14% (0.1—
28%) and 35.9% (9.2-62.7%) in sheep and goats, respectively. The association of fertility of sheep
and goats with sub-clinical paratuberculosis was investigated in random-effects logistic models. Sub-
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clinically infected animals (compared to uninfected) had OR for live offspring the previous year of
5.4 for parity <4, OR = 0.05 for parity >6, and a non-significant OR for the middle parity category.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

Ovine paratuberculosis (OP) predominantly results from infection with sheep strains of
Mycobacterium avium subsp. paratuberculosis (MAP) (Whittington et al., 1998, 2000;
Cousins et al., 2000). Caprine paratuberculosis (CP) predominantly results from infection
of goats with cattle-adapted strains of MAP (Cousins et al., 2000; Whittington et al., 2000).
OP and CP cause morbidity, mortality and production losses in flocks and first were
recognized in Greece in 1969 (Leontides et al., 1975).

Perhaps because case definitions and tests differed, the literature on the fertility effects
of MAP in cattle are inconsistent; detrimental effects were found by Merkal et al. (1975),
Buergelt and Duncan (1978), Abbas et al. (1983) and Johnson-Ifearulundu et al. (2000), but
no association was found by DeLisle and Milestone (1989) and McNab et al. (1991a). In
addition to the variable results across diagnostic techniques and case definitions, Nielsen
et al. (2002¢) found a modification of serological results by parity and stage of lactation.

Because there are no studies looking at these in small ruminants we designed this cross-
sectional study. Our purpose was to evaluate the association of MAP-infection with the
delivery of full-term live lambs or kids during the lambing/kidding season before sampling.

2. Materials and methods
2.1. Population under study

Four sheep and goat flocks, with sizes ranging from 250 to 350 animals, were selected
for this study, which was part of a larger study designed to evaluate the role of wildlife in
the epidemiology of paratuberculosis in small ruminants. To fulfil the tasks of the larger
study the owners of these flocks agreed to permit close monitoring (every other day) and
intensive sampling (carried out by two of us, PK and MF) for 2 consecutive years (2001—
2002). All flocks had a history of clinical paratuberculosis and vaccination against MAP
had never been applied. According to the responsible practising veterinarian, the incidence
of chronic recurring diarrhoea, as an indication of the incidence of clinical paratuberculosis
was <10% (one flock), 10-30% (two flocks) and >30% (one flock). Ewes and goats were
of various domestic breeds (e.g. Chios, Karagouniko, Capra prisca) or their crosses; no
flock had a distinct breed pattern. The animals were kept under semi-intensive management
for milk production, which was the primary breeding goal. The farmers selected
replacements among the daughters of high-yielding ewes and goats. The males bought into
the flocks originated from high-yielding animals from other flocks. The general husbandry
of the flocks was similar. The animals grazed on pasture throughout most of the year and
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were additionally fed concentrates. They spent most of the day outside and were moved
into the shed during the night. They were mated to rams or bucks, in an unsupervised
manner, in June—August and delivered from November to January of the following year.
The lambs and kids were weaned 45-60 day after birth; subsequently ewes and goats were
hand-milked. Milking was ceased abruptly when the stockman felt that the milk yield was
so reduced that it did not pay off the milking routine and the extra feeding. In these flocks
the mean lactation length, the average yearly yield and the mean number of live offspring
per bred animal was 180 day, 160 kg and 1.4 lambs/kids, respectively. The annual
replacement risk was 20%, which was the same as the culling risk because the farmers
received subsidies on the basis of flock size.

2.2. Sampling strategy

One hundred clinically healthy animals with no sign of paratuberculosis (chronic or
intermittent diarrhea or loss of weight that was unresponsive to anthelminthic or
antimicrobial treatment) from each flock were randomly selected (from the flocks’ registry
using a computer-generated list) for sampling, after excluding animals that were <1.5
years of age. Given a Type-I error of 5% and Type-II error of 20%, and assuming an intra-
flock correlation coefficient (ICC) for the incidence of animals failing to produce an
offspring of 0.01, the objective was to detect a minimum difference in fertility percentages
between sub-clinically infected and not infected individuals of 15%. This low ICC value,
which measures the among-flock variation, was felt to be valid because the breeding and
nutritional management of the flocks was similar and because there was neither variation in
the control of brucellosis (for a review of the National Brucellosis Control Program see
Minas et al., 2004) nor difference in the seroprevalence of Chlamydophila abortus among
the flocks; the latter two are the leading infectious causes of reproductive failure in Greek
sheep and goats (unpublished data). Using the method described by Campbell et al. (2004),
the required sample size was one hundred animals in each of four clusters leading to a total
of 400. Data from dairy cows suggested that the sensitivity of serological testing was
optimized towards the end of the lactation period while the specificity remained constant
(Nielsen et al., 2002c). Therefore, sampling of the animals was done during April and May
2002. From each sampled animal approximately 10 ml of blood and 10 g of feces from the
rectum were collected. At the same time, individual animal data regarding species, age,
parity and fertility status were also obtained. An animal was recorded as being fertile if it
gave birth to live offspring(s) the previous lambing/kidding season (November 2001 to
January 2002) or being otherwise infertile.

2.3. Testing

Serum samples were tested for antibodies to MAP via the commercial IDEXX ELISA
kit using the manufacturer’s recommended protocol (Sockett et al., 1992). Feces were
cultured following a slight modification of a protocol described in recent studies (Greig
et al., 1999). Briefly, 1-2 g of feces were homogenized for 30-60 min in 10 ml of sterile

' IDEXX Laboratories, Portland, ME.

Institutional Repository - Library & Information Centre - University of Thessaly
11/06/2024 07:19:26 EEST - 3.133.122.126



4 P. Kostoulas et al./Preventive Veterinary Medicine xxx (2006) xxx—xxx

distilled water using a Colworth Stomacher 80 (Seward Medical). Homogenates were then
decontaminated by adding 10 ml of 1.5% hexadecyl pyridinium chloride (Sigma—Aldrich)
and left to stand overnight at room temperature. The resulting supernatants were
centrifuged at 3080 rpm for 20 min at 4 °C, and each pellet was re-suspended into 10 ml of
sterile distilled water. The centrifugation step was repeated, and each pellet was re-
suspended into 1 ml of sterile distilled water. Suspensions were then transferred to
microcentrifuge tubes and centrifuged at 13,000 rpm for 5 min at room temperature. The
pellets were re-suspended in 0.5 ml of sterile distilled water. A sample of 0.1 ml of each
suspension was then inoculated onto two slopes of Herrold’s egg-yolk medium
supplemented with mycobactin J and antibiotics (Becton Dickinson product code:
222233). The cultures were incubated at 37 °C for up to 30 weeks and examined biweekly
for bacterial growth. To confirm the identity of colonies grown, DNA from the colonies was
extracted and screened for the presence of the MAP-specific insertion sequence 1S900
(Green et al., 1989). The author responsible for the bacteriological examination (MF) was
unaware of the results of the serological examination.

Latent-class models, where conditional independence of the test outcomes was assumed
(Nielsen et al., 2002b), were used to determine the Se and Sp of the ELISA (Segysa and
SpeLisa) and of the fecal culture (Serc and Spgc), separately in sheep and goats. The
estimated Segp 1sa, SPELIsA, S€krc and Spgc and the associated 95% credible intervals were
39% (17-67%), 98.5% (94-99%), 19% (5—41%) and 97% (94—99%) in sheep and 64% (43—
83%), 94% (89-97%), 11% (4-21%) and 98% (95-99%) in goats, respectively. The
estimates were obtained by a Bayesian method (Johnson et al., 2001). The same priors, which
were derived from the literature summarized in Table 1, were used for both species. Because
the literature regarding Se was inconsistent, a non-informative uniform prior distribution on
the range from O to 1 was chosen for tests’ Se. Informative priors (in the form of beta
distributions, Be(a,b)) were chosen for Sp because the literature consistently agreed that Sp of
the methods was high for cattle, sheep and goats. Based on the available literature for cattle,
sheep and goats (Table 1), the most probable value of Spgy 154 Was determined to be 0.95,
while we were 95% sure that it was more than 0.90. The Be with mode 0.95 and 5th percentile
0.90 is Be(100,5.5). The most probable value of Spgc was 0.98, and it was thought to be at
least 0.95 with 95% certainty. This corresponded to a Be(100,2).

2.4. Statistical analysis

An animal was considered sub-clinically infected when found either seropositive or
culture positive. Rogan—Gladen estimates of the true prevalence (TP) of sub-clinically
infected animals were calculated separately for sheep and goats using the observed
prevalence of sub-clinically infected animals (AP) and the sensitivity (Se,) and specificity
(Spyp) of the parallel testing by the equation TP = (AP + Sp,, — 1)/(Se, + Sp, — 1) (Rogan
and Gladen, 1978). The Se, and Sp, of the parallel testing, assuming conditional
independence of the Se and Sp of the tests used, were estimated as:
Sep=1— (1 — Segrisa) X (1 — Segc) and Sp, = Spgrisa X Sprc (Gardner et al., 2000).

The animal was the unit of concern. Because of the contagious nature of OP and CP and
reported associations with management and nutritional factors (Lugton, 2004) and
therefore, the likely positive correlation in the diagnostic results of animals from the same
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Table 1
Published estimates of the sensitivity (Se) and specificity (Sp) of the serum ELISA and the fecal culture (FC) for
the diagnosis of Mycobacterium avium subspecies paratuberculosis (MAP) infection in cattle, sheep and goats

Reference Species ELISA FC
Collins et al. (1991), Ridge et al. (1991), Cattle Se ~ 45% -
McNab et al. (1991b) Sp > 90% -
Nielsen et al. (2002b) Cattle Se =27-86%, Se =20-73%
Sp =55-98% Sp > 98%
Sockett et al. (1992) Cattle Se =47-65% Se =45-73%
- Sp > 99%
Sweeney et al. (1995) Cattle Se = 15-87% -
Whitlock et al. (2000) Cattle Se = 15-75% Se =42%
- Sp > 99%
Sergeant et al. (2003) Sheep Se =25-73%; 10-47% -
Sp > 95% -
Whittington et al. (2003), Hilbink et al. (1994) Sheep - -
Sp > 97% -
Hope et al. (2000) Sheep Se =35-54% -
Sp =98.2-99.5% -
Dubash et al. (1995) Sheep Se =48% -
Sp=95% -
Rajukumar et al. (2001) Goats Se > 75% -
Sp > 90% -
Molina et al. (1991) Goats Se > 85% -
Sp > 93% -

flock there was a priori concern for variability in the AP —and hence the TP — proportions in
excess of the binomial variance. Thus, we estimated the intra-flock correlation coefficient
(ICC) and evaluated its significance at the 5% level as proposed by Lui (2004). We
estimated, subsequently, a variance-inflation factor (VIF), based on the significant ICC,
with the following formula: VIF = m,[1 + ICC(m; — 1)]/m., where m; is the ith flock
sample size and m. =Y _;m;, and multiplied the VIF with the simple binomial variance to
obtain the ad]usted varlance VAR 5p for AP and calculated the 95% confidence interval as
AP + 1.96 x VARY AP (Lui, 2004). The adjusted variance of TP was estimated as
VARtp = VAR pp/J* where J = Spp + Sep, — 1. The 95% confidence for TP was calculated
as TP £ 1.96 x VARTé, (Greiner and Gardner, 2000).

The association between fertility and sub-clinical MAP-infection was modeled using
the GLIMMIX macro in SAS™. The data were hierarchically structured, meaning that one
would expect that the variation between flocks was larger than the variation within flocks.
Therefore, multi-level logistic regression models with flock as random-effect term were
fitted. The outcome of interest was the fertility status of each animal. Initially, each fixed-
effect variable was offered to the model one by one. Age and parity were highly correlated
(r=0.9, P < 0.001) and the least significant of them (age) was not further considered. The
validity of the assumption of linearity of parity in the logit scale was graphically assessed as
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proposed by Hosmer and Lemeshow (1989). The effect of animal species was non-
significant. Then, the variables that were significant at P = 25% (parity and sub-clinical
infection) in the initial screening were simultaneously offered to the model. Their first-
order interaction was included and tested for significance (P < 0.05) with the likelihood-
ratio (LR) test. It was significant and was retained in the model. To improve the
interpretability of this model without compromising its fit to the data we investigated the
results from a series of CONTRAST statements at every parity value. Based on these,
parity was categorized into three groups with the first including animals in parities 1-3, the
second animals in parities 4-6 and the last animals in parities >6 and the model was re-
fitted. The fit of this model was not significantly different from the one with parity as
continuous variable (LR x? 2 d.f. = 2.3, P = 0.3). The fit of the final model to the data was
checked by evaluating whether the ratio between the Pearson’s Chi-square statistic and the
model’s degrees of freedom was close to 1 (Witte et al., 2000). Odds ratios and 95%
confidence intervals for each parity group were obtained using the appropriate ESTIMATE
statements.

Lastly, the adjusted attributable fraction, which is interpreted as the proportion by which
the prevalence of animals failing to produce live offsprings is reduced if the whole
population is hypothesized to attain the same risk of disease as the animals without sub-
clinical paratuberculosis, and its respective 95% confidence interval was estimated as
described by Lui (2001, 2004).

3. Results

Parity data were not recorded for 31 animals that were recently purchased by the
producers. These animals were excluded from the analysis. Eighteen of 173 sheep and 58/
196 goats were sub-clinically infected. In sheep, eight were only FC positive, nine were
only ELISA positive and one was positive in both tests. In goats, 7 were only FC positive,
49 were only ELISA positive and 2 were positive in both tests. Thirty-three sheep and 34
goats failed to produce a live offspring the season before sampling.

The observed prevalence of sub-clinically infected animals was 10.4% (95% CI: 3.6—
17.2%) and 29.7% (13.6-45.6%) in sheep and goats, respectively. The observed
distribution of sub-clinically infected and not infected animals by parity is in Table 2. Se,

Table 2
The sub-clinically MAP-infected and not-infected Greek dairy sheep and goats from four flocks in April-May
2002 by live lambing/kidding in the previous season (November 2001 to January 2002)

Lambed or kidded the Parity Total number % Sub-clinically
previous season of animals infected
Yes <4 138 23.2
4-6 111 20.7
>6 53 20.7
No <4 41 73
4-6 21 14.3
>6 5 80.0
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Table 3
The logistic regression model of the association between producing a live offspring in the previous season
(yes = code 1 vs. no offspring = code 0) and sub-clinical MAP-infection in Greek dairy sheep and goats

Parity Sub-clinical infection Odds ratio 95% CI P-value
<4 No 1 -

Yes 5.4 1.5-13.3 0.007
4-6 No 1 -

Yes 1.2 0.3-4.5 0.80
>6 No 1 -

Yes 0.05 0.007-0.4 0.004

Pearson’s Chi-square = 338, d.f. = 358.

and Sp, were calculated as 51 and 96% in sheep and 68 and 92% in goats, respectively. The
true prevalence of sub-clinically infected animals was estimated as 14% (0.1-28%) and
35.9% (9.2-62.7%) in sheep and goats, respectively.

The fertility of sheep and goats was associated with sub-clinical paratuberculosis but the
effect was modified by parity. The ICC was 0.1 and the random-effect term was significant
(LR x> 3 d.f. =88, P < 0.0001). In Table 3 the final model is summarized. Animals of low
parity (parity <4) were more likely to be fertile when sub-clinically infected than non-
infected. Animals of parities >6 were more likely to fail to produce a live offspring when
sub-clinically infected than non-infected. If the latter animals were not infected, one should
have expected 19% (13.5-65.4%) more live births from this age group in the lambing/
kidding season before sampling.

4. Discussion

This study was part of a larger study aiming to identify whether there is a key-role of
wildlife, interfacing with farmed small ruminants, in the epidemiology of paratuberculosis
(European Union Contract Number QLK2-CT-2001-00879). To this end, four flocks with
clinical disease, which was diagnostically verified before the beginning of the study, were
intensively monitored for 2 years. The flock-owners were informed on 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 in 2001 and 2002. The monitoring did not interfere with the routine
management or affected management decision in any way, but the quality of the data
recorded and analyzed in this paper was high. The semi-intensive management of these
flocks was similar to that of the majority of Greek sheep and goat flocks. We have,
therefore, no grounds to believe that our results cannot be generalized to the largest
proportion of the Greek population of small ruminants.

The Rogan—Gladen estimates of the true prevalence of sub-clinically infected animals
were considerably higher than the observed prevalences. This was expected because both
serology and culture have high Sp but lack Se in sub-clinically infected dairy ewes and
goats (Kostoulas et al., unpublished data). Our definition of sub-clinically infected animals
included the parallel interpretation of the results of two tests that measure two different and
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independent characteristics of the infection with MAP, fecal shedding of MAP and humoral
response (primarily IgG1 and IgG2) to MAP (Whittington and Sergeant, 2001). Their
concurrent use was recently advocated to improve the diagnostic sensitivity of the testing
procedure in moderately infected cow-populations (Nielsen, 2002a). There are biologic
grounds to explain the lack of Se of either test and the subsequent lack of Se of the parallel
interpretation. Animals with culture-positive results were assumed to be infected and
incubating clinical disease; this assumption usually but not always is valid because there
might exist rare cases of bacteria passing through the gastro-intestinal tract of uninfected
animals (Sweeney et al., 1992). Shedding of MAP, however, from sub-clinically infected
animals is intermittent and, at least in cattle, the organism can be unevenly distributed
within the feces, contributing to false-negative cultures or the perception that shedding is
intermittent (Whittington and Sergeant, 2001). The biologic grounds for the ELISA
shortcomings are based on the pathogenetic and immunological paradigm which states that
upon infection through oral uptake of MAP, the bacteria are taken up in the ileum by M-
cells and transferred to sub- and intra-epithelial macrophages (Momotani et al., 1988).
With the phagocytosis of the bacteria by macrophages two main immunological responses
can occur: the cell-mediated Tyl-lymphocyte dominated reaction or the humoral Ty2-
lymphocyte dominated reaction (Waters, 2001; Nielsen, 2002a). The two types of immune
responses are essentially in an equilibrium in which the factors determining dominance are
not quite understood. Initially, the cell-mediated immune reaction dominates and the
immune system is able to control the infection, keeping the number of MAP, if not
eliminated, at a low level in the infected animal (Schorey et al., 1997). During the cell-
mediated immune response the humoral response with production of antibodies is
depressed (Chiodini, 1996). The events leading to the shift from the Tyl- to the Ty2-
lymphocyte dominance are largely unknown, but it is generally thought that once Ty2-
dominance has occurred, the reaction does not reverse again (Waters, 2001). With Ty2-
dominance, lesions which initially were confined to ileal Peyer’s patches progress to
diffuse granulomatous enteritis with marked thickening of the intestine and many
mycobacteria in the macrophages in the granulomas (Perez et al., 1996; Corpa et al., 2000).
The timing of the shift in the type of the immunological response is unknown. Also
unknown is the age-related susceptibility to MAP-infection of sheep and goats since it has
not been investigated thoroughly in species other than cattle (Chiodini and Davis, 1993;
Wyatt et al., 1994). All of the above suggest misclassification of infected animals as
uninfected ones. We believe that this inaccuracy would have been random across fertility
status. Such random misclassification reduces the precision of the analytical results and
consequently the strength of the observed associations is diminished.

The finding that young animals, of parities <4, are more likely to be fertile when sub-
clinically infected than non-infected appears, at first glance, difficult to explain. Infection
with MAP can be easy to establish with low doses (Sweeney et al., 1992; Whittington and
Sergeant, 2001) and most young animals in a contaminated environment develop an
intestinal infection. Depending on factors including dose, the young animals either clear
this infection or develop persistent intestinal infection with minimal histological reaction.
Immune regulation during pregnancy, as a means of not rejecting the embryo, seems to
favor proliferation of infection and seroconversion of animals that got infected when still
very young. Luppi (2003), who reviewed the immune mechanisms during pregnancy in
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humans, reported suppression of T-cell activity during pregnancy to be the basis of the
increased susceptibility to viral infections and to specific intracellular pathogens, such as
Listeria, that survive phagocytosis by monocytes. Conversely, B-cell function and antibody
production to vaccinations were normal during pregnancy. These suggest that the maternal
immune system, when activated, is more likely to respond with antibody and less likely to
respond with activated T-cells. In line with these, Avelino et al. (2003) found that
pregnancy was a risk factor for acute toxoplasmosis seroconversion, another important
intracellular pathogen in human medicine. Entrican (2002) extensively reviewed the
immune regulation mechanisms during pregnancy and the host—pathogen interactions in
animals. He concluded that progesterone favors the development of Ty2-lymphocytes.
Moreover, Feola et al. (1999) found that prolactin and growth hormone diminish the ability
of bovine macrophages to control intracellular MAP growth in vitro, the effect being
greater when the hormones were removed after 5 days of culture. Consequently, one may
assume that fluctuations in circulating levels of these hormones occurring during
parturition and lactation might make phagocytes permissive for the intracellular growth of
MAP. In support of this assumption, the last authors observed increased intracellular
multiplication of MAP in vitro in monocytes taken from a cow during the periparturient
period.

Culling sheep at a younger age might be one way to reduce losses due to OP through
lesser contamination of pastures and by truncation of the opportunity for disease
expression in older animals (Sergeant and Whittington, 2000). In an Australian cross-
sectional study of factors associated with the incidence of clinical OP, delayed culling of
aged animals was associated with higher incidence of death due to OP (Lugton, 2004).
However, culling at an older age is rarely practiced where there is difficulty producing flock
replacements or an excess of young sheep are culled. Because the studied flocks were
affected with clinical paratuberculosis for many years, the farmers were experienced and
well able to recognize affected animals that were prematurely slaughtered and retained in
the flock older animals to keep the total flock size fairly stable. This practice might have
introduced a selection bias that affected our potential for demonstrating an association
between infection and fertility in medium-parity animals.

Animals sub-clinically infected might be at an increased risk of being in negative
energy balance due to reduced intestinal absorption of nutrients. The granulomatous
enteritis and mucosal thickening that are characteristic of paratuberculosis result in a
malabsorption syndrome with a protein losing enteropathy (Kreeger, 1991). It has not
been determined whether the intestinal lesions in the sub-clinically infected animal reduce
intestinal function sufficiently to cause a negative energy balance. Nonetheless, cows that
have even a mild reduction in the intestinal function due to sub-clinical enteritis are at an
increased risk of severe negative energy balance during the early post-partum to peak-
lactation period (Johnson-Ifearulundu et al., 2000). In early post-partum cows, milk
production takes priority over reproduction (Lucy et al., 1992). These factors eventually
lead to a prolonged anovulatory period and hence into delayed ovarian resumption (Beam
and Butler, 1997; Stagg et al., 1998; Roche and Diskin, 2001). In sheep and goats the
typical period of risk for negative energy balance, the early post-partum period, coincides
with the anestrous season and therefore no direct effect on reproductive indices should be
expected. However, they lose body condition near the end of lactation—despite
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supplements. After drying-off, the animals are moved to natural pastures. The breeding
season commences at late June when vegetation is poor due to the hot and dry Greek
summer. It can be, therefore, hypothesized that when at pastures, the consumed energy has
to be split between physical activity and maintenance. This might expose the animals to a
negative energy balance condition (even mild), which is further exacerbated by the MAP-
caused malabsorption.

The cross-sectional nature of the study design could not ensure that the animals failing
to produce offspring were indeed infected prior to the time for which their fertility was
assessed. However, the short period between the breeding season and testing and the known
long incubation before serological reaction to or shedding of MAP makes this assumption
plausible. The results from this study can be used as a basis for developing more focused
research aimed at clarifying the causal relationships. Parity seems to be an important effect
modifier of the relation between fertility and sub-clinical paratuberculosis in dairy ewes
and goats and has to be taken into account in the interpretation of this association. Parity
modifies the relationship between seropositivity to MAP and the shape of lactation curves
in dairy cows (Nielsen et al., 2002c; Kudahl et al., 2004).

5. Conclusion

Our results indicate that parity modifies the association between sub-clinical MAP-
infection and live lambing/kidding. There are biological grounds to support these findings.
The distribution of parity should be accounted for when interpreting associations between
sub-clinical MAP-infection and reproduction indices of sheep or goat flocks.
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