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YNOWH

v napovoa datpiPry, 13 detypata ta omoia amopovebnkav amo vyu)
epPoAtaopéva  dropa KAt daropa  pe  epPoAloocvvOsOpevy)  MAPAALTIKI)
nohopoelitida (VAPP) katd mv xpovikn) nepiodo 1978-2001, peletr)Onkav yia
v napovota petaldleov oe éva tpnpa g 5-NCR meproxng xat oe
ohNoxAnpn 1 VP1 meproxr). O yevotomog twv 13 KAWK®V  Otedexmv
poodopiotnke &g Sabin 1 yia dvo amd avtd kat g Sabin 2 yia évieka ano
avta peo® RFLP avdivong omyv 5-NCR meproyr). Emurhéov oAa ta tika
otedéxn xapaxtmpiomkav g OPV-like 1ot kabwg epgpdavicav < 1 % mooooto
arokAong oty VP1 mepoxr) amd ta avtiototya npotond epuPoAakd oteAéx).
Ta anoteAéopata g ovykekpipevng peAetng detyvoov 0Tt 1) aAAnlovyon Tov
5-NCR kat VP1 meploxov eivat onpavrtiky yua TV HOPLAKI) d1ayvwor Tov
nolwiov. H avalvon avtov tov neployev deiyvet ott epPoliocovdeopevor
nohwoiot etvatr dvvatov va efehiyfovv oe petadoolpa KAt POADOPATIKA
naboyova péom Tng oLOOWPELONG PETANASE®Y TOOO Ot OOHIKA OTOLXEld Trg
VP1 (avtiyovikeg Beoetg, reployr) mpoodeong ToL KOTTAPIKOL DITOdOYEM) OO0 Kat
oe kabopioteg g e§aobevnong Tov Sabin epPolakmv otedeywv otig 5-NCR
kat VP1 neproyég. Emum\éov, oopmepatvetrat ott dev elvatl onpaviiko povo to
mooooto  amoxAong otv VPl mepoxr) aMd kopiog ot 0éoelg oOmov
evrormiovtat ot petaradelg. O xapakt)plopog epBoAloovvOeOpeVOVY TTOAOTOV
oo PaoiCetat otig 5-NCR xat VP1 alnlovyieg Oa pmopovoe va Owmoet
emmAéoV IANPo@opieg 60OV APopd TV eEAISH T®V OTEAEXDY ALTAOV.

Emuéov, emyeiprifnke 1 ovoxetion petaldie®v KAt avacvovOvaopmv pe
MV KT avantodng epPoliooovdedpevav moAoiov. Ia 1o okomod avto
pedetiOnkav 14 1ikda otelexn €K TV omolmv 6 KA OteAéxn épepav amlovg
avaoovOuaopong, 6 KA OteexT) €pepav OUINOLG avaoLVOLAOHOVS KAt VO
KA oteAéyn ta omota dev épepav avacvvdvacpod. O gaivotonog avdamntodng
TV epPoAtoovvieopeveoy HOMOI®V mpoodlopiotnke ot OLO OLAPOPETIKEG
Oeppoxkpaoteg (37°C xkat 40°C) yprnotponowwvtag 6vo Otagopetikeg pedodong
Kat ooykpifnke pe v avdmrodn t®v avilioTtoly®Vv HIPOTLH®V ERPOAAK®V
otedexov (Sabin 1, Sabin 2, Sabin 3). XZvykekpipéva ot pédodot 1oL
xpnowpornoudnkav fnrav: i) 1o RCT teot (Reproductive Capacity at different

Temperatures) 1o omoio opiletat g 1 dra@opd, HeTd Ao eN®AOT 5 NHEPDV,
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avdapeoa oto logi Tov tikov tithov mov ekppaletat oe TCIDsy (50% tissue
culture infective dose) ava ml, omyv eovoixkny (37°C) xat otn pn €ovoik)
Oeppoxkpaoctia (40°C) ywa v Uik avarnapaymyt) Kat ii) 1 kapmoAn avdmrtodng
evog otadiov (one-step growth curve test) n omoia mapovoialet v tikn
avarrrodn katd mv ddapkela tov npatev 12 opmv otovg 37°C kat 40°C peta
v polovorn xkottapwv pe 10 MOI (Multiplicity Of Infection) 13 10 TCIDso/ cell.
Zopmepaopatikd, ota Sabin 2 epPoAtoovvdeopeva  oteNéxn pe  amlo
avaoovooaopod tomoo S2/S1, 1n petaMaln oto katalouro 143 g VP1
IP®TEIVNG €DVOEL ONUAVTIKA TNV UKL AVAIITOSH Kat MBavov Ty avaotpogr)
IPOog VvV vevpopolvopatikotta. H petd\Aadn avtr) €xet ooyva napatnpndet
oe Sabin 2 epPoAioovvOeopeva otehexn Mmov amopovebnkav amo datopa pe
VAPP. Zta Sabin 3 eppoAtoovovoeopeva oteAéyn, o avaocovOuaopog tov Sabin 3
epPoAtaxod oteheéxovg pe Tta oteAéyn Sabin 1 1) Sabin 2 xat 1 amoktnon
yevopkng dourg S3/S1 1) S3/S2 evvoel v tikn) avamtodn kat mbavov v
avaotpo@r) IPog TV VEDPOHOADOPATIKOTTA. AVTI| 1] IIAPTIPN O £PXETAL 08
ovpgavia pe to yeyovog ott S3/SX avaocovOvaopeva otehéxn éxoov ooxvda
aropovebel amd dropa pe VAPP. EmuiAéov, n mapovoia tov Sabin 1
eppPoAtaxod  otedéxoog oto 3 akpo OuwWAAd  avacvvOLACHEV®V
epPoAtoovvOedpevav moAoimv (S3/52/S1) eovoet Vv 1ikr] avamtodn KAt my
avaotpo@r) ToLG IIPOG VEDPOHOADOPATIKA. ADTO OLUPPWVEL PE TO yeEyovog OTL
Sabin 2 xat Sabin 3 avaovvOvaopeva otehéyn éxovv amopovmbel ooxvd amo
atopa pe VAPP eve kavéva amno ta Sabin 1 otehéyn nov anopovednkav amd
atopa pe VAPP dev Bpebnkav avaovvdvaopeva. To yeyovog avto mbavov
oxetiCetat pe v avinpévn appootikotnta tv SX/S1 avacvovdvaopévev
otedexav évavit v S1/SX otedexav. Avtifeta ta duhd avaocvvdvaopéva
otehexn S3/52/S3 xat S1/S3/S2 ep@avioav mapopold KIvNnTikl] avAamntodng pe
ta mpotora epPolakd oteAéyn. O éleyxog g Oeppoevatctnoiag kot 1
KWITIKT] PEAETT] T®V epBOAOOLDVOOHEV®DVY OTEAeEX®V TIOAOTOV (pe armmhodg Kat
pe Ourhovg avaovvdvaopovg) €deife Ott tO00 o1 petaladelg 6oo kat o
avaovvOuAaoHOg PIIOPOVV VA EMNPEACOVY TIG PAIVOTDLIILKEG TODG 1O10THTEG KAl
va o01y1)00LV OTNV AVACTPO@PI) IIPOG VEDPOROALOPATIKA oteAéxT). EmurAéov, o
avaoovOLaopoOg EMITPENEL €lTe TNV OLOOWPELON AVAOTPOP®V ot 0Oeoelg

kabopiotég g eSaotiéviong kat tng Beppoevatotnotag oe éva 1iko yévopa eite

Institutional Repository - Library & Information Centre - University of Thessaly
18/05/2024 14:33:52 EEST - 18.223.170.38



Vv e§dalenyn) karnowwv kaboprotav eSaobéviong xat Oeppoevatotnoiag amno éva
KO YEVOHAL.

IMapdaMnAa npaypatonouw|fnke é\eyxog Tov enmuredov avooiag ATtOp®V
nAikiag 1-40 etov evavtt Tov mpotonmv epPoAtaxkav otedexov (Sabin 1, Sabin 2
kat Sabin 3) xkat puag ooMoyrg 15 avaoovdvaopéveov kat 4 pn-
avaoovooaopeveoyv  eppfoAtoovvdedpevav  moAwimv  pe T pebodo  Tng
0poeovdeTépwong. Aev mmapatnprfnkKav OnNpAavIkeg Olagopég otovg TLITAODG
TOV AVTIOOPATOV TG NAKLakrg opddag 1-40 évavtt tav epPoAioovvieopeveov
HOAOi®V 0 OLYKPON pe Ta Ipotonda epPoAtaxda oteAéyn. ESaipeon amotédecav
dvo Sabin 1 epPoAioovvdeopeva OTeAéXT) HE TO IIPMTO VA PEPEL AVACLVOLAOPO
tomov S1/S3/S2 xat 1o devtepo va eival pn-avaoovvovaopevo. Kat otoog tpetg
0POTLITOVG OALOI®V, Ol DYNHAOTEPOL TITAOL AVTICOUAT®V IIapatnpronkav otnv
nAwtaxn) opdada 1-10 eved o xapnAotepog TiTAOg avIo®OPaTeOV mapatnpronke
omv nhakyy opada 21-30 evavit t@v moAwimv opotomov 3. Tevika 1)
OPOAOYIKI] KATAOTAON TOL IANOLOHOL elval KAADTEPT] Yl TOLG ITOALOTODG
wnov 1 xat 2 amd ot ywa Tovg moAwolovg tomov 3. H mapovoia tov
XApnAOTeEPOL TITAOL AVTIOOUAT®V OtV NAKlaky opdda 21-30 évavit tev
HoAoi®Vv TOrov 3 delyvel TNV AVAYKAOTHTA Yld A €VIOYOTIKY) 0001 He TO
povoobeveg Sabin 3 epfoAlakd otéheyog wote va OLAOPANIOTEL 1) ATOHIKI) KAt 1)
OLANOYKT| avootid.

H avamtodn plag multiplex RT-PCR pefodov ywa myv tavtomnoinon tov
ooviifov Ttonwv avacovdvaopod otg 2C kat 3D yevopwkég meploxég
epPoAtoovvOedpevov TOAOIOV emrtedXOnke emiong oty mapovoa datpiPr).
Avo multiplex PCR avtidpdaoeig xpnotponou)dnxkav yia v TavTtonoinon tov
oovifwov Tonev avacvvdvaopov S3/SX (SX: S2 1) S1) xat S2/SX (SX: S3 1) S1)
otig 2C xat 3D, avtiotoya, yevopikég meploxeg e BoAl000VOeOEV®OV TTONOTMV.
Evteka epPoitoovvdedpeva oteAéxn moAoimv pe avaoovOvaopovg otlg 2C
1/ xat 3D yevopikeg eployég Tovg Yproponoudnkav g fetikol paptopeg yia
mv aSoloynon teov multiplex PCR avtidpdoswv. Emuhéov ot multiplex PCR
avtopaoelg epappoodnkav oe Tpia epPfoAtooovoeopeva oteAéxn) IOAOTOV Ta
ornota amopovobnkav amd to mepiPallov, yla tov éAeyxo Tng Iapovoiag
avaoovovaopmv otig 2C xat 3D yeveopkég meploxég tong. Ot multiplex PCR
avtdpdoelg emPePaimoav OAovg tovg TOIOLG avaocvvovaopoL S3/SX xkat

52/SX otig 2C xat 3D, avtiotolya, meploxeg TV Detikmv paptopov. Enuriéoy,
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¢0elav v napovoia avaocvvovaopov tomov S3/S2 oy 2C neployry oe dvo
arnd ta neptpallovtika otedexn kKabwg KAt v mapovoid avacvuvovuaopov
torov S2/S1 oty 3D meproxr) evog otehexovs. H aAnlovyion g 2C-3'NCR
YEVOHIKIG MEPLOXNG T®V TPV MEPIPAAOVTIK®V OTeAex®Vv emPePainoe Tovg
avaocvbvovaopovg rov tavtonou)dnkav peom Twv multiplex PCR avtidpaocemv
Kat €0ete TNV mapovoia evog emukeéov avacvvovaopov otmyv 24, 3C 13 3D
neploxr] tovg. Emumhéov o éleyyog g evaiobnoiag towv multiplex PCR
avtopaoewv éptace oto eminmedo tov 1 TCIDs/0.1 ml. H tavtonoinon
avaoovOuaopevev epoAloouvOeOEV®OY TTOAOTOV KPLVETAL ONPAVTIKI) O Pl
eroyn eKpif@ong TV MOA0I®V aypiov TOIIOL KAl Aavtikatdotaong tov OPV
(Oral Poliovirus Vaccine) ano to IPV eppoAio (Inactivated Poliovirus Vaccine).
Téhog, emyelprifnke n aviyveoon vopoimv, ot omoiot eivat vrevbovotr yia
>90% TV emONM®V yaoTpevIepiTdag pIn-PaAKTHPLAKIG IIPOEAEDOLG, 08 KALVIKA
kat neptpalovtika Oetypata. H aviyvevon Oetikov yia vopoiodg KAWVIK®V
detypatov (dvo amd Ta 8 ocvvolwka detypata) emétpeye TtV alnlodyilon
MEPLOX MV TOL YOVIOIMHATOG TOVG KAl TV PETENELTA XPOI) TOV AIIOTEAEOPATOV
MG aAANAODLY10NG Yld TOV OXEOIAOHO VEMV EKKIVI|TIK®OV HOPI®V IIPOKELIEVOD
va emtevyPet 1) aAAnAoovyion oAOKANpov Tov yovidtopatog. Tehwda emrevyOnke
1 aAnloovxion puag meploxng 1 omoia mephapPaver to 3 dakpo tov ORI,
oAOoxAnpo to ORF2 kat 1o 5 axpo tov ORF3 evog otedexovg (A6) 1o omoio
anopovednke amo Ta KoIpava atopov pe yaotpeviepitida. Emumieov, amo ta 8
neptPallovtikd detypata mov avalvdnkav, tpia npoikoyav Oetikd yua myv
IIAPOVOLA VOPOImV He MPOoEAeDOT) TOVG BroAdoyikovg kabapiopoog g Adpoag,
tov Tpwd\ov kat tov Ieavvivev. Enuréov, mapd mv epappoyr] OAov tov
EKKIVITIKOV poplav (VEmV Kat 1101 vnapxoviov aro v PipAoypagia) tehika
emted)Onke 1 aAAnAovyon pag HOVo PKprg yevopikng meptoxr|s (280-700 bp)
oe kdbe éva amo ta tpla mepitPaloviika detypata xat oto devtepo Betkod
KAWVIKO detypa. Axkolovbnoe @uAOyeVeTIKr) avAADOL TOL KAWVIKOD OTEAEYOLG
Ab6. Kataoxkevdotmkav tpla @oloyevetikd 0vtpa, éva yid Kabe avayvmoTtiko
m\aioto (ORF1, ORF2, ORF3) tov yevopatog. Kat ota tpia goloyevetika
d¢vtpa to otéAexog A6 opadormoteitat pe otehexn amno v GeneBank ta omoia
avrkoovv oty yevetikr] opada GII eve eivatr adloonpeioto To yeyovog 0Tt To
otéexog A6 oxnpartifet vIIOOPAdA PE OLAPOPETIKA OTEAEXT] OTA PUAOYEVETIKA

towv ORF1 xat ORF2. Xvykekpipéva, oto Oévipo too ORF1 oxnpartiet
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vroopdoa pe éva oteAexog Mmov aropovadnke amd TV meploxr) tg OLTIKIG
Zoonotag eve oto devrpo tov ORF2 oxnuatifet vmoopdda pe eva otéeyog arno
v neploxt) g lanwviag. To yeyovog avtod amotelel évdelln avaoovovaopod
otV neploxr] évoong petadd twv ORF1 xat ORF2 yeyovog oo oopgmvetl pe
VvV mapatpnon ott ot vopoiot avaocvvovalovtat oe avtr) v meptoxn. H
PKp1 Ieploxr] aAANAOLX101G TOV LVIONOUIOV OTEAeX®V Oev eméTpeye TNV
KATaokevr] @uAoyevetkov Odevipwv. H alnlovoylon oco 1o Ovvartov
[IEPLOCOTEPMDYV  VEVOHIKOV — TEPOXDV  TOV  VOPOIK®Y  OTEAEXDV IOV
AIIOPOVOVOVTAL KPIVETAl dAIAPAitT] IIPOKEWPEVOD Vva  elval  eQlKTEg

(PLAOYEVETIKEG KA EMONPIIONOYIKEG PENETEG.
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EYXAPIZTIEZ

Apywa, Ba nfea va evyapiotrjon tov kabnyntr) Znon Mapovpr), kabwg xat v
avanm\npotpta kabnyrnrpia Zrapativa AgfrdiwTov-ZTe@avon, ot ooiot pe Tipnoav
ODHHETEXOVTAG OTNV TPHEAT] OOPPOLAELTIKT) emmttpomnt) avtrg g datpifPrg. Emiong
Oa rfeha va evyaplotrjon tovg kabnyntég Anurtpo Koopeta xat Nwkohao Karr),
tov avan\npwt) kadnynt Anpntpro Kopwotn xat tov Aéktopa Anprjtpro Mooiwalo
Y1d T1) OOPPETOXT] TOLG OTNV eIrtapeNr] eSeTaAOTIKY) EMTPOIIL).

Eva dwattepo eoyapiot® otov dwddaktopa Evdyyelo Aedeyidn yia tig yvaoelg,
myv xabodnynon kot v moAvtipn Porjfeia xat ompln katd Tty Oidpkela
EKTIOVIONG TOOO TG ITOXLAKI|G EPYAOLAg 000 Kat TG O1OAKTOPIKNG oL  dtatpPr|c.
Eva Beppo evxapiote oty vrnoyrgra dwaxtopa ZayapovAa KopiaxkomovAov yia
Vv Porjfela xat otpn g KAtd Vv ddpKeld ToV nelpapdatev. Emtong, eoyapioto
OAODG TOLG IMPOIITLYLAKOVG KAl PETATITOYIAKODG POLTITEG Yid TNV APLOTL OLVEPYATia
Kdt yud v epnepta g ddaokaliag.

®a ndeha va evyaproton Wwaitepa tov kabnynt [avaywwty MapkovAdato yua
Vv kabodrjynon Kat v emoTtpoVIKI) emiPAeW) TO00 TG ITOXLAKIG EPyaoiag 0co
Kat g O10aKTopKng OtatPPrig Kat KuPimg yid TV EUIILOTOOLVI] ITOL pov £0e18e Kat
Yld TV KATavonorn oo enédetée oe SOOKOAEG OTLYHEG HLOD.

Téhog Ba fPeda va evxaplot|om TNV OWKOYEVELI POV Yl TV OTPn KAt TV

EUITOTOOVLVI] TG OAa ALTA T XPOVLd.
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Kepalaio 1

KEDPAAAIO 1

I'ENIKH EIZATQI'H

1.1.1 POLIOVIRUS, [TOAIOIOX

Ot mnolwiot, ot omoiot etvat ovmevbovor ya v  aobévela g
IOANOPDEAITIOAG, avhKOLV OTo  Yevog T@v Eviepoiov TG  owkoyevelag
Picornaviridae. Eivat pikpot pn-eAotpo@opot, elkooaedpikiig ooppeTpiag ot pe
dapetpo ~ 30 nm. H apyatotepn paptopia mov agopd otny MoAopveAitida
npogpyxetat aro v apyaia Atyorrto to 1400 m.y.. Z1ig apyxeg too 200 aiwva
emoOnpieg mohopvelitdag dapyxwoav va oopPaivoov otg HITA xat omv
Evopomnn. Aotég ot emdnpieg mpokdaleoav EKIANSn otV ATPIKI] KOwotntd, 1
omota eide mv aobiévela oav pa omaviomra. O attioloykog mapdayovtag
avt|g g aobevelag, o 10¢ TG MOAOpLeAiTOAg (YVOOTOG @G ITOALOTOQ)
avayvapiotnke 1o 1908 amno toog Landsteiner xat Popper. H épevva nave otov
10 ta enopeva 40 xpovia napeiye MANPOPOPIEG yla TOLG AVTLYOVIKODG TOIIOVG,
mv naboyévela kat v avoola kat olrynoe oty avdamrodny &vo
anoteheopanikav eppPoliov. To 1954 ot Salk xat Younger naprjyayav 1o Ipmto
EMTOXEG EPPOANIO PEO® XNHIKIG CIIEVEPYOIOINONG TOL 100 pe QOoPHaAdetidn
yv@oto &g IPV: inactivated polio vaccine. Kata 1) Sidpketa tng idtag meptodov,
moA\d epyaotjpla mpoorabovoav va mapayoov epfBolto amd {wviava
e§aobevnpéva oteAéxn moAwoiwv. Tehwkd to 1961 o Sabin maprnyaye éva tetoo
epPorto, to OPV: oral polio vaccine. To 1962 exotpateieg padikrg
avooorioinong exivnoav oe moAég xmpes. H evpeia avooomnoinon pe to IPV
kat arod 1o 1963 pe to OPV éyet oxedov eCaleipet tnv moAtopveAitida otig

MEPLOCOTEPEG AVAIITOYHEVES XDPES.

1.1.2 NOROVIRUS, NOPOIOX

Ot Nopoiot avrjkoov otv owkoyevela Caliciviridae, oto yevog t@v Nopoiwv,
KAt elvat HpIKpol Hn-eAuTpo@oOpol, eKoodedplkl)g OLHMETPLag 1ol pe pua
diaperpo ~ 38 nm. Ot Nopoiot etval vmevbovor yia oleg oxedov (>95%) Tig

emoOnpieg yaotrpeviepitdag pn-faxtnplaxrg mpoélevong otg HITA kat otnv
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Kepalaio 1

Evpwrmn (Billgren et al. 2002, Fankhauser et al. 1998). To 1929 o Zahorsky
IPWTOG HepLeypaye Vv “xetpepvi) aobevela epéton” wg pia aocbéveia n) omoia
xapaxtpifoviav amo vy {APViKY ERPAVION dLTOIEPLOPIOPEVOD €PETOL KAl
dwappotag xat 1 omota ep@avile ¢€aporn KAtd Vv OIPKEWd TOV XEHEPLVDV
pnvev. Méxpt to 1972, wotooo, o Kapikian xat ot oovepydrteg Tov avakaloyav
Vv attoloyia avtod Tov ovvdpopov. To 1968 xatomiv efetaong pe v
BonPeia g avooonAextpovikng pukpookxorniag (IEM) tov konpdvev pabntov
evog oxoAetov pe emdnpia yaotpeviepitdag, tavtonoinoav tov 10 Norwalk,
éva amd ta mpotoma oteAéxn Tov yevovg T®v Nopoimv (Yyvootol Kat @g
“Norwalk-like viruses”). H poptaxr] kA@voroinorn tov yoviSidpatog Tov 100
Norwalk 1o 1990 0drjynoe otnv katavonon g poplaxkng Proloyiag kot
emonpoloyiag v Nopolmv Kat OtV avdartodn HOPLIKOV dlayveoTiKov
texvikov (Xi et al. 1990). Kabwg ot Nopoiot 6ev prropodv va kalepynbovv oe
KAIIOWd YV®OOTI] KOTTAPIKI] O€lpd KAl OLVEN®G Oev elval epiktog o dapecog
IIPOOOIOPIOPOG TOL opoTLIOL pe avtoopata, 1 texvikr) RT-PCR (reverse
transcription-polymerase chain reaction) xat 11 yevopikr] aAnloovytor) £deiSav
ott ot Nopotot ep@avifoov yeveTikr) Kat avityovikr mowopopeia (Zheng et

al. 2006).

1.2.1 TAZINOMHZH PICORNA IQN KAI ENTEPOIQN

H owoyévela tov picorna wwv Staywpiletat oe 9 yévn pe Paon opototteg
OTIG (PLOLKEG O10TNTEG TOL LOOM®PATION, TNG YEVOHIKIG aAAnAovyiag Kat tng
opydaveong tov yovidioparog. Avipomivy naboyévela mapovotdfovy Ta yevn)
twv Evtepoiov (Enterovirus), twv Pwoiov (Rhinovirus), tov Kapdioiov
(Cardiovirus), tov wwv Hoatitdag A (Hepatovirus), tov Parechovirus kat tov
Kobuvirus, eveo ta vmoloura tpia yevn tov Erbovirus, Aphthovirus xat
Teschovirus dev mapovoialoov naboyévela oe (wikovg opyaviopovg (King et
al., 2000).

ZOpQ®VA PE TO M0 HPOOPATO CLOTNHA TASIVOUNONG, To omoio AapPdvet
oIoOY) TO00 T1G BLOAOYIKEG OO0 KAl TIG HOPLAKEG WO1OTNTEG TOV LDV, TO YEVOG TOV
Evtepoiav yopiotke oe 7 €16n (King et al., 2000; Brown et al 2003). Ao avtda
ta téooepa (Human Enterovirus A-D) epgaviCoov avBpomvn maboyévela.

Exoov avayveplotet 94 opotonot avbpomvev eviepoiov Pdon g
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VOUKAeOTIOKT|G aMnovyiag g VP1 dopikng npeteivng. H xatavoprn tev

opotdnmv ota 4 16n oo npoavagépnkav @atvetat otov mivaxa 1.1.

IMTivakag 1.1. Ta§tvopnon tv v 1ov yévoog TV Eviepoiov to omoio mepthapPavet 5 eidn kat

94 opotomovg.

EIAOZX OPOTYIIOI

Human Enterovirus A Coxsackieviruses A2-A8, A10, A12, A14, Al6,
Enterovirus 71, 76, 89-92

Coxsackieviruses A9, B1-Bé6,
Human Enterovirus B Echoviruses 1-7, 9, 11-21, 24-27, 29-33,
Enterovirus 69, 73-75, 77-88, 93, 97, 98, 100, 101

Human Enterovirus C Coxsackieviruses A1, A11, A13, A15, A17-22, A24,
Enterovirus 95, 96, 99, 102

Poliovirus 1-3

Human Enterovirus D Enteroviruses 68, 70, 94

1.2.2 TAZEINOMHZH CALICI IQN KAI NOPOIQN

H owoyévetwa tov Calici 1ov dwaywpiletat oe 5 yevn pe Bdon Otagopig otV
OpPYAV®OOT] TOL YOVIOIOPATOG, OTIG OTPATIYIKEG KODKOIOINOoNG Kat OTo e0POg
Seviotr) (Thiel and Konig, 1999; Green et al. 2000; Oliver et al. 2006). Ot 1ot ot
omoiot avrkoov ota yévn) v Nopoiov (Noroviruses) xat to@v Zamoiov
(Sapoviruses), amotedovv kvpieg naboyova 1oV aviponev Kdt IPOKANOLY
oSeta yaotpeviepitda. Ot ol tov yévoug Beotiov (Vesivirus) xatavépovtat
eupeg oe pia mowia OnAaotikav e0mV, 0oL IPOKANODV OLOTIIIKEG KAl
OLXVA POVIHEG POADVOEL, pe DYNAL voonpotta Kat Ovnowpotnta. Ot 1ot Tov
yévoog Aayxoiov (Lagoviruses) meplopifovtat oe koovéAa Kat Aayovg, ota
omota poxalovy ovviBwg Bavatnpopa atpoppayiky) acbéveta kat nratitidd.
[Npoogata, yapaxtnpiomkayv dvo opadeg Calici v mov mpoxkalovy dtdppota

Kat oSeleg evtepikég vooovg ota pooyapia (Oliver et al. 2006; Smiley et al. 2002;
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Smiley et al. 2003). H pia opada epgavifet ovyyevela pe toog Nopolovg Kat éxet
taSwvopnbet wg yevotonog III (genogroup III) oto yévog twv Nopoiwv. H
Oebtepn opada eival yeveTkog dapopetikyy amo ta AdANa yévn Kat €xet
npotabet 1 TaStvopnor) g ®g PN evVOg MEUITOL YEVOLG YVMOTO @G Becovirus
11 Nabovirus g owoyévetag Caliciviridae (Oliver et al. 2006). Emu\éov, évag
véog Calici 10¢ yapaxmpiotnke ®¢ O dlTIOAOYIKOG IIAPAYOVTAG Hag
Bavatngopag nuartitidag kat eyke@aAitidag oe avOOOKATAOTEAPEVA HOVTIKLA
epyaotnpiov (Karst et al. 2003). AOy® TG YeVETIKI)G OLYYEVELAG TOL e TOVG
Nopoiovg, éxet tadivopndet wg yevotomnog V (genogroup V) oto yEvog TV
Nopoiov kat eivar yvootog g MNV (murine norovirus). Xto yévog tov
Nopoimv extog T@v yevoronwv Il xat V avrkoov emumhéov ot yevotonot I, 11

kat IV ot anmotehody naboyova tov aviponev (Ewova 1.1).

Gl

100

GII Bo/Jena

) Agent 2
Norovirus 100

GIV

100

GIL

100

GV

Lagovirus RHDV

95

Sapovirus

Hu/Norwalk

100 Bo/Newbury

Hu/Alphatron
Hu/Hawaii

100 Po/Sw918

Mu/MNV-1

94

Nabovirus /Becovirus

100

Vesivirus

Po/Cowden

Bo/Nebraska
Bo/Newbury
Agent1

FCV

Ewova 1.1. doloyevetikn) Tadvopnorn Tov pehav g owkoyevetag Caliciviridae 1) omota éytve pe

Baon v alMnAovyia g npeteivng Tov kayidiov (Pdaoetg 1-1668) KATIOI®V AVIUIPOOMIIEDTIKGOV

KOV OTEAEXDV.
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1.3.1 OPTANQZH TOY TONIAIQMATOX TQN ITOAIOIQN

To yévepa tov moAoiov aroteAeitat aro eva ~ 7.5 Kb Oetikr)g moAikotntag,
povoxAavo popto RNA. To t1iko RNA @épet mpoodepévn oto 5 akpo tov pia
HKpr) Uikn) Ipwteivy) yvwot og VPg oe avtibeon pe v 7-pebBoloyovavooivn
CAP dopr) tov xottapikov RNA (Ewova 1.2).

AoHIKA TTEPIOXA Mn-GoMIKRA TTERPIOXN

|« >« » > 3'-NCR
ve2 [ ves [ver [2a [28] 2¢ [3allsc] 3p }——E}:)
~ Spacer VP4 3B (VPg) My

Ewova 1.2. Opyaveor) To0 yovidli®paTtog TV IOV,

210 5’ dKpo TOL 1KoV yevmpatog evromifetat pia peydaln (742 vooxkAeotiow)
Kat mhovota oe devtepotayég dopég pn-kmOwkn meploxr) (5-NCR). H 5-NCR
nepthapPavet 6 Sexoprota dopwka otoryela RNA (I-VI) kxat yepiletar oe 2
neploxeg: oto cloverleaf (Sopko otoyeto I) xat oto Internal ribosome entry site
(IRES) oo mephapPavet ta dopkda otoryeta 1I-VI (Ewova 1.3). To cloverleaf
éxel pnkog 88 vooxAeotidia kat amoteAeitat amo 4 dopég pioxoo - OnAdag Tig a,
b, c kat d. To cloverleaf diadpapartifel onpavtikd poNo oe aApKeteg Aettovpyieg
TOL 100 oxnpatifoviag PYPOVOLKAEOIIPMTEIVIKA OOPIAOKA eite pe 1KEG elte pe
KOTTapikég mpateiveg. Zoykekpipéva naifet polo omv otabeporoinon Ttov
1ikoO RNA péowm oxnpatiopod cOPIAOKOL pe v KoTtapikr| npeteivn Poly(rC)
binding protein 2 (PCBP 2), omv avtiypagr) toov tikod RNA kabog xat otnv
petaPaon amo wmy petdgpaon oy aviypagr. To IRES éxet prikog ~ 400
vookAeotiowa kat anoteleitat ano 5 dtaxpird dopikd RNA otoweta (II-VI), pua
IIEPLOXT) ITAOVOLA O€ ITOPPILVEG, £va OLOIMAO K@dKoOVio évaping AUG kat pia
vneppetaPAnt neploxr). H paowr| Aettovpyia tov IRES eivat n mpoaywyr| g

petdagpaong tov 1ikod RNA 1 omoia emteleitat peom TG MPoodeong TV
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PPOCHPATOV KAl TV KAVOVIK®V IAPAYOVIOV PETAPPAONG OTO EONTEPIKO TOV

IRES amovotia prag CAP dopr|g oto 5 dxpo tov.

IRES

Cloverleaf

AUG 586

-
T=po 1] Moo
o= Tepynbiver,

Yrspp=w Ay T neplogy

ALG

743

Ewova 1.3. Anewovion g 5 pn-xedikng meproxng (5-NCR) teov moloiov 1 omoia
nephapfavet 6 Sexoprota Sopwkda otorxeia RNA (I-VI) xat yopiletat oe 2 meploxés: oto
cloverleaf (Sopwkd otoiyeio I) kat oto Internal ribosome entry site (IRES) mov mepthappavet ta

dopwka otoryeia II-VL

H xo0wn nepoxr) tov tikod RNA petagpdletat oe pia molvrpwteiv 247
kDa, 1n omoia amoteAeitat amod 2 meploxég, T OOMIKI) KAl T AELTOLPYIKN
(Ewova 1.2). 'Yotepa amod mpw@teoAvon tg molvnpateivng Oa mpoxvyoov
apxwda ta npodpopa mmolvnentida P1, P2 xat P3. Tehwka ot técoeptg dopikeg
(VP1, VP2, VP3, VP4) xabag xat ot eptd Aettovpykég (24, 2B, 2C, 3A, 3B, 3C,
3D) npwteiveg Tov 100 IPOKVITTOLY VOTEPA AIIO MPOTEOADOI TOV IPOOPOPDV
P1 xat P2-P3, avtiotoya (Fields Virology, 2007). Zto 3’ dxpo Ttov 1ikoD
yevopatog evrtomiCetat pia pn-xkedwkrn) meproxr (3- NCR) prnxoog ~ 62
voukAeoTOlwV 1 onota nmepthapPdver pua xapaktnplotikyy RNA devtepotayr)
dopny OnAdag, 1 omoia miotevetal OTL Haifet POAO OV AVILYPA@PI) TOL 1IKOL
yevoparog (Jacobson et al., 1993). To tixo yévopa @épet emtong oto 3’ Axpo pia

oAb (A) ovpa [poly(A)tract] n) oroia xke@duomnoteitat ano to 1ikd RNA. H oo
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(A) ovpa €xet katda péoo O0po pnkog ~ 60 VOLKA£OTIOWX KAl COHPHETEXEL OTIG
dadikaoieg NG avriypagng xar perdepaocng Tov likov yevoparog (Fields

Virology, 2007).

1.3.2 OPTANQXZH TOY TONIAIQMATOX TQN NOPOIQN

To yévepa tov Nopoiwv anoteleitat amno éva ~ 7.5 Kb Oetikr)g moAwotntag,
povoxhwvo popto RNA pe tpla avoyytd avayveotwka miaiowa (ORFs) ta
orI0ld KOOIKOIIO00V TO0O0 Tig OOUIKEG OO0 KAt Tig pn-Oopikeg npmteiveg (Ewkova
1.4). To 1ixo RNA oovoéetat opotoroAkd oto 5 dkpo ToL pe pid 1K) Ip®TELVY
yvoot) og VPg n onoia mbavov nailet poAo OtV PETAPOPA TOV YOVIOIWHATOG

otig Béoetg obvOeong ToL KA®VOL apvrtikr|g moAwotntag (Clarke and Lambden,

2000).
Mevwpike RNA
awal ORF1 polyprotein | ,
VP 3
| YTroyevwpIKe RNA
g
| pa8 | NTPase |p22|VvPg[3 RdRp

Ewova 1.4. Opydvmor) Kat EK@paot Tov yovidiopatog @V vopoiov. H ovopaocia teov npoteivov

avagepetat oto vopoiko npotono otéhexog Norwalk.

To ORF1 etvat nepimoo 5 Kb xat amotelet ta npwta 2/3 tov yovidiopdatog,.
Kodwomnotet ywa pua molvnpwteivn) peyeboog ~ 200 KDa 1 omoia
avtoerneepyaletal amod pla UKI IPOTEAON KAl IMAPAYEL TG HI-OOpHIKEG
NP®TeiVEG Ol OMOieg elval amapatrnteg ywa myv ke avitypagr). To televtaio
1/3 tov yovidiopatog amoteheitat amno: (i) to ORF2 peyeboog 1.8 Kb 1o omoio
kodwomnotel v kvpta dopkr) mpateivyy VP1 (57 KDa) xat (i) to ORF3
peyédoug 0.6 Kb 1o omnoio kedwkomotet pia pikpotepr Paotkr) SOPIKr) IPpaTeivy)
VP2 (22 KDa) n onoia mBavov naifet poAo 010 maketaplopa tov 1ikod RNA

ota tixka oopatidwa (Glass et al. 1999). H opydaveon tov yovidiwpatog tov
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Calici wv dragepet amo exeivn) 1@V AMoV Oetikn)g moAkotntag ssRNA v,
onwg ot moAotot, kabwg ot pun-Oopikég mpwTeiveg K®@OKOMIOovVTAL 0To 5" AKPO
o0 yovidwwpatog, akolovboopeveg amo tig dopikeg npwteiveg (Clarke and
Lambden, 2000).

Ta ORF1 xat ORF3 etvat oto 1610 mAaiolo avayvmong, eve 1) YOVIOI®HATIKI)
OPYAV®OTL) EMITPEIIEL TNV EMKANDYI) TOL KADE avolKTOO MAAIOIOL AVAYVOONG HE
TO €MOPEVO TOL MPOG TV HAgvpd Tov 3 akpov. Xvykekpipéva, 1o ORF1
extetvetat kat péoa oto ORF2 yia nepirov 17 vooxAeotidia, eve 1) mpotn Bdaon
o0 K®OWKoViov evapdng tov ORF3 emxalvmtetal pe to TeAevTaio KatdaAouro
To0 Kadwoviov teppatiopod tov ORF2 (Carter et al., 1992; Clarke et al., 1998).

Ot dopxég mpwtetveg VP kat VP2 exgpalovrtat ano éva vroyevopiko RNA
Tov omoiov 1o 3’ dkpo etvat To 1810 pe avtod Tov yeveopwod RNA (Ewova 1.4)
(Jiang et al. 1993). Tooo ta yeveopwkda 06co kat ta vroyevopkda RNAs gépoov
oto 3’ axpo pa moAv (A) ovpda uprxovg 110 vooxAeotidiwv (Jiang et al. 1993).
Enur\éov 1000 ta yeveopikda 00o kat ta vroyevopikda RNAs gépoov oto 5 dxpo
pla pn-xkedikn neproyn) (5-NCR) 1 omota eivat IOAD pikpr) oe COYKPLON He
eKelveg TV €DKAPLAOTAOV KAl T@V IOoAoiev. To tpito amd ta tpia KadKovia
¢vaping (AUG) tov 5 dakpov To omoio Pploketat 0Tto O®OTO AVAYVOOTIKO
IAaiolo TO0O0 Y TO YEVOUIKO 000 Kdat yida o vroyeveopikod RNA tov Nopoiov
Bpioketat oto vookAeotidio 11 (Ewova 1.5) (Lambden et al. 1993). H 5'-NCR
tov Calici wwv Oev mepiéyxet KAmowa eo®teplkl) alnlovyia &woodov ToL
pooopatioo avtiotoryng exeivng t@v moAwoimv (IRES) kot emedn 1
apwotehikn) npateivyy too ORF1 mapdyetat amnd to Koadwovio évaping mov
Bpioketat oto vookAeotidio 11 (Clarke and Lambden, 2000), eivat aniBavo va
vrnapyet kamowa avtiotoyr tov IRES dour) (Hardy and Estes, 1996). H 5-NCR
VOOKAEOTIOWKI] AAANAOLXLA TOV YEVOHIKGOV Kl TV dIoyevopkov RNAs etvat
oxedov tavtoonun (Ewova 1.5) (Hardy and Estes, 1996), yeyovog to omoio
Oelyver évav mbavo polo g meploxng davtyg OtV HETAPPAOT] 1) THV
avtypa@r). Mekéteg exoov Oeilet v mapovoia prag Surhrjg Soprg pioyov-
OnAwag (stem-loop) oto 5 axpo 1oV yevopikev (nt 1-110) kot vnoyevopikov (nt
5280-5356) RNAs. Mwa napopola dopr) evromiotnke upstream too ORF3 (nt
6848-6941) (Jiang et al. 1993). Emum\éov oto 3’ axpo tov yevoparog tov Calici

WV £xoLV evtomotel dopég pioyov-OnAiag onwg yia napadetypa otov FCV otig
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O¢oeig (nt 7482-7512) xan (nt 7542-7572) (Seal et al. 1994). Qotoco o polog Tov

MAPATIAV® OOP®V IAPAPEVEL AKOPA AYVOOTOG.

A ORF1
| —
'\i_ _:\I)'_GTG..:L;'LI GATGATGGCGTCAAAAGATG v srsrarenes
VPg
B

1 GTGAATGATGATGGCGTCAAAAGACG 26
*® &=

=
5354 GTAAATGATGATGGCGTCTAAGGACG 5379

Ewova 1.5. H 5 pn-kedwr) meploxr] (5'-NCR) 1oV vopolonv éxet prikog 11 vooxAeotidia xat etvat
88% tavtoonpn petadd TV yeVOPIK®V Kat 1oV vnoyevaptkov RNAs. (A) To kedikovio évapdng
AUG Bpioketat oto vooxAeotidto 11 yia tovg vopotlovg. Anod ta tpla kxodwkovia AUG mov
evtomidovtat oe avty 1) meploxt), To Tpito Pploketatl 0To 00OTO avayveotko miaiow. (B) Ot 5'-
NCR 10V yeVOPIK®OV Kl ToV vroyevoptkov RNAs eivat oxedov tavtoonpeg otong vopoiodg Kat
IApPOPOLa HPOTLIIA OOVAVIMVTAL Kat otovg vrolounovg Calici ovg. Ot aotepiokot deixvoov

VOOKAEOTIOIKEG DITOKATACTACELG.

1.4 KYKAOX ZQHX TON ITOAIOIQN KAI TQN NOPOIQN

Ta xdpta otadia tov KOVKAOL (WI)g TV HOAOIMY KAl T®V VOPOI®V elval Kowd
pe avtd v vrnoloinev Oetikg modwomtag RNA wwv (Ewova 1.6). ITwo
ovykekplpéva Otaxpivovrat ta e§r)g Kkopla otdoia:
1) TIIpoodeon TOL 1OOOGUATION OTOV KATAAANAO KOTTAPKO vIIodoxéa Kdat
e10000g oto KuTTapO Seviotn) pe ) Sradwaotia g evOOKOTTIMONG.
2) AnelevBepmor) too tikod RNA oto kuttaponiaopd.
3) Metagpaon tov 1iKod RNA xat napaymyn 1oV UKoV IPpOTEIVOV.
4) Avtiypaern tov tikoo RNA péoe tov kowvov povomatiod RNA(+)—
RNA(-)>RNA (+) n omoio. Aopfavel ydpo oe e0KEG UEPPPUVAOOELS
OOLEG TOVL KLTTAPOL EEVIOTY.
5) Awadikaoia opipavong oV KOV IPMOTEIVOV KAl COVAPHOAOYNON TV
VEDV LO0@PATIOV.

6) AmneAen0epmon T®V VEOV 100OUATIOV pe ADOT] TOL KDTTAPOD {eVIOTH).
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6. AtreAzuBépLaon iKWV GLHaTISiwy | @ 1. Eicodog

X
| e i

=, 2. Amshsvbipwion
.lb.,

= 1TKoU yEVWHAaTOS

5. Qpipavon

&

MeTETTeima Gaon POAVTNG | Mpciiun @aom uoAUveng

Ewova 1.6. Kox\og {er)g ToV IOAOTOV Kat T®V VOPoi®V.

1.5 O YIIOAOXEAZX TQN ITOAIOIQN KAI TQN NOPOIQN

O ovmodoyéag tov moAwinv (hPVR) éxet tavtonownfel wg éva pélog tng
DIIEPOLKOYEVELAG TOV AVOOOOPALPLVOV TOL OIOI0L O PUOLONOYIKOG PONOG eivat
aKOpa dayveotog, av Kat €xet mpotabelt ott maifet poAo OtV KOTTAPIKI)
npookOAAnon kat avayvepwon. O hPVR, pla ylokooohopévn mpoteivy
poplakov Bapovg 80 KDa, amoteleitat amno tpeig e§mxottdpieg meployég (V-C2-
C2) mov ¢yoovv ) dopr avioeparog, pia SltapepPpavikn meploxr) Kat pia
kottapor\aopatikyy ovpd (Ewova 1.7 A) (Solecki et al. 1998). H N-tehikry V
reprox1) tov hPVR etvat anapait yia myv HOAOVOD ToV KOTTAP®V dIIo TOvg
ITOA0T00G KAl ODVEN®OG yld TNV IPO0deon) Tov 100 oto KuTTapo evioty. To

yovidio tov hPVR éxet yaptoypagnbet oto ypopooopa 19q 13.1-13.2 kot
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meptexel okt efovia (Ewova 1.7 B). O hPVR exgpdaletat wg éva pilypa
TeOOAP®V 1OOHOPPAOV Ol OIOileg IMPOKLIITOLY HE €VAAAKTIIKO HPATIORA TOL
yovidiov tov (Ewova 1.7 C): dvo evoopatapéveg ot pepPpdvy 10opopeeg
(hPVRa xat hPVRO) kat 00O ekkplvOpeveG 100HOP@PEG dAIIO TG OIOieg
arovotadet 1o e§ovio g OwapepPpavikng nepoxng (hPVRP xat hPVRy). Ou
wopoppeg hPVRa kat hPVRS ypnowpomnotodvtat og vrmodoyeig tov 100 Kat
dwagépoov povo oty alnrooyia g C-tediknig KOTTAPOTAAOPATIKIG
reptoxr|g toog (Pfister et al., 1999).

A v C2
I * —
73 54
48 42

B
ATG TGA TCGA
I
1 2 3 4 5 - 6 7 8
1]
C cDNA
Clones
PVR § ... -
PVRo N . W N W | S 0
PVREf N N _EE. _B_B |
PVRY .. R

Ewova 1.7. (A) ot Aettovpyikeg meploxég tov vmodoxéda tov ImoAoimv, (B) to yovidio too

onodoyxéa t@v moAoiov Kat (C) ot T€ooeptg IGOHOPPEG TOL DITODOXEC.

INpoogarteg épevveg vmootnpifovv OTL TA AVILYOVA 10TOODHPATOTTAG
(HBGAs) Aettovpyovv wg vrodoyeig twv Nopoiov. Ta HBGAs eitvar ovvBetot
vdpoyovavOpakeg ot omoiot evtomfovTal oTig EMPAVeELEG TOV EPLOPOKLTIAPDV
Kat oto PAeVVOYOVo emONAL0 TG AVAIIVEDOTIKI|G, TG YEVVI|TIKO-ODPOIIOU)TIKI)G

Kat g mentikng koot tag (Ravn and Dabelsteen, 2000). Emriong evromifovrtat
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@G eAevBepa oAryooaxyapidia oe PLoAoyKd vypPd, O®MG TO OAALO, T EVIEPIKA
meptexopeva, 1o yala kat to aipa. To ovompa HBGA eléyyetar amo
owKoyeveleg MOAAIA®V  YOoVIOl@V TOv IEPEXOLV OOINAA aAnAopopea
(Marionneau et al. 2001). Ot tpeig xopleg HBGA owoyéveleg ot ormoieg
oxetiCovtat pe v poAlvvorn pe Nopotiovg eivat ot Lewis, secretor xat ABO.
AOY® TG emoTaTikng Qoong g ovvieong twv avipomvev HBGA, ot HBGA
@awotoriot tov avpamvoo TAnBvopod eivatl MOAVPOPPLKOL KAt IEPIITAOKOL.
H povdda ocaxyxapoo twv HBGAs eivat o xbvplog xabopiotng yia v
avayvapton too nabdoyovoo. Etoy, ot yevikég Proxnpkég dwadikaoieg yia tov
XAPAKTNPLOPO £VOG MPATEIVIKOD DIIOOOYEX dev HITOPOLV VA EQAPPOCTOLY Y1
va neprypdyoov v alAnAemidpaon Nopoioo-HBGA. To yeyovog ot ot
Nopoiot dev propovv va avarrtoyfoov oe KAIola KOTTAPIKI) Oe1pd 1] 0€ KATIO0
PKpO (@O povtelo, €xel meplopioet v peAétn tov vmodoxémv tovg. H
yevetikr] nowopoppia twv Nopoiwv kat o moAvpopgiopog too HBGA
OLOTIPATOG AIIOTEAOLY eMUIAEOV OVOKOAlEG OTNV PENETH) TOL LIIOOOXEA TOVG.
01000, avacvvOLACHEVA 1OOMPATLA Td OHold eival OOPIK®MG KAl AVTLYOVIK®G
IIAPOPOLd Pe TOVG avPeVTIKOLG 10UG AITOTEAODV HOADTIHA DAKA yid Tig peNéteg

alnleridpaong ov-onodoyea (White et al. 1996).

1.6 MHXANIZMOX META®PAIHE TOY TENQMATOZX TQON ITOAIOIQN
KAI TON NOPOIQN

Ot moAwiot xat ot Nopoiol yprnoporotody pnxaviopoog &vaping tng
HPETAPPAONG Ol OIOIol dAPEPOLV ATIO THV CaApP-ESAPTOHEVI] HETAPPAOT] KAl
EMITPETIONY TV EKPPAOL) TOV UKDV YOVIOI®V VR 1] PETAPPAOT] TOL KOTTAPOD
Eeviotyy avaotéMetatr katd T Owdpkewa tg poAovong. H cap-eaptopevn
petagpaon nep\apPdvel alnAemopdaoelg npoteivig-npmteivng kar RNA-
HP@TEIVIG Kat SeKivdet pe TV Ipoodeor) Tov napayovta évaping elF4F oty 5
telkn) 7-peboiyovavooivy (m ’G) cap dopr) too mRNA (Hershey and Merrick,
2000). O nmapayovtag elF4F amotelettat amo tig vnopovadeg elF4E, elF4GI kat
elF4A. H otpatoloynon tovo 43S mpo-evapKt)plov OLHUIAOKOD, TO OIOoio
armoteleitat ano 1o TppeNeég ovpmhoxko  elF2-GTP-mettRNA  kat toog
napayovteg elF3 xat elF1A npoodepeva oty 40S pipoowpiky) vrmopovada, oto

mRNA pecolafeital péom alAnAemidpaong petadd tov napayoviev elF4GI

12

Institutional Repository - Library & Information Centre - University of Thessaly
18/05/2024 14:33:52 EEST - 18.223.170.38



Kepalaio 1

kat elF3 (Gingras et al. 1999). Etot mpoxbmrtet To 48S cvpmAoko to omoio
okavdpet v 5 pn-koOwkr] meploxr] ®OMOL VA OLVAVTIOEL TO KATAAANAO
kodwovio évaping (Ewova 1.8 A). Katomv n 60S pipooopikry vropovada
MPOOOEVETAL OTO OLPIIAOKO, Ol IIAPAYOVTEG £vaPSng amelevbep@vovTal Kat
HIpaypatonoteitat 1) petagpaor oo mRNA.

Ot Oetikr)g moAwotmntag RNA 101 oL aviiKoov OTlG OWKOYEVELEG
Picornaviridae xat Caliciviridae dev drabetoov m ’G cap dopég. Avtibeta to
KO RNA eivatl opolornoAikeg oovOepévo oto 5 AKpo TOL e Hia HIKPL| KT
npateivn yvoot wg VPg (viral protein genome linked) (Sadowy et al. 2001).

H VPg twv Picorna wov dev xpnotpedel oty évapdn tg pETAPPAONS TOO
tikov RNA xabwg avtr) npaypatonoteitat péow tg doprg IRES (Jang et al.
1990). I'a v petd@paon Tov KO YEVOHATOG AIALTELTAL 1) KOKAOIIOIN 0L ToL
tikovo RNA, 1) onoia emroyydavetat péom npmteivikng arnAenidpaong petado
towv PCBP2 xat PABP, ot omnoieg etvat mpoodedepéveg oto cloverleaf xat oty
poly(A) ovpa avtiotoya (Lyons et al., 2001). Emiong xpewalovtat olot ot
IAPAYOVTEG TIOD OLPPETEXOLV OV HETAPPAON] T®V eOKAPLOTIKOV MRNA
ektog amo tov elFAE o omofog avayvopilel Kot mpocdévetal otnv dour cap.
Apywd 1o C- tedko tpnpa tov elF4GI (to apivoteAiko dxpo exel agaipedet
ano mv 2A ik npwtedorn)) npoodevetrat oty dopr) IRES tov tikov RNA xat
dpa oav vnoPabpo yia v mpoodeon tov elF4B xat elF4A petaypagikov
HAPAyoOVIOV, e AIoTEAeOHd TO oxpatiopod tov ovprhokoo elF4F. H akpifing
0éon mpocodeonc tov elFAGI o v dopr) IRES dev givar akdpa yvootn. Qo1000,
€xel mpotabel 0tL M Tpododeon yiverar mBavov oty mepoyn V tov otoryeiov
IRES x00mg kdabe petdAroén mov emnpedler ) doun ¢ xobiotd 1o IRES
ototyeio pn-Aettovpywcd (Ochs et al. 2002). X1 ovvéxela i) pkpr) pLPpooOPK)
vropovada (40S) oe ovpmAoko pe tovg mapayovteg elF1A, elF3 kat elF2-GTP-
mettRNA mpooGévetat pe 10 PPOVOLKAEONIPOTEIVIKO OOpPIAOKO elF4F-1ixko
RNA, dnpovpyaevtag to 43S mpo-evapktrpto ocopmioko. To mpo-evapktrplo
OoLPIAOKO Kiveital katd prkog tov IRES péxpt va ocovavtoet 1o Ko@OKOVIo
¢vaping (Ewova 1.8 B). Katomv, poodévetat 1) 60S pipooapikr) vropovada,
Ol IAPAayoVTeS evapdng armeAevbep@vovtat KAt IPAyHATOIOELTAL I HETAPPAOT

ToL 1KoV yevopatog (Prevot et al., 2003).
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Ewova 1.8. Ot pnyaviopot g cap-eSaptopevng KAt TG cap-aveSdptning petagpaons. (A)
Ztadwa xatd my évapdn mg cap-eSaptopevng petdagpaons. (B) ITpopAenopeva otadia xata myv
évapln g cap-aveSdptnng petagpaong t@v picorna wv. Ta yapaxtplotikd tov tikov RNA
KAl Td YEYOVOTd KATA TtV OldpKela piag polovong ta omoia epumodifovv v cap-eSaptopevn

petagpaor) Tov 1ikod RNA tovifovTatl pie KOKKIVO Xpod.

e avrtibeon pe toog Picorna wovg, 1 VPg tev Calici wov maiet poho oty
évapln g petagpaong tov tikov RNA. H amopdkpovon tng VPg amnod 1o 1iko
RNA odnyet oe anolewa g polvopatikottag (Burroughs and Brown, 1978)
Kat meplopifel onpavtikd v petagpaon tov RNA tov v FCV (feline
calicivirus) in vitro (Herbert et al. 1997). Avtég ot mapatnproeig deiyvoov OTL 1)
VPg teov Calici eivar onupavikn ywa v évapln g mpoteivoovvieong,
Aettovpyaovtag mbavov og avaloyo g cap doung, Onmg £yt mpotadel and tov
Herbert xat tovg ovvepyateg tov (Herbert et al. 1997). Onmg mpoavagpépbnxe
TO00 TA YEVOPIKA 000 Kat ta vroyevopikd RNAs tov Calici 1ov @époov oto 5
akpo pa oA pkpr) 5-NCR (pikpotepn amo 20 vookAeotidia). ZoyKekplpeva

otV nepintoorn 1oV Nopoi®v 1o KOOV évaping thg PETAPPAOTG TOCO OTa
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YEVOHIKA 000 Kat ota vroyeveopkd RNAs Ppiloketat otny vookAeotidikr) 0o
11. Zovenwg etvatr advvarn 1 napovoia kamnowag IRES dopur)g mov 0a propovoe
va xpnotpedoet yid Vv evapdn g petdagpaons. Exet mpotabet ot n évapdn g
petagpaong too RNA tev Calici v emroyydavetat péom evog pnYaviopoo o
omoiog eaptatat and aAAnAemoOpdacelg petadyp g tikng npateivng VPg kat
IPOTEVAOV TOL PIXAVIOHOD HETAPPAOTG TOL KOTTAPOL Seviotr). Exet armodetyOet
ot VPg nipoodevetat apeoa otov napayovta évapdng elF3 (Daughenbaugh et
al. 2003). Zovenwg £xet mpotabei o1t n apeon alnAenidpaon petadd g VPg
kat tov napayovta elF3 o onotiog etvat 1101 poodepevog oty 40S prpoompix)
vropovada, katevdovel 1o ppoocopa akpPpeg oto k@dikovio évaping AUG
(Herbert et al. 1997). Emun\eov, peleteg éxoov deiel o1t 11 VPg evtomiletal oe
OOPITAOKA Kdt pe AAAODG Iapdyovteg evapdng onag ot elF2a, elF4G, elF4E kat
pe mVv npateivn S6 g 40S prpoonpikng vropovadag (Daughenbaugh et al.
2003). Kata ovvenewa, £xet mpotabetl évag eVaANAKTIKOG HNXAaVIOROg evapdng
G PeTd@paong o omoiog epmAékel v mpoocdeon g VPg oe moAAamlovg
napdayovteg évapdng (mepthappavopevng g 40S pipoownpikrg vropovadag)
®oTe va ovvappoloyndet eva cOPIAOKO £vapdng Moo potddel apketd pe avto
TOL pnYaviopoo petdgpaocng v MRNA pe m ’G cap dopry (Asano et al. 2000).
Eivat mBavov ot ot dopeg pioyov-OnAuig oo evtomifoviat oto 5 dakpo 1oV
tpwv ORFs tov Nopolov peom aAAnAemdpdoenv pe Iapayovieg évapsng g
peETA@PaAong CLOPPAAOLY OV OOVAPHOAOYNON TOV PPOCOPATOV KAl TNV
évapdn g petagpaong (Simmonds et al. 2008). To yeyovog ott ot Nopoiot dev
propoov va avamntoyxfoov o€ KAMOwd KOTTAPLKI] Oelpd  €xel Meplopioet

ONHUAVTIKA TI§ PEAETEG TIOD APOPOVLY TOV HNXAVIOHO TG HP®TEVOOoLVOEOTG.

1.71 TIPQTEOAYTIKH EIIEEEPTAXIA KAI IAIOTHTEX TQON
IIPQTEINQN TON ITOAIOIQN

Metd mv eioodo tov 1ikod RNA 010 KOTTAPONAAOHRA TOD HOADOHEVOD
KOTTAPOL, Pd AYV®OOTI] KOTTAPIKI] PmOo@podleotepdon amopakpovvet myv VPg
1K1 Ip®Teivn aro o 5 akpo Tov KoL yevopatog. Metd v dwadwkaocia aotr
akolovbel 1 peTA@EAOn TOL UWKOL YEVOPATOG arod Ta PBoC®HATAd TOL
Kottapoo Seviotr). H molvnpwteivn (247 KDa) i onoia k@dikomnoteitat amo éva

PEYANO avolytd avayvooTiko MAdiowo Kat etvat éva aotabdég popio, veiotarat
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MPOTEOAVTIKI] O1AOTIAON ATIO Ti§ liKeg MpwTedoeg, 2Ap kat 3Cpro/3CDrre in cis
kat in trans (Pfister et al., 1999) (Ewova 1.9), odnywvtag oty napaymyt) Tov
KOV IPOTEIVOV. ApxiKd 1 2APr mpaypatornotet pia cis-didoraor too deopob
Tyr-Gly oto N-teAiko akpo tng kat odnyei oty amnekevbepmworn g podpopng
npoteivng tov xaydioo Pl. To devtepo otadio meplhapPavet v
arehevbepwon g P3 amd to mpodpopo molvmentido P2- P3. Avto
Hnpaypatonoteitat péow cis-otaomnaong amod tv 3CDrro. Xe pia alnAooyia
yeyovot®v trans-Owdoniaong aro v 3CDrre, o1 pn-0opikeg pateiveg 2A, 2BC,
3AB, 2B, 2C, 3A, 3B (VPg), 3Crro, 3Drel xa o1 mpwteiveg Tov kayidioo VPO, VP1
kat VP3 amelevbepovovtal amo Tig mpodpopeg HOPPEG TOVG. XTO TEAELTALO
OTAadlo TG IPATEOADONG, TIOL COPPALVEL KATA TNV OLVAPHOAOYNOL TOV KOV
oopatdiov, 1 VPO tepayietar, mbavov péom evOog ADTOKATANDTIKOD
pnxaviopob, oote va napdyet g VP4 kat VP2. Avto to teAevtaio otado eivat
AIIOPAiT)ToO yld TNV IAPAY®DY!] HOADORATIKOV UK®V OOPATOl®V Kat yuaoto

aAvaQePeTat MG H1aomaon wPipavorng.

AOHIKI TTEpIoXH Mn-Gopikn mepioxn
|" L} Ll
5NCR —{ [vP2 [ ves [ vei Jza [2B] 2¢ [3a][sc]| 3D |3"NCR. moru(a) oupd
T
VP4 3B (VPg)
MeTdppacn
BN 22 O e e & KN} TTOAUTTDUITERD)

T f

Emsfepyadgio

=1 P2 P3
——— I ]
VPO T VP T VPI 2.—\““"1; 2BC _‘»ABT 3cppm
R — I N
VP4 | VP2 2BT 2C 3A Eu 'jL.‘F“’T 3ol
N - [ ] | e
3C 3D

T = InUEic S0 omasng ame v 28 mpuEdon
T = Enueia SiGemaeng ame 1i¢ 3C/3C0 mpwTed e

r = AIGFTIOON WRIPOVENC

Ewova 1.9. H nolvnpoteivn tov moloiov mepiéyet tig dopikeg (P1) kot t1g pn-Sopkég (P2 xat
P3) npwteiveg o1 onoieg anmedendepmvovtat amd v moAvrentidiki) aAvoida péom IPOTEOADTIKIG
eneSepyaotag mov pecolaPeite amo Tig 1ikég npatedoeg 2AP© kat 3CPro/3CDP @ote TeAMKA vVa
napayxfoovyv évieka apipeg tikég npoteiveg. Tpia evoiapeoa mpoiovia g eneSepyaoiag (2BC,
3CD, 3AB) epgaviCoov Aettovpyieg OLAPOPETIKEG OIIO EKEIVEG TOV AVTIOTOLX®V TEAIKOV

IPOIOVI®V S1a0TIaong.
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Kepalaio 1

P1-6opikeg mpwteiveg

Ot dopkég npwtetveg oxnpatifoov 10 e1Kooaedpikrg CLPHETPlag Kayidlo
TOL 100 To omoio amoteleitatl amod 60 avtiypaga xabe prag anod tg VP1, VP2,
VP3 xat VP4. Ot tpetg peyalvtepeg dopikeg npateiveg (VP1, VP2 xat VP3)
ep@aviCoov napopola TPLtotayt) SlapopPOn. ZOYKEKPIPEV, TO KOO HOHIKO
potifo mov mapovowaloov eivatr eva aviuiapalAnlo P-Papedt 8 xKAovev
(Ewova 1.10). Avtifeta 1 VP4 vofetel pla meplocOtepo  eKTETAPEVI)

dapopewon (Hogle, 2002).

Ewova 1.10. A) Avanapdotaor) oo Kotvod Sopkod potifov tov Sopikev npoteivov VP1, VP2
kat VP3 to omoio ovviotatat oe éva avrurapdAAnlo B-Papéit 8 kKhavev. B-A) Avanapdaotaor
tov VP1, VP2 kxat VP3 avtiotoyya Omoo @atvetrat 1) Tplrotayr] Olapop@®or] Tovg Kdt ot
dragpopetikég yia kabe mpoteivy apvolikeég Oniieg petald tov B-khavav. E) To 1iko npotopepes.

Me pmAe i) VP1, pe xokkwvo 1) VP3, pe kitpwvo n VP2 kat pe mpaotvo 1) VP4.
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Kepalaio 1

Ot x\@vot tov B-Papedimv oovoéovtat petald tovg pe apvodikég OnAieg ot
OTIOlEg ElVal XAPAKTNPLOTIKEG yia Kabe mpwteivr). Avtég ot OnAiég xkabwg kat ta
kapPoduteAika daxkpa 1oV Tpev npoteivov VP1, VP2 xat VP3 extifevtat otnv
eCMTEPIKI) EMUPAVELD TOL KAWYIOIOL KAl HMEPLEXOLV TIG KOPLEG avItyovikég Béoetg
(N-Ags) tov 100. XT00G MOALOTOLG £XOLV AVAYVOPLOTEL 4 KOPLEG AVTLYOVIKEG
Oéoelg (N-Ags). Zoykekpypeva otovg moAtotovg tomov 1 xat 2 1 N-Agl
arnotelettat amno ta apwodea 91-106 g VP1, n N-Agll ano ta apwvodea 164-
168, 168-170, 270 g VP2 xat ano ta apwodea 221-224 xat 226 mg VP1, n N-
Agllla amoteleitan ano ta kataloura 58-60, 71 xat 73 g VP3 xat n N-Aglllb
ano ta apwvodéa 72 g VP2 xat 76 g VP3. Ztovg moAtotovg tomov 3, 1) N-Agl
anotelettat amo ta apvodika kataloura 89-100 tng VP1, n N-Agll ano ta
apwodéa 164, 166-167, 172 g VP2 xat and ta apwvodea 221-224 kat 226 g
VP1, n N-Agllla nepieyet ta kataroura 58-60, 71 xat 73 g VP3 kat 286-290 tng
VP1, evwo 1 N-Aglllb ano ta apwodea 72, 76 g VP2 xat 77-79 g VP3 (Minor
et al., 1986).

Kata mv npetedlvorn, n P1 npodpopn npwteivy tov kaydiov tepayifetat
ota tpta nmolonerrtidia VPO, VP3 kat VP1 ta onoia aAnAemdpoovv petadd tovg
kat oxnuatifoov ta mpwtopepr) (VPO,VP3,VP1). Katomv ta mpwotopepr)
ovoompatavovtat ypryopa kat divoov ta nevtapepn) [(VPO,VP3,VP1)s]. Téhog
TA MEVTAPEPT) OLVAPHOAOYOLVTAL MOTE VA oxnpatioovy to npoxkayidio [(VPO,
VP3,VP1)s5]12. Kata to otado g xaydinong omoo to RNA ''maketdperat”
ota tikd oopatidia, mpaypatomnoteitat 1) «aviidpaot) ®PIpavong» oty omoid 1)
npodpopn npateivn VPO tepayifetat otig VP4 ko VP2 (Pfister et al. 1999).

To xayidio yapaxktnpiletatl aro v vIAPS TPV ASOVEOV COPPETPLAG. XTO
KEVTPO T®V Ieviapep®v Ppioketat o mevrapepng (5X) afovag oopperpiag eva
petadd tov neviapepav Ppiokovrat o tpipepr|g (3X) xat o Opeprg (2X) adovag
ooppetplag. ITwo ovykekpipéva, mevie popia g VP1 mepiBalovv Ttov
reviapepr) aova oopperpiag, eve ot VP2 xat VP3 evaldoocovtat yope amo
tov tppepn) adova ooppetpiag. H VP4 mpeteivn Pploketat e olokArpov oto
00 TeEPKO ToL Kaydiov (Ewova 1.11) (Blondel et al. 1998).
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A)Mpwropepéc B) MNevrapepéc r) Kayisio

Ewova 1.11. Aopr) tovo kaydiov tev molwoiov. A) Kabe npetopepég oxnuarifetal amod éva
avtiypago kdabe pag amod tg dopikég mpateiveg VP1-VP4. H em@dveia tov ooeopatiov
oxnpatiCetat amo tg VP1, VP2 kat VP3 eve n VP4 etval ecwtepkry. B) TTévte mpotopepr)
ovvappoloyovvtat oe éva mevtapepés. O mevtapeprng (5X) adovag ocoppetpiag mapovotadetat. I)
To ewooaedpikr)g ooppetpiag xkawido oxnuatiCerar and 12 meviapepr) . Evag amo tovg 20

tpepng (3X) aloveg ooppetpiag mapovotadetat.

210 e§@TEPKO TOL KAWDIOL YOP® AIIO TOV MEVIAPEPT] ASova OLPpETpiag
edpadetat pia eKTeETAPEVT) dapoPP®On ALAAKAG YVOOTH Kat og canyon (Ewkova
1.12). H abhaxka oxnpatiCetat amd apwoééa tov VP1, VP2 xat VP3 xat
arnotelet ) O¢on mpoodeong Tov koTtapikov vrmodoxéa CD155 twv moAoinv
(Colston and Racaniello 1994; Belnap et al., 2000; He et al., 2000). Xt pdorn g
avAakdag, oto eomTePKO Tov B-Papehtov g VP1 Bpioketat éva Aurdikod poptlo
oplyyooivng, to omoio motevetdal 0Tt Owadpapatifel onpavtikd polo otn

otafepotnta too kaydiov (Filman et al., 1989).
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Ewova 1.12. H atopikr| dopr) Tov moAoiod tomov 2 Hotepa artoé avaloor) pe kpvotalioypagia
axtivev-X. Eivat epgavrig ot avAakaoeig (canyons) oo meptPAANODY TIG EMPAVELAKEG TTPOESOXES

(star-like) oto xévipo too kabe mevrapepovg aova ooppeTpiac.

Ta apwotehika akpa t@v VP1, VP2 xat VP3 Bpiokovtat 0To e0®@TEPLKO TOL
kaydioo xat oxnuatifoov éva mepimloko diktvo pe v VP4 1 omoia eivat
oovOedepevr) OTO AMLVOTEAIKO dKPO NG HE TO HOPLOTIKO 08L. ALTEG Ol
aMnAemdpaocelg aifovy onpaviko polo oty otabepomnoinon tov Kaydiov
(Chow et al., 1987; Colston and Racaniello 1994). Emm\éov exet mpotabet 0Tt T0
apwoteAiko akpo g VP1 ovoppetéxet omyv xaydiwon tov tikoo RNA
(Kirkegaard, 1990).

P2 pn-0opikég mpwteiveg

Ot podpopeg kat ot opipeg npwteiveg g P2 meprloyng g moAvnpmteivig
gUIAEKOVTAL Oty emeSepyaocia TG molvmpwteivng, o avadiaradelg
PepPpavav oL KuTTdpov Seviotr) Kat oty avtypadr too tikov RNA xat
KAIIOlEG AIIO AVTEG TIG MP®TETVeG éxovv MOANAmAEG Aettovpyles. H 2A nmpwtedon)
railet oNpAavTiko POAO OTa APXIKA OTAO 1§ eneCepyaoiag g MOADIIPMTELVAG
kat exet anoderybel 0Tt ooppetéxet oty aviypagr) oo tikoo RNA (Li et al.
2001). Emiong amokomtel To apivoteAlko dxpo Tev napayoviov elF4GI kat
elF4GIl, xabwg xat to kapPoloteAhikd dxpo g PABP pe amotéleopa 1)
daxor) g KuTTapiki)g petdagpaong (Ventoso et al., 1998). H tikr) npwteivr 2B

TPOIIOTIOLEl TIg KOTTAPIKEG pepPpaveg Kat avSavet v danepatottd T0vg 10
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omoto elvat onpavtko yua v areAevdépmon TOV 100OPATI®OV KATAd TNV
dapkela twv tedevtaiov otadiov g poAvvong (Van Kuppeveld et al. 1997;
Doedens and Kirkegaard, 1995). Metal\daSeig otnv 2B k@dikr) meptoxr) too
RNA tov nmoAoiov odrynoav oe KA oteAexn) Td omoia yapaktnpifoviav amo
AVEeMApKI oXNpatiopo nhaxkav (plaque assay). Zovenag 1) 2B etvat anapaitntn
ya mv avitypa@r tov tikod RNA (Johnson and Sarnow, 1991). H 2C xat 1)
npodpopn 2BC mpwteivn amattovvtatr yua evOoxvtrapleg avadiatadelg
PepPpavev Kat yla Tov oXNHATIORO KottaponAaopatike®v kootwdiov (Cho et
al. 1994; Echeverri and Dasgupta, 1995). Eniong n mpoodeor) tovg otv 3'-NCR
reploxr] oo RNA apvntiknig moMkottag 1@V moAoieov Ogiyvel 0Tt maifoov
pOAo otnv obvvheon tov Betikr)g moAwotntag tikov RNA (Banerjee et al. 2001;
Banerjee et al. 1997). H 2C npwteivn nepiexet potifa ta omnoia eivat mapopola
pe exetva oo oovaviovial otig RNA eAwkaoceg (Paul et al. 1994) xat mapolo
oo &yet Ppebet ot 1) 2C epgaviler dSpaotnprotta NTPdorg, n dpaotnprotnta
ehwkaong tg 2C Oev exet napatpndet apeoa (Mirzayan and Wimmer, 1994;
Pfister et al. 2000). Téhog éxet avagepbet ot 11 2C mpwteivn) T®V MOAOTOV
arrattettat ywa mv oovleon tov apvnrikng moAwkottag RNA (Barton and

Flanegan, 1997).

P3 pn-dopikég mpmteiveg

Ot mpateiveg g P3 meploxrg g molvmpwteivng maifoov onpavikong
POAOLG OTNV AVOOOAOYIKI| AIIOKPLON TOL {eVIOTH €vavTt TOL 100 Kabwg otnv
avtypa@r) tov tikod RNA. H 3A npoteivn) avactéA\el T000 TV EK@PAOT] TOV
napayoviov MHC-I (major histone capability class I) ot omoiot eivat
anapaitnTot yid v Iapovoidor] TOL dVIlyovoy, 000 Kl TNV evOOKLTIAPLd
PETa@opd MP®TEIVAOYV, Ta omola elval ONpAaviikd yla TV OIEKPLYL| TG
aVOOOAOY1KIG arIOKPong évavTtt TV oAtoiwv (Doedens et al. 1997; Deitz et al.
2000). H 3B mpoteivn, yvwot emong og VPg, Pploketat opolomoAkeg
ovvdepevn oto 5 akpo twv 1ikov RNA Oetikr)g kat apvntikng moAwotntag. H
VPg ovvavtatat emiong pe v poper VPgpUpU oto xottapomiaopa tev
polvopevev kottapav. H ovptdt\iopévn avt) popery xpnowpomnoteitat oav
EKKIVITIKO popto Katd v tikr) aviypagr] (Lyle et al., 2002). Ot vmoAoureg P3
npateiveg (3AB, 3C, 3CD, 3D) epmAékoviai OtV OOVAPHOAOYNON TOV

OLPIAOK®V €Vapdng TG avitypa@rng 1j/kat ooppetexoov otv Owadwaoia
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avtypagng tov tikod RNA. Meketeg oo mepthapPavav petalAadelg otnv
0OPOPOPn meproyr) g npwteivng 3AB €detav Ot avtr) n npwteivn epmAEKeTat
omv avrtypagrn too 1ikod RNA (Giachetti et al. 1992). Enurkéov n 3AB
ovpPalet oty IPOodeot) TV COPMAOK®OV avtlypa@rg oe pepPpaveg (Towner et
al. 1996), dieyeipet v dpaotnpromta g 3D tixr)g RNA molopepaong (Paul et
al. 1994) xat v avto-didonaon g mpodpopov npwteivng 3CD (Molla et al.
1994). Ot 3C xat 3CD tikég mpwtedoeg elval MONDAEITOVPYIKEG MPWTELVEG Ol
omoteg mpoodévovtat oto k0 RNA, epmAékoviat oty eneSepyaoia tov KoV
OPOTEVOV Kat oty avtypd®n too 1ikod RNA. Ot alnhovyieg oto 5 akpo
too RNA 1teov molhwiov xat tev coxsackie wwv oxnupatiCoov pla dopr)
TPLPLANOD, yvwot] g cloverleaf 1) stem-loop I, n omoia amotelel O¢on
Ipoodeong yia Vv podpopurn tikn npateivn 3CD (Andino et al. 1990; Bell et al.
1999). H 3C npwteivn €xet Bpedet ot mpoodevetat ot dopr) cloverleaf too RNA
TtV rhino v kat t@v coxsackie wwv (Leong et al. 1993; Zell et al. 2002). H 3CD
aMnAemopda pe v dopr cloverleaf too RNA 1@V moAoiov oe oovovaopo pe
Vv npwteivn too kottapoov eviotr) PCBP2 [poly r(C) binding protein 2] xat
xpnotpedel omv avrypa@r) tov 1ikod RNA (Parsley et al. 1997). Meléteg oo
nep\apPavav petalalerg oty dopr) cloverleaf edeifav ot 1) poodeon g
3CD etvat anapaim ya myv avitypagr tov 1ikod RNA al\d oxt yua myv
petagpaon 1) mVv otabepotnta too RNA (Andino et al. 1990; Rieder et al. 2003).
H 1ikry RNA-eSaptopevy RNA molvpepdorn, 3D, mepiéyetar peoa otnv
npodpopn P3 mpoteivn kat eivar vmevbovn yia mv ovpdliowon tmg VPg
OP®TEIVIG KAl TV emurKovor Tov veoovvtlépevoo RNA xdwvoo xatd v
diapketa g tikng avtiypagng. H 3D etvat pia emppenr|g oe Aabn molopepdor)
onwg kat ot aAAeg RNA-eCaptopeveg RNA nolopepaoceg odnyomvtag oe avinon
g ovxvotntag TV petaldlemv kat tov pvbpoov egeling. H tplodiaotar
dopny g 3D moAvpepdong twv moAwoiav exet npoodioptotet (Hansen et al.
1997). H 3D epgavifelt apopola tormoloyid pe Tig aAAeg MOADPEPUOES KAl
dopkd potadet pe 0edt xept mov amoteletitat amod Tig MePLOXEG TOL AVTiXELPd, TG
IaAApng Kat Tov teoodpav 0aktolev (Ewova 1.13). H 3D 6pa cav molvpepég
KAl O OAlyOHEPOPOG TG Ipodyetat amo 2  dlapopetikd  diktoa
aMnAemdpaoenv petaly 2 popiwv 3D, tev interface I kot II. To interface I
dnpovpyeitatl peom aAnAemOpPACcE®V PETASL TOL MIO® PEPODG TOL avTixelpa

TOL &VOG POPIOL KAl TOL IO PEPOLS TNG HMAAAHNG Tov alov popiov. To
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interface I amotehet 0¢on mpoodeong yia to ovpmmhoko RNA-ekkivntikd popto.
To interface II dnpiovpyeitar petald g KOPLPIG TOL AVILXEPA TOL E€VOG
popilov Kat g Pdong T@V 0ayTOAMV TOL AAAOD POPIOL KAl EIVAL ONHAVTIKO Yl
v empnkovor (Lyle et al., 2002). To evepyo xévipo tng 3D Pploxketat otnv
Meploxr] TG HAANApNG Kat amoteleitat amo Ta apwodea yAoxivn 327,
aomapayviko 328 kat aomapayviko 329 (Arnold et al., 2004).

Ewova 1.13. Aopry g 3D moAopepdong Tov moAoiav. [apovoidletat 1o cdpmioko 3DPOL-GTP
pe eppaveig Tig didpopeg mePloxEg g Likng moAvpepdong. H meptoxr) tov avtiyelpa eivat prhe
KAl 1] HePoXY] NG MAAAPNG YKPL He TO OLVTPNHEVO KATAALTIKO KEVIpo ot paf xpopa. H
replox] TOV OAKTOA®V LIIOOLAIPELTAl Of TEOOEPLG DIIOIEPLOXEG Ol OIoleg mapovotadoviat pe
IPACLVO, TOPTOKAAL, KiTpwvo kat pol xpopa. To apvoteMikd dkpo TG IOALHEPAONG
arewovidetat pe éva pmle opaipidio kat mapovotdfoviat eniong Stdagopa APOPRATIKA apvoséa
mov etval onpavtika ywa wmyv aAAnAemidpaon petald tov ImePoxov TOV SAKTOA@V Kdl Tov

avtiyepa (F30, F34).

1.7.2 TIPQTEOAYTIKH EIIEEEPTAXIA KAI IAIOTHTEX TQN
IMMPQTEINQN TQON NOPOIQN

Ot pn-dopkég nmpwteiveg twv Calici v mapdyovtal armod v Ip@TEOALOT)
pag mpodpopov moAvnpmteivg 1) orota keadwkonoteitat arrd 1o ORF1 tov 5
JKpov TOL Yyovidwwpatog. Avt 1 Opodpopn molvmpwteivny dev  €xet
aropovedel yeyovog To omoio deiyvetl OTL 1] IP®TEOALTIKY| eneCepyaoia etvat
YPHyopn KAl HIPAyPdTOHOlEiTal KAtd TV  OudpKeld TNG HETAPPAONG
(Sosnovtseva et al. 1999). H mpwteolvon mpayparomoteitat amd pia tikn
nptedon xvoteivng yvootr) og¢ 3C-like protease (3Crr, 19 KDa) n omnoia
evromiCetat otV KapPoSuTeNikr] IMeploxr] TG IPOOPOHOL IOALIPMTEIVIG,

avoOka tng tikng RNA-eCaptopevnig RNA nolvpepdaong (3D-like, 3Drol). H
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3Crro amedevBepmvetal PE0® ADTOKATANDTIKIG OlAOIIAONG arld TV IPOdPOHN
noAvnpwteivn (Boniotti et al. 1994). Qotooo npoogpata Ppebnke ott T000 1) 3CPro
000 Kat 1] mpodpopn npwteivy 3CDrrorel (3CD-like protease polymerase protein)
ODHHETEXOLV OTNV IPWTEOALOT TG TIPOoOPOoL TToAvIIpwteivyg (Scheffler et al.
2007). Exet mpotabet ot ) daoniaon g mpodpopov moALIP®TELVNG 1) omoia
odnyel oy mapayoyn OV TEAKOV otabepov Hp@Telveov mephapPdavet
teooepa otada (Ewova 1.14) (Scheffler et al. 2007). Apxwkda 1 3Cpro draomd tovg
rentidwkovg deopovg 2C/p20 xar p37/2C in trans, amelevbepovovtag Tig
tedikég  mpwteiveg  p37, 2CNTPase  xaqr 10 mPOOpopo  moAvrentiolo
p20VPg3CDrropol, Akolovbet 1) dicomiaor tov mentidxkov deopov VPg/3Crro amo
Vv 3CDrropol  amedevBepwvovtag v  3CDprorol. Katomy n3Crre diaonda tov
entOko 0eopod 3Crro/3Drpol in cis, amelevBepwvovtag v 3C-like mpmtedon)
kat mv 3D-like moAvpepdon. Téhog 1 ddomnaon tov menTOIKOL OeOpOv
p20/VPg eaptatal amod v katalotiky) dpaoctnpromta g 3CPro alAa Kat

AA\®V KOTTAPIKOV IAPAYOVI®V.

Q130/G Qeos/G  Egrs/G Eqgos/A  Eq1e0/G
[ p37 | 2CNTPase [ p20 | vPg | 3cee ] 3D ]

i

i
i i i
H i i
v v v

Qoee/G Ears/G Eigos/A  Ei1e0/G

[ p37 | [ SR ] [ p20 [ vpg [ 3cee ] 3D ]
v
Egrs/G E1180/G
[ p20 [ vpg | [Cacee ] 3D ]
Ears/G
p20 m ] [ 3D |
i ?
v
[ p20 | [vPg |

Ewova 1.14. Ilpotedlvon g moAvpateivig tov ORF1 tov vopoikod HpOTuIoL OTeAéYoLg

Lordsdale. am6 tig 3CPre and 3CDProPol, Sto mpoto otddio, i 3CP Sraond tovg 2C/p20 xat
P37/2C nmenrmidikotg deopovg in trans, anelevBepwvovtag myv p37, myv 2CNTPase xqy 1o mpdSpopo
nemtidio p20VPg3CDPropol, AxohovBel ) Srdonaon tov memudikov deopod VPg/3CPro and myv
3CDpropol  griehevBepivovtag v 3CDPrPol Tote, n 3CP Sigond Tov memmbikd Seopo
3Cpro/3DPo!l in cis, anehevBepdvovrag v 3CPO kat v 3DPOl. H Sidomnaon tov menmidikoo
deopod p20/VPg Gev eSaptatat povo amod TV KAatalvtiki) opaoctnpotnta g 3CPO alld kat

M@V KOTTAPIKOV ovotatik®v. Ta tehikd otabepd mpotovTa eltvat TOVIOpEVA fe YKPL XPOH EVR

ot menTdKot deopot mov dracmOvIat ametkovifoviat Idve otV MOALIIPOTEIV.
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ORF1 pn-dopikég npmteiveg

Ot pn-0opikég npwteiveg 1@V Nopolmv K®OIKOIIOOLVTAL artd éva HeyAalo
AavolTo avayveoTiko MAaiolo mmov evromiletat oto 5 axpo tov tikod RNA oe
avtifeon pe Tig pn-Oopikeg MPOTEIVEG TOV ITOAIOTOV Ol OII0ileg KOdIKOIIolouVTal
arno dvo mpodpopa molvmentidia tov 3 AKPov. XVVOAKA 6 Hn-Oopikég
npoteiveg kadkomnotovvtatr oto ORF1 tov Nopoimv xat mapdayovial votepd
aro np®teoAvorn) piag movrnpoteivng ~ 200 KDa.

H mpoteivyy 1 omoia xmdikomotleitat amd T0 AUIVOTEAKO dKPO TG
podpopov nolvnpateivng twv Nopolov evtomifetat oe pa 0éon toodvvapn
pe aoty g neproxng 2AB tov yeveopatog t@v picorna ov. Qotoco otnv
nepimtoon twv Nopoilwv vrodapyet povo pwa mpeoteivi, n p48, n omoila
kodwomnoteitatl oe avtv v meptoyy (Belliot et al. 2003). To apivotediko axpo
¢ p48 eppavifel pa pkpr opowotta otV alnlovyia pe v 2A npwteivy
KAIow®wV picorna 1ov Kat pe dvo kouttapikég npwteiveg (Tig3 xat H-rev107) ot
oroleg epnAékovTatl otov KoTtapiko moAamiaoiaopo (Hughes and Stanway,
2000; Johansson et al. 2002). To kapPoduteAikd daxpo g p48 £xel mapopola
Aettovpyla pe v 2B mpwteivy Tov noAtoiov kabmg oovoéetat pe pepPpaveg
tov Kuttdapov eviotr) (Fernandez-Vega et al. 2004). H p48 aAnAemdpd emiong
pe v npwteiv) VAP-A (Vesicle Associated Protein A), n omoia eivat évag
poOpotrg twv SNARE npwteivov moov coppetéyoov otV obvindn Kootdiov
(Ettayebi and Hardy, 2003). AeGopévoo OTL 1] avilypd@r] TOLD YEVOUATOS T®V
Nopoimv oopPatvet oe evdoxvTrapikeg peppfpaves, n p48 mbavov alknAemdpda
pe mv VAP-A yua v aykopofoAnon otV pepPpdvn TV OOUIAOK®V
avtiypagng 1 akopa n idwa mpwteivi iowmg Aettovpyel oav pia Hmpw@teivn
Kplopa ywa v oovappoAOynon ToL WKOL OLHHAOKOL avitypagrg. H
ékppaorn) g p48 oe koTTapa eprodiel TV PETAPOPA MPDOTEVAOV TOL KOTTAPOL
(Ettayebi and Hardy, 2003) kot datapdooet v dopr tng ovokeorg Golgi
(Fernandez-Vega et al. 2004).

H npateivn p4l epgpavifet xowvd potifa alnlovyiov pe v 2C npwteivn
T®V picorna v, Kabmg Kat pe TV DIEPOIKOYEVELT 3 T®V EAIKAO®Y. XTODG
picorna wovg, 1 2C exet dpaotnpromta ehikdaong (Srauss JH and Strauss EG,
1998) kat epmAéketatl otov Stax@Plopod tav RNA alvoidav Katd v otdpkela
mg avuypagrg (Teterina et al. 1992). H p4l epgavifer dpaotnprotnteg
1poodeong Kat LOPOALONG TPUPDOPOPK®Y VOLukAeoowiwv (NTP) ala dev
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eppaviCer dpaotpomra ehwkaong (Pfister and Wimmer, 2001). To potipo
11poodeong vooxAeotdiov GxxGxGKT/S evromiletatl oe pia oxedov napopota
0¢on oty npwteivy p4l onwg oty 2C npwteivn TV picorna wv (Jiang et al.
1993).

H p22 eivar pua pkpr) npoteivn) g omotlag 1 Aettovpyild MAPAPEVEL OF
peyalo Pabpo dyvwotn. Evrtomifetat oe pia O¢on tov yovidiwpartog tev
Nopoimv avaloyn pe ekeivr g npwteivng 3A TV picorna 1ov. Xtovg picorna
100¢, Kata 1) Owdpketa g poAvvorng, 1) 3A evromifetat pe v mpodpoun) popen
¢ (3AB) xat oopPdiet oty aykvpoBoinon g VPg (3B) oe pepPpaveg omov
npaypatornoteitat n avrtypagn too tikod RNA (Giachetti and Semler, 1991).
Metal\adeig otnyv 3A npateivn epmodioov v tikny avitypagr) (Giachetti and
Semler, 1991). H p30, nj avtiotoiyn tng npwteivng p22 otov 10 FCV, evtomifetat
pe mv npodpopn popern p30-VPg (onwg n 3AB) ce polvopéva xottapa
(Sosnovtsev and Green, 2000). Emiong, tooo n p30-VPg o6co xat n p30
evromi{ovtat oe OLUIAOKA AVILYPAQPNG IIAV® O HepPpdaveg IOvL Exovv
anopovabet ard xottapa polvopeva pe Tov 10 FCV (Green et al. 2002).

H VPg xatéyet oty nolvrpeteivy tov Nopoiov 1oodvvaprn Oéorn pe aotn
¢ npwteivng 3B (VPg) tov picorna wwv. H VPg Ppioketat opolonoAkog
oovOepévn oto 5 dKPO T®V YEVOPIK®V Kal T@V vnoyevopikeov RNAs teov
Nopoiov (Clarke and Lambden, 2000). H VPg tov o0 FCV evrtomifetat oe
OOPIAOKA avTlypa@ng to omoio deixvel 0Tt nailet pOAO OV AVILYPAPI) TOL
tikoo RNA (Green et al. 2002). Emuréov onwg npoavagépbnke n VPg etvat
AIIOPAiTT Y TV HETAPPAOT TOL yevapatog tov Nopoiwv (Herbert et al.
1997).

H npwtedon tov Nopoiwv 1) 3Cpro, evtomietal otV NOADIP@TEIVY O P
0¢on mapopoua ekeivng g 3C npetedong tov picorna wov. H 3Crro padi pe v
ipodpoun popery tng, 3CDrrorel, 6nmg mpoava@épbnke oovppetéxoov otnv
IPOTEONLOT] NG IPodPOpoL moAvipmteivng (Scheffler et al. 2007). H 3Crr tov
Nopoiov potwaet pe Tig npwtedosg oepivng (Onmg 1 xopodpowivn) alda to
KATAAOUIO OgPivi)g TOL KUTTAPKOL ev(DHOL éxel aviwkataotadel amo pia
kooteivny ot 0¢on 1239. Mua enurhéov Owotnta €xet anodobetl oty 3Cpro kat
nepAapPavet TV KAVOTHTA TG AVACLVOLAOPEVIG IPMTEIVIG VA IPOTEOADEL

v PABP (polyA binding protein) in vitro, xatéyovtag mbavov evav dapeco
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PONO OtV avaotolr] Tng obLVOEONg KOTTAPIK®V MIPADTEIVOV OTad HOADOpEVA
xottapa (Kuyumcu-Martinez M. et al., 2004).

H RNA-e€aptopev) RNA nolvpepdorn (RARp) tov Nopoiov evromiletat
otV moAvnpwteivi) oe pa Béon mapopoia exeivng g 3Drol tv picorna wov. H
kpvotalikr) dopr) g RARp t@v vopoimv emédeile KatalvTikad KAt OOPIKA
otoyeta yapaktnpotikda tmg RNA-eSaptopevng RNA moAvpepdong dAAav
Betikr|g moAikotntag RNA 1ov, onmg Kat yevikotepd OA®V TOV IONDHEPACHV
KAt aotd nep\apPdvoov Tig meploxég TV OAKTOA®V, NG MAAAPNG KAt Tov
avtiyepa (Ewova 1.15). Qotooo pa onpavtiky dwagopda tmg doprg g RARp
TV Nopolav etvat ott 1 kapPolote\ikr) meploxn] g eviomiletat oty oIl ToL
evepyolL KEVTpov dnpovpywvtag €tot pua OnAwa ywa ) otabepomnoinon twv
EKKWVIT®V Katd v évapdn tg ovvbeong oo RNA (Ng et al., 2004). EmumAéov
etvat mbavo ot n evepyog popern g RdRp towv Nopoimv katd v tiki)
poAvvon etvatr n mpodpopn popery tg, 3CDrropel, kabwg 1 mapovoia tng
MIPOTEAONG ALSAVEL EVIDIIOOLAKA TNV OPACTIKOTTA TNG HMOADHEPUONG, OIMG

éxet dramotwOet (Belliot et al., 2003).

Ewova 1.15. Aopr) g 3DPO! tov vopoiov amod to apivoteAikd axpo (HmAe xpopda) péxpt To
KapPolotehiko axkpo (KOKKvo xpopd). Ot Tpelg Kopleg IePLoyEg TOL AVTixelpd, TV SAKTOADY Kat
¢ HaAdpng eival opatég He TV ApIVOTENKI| HIPOEKTAOn (HIAE XPOHA) Va @Tdvel amd v

KOPLQN TOV OAKTOA®V OTNV IEPLOXT) TOL AVTiyElPd.
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ORF2-ORF3 8opikeg mpwteiveg

Ta 6vo avoyrta avayveootikd miaiota ORF2 xat ORF3 kodwomnolovy Tig
dopkeg mpwtetveg twv Nopoiwv. To ORF2 kxwdikomnotel tv kopla npoteiv) tov
kaydioo (VP1) xat to ORF3 kmdwomotel pia pikpotepn) OOPIKY] MPXTEIVY)
(VP2). Ot dopwkég mpmteiveg mapayoviar dmod TV HETAPPAON €VOG
vroyevapikov RNA to onoiov to 3’ daxpo etvat to 1010 pe avto Tov YeEVOHRLKOD
RNA (Jiang et al. 1993).

H Oopry tov xaydiov tov Nopolov exet mpoodioplotel péow
Kpvotaloypagiag axtivov-X oe avalvon 3.4 angstrom (Prasad et al. 1999)
(Ewova 1.16). E€attiag g advvapiag avanapaymyt)g Tov 100 epyaoTtnplaKd,
Hta apketd xprjowun pébodog yia v avalvor) g doprg tov kayidiov eivat n
HAPAY®YY] AVAoLVOLAOHEVEOV OOPATdlV 1ov opotalovv IPog Tov 10
(recombinant virus-like particles - rVLPs) ta omoia ekgpdalovtat péowm evog
ovotpatog pe baculovirus kat pmopodV va LIOKATACTI|OOVV TA «PLOK»
oepdrtia (Jiang et al., 2000).

To xayidwo eppavifet T=3 eikooaedpixr) ooppetpia kat amoteleitat ard 90
Opepn) 1) 180 avtiypaga tg npateivng VP1 (Prasad et al. 1999). H npwteivy)
VP1 anotelettat amod dvo dopikég rmeployes, S kat P, ot onoteg oovdeovtat péowm
pag evkapmtng apbpwong (Ewova 1.16). H S meploxr) amoteAeitat ano ta 225
apvoSéa Tov apvoTteAkoD dxpov tng VP1 kat epmAEéKeTatl 0To OXNHATIORO TOL
elKooaedptkov keAvgovg. H S meptloxr) eltvat oxeTika oovInpnpévn petasop tov
Nopoimv onmg IpoxovIITel Ao ovyKpPioelg aAAANAoLXIOV Kat IeptAappavet dvo
reploxeg. Ot meployég avtég etvat o apvoteAikog Ppayiovag moov aroteleitat
ano ta apwvodea 10-49 xat oovioTd To £0MTEPIKO PEPOG Tov Kaydiov, Kabwg
EITong 1) Ieptloyt] mov amoteleital ano ta apwvoléa 50-225 xat oxnpuatifet pa
KAaowr] Oopry avtuiapdAAnAng Prta-emeavelag 8-kAoveov. H P mepoxy)
amoteleitat arnd ta apwvodea 226-530 xat oxnuatifel TI§ YOPAKTINPIOTIKEG
rpoeSoyég ot omoieg mpoekPaloov amo 1o ké\v@og (Prasad et al. 1999).
ONoxAnpn 1 meproxn P eppavifer pua oxetikyy petaPAntomta petadd tov
Nopoiov ovykptrtikd pe v S mepoxr). H P meployry Staympiletat oe Svo
vronieploxég, Tig P1 xat P2 (Ewova 1.16). H vnoneploxn) P1 mepihapPavet ta
apwodea 225-278 xat 406-519, eve 1) P2 mepihapPavet ta apwvoléa 279-405. H
vronieplox1) P1 mepiéxet f xkAwvoug Kat pia a eéAka xat etvat vrevdovn yia Tig

ENAPEG PETASL TOV OEPAOV KAl TV OLaPOPOIIOiNon T®V UK®V otedexwv padi
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pe v vnomepoxr) P2 (Prasad et al. 1999). H vnomneproyny P2 epgaviet v
oynAotepn petaPAnrotta alnlovyiag avdpeoa ota péAn ToL YEVOLS TV
Nopoiov kat evtomiletat oty em@avela tov kaydiov. H vmomeployry P2
oxnpartifet éva avuurapdAAnAo B-Papét 6-kKAovav, pla Stapop@®orn napopola
Pe exeivn g neproxnig mpoodeong oto RNA tov napayovta EF-Tu (elongation
factor-Tu) pla mpwteivy) TOL EUIAEKETAL OTNV HETAPOPU TOV APIVOAKDAO-
tRNAs oto pipooopa (Prasad et al. 1999). Meleteg exoov Oeilet Ot 1)
vronieplox) P2 etvat onpavtiky yua v edeldikevorn oty mpoodeon Tov 100
otov vrmodoxéa Kat oTig avityovikeg 101otteg twv Nopoiov (Nilsson et al.,

2003).

P2

Ewova 1.16. (A) H T=3 dopr) 100 xayidiov TV vopoimv Omneg npoodlopiotnke oe avdaivor 3.4
angstrom kat 1) omota amoteleitat amd 90 dwpepr) g dopwkr)g npwteivrg VP1. Awakpivovtat n
nepoxn) S (apwodéa 1-225) kat ot P1 (apwvoééa 225-278 kat 406-519) kat P2 (apwvodéa 279-405)
omorreploxég g VPl mpwtelvng pe pmAe, KOKKIVO KAt Kitpwvo ypopda, avtiotowa. (B)
IMapovoiadetat 1) Tpttotayrg Stapoppmon evog oipepots g VP1 mpmteivng pe Tig meployég S, P1
kat P2 va xpepatiCovtat oneg oto oxrjpa A. (I') H meploxry mpoodeong tov kuttapikod vrmodoyéa
enAave otV pia vropovdada too dpepoog g VP1 npateivng mapovotaletat (opboymvio oxnpa).

Ot P1 xat P2 vrioneptoyég £xovv xp@patiotel OO Kat 0To oxrpda B.

H VP2 eivatl pua pikpr) paokn npateivn 1 omoia amoteleitatl amnod 208 émg
268 apwvolea kat epavifel extetapevy) petapAnromta arnlovyiag petado
TV ikev otehexov (Glass et al., 2000). H axpiprig Aettovpyia g dev eivat
IANP®S YVOOTI] ®OTO00 IEpdpata éxoov deilet OTL elval anmapaitt) ywa v

HAPAY®YT] HOADOHATIKOV V. Av kat n mpoteiviy VP1 elvar kavy) va
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avtoovvappoloyeitat ota rVLPs, n mapovoia tng VP2 evioyvet ) otabepotnta
twv rVLPs moo napdayovtat oe eva ovotnpa ékgpaong pe baculovirus. Etot
éxet mpotabet 01t 11 VP2 avdavet ) otabepotnta tng VP1 xat v npootatedet
arno amocvvappoloynon xat mnpwteolvorn (Bertolotti-Ciarlet et al., 2003).
Emiong, votepa amo v oovappoloynon tev rVLPs amovoia RNA, éyet
napatnpnet 0Tt dev vIApPYOLV OIIEG KAVOL peyédovg mote va eykoArmbOei to
YEVOHA KATOMV T1G OLVAPHROAOYNONG, ovvenwg 10 RNA yévopa ovoxkevaletat
OTO OO®PATIO TALTOXPOVA PE TO OXNHATIOpO tov Kaydiov. Katda ovvénelq,
évag emuhéov polog g VP2 mpoteivig etvat 1n OOppeEToxn TG OTO
IIAKETAPIOPA TOD YEVOPATOG, OM®MG DITOOEIKVLOEL KAl 1) XNHIKL] TG QLOI IOV

EMTPENEL TNV OLVOEOT] TNG PE TO APVITIKA PopTiopevo RNA.

1.8. ANTITPA®H TOY TONIAIQMATOZX TQN ITOAIOIQN

H avtiypagrn 100 yovidliodpatog oV MOA0T®V KAl YEVIKOTEPA TOV picorna
v eptappavet Sudapopeg alnAemdpdoelg RNA-Ipatelvev Kat Ip@Teivev-
npotetivov. H avtiypagry too RNA tov moloiov axolovbel 10 yeviko
povonatt avttypa@rg oAV tov RNA Oetikrig moAMKO Tt Tag tv.

To RNA 0etikr|g mOAMKOTNTAG XP1OLedeL oav KAAOLIIL yid T ovvleon Tov
OLHITAN P@HATIKOD, APVITIKIG IOAKOTITAG KA®VOD O OIol0g He T oe1pd ToL Ha
xpnowporomfet oav xalovmt ywa Tt ovvleon moMev xKAovev Oetikig
nolwotntag. H tikr) RNA-eSaptopevn RNA molvpepdor (3Drol) katalvet v
ovvOeon t@v RNA (-) xat RNA (+) alAd emiong dnpiovpyel T0 EKKIVITIKO
popto, VPgpUpU, 10 omoio eivar anapattnto yia tv évapdrn thg avilypagrng
tou tikobd RNA pe pia Swadikaoia yveotr) og ovpdilioon g VPg (Paul et al.
1998).

1.8.1 Agotepotayeig dopig tov 1ikov RNA kat npwteiveg moo amatrtovvrat

Yla v avilypagr)

Awagopeg RNA alnlovyieg xat Oevtepotayelg Oopeg g 5'-NCR taov
picorna 1®v £XOLV AVAYVOPLOTElL MG AIIAPAiTTEG yia TtV k1) aviypagn. To
anapaitnto dopko otrotyeio g 5'-NCR 1oV eviepolnv KAt KATA OOVEIEW TOV

nolwiev ya aovty) T dwadwaota etvat to 5 cloverleaf (stem-loop 1), To omoio
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Aettovpyet og Beon mpoodeong yia v ik npeteivn, 3CD, xat myv npateivy
tov Kuttapov Seviotr) PCBP2. Xoykekpipéva n 3CD npoodévetat oty OnAwa d
eve 11 PCBP2 ot OnA\wa b g Soprjg cloverleaf (Parsley et al. 1997; Gamarnik
and Andino, 2000). H dnpovpyia too oopmioxkov teov 3CD kat PCBP2 pe 1o
1o RNA etvat anapatt yia myv avitypagr) too RNA (Walter et al. 2002). H
kottapwkn npeteivp PABP, mpoodepévny oty tiky 3 moAv(A) ovpg,
aMnlendpa pe 1g 3CD xatv PCBP2 mpotetveg ot omoieg Ppioxovtat
rpoodepéveg otnv Oour] 5 cloverleaf. Me avtdv tov TPOMO emroyydaverdat 1)
aMnAenidpaon tov 5 kat 3 akp®v tov 1ikov RNA dtevkolvvovtag tnv évapdn
g avtypapng (Herold and Andino, 2001; Barton et al. 2001). Emiong éxet
Bpebet o1t ot tixég pateiveg 3AB xat 3CD aMnAemdpoovv petadd tovg kabwg
kat pe v dopn 5’ cloverleaf, pia aA\nAenidpaorn moo mbavov epmAéketatl oty
avtypa@r) oo tikod RNA (Xiang et al. 1995a).

Mwa alMnlovyia n omoia evtomifetat péoa Oty K@OKI IEPLOXI] TOL
YEVOPATOG T®V picorna v £Xel aAvayveplotel o¢ arapaitt) yla TtV UkKr)
avtypagn xat myv Pioopotta too wov. [Ipokettal yia pa eontepixn) doprn
govpxketag oto 1iko RNA yvwotr| wg cre (cis-replicating element) (Ewova 1.17).
Apywa avakalogbnke oty VPl xodwkn meproxr) too HRV14 (human
rhinovirus 14) kat apyotepa Ppébnke 0Tt 0TOLG IMOAOTOLG TO Cre IEPLEXETAl
otV 2C kodwn) reproyr) (Goodfellow et al. 2000, Goodfellow et al. 2003). Metda
TV AVAaKAIALYI) TOL Cre YEVETIKOD OTOLYEl0D, arodelyTHKE OTL piid OOVTPNHEVT)
aMnrooyia IGXXXAAACXXXXXXAM 1 omoia Pploketatr ot On\a g
(POVPKETAG AVTUIPOOMIIEDEL TO eKpayelo ywa v ovpdliwon g VPg. ITwo
ovykekpipéva, 1 A-5 ypnowonoteitat ywa v mpoodnkn xat T@v Ovo
voukAeoTdlwV ovpaxkiing oto -OH g topooivng g VPg amo v 3Drel (Paul
et al. 2003). ITpoogarta £xet mpotabet Ot 1) cre eSaptwpev) ovpdhinor g VPg
epmAéketat povo oty ovvBeon too RNA(+) xat oxt too RNA(-) (Morasco et al.
2003, Murray et al. 2003). Emunheov exet Bpebet 0Tt 11 avtidpaor ovpdAi®ong
evioXVETal ONPAVTIKA oe éva in vitro cvompa ano myv 3CD (Murray et al.
2003). ITotedetat ot 1) 3CD mapéyet v anapaimtn egedikevon oe avtr| v
avtidopaon in vivo. ANnAemdpaoeig g 3CD pe ta Sopwkd ototyela cre xat
cloverleaf mBavov poodidovv oto 1ikd RNA v katalnAn diapoppaorn yia

TV AIIOTEAEOPATIKI| AVTLYPAPL| TOV.
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Ewova 1.17. Aopr) tov cre yevellkod oOtolyeiov T@V moAotov. Paiverat 1 oovinpnpévn

arnlovyia IGXXXAAACXXXXXXAM ot kopogata Onid g Sopr.

H 3’-NCR xat 1 moAo(A) ovpd TV picorna 1oV eivat emong arnapaitnta yia
mv avtypagr toov tikod RNA. ITiotedetat 0Tt epmAEKoVTatl OtV avitypa@r)
tou tikov RNA, oxnuatifovtag ) O¢on yia wyv ovvOeon tov RNA(-). Tikeég
npwteiveg, onmg ot 3AB kat 3CD, éxet Ppebdet ot mpoodevovtat oty 3'-NCR
tov noAwiov (Harris et al. 1994; Xiang et al. 1995b). H xvttapwkr) npoteivn
nucleolin npoodévetat emiong oty 3’-NCR tov moAoiov alda pe ayveoot)
Aettovpyia (Waggoner and Sarnow, 1998). H moAd(A) ovpd onwg
npoavagépbnke Pondd oty amoteheopatik) avitypar toov 1ikovo RNA péom
oxnpatopod pag alnAenidpaong pe to 5 akpo tov (Herold and Andino,
2001).

1.8.2 Mnxaviopog avitypagpng

H avtiypagn too RNA oopPaivet oe pepPpavwdelg dopeg (rosette-like)
oL emdyoviat amod v Opdon Tev tkov npoteivov 2C xat 2BC xat
OLOOMPEVOVTAL OTO KOTTAPONAAOHRA Tov poAvopévov kvttdpov (Cho et al.
1994; Jurgens and Flanegan 2003; Fogg et al. 2003). Avtég ot pepPpavadetg
dopég mpogpyovial Kupiwg amd TO eVOOIAAOHATIKO OIKTDO TOL KLTTAPOL
Seviotr). Mia vdpogofn meploxr) omv tikn npateivr) 3AB etvat mbavov va

eobovetat yia v aykopoPoAnon g mpwateivng oe avtég tig pepPpavadetg
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dopég Katl oLVEN®G KAl TOL CLUIAOKOL AVILYPAPr|g AOY® ovyyevelag tng 3AB
1pog tig 3Drel kat 3CD (Lyle et al. 2002; Choe and Kirkegaard 2004).

INa wmv évapln g ovvbeong tov RNA(-) amatteitar xoxkAoroinon too
YEVOHATOG, TIOV EMITOYYAVETAL PEO® ANNAemOpdoemy petadd tov PCBP2 kat
3CD mov etvatl mpoodedepéveg oto cloverleaf kat twv PABP, 3CD nov etvat
oovOedepeveg oty poly(A) ovpd xat 3'-NCR avtiotoiya (Lyons et al., 2001)
(Ewova 1.18). Zn ovveyewa, ot 3CD mpateiveg, Tov Pplokovtal oe KOVTvY)
ETMaQ1), AIOKOITOLY TNV IMPoodepevn oe pepPpaveg 3AB, oe 3A xat VPg xabag
kat v 3CD oe 3C xat 3D (Murray and Barton ,2003). Ztnv emgaveta g 3D,
VPg, 1 poly(A) ovpda xat UTP-Mg2* mpoodévovtat oe KatdAAnAn dapoppmorn
Kat odnyovv oty ovpwd\iwon tmg VPg (Schein et al. 2006). H VPgpUpU
Xpnowpomoteitat oav ekkwnupo popto amd wmyv 3D yua 1 ovvleon tov
apvnTikrg nohkotntag kKAmvoo. H ovvleorn too RNA(-) 0dnyet oe éva dixkAavo
RNA evOudpeoo to omoio ovopddletat RF (replicative form). Kata ) dwdpxeta
ovvbeong too RNA(-) Aappavet xopa n ovptd\iworn g VPg oe VPgpUpU. H
OLYKEKPLpéVT avtidpaon amattel v mpoodeon 2 popiwv 3CD otv meplox)
pioyov tov CRE Sopkon ototyeiov kabmwg Kat TV IIpoodeor) 0T0 COPIIAOKO TIg
VPg xat g 3D. Oneg npoavagépbnke 1 3D ypnowponotel pia alnlooyia
otV nepoyn) OnAwag oo CRE ocav kahovmt kat ovpidthwver v VPg oe
VPgpUpU. To VPgpUpU xprnowomnoteitat oav ekkwvntg yiwa 11 obvbeon
HOMN®V KA@VeV Oetikr|g moAwkottag (Murray and Barton, 2003).

H oovappoloynon Ttov  ppovouKAEOIP®TEIVIKOD OLHIAOKOL Ot0 5
cloverleaf xat n enmaxoAovbn xvxhomoinon tov tikod RNA etvatr mbavov ot
eprrodifoov TV IpoofBaot) TV KOTTAPIK®OV piooopdtov oto RNA, endyovtag
¢tol Vv petapaocn amo v petdgpaocn oty aviypa@r (Andino et al. 1993)
(Ewova 1.18).
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Ewova 1.18. ITpotetvopevo poviélo yia v evailayr) petadd g petdgpaong xat g odvieong
tov RNA (-) T@v mohoiwv. Ot tikeg mpwteiveg, 3CDP xat VPg, Katl ot KOTTAPIKEG MPWTELVEG,
PABP kat PCBP2, aMnAemdpoov petaldp toog kabmg xat pe ta daxpa tov tikov RNA wote va
OXNHATIOODY €vd KUKAKO PPOVODKAEOIIPMOTEIVIKO OCOPIAOKO. ADTO éxel @G AIOTENEOPA TNV
avaotoln) g petdgpaong kabwg ta pifooopata dev pmopovv va mpoodebodv oto 1ikd RNA.
Metd v amopdxpovon tov ptpooeopdatav, 11 VPg-pUpU alnlemdpd pe 1o 3’ aKpo tov 1ikod
RNA xat oxnuariet 1o mpoevapktplo obunloko g avitypaerns. 'Etot, 1 ovvleon too RNA (-)

exvd pe v emyprjkovon oo VPg-pUpU anéd tnv 3DpoL

1.9 ANTITPA®H TOY TONIAIRMATOX TQN NOPOIQN

O axpipr)g pnyaviopog aviypagng tov yovidiwparog 1oV Nopoimv dev
elvatl aKOpd yv®oTog AOY® T1)G EANEUPTG £VOG OLOTHIATOG KAAAEPYELAG TOV 100.
Qotooo, 11 aviypagn Tov 1ikod RNA akolovfei 1o yeviko povomdtt
avtypapng oAov twv RNA 0Oetikn)g moAwomtag wwv pe 1 Otagopd OTt
nephapPdvet my nmapayoyr Katr omoyevopik®v RNAs. Zoykekpipéva, to
Oetikr|g moAwomtag RNA yovidiopa yprnowponoteitat ©¢ KAAoLIIL yid v
obvOeorn ToL KA®VOL APVNTIKIG MOAKOTNTAG TOo oroio akolovbwg dpa oav
Kalobmt yia TtV oovvleon TV OeTikn)g MOMKOTNTAG YEVOHIK®OV KAl

vroyevapik®dv RNAs (Clarke and Lambden, 1997) (Ewova 1.19). ITpoogateg
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peleteg Edet&av OTL 1) enwaon g UK g npwteivng VPg pe v 3Drel 0dnyet otnv
dnuovpyia VPg-poly(U) xat ot 1n ovpdlwwpévyy VPg mbavov
XPNOLHOMOLEITAl WG EKKIVITIKO HOPLO Yl THV dAVILYPA@Pl] TOD YEVOHLKOD
RNA(+). Avtifeta n avtrypagr too RNA(-) 0ev amattel KAMIOWO eKKIVITIKO
popto (Rohayem et al. 2006). Mia 6evtepotayr) dopr| pioyov-OnAiag (stem-loop)
1 omoia avayveplotnke Kovtd oto 5 dkpo tg 3Drel k@dikr)g meploxnig Kat 1
omoila ep@aviCert eva potifo alnrovyiag (AAACG) ot 0Oéon 3948-3952
IIAPOPO10 pe To cre SopKO ototyelo TV picorna wwv, mMOAvOV epmAEKeTatl OTnV
ovpd\iwon tg VPg (Victoria M. et al. 2009). Emurhéov éxet Ppebet oTL
npateiveg Tov KoTTtdpov Seviotr) onwg 1) PTB (poly-pyrimidine tract-binding
protein), to avtoavtiyovo La xat ) PCBP2, alMnAemopoovv pe ta 5 xat 3" akpa
tov yevopatog t@v Nopolov (Gutierrez-Escolano et al. 2000; Gutierrez-
Escolano et al. 2003). O axpip1)g poA0og TV HPOTEVOV ADTOV OTIV AVILYPAPT) 1)
TV PETAPPAOT] TOD YEVOHATOG IAPAPEVEL AYVOOTOG. 0TO00 €xel TIpotabet OTt
n PTB 6pa @g chaperone rpoodidovtag oto RNA pia katdAAnAn Stapoppmor)
n omoia emtpénel TV amnoteheopartiki) aviypagr) tov (Karakasiliotis et al.
2006).

Eved» ot Nopotoi mov amotedodv mnaboyova teov avbponov Oev
KaMiepyoovvtal, ot Nopoiol T@V HMOVTIKIOV pIopovv va avamtoyboov oe
devdprtikd xvTTapa in vitro kat oe pakpogdya in vivo xat in vitro (Wobus et
al. 2004). To yeyovog avto pmopet va Pondroet otnv peAétn Tov pnyaviopov

avtiypagng tov Nopoiwv.

lNevopikd RNA
ORF1 ORF2 ORF3
" ;
VPg (A)n
p48 NTPase p22 VPg PRO POL |Z|
ORF2 ORF3 >

vPg } (A)n

. B VP2

Ymoyivwopikd RNA

Ewova 1.19. Mnxaviopog avitypd@rg Tov YEVOPATOG TV VOPOI®V ODIP®VA HE TOV omoio To
RNA (+) 1xo yévopa aviypdgetatr oe éva RNA (-) popro to omoio pe T O£lpd TOL
Xpnowomnoteitat ®¢ exkpayelo ywa v napayeyn véav yevopkeov RNA (+) xabog xat
oroyevopkov RNA (+). To vmoyevopikd RNA (+) xpnowpomnoteital yia my OAPAay®dyl] TOV

dopkov npeteivov VP1 kot VP2 xatd v petdgpaon.
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1.10 KAWIAIQZH ITKOY RNA

H xayidinon tov RNA (+) tov noAoimv, pla dtadikaocia mov amotelet to
teAevtaio otddlo Tov KOKAOL {®1G TOVG, Paivetal G eivatl oolevypévn pe TV
avtiypagr) too RNA epooov xat ta dvo yeyovota oopPaivoov oty em@paveta
PepPpavikov KooTdlmV OTO0 KOTTAPONAAOHA TOL HOADOHEVOL KOTTAPOL
(Ansardi et al. 1996; Pfister et al. 1992). H dadwaotia dnprovpyiag too tikov
kaydiov Sexivaet pe v Owdoraon) tov P1 mpodpopov nolvrentidiov amod v
3CDrre kot TV napayeyn v npateivov VPO, VP1 xat VP3. Ot VPO, VP1 kat
VP3 aMnAemidpodv oote va oxnuatioovv eva npatopepés. [levte mpatopepr)
ovvdLAlovTal MOTE VA OXNIATIOONV £Va MEVIApEPEG Kat TEAKd 12 meviapepr)
ovvdeovtat petadd tovg kat divoov to npoxkayiodwo (Pfister et al. 1999). Tehwa 1)
kaydioon tov tikod RNA (+) npaypatoroteitat eite pe v ODOOOPATOON TOV
nevtapepav yop® aro to ko RNA (Pfister et al. 1995) eite pe elcodo tov tikov
RNA péoa oto mpoxayidlo péowm evog rmopov (Jacobson and Baltimore, 1968). H
dwaonaon wmg VPO ot mpwteiveg VP2 xat VP4, mbavov péowm evog
QLTOKATAADTIKOD PNXAVIOHOD, OAOKANP®VEL TV OCOUVAPHOAOYN O T®V UK®V
oopatidiov otabeponowwvtag to Kayidio kat petatpenovtag 1o mpoxkayido oe
éva mppo, podvopatiko oepdrtio (Hogle 2002).

To otadio tng xaydiwong tov RNA (+) tov Nopoiov dev eival axkopa
katavonto. Ietpdpata éxyoov Oeilet 0Tl Ta yevopikda Kat vroyevopwka RNAs
t@v Nopoiov dev ovokevdlovtat pali oto 1010 100®udtio, agov Ppednke va
vrapyet 1o kabe eidog popiov oe copatidia drapopetikwv mokvottov (Neill
J.D., 2002). Ilapodo moo 1 OJopwn wnpoteivy VPl elvalr wavy va
avtoovvappoloyeitar oe rVLPs, n pikpotepn Paown) Sopikr npwteivny VP2
elvat amapaitt) yua TV IOAPAY®YI] HOADOPATIK®V 1000PATiOV Kabwmg
aovfavet v otabepdtnra g VPl kat v mpootatedel Ao
aroovvappoloynon kat npateolvon (Bertolotti-Ciarlet et al., 2003). Iletpapata
oovappoloynong rVLPs amovoia RNA éxoov Oeiet 0Tt Oev vmapyxovv oreg
wKavoov peyeboog wote va eykoAn@bel To yevopa HETd TV COVAPHOAOYNOL),
oovennwg to RNA yévopa ovokevd(etal OTo 00@PATIO TALTOXPOVA HE TO
oxnpatiopo too kaydiov (Bertolotti-Ciarlet et al., 2003). Kata ovveneta, evag
emmleov mbBavog polog g VP2 mpeteivng eltvat n ooppetoxr) g oto

MAKETAPIOPA TOD YEVOPATOG, ON®G LIIOOEKVLEL KAl 1] XKL TG PULOI IOV
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emTpEnel Vv obLvdeor] TG He To ApvnTKa @optiopevo RNA. Emurhéov,
MEPAPATIKEG IPOOoeYYioelg €delav oTt To yevapiko RNA maxetapetal oe tka
oopatidla otav ovv-ek@pdaletat pe To vroyevaptko RNA eve 1o IIoyevepiko
RNA 0ev naketdpetat oe tika oopatidia otav ekgpadletat povo tov (Asanaka
et al. 2005). Aot 1 mapatrprnon Oeiyvel OTL TO ONpa yla TtV Kaydimworn Tov
tikov yevopatog mbavov evrtomifetat oto ORF1 1)/xat Ott ot pn-00pikég

npteiveg etvat anapattnteg ya v dadwkaota g kaydi®ong.

1.11 IITAGOT'ENEIA KAI KAINIKA ZYMIITQGMATA

O 1pomiopdg TV MmoAoiev meplopiletatl otovg avipdIIovg KAt ota pn-
avipomva npotevovia OnAactika. Ot moAwoiot petadidoviatr péowm Tng
Korpavo-otopatikn)g odov (Ewova 1.20). Metd v eioodo tov 100 oOtov
OPYAVIORO KAl TOV dpXKO TOAAMAACWAopO Ttov ota embniwa g
OTOPATOPAPVYYIKIG KAl EVIEPIKIG KOWOTNTAG, 1 MAELOWYNPIA TOV HOADOPEV®V
atopev ep@avifet pua pukpr), napodw) wapia. Kabog n poAvvorn) eCeliooetat, o
106 dwaomeipetal xat oe aMeg 0oelg Tov OKTLOEVOOONAAKOL OCLOTHPATOG.
Kata ovovénmewa, n mleloyneia tov poAdvoewmv, mepimov 1o 95% etval
AOLPITTOPATIKEG. 2TO 4-8% TV HOADOHEVO®V ATOp®V TNV dPXIKIL) eAdgpld
tapia Oa akolovBrjoet pa peyaldtepn topia 1 omoia eival YapAKT)PLOTIKO
g avemroxovg moAopveAitidag (abortive poliomyelitis). Aot} n aobevelia
nep\apPdvel COPOTOUATA ON®OG ITOVOAAIPO, MLPETO, Oldppold, pvdAyid,
IIOVOKEPAAO Kal yevikeopévn kovpaor. Eva moAd pikpd Mmooooto tev
HOADOPEVOV ATOPOV HETA TNV K0P tatpia 0a eppavicovy COPITOUATA IOV
oxetiovtatr pe v eloodo tov 0L oto KNZ kat yapaktmpifovrar &g pn-
IIAPAADTIKY| CONIITIKY prviyyitida kat mapalvtikr) moltopoelitida (Racaniello
2006). H pn-mapalotikr) aonmuikr] pnviyyitda epgavifetat oto 1-2% tov
HOADOHEV®V ATOPMV KAl YAPAKTNPI(ETAl AI0 aKapyid Tov Adipov, g AT
KAl TOV KAT® dKpav Kabag ermiong amno avinpevo aplfpo AeDKOKOTIAP®V Kt
PN @LOlOAOYIKA emineda IPTElVeV oto eykepalovatiaio vypo (CDC 2006). H
HApPaALTIKI) oAopveAitida epgavidetat oto 0.1-1% T@V POALOPEVAOV ATOp®V
Kat OLaKpPiVETal O TPEG KATYOpileg avaloyd pe Td KAWIKA OOPIITOpata: i)
ol veTaia, 1 omoila yapdktpifetat amod KAtaotpo@r] TRV KVITIK®OV

VEDPOV®OV TOL VAOTIALOL pLeAOD, ii) ot PoAPoedr), n omota yapaxtnpifetat
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aro MAapdAvol] VEDPOV®OV IIOL EAEYXOLV TOLG HUEG TOV IIVELHOV®V Kt ii) otn
votiatofoAPoetdr), 1) onoia yapaxtnpifetat arrd cvvOLACHO COPITOPATOV KAl

TV 6vo avatépwe popeav (CDC 2006).

METITA EvTEp: apyIkr
QAUYOT]- TTOAMLTT AGCIETHAS

1 MadMaTr Acmoaudes o0 aroug
hEpos iaTos

2 Eiorodioe 100 vy KUk Aogpopio

TOU Oiparog- loopie
3 |

Pl 2 TRIEG TSI
Sl % (AT 1

4 ' I

ALK ERQEVITT] w TP Ty
5
6 .

% HRLI Moluvor-
Mo Ao TT A oG -
- ¥ P opd Tou o0 aTay
HUEMG
8
9
: WIPFAR TUYKEYTROIOT)
10 « y QTG aToy opd
11 o MxpdAua
v

12 ‘Ekkpiaty tow o0 o KO TRt

Ewova 1.20. [TaBoyéveta mohopveAitidag.

Ot Nopotot petadidovial péom TG KOIPAVO-OTOHATIKIG 000D OI®G Kt Ot
roAwotol. Qotooo, 1 &ANewyn evog (OKOL POVTEAOL KAl 1) HI KAVOTHTA
KAAMEPYelag Tov 100, €XOLV MePLOPIOEL TIG HENETEG IIOL APOPOLV TNV
naboyevela Kat ot MANPOPOPIEG TIOL DIIAPYOLY IIPOEPXOVIAL AIIO HEAETEG IOV

éywvav oe ebehovtés. H meplodog enwaong Tov 100 pEXPL TNV EUPAVION TOV
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OLPITTOPAT®V, priopet va dtapkeoet aro 10 €ng 51 wpeg pe péoo 0po Tig 24 mpeg,
onmg xataypdegnke oe peléteg eBehoviav pe tov Norwalk 10 (Blacklow et al.,
1972). 'Ocov agopd ) 0¢on TG apyiKng avarapaymyng Tov 100, MOTELETAL
neg ovpPaivel oy Ave eviepikr) 000. Metd v avanapaymyr oV UKoV
oopatidiny, ot ot anelevbepmvovial amd To oOPA péod Amod TV eVIEPIKT) 000
ota «kompava. Buooyleg vrjotdag amo ebeloviég mov  mapovoiacav
yaotpevtepitida petd amod otopatiki) xoprynon tov Norwalk xat Hawaii tov
gde18av otonaboloywég arowwoetg. Iapatnpnbnke appAovon xat dtevpovor)
TOV AIXVOV OTO &yyDG AEMTO £vigpo av Kat O PAevvoyovog IAapEpelve
totohoywka abwrog (Agus et al., 1973) (Ewova 1.21). Ta kA\vikd oopmtopata
nov yapaxtnpifoov v poAovor pe Nopoiovg neptAapPdvoov KOWaKO IIOVo
pe 1 xopig vavtia, épeto kat owdppowa (Treanor and Dolin, 2000). H vynAr)
OLYVOTITA EKPNKTUKOD EHETOL EIVAL EVA KAWVIKO XAPAKTPLOTIKO TG NOopoTikr|g
aobévelag, o omoio TV draywpilel Ao dANeg VOOODG TIOL IIPOKANOVLVTIAL ATIO
evieplkoLg 100¢ 1] Paxtnpraka maboyova, omwg Salmonella, Shigella xat
S.aureus. H epgpdvion 1@V OOPITORATOV HIOPEL VA elvat OTAOAK) 1) AIOTOHN.
Ztoug eviihikeg 1 aobévela yapaxktpifetat kvpimg amod Oldppold eve otd
nadwa amo vaovtia Kat epeto. ANa  oopmtopata ta omoia  oovrfwg
ovvoOevoLV TV POALVOT 010 25-50% TOV ATOP®V elvatl IIOVOKEPANOG, ITDPETOG,

piyog xat poalyia (LeBaron et al. 1990). ITapolo mov ta copmtopata oov)Owg

eSagpavifovtal péoa oe 12-72 mpeg, 0 10g amoPailetat ota xKompava pexpt 22

pépeg (Rockx et al. 2002).

Ewova 1.21. (A) ®ootoloyikr) ep@avior) wotoo vijotdag and Proyia aobevovg mptv poAvvet pe

10 Norwalk, (B) ANoiworn) eviepikev Aayvev oe Broyia totod vijotdag amo tov idio eBehovr).
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1.12 EITIAHMIOAOITA KAI TPOIIOI METAAOXZHX

Ot moAwoiot kat yevikotepa ot evtepoiotl petadidovral peom Tng Kompavo-
OTOHNATIKI)G 000D KDPIWG 08 AVAIITOOCOHEVES XDPES e KAKEG OLVONKEG LYLEWVT|G,
EV® O AVAITOYHEVEG YWPEG PETADIOOVTAL HEO® AVAIIVELOTIK®V EKKPIOE@V. e
IIEPLOXEG EVKPATOV KAPUAT®OV Ol POADVOELG elval €MOYIAKEG KAl OLPPAlVOLY
KUplwg To KaAokaipt kat 1o eOwonmpo eve avtibeta oe meployeg TPOIKOL
KAlpatog poAvvoelg ooppaivoov 0Ao 1o xpovo (Sabin, 1985). Ov moAwoiot
avtypdovtat oty avipomivn eviepikr]) KOWOTNTA KAl AMEKKPIVOVTAl ota
KOIIpava yua apketég gfdopdadeg (oovnbmg 2-4 ef0opddeg) avaloya pe v
Katdotaorn avootag Tov atopov (Zaoutis and Klein, 1998). Kata ovvéneia ot
IOA10TOl Kl YEVIKA Ot evIePOTol ouyVva evTtomi{ovtal e aoTIKA aroPAnTa 1) Kat
oe em@avetaka vepa (WHO, 1999; CDC, 2002). H empiwon tov Eviepoiov oto
nepParlov meplopiletar oe Atyeg epdopddeg. 0tO0O0, Ol eviepoiol OTO
epBAaA\ov prmopodv va emPiooovy yid prveg KAte ard eovoikég ovvorkeg ot
omnoteg mep\apPdavoov ovdétepo pH, vypaoia, yapnheg Oeppoxpacieg ot
napovoia opyavikov vAwkoo (Feachem et al. 1981).

Ot Nopotot amoteAovv TovV M0 KOWO AlTIOAOYIKO IIAPAYOVIA EMONHIOV
Ukn)g yaotpeviepitidag. 2e pia avdaivon, and ta 233 KpoLOopata Hn
Baxtnplakng yaotpeviepitdag mov xataypdenkav amo tov IovAo tov 1997
¢wg tov Iovvio tov 2000, ta 217 (93%) oxetiCovtav pe Nopoio (Fankhauser et
al., 2002). Ot poAvvoeig oo oyetiCovtat pe Nopolong elvat EMOYIAKEG KAt YO0V
napatnpnfet 600 OLAPOPETIKA EMOXIAKA IMPOTLIIA OTO POPEO Kat VOTLO
npo@aipto. Xto POPelo NPIOPALPLO 01 HOADVOELG €lVAl IO OLXVEG TO XEHOVA
Kdt vopig Vv avoldn eve OTo VOTIO NEOQAipto v avoldn Kot To KAAoKaipt
(Marshall et al. 2003). Ot Nopotoi petadidovrat péom g KOIPAvo-OTOPATIKIG
0000 1] P€0® TOL OX|HATIOHOD AEPOOTAYOVIOI®V PETA AIIO eKPNKTKO epeto. H
IIPWTOYEVIG HOADVOT| TIPOEPXETAL AIIO TNV KATAIIOON EMPOADOPEVOD QaynToD 1)
vepou (Estes et al. 2000). Aevtepoyeveig pOADVOeEG PIOPOOV VA IPOKOLYOLV
PE0® ENAPMOV ATOPOD HE ATOHO, AEPOADHIATOV IIOD AKOAODOOVY TOV EKPNKTIKO
¢peto t@v aobevov xat polvopévev yeprotov @ayntov (Fankhauser et al.
2002). H petadoon twv Nopoiov eivatr moAd amotedeopatikn) kabomg kdmota
XAPAKTNPLOTIKA TOLG ADSAVOLY TNV IKAVOTITA TOVG va OldoTIelpovTatl Katd TV

dwapkela tov emdnuuev: i) O 10g eivat moAd polvopatikog xat povo 10-100
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LOO®PATLA elVAL ENAPKT) OOTE VA IPOKANECOLV TV pOAvvon), ii) Ta polvopeva
atopa e§akolovbovv va propovv va petadwoovy TV acbévela Kat petda v
e§apAavion] TOV COPITOPATOV Kabdg o 10¢ amekkpiveral ota KOmpava yid
tovAdaytotov 3 efdopddeg kat iii) O 10g etvat oxetika otabepog oto meptPpariov
Kat propel va emProvel oty katdayodn, omyv Oeppavorn otovg 60°C kat oty
¢xOeon otnv xAwpivry (Schaub and Oshiro, 2000; Rockx et al. 2002). Zvveneia
TOV IAPAIIAVE XAPAKINPLOTIKOV Tovg, ot Nopoiot eyovov aviyveobei oe vepd
POXAYDYIKOV MAPKOV Kat oe Pobpoldpara, ald kdat omyv em@dvela

dagpopwv avtikeypevev (Schvoerer et al., 2000).

1.13 MHXANIEZMOI EEEAIZHE ITOAIOIQN KAI NOPOIQN

1.13.1 METAAAAEEIX

Onwg oMot ot RNA 101, ot moAwoiot kat ot vopotot xapaxktnpifovtat aro
oyn\o pobpd ovoowmpevong PETANAASE®Y KATA TNV AVILYPAPI) TOL KOV
yevopatog Aoye: i) g emppenovg oe Aadn RNA-eSaptopevrng RNA
nolopepdaong 1 omota ovmoloyiletatr oOtt  evoeopatover 104 éog 105
VOUKAEOTIOKEG DITOKATAOTACELG AvA BAon avda KOKAO avilypagrg Kat ii) g
arovotag pnxaviopov emdopbwong tov Aabov moo copPaivoov katd thv
avtypa@r). H oynAr ooxvotnta petaraemv exet og amotéheopa ohot ot RNA
10l va avitypa@ovIdal KOVId 010 Oplo TG KATAoTpoPrig Aoym petaldalemv, va
VIIAPYOLY @G IMANBLOPOL TOAN®V SLAPOPETIKOV YevoTOIIOV (quasi-species) Kat
VA pIopouvv va mpooappoloviat ypriyopa oe éva véo rieptpariov (Wimmer et
al. 1993, Holland et al., 1992).

Ot xavoveg oo eléyyovv v eykabdidpoon 1oV petaldalemv oe évav ko
AnOovopo eivat Atyotepo katavontotl. 'evikd, pia petaMaln propet va petwvet
1] va avdavel TV AaPHPOOTIKOTTA TOL 100 yld Hid OLYKEKPUIEVI] OIKOAOYIKL
0¢on 11 va v agrvet avernpéaotn). Ot VOOUKAEOTIOKEG DIIOKATACTACELS IO
odnyoov o alayég oto 'vonpa’ 1oV K@OKoViov  (pn-ovveovopeg
petaradelg) etvat Ayotepo mbavo va etvat ovdétepeg oe OLYKPLON e Tig
DIIOKATAOTACELG TI0V Ogv ermmpedfovy 10" 'vonpa” Tov K@dKoviov (covavopeg
petaliadelg). H eykabidpoon petalalemv mov MapeéXoov &va emAEKTIKO

IAeOVEKTNPA elval eDKOAA Katavonty) ota HAdaiola g OeTikr)g emAoyng Tov
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Aappivoo. Avtifeta, petal\dadelg mov IapeyovV €va EMAEKTIKO HPELOVEKTHA
eSaleipovrat péow tng apvntikrg emhoyng (Domingo and Holland, 1997).
Evbiagepov xapaktnpotiko g eSEAENG TV MOAOI®V KAl T@V VOpoimv
arotelel 0 da@opeTkog pLOpog eSeASNG TOV OAPOP®V TIEPLOXDV TOL KOV
RNA. Yndpyoov xdmolot IEPlOPlopol 00OV a@opd TG AVIWKATAOTAOELG
APWVOSEMV Og OLYKEKPPEVEG TIEPLOXEG T®V OOHIK®V IMPOTEVOV (I X OTIig
IIEPLOXEG AVTEG TIOD EUMAEKOVTAL 0TV AANAemiOpao) pe Tov vmodoyed 1 OtV
aMnAemidpaon pe Ta evepyd KEVIpa UKDV eviOpaV). Avtifeta, ot IeployEg Tav
OOHIKOV MPOTEIVOV IIOD OLPPETEYOLV OTOV OXNHATIOHO TOV CAVILYOVIKOV
O¢oewv xapaktnpifovtat amo ownho podpd cLOOPELONG VOLKAEOTIOK®V Kat
APVOSIK®V  DIIOKATAOTACE®Y AOY® TNG OWYNANG AVTILYOVIKIG ITEONG IIOL
vpiotavrat (Chakravarty et al. 2005 Yakovenko et al. 2006). Emiong,
devtepotayeig dopég Tov t1ikov RNA 1ov epmAékovtat otV tikn aviypagn (m.x
cloverleaf xat CRE otovg moAwiovg) 11 omv tikyy petagpaon (IRES otovg
ITOA10100Gg) ovooWPeLOLY akopa Mo Atyeg petaldalelg. MdAwota, oe avta ta
YEVETIKA OTOlLyela elvat oOLXVO TO @PALVOPEVO THG OLV-PETAPANTOTHTAG
(covariance) Katd To 0moio ot PeETAANASelg ePIAEKOVV PAOELG TIOD EMTPEIIOVY

v Swatrpnon g devtepotayovg dopr)g tovg (Wimmer et al. 1993).

1.13.2 ANAZYNAYAZMOZX

O yevetkog avaocvvOvaopog o omoiog mep\apPdvet TNV aviaAlayrn
VOUKAEOTIOK®Y aAAnlovyiwv petadd dvo dragopetikmv RNA popiav, apyikda
meplypd@nke yia tovg moAwotovg (Hirst 1962) kat apyotepa Ppédnke ot
ovpPatver kat oe aloog RNA 100g nepihapPavopeveov tov vopolav. Meléteg
g0elav OTL 1 ovxvotTa Tov avaocvvovacpov efaptatat ard To Padpo Ing
opoloytag petadd teov natpikov RNA keovev. [a napddetypa o diatomkog
avaoovouaopog petadd moAoinv tomov 1 xat 2 oopPatvet mepinoov 100 popég
Atyotepa ovyvd amod OTL 0 OPOTLIIKOG AVAOLYOLACHOG PETASD MOAOT®V TOIIOL
1 (ot Tpeilg opoTLIIOL TOV MOAOIOY dragépovv mepinov 15% otV VOukAeoTdwK)
toug alnlovyia) (King 1988).

Exoov mpotabet dvo Oragopetikol upnyaviopoti avaocvvdvacpod otovg
1oA10io0g, o pnyaviopog alkayng pntpag (Kirkegaard and Baltimore 1986) xat
0 pnxaviopog pnéng xat enavévmong (Gmyl et al., 1999).
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Mnyxaviopog alayrg pnIpag: Katd v Ukr) aviypa@r), 1o ko RNA(+)
yévopa ypnotpomnoteitar ano v 3Drel g expayeto yia v oovbeon evog
RNA(-) xA@wvov endyovtag £tot v dnpovpyia evog SikAavoo popiov RNA,
YV®OTOD ®G avIlypd@lko evdlapeco. Qotooo katda tr) ovvbeon too RNA(-) 1)
3Drol  QOvatatr va ovvavitoel KAIolo «gUIOd0», HE AIIOTEAEORA TNV
arodeopevor] g idtag, kabwg kat tov veoovvtlepevoo RNA(-), amo tov
RNA(+) xK\wvo nov xpnotponoteitat oav xkahoomt (Kirkegaard and Baltimore,
1986). To ovykekpipévo epumodio propel va etvat eite pa devtepotayrg RNA
dopny (Romanova et al., 1986) ette n mpoodnkn Adabovg vovxAeotidiov amod v
3Drel  gtov veooovtidépevo RNA(-) xhwvo (Pilipenko et al., 1995). H
anodsopevor g 3Drol ge odpmAoxko pe tov veooovtibépevo RNA(-) xh@vo
oOnyet oty déopevorn g 3Drol, xkabwg kat tov nuitehovg RNA(-) kAovov, oe
meploxr] vynArng opoloyiag evog Swagpopetikod RNA(+) xAovoo mov Oa
AELTOLPYTOEL TWPA OAV KAAOVIIL Yla TV OAOKA|pwo1 Tng obvOeong Tov RNA(-)
KAGVOO.

‘Evag mapayovtag mov evOexopevmg PIopel va @pépet KOVTA Tig KATAANAeg
reploxég twv dvo RNA(+) expayeiov etvat o oxnpatiopog evog etepodtpiepong
aro CVECTPAPPEVES EMAVANYELG IOV AVIIOTOLXOOV Of OHOAOYEG IIEPLOXES
povpketav (Ewova 1.22) (Agol 1997). Enuthéov o avaoovdvaopog oopPatvet
katd v obvleon tov RNA(-) KAovev yia 0o xopimog Aoyoug : i) 1 ooxvotnta
oL avacLvdvLAopoL efapTdtal onpavtikd amno Ty dwabsowpotnta twv RNA
popimv mov 6povv wg 6ékteg kat ot RNA(+) kKAwvot oe obykpton pe toog RNA(-
) KA®VOLG elval MOAD MePLOOOTEPOL OTO poAvopevo kLTTapo, ii) ot RNA(-)
Pplokovtal péoa oto KOTTapPo o€ OIKA®VI] HOP@r| (AVILYPAPLKO eVOLAPEDD) KAt
oe aoty ™ pop@r Oev eivar drabéorpot yla va dpdoovv wg exkpayeia (Agol
1997). O pnxaviopog alayng prtpag Bempeltal o emKPATEOTEPOG PIXAVIOHOG
RNA avaocovdvaopod otovg moAoiovg (Romanova et al., 1986, King et al.,
1988).

Mnyxaviopog préng Kat enavévmong: ZOPPOVA [E TO PNYXAVIOHO avTto, eva
avaoovovaopevo RNA yévepa npoxorrtet ano tmy ovvdeon RNA tpnpdteov
IIPOEPXOHEVAOV aII0 TNV Oldomnaon Ola@opeTikav Mmatpik®@v RNA popiov.
‘Exovuv mpotabel 600 ynpikot pnyaviopot mov emitpénoov v didaonaon Ovo
RNA avacovdvalopevov poplov Kat v endkoAovdn) eveoor) too 5 akpov tov

evog, pe 1o 3 dakpo TOL dANOL poplov. ZOPPOVA PE TOV IIPOTO, Ol
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Po@odieotepikol deopol Twv dvo daopeTik®V popimv deyovtat emibeon amo
¢va eSotepko voukAeoplo popto HoO pe amotedeopa tn Swdonaor) tovg Kat
v ékbeon TV 5’ xat 37 Akpwv TovG. XN ovvexela ta 5 kat 3’ dxkpa aro Tta
dagopetika popia RNA evovovtal péowm evepyomoinong g 5 @oopopikr|g
opadag. Xto dedTEPO XNUIKO HIXAVIOHO, £VAG (POOPOOIEOTEPIKOG OeOPOg O
kabe avaovvdvalopevo popilo dexetat emibeon amo to napaxeipevo 2° OH, 1o
oroio maifet T0 POAO TOL £0WTEPIKOD VOuKAeopov. To amotéleopa oe kdabe
POP10 elval 1] IAPAY®YI) EVOG AKPODL ITOL MEPLEXEL EVA KOKAKO 2, 3" pmO@OopKo
evOlapeoo kat evog 5" akpoo mov @épet OH. 2t ovvéyea ta 5 kot 3’ axpa armo
ta Stagopetika popta RNA evovovtal péom aviidpaong TpavoeoTepooinong

(Gmyl et al., 1999).

Ewova 1.22. Mnyaviopog aAAayrng prjtpag yia tTov avacovovaopo petasp dvo RNA yeveopdatov
otovg moAwoiovg. Ot pavpeg ypappég avrwotoryoov ota O6vo RNA popua. Ot avto-
OLUIANPWUATIKEG TEPLOXEG TTAPLOTAVOVTAL &G a Kat a’. H Siakekopévn ypappr| avriototyet oto

veooovTiBépevo RNA popro.
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Eva 1ikd otelexog vopoiod propel va xapaxtnplotel og avacvvOuaopévo
otav 1 @uAoyeveTikr) avaloon oe Ovo OwaopeTikég meploxeg (ovvnbwg n
IIEPLOXT) TOL KaW1diov Kat NG LIKIG IOADHEPCOTG) OPADOIIOU)0OVY TO OTENEXOG
oe dvo draopeTikég yevetikeg opadeg (Bull et al., 2005). Avaocovdovaopéva tika
OTENEXT] €XODLV EVTOIILOTEL O€ TPELG AIIO TOVG MEVTE YeVOTLIIOVG TV Vopoimv (GI,
GII xat GIII) (Han et al., 2004; Hardy et al., 1997; Katayama et al., 2002). O\a ta
avaoovOvuaopeva oteAexT) VOpoiwy, pe eaipeor) éva POVO NG YEVETIKIG opadag
GlII, eiyav 1t 0¢on avacovoéoacpov péoa 1) KOVIA 010 Onpelo emKANLYNG TOV
ORF1 xat ORF2. Tevika otoog RNA 100g, o avaoovOvaopog armattet
voukAeoTiOwkn] opoloyia, pra RARp pe meploptopévn mototTa avitypagpng 1
nepin\okeg devtepotayelg Oopeg Omwg ot Oopeg pioyxov-OnAiag, mov Oa
odnynoovv oty alnienidpaon tov 6vo natpwkodv RNA xevev (Kim and
Kao, 2001). H meproxr) emxdAoyng tov ORF1 kat ORF2 meplhapfavet pia
devtepotayn dopny pioyov-OnAdg n omoia etvatr 100% oovtnpnpévny oe xabe
yevetkr] opdada te®v vopoimv (Bull et al. 2005). Etot éxet mpotabei éva
HPNXAVIOPOG OCOPP®VA HE TOV OO0 0 avacLvOvAopoOg copfaivetl OTav 1) UKr)
IIOADPEPAOT KaTd TV  OudpKela g avitypa@rng too 1ikod RNA cvvavtroet
Vv devtepotayr) Oopr) pioyov-OnAiag oty apxr too ORF2 pe anotéeopa va
aladet expayeio (Ewova 1.23) (Bull et al. 2005). H wavotnta g moAopepdong
T®V vopoiwv va aldadet expayeio oty apyr) too ORF2 eivat enw@elr|g kabwg
Bonbdael tov 10 va epevyel amo eCehiktikovg otevorovg (Coyne et al. 2006;
Muller 1964). Avto oopPaivet enedr] to ORF2 k@dwkomotel v Ip@Teivy) TOL
kaydioo, VP1, ) onola mepiexet Tig avrryovikég Oeoelg. Katda ovvénela, ot ot
elvat wavol va aviaAAdoovv 1o Kaydako Tovg IepiPAnpa kdat £tot va

dlapevdYOLV TG AVOOOAOY1KI|G ATIOKPLONG TOV SEVIOTH).
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i \\. EcwrepIkn évapin avriypagnic

—"_‘/ Ymroysvwpike RNA

3o e - —— - _
: === =T o Yroyevwpiko RNA ()
A &
vaguvouagpee L - _  EVOC BsuTEpou ITKoU OTEAEYOUG
Ahhayr skpayziou
5
| + AvaocuviuaoHEvo ITKS oTElEY 0

Ewova 1.23. Mnxaviopog avacovovaopod petalop 6vo RNA yevopdtov otovg vopoiovg. 1) H
avtypagn too yevopikod RNA(+) amod v tikr molvpepdorn (ykpt kOkAog) odnyet otnv
onpoopyia evog RNA(-) popioo (Srakexoppéveg ypappés), 2) H mpoodeon g tikng moAopepaorng
oe oxedov tavtoonpeg alnlovyieg (pavpa tetpdywva) odnyel OV MAPAY®YT] YEVOHPIK®OV
RNA(+) kot vrioyevopikeov RNA(+), 3) Avtd ta expayeta kateofovoov v odvvBeorn RNA ano to
3’ axpo tovg odny®vtag oty dnpovpyla evog yevopikod RNA(-) kat evog voyevapikod RNA(-
), 4) O avacvvdvaopog copfaivel otav 1 molvpepdorn Sexwvaet v obveon too RNA(+) oto 3
akpo evog yevapikod RNA(-), otapatd oty meptoxr] TOL DIIOYEVOHULKOD IIPoay®yed Kat arAddet
expayeio oe éva dabéotpo vroyevopwko RNA(-) npoepxopevo amo aAlo tiko otédexog. To tehikd
AToTEAEOPA elval €vag avaobLVODACHEVOG 10G TIOL €XEL AMOKTH oL véeg alAnlovyieg yia ta ORF2

kat ORF3.

1.14 EMBOAIA KATA ITOAIOIQN

To mpato epoAio mov avarmtdydnke yia TV avIpeT®IoN TOV ITOAOIOV, TO
1955 amno tov Jonas Salk, njtav to IPV (Inactivated Poliovirus Vaccine), to
omoto mepteiye adpavoroumpéva ayplov TOIOL WKA OOPATIONT KAl TV TPLOV
opoTLII®V TV MoAiwV. I'ia v napaywyt) tov IPV, ta aypiov tdnov oteAéxn
Mahoney (mmoAtotog tomoo 1), MEF-1 (1moAotog tomov 2) xat Saukett (1ToAtotog
Torov 3) avamtdooovTal O KOTTAPIKEG OElPEG IOV MPOEPYOVTAL arld VePpPd
npaotvov mbrkoo (T- Vero cells) xat amevepyonotovvtat pe goppaideddrn. To
IPV etvar aopalég xabwg mepiexelt adpavomoumpéva UKA OTeAéxn Kdat
amodeiyfnke OTL emdyel IPOOTATELTIKI] AVOOONOYIKI] CIIOKPON  Otd
epPoAtaopéva atopa évavtt g MOAOpveAitidag. QoTO00, PEIOVEKTHPATA TOV

IPV amnotedovv 1 akpiffn] Tipr] TOV KAt TO ONHAVIKOTEPO, I M1 IIPOKANON
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avoolag otV IePloxr] TOL €VIEPOL 1) omoia amotelel KAt To KOPLO Onpeilo
noMan\aotaopod T@v nolwimv (Ferguson et al., 1993).

To Gevtepo epPoAio mov avarrtdxOnke yida TV AVIIPETOIIOT TOV ITOAOT®V,
10 1963 ano tov Albert Sabin, rjtav to OPV (Oral Poliovirus Vaccine), to
omoio meptetye {ovrtava eSacfevnpéva KA OOPATIONT KAt TOV TPL®V OPOTOII®V
Tov moAwoiov (Sabin et al, 1960). Ta efaofevnpéva tika oteAéxn Mmoo
nep\appavovtat oto OPV ovopdfovtat Sabin 1 (rmoAwoiodg tomov 1), Sabin 2
(moAtotog torov 2), Sabin 3 (moAoiog tomov 3) kat oto epoAto Ppiokovrat oe
avaloyia 10:1:3 avtiotoya. Ta oteAéyn Sabin 1, Sabin 2 xat Sabin 3
IIPOEPXOVTAL AIIO TA VEDPOPOADOPATIKA aypiov torov oteAéyn LS-c, P712 kat
Leon 12 avrtiotolya, ta omoia 0OTepd damO dPKETA MEPUAORATA  OF
KOTTAPOKAAAEPYELEG KAl PEO® TNG OLOOMPEVONG HETANASEDV TTOL OxeTi{ovTat
pe 1 peiwon ToL  PLOpod  MOAAIAACIAOPOD  TOLG, AIMAEOAV  TOV
vevpopoAvopatiko toog @awortono (Kew et al., 2005). To OPV epgpavidet
apxetd mheovektipata oe ovykpon pe 1o IPV. To OPV etvar éva @bnvo
ePPOALO KAl YOpnYeLTAl ATIO TO OTOPA KAl Ol O€ EVEOLHN HOPPI) OIS YiveTdl
otV nepurtoorn tov IPV. Enurhéov to OPV endyet pia oxvpr] kat peydAng
Olapkelag avoooloyikr) armoOKPlon MePNAPPAVOHEVNG TOIIKI)G AVOOlag OTO
évtepo. Zoykekpipéva to OPV mmopodotet 600 dragopeTikég avooeg AroKpioelg:
TV XOHIKI] AVOOI GIIOKPLOL), M€ CIIOTENEOPd TV IAPAY®dYl] dVIIOOPAT®V
EVAVTIOV KAl TOV TPL®V 0POTOI®MV TOL 10V KAt TV emONALaKY) Avoot) armoKpior),
oL MePINaPPAvel HAPAY®YI) VTIEPPEPOVIG KAl AVIIOOPATOV IgA, e1dikov yia
TOV 10, Katd HPNAKog ToL embOnAiov TOoL @PAPLYYA KAl TOL YAOTPEVIEPIKOD
owAnva. Eva emuAéov mheovéktnpa too OPV prnopet va Bewpn et 1 dSraomopa
TV (OVTaveV otedexmv tov epPoliov armd ta epPoliaopeva atopa oe aANa
daTopa Tov otevoL HePPANNOVTIOG TOVG pE AITOTEAEOUd TNV EIMLTEDST) eDPVTEPNG
avoooroinong (Dowdle et al. 2003).

H ovyxplon 1oV voukAeoTidik®v arAnAovyiov tov Sabin otedexmv Kat tov
AVTIOTOLY®V VEVPOHOADOPATIK®OV HMATPIKOV OTEAEXDV AIIOKANDWYE M OLlpd
petalademv, Kdroleg amno Tig omoieg eivat vmevoveg yia toog eSaocbevnpévong
@avotorovg v Sabin otedexmv. To yevopa tov epfoltaxov otedéxovg Sabinl
dagépet amd avtd tov mpodpopov tov (P1/Mahoney/41) oe 54 Pdoelg. Ot
kaboptloteg tov  eSaolevnpévov @aiwvotorov tov Sabin 1 Ppebnke omt

KATAVvEROVTAl 0 ONO TO YEVOHA KAOIOT®VTAG TNV avAADOI) TOVG IO IIEPUITAOKI)
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ano avt 1OV AA@V dvo opotdni®v. Mia VOUKAEOTIONKT] DIIOKATAOTAOL Ot
0¢on 480 g 5'-NCR meproxr)g xat mbavov pia devtepn ot Beon 189 g 1dwag
eptoxr|g €xet Ppebet 0tL oopParlovv otov eSaocbevnpévo @aivotomno. Téooepig
EMUIAEOV APVOSIKEG DIIOKATAOTAOELG OTNV IEPLOXT] MOV KMOKOIMOEL yla Tig
dopkeg npwteiveg oopPaldoovv otov eSaocbevnpévo @aivotoro. Ov dvo armod
avtég (ta apwodéa 65 g VP4 kat 134 VP1) Ppiokovial oto e0mTEPIKO TOL
1iKkoL xkay1diov evw ot alAeg dvo (ta apwvosea 106 g VP1 xat 225 g VP3)
Bpiokovtat oto e€mtepikd tov. EmumAéov pla apivolikr) vmoxkatdotaon otn
0¢on 73 g 3Dro!l kabwg kat pia vooxAeotdwkr) vriokaraotaor) ot Oéon 7441
g 3’-NCR amotehodv xkabopiotég Tov e§aobevipévon @atvotomov tov Sabinl
(Bouchard et al. 1995; Georgescu et al. 1995; Tardy-Panit et al. 1993; McGoldrick
et al. 1995). Zmv mepimtwon Tov epPoAlaxkov oteAéxovog Sabin2, pia
VOUKAeOTIOKY| vrtokataotaon ot O¢on 481 g 5-NCR meproxng xat pia
apwvodikr) vrokataotaon ot Oeon 143 g VP1 meproxrng eivar ot xdpiot
kabopioteg tov eSaobevnpevoo @atvotvnoo (Macadam et al. 1991). To yéveopa
Tou epPoAtakod otedeéxovg Sabin3 dragépet amd avto Tov MPOOPOHOL TOL
(P3/Leon/37 ) oe 11 Pdoeig amo Tig oroieg Op®g povo ot Ovo eivat toxvpot
kabopiotég Tov eGaoevnpevov GAaivoTOIIon: pid VOOKAEOTIOKT| DIIOKATACTAON)
ot 0¢on 472 g 5'-NCR neproxrg xat pia apivodikr) vmokatdotaon ot 0o
91 g VP3 meproxrg (Westrop et al. 1989; Minor et al. 1989; Guest et al. 2004).
Emiong, n apwvoSikr) vnokatdaotaorn) otn 6¢on 6 g VP1 mbavov nailer xamowo
polo otov eSaotevnpévo gawvotono (Georgescu et al. 1997; Martin and Minor,
2002).

Ta Sabin epPoAiaxd oteAéxn epgavifoov emiong Oeppoevaiodntovg
@awotonovg OnAadr) avamtvoooviat otovg 37°C ala oxt otovg 40°C oe
avtifeon pe Ta aypiov tOmoL oOteAéxn Ta omoia avamtvooovtatr eSioov
anoteheopatnika tooo otovg 37°C 6oo xat otovg 40°C. Ot xabopioteg TOL
Oeppoevatotntov gawvotonov evromifovtat oty 5 -NCR neproyr (kat yia tovg
Tpelg Tomovg Sabin), otnv P1 meptloxr) Tov kayidiov (KAt yia Tovg TPeLg TOIIOVG
Sabin) xabwg xat otv koI meploxr) g 3Drel (yia tov tomo Sabinl) kot
OLHITLITOLY € TOVG avtioTtolyovg Kaboptotég tov e€aobevipévon @AvoTLIION
(Bouchard et al. 1995; Georgescu et al. 1995; Tardy-Panit et al. 1993; McGoldrick
et al. 1995; Macadam et al. 1991; Westrop et al. 1989; Minor et al. 1989; Guest et

al. 2004). O Oeppoevaiotnrtog @aivotomog Oempeitat TO IO  ONPAVIKO
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XAPAKTPLOTIKO TOV EPPOAI®V Kat COPPAAEL 0TV ePPAVIOT TOL e§aobevnpévon

(PALVOTLIIO.

1.141 EMBOAIOXYNAEOMENH ITAPAAYTIKH IIOAIOMYEAITIAA
(VAPP) KAI EMBOAIOXYNAEOMENA XTEAEXH ITOAIOIQN (VDPV)

To 1988 1 ITaykoopta Opyavwon Yyeiag (IT.O.Y) Sexivnoe to mpoypappa
expilmwong tg moAtopvelitidag, to omoio amookorovoe oty eSdlewyn TV
AYyPL®V OTeAeX®V IOAOIOV ITayKooping péxpt to €tog 2000. To epPoAo mov
emAéxOnke nrav to OPV AOym tng 10XLP1g avoong amokplong mov MPOKAaAel
Kat Aoy® Ttov xapnlod tovo xootovg. H xprjon too OPV oe palikovg
epPolaopods  0ONynNoe Oe  ONHAVIIKY] PEl@ON TV — IEPLOTATIK®OV
noAopoeitidag o@el\opeveg oe aypiov Tomov moAoiovg amo  350.000
neplotatikda oe 125 evdnpikég xmpeg 1o 1988 oe 1.310 nmeprotatikd oe 4 xmpeg 10
2007 (CDC 2008). Qotooco éva onpaviko peloveéktnpa tov OPV eivat 1)
YEVETIKI] aotdfela TOv, €va YAPAKTNPLOTIKO IOV &xel ®G AIIOTEAEOHd TNV
EPPAVION TEPUITOOE®V ERPOAOOLVOEOPEVIG TAPANDTIKY)G MOAOPDENITIOAG
(VAPP: vaccine-associated paralytic poliomyelitis). H epPoAiooovdeopevn
HapaAvtikt] noAtopvelitida oopPaiver onavia (1 meprotatko ava 750.000
epPoAtaopéva dropa) eite oe atopa mov mpoogatda epPolidotkay pe to OPV
elte oe pn-epPoltaopéva datopa ta omola Opwg ooV O APEOH) EHaAPr] HE
epPoAtaopéva aropa.

H eppavion nepurtooewv VAPP oxetietat pe v o0oo®pevor] peTarasemv
oe Béoeig kaboproteg tov eSaocbevnpévoo kat Beppoevaiotntov gatvotomov T®v
Sabin otedexov kat Vv Oapaymyr enBoAlooovOedpevoy oTeAeX®V MTOAOI®V
(VDPVs: vaccine-derived polioviruses) pe aoinpévi) veopopoAvopatikot)ta
(Furione et al. 1993; Georgescu et al. 1997, Cherkasova et al. 2005).
Eppolioocvvdeopeva otehéxn moAoiov tonev 2 xat 3 éxovv amopovmbel mo
ooxva amo nepurtwoelg VAPP amo ot epPoliocovdeopeva otedéxn tomov 1
yeyovog to omoto mbavov oxetietat pe tov peyalovtepo apdpo xaboplotwv
tov e§aobevnpevoo gawvotovrov oto epPoAtaxo otedexog Sabin 1 (Guillot et al.
2000; Wood and Thorley, 2003; Martin and Minor, 2002). Emuméov
epPoAtoovvOeopeva KA OTEAEXT] TA OMOLA QEPOLY YEVETIKO AVAOCLVOLAOHO

é¢xoov amopovabel amod mepurtwoelg VAPP yxwpilg @wotoco va eivat akopa
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YV®OTI] 1] JHECI] OLVEOPOPA TOL AVAOLVOLAOHOL OtV  avinon g
vevpopoAvopartikotntag (Lipskaya et al. 1991; Macadam et al. 1993; Furione et
al. 1993; Georgescu et al. 1994; Georgescu et al. 1997; Li et al 1996; Friedrich
2000).

H tprofevrig @ovon too OPV mapéxet davikég oovOrkeg yta Oatomko
avaoovOuaopo petald v TPV eSacevnpevev  epPOAAK®V  OTEAeX®DV
noAwiov (Sabin 1, Sabin 2 and Sabin 3), ®otdco avacvvOvaopog Exet
napatnpnbdet petado Sabin xat aypiov-tomov noAwoiov (Georgescu et al. 1995;
Dahourou et al. 2002) xabmg xat petadp moAoimv kat dA@V eviepoiov (Kew et
al. 2002; Brown et al. 2003). H tavtoxpovr poAvvorn 1oV embnAakev KoTtapeav
TOL EVTEPOL £VOG EPPOALAOPEVOD ATOPOL Pe Ta UKA oteAeéxn Sabin 1, Sabin 2
and Sabin 3 xat ta ptda cOpmloka avtypagng moov evromfovrat oe  Alyeg
Oéoelg yOpw amd TOV HmLPHVA TOL KLTIAPOL IIPOAYOLV TOV OLATLIIKO
avaoovovaopo (Egger and Bienz, 2002). Ilepimov 10 79% 1wV moAtoiowv oo
AIIOPOVAVOVTAl dII0 Td KOIPAavd aTtOp®V Heta damd  epPoAtaopo etvat
avaoovbvaopeva (Cuervo et al. 2001). Eva peyalo mooooto
epPoAtoovvOedpevev moAoiov tomov 2 (50% TV mEpUIT®oemy) Kat Torov 3
(67 % TV IEPUITOOE®V) IIOL ATIOPOVMONKAV aIIo L) EPPOAAOpPEVA ATOPA KAt
nepurtwoelg VAPP Bpédnkav avaocvvdvaopéva (Furione et al. 1993). H
rapovota tov Sabin 1 oteAéyovg oe avacvvdvaopovg tormov S1/Sx (X: Sabin 2 1)
Sabin 3) eivat moAv onavia. otoco Tprjpata Tov Sabin 1 epgaviovtat moAv
oLYVA 0g AAAOVLG 0POTVLITOVG KPIWG Sabin 2. Avto onpaivel Nwg 1o 5 TpHpa
ToL yoviduwpatog tov Sabin 1 ''ovvepydletat ' oAb d0VOkoAa pe ta 3’ Tpnpata
Tov Sabin 2 kat 3 otelexmv 1] O®G O PIXAVIOPOG pe TOV omoio yiverat o
avaoovOuaopog 0ev evVOEl TV MAPAY®YI) €£VOG TETOLOD AVAOLVOLAOPEVOD
otehéyoung. EmurAéov i xpovikn) oglpd pe TV oroid eKKPivovTal ota KOIpavd ot
TPELG OPOTLIION (TPWTA O OPOTLIOG 1, PETA O OPOTLIIOG 2 KAl TEAIKA O OPOTLIIOG
3) amotelel pua eppnveia ya v ooxvotnta OOPPETOXNS TV Sabin oteAeywv
otovg avaovvdvaopoovg (Cuervo et al. 2001).

O dwatomikog avaovvdovaopog petald twv Sabin otedexav ocvpPatvet
oovrfwg oty pn-0opikr) meptoxt) Tov yevouarog (P2 xat P3). Exet mapatnpnOet
ott ot 2C yevVeOMIKI] MEPLOXT] OLVAVIMVIAL OxedOV KAT AIOKAELOTIKOTN T,
avaoovovaopot tomov Sabin 3/Sabin X (X: Sabin 1 1) Sabin 2), eve otv 3D

OLVAVTIOVTAL PE TOAD PEYAAN OLXVOTHTA avaovvovaopot torov Sabin 2/Sabin
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X (X: Sabin 1 1j Sabin 3) (Cuervo et al., 2001; Karakasiliotis et al., 2004; Paximadi
et al., 2006; Paximadi et al., 2007). Emurheéov, ot diatvmikot avaocvvdvaopot
otV meploxr] tov kaydtov (P1) elvatl éva moAd omavio yeyovog Kat £Xoov
avagepbet ehdayloteg mepurtwoelg (Martin et al.,, 2002; Blomgqvist et al., 2003;
Dedepsidis et al., 2008). Q01600 TO YeyOVOG T1G EVTOMIONG OLYKEKPIPEVOV
TOI®OV avaocLVOLACPMV 08 CLYKEKPLPIEVEG ITEPLOXEG TOV YEVOUATOG ITAPAHEVEL
avefniynro. Exet mpotabet ott devtepotayeig¢ RNA dopég otig 2C xat 3D
YEVOHIKEG ITePloxeg elvatl vmevboveg yia TtV IPOAY®@YI] TOL ODYKEKPUHEVOD
gawopevoo (Georgopoulou et al. 2000; Cuervo et al., 2001; Karakasiliotis et al.,
2004; Paximadi et al., 2006).

Extog amno tovg anmlovg avacovdvaopovg éxoov napatnpnbet kat moAAarmhot
avaoovOuaopol Kvopiwg pe T ovbppetoxr) tov opodtvrmov 3. Kat oe avtovg
exkdnAwvetal pa mpotipnon oty oelpd pe v omoia avaovvdvalovrat. ITo
ooxvol elvat ot tputhot avaoovdvaopot S3/S52/S3 (Cuervo et al. 2001;
Blomgqvist et al. 2003) xat S3/52/S1 (Martin et al. 2002; Cuervo et al. 2001).

To % mooooto amoxkAong tng vovxkAeotdikn)g alnlovxiag g VP1
YEVOUIKNG TEPLOXNG  &vog  epfoltoovvOeodpevov  moAoiod amd v
VOUKAEOTIOWKI] aAANAovYia TOL AVTIOTOLXOD HPOTLIIOL EPPOAIAKOD OTEAEYOLG
Sabin xpnotpomnoteital mg Oeiktng yla TV O1aKplon TV epfoAtooovdedpevmv
noAwimv oe dvo kopleg Katnyopleg: i) ota OPV-like tika otehéyn oOtav to
ooooto anokAong eivat <1% xat ii) ota VDPV tikd oteAéxn otav to moocooto
anoxkAong etvat = 1%. ITooootd amoxAong 1% onpatvet 0Tt 0 10G KoKAopopel
otov mAnBoopo yta tovAdayotov 1 xpovo (Dowdle et al. 2003).

Ta VDPV tika oteAéyn yopifovtatl oe tpelg katnyopieg: ta VDPV oteléxn
[I0D dIIOHOVAVOVTAlL amd dropa pe avoooavendpkewa (iVDPV), ta
KOKAoQopovvta epPoltoovvdedpeva  otedéxny moAwoiov (cVDPV) xat ta
appieyopeva VDPV (aVDPV). Ta iVDPV mpoegpyxovtat amod aobevelg pe
AaVOOOAVEIAPKelEG B-KOTTAP®V KAl PIIOPOLY va IPOKAANECOLV IAPAADTIKL
vooo otov aofevry (Centers for Disease Control and prevention, 2006). H
avSnpév KavoTTa PETADOONG KAt I ALSNHEVI] IKAVOTTA TOLG VA IIPOKANODY
oAtopveAitida etvat ot onpavikotepeg Wwotteg 1@V cVDPV. H m\etoyneia
twv c¢VDPV movo éxoov amopovwbfel amd aobeveilg, éxoov Ppebdel
avaocovvovaopéva pe evtepolovg tng opdadag C ot pn OOMIKI) IMEPLOXL] TOL

yevopatog tovg. Ta cVDPV otehéyn etvatr vmedOova yia molAég emdnpieg
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oAopoeAitidag ta teleotaia ypovia. Tétoleg emdnpieg onpeiwdnkav otig
du\ummiveg to 2000-2001, oty At to 2001, oy Mayadaoxkapn to 2002 xat
otV Kiva 1o 2004 (Kew et al., 2002; Rousset et al., 2003; Shimizu et al., 2004;
Liang et al., 2006). Ta aVDPV oteAexn anopovovovtat eite amno aobeveig yopig
AVOCOQVEIAPKELEG €lTe A0 TO HePPANOV, XOPIG MOTOOO Va elvdal yvmoTn 1

rpoglevor) toug (Centers for Disease Control and prevention, 2006).

1.15 EMBOAIA KATA TQN NOPOIQN

H oynAr) ovxvotta polovoemv pe vopoiodg Koplwg oe matdid Kdat
NAKI®PEVODG Oelyvoov TV avaykaotnta avartodng epPfoliov katd 1oV
vopoiav. Ot mnbooptaxég opdadeg mov €xovy PeyalDTEPT AVAYKI] EVOG TETOLOV
epPoAriov mepAapPavoov TA VAMA, TOOG NAKIOPEVODG, TOLG XEPLOTEG
TPOPLIP®V, TOV OTPATO, TOLG TASIOWTEG, KA ATOPA ITOL epydovTal Ot LINPETieg
vyetag. H avdmrodn evog epfoliov katd te@v vopoinv Oa pelove onpavikda tmy
Bvnowpotnta Dawdimv KupPiwg oe AVATITOOOOPEVEG XWDPES.

rVLPs (recombinant virus-like particles) ta omota yopnyrfnkav oe novtikia
amo To OTOpa 1] evOopnVIKA ®¢ epPoAia, amodeixOnkav amoteAeopatika
avoooyova (Periwal et al. 2003; Guerrero et al. 2001). Ze eBehovtég, rVLPs ta
ornota ek@paotkav oe Otayovidiakd @utd 13 oe ovotua baculovirus xat
xopnynonkav amod to otopa amnodeiydnkav aopairn xat avocoyova (Ball et al.
1999; Tacket et al. 2003). Qotooo moAég dvokolieg rreptopifovv TV avarrtovdn
ePPOAiOL KATA TOV VOPOI®V ON®MG 1) AVENAPKIG YVAOOL TOV HIXAVIOH®OV
avoolag évavit too v, 1 éNewyn KaAng paxporpobeopng avooilag xat
ETEPOTLINIKIG IIPOOTAOIAG EVAVTL OIAPOPETIKOV UKDV OTEAEX®V KAl 1) BIIAPSN
HOAMAIA®V  YEVETIKOV KOl OVILYOVIK®V TOH®V Tov 100. Emumleov, 1)
ovovexlopevn Kat 1) yprjyopn eSéASn Tov 1oL mov odnyel otV ep@avion vémv
UKQOV OTeAexmV, ONmG oupPaivel pe tov 10 NG yplnmng, amnattel evoexopevmg
myv avamtodn epfoliov e0Kd EvavTl TOV KDKAOPOPOLVI®V yia Kdbe @opd

UKQV OTEAEXDV.
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1.16 XKOITOX THX AIATPIBHX

2ZKOIIOG TG IIAPovoag Statpfr)g Tav 1 aviyvenon Vopoimv Kat IIOAOI®V o
HePPAANOVTIKA KAt KAWVIKA Oelypatd pe POPLAKEG TEXVIKEG KAl I YEVOIKI)
AvAAvol) TOV AVAOTEP®D OPAODV 1®V.

Apyxwa otmv napovoa datpiPr) peletbnke 1n ovoyetion petalAdademv Kat
YEVETIKOV aVaoLVOLAOp®V pe Tty Oepposvatotnoia xat v KTk
avarrtolng epPolioovvieopevey otehexmv moAwoiewv. Ia to oxomo avto,
npaypatonou)fnke evromopog twv petardieov otig 5-NCR, VP1 kat 2C-
3'NCR yevopikég meptoxég otig omoieg edpalovtat ot kvplot kaboptotég tov
Oeppoevatotintov xat eSaobevnpévoo @aivotvnov TtV Sabin epPoAltaxmv
otedeX®V KaAbmg Kol eVIOMIOPOG TV YEVETIKOV AVAOLVOLAOP®V oty 2A-
3INCR yevopwr mepoxr). Ev ovveyeia mpoodiopiotnke n avdamroln tev
epPoAtoovvOedpevav moAoiov otoog 37°C kat 40°C, davikr) kat pn-davikr)
Beppokpaoctia avamtodng avriotolyd, Katd TV OWIpKeld TOV IpwTteov 12 opav
(avd 2 opeg) TOL 1TKOL POAVOPATIKOD KOKAOD.

Eva enodpevo otadio g mapodoag peAétng amotéeoe 1) avdamtodn piag
multiplex RT-PCR pebodov yia tov eviomopd tov oovifov Tonev
avaoovovaopoov S3/SX (SX: S1 1) S2) xat S2/SX (SX: S1 1 S3) otig 2C kat 3D,
avtioTolyd, YEVOPIKEG TIEPLOXES EPOAIOODVOEOPEV®Y TIOALOTRDV.

Axolovbwg mpoodiopiofnke To emimedo  avooiag tov avipomvoo
mAnBoopod évavit @V IpoTLH®V epPolakmy otedexav moAoinv (Sabin 1,
Sabin 2 xat Sabin 3) xaBaog xat évavtt 1oV epPoAloovvOedIeEV®OV TTOAOTOV pe
TNV TEXVIKI] TG 0POESODOETEPDOTG.

Teleotaio otado g mapovoag datpiPrig armoteAece 1 evioyvoon Kdt 1)
alnlovyion 000 1o SVVATOV IMMEPLOCOTEPDV YEVOPIK®DV IEPLOXDV VOPOTK®V
OTEAEXDV PE EKKIVITIKA pOpld 1101 yVOOTA amo v vrdpyovod BipAtoypagpia
KAl p€o® VE®V M0 €WOKOV EKKIVITIKOV HOPl®V Td omoia kdat oxedidoaye.
INpaypatomou)Onke emiong QLAOYEVETIKI] AVANDOL] TOV VOPOTK®YV OTEAEXDV KAl

EVTOMOPOG TV mMOavev 0E0emV YEVETIK®V avaoLVOLAOH®MV.
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KEDAAAIO 2

YAIKA KATI ME®OAOI

2.1 ITEIPAMATIKA XTEAEXH

2.1.1 ITIPOTYITA XTEAEXH ITOAIOIQN

Ta npotona epPolakd oteAéyn Sabin 1, Sabin 2 xat Sabin 3 eAfypOnoav aro
to NIBSC (National Institute for Biological Standards and Control, United
Kingdom). Ta mpotona oteexn xpnowpomnoujdnkav oav Betikol paptopeg oe
OAeg TIG MEPAPATIKEG OladKaoieg KAt ot aAAnlovyieg Tovg éxovv K@OKOLG
KAtay®pnong oty naykoopta tpdmefa alAnlovxwwv (GenBank) AY184219,
AY184220 xat AY184221 avtiotowya.

2.1.2 KAINIKA KAI IIEPIBAAAONTIKA XTEAEXH ITOAIOIQN

Ta tika otehexn moAoi®v 1oL Ypnowpomoujfnkav oty OLYKEKPLPEVH
datpPry anopovwbnkav oto EAAnviko Ivotitovto Pasteur xat mepthapPavoov:
i) K\tvikd otedéyn) mov mpogpxovial amod KOmpavd vylwv epfolaopévev
atopev 11 atopeov pe VAPP kat ii) kd oteheéxn Imov IIPogpxovIal drod
neptParlovrika detypata ano v ENada (Metapoppaon Attikng, Anpiliog-
OxtwPprog 1997) xat ano v Konpo (Anpihiog-Aexépppilog 2003, Epyaotrjpilo
MiwkpoPioroytag Ydarwv xat Ilepiparlovtiknig loloyiag, TIeviko Kpatuko
Epyaotpto Konpov).

Ta tika otehéyn mov xpnowpomnou)Onkav dlakpivovidal oe MELPAPATIKESG
Katnyopieg: i) ota otehéxn mov peletr|Onkav yia petarladelg otig 5'-NCR xkat
VP1 yevopukég mieptoxég, ii) ota oteAéyn) Mov YP1OHOIOU|0NKAV Yl ODOXETION
TOV PETAAASE@OV KAl aVAOLVOLAOH®V TODG e PALVOTLIIKEG 10T TEG OIIMG 1)
Oeppoevatofnoia kat 1 Kwnukn) avamtodng, iil) ota otekéyn 1mov
xpnowponow)fnkav yia tov EAeyxo Tov emurédov avooiag mAnOuopoo g VOTLag
EN\adag xatda v yxpovikr mmepiodo 2008-2009 kat iv) ota otekeyn ToV Oroiov
ol aMnlovyieg Kat ta onpela avaovvovaopod yproponouwdnkav ywa Tty

avarrroln puag véag multiplex RT-PCR pebodov mov emttpenet v aviyvevon
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tov ooviifev tonev avaoovovaopov otig 2C kat 3D yevopikeg Imeployeg

epPoAtoovvOedpevmOV TOAOT®V.

2To0g Tmivakeg IOL AKOAOLOOLV

neptAappavovial  mAnpo@opieg oo

Aa@OPOLV TOV OPOTLIIO TV OTEAEXMV, TV IPOEAEDOI) TOV OTEAEXDV, TIG KALVIKEG

exdnAwoelg mov mapovotalav Ta ATopd Ao TA KOIPAVA TOV OIol®V

anopovednkav ta oteexn), TV XPOVOAOYld AIIOpOV®OI)G TOLG, KAadmg KAt Tov

aplpo xataywpnorg Tovg otV IaykKoopla tpamne(a aAAnAovyioy.

IMivakag 2.1. Aeiypata moo peletmOnkav yia petaladelg otig 5-NCR kat VP1 yevopwkég meproxés. O mpmtog

KO1Kog kataympnong GenBank avagépetat omyv 5-NCR mneptloyr) xat o dedtepog oty VP1 meptoxr) Tov exaotote

detyparog.
Ztéheyog | Opotomog KAwikeg IInyn npoéAevong Etog Kwdwkog
exOnAwozig ANnopovV®Oorng KATaywpnong

GenBank
I1 Polio 1 Yyujg eppolaopévog | EXAnviko Ivotitovto Pasteur 1978 DQ792910, DQ787783
12 Polio 1 Yyu)g eppoliaopévog | EMNnviko Ivotutovto Pasteur 1979 DQ792911, DQ787784
I3 Polio 2 Yyu\g eppolaopévog | EXAnviko Ivotttovto Pasteur 1980 DQ792912, DQ787785
14 Polio 2 Yyu\g eppolaopévog | ENAnviko Ivotttovto Pasteur 1980 DQ792913, DQ787786
I5 Polio 2 Yyu\g eppohaopévog | EXAnviko Ivotttovto Pasteur 1981 DQ792914, DQ787787
Ie Polio 2 Yyu\g eppolaopévog | EXAnviko Ivotttovto Pasteur 1982 DQ792915, DQ787788
17 Polio 2 Yyu\g eppolaopévog | EXAnviko Ivotttovto Pasteur 1983 DQ792916, DQ787789
I8 Polio 2 V.AP.P EN\nviko Ivotttovto Pasteur 1984 DQ792917, DQ787790
19 Polio 2 Yyujg epPoiiaopévog | EMNnvikoé Ivotitooto Pasteur 1985 DQ792918, DQ787791
110 Polio 2 V.AP.P EN\nviko Ivotttovto Pasteur 1985 DQ792919, DQ787792
11 Polio 2 Yyujg epPoriaopévog | EMnvikoé Ivotitovto Pasteur 1985 DQ792920, DQ787793
112 Polio 2 V.A.P.P EN\nviko Ivotttovto Pasteur 1999 DQ792921, DQ787794
113 Polio 2 Yyujg epporiaopévog | EMNnvikod Ivotitooto Pasteur 2001 DQ792922, DQ787795
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IMivakag 2.2. Aetypata mov ypnotponoujfnkav yia ovoxeton Tov petalddemv kat avacovdoaopov (éva onpeio

avaocLvOLAOHOD) e PALVOTLIIKEG 1010t Teg OI®G 1] Beppoevatodnoia kat n xvnikr avamnrtoéng. H alnAoovyion

tov 5-NCR xat VP1 neployav OAov TeV 1IKOV otedex®v npayparonou)fnke oty mapovoa dwatptPr). Ta tika

otedéyn II xatr 729 dev alAnhooxnOnkav otmv 2C-3'NCR mepoxr] xabaog dev epgavicav ''vmomtovg’’

avaoLVOLACHOVG 0TIV OLYKEKPLIEVT) TIEPLOXT).

Ztélexog | Opo- KAwvikég Tomnog Anpooigvon Kwdukog npoofaong
TOIOG ExdnAwoseig/ avaocvvdvaopov/ GenBank
(ITpoéAevon) Inpeio 5'NCR/VP1/2C-3'NCR
avaocouvovaopov

II Polio1l | Aevyawpia - Karakasiliotis et al. 2004 | EU598476/F]609769/-

EP9 Polio 2 | Yyujgeppohaopévog | 3A S2/S15314-5318 | Paximadi et al. 2006 EU598464/EU598478
/AY736178

IF Polio 2 | YyujgepPohaopévog | 3D S2/S16247-6281 | Karakasiliotis et al. 2004 | FJ609757/FJ609772
/AY297764 (2C),
AY297760 (3D)

ID Polio2 | V.AP.P 3C S82/51 5521-5526 | Karakasiliotis et al. 2004 | FJ609758/F]J609773
/EU715814

EP12 Polio 2 | Yyujgeppohaopévog | 3D S2/S1 6337-6362 | Paximadi et al. 2006 EU598465/EU598479
/AY736179

EP16 Polio 3 | Yyujgeppohaopévog | 2C S3/S2 4892-4914 | Paximadi et al. 2006 EU598466/F] 609775
/AY736180

EP23 Polio3 | V.AP.P 2C S3/S1 4880-4887 | Paximadi et al. 2006 EU598468/EU598480
/AY736181

729 Polio 3 | YyujgepPoAiaopévog | - IMapovoa pehétn EU598477/F]609778/-

IMivakag 2.3. Aeiypata moo xpriowponowdnkav yia ovoyéton te@v petalademv kat avacovdvaopmy (dvo onpeia

avaocLvoLACHOD) e PALVOTLIIKEG 1010t Teg OImG 1] Begppoevatobnoia kat n kvt avamntodng. H alnAoovyion

tov 5-NCR kat VP1 neproxov OA@V Tov UKoV otedexov kabmg kat g 2A-3'NCR meptloyrig Tov 1ikod oteAeéyoug

742 mpaypatoroumBnxe oy napovoa Swatpifry. Ta tikd otedéyn I kat 729 6ev alknlovxnOnkav oty 2C-3'NCR

neploxn) Kabmg dev eppdvicav ''dIonTong’ " avacuvouAopong 0TIV COUYKEKPLIEVT) TIEPLOXT).
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Ztéheyog Opo- KA\wvikég Tonog avacovvdtacpon/ Arnpooievor Kwdwkog npoofaong
TOIOg ExdnAwoeig/ Inpeio avacovolaopov GenBank
(ITpoéAevon) 5'NCR/VP1/2C-3'NCR
742 Polio 1 -/ (Abpata-Atrikn) 2A S1/S3 3461-3465 IMapovoa pelétn EU598472/ FJ609767
2C S3/S2 4511-4527 /EU598488
II Polio 1 Aevyawpia - Karakasiliotis et al. 2004 EU598476/F]609769/-
EPA Polio 3 Yyuig 2C S3/S2 4643-4656, Paximadi et al. 2007 EU598469/EU598481
epPoltaopévog 3D S2/S3 6598-6605 /AY738635
EPB Polio 3 Yyuig 2C S3/S2 4643-4656, Paximadi et al. 2007 EU598470/EU598482
epPoAtacevog 3D S2/S3 6598-6605 /AY738636
LK3 Polio 3 - /(Avpara- 2C S3/S2 4766-4791 Paximadi et al. 2008 FJ609747/FJ609761
Kompog) 2C S2/S1 4942-4958 /DQ150697
LKé6 Polio 3 - /(Abpara- 2C S3/S2 4793-4803 Paximadi et al. 2008 FJ609748/ FJ609762
Kompog) 2C S2/S1 4942-4958 /DQ150698
LK10 Polio 3 - /(Abpara- 2C S3/S2 4793-4803 Paximadi et al. 2008 FJ609749/F] 609763
Kompog) 2C S2/S1 4942-4958 /DQ150699
729 Polio 3 Yyuig - IMapovoa pelétn EU598477/F]609778/-
epPoltaopévog
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IMivakag 2.4. Aeiypata moo xpnowponowdnkav ywa tov éleyxo too emuredov avooiag mAndoopod tng votiag

ENabdag évavtt Tov moAolov katd v xpovikn mepiodo 2008-2009. Ot k@dikot mpooBaocng TV 1K@V oTteAexdv

7/b/97 xat K/2002 avagépovtat oe 0o To yévepa Kat 1 aAAnlovxlor] Tovg mpaypatonowjdnke oe dGAAn epyaocta.

H aMnhoovyion tov 5-NCR kat VP1 meproxov OA@vV 1oV UKoV otedexov kadng xat g 2A-3’NCR neploxr|g Tov

KoV oteexav 742, 584 xat 738 mpaypatomow|fnke oty mapovoa SwatpifBn. Ta tikda oteAéxn 522, 11, 152 kot 8001

dev aMnloovxriOnkav omyv 2C-3’NCR meproxr) xabog dev eppdavioav ''dmomtovg’ avaocovovacpovg otnv

OULYKEKPHEVT) TTEPLOXT).
Ztelexog | Opotomog KA\vikeg Tomnog Anpooigvon Kwdwkog mpoocPaong
ExdnAooseig/ avaoovvoiaopon/ GenBank
(ITpogAevon) Inpeio 5'NCR/VP1/2C-3'NCR
avaoovolaopov
740 Polio 1 -/ (Adpata-Atrikn) 2A S1/S3 3461-3465 [Mapovoa pelétn EU598472/ F]609767
2C S3/S2 4511-4527 /EU598488
7/b/97 Polio 1 -/ (Adpata-Atrikn) 2A S1/EVC Dedepsidis et al. 2007 EF456706
522 Polio 1 Yyu)g epPoltacpévog - ITapovoa pelétn FJ609754/F]609768/-
11 Polio 1 Aegvyawpia - Karakasiliotis et al. 2004 EU598476/F]609769/-
152 Polio 1 Yyu)g epfoliacpévog - ITapovoa pelétn FJ609755/F]609770/-
Polio 2 V.APP 2C S2/S1 4985-5000, | Karakasiliotis et al. 2005 FJ60975/F]609771
134 3D S1/S2 5995-6004 /AY830710
3D S2/S1 6388-6389
EP9 Polio 2 Yyujg eppoltaopévog | 3A S2/S1 5314-5318 Paximadi et al. 2006 EU598464/EU598478
/AY736178
EP12 Polio 2 Yyu)g epPoltaopévog | 3D S2/S1 6337-6362 Paximadi et al. 2006 EU598465/EU598479
/AY736179
D Polio 2 V.APP 3C S2/S1 5521-5526 | Karakasiliotis et al. 2004 FJ609758/F]609773
/EU715814
Polio 2 Yyu)g epPoltaopévog | 3D S2/S16247-6281 | Karakasiliotis et al. 2004 FJ609757/F]609772
IF /AY297764 (2C),
AY297760 (3D)
8001 Polio 2 Yyu)g epPoltacpévog - TTapobdoa pehetn FJ609759/FJ609774/-
EPC Polio 3 V.APP 2C S3/S2 4642-4657, Paximadi et al. 2007 EU598471/EU598483
3D S2/S3 6526-6550 /AY738637
EPB Polio 3 Yyujg epPoliaopévog | 2C S3/S2 4643-4656, Paximadi et al. 2007 EU598470/EU598482
3D S2/S3 6598-6605 /AY738636
738 Polio 3 -/ (Adpata-Attika) 3C S3/52 5804-5814 TTapobdoa pehety EU598474/EU598485
3D S2/S1 6901-6909 /EU598487
584 Polio 3 -/ (Avpata-Atrikn) 2C S3/52 4449-4464 ITapovoa pelétn EU598473/EU59484
3D S2/S1 7150-7172 /EU598486
EPA Polio 3 Yyujg eppPoliaopévog | 2C S3/S2 4643-4656, Paximadi et al. 2007 EU598469/EU598481
3D S2/S3 6598-6605 /AY738635
K/2002 Polio 3 V.APP VP1 S3/S2 3275-3285 Dedepsidis et al. 2008 EF456707
EP16 Polio 3 Yyujg eppPolaopévog | 2C S3/S2 4892-4914 Paximadi et al. 2006 EU598466/FJ609775
/AY736180
EP23 Polio 3 V.APP 2C S3/S1 4880-4887 Paximadi et al. 2006 EU598468/EU598480
/AY736181
57

Institutional Repository - Library & Information Centre - University of Thessaly
18/05/2024 14:33:52 EEST - 18.223.170.38




Kepalaio 2

IMivakag 2.5. Astypata nov yprotponouw)dnkav og Oetikol pdptopeg yua v avamtodn puag véag multiplex RT-

PCR peBodov mov emttpénet v aviyveoorn tov oovifev tonev avacovovacpod otig 2C kat 3D yevepikég

neploxég epPoltooovdeopevav moAoiov. H alnioovyion tov 5-NCR kat VP1 neploxov OA@V ToV KGOV oTeAeOv

npayparonou)Onxe oty mapovoa datpipr).

Zteleyog Opo- KAwvikeg Tomog avacovéiacpov/ Anpooigvon Kwdwkog npoofaong
TOIOG ExénA@oseig/ Inpeio avacovolacpov GenBank
(ITpoéAevon) 5"NCR/VP1/2C-3’NCR
EPA Polio 3 | YyujgepPoltaopévog 2C S3/S2 4643-4656, Paximadi et al. 2007 EU598469/EU598481
3D S2/S3 6598-6605 /AY738635
EPB Polio 3 | Yyu)gepPoliaopévog 2C S3/S2 4643-4656, Paximadi et al. 2007 EU598470/EU598482
3D S2/S3 6598-6605 /AY738636
EPC Polio 3 V.APP 2C S3/S2 4642-4657, Paximadi et al. 2007 EU598471/EU598483
3D S2/S3 6526-6550 /AY738637
EP16 Polio 3 | YyujgepPoltaopévog 2C S3/S2 4892-4914 Paximadi et al. 2006 EU598466/F] 609775
/AY736180
EP23 Polio 3 V.APP 2C S3/S1 4880-4887 Paximadi et al. 2006 EU598468/EU598480
/AY736181
ENP5 Polio2 | - /(Aopata- Kompog) 3D S2/S1 6679-6692 Paximadi et al. 2008 FJ60975/F]609764
/AY820970
ENP7 Polio2 | - /(Aopata- Kompog) 3D S2/S3 6549-6553 Paximadi et al. 2008 GU256636/GU256637
/AY820972
ENP8 Polio2 | - /(Aopata- Kompog) 3D S2/S1 6790-6794 Paximadi et al. 2008 FJ609752/F]609766
/AY820973
LK3 Polio3 | - /(Aopata- Kompog) 2C S3/S2 4766-4791 Paximadi et al. 2008 FJ609747/F]609761
2C S2/S1 4949-4950 /DQ150697
LK6 Polio3 | - /(Aopata- Kompog) 2C S3/S2 4793-4803 Paximadi et al. 2008 FJ609748/F]609762
2C S2/S1 4949-4950 /DQ150698
LK10 Polio3 | - /(Aopata- Kompog) 2C S3/S2 4793-4803 Paximadi et al. 2008 FJ609749/F] 609763
2C S2/S1 4949-4950 /DQ150699

2.1.3 ®ETIKOI MAPTYPEX NOPOIQN

Ta Setypata moo xpnowponou)Onkav wg Betikol paptopeg katd v Owdpketa

g melpapatikig dadikaoiag amopovmong vopoimv, otaNdnkav amd v

Avyy\ia pe mmyn AMyng otpatioteg oto A@yaviotdayv ot oroiot eiyav poAovoet

aro vopotlo. H k@dkoroinor] Tovg mapovotdletatl 0Tov HapaKdat® Mivaxd.

ITivakag 2.6. Ta Setypara mov xpnotpomnow)dnkav g Oetukol papTopeg KATd TtV AIOPOVOOT)

VOopoimV.

TENETIKH OMAAA I (GI) TENETIKH OMAAA II (GII)
Gl1 GII'1
GI2 GII 2
GI3 GII 3
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2.1.4 KAINIKA KAI IIEPIBAAAONTIKA XTEAEXH NOPOIQN

Ta Oetypata mov yprnowonoujdnkav otv mapovoa OwatpPr] yia v
AropoOvVOOT VopoimVv mep\apfavoov: i) KAViKd Oetypatd KOImpdveV Ta orota
IPOEPXOVIAl a0 dIOpa He OLHOT®HATA  yaotpeviepitidag xat i)
eptParlovtikda detypata ta onoia mpoépyovtat amnd AOpATA dro Tig IEPLOXEg
Adproag, Tpwdahaov kat Ioavvivev. Xtoovg mivakeg 2.7 kat 2.8 mapovotadetat 1)

K®OWKOIOoN o1 Kabwg Kat 1 IPoEAeDOT)] TV OELyPATOV.

IMivakag 2.7. Kodikomoinor Kat IpoéAenor) T@V KAWVIKGOV detyIdtev mov yprotponouw)fnkav ya

MV aviyveoor) vopoimv.

Kwdwkonoinon deiyparog IIpoéAevon deiyparog
A6 IMavemotpiaxo Noookopeio Ioavvivav
A7 IMavemotpiaxod Noookopeio Ioavvivav
A10 IMavemotpiaxod Noookopeio Ioavvivav
A12 IMavemompiaxko Noookopeio Ioavviveov
A15 IMTavemompiaxko Noookopeio Ioavviveov
B3 IMavemompiaxko Noookopeio Ioavviveov
Al Noooxkopeio Adploag
A2 Noooxkopeio Adploag

IMivakag 2.8. Kodwomnoinon xat mpoélevon tov meptPalAoviikev detypdtov —Imov

xpnowpornou)dnkav yia my aviyveoor vopoimv.

Kwdwkonoinon deiypatog IIpoéAevon deiyparog
LR6 Broloyikog kabapiopog Adpioag
LRB2 Bloloyikog kabapiopog Adpioag
GNI Brohoyikog xkabapiopog Ioavvivev
LR2 BroAoyikog kabapilopog Adpioag
TRI Brohoyikog xkabapiopog Tpdhev
LR7 Bloloyikog kabapiopog Adpioag
TR3 Broloyikog kaBapiopog Tpikdemv
LR13 Broloyikog xabapiopog Adpioag
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2.2 ATIOMONQZXH KAI TAYTOITOIHXZH IIKQN XTEAEXQN

2.2.1 EITEEEPT AXIA KAINIKQN AEITMATQN

H m\eloyneia tov detypdtov mov xprnowponou)dnkav yia v arnopoveor)
nolwiewv (mivakeg 2.1-2.5) mpogpyetal amd KOmpava vyuwv eRPoANaopevav
atopev 1] atopov pe VAPP. H Owadwaocia mov axoloobnbnke yua v
ereCepyaoia 1@V Konpavev frav n mpotetvopevn amno tmyv [1.O.Y. (ITaykoopto
Opyaviopo Yyeiag).

H enefepyaoia tov xompavev mpaypatonoteitat oe 0dAapo Proloyikrg
npootaoiag (Biological Safety Cabinet, BSC) emumédov 2 (Biological Safety
Level, BSL 2). Apywd, oe xabe nhaoctiko owAnva tov 15 ml (tomov falcon)
npootifevtar 10 ml mAnpovg PBS pe avtiprotika, 1 ml yAwpogpopuio, 1 gr
yoaAwva o@aipidia xat mepimov 2 gr xompava (oe xabe cwAnva eloayetat
dragopetiko detypa kompdvav). Akolovbet woxvpr avadevon ywa nepimoo 20
min, péxpt va opoyevoroufel 1o MmePleXOpeEVO TOL OWANVA. 2Tr OLVEXELD,
akolovbet puyoxkévtpnon twv ooAnvev ya 20 min, otig 1500 g, otovg 20°%. To
orepkeipevo potpadetat og 2 oARveg arrd Tovg oroiovg o evag arobnkevetat
otovg -20°C, eve o dMog otoog +4°C  yua  evo@OaAplopd o
kottapokaliépyeteg (WHO polio laboratory manual, 2004).

H enefepyaoia tov xompdaveov Ta omoia yphnowomou)bnkav yia tv
amopoveorn vopolmv mpaypatonou)dnke emtong oe Odalapo Broloyikr|g
npootaociag enuredov 2. ZOYKEKPHEVA, O MAACTIKODG O®ANveg twv 15 ml
(tomov falcon) mpootednkav 10 ml atehovg PBS kat mepimov 2 gr xonpava (oe
kdabe owArjva eloayetat dta@opeTikd Oetypa kompdvev). AxkolovOnoe toxvpr)
avadevon (vortex) yia mepimov 20 min, péxpt va opoyevormouwbel TO
IEPLEXOPEVO TOL OMAIVA. XTI OLVEXEWD, akoAovdnoe @uyokévipnon v
ooAvev yua 20 min, otig 1500 g, otovg 20°C. To vrmepkeipevo amobnkevtnke
otoug -20°C kat yprnowponoujfnke yia To €NOPEVO OTASIO0 AIOPOVMONG TOD
tikov RNA.

Awaldpata :
To mhrpeg PBS pe avtiProtika amotedeitat anod ta Otahvpata A, B, I' xat

avtiPlotika.
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Awahopa A (atedég PBS): 8 gr NaCl, 0,2 gr KCl, 0,91 gr NaHPO, (dvodpo) xat
0,12 gr KHoPOs (Merck, Germany), dialvovtat oe 600-800ml amoviopevoo

vepov. Akolovbet Tpoolrkn amoviopevoo vepoo pexpt teAiko oyko 1000ml. To
petypa anootetpaovetat oe kKAiPavo 10 psi yia 15 min.

Awhopa B: 0,1 gr MgCL.6HO (Merck, Germany) dwalvetat oe 100 ml
ammoviopevo vepo. To petypa anootetpaverat oe kKAiPavo 10 psi yia 15 min.
Awahopa I': 0,1 gr CaCl, (Merck, Germany) diaAvovtat oe 100 ml amoviopevo
vepo. To petypa anooteipmvetat oe kAipavo 10 psi yia 15 min.

Z1 ovvexewa ta Owahvpata A, B, I' avapetyvboviar oe avahoyia 8:1:1
avtiotoyya oote va mpoxkLyel mAnpeg PBS. Me mpoobnxn 1x10° units
nevikilivng (Gibco, USA) xat 0,1 gr otperntopokivng (Gibco, USA) oe 1000 ml
m\npovg PBS, mpoxomtet mArjpeg PBS pe telikr] ovoykévipwmorn mevikilivng
100units/ ml xat otperrtopoxivng 100pg/ml.

2.2.2 EIIEEEPTAXIA AEITMATQN ITEPIBAAAONTOX

Ia mv eneepyaoia tov nepParloviik®v Oetypdtov xprotponou)nkay
dvo Swagopetikég pebodot: i) 1 pebodog draywpiopov dvo @aocemv Kat ii) 1
pédodog twv @idtpwv. H eneepyaoia tov meptPalloviikeov Oelypdtov ta
omnota ypnotporowfnkav ywa my arnopoveorn vopolov, Ipdypatornou)dnke
Kat pe tig 6vo pebodovg. H eneepyaoia tov meptBaloviikav detypdrav amno
ta omoila amopovobnkav ta tikd oteAéxn moAwiov 584, 738 xat 742 ownv
napovoa OwatpiPr), mpayparomnou)fnke pe v pebodo draywpiopod Svo
PACEDV.

M¢Bob6og draympiopod 2 @acewv: 1000 ml Setyparog goyoxevrpridnkav otig
1000 g yia 10 min. To i{npa kpatr)Onke otovg 4°C xat to pH tov vriepkeipevoo
npooappootmke oto 7,2. e 500 ml vmepkeipévoo npootébnkav 39,5 ml 22%
(w/v) dextran, 287 ml 29% (w/v) PEG6000 xat 35 ml NaCl 5N (Sigma, USA).
To petypa avadevtnke ywa 1 h otovg 4°C xat ot ovvéyela eorx0n oe Prain
dlaywplopod, omov kat enwdotnke otovg 4°C ywa 18 h. H xdate ¢don
oLAAEYOnKe oe MAaotiko owAnva tov 50 ml otov omoio 1161 Bplokodtav To inpa
aro 1o apyko otadio. Axkolovbnoe poobrikn YAwpogopptiov 20% v/ v, 1oxopr)
avadevorn) kat goyokévrpnorn otig 1500 g yia 20 min. H nave @daon ovAAéxOnke
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kat tomobetifnke oe AMO IAAOTIKO O®ANVA, OTOV OO0 IIPOOTEONKav
HeVIKINVI] KAl OTPENTOPLKiVI) Ot Tehikeg ovykevipwoelg 100 units/ml xat
100pg/ml (WHO environmental guidelines for polio surveillance, 2003).
MzeBodog @iltpwv: Astypa oykoo 500 ml goyokevtpeitat oe 1000 rpm yia 2
min. To vrepxeipevo ovAAéyetat kat pobpiletat to pH oto 3,8 pe v mpoobrxn
3 N HCI. Ztmyv ovvexela, Ta ukd oopdtia goptifovratl Oetikd nmapovoia Mg?+,
pe v mpoodnkn MgCl2+ (Merck Germany) oe teAwkr) ovykevipwor 0,05 M.
AxolovBet apyry avadevon kat GIANTPAPIOPA 0 NAEKTPAPVITIKA POPTIOPEVO
¢idtpo (MF - Millipore), dwapétpov 47mm kot peyebog mopov 3pm, otnv
EMPAVELT TOV OIIOIOL IIPOCPOPOLVTAL Td LKA oOpATid. To @iktpo petagpepetat
oe anootelp@pévo doyelo (éoewg 250 ml, omov npootibevtatl 10 ml dtavpatog
005 M Tris pe pH=9, epmlovtiopévoo pe 3% BSA. H éxAovon
npayparomnoteitat pe apyry avadevon ywa 10 min. Agov amopaxpovbel to
dtalopa, 1 dadikaoia g éxhovong enavarapPavetat. To @iltpo @oldaocoetat
otovug 4°C, eve poBpiletat to pH tov ovykevipopévoo detypatog oto 7 pe 1)
xprjon darvpatog 3 N HCl. Axolovbetl mepattépm ovykévipaorn tov detypartog
pe ™ pébodo xabilnong pe PEG. Zvykekpipéva, oe detypa oykov 500 ml
npootibetatr 10% W/V PEG6000 xat NaCl (Sigma, USA) oe te\ikr] OOYKEVTP®OT)
0,5 M. To petypa avadevetat yia 18h otovg 4°C xat akolovOwg puyokevTpeital
otig 11.000 rpm yia 1h. To vriepkeipevo amoppimrtetat kat to ignpa dtahvetat oe

5 ml Bpentikov LAKOL KuTTapokaAiepyelwv (MM).

2.2.3 KYTTAPOKAAAIEPTEIEX

Ia mv amopodvmon tov KOV otedex®v HoAoi®v xprotpomnou)dnke 1
kotrapiki) oepd Hep-2 (Human epidermoid carcinoma) 1 onota etvat pia ano
11§ mpotewvopeveg amo v [1.O.Y. kottapwkeg oetpég. ‘Oleg ot dradwaoieg
KOTTapoKaAAEpyetag mpaypatornoujbnkav oe daonimreg ovvonkeg oe Oalapo
prodoykr|g mpootaociag emurédov 2. Ia v avdamtodn Tov KoTtapov
xpnowponow)dnke to péoo kaliépyelag ywa avarrodn (Growth Medium, GM),
EV® ylua 1) d1at)pnorn @V KoTtdp®Vv Yprotponou)dnke to péoo KaAAipyetag
ywa Ouwrtnpnon (Maintenance medium, MM). To mpwto Owafétet ovynAr)
MePLeKTIKOTNTA 0 0po (ovvrfwg 10%) Kat emayet v ypryyopr avdamtodl) tov

KOTTAP®DV, V@ TO OeLTEPO Exel MEPIEKTIKOTTA Ot OopO mepimov 2% Kat
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XPNOWIOIIOLElTal yia TV Olatrpnon TV KOTTAPOKAANIEPYEI®V O OTAOLUN)
KAtdotaon dapyrg KOTTAPWKIG —avamtodng kKata T OwIpkela  Ttov
HOAAIAAOLAOP0D TOV 1®V.

H avammoln tov Hep-2 xottapev emttoyyavetat otoog 37°C oe elOKO
KAPpavo  xottapoxkaMepyewwv. Ta Hep-2 xOttapa  avamrtbocovtat
IIPOOKOANDPEVA OTNV EOMTEPIKI] EMUPAVELT EWOIKOV TIAAOTIKOV  PLAIADV
xottapokaliepyetag (flasks 25 cm? ), emgavetag 25 cm?2.

I'a tov avadu\actaopo tov KoTtdp®Vv mpaypatornotodvial 2 Stadoyikeg
enwdoelg dwapkelag 30 sec pe dalopa tpoyivng-EDTA kat enwaon 2 min
otovg 37°C. Aol Owamotebel, péo® TOL AVAOTPOPOL MIKPOOKOIIOL, 1)
AarokKOAANon T®v Kottdp@v mpootibevral otnv maotiki) @udAn 21 ml péooo
kaMigpyetag GM kat akolovbfel 1o poipaopa T®@V KOTTAP®V 0 3 TAAOTUKEG
PLaINeG KOTTAPOKAALEPYELAG, Ol OIoleg TormobetodVIAL yla AvAITudn OTovg
37°C. Ilpénet va onpewwbet o1t 11 Opowyivy elvar DP@TEOALTIKO £VCLDPO Kat
XPNOHOMOLELTAl yla TNV OIOKOANNON KOTTAP®V amd YOdAwvd 1) MAAOTIKA
vnootpowpata. Emiong ywa wyv amoxkOoAAnon Kottapmv XPnolpoIoteital to
EDTA, 1o onoto amotelet napdayovta 6éopevong 10viov (chelating agent).

Ia mv xatayoln TV KOTTAP@V, Ta KOTTAPd aro OO0 MAAOTIKEG PLAAEG
KOTTAPOKAAAEpyelag amokKOA@vVTal pe T Oadikaoia g Tpuyivoroinong
mov mpoavagepbnke xat awwpoovviatr oe 1 ml péoov kaMiépyewag (péoco
Kal\iépyelag yia datr)pnon xopig opo) to omoto epmhovtiCetat pe 10% DMSO
kat 20% opo (Fetal Calf Serum, Sigma, USA). To awwpnpa xottdpeov
PETA@epeTal Ot €OK] auIOLAA 1) omola Tormobeteital HEOa Ot OLOKELN
1o0IPoIIavOAng otovg -80°C yeyovog Imov emTpéret )V OTAOAKI] IT®ON TG
Oeppoxkpaoctiag. Meta aro 4 opeg 1 apIIoLAA AIOPAKPVOVETAL AIIO TV OLOKELY
toomnponavoAng Kat goAdooetat otovg -80°C.

Ia mv anoyovln) 1oV KOTTAP®V, HPla AUIIODAA KOTTAPOV PETAPEPETAL ATIO
toug -80°C oe vOATONOLTPO pe aAmeoTaypévo vepo otovg 36°C, émg OTov Ta
kbvTtapa Senaymoovv. Axkolovbetl pooekTikd avotrypa kabe apmovAag Ormov to
rePleXOpevo  (KOTTapa KAt Opentikd HEOO KAAAEPYELAC) HETAPEPETAL OF
IAAOTIKI) PLaAn Kottapokalepyetag. [TpootiBetat kataAnAn noootnta GM
(10 ml) yia v napaymyt) Kottapikng povootpadag (av 1) apmodAa mepiexet 4
x 106 kOtrapa/ml, tote 1 ml apaiopévov KOTTAPOV EMAPKEL yid TV HAPAYDYL

1-2 DAaOTIK®V PIIADV KOTTAPOKAANAEPYELAG). XTI OLVEXEWD, Ol IIAAOTUKEG
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@ualeg enwdalfovtatr ywa 2h mepimov oe xAipavo Oeppoxpaociag 37°C. Zinv
ovveyela yivetat alayn] Tov OpedTikond DAKOL TG PLAANG T®V KoTTtapnVv pe 10
ml @péoxov Opertikod vAod GM kat 1 lain enavaromnobeteitat otovog 37°C
®ote va avarrtvyboovv ta kuTtapda.

Awaldpata :

Epubpd g @awoAng (Phenol red) : Amotelet Oeiktyy pH. Anpovpyia

dialvparog 0,4% w/v (Merck, Germany) oe amoviopévo vepo. Anootelpwor)
oe xAipavo 10 psi yia 15 min.
NaHCOs 7,5% : ITpoobrikn 7,5 gr NaHCOs (Sigma, USA) oe 50 ml amoviopévo

vepo. IpootiBevtat 0,2 ml epvBpov g pawvolng 0,4% w/v Kat Ammoviopevo
vepo pexpt teAko oyko 100 ml. Anooteipwor) oe kAipavo 10 psi yta 15 min.

Awrlopa mevikiivng-otpermtopokivng @ 1x106 units mevikidivng xat 1 gr

otperrtopokivg  OwaAvovrar oe 100 ml PBS. Amnooteipwon péom
@\tpapioparog.
Growth Medium (Eagle’s), GM : T'a 100 ml Eagle’s Growth Medium

xpewaGovtat 83,3 ml Eagle’s minimum essential medium (Earl’s salts base, no
bicarbonate) (Sigma, USA), 1 ml L-glutamine (200mM) (Gibco, USA), 10 ml
Fetal Calf Serum (Sigma, USA), 3,5 ml dtdhopa NaHCOs 7,5%, 1 ml HEPES 1M
(Merck, Germany), 1 ml Owdlopa mevikilivng otpentopokivng, 0,2 ml
draivparog 0,4 % epobpo g patvoing.

Maintenance Medium (Eagle’s), MM : I'ia 100 ml Eagle’s Maintenance Medium

xpewalovtat 90,3 ml Eagle’s minim um essential medium (Earl’s salts base, no
bicarbonate), 1 ml L-glutamine (200mM), 2 ml Fetal Calf Serum, 4,5 ml
dtahopa NaHCOs; 7,5%, 1 ml HEPES 1M, 1 ml dwlopa mevikiiivng
otperrtopokivig, 0,2 ml dtalopatog 0,4% epobpod g atvoing.

Tpowivn-EDTA : Stdhopa tpoyivng-EDTA (10X, Biosera) apawwvetat 1/10 pe

dtalvpa Hank’s Balanced Salts (Na Bicarbonate) (Biosera).

2.2.4 ENO®OAAMIZIMOZ ITOAIOIQN ZE KYTTAPOKAAAIEPTEIEX

ITepimoo 200 pl eite amod 1O LHOEPKEIPEVO TIOL IMPOEKLYE KATA THV
eregepyaoia TV KOmpAvayv, €ite ammo v Iave @daor), 1 omoia ovAAéxOnke
Katd v enefepyaocia 1@V meptPaloviikev Oetypdatev, evopbalpiotnke oe

n\aotikeg praleg Hep-2 xottapov (25 cm?) ot omoteg mepteiyav 5 ml MM
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(maintenance medium). Ot m\aotikeg @idleg petagépdnkav oe xkAipavo pe
Beppokpaocta 37°C omov mapépewvav yia 2-3 pepeg. Ot MAAOTIKEG PLdAeg
eCetaloviav kabnpepvd, péom avdaoTrpo@ov PIKPOOKOIIIOD, yla TV vrapdn
kottaponnadoyovoo  dpdong  (CPE). ‘Otav  mapatprionke  mAnpng
Kottaponadoyovog dpaor ot mAaotikég @raleg amobnkevtnkav otovg -20°C. H
t0ta Sradikaoia akohovdnOnke xat yia ta npotona oteAéyn Sabin 1, Sabin 2
Kat Sabin 3.

I'a evioyvon tov tikoov tithov, 1] avetépe Sradwaocia enavalr@dnke Tpetg
POPEG Kal aro Tig QLaleg g tpitng avakaliépyelag, Afjgdnke to LAKO ya

MEPALTEP® eMESEPYAOTaL

2.2.5 SEIPIAKEX APAIQXEIX ITKQON STEAEXQN ITOAIOIQN

Metd tov  evO@QOAApIOPO TV  OelyHdT®V Ot  KOTTAPOKANALEPYELEG
evOeEXOHEV®G VA  DLIIAPYXOLV  PIypATd  OLAPOPETIKOV UKDV  YOVOTLII®V.
INpoxeipevoo va dwaxwplotodv ta ev AOy® piypata xat va amnopovebetl to
oTéAeX0g eKelvo IOV PploKeTal o LYNAOTEPT OLYKEVIP®OL] PEOA OTd piypatd,
akoloovbtr)Onke 1 S1ad1KACIA TV CEIPLAKDY APAIDOEDV.

Ze mAaka pikpottthonoinong 96 0éoewv (Ewova 2.1) mpootebnkayv 100 pl
kottapev (repimoo 10.000 xottapa) oe xkabe O¢on. I'a xabe Oetypa, oe 9
IAaotikovg owAnveg twv 2 ml (eppendorf) tomoBetr|Onkav 900pl MM. Ztn
ovveyela, 100 pl amo kdbe 1iko Setypa evo@OaApioTnKav oTov IMp®TO IMAAOTIKO
owAnva dnpovpyovtag étot v 101 apainon tov ukov detypartog 100 pl amo
myv 101 apaiwon evopOalpiotnkav oto dedtepo MAAOTIKO  OWANVA
dnpovpywvrag mv 102 apaiwon tov tikov delypatog x.o.x. H dradwaoia
ovveylotnke pexpt va onprovpynet n 100 apaiwor tov 1ikov Oetypatog. 2t
oovéxewa, 100 pl amod Tovg MAACTIKOOG O®ANVEG IIOL AVTUIPOOMIIEDOLV TIG
apawwoelg amo 101 pexpt 100 evopOalpiotmkav otg Oéoeig Al pe A10
avtiototya. Ze kabe MA\AKa PIKPOTITAOIIOINONG IPaypaTonou}fnKav apaimoetg
8 tikov Setypdarav. Ot otAeg 11 xat 12 amoteAovy Tovg apvNTIKOLG HAPTLPES.
Ot m\akeg tonobetriOnkav otovg 37°C yua enwaon. H peyaldtepn apaimon
kabe OSetypatog oty omoia mnapartpndnke xovttapornaboyovog Opdon
evogOalpiotnke oe MAAOTIKI] LA koTtapov Hep-2. Me avtov tov tpomo

dnpovpynbnke to anobepa (stock) TV kv oTeEAEXDV.
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Ewova 2.1. ITAaxa pikpotithomnoinong 96 O¢oemv.

2.2.6 YIIOAOTIEMOZ TOY TITAOY TQN IIKQN XTEAEXQN ITOAIOIQN

O appog tov tikov copatdiev mov mepiexoviat oe 100 pl tov tikod
detypatog amotelet Tov TitAo ToL 100. O 11KOg TitAog LIIOAOYIOTNKE yia OAA Ta
oteAéyn mov amopovebnkav amo ta KAviKa kat meptPalloviikda Oetypara,
kabwg xat ywa ta npotona Sabin 1, Sabin 2 xat Sabin 3.

Xe mAdka pkpottthonoinong 96 Oéoewv mpootébnkav 100 pl xvttapov
(mepimov 10.000 xotrapa) ava Oéorn. Tnv emopévn pépa agov ta KOTTAPA
nPookoAANOnkav ot mAdkeg, yia kdbe 1iko Oelypa eywvav  oelpraxég
orIodeKATINAOEG  apdwwoelg g TtV  dapaiwon 106. XZe xabe nAdxa
PUKPOTLITAOIIOINONG DIIOAOYIOTNKE O TITAOG 2 OLAPOPETIKOV 1IK®V OTEAEX®V.
ZOYKEKPIEva, yia Kabe 1O OteéAexog, og 6 MAAOTIKOLG OwANveg tov 2 ml
(tommov eppendorf) tormobetriOnkav 900 pl MM. Zn ovvéxewa, 100 pl amo to
arrofepa xabe 1Kov otedéxong evoPOaApLoTKAV OTOV IPOTO NAACTIKO O®AIVA
dnpovpywvtag tot mv 10 apaimor) tov tikov detypartog 100 pl amd v 101
apaimorn evopbalpiotnkav oto 6edTePO MAAOTIKO OWAN VA ONOVPYRVTAG TV
102 apaiworn tov tikov detypatog k.0.Kk. H dradikaoia ovveyiotmke péxpt 1)
dnpovpyta g 106 apaiwong. Xt ovveyela, 400 pl g 101 apaiwong tov
IIP®TOL KOV oteAéxovg evopOaipiotnkav otig Béoetg B2-B5 (100 pl/0¢on), eva
400 pl g 10! apaimong Tov dedTePOL 1TKOL OTeEAEYOVG evoPOapioTnKav otig
O¢oelg B6-B9 (100 pl/O¢orn). H Swadwaoia enavalnebnke péxpt kat tov
evoBapopo g 10 apaiwong oty mhdxa. Ztig otmleg 10 xatr 11 dev
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rpootednke 1o detypa kabwg arroteAodV Tovg apvnTIKovg paptopes. H midka
tonobetrOnke yia enoaon otovg 37°C kat 1) mapaxkoAovbnor| g yia epeavion
A1) povg Kuttaponadoyovoo dpdaong oe kabnpepivr) Pdon du)pxnoe 5 pépeg. O
TOIIOG PEO® TOL OIOIOL LIIOAOYIOTNKE O 1ikOg TitAog etvat: logTCIDs= L-d(S-
0,5). L: n peyaAovtepn apaiwon omov epgaviotnke DArpng xotraponaboyovog
dpdorn, d: n exBetikr) dragopd petalv twv apaiwoemv Kat S: to abpoopa twv

B¢oewv mov naparnpr|onke mArpng kotraponaboyovog dpaor).

2.2.7 OPOTAYTOIIOIHIH TQN IIKQN XTEAEXQN ITOAIOIQN

H opotavtonoinon tov keov otedexov mpaypartornou)dnke pe ) xprion
HOADKAQVIKGV avTioopateov P1, P2 kat P3, eldikov évavtt t@v moAtoiov torov
1, 2 xat 3 avtiotorya. Ta avtioeopata npogpyovtat amnod to National Institute of
Public Health and the Environment (RIVM), Bilthoven, the Netherlands. Kata
TV 0POTAVLTOIOINON TA AVIIOOUATA OEOPELOVIAL IIAV® OTO UKO Kayidto
eprodiCovTag To va MPooeyyloel TOV DIIOOOXEA KAl OLVEN®MS ePIOdIovTag Tov
10 va npoofdaMet To xottapo. H dtadwaoia tng opotavtonoinong éafe yopa
0¢ IAAKA PIKPOTITAOIIOiNoNg Kat oe kabe mAdxka tavtonou)dnkav 4 oteAéxn).
Apywd, xabe apmovla avtioopateov apaiodnke 1:128 gopég péowm mpoodnkng
MM xat dnpovpyrfnkav ta petypata aviioopdarev 1: P1+P2+P3, 2: P1+P2, 3:
P2+P3 xat 4: P1+P3, ano ta omota 50 pl tomobetOnkav otig Oeoelg mov
@atvovtat oty ewova 2.2. Ztig 0éoelg moo edpdalovtat ot Oetikol KAt ot
apvnrtikot paptopeg npootednkav 50 pl MM. Ztig 0¢oeig A1-A10 xat B1-B10
npootednkav 50 pl, mov mepieyoovv 100 TCIDs, tov mpwtov 1ikod oteAéxovg. H
t0ta Owadwkaoia axoloobndnke xat ywa ta vmolouta oteAéxn. H mAdaxa
enwdotnke yua nepinov 2 h otoovg 37°C oo avadevon yia v mpoodeon 100-
AVTIOOPATOG. 211 ovvéxela oe Oleg Tig Oeoelg mpootednkav 100 pl xottdpwv
(10.000 xottapa/0Oéon) kot n mAdka enwdaotnke otovg 37°C péypt kat 24 mpeg
peta mv epgavion nijpoog CPE otov Oetko paptopa (dnAadr) ot 6¢on) oo
IEPLEXEL POVO 10 Al Oyt avtiopo). H eppnveia tov amoteA\eopdtov &yve pe

Bdon tov mivaka 2.9.
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P1+P2+P3

P1+P2| P2+P3 P1+P3|

A
EetAsyog 1 6

C
EetAsyog 2

D

E
EetAsyog 3 ¢

G
eAsyoc 4 H

Bzaxot upv]luml
WEPTUPES pdaprupsc,

Ewova 2.2. [T\dxa opotavtonoinong.

ITivakag 2.9. Eppnveia anoteAeopdt®v opotantonoinong

Metypa 1: | Metypa 2: Metypa 3: | Meiypa 4: | Anmotéheopa

P1+P2+P3 | P1+P2 P2+P3 P1+P3 Opotavtonoinong

0 0 + 0 TToAo16g tomov 1

0 0 0 + TToAo16g ToIIoL 2

0 + 0 0 TToAwo1og tomov 3

0 0 + + Metypa moAoiaov tomoo 1 kat 2
0 + + 0 Metypa mohoieov tomoo 1 kat 3
0 + 0 + Meiypa noAoimv tomoov 2 kat 3
0 + + + Metypa moAoiaov tomoo 1, 2 ka3
+ + + + Metypa eviepoiov

+ : KottaponaBoyovog dpdon 0 : Oyt xotraponafoyovog dpdorn

2.2.8 AIAXQPIZMOZX METAEY AIPIQN KAI EMBOAIAKON XTEAEXQN
ITOAIOIQN

O dwaywplopog T@v aypiov-torov (wild-type) kot epPoAtaxr)g pogAevong
(Sabin) moAwimv éywve Pdon g Odnpooievong twv Georgopoulou &
Markoulatos, 2000, n omoia mnepilapPdver Vv npayparonoinon RFLP
avalvong otmv oynha oovmpnpévny 5-NCR  yevopwn mepoyr. H
OLYKEKPLPEVT) pefo00g EMTPENEL EMUTAEOV IV TAVTOIIO 0T TOV YEVOTOIIOD TRV

epPoAtaxn)g mpoéevong noAoimv (Sabin 1, Sabin 2, Sabin 3).
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2.3 EKXYAIZH IIKOY RNA

H exyoAwon tov RNA 1oV tikov otedex®v HOAoI®V Ipaypatonou)dnke pe
) pédodo 16 Betokvaviovyov yovavidivng (GuSCN) (Casas et al., 1995).

H Swadwkaoia mov akolovbnfnke fitav n e6r)g: Ze TAAOTIKODG ODOAI|VES TOV 2
ml ewor)xOnoav 200 pl ano to anddepa xabe 1ikov orereéyovg, 600 pl GuSCN xat
10 pl yAvxoyovo (100 mg/ml). AkolodOnoe oxvpr] avadevorn Kat eN®AoH OF
Oeppokpaocia depatiov yia 20 min mpoxewpevoo va emttevybel 1 Avon tov
KOTTAPIKOV  HepPpavev KAl TOV IPOTEVIKOV KAYWiov, oote va
anelevfepwbel 1o 1ikdO RNA. Xt ovvéyela, mpootednkav 800 pl maywpévng
woorportavolng (-20°C) kat votepa amod woxLPL] avdadevor, Ot IMAAOTIKOl
owAnveg tonobetOnkav yiwa 30 min otovg -20°C. Ot mAaotikol OwArveg
puyokevtpnOnkav otig 14.000 g yia 10 min. AkolodOnoe armopakpovVor Tov
vnepkeipevoo, mpootnkn 1 ml nayepevng (-20°C) adavoing 70%, woxopr)
avadevorn kat @oyokévrpnon otg 14.000 g ywa 10 min. To vmepkeipevo
anopakpovvinke kat 1o inpa enavadialvdnke oe 200 pl Surha amoviopévoo
vepob (ddH20) (Sigma, USA) elevBepov piovovxkieacnv. Ta RNA tov tkov
otedexav amobnkevtnkav otovg -20°C.

H exyoAon too RNA tov vopoiov TO00 amod To DIEPKEIPEVO T®V KOIIPAV®DV
000 Kat amno ta neptPallovtikd Oetypara (Katomv emeSepyaotag tovg pe Tig
pefodovg mov mpoavagépbnkav) ywve pe to QLAamp® Viral RNA Mini Kit tng
etaipeiag Quiagen (Germany), akolovOwvtag tig 0dnyieg TOL KATAOKELAOTL),
kabwg 1 pebodog g Betokvaviovyov yovavidivyg Oev Tav arrodoTiKr).
Awaldpata :

AwaAvpa Bsrokvaviovyov yovavidivng: 4M GuSCN, 0,5% N-Lauroyl sacrosine,

ImM dithiotreitol, 25mM sodium citrate (Merck, Germany).

2.4 ANTIZXTPO®PH METATPADH

I'a mv petatporry oo RNA tov molwoiov kat tov vopoiov oe cDNA
(complementary DNA) akoAovOr)0nxe n pebodog tng avtiotpogpng petaypapr.
H napaywyr) oo cDNA yivetat yia va akolovfrjoet 11 aAvoldwotr avtidpaon
noAvpepaong PCR, n onoia xpnotponotet wg vrmootpopa DNA.
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Apxka, 5 pl tikod RNA kat 2 pl toyaiov ekkivtikov popiov (100pmol/ul)
(Random primers, d(N9) Takara, Japan), mpootéfnkav oe IAAOTIKO O®AN VA
tov 500 pl xat enwdaotmkav otovg 70°C yia 5 min wote ta popia too RNA va
arodtataybovv kat ta evapktpla popa va vppidomrowmfovv nave tovg. Meta
TO TéPag TNG ENMAOLG, Ot OAr|veg TorobetiOnkav oe mayo ywa 5 min xat ot
ovveyela mpootenke to petypa g aviidpaong mov yia kdabe Oetypa
aroteAettat ano 5 pl 5x M-MLV RT buffer, 5 pl dNTPs (10mM), 0,5 pl
(40units/pl) Ribonuclease Inhibitor, 1 pl (200units/pl) MMLV Reverse
Transcriptase xat 6,5 pl ddH20 ekevbepov pipovovxieacmv. Ola ta
avtdpaoctpla mov xprnowponowdnkav mpogpxovrav amo Tty Promega
Corporation, Madison WI, USA. AxoAovbnoe enwaorn 1 h otovg 37°C yia )
obvOeon cDNA xat enwaon yia 15 min otovg 70°C yia amevepyornoinorn tov

evQopoo.

2.5 EKKINHTIKA MOPIA

2.5.1 EKKINHTIKA MOPIA ITOAIOIQN

Onewg mpoavagepOnke eva pepog tng mapovoag dtatpilfrig fTav 1 aviyveovon
petalalemv oe pia vynAda oovinpnpévr mepoxr) mg 5’-NCR xat oe oOAOKAnpn
m VPl xaydwakn nepoxr) epPoliooovoeopevov moAwiov. Ta Jedyn
EKKIVITIKOV HOPldV IIOL Yprnotponowdnkav yia v evioxoorn, pEowm Trg
aloodetrg avtidpaong moAvpepdong (PCR), tov napandve meploxmv
IIPOEPXOVTAl Ao IPONYOVLHEVEG epyaOieg Kol IMAPOLOLAlovTal OTov Ivakda
2.10.

Emuméov éva aMo pépog g mapovoag Otatpifr)g armotéleos 11 avamtodn
pag véag multiplex RT-PCR pefodov yia mv aviyvevon tov oovifov toneov
avaoovdvaopod otg 2C kat 3D yevopwkeg meploxeg epPoArioovvdeopevav
roAtoiwv. Ia 1o oKomod avto Ta EKKIVNTIKA POPLA IOV MAPOVOLIfOVTAl OTOV
mivaka 2.11  oxeddomkav pe ) Porjbeia tov mpoypdppatog Primer 3
(http:/ /www.genome.wi.-mit.edu/ genomesoftware/ other) KOt TV
aMnAovy®Vv TeV IpoTLneVv otedexmv Sabin 1 (AY184219), Sabin 2 (AY184220)
Kat Sabin 3 (AY184221). Xoykekpipéva ta exkivnTika popia S3sC2b, Sa13C2
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kat Sa23C2 ypnotpornouwdnkav oe pia PCR avtidpaon yla v tavtornoinon
Tov tnev avacovdvaocpod S3/S1 xat S3/S2 oy 2C yevopikr) mHeploxr)
divovtag PCR mpoiovta peyédoog 1280 xat 1227 bp, avtiototya. Ta exkivitikd
popwa S2s3dmp, Sla3dmp xat S31aD3 ypnoiponow)Onkav oe pia devtepn PCR
avtidpaon ya v Tavtonoinon v Tonev avacovdévacpov S2/S1 kat S2/S3
otV 3D yevepr) meployr) divovrag PCR npotovta peyéboog 733 xat 803 bp,
avtiotolyda.

H epappoyr) g multiplex RT-PCR pebodov ota tpia tika oteAexn (584, 742
kat 738) ta onota onwg npoavagepbnke amopovobnkav amno 1o meptPaiioy,
£de18e v mapovoia avaoovovaopov otig 2C 1)/kat 3D yeveopwkég meploxeg
toug. Katda ovvenela 1o tprjpa tov yovidiopatog amno v 2A pexpt kat my 3'-
NCR tov tplov avtov tkev otedexav alnlovxndnke ywa tov axkpipn
evTomopo tov 0éoemv avaovvovaopon otig 2C xat 3D meproyég kabmg kat tv
mbavr) onapdn enuiAéov avacvovOvacpov ot AAAA THHRATA TNG HPN-OOpIKr|g
IIEPLOXTIS TOL YOVIOI®patog. Ta eKKIvITIKA popld mov xprotponou)dnkav yia
Vv aAANAOvX101) TOL YEVOHUIKOL THHRATog ano Vv 2A pexpt kat myv 3-NCR
MPOEPXOVTAl Ao IPONYOVLHEVES €PYAOlEG KAl IAPOLOLAloVTAl OTov Ivakd

2.12.

2.5.2 EKKINHTIKA MOPIA NOPOIQN

Apxwd emyelprifnke n aviyveoor) vopoimdv og KAWVIKA Oelypata KOIPAv®y.
Ta exkivnTuikd popla mov YP1otponomdnKav yia avto To OKOMIO IIPOEPXOVTAL
amno v onapyxovod PiAoypagia KAt EMTPENIOLY TV Avixvevon tov dvo o
oovnbopeveov yevetkov opdadov vopoiov (GI xatr GII) (mivaxag 2.13). H
aviyveoorn vopoimv ota KAWVIKA Oelypata enetpeye tov oXedlaopd péom Tov
npoypappartog Primer 3 emuAéov exkivnTikov popiev (mvakag 2.14) ta onoia
avayveopifoov mo eOKda Tig aMnAovyieg KOV OTEAEX®V IOV KDKAOPOPOLY
otV ENdada. Ta véa avtd ekKvTIKA POPLd EMETPEYAV TNV EVIOYDOT PEO®
PCR meplocotép®v THNPATOV TOL YOVIOIOPATOG T®V KAVIKOV OTEAEX®V Kl
xpnotporoufnkav ywa my aviyvevon vopolov oe meptParlovikd Oetypara.
EmuAéov, n napovoia avaoctodémv g RT-PCR 1600 ota kAwvikd 000 Kdat ota

neptParlovtika Oetypata mpoodlopiotnke pe my epappoyr) prag PCR pe 1o

71

Institutional Repository - Library & Information Centre - University of Thessaly
18/05/2024 14:33:52 EEST - 18.223.170.38



Kepalaio 2

Cevyog exkiv KoV popiov P11P/P13P 1o omoio otoyevet oto Paktnpiako 16S

rRNA (mivaxag 2.13).

2.6 AAYXIAQTH ANTIAPAXH ITOAYMEPAXHX (PCR)

Meta v mapaywyr tov cDNA akolovfei 1 alvodwtr avrtidpaon
nolopepaong (PCR) 1 omoia emtpenet v evioyvon in vitro evog tprjpatog
cDNA, 10 omnoto oprofeteitat amod ta eKAOTOTE EKKIVITIKA HOPLA. ZOYKEKPIHEVA
ya v evioyoorn T@v 5-NCR, VP1 kat 2A-3’NCR yevopIKOV IEPLOXDOV TOV
epPoAtoovvdeopevov moloimv xpnowponou)dnke n Tag DNA molopepaon
Biotaq (Biotagq, Moscow, Russia) eve ywa v evioxvon twv 2C xat 3D
neplox®v, peow dvo multiplex PCR avtidpaocewv, xpnowponou)dnke n Paq
DNA nolopepdon Paq5000 (Strategene).

2ug PCR avtdpdoeig mov npaypatonou)fnkav péown g Biotaq to plypa
g avtidpaong amnotehovvtav amo 3 pl tov exaotote cDNA Oetypatog, 2 pl
exkwvntov (1 pl ano tov xkabéva pe ovykévtpmon 50pmol), 5 pl 10x pvOpotukon
dtaloparog (Taq reaction buffer), 5 pl piyparog vooxAeotidiov (ANTPs 10mM,
Invitrogen, UK), 2 pl MgClz (50mM), 2 units Taq DNA moAvpepdaong (Biotaq,
Moscow, Russia) xat ddH2O pexpt tedwod oykoo 50 pl. T'a xdabe PCR
avtidopaon mnpayparonou)dnke éva apywo otddio amoduiataling tov cDNA
popiov otoyov otovg 95°C yia 5 min xat akolovbnoe 1 epappoyr TV
dlagopetikmy, yia kdbe {edyog exkvntov, oovvinkev amodwatadng,
vPprdomnoinong xat emprxovong yua 40 xdvxhoog (ITivaxeg 2.10 xat 2.12). To
TeAIKO 0Tdado oe OAeg Tig avtdpdoelg nep\dpPave enwaor yia 10 min otovg
74°C ya mmAr)pr) ovvOeon) 1oV 11 OANOKAP®OPEVOY VEOOLVTIOEPEV®V IPOTOVI®YV.

Ztig multiplex PCR avtidpdaoeig mov npaypatonowu)Onkav péow g Paq5000
10 piypa g avtidpaong amotelovvtav amd 3 pl tov exdotrote cDNA
detyparog, 2 pl tov sense exkivntr) (50pmol), 1 pl amod xabe antisense exkkivntr)
(50pmol), 5 pl 10x pobpiotkod dralvpartog (Paq reaction buffer), 5 pl piyparog
vookAeotdiwv (dNTPs 10mM, Invitrogen, UK), 2.5 wunits Paq DNA
noAvpepaong (Pag5000 Strategene) kat ddH20 péypt teAkod oyxov 50 pl. I'a

kabe multiplex PCR avtidpaon npaypatomou)dnke éva apywko otadlo
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arodiaradng tov cDNA popiov otoxov otovg 95°C yia 5 min. AxohovOnoe n
epappoyn) idwwv oovinkev amnodiaradng, vPPLOOIOINONG KAl ENIPIKOVONG Yl
40 xvxhovg kat ywa Tig 6vo multiplex PCR avtdpdoelg (ITivaxag 2.11). To
TeEAIKO OTadlo Kat otig dvo avtdpdoelg nepthapPfave enmaon ya 5 min otovg
72°C yia m1)pn ovvOeon T®V pr OAOKANPOPEVOV VEOCLVTIBEPEVROV TIPOTOVI®MV.

Zmv neplmtoon  twv  vopoiwv, oOleg ot PCR  avudpdaoeig
npaypatonouw)bnkav peow g Paq DNA moAvpepdong Pag5000 (Strategene).
To piypa mg avtidpaong anoteleitat amo 3 pl tov exaotote cDNA detypatog,
2pl exxwnrov (Ipl amd tov kabéva pe ovykévipworn 50pmol), Spl 10x
pobplotikod daivparog (Paq reaction buffer), 5 pl piypatog vooxAeotidimv
(dNTPs 10mM, Invitrogen, UK), 2.5 units Pag DNA moAopepaong (Paq5000
Strategene) xat ddH2O pexpt tediko oyko 50 pl eve oe oplopéveg PCR
npoobéoape emumhéov MgCly ywa va evioxvooope v avtidpaorn. 'ia xabe
avtidopaon PCR npaypatonoteitatl éva apyiko otado amnodiatadng too cDNA
popiov otoyov otoog 95°C yia 5 min kat akolovbel 1 epappoyr] TV
dagopetikmwy, yia kdbe {edyog exkvntwv, oovvinkov amodwatadng,
vPBpdomoinong xat emurjkovong. To TeAko otadto oe OAeg TIg avtdpdoelg
nepthapPavet enwaon ywa Smin otovg 72°C ywa mAnprn ovvleon tov upn
ONOKANPOEVROV VEOOLVTIOEPEV®DV TIPOTOVTI®DV.

2V HePIT®OT TV Vopoimv Kamoteg amo tig PCR avtidpdoeig etvat nested
dnAadr) To npoiov g npwtng aviidpaong PCR ypnotponoteitatl wg vmootpopa
oe pia devtepn avtidpaon PCR oty omoia kAt ta 00O eKKIVITIKA popla etvat
E0MTEPIKA TOV IPATOV eKKIVNToV. Emumkeov kamoteg avtdpdoelg PCR eivat
seminested dnAadr) 1o mpoiov pag npatng aviidpaong PCR yprnowponoteitat
@G vIIOOTPOPA o pia Oevteprn avtidpaon PCR oty omoia 1o éva ek T@v 6vo
EKKIVITIKOV POPLOV elval e0MTEPIKO TOL MPMTOL (e0yovg ekKvNTOV. ‘OAeg ot
vnolouteg PCR avtidpdoelg eivatl autonested dnAadr) to mpoiov g mpotng
PCR avtidpaong xpnowpomnoteitat ®¢ vmootpopa oe pia Oevtepny PCR
avtidpaon pe 10 1010 (eBYOG EKKIVNTIKOV HOPI@V. Xe ONeG TIG MEPUITMOELG 1)
dtadikaota mov axolovbfeitat eivar idwa onwg xat omyv amAry PCR pe m)
dtagopa ot ) 0¢on tov cDNA naipvoov 5 pl PCR mpoiovtog g mpatng
avtiopaong. Ot ovvOnkeg amodidradng, vPPLOOIOINONG KAl EMUNKLVONG Ot
omnoteg npayparonombnkav ywa kabe (evyog ekKivntov, napovotdafoviat otov

mivaka 2.15.
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IMivakag 2.10. Zebyn ekKivnTav oo yprotponowdnkav ywa my evioyoor tov 5'-NCR xat VP1 nmeploxov tov otedexov

moAwoiav. T'a toog exxivntég UG52, UC53, UGI kat 222 pe KOKKIVO @aivovtat ot 0éoeilg mpdodeot)g Tovg Oe OTeAéyT)

toroo Sabin 1 (AY184219), pe pm\e ot Béoetg poodeot|g Tovg ot oTeAéyr) TOITOL Sabin 2 (AY184220) kat pe mpdotvo ot

0¢oe1g IPOodeOT|g TOVG O OTeAEXT) TOITOL Sabin 3 (AY184221). K.: KOSIKOG, a.: AVIIKOOIKOG

Zgoyapla ®¢on-ANnAoovyia ZovOnkeg PCR Anpooigoon
EKKIVIT®OV
162-CAAGCACTTCTGTTTCCCCGG-182
UG52 x. 162-CAAGCACTTCTGTTTCCCCGG-182
164-CAAGCACTTCTGTTTCCCCGG-184 An0d.95°C 20sec | o aal 2000
577-ACCGACCAATACCACTGTT-595 Yppid.: 45°C 20sec g
UC53 a. 578-ACCGACCAATACCACTGTT-59% Ermuy.: 74°C 20sec
580-ACCGACCAATACCACTGTT-598
2402-TTIGTGTCAGCGTGTTAATG2421
UGl . 2404-TTTGTGTCAGCGTGTTAATG-2423 Balanant et al., 1991
2399.-TTTGTGTCAGCGTGTTAATG2418 | Amod.: 95°C 20sec
2982- CICCIGGIGGIAYRWACA-3000 YPBpid.: 45°C 20sec
222 a. 2984- CICCIGGIGGIAYRWACA-3002 Ermu.: 74°C 20sec Oberste et al., 2000
2979- CICCIGGIGGIAYRWACA-2997
S137 K. 2837- AGGAAATTGGAGTTCTTCACC2857 | Amod.: 95°C 20sec |  Dedepsidis et al., 2006
$1688 a. 3488- ACATGACGTTCACTGCGTTTT -3468 YEﬁplﬁj' POPC205€C | e depsidis et al., 2006
my.: 74°C 20sec
5230 K. 2830- CAACTGAGACGCAAACTGGA -2849 | Amod.: 95°C 20sec |  Dedepsidis et al.,, 2006
S,688 a. 3488- CACATGACACTCACGGCATT -3469 YEﬁp‘Sj' OOIC205€C | e depsidis et al., 2006
my.: 74°C 20sec
5526 K. 2826- GCCGTAAGTTGGAGTTTTTCAC -2847 | Amod.: 95°C 20sec |  Dedepsidis et al.,, 2006
S651a. | 3451- CTCCTTAGTGGCGAGATGGTAG -3430 éﬁﬁf;jg 2200::: Dedepsidis et al., 2006

IMivakag 2.11. Exkivrtikd popia moo xpnotponotfnkayv yid my aviyveoor tov oovifev Tonev avacovovaopoo otig 2C

Kat 3D yevepikeég Meploxeg TV LKAV otehex®V moAolov 584, 742 kat 738 péow puag véag multiplex RT-PCR peBodov. Ta

EKKIVITIKA  popla oyxedwdomkav pe ) Porfera Tov mpoypappartog

Primer

3 (http://www.genome.wi.-

mit.edu/genomesoftware/other) kat tov alnAooyiov tev npotonmy otehexmv Sabin 1 (AY184219), Sabin 2 (AY184220)
Kat Sabin 3 (AY184221).

Aviyvevopog tomnog

FrKIVITICA levopwkn | avacovéoacpoo,

5 mfl nepioy) péysbog PCR ®¢on-ANnlooyia TovOnkeg PCR
Fop npoiovtog

S3sC2b k. 4088-TTGGAGATTCCCTATGTTATTAG-4110° | Aro8.: 95°C 30sec

Sal3C2 a. oC S3/51, 1280 bp 5350-GTGTCCAGCAAACAGTTTA-53687 YPBp16.: 55°C 30sec

Sa23C2 a. S3/52, 1227 bp 5295-AAAGTAGTTACTGCTTGTAGG-5315> | Emp: 72°C1min
S2s3dmp . 6430-GGAATTAACTTACCGCTTGTA-6450" | Aro8.: 95°C 30sec
S1a3dmp a. 3D S2/S1, 733 bp 7141-GCATTACTGGATGAATAAGAAAT-71632| YBpiS.: 55°C 30sec

S31aD3 a. S2/S3, 803 bp 7213-GACACAAGGAGCGTACATGG-7232¢ | Emtp: 72°C1 min

a Ot B¢oetg mpoodeong avagépovtat oto Sabin 1 (AY184219)

b O B¢oe1g mpododeong avagepovrat oto Sabin 2 (AY184220)

¢ On Beoerg mpoodeong avagépovtat oto Sabin 3 (AY184221)
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IMivakag 2.12. Exkkivntikd popia moo yproponouwdnkav yia v evioyvor g meptoxr)g 2A-3'NCR ota Setypata 584, 738
Kat 742 yia tov eviomopo tov 0écewv avaoovdvaocpov. ITpobepa S1 : Béoelg mpoodeong avagépovial oto Sabin 1
(AY184219), mpobepa Sy : Béoelg mpdodeong avagépovial oto Sabin 2 (AY184220), mpobepa Ss : Béoelg mpoodeong
avagépovtat oto Sabin 3 (AY184221). Ot 0O¢oelg T@V LIOAOUIOV EKKIVITIKOV HOpldv avagépoviat oto Sabin 1

(AY184219). x.: KOOIKOG, O.: AVIIK®IKOG

Zeoyapla . . , ,
EIIVITGOV ®¢on-ANnAoovyia ZovOnkeg PCR Anpooigvon
71935 «. 3206-GTCAATGATCACAACCC-3222 A1106.: 95°C 20sec Mulders et al,, 1995
YPBp16.: 50°C 1 min
EUC2 a. 4454-TTTGCACTTGAACTGTATGTA-4474 B e \ Caro et al., 2001
myp.: 74°C1 min
UG23 k. 4169-AAGGGATTGGAGTGGGTGTC-4188 A1106.: 95°C 20sec Guillot et al., 2000
UC15 a. 4948-CATCTCTTGAAGTTTGCT-4965 éﬁp 8. 50°C 15sec Guillot et al., 2000
mpu.: 74°C 20se
5,97 «. 4717-TTAGCCTCCACCACCTCCAG-4737 AT105.: 95°C 20sec | Paximadi et al, 2007
YBpi5.: 50°C 10
$,598 a. 5195-TGATGTTCCTCTCTGTTTGAACC-5218 EB PLO=% = % | Paximadi et al., 2007
myp.: 74°C 20sec
S48 «. 4968-TCCTTTAGTGTGTGGCAAGG-4988 AT106.: 95°C 20sec | Paximadi et al, 2007
YBpi5.: 50°C 15
5,911 a. 5812-GTTTGTCGTCCACCGAGATT-5832 EB PLO=O% = 2% | Paximadi et al., 2007
my.: 74°C 20sec
S42 «. 4962-GATGCTGTCCTTTAGTGTGTGG-4984 A1106.: 95°C 20sec |  Paximadi et al.,, 2007
YBpi5.: 58°C 30
5,952 a. 5853-GATGCTGTCCTTTAGTGTGTGG-5873 EB PLO= 00~ IUSEC | paximadi et al., 2007
my: 74°C1min
UG16 k. 5921-GTTGGTGGGAACGGTTCACA-5940 AT105.: 95°C 20sec Guillot et al., 2000
Y 253°C1
UC12 a. 6494-TCAATTAGTCTGGATTTTCCCTG-6516 EB p1d.: 53°C 10sec Guillot et al., 2000
my.: 74°C 20sec
S364 K. 5763-GTATGTTCCTGTCGGTGCTGT-5784 A106.: 95°C 30sec |  Paximadi et al., 2007
YBp16.: 50°C 30
$,380 a. 6800-TGGGAATGGTTGAGGTAATC-6780 Eﬁ Pro-z o¥ = OUSEC | paximadi et al., 2007
my.: 74°C1min
5,107 k. 6647-TCCCAGTGCTAATGGAAGAGA-6668 A106.: 95°C 20sec |  Paximadi et al., 2007
YBp16.: 50°C 15
S,872 a. 7393-ACAACAGCATGACCCAATCC-7413 Eﬁ PLO=o¥ = 0%€C | paximadi et al., 2007
myp.: 74°C 20sec
75

Institutional Repository - Library & Information Centre - University of Thessaly
18/05/2024 14:33:52 EEST - 18.223.170.38



Kepalaio 2

IMivaxag 2.13. EKKv)TIKd popta aro mponyovpeveg peAéteg mov xpnotponou)dnkayv yia my evioxoorn YEVOPIKOV MIEPLOXMV TOV
vopotav. Emiong mapovotaetat 1 alAnlovyia tov ekkivtikov popieov P11P/P13P moo xpnowponowdnkav yia tov é\eyxo g
Iapoovoiag avactoAé®v ota KAvikd kat meptparlovrtikda detypata. Ot B¢oelg mpoodeong IOV EKKIVITIKOV HOPLOV ava@épovidat oto
npotoro otélexog Lordsdale (X86557) yia v yevetikr|] opada GII xat oto npotono otédexog Norwalk (M87661) yia v yevetikr

opdada Gl x.: KOdKOG, a.: AVTIKOOIKO

Exxivnuka , " an , Tevopikn | Tevetikn ,
popia ®¢on (5'—3’) ~-AN\nlovyia neproyy opéda Anpooigvon
4552-ATACCACTATGATGCAGAYTA-4572/GI
JVI2Y k. 4279-ATACCACTATGATGCAGAYTA-4299/GII RdRp GI/GII Vennema etal. 2002
4858-TCATCATCACCATAGAAIGAG-4878/GI
JVisla. 4586-TCATCATCACCATAGAAIGAG-4605/GII RdRp GI/GII Vennema et al. 2002
mon381 «. 5362-CCAGAATGTACAATGGTTATGC-5383 ORF2 GII Noel et al. 1997
mon383 a. 5661-CAAGAGACTGTGAAGACATCATC-5683 ORF2 GII Noel et al. 1997

SRI-2 k. 5344-AAATGATGATGGCGTCTA-5361 ORF2 GI Hafliger et al. 1997

SRI-1 a. 5640-CCAACCCARCCATTRTACAT-5659 ORF2 GI Hafliger et al. 1997

SRI3 a. 5566-AAAAYRTCACCGGGKGTAT-5584 ORF2 GI Hafliger et al. 1997

(seminested)
SRII-2 k. 4844- TWCTCYTTYTATGGTGATGATGA-4866 RdRp GII Hafliger et al. 1997
SRII1 a. 5339-CGCCATCTTCATTCACAAA-5357 RdRp GII Hafliger et al. 1997
SRIL3 a. 5028-TTWCCAAACCAACCWGCTG-5046 RdRp GII Hafliger et al. 1997
(seminested)
4568-GATTACTCCAAGTGGGACTCCAC-4590,/GI .
P290 k. 4295-GATTACTCCAAGTGGGACTCCAC-4317/GII RdRp GI/GII Jiang et al. 1999
4865-TGACAATGTAATCATCACCATA-4886/GlI .

P289 a 4592-TGACAATGTAATCATCACCATA-4613/GII RdRp GI/GII Jiang et al. 1999

P11P k. 1173-GAGGAAGGTGGGGATGACGT-1192 165 rRNA - Widjojoatmodio et al. 1995

P13P a. 1370-AGGCCCGGGAACGTATTCAC-1389 16S rRNA - Widjojoatmodjo et al. 1995

Calman-1 x. 4193-GCACACTGTGTTACACTTCC-4213 RdRp GII Rohayem et al. 2004
Calman-2 a. 4997-ACATTGGCTCTTGTCTGG-5015 RdRp GII Rohayem et al. 2004
Calman-29 . 4868-TATGGTGATGATGAAATAGTGTC-4891 RdRp GI Rohayem et al. 2004
Calman-32 a. 5338-ATTTCGGGCAGAAGATTG-5356 RdRp GI Rohayem et al. 2004
P78 k. 1682-GGGCCCCCTGGTATAGGTAA-1701 2C GI Wang et al. 1994

P80 a. 1943-TGGTGATGACTATAGCATCAGACACAAA-1970 2C GI Wang et al. 1994

GV6 k. 6874-TTTATCAATTNAAGCCTG-6891 ORF3 GI Vinje et al. 2000

GV5 k. 6700-TNTAATGGCTGGAGCTTT-6717 ORF3 GII Vinje et al. 2000

7079-NATCATCTCNTINTCATG-7096/GI .

GV7a. 6878-NATCATCTCNTTNTCATG-6895/GII ORF3 GI/GII Vinje et al. 2000
GISKF k. 5342-CTGCCCGAATTYGTAAATGA-5361 ORF2 GI Kojima et al. 2002
GISKR a. 5653-CCAACCCARCCATTRTACA-5671 ORF2 GI Kojima et al. 2002
G2SKF «. 5046-CNTGGGAGGGCGATCGCAA-5064 ORF2 GII Kojima et al. 2002
G2SKR a. 5367-CCRCCNGCATRHCCRTTRTACAT-5389 ORF2 GII Kojima et al. 2002

MR3 x. 4212-CCGTCAGAGTGGGTATGAA-4230 RdRp GII Lew et al. 1994

MRA a. 4664-AGTGGGTTTGAGGCCGTA-4681 RdRp GII Lew et al. 1994

Ygﬁﬁgg;‘ 4232-ATGAATGAGGATGGACCCAT-4251 RdRp GII Saito et al. 1998
Y[(Jriﬁig)“' 4585-CATCATCCCCGTAGAAAGAT-4604 RdRp GII Saito et al. 1998
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IMTivakag 2.14. EKKvnTikd popla moov oxedtdotKay oty Iapodod HENET) Yid TV eVIOXDOI] YEVOPLIKOV MIEPLOXOV
TV vopolov. Ot Béoelg MPOOOEDTG TV EKKLVITIKGOV HOplov avagépovtdal oto oTéexog pe KOOIKO KATAX®PNoNg

GeneBank (AB084071) to onoio eivat yevetikng opadag GlI. k.: Kadkog, a.: aviikadKog
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Exxivnuikd popla ®¢on (5'—3’) ~-AN\nAovyia T'evopiki neployn
NVLR 52 k. 4559-GTCCAAGCCCACTCCTGTT-4577 RdRp
NLVR 871 a. 5258-AGACGGTAAACTCGCCCTGT-5277 ORF2
NLV R 58 k. 4565-GCCCACTCCTGTTTTTCATT-4584 RdRp
NLV R 756 a. 5143-TGCCATAACCTCATTGTTGG-5162 ORF2
NLV R 166 k. 4673-ACCCGACCTGACAAAATGA-4692 RdRp

NLV ORF 1041 a. 5529-GGCAAAAACACTGGCTCAAG-5548 ORF2
NLV R 166 . 4673-ACCCGACCTGACAAAATGA-4692 RdRp
NLV ORF 1262 a. 5751-GGATGGGGAGTGTGAAAGG-5769 ORF2
NLV ORF 1955 . 6471-CAGGAATGGGTTCAGCACTT-6490 ORF2
NLV ORF 2902 a. 7403-CTTTGGGGACGGTTGAGAC-7421 ORF3
NLV ORF 2029 k. 6545-TCCTGACACTGGGAGAAACA-6564 ORF2
NLV ORF 2902 a. 7403-CTT TGG GGA CGG TTG AGA C-7421 ORF3
NLV ORF 941 «. 5448-GTTCCACCACATTTCCCTGT-5467 ORF2
NLV ORF 1928 a. 6425-ACCCATAACCACCAGCAGAT-6444 ORF2
NLV ORF 769 k. 5276-TTCACCAAGGAACTCACCTG-5295 ORF2
NLV ORF 1753 a. 5511-GGGCTGTCCATCATCAAAAT-5531 ORF2
NLV ORF 1290 k. 5797-GATTCCCCGCTCCAATAGAC-5816 ORF2
NLV ORF 1974 a. 6471-AAGTGCTGAACCCATTCCTG-6490 ORF2
NLV ORF 2029 k. 6545-TCCTGACACTGGGAGAAACA-6564 ORF2
NLV ORF 2703 a. 7203-CGTTGAATGGGTTGATTGTG-7222 ORF3
NLV ORF 1252 k. 5759-ACTCCCCATCCTGACTCTTG-5778 ORF2
NLV ORF 1974 a. 6471-AAGTGCTGAACCCATTCCTG-6490 ORF2
NLV H 144 «. 4173-TGACCAAGATACAGGAAGATTGC-4195 RdRp
NLV H 901 a. 5146-TCAAGTGCCATAACCTCATTGT-5167 ORF2
NLV H 297 k. 4563-AAGCCCACTCCTGTTTTTCA-4582 RdRp
NLV H 896 a. 5143-TGCCATAACCTCATTGTTGG-5162 ORF2
NLV C 463 k. 5541-CTTCTGCCCCTCCCTGATA-5559 ORF2
NLV C 1430 a. 6489-GGTGCTGCTTCCTGGTAAAA-6508 ORF2
NLV C 560 k. 5638-GGGCTAACTCTGGTGAGGAT-5657 ORF2
NLV C1522 a. 6581-TGAGGAACCCTTCTCTGTGC-6600 ORF2
NLV C775 k. 5853-CAACCCCAAAATGGTAGGTG-5872 ORF2
NLV C 1489 a. 6548-AGATGTTACGCCCAGTATCG-6567 ORF2
NLV C 615 k. 5693-CGCCCCAGATTTTGAGTTC-5711 ORF2
NLV C1376 a. 6435-ATGTAGCCAGACCCGTAGCC-6454 ORF2
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IMivaxag 2.15. ZovOnkeg mov xpnotporowfnkav otig PCR pe Ta eKKIVOTIKA pOPW yid TV eVioy0or YEVOHIK®OV

neployx®v tv vopolmv. Emong, mapovoidalovtatl ot oovOrkeg mov xpnotporowfnkav oty PCR pe ta ekkivnTika

popta P11P/P13P yia tov é\eyxo Trg IAPODOLAG AVACTONE®V OTa KAVIKA Kat meptBallovtikd detyparta.

ZgOy1n EKKIVITIKOV

popicov TovOnkeg PCR Koxhot XuvOnkeg Autonested PCR Koxhot
Anodiatady: 95°C yia 30sec
JV12Y - JV13I YPpidomoinon: 37°C yia 1 min Opotag pe PCR
Emprkovon:  72°C yua 30sec 25 xdkAot 40 xoxhot
SRIL-1 Anodiatady: 950C yia 30sec Seminested PCR
SRIL2 YPBpdomoinorn:  50°C yia 30sec Opotag pe PCR
SRIL3 Emprxovon:  72°C yua 30sec
(SRII-2- SRII-1) 25 koKAot (SRII-2 - SRII-3) 40 xoK\ot
Anodwaraln:  95°C yia 30sec
P78 - R80 YpBpidonoinon: 50°C yra 30sec Opoiwg pe PCR
Emprkovon:  72°C yua 30sec 25 xoKAot 40 xoxAot
Amoduataln:  95°C yia 30sec
G2SKR - G2SKF YBpidonoinon: 55°C yia 30sec Opoiwg pe PCR
Emprxovon:  72°C yua 30sec 25 xoKAot 40 xoxAot
Amoduataln:  95°C yia 30sec
G1SKR - G1SKF YPBptdomoinorn: 50°C yia 30sec Opoteg pe PCR
Emprxovon:  72°C yua 30sec 25 xoKAot 40 xoxAot
Anodudrtaln:  95°C yua 30sec
CALMAN1-2 YpBptbomoinon: 50°C yia 30sec Opoteg pe PCR
Empnkovon:  72°C yua 30sec 25 xoKAot 40 xox\ot
Anoduataln:  95°C yua 30sec ,
CALMAN?29 -32 YBptdomoinor: 50 oC zlct 30sec Opotog pe PCR
Empnxovon:  72°C yua 30sec 25 xdKAot 40 xdKAot
Anodudraln:  95°C yua 30sec Nested PCR
MR3 - MR4 YpBpt6omoinon: 55°C yia 30sec Opoiwg pe PCR
YURI22F - YURI22R | Empnkovon: 72°C yua 30sec 40 kOKMOL
(MR3 - MR4) 25 koKAot (YURI22F-YURI22R)
Anodudrtaln:  95°C yua 30sec
P289 - P290 YPpdomoinon: 43°C yia 30sec Opoteg pe PCR
Empnxovon:  72°C yua 30sec 25 xoKAot 40 xoK\ot
MON Anodudrtaln:  95°C yua 30sec
381 - 383 YBpdomoinor: 43°C yia 30sec Opoteg pe PCR
Empnxovon:  72°C yua 30sec 25 xoKAot 40 xox\ot
SRI-2 Anodiatady: 950C yia 30sec Seminested PCR
SRI-1 YBptdomoinorn: 40 °C yia 30sec Opoteg pe PCR
SRI-3 Emprkovon:  72°C yia 30sec .
(seminested) (SRI-2- SRI-1) ! 25 koKAoL (SRI-2 SRI-3) 40 xorAoL
CV6. GV7 Ano61dTa§q: 95°C yta 30sec '
CV5. GV7 YpBpt6omoinorn: 40°C yia 30sec Opotag pe PCR
Emprkovon:  72°C yua 30sec 25 xoKAot 40 xoxAot
NLVORF Ano&c'rta'@r]: 95°C yia 30sec ‘
2029 - 2902 YBpdomoinon: 55°C yia 30sec Opoiwg pe PCR
Empnxovon:  72°C yua 30sec 25 xbvKAot 40 xbdKAot
Anodudraln:  95°C yua 30sec
5\21“\_]?91{21; YBpdomoinon: 53°C yia 30sec Opoiwg pe PCR
Empnxovon:  72°C yua 30sec 25 xbdKAot 40 xbdKAot
NLVORE Anoétc'tragq: 95°C yia 30sec '
2029 - 2703 YPBpdomoinorn: 50°C yia 30sec Opotag pe PCR
Emprixovon:  72°C yia 30sec 25 xoxK\ot 40 xox\ot
NLVR Amoduataln:  95°C yia 30sec
58 - 756 YPBpdomoinorn: 50°C yia 30sec Opotag pe PCR
Empnxovon:  72°C yua 30sec 25 xdKAot 40 xdKAot
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NLVC Amoduataln:  95°C yia 30sec
463 - 1430 YPBpdomoinorn: 55°C yia 30sec Opotag pe PCR
Empnxovon:  72°C yua 30sec 25 xdxAot 40 xoxAot
NLVH Amoduataln:  95°C yia 30sec
297 - 896 YPBpdomoinorn: 50°C yia 30sec Opotag pe PCR
Empnxovon:  72°C yua 30sec 25 xdxAot 40 xoxAot
NLVR 166 - Anoélarasq: 950C yia 30sec ‘
NLVORF 1262 YpBptbomoinon: 50°C yia 30sec Opotag pe PCR
Empnxovon:  72°C yua 30sec 25 xdkAot 40 xoxAoL
Anodudrtaln:  95°C yua 30sec
NLVR 166 - YpBptbomoinon: 50°C yia 30sec Opotag pe PCR
NLVOREF 1041 Empnkovor:  72°C ywa 30sec 25 xbdKAot 40 xox\ot
Anoodwaraln:  95°C yua 30sec ,
515“:\5?7{1 YBpidomnoinon: 55°C yia 30sec Opotog pe PCR
Emprjxovon: 72°C yua 30sec 25 xdxAot 40 xoxAot
NLVORF Anoﬁtaragq: 950C yua 30sec '
1955 — 2902 YpBpidonoinon: 55°C yia 30sec Opoiwg pe PCR
Emprikovon:  72°C yia 30sec 25 xoKAot 40 xoxAot
NLVORF Ar[of)laraér]: 95°C yia 30sec Opotag pe PCR
769 - 1753 YpBpidonoinon: 52°C yia 30sec
Emprjkovon:  72°C yia 30sec 25 xoKAot 40 xoxAot
NLVORF Ar[of)laraér]: ‘ 95°C yia 30sec Opoiawg pe PCR
1290 - 1974 YPBpdomoinor: 55°C yia 30sec
Empnxovon:  72°C yua 30sec 25 xoKAot 40 xox\ot
NLVORE Anoﬁtaragq: ‘ 950C yua 30sec Opoieg e PCR
1250 - 1974 YPBpdomoinor: 55°C yia 30sec
Empnxovon:  72°C yua 30sec 25 xoK\ot 40 xox\ot
NLVC Anodwataln:  950C yua 30sec
560 - 1522 YBpidonoinon: 55°C yia 30sec Opoiwg pe PCR
- Emprjkovon:  72°C yia 30sec 25 xoxKAot 40 xoxhot
NLVC Anodwataln:  95°C yia 30sec
775 — 1489 YpBpidonoinon: 50°C yia 30sec Opoiwg pe PCR
Emprjkovon:  72°C yia 30sec 25 xoKAot 40 xoxhot
NLVC Anoduataln:  95°C yia 30sec
615 - 1376 YBpdomoinorn: 55°C yia 30sec Opoteg pe PCR
Empnxovon:  72°C yua 30sec 25 xoKAot 40 xoK\ot
NLVH Anoduataln:  95°C yia 30sec
144 - 901 YBpdomoinor: 55°C yia 30sec Opoteg pe PCR
Empnxovon:  72°C yua 30sec 25 xdKAot 40 xdKAot
NLVR 166 - .
NLVOREF 1262 Anodwataln:  950C yua 30sec Soemol?(sste;i;((;l?
& YpBpidonoinon: 50°C yia 30sec HOWOS |
NLVR 166 - Emprikovon:  72°C yia 30sec . .
NLVORF 1041 25 koKAot (NLVR 166 -NLVORF 1041) | 40 xOx\ot
NLVR 52 -
NLVOREF 871 Anodudafn:  95C yia 30sec ON(‘ff’:d E?ER
& YPBpdomoinorn: 50°C yia 30sec HOWOS |
51;%\%{6 Emprgoven: 720C yad0sec | o5 vidor (NLVR 58 - 756) 40 xdKAOL
NLVORF .
1955 -2902 Anodidtadn:  95°C yia 30sec Soem;?ftejlfccl?
& YPBpdomoinorn: 55°C yia 30sec HOWOS |
NLVORF Emprixovon:  72°C yia 30sec . .
2029 — 2902 25 xbvKAot (NLVOREF 2029 - 2902) 40 xbdKAot
NLVC
463 - 1430 Anodudafn:  95C yia 30sec ONe,StEd PgléR
& YPBpdomoinorn: 55°C yia 30sec HOWOS he
611?%\{?7 ’ Empurovon: - 72°C yas0see | og 4 idon (NLVC 615 - 1376) 40 kOKAOL
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NLVC
560 - 1522 Anoodwaraln:  95°C yua 30sec ONe,S ted P(IiléR
& YBpidomnoinon: 55°C yia 30sec HOWWS e
NLVE Emprovon: - 720C ya30sec | o5, sdor (NLVC 615 - 1376) 40 kBKAOL
615 -1376
NLVH
144 - 901 Anoodwaraln:  95°C yua 30sec ONe,S ted P(IiléR
& YPBpdomoinorn: 55°C yia 30sec HOWWS e
NLVH Empnxovon:  72°C yua 30sec 25 xbdxAot (NLVH 297 - 896) 40 xbdxAot
297 - 896
Amoduataln:  95°C yia 20sec
P11P-P13P YPBpdomoinorn: 63°C yia 20sec 30 xdKAot
Empnkovon:  72°C yua 20sec

2.7 HAEKTPO®OPHZH TQN PCR ITPOIONTQN XE THKTH ATAPOZHX

I'a v nAektpogopnon twv PCR mpoioviev xpnowpomnou)dnke Ikt
ayapodng pe oovykévipwon 2%. Zvykekppeva, 1,2 gr ayapolng (Invitrogen,
UK) xat 60ml TBE (Tris-Boric acid-EDTA) npootebnkav oe kovikr] ¢lain tov
250 ml. AxoAovbnoe B¢ppavorn oe ovPVO HIKPOKLPAT®V yia mepirmov 1 min,
wote va Awoet 11 ayapoln. Otav 1o dwalopa éptaoe oe Oeppoxpaocia 40°C
npootednke mmoootta Ppopovyov awdidiov (EtBrz) tétola mote 1 teAkr) tov
ovykévtpwor va eivat 1 pg/ml. To Ppoptodyo aibidio napepParetat perado
TV Gevyaplav Pacenv 1o dikhwvoo DNA, pbopilovtag oe prjkog kdparog 290
nm. Xt ovvexelda 1o dalopa tonolet)Onke oe edwkr) Orkn nAektpoPoOpnong
MIPOKELEVOL va mr)Set.

Meta tov oxnpatiopo g mnkt)g ayapolng, 10 pl PCR mpotovtog
avaptyvoovtat pe 2 pl xpooTikrg Koavo tng Bp@po@aivolng Kat akoAovbel n
poodnk1) TV Setypdtov otig e1dikeg Oeoetg g nnkrg. I'ta tov mpoodioptopo
tov prxovg 1wV PCR mpotloviev eival amapattt) 1) mpoobnkn otV KT
EVOG  pApTOPA  POPLAKOL  Bdpovg. Xt OLYKEKPIHEVI)  HEPUITOON
xpnotporow)fnke o 100 bp DNA ladder (Invitrogen Life Technologies, Paisley,
UK). H nAextpogopnon npaypatonou)dnke oe taon 120 Volts xat évraon 50
mA ywa 1 h. To mxtopa ayapolng tonobetr|fnke oe ovoKeLI] LIIEEPLOOOVS
¢ntog UV Foto/Phoresis system (Fotodyne, Hartland, WI, USA) xa
potoypagrndnke pe Olympus digital camera.

Awaldpata :
5x TBE: 5,4% Tris Base, 2,75% H3;BO; (Merck, Germany) xat 10pM EDTA

dtalvovtat oe 1L amoviopévo vepo.
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Koavo g Bpopogawodng: ImM EDTA, 0,25% xoavo g Ppopo@atvoing
(Sigma, USA), 40% cookpodn.

2.8 KAOGAPIZEMOZX TQN PCR ITPOIONTQN

O xabapiopog twv PCR mpoioviov amd To ONKIOpd  ayapodng,
npaypatonou)bnke, omov ypewaotnke, pe 1o PCR clean up Gel Extraction Kit
(Macherey-Nagel, DUren, Germany). Xoykekpipéva, pe T XpHon Tov
OLYKEKPIPEVOD TIPOTOVIOG EMITOYXAVETAl 11 OlWIAvON TG ayapolng xat n
d¢opevon tov embopntov PCR mpoidovtog oe edwkr) otiAn, amd v omola
Aappavetat peo® €KAovong petd Vv mpoodnkn StaAdpaTog YapnAng 1ovVTiKIg

1ox00G.

2.9 MOPIAKH KAQNOITOIHXIH PCR ITPOIONTQN

ITpw v popraxn xKAevomnoinon t@v PCR mpoioviav tov vopolov eivat
anapatmta ta &frg oradia: i) o xabapiopog tov PCR mpotoviev (pe v
dradwaotia mov mpoavagépbnke) yia v armopovmon) TV KoV (ovav, ii) n
npaypatonoinon autonested PCR pe twv GoTaq Flexi DNA mnolvpepdon)
(Promega, USA) 1 omotia emtpénetl v HpoodnKn COPIANPOUATIKOV HE TNV
eploxt) £vbeong tov Qopéa KA®vVoroinong moAv (A) HOVOKA®VOV AKP®V Kt
iii) kabaplopog tev nmpoiovimv g autonested GoTaq PCR yia v arnopoveor)
TOV e0K®OV {OVOV.

To piypa g GoTaq PCR avtidpaong amoteleitat anod 3 pl mpoiovtog g
autonested, seminested 1] nested PCR to onotio ¢yet kabapiotet anod 1o nrKIopa
ayapodng, 2pl tov avtiotoyev kabe popd exxivntov (1pl amd tov xabeva pe
ovykeévtpwor 50pmol), 10pl 5x pvbptotikod diakvpatog (Colorless Go Taq Flexi
Buffer), 5pl ptypatog vooxAeotidiov (ANTPs 10mM, Invitrogen, UK), 1.25 units
GoTaq Flexi DNA moAvpepdon (Promega, USA), 4ul MgCla 25mM xat ddH2O
ehedOepov vovxAeaowv (Sigma, USA) péxpt tehwko oyko 50pl. H avtidpaon
Sexwva pe éva apywo otddo amodidralng too DNA otoog 95°C yia 2 min xat
akolovbel 1 epappoyr) v ovvinkev amodiaradng otovg 95°C yia 1 min,

vPpdomoinong ywa 30 sec (1 Oeppoxpaocia efaptatat amd 1o (edyOg TOV
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eEKKIVIToV, mivaxag 2.15) kot emprkovong otovg 72°C yia 1 min, yua 20
KOKAOLG. To TeAko otadio nepthapPavet enwaon yia 5 min otovg 72°C.

Meta tov kabapiopd tev mpoloviev g autonested GoTaq PCR
axkolovOnoe 1 dradkaoia g poplaxng KA@voroinong 1 onoia meptAapPavet
ta akohovba téooepa KLPLA oTAdd.

Avtidpaon Mwyaong: H avtidpaon avtr) emrtpénet v eVOOPAT®OOL TOL
EVIOXDHEVODL YEVOHIKOD Tpnpatog amod tig avidpaocelg PCR oto mhaopido -
popéa x\@voroinong. O gopéag kKAmvoroinong mov xpnotpomnou)dnke eivat o
pGEM®-T Easy Vector System (Promega, USA), o omoiog xprowpomnoteitat yia
Vv KAaovoroinon PCR npotovieov (Ewova 2.3). O gopéag antog mepiéxet pia
meploxr] moAvoovoétn (polylinker) omov vmapyet 1 0¢on evoopdtmong pe
povoxhwveg ovpég poly(T). Ta PCR mpoiovia mov mpokettat va
KAovomombovv €xoov ota dxkpa Ttovg poly(A) povoxAwveg ovPEg
(oopm\npepanka akpa) amod v avrtidpaon g autonested GoTaq PCR.
Jovenog, 1n T4 DNA Ligase pPaxtplopdayov (Promega, USA) mov
xpnowpomnou)dnke Katalvet v oOVOEOH T®V COUIANPOUATIKOV JKP®V, 1)
OLPIANPOHUATIKOTTA TOV OIHol®V emttpénet ota ovo dikhova popia DNA va
evobodv peo® TV @oopodieotepikwv Oeopwv mov Onpiovpyet 11 Avydon
avapeoa oto 3'0dpolvAto kat v dunhavry 5 ewogopwkr) opdada tov DNA,
katalfjyovtag oty évleon tov PCR mpotovtog omv mepoxr) évbeong tov
popéa KA@VoIoinong.

H avtidpaon Awyaong élape xopa otovg 25°C yia 2h. To piypa 1ng
avtidopaong mepteiye 1pl pGEMO®-T Easy Vector 50ng, 3pl mpotovtog tng
autonested GoTaq PCR, 5 pl 2x Rapid Ligation Buffer xat 3 units T4 DNA
Ligase (Promega, USA).

IMapaywyn dektik®V Kottdpwv pe xnpikn pebodo (yAwprovyxo aofPeotio -
CaCly): I'a v avdortoln eV avaouvOLAOPEVOV POPEDV KADVOIIOinong
xpnoporoumfnkav Paxtnpraxda xottapa E.coli DH5a. H ¢80 lacZ AM15
petaladn  otmyv  alMnlovxia TOL  YEVOUATOG TV,  EMUTPENEl -
OLPIANPOHUATIKOTNTA H€ TO APLVOTENIKO THIPA g P-yalaxktooddong (Tpnpa
a) oL K®OWKOIOolElTal armod tov @opeéa kKAwvonoinong. To tpnpa Q g f-
yaAaktoolddong Kmdwkomoleitat amd To  PAKTPAKO  YEVOHA, ®MOTOCO
AIIOLTELTAl KAl TO THHA d yld TOV OXNHPATopO evepyov ev{bpov, to omoio

K@OWKomotelitat amd tov @oped KAt péod OTov OmOoio DIIAPXEL 1) IEPLOXT)
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IIOALOLVOETH), 1) IAPOLOLA THG OMOlAG OP®G eV JLATAPAOOEL TO AVAYVAOTIKO
m\aioto.

Apxika, amo anobepa yAvkepoAng otovg -80°C cvAAéxOnkav Paktnplakd
KOTTapa, petagepbnkav omd aonmtikeg ovvinkeg oe 1 ml amootelpopévoo
péoov avamntodng LB Broth (20g/L, Sigma, USA) xat akolovbnoe enmaor yia
16h (overnight) otovg 37°C otig 210 otpo@ég/Aerrto. Ev ovveyeia, 1 ml amo v
Kaliépyela aotyy petagepdnke oe 50 ml LB Broth xat axohovbnoe enwaon yia
2h otoog 37°C otig 210 otpo@ég/Aentd (avavemon kalAiépyelag). Emetta,
npaypatonouw)bnke Afjpn 1 ml and mv xkaliépyela £tolt ®@ote va petpndet 1)
aroppognor oe ODgpo KAt va OTapatjoovpe TV KOTTAPIKI avAIrtvdn otav ta
kOTrapa Ppedoovyv oe exbetike) @dorn avinong, dnAadr) otav 1 aropPpPOPnor) ToLG
gtaoet ota 0,450-0,550A. ‘Otav ta kdttapa é@tacav oto KAatdAnlo onpeio
avdarrodng tonobetrfnkav otov nayo yia 10 min. AxolodOnoe @puyokevTpnon
otig 4000 rpm ywa 10 min otovg 4°C kat oto TENOG TG (PULYOKEVIPNONG
aroyvdnke To vIEPKeipevo. X1 ovvexela dtalvtomou)oape 1o inpa oe 10 ml
nayopévoo CaCly ovykevtpwong 0,1M kat npaypatonou)dnke @uyokevtpnon
otg 4000 rpm yia 10 min otovg 4°C, oto t€Aog g omoiag amoyxvinke to
vrepkeipevo. Télog, dralvtonou)Onke to inpa oe 2 ml nayeopévoo CaCly 0,1M.
Awahopa 0,IM CaClp: 0,55g CaCl, (Sigma, USA) dialvovtat oe ddH.O péxpt

oyko 50ml.

Metaoxnpatiopog emoekTK@V Kottapwv: H Swadikaocia evoopdtoong
TOL AVAOLVOLAOPEVODL POPEd KAMVOIIOUONG OTd EMOEKTIKA PAKTNPLAK
KOtTrtapa Sexwva pe ) petagopd, ywa kdbe Oetypa, 200 pl amo ta Oektika
KOTTapa oe TAaotikodg owAnveg Tov 500 pl. Axkolovbnoe poodnkn tov pood
11oood tg aviidpaong Aryaong kdbe detyparog otov avtiotolyo HAAOTIKO
o®Arjva xat botepa amo Ha avadevor), Tonobetr|Onkav otov mayo ya 30 min.
‘Enetrta ot owArjveg tonobetr|fnkav oe vdatolovtpo npobeppaocpévo otoog 42°C
ya 90 sec axpipaog xat akolovbwg petapepbnkav ypryyopa otov nayo ya 2
min (heat shock). Xt ooveéxewa, 200 pl TV petacxnpatiopevev OeKTIKOV
KOTTAp®V petagepbinkav oe mAaotiko ooArva tov 15 ml (falcon) pe 800 pl LB
Broth xat enwdaotxav otovg 37°C otig 180 otpopég/Aento yia 1h (emavagopa
IAAOPATIKIG PEPPPAVIG TOV  PAKTNPAK®OV  KOTTAPDV  «EMOLA®OL»). Ev
ovveyela, 300 pl amo mv kabe xaliepyela emotpobnkav oe TpPAto mov

nepteixye LB Agar (30g/L, Scharlau, Spain) xat apmkiAivn 1,5 pl/ml LB Agar
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(6,6 mg/ml) xat npootednkav 12 pl X-gal (50 mg/ml, Promega, USA), evoe
akolovbinoe enwaorn ywa 16h otovg 37°C.

O ¢goptag xKA@vorioinong meptexet yoviolo avieKTikoTTag oto avtiPlotiko
apmklivny, 1 omnoia napepPaivet ot Owaovvdeon TOV  povad®V
HenTOOYADKAVIG Kal avaoTtéAlel T ovvOeon tov Paxtnplakod KOTTAPLKOL
toyopatog. Etotl, amoxAeietat n avdmtoln dA@V Bakt)plak®v KOTTAP®V OTo
TPPAlo  KaAgpyelag mepav O0MV €XOLV HETACXNHATIOTEL HE TOV QOpEa
xA@voroinong. Emiong, ota Paxtpia mov yprnotponow|dnkav, Otav avtd
avamntoooovtal oe OPenTiko pEoo MOL IMEPLEXEL TNV AXP®HN XNHIKI ovoia 5-
Bpapo-4-yAwpo-3-tvdoA-p-D-yalaxtooidio (X-gal), 1n Swdomaon tng ovotag
aot)g amo TtV B-yalaxtooddon napdyet eva adldALTO MPOTOV HIIAE
xpopatog. Etol, otav otov @opea xAmvomoinong Odev éxet ewoayxfel otnv
reptox1) moAvovvoétn to embopnto évbepa, to tpnpa a mg P-yalaktoodaong
napdyetat, oxnpatietat to evepyo eviopo kat To X-gal Staondrtat napdyovtag
aroikieg prme xpopatog. Otav opwg éxet yivet évieon too PCR nipotovtog otnv
MePLOXT] TIOADOLVOETI, TO AVAYV®OOTIKO MAQiO0 TOL THHpatog a TG P-
yaAlaktooddong diatapdaocoetatl, Oev napdyetat evepyo £vDPOo KAt Ot arotkieg
elvat aypopeg (AevKeg).

Baoet g mapamdve apxng €ytve OLANOYI AELKOV AIOIKIOV Kdl
ovykekppéva Tprev amnod xabe tpiPAio karépyetag, dSnAadr) anod kdabe detypa.
Enetrta, xdbe anmowia petagepbnke oe 2 ml LB Broth (20g/L) pe apmxiivn
1,5ul/ml LB Broth (6,6mg/ml) xat akoAovOnoe enmaor) yia 16h otovg 37°C oe
210 otpogeg/Aento. Télog, mpayparomou|fnke exyOAIOn TOL HAACPHIOIAKOD
DNA pe ) xpnon too NucleoSpin® Plasmid (Macherey-Nagel, Germany),
obp@@Va pe TG oOnyleg TOL KATAOKELAOTI), €TI0l ®WOTe va damopovabel o
avaoovOLAOHEVOG POPEAG TTOL IIEPLElYaV 01 AEDKEG ATIOKIES.

ITéyn pe EcoRI: I'a v emPePaimon tng évheong oAoxAnpov tov evlepatog
omv 0Oéon évbeong TOL TOALOLVOET TOL  @Opéa  KA®VOIOINONG,
npayparornou)dnke néyn pe to meploptotiko eviopo EcoRlI, tov omoiov O¢oelg
Aavayveoplong otov TAAOPOIIKO QopEa DIIAPXOLV POVOo ekatépnbev g 0éong
EVOOPAT®ONG oTov moAvovvdet. I'a mv avtidpaon xpnotponou)dnkav 4 pl
aro to ekyLAopevo nhaopdiaxkd DNA, 2l 10x Buffer, 1 pl Restriction Enzyme
EcoRI (Takara Biomedical group, Shiga, Japan) xat 13 pl ddH>O ¢tol wote o

OLVOAIKOG OYKOG TG aviidpaong va etvat 20pl. AkolovOnoe enmaor oTovg
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37°C ywa 2h, eve pe to mépag g enwoaong npootébnkav 3 pl 10x Loading
Buffer ywa va otapatjoet n avtidpaon. Ta 23 pl moo mnpoékvwyav
nAektpogopnnkav oe mktopa ayapodng 2%, nov mnepteixe Ppoptovyo abidio
oe ovykévipwoon 1pg/ml I'a tov mpoodloplopd tov prkovg Te@v embopntov
IPOTOVI®V xpnotpomnou|dnke pdptopag popiakod Pdpovg, o 100 bp DNA
Ladder (Invitrogen Life Technologies, Paisley, UK). H nlAextpogopnon
npaypatonou)bnke oe 120 Volts, 50mA yia nepinov 1h. To nrxtopa ayapoldng
torobetn)Onke oe ovokevr] vnepiwdovg @wtog UV Foto/Phoresis system
(Fotodyne, Hartland, WI, USA) xat ¢@wtoypagndnke pe Olympus digital

camera.

Ewova 2.3. O gopéag xhevormoinong pGEM®-T Easy Vector System. ®aivovtat ta yovidia

avBextikotntag oty apmkive Kat -yalaktootddong kabag kat ot Béoeig komrig tng EcoRL

2.10 AAAHAOYXIZH

Onwg npoavagepbnke, ot moAoiot kat ot vopoiot wg RNA 10t oovoniapyoov
@G plypata dla@opetikmy yevotonwmv (quasi-species). Kata ovvénewa etvat
anapaitt) pla Owadkacia Mmov va emiTpérel TV AaIopoOveon evog KOO
otedéxovg. To otddio avtd naifet onpaviikd pPolo OTav IPOKELTAl vd
akolovbfroet aAAnlodyon KAMowwV IEPOXMV TOL KOO yevopatog. Ia

Hapddetypa 1 IApovoia PIYHATog WK®OV OTEAEX®V €Xel ™G AIIOTENEOHd TNV
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gp@avion dHUIN®V  KOpup®V OT0  Ypopatoypdenpa g aAAnAovyiong
kabotwvtag adovarn mv eneepyaoia TV aAAANAOLXIOV. 2TV HEPUTTOOL TOV
IOAOT®V 1] AIIOPLYT] HIYRATOV UKDV otedex®v emtedyxOnke pe v dradwaoia
TV oelplakev apawwoemv. Kata oovenela ta PCR npotovta mov mpoékoyav
avtotolyoboav oe eva UkO otedexog kabotwvtag Odvvaty v dpeon
aAAnAovY101] TOLG. ZTV HIEPUTTOON T®V VOPOimV 1] advvapia KaAAEpyetag Too
L dev emtpenet v Oadkaocia TV OePlaKOV apdaiwoemv. Etolt oty
IEPUITOON ALTI I AIOPLYI] PIYHAT®OV UK®OV OTeAey®v emrtedXOnke pe v
dadikaotia g popaxi)g kKA@vonoinong twv PCR npotoviev oe kataAAnAovg
IAaopdLaKovg Popels.

H aMnlovyon tov PCR mpoioviov (amAov Kat KA®VOIIOUHEV®V)
npayparornou)dnke anod v etaipeia Macrogen Inc. (Seoul, Korea). Ztnv
neplntoon tv moAwiov (amha PCR mpotovia) ywa xdabe avtidpaon
alnAoovyiong xprnoponouw)nkav ot eKKvnTég mov xpnotponouw|onkav otig
avtiototyeg PCR avtidpdoelg. Ztnv mepirtmorn 1oV vopoimv (KA@voroumpéva
PCR mpoiovta) 1 alnlodyon mnpayparonou)dnke pe eKKIVNTEG TODG
npoaywyelg T7 xat SP6 tov mlaopdiakod @opéa ot omoiot Ppioxkovrat

ekatépwbev g Béong evoopdarmong too PCR npotovtog (Ewova 2.3).

2.11 ANAAYZH NOYKAEOTIAIKHEX AAAHAOYXIAZ

Metd v  amokinon TV AHOTEAEOpAT®V TG  aAAnlovyong
xpnowponoufnkav pia ogpd arnod Opoypdppata BlomAnpo@opIKng yid TV
ENeSepyaoia T®V VOUKAEOTIOK®Y aAANAODY®V.

BLAST: H aval)mon g Koviwotepng 13 Opotag  alAnlovyiag
npaypatonoteitat péoa amod &va obLvolo alnlovyxwwv, mov [Ppilokovrat
katartedepeveg otig dedvelg tpdameleg dedopévav (GenBank), pe ) Porbeta too
npoypappatog BLAST (Basic Local Alignment Search Tool), to omoio
Olatifetar ehevBepa oto dadiktvo (http://www.ncbi.nlm.nih.gov/BLAST/).

O alyopipog BLAST avalntda ot GenBank xatateBeipéveg alnlovyieg 1
THIHATA auT®V, Ol OMHOleg IAPOLOLAlovLY LYNAL] OpOAOYia PE TNV LIIO PEAETH)
aMnlovyia. H mowotta kdabe otoiyiong moootikonoteitat oe pia kAipaka xat
ol ToIKeg otolyioelg pe v vynlotepn Pabpoloyia ovoyetiong (HSPs - high

scoring segment pairs) kataypda@ovtat pe pop@r) mivaxka. O mvaxkag antog
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IIAPOoLOLACel TENIKA TIG IO «ODYYEVIKEG» AAANAOLYIEG, KATA OLPd HELODHEVTG
Babpoloyiag ovoyxétiong, Kt eNopévmg opoAoylag.
ClustalW: Me 1o npoypappa Clustalw (http://www.ebi.ac.uk/clustalw)

npaypatornouw)fnkav ot otoyioelg 1oV VOOKALOTIOK®V AAANAOLXIOV TGOV
oteAeX®V MOAOT®V oL peAetOnKav, pe Tig VOukAeoTdkeg arlknAovyieg TV
npotonaV epPoAtakav otedexmv Sabin 1 (AY184219), Sabin 2 (AY18420) xat
Sabin 3 (AY184221). Méo®w Tt®V OTO(IOE®V AVIXVEDTNKAV VOUKAEOTIOKEG
petalAagelg kat  avaoovdvaopoi  ota  ukda  otehexn.  Emiorg,
npaypatonouw)fnkav Kat otoyioelg petald T®V apivoSIKoVv aAANAOLXIOV TOV
WKQOV OTeAeX@V IO peAetr|fnKav KAt ToV IPOTOI®V OTEAEX®V, HE AIIOTENEOPA
TV aviXVevor) apivoSK®V PETAAASEDV.

Emiong, pe 1o npoypappa ClustalW npaypatonoujbnkav ot otoyioeg tov
VOUKAEOTIOIK®V AAANAOLX IOV TOV OTEAEX®V VOPOI®V IOV AIopovednkav aro
Ta KAVIKA Kat ta neptParlovtika detyparta, pe tig vVoukAeoTiOkeg alnAovyieg
TOV oTeAe®V e ta onoida ep@avifoov v oynAotepr opototta aAnlovyiag
10 kabeva, kabag emtong pe twv npotdnwyv otedexmv Norwalk (AF093797.1) 1)
Chiba (AB042808.1) otav avapévetat T0 OTEAEXOG VA AVIJKEL OTNV YEVETIKI)
opada GI xat Lordsdale (X86557.1) otav avapévetal va avijKet OTNV YEVETIKI)
opada GII.

GeneRunner V. 3.05: Méow tov npoypdapparog GeneRunner avaxktifnkayv

ol apvodikég aAAnAovyieg T®V 1IK®V OTeAeX®V IOAOIOV IOV peletr)Onkay.

Rasmol V. 2.7.1.1: To Rasmol (http://www.umass.edu/microbio/rasmol)

elvatl IPOYPAPPA YPAPIKIG AIEKOVIONG TPLTOTAY®DV OOHDV IIPDTEIVIKOV
popiwv. To ovykekpipévo mpoypappa xprnotponoumdnke yia v areovion
TOV ApIVOSIKOV PETAAMAYDOV OTHV KOWIOWIKI) MIEPLOXT] T®V KOV OTEAEX®V
HOAWOT®OV TTOL peAetr)Onkav.

I'a myv anewkovion xpnotponou|dnkav ot katatebeipeveg oty Protein Data
Bank (pdb) dopég, tov kayidiakmv npetopepmv @V Sabin 1 xat Sabin 3, ot
omoleg eyovv K®OKovg Katay®pnong otnyv pdb 1AS].pdb (Wien et al., 1997) kat
1VBE.pdb (Grant et al., 1994) avtiototya.

Simplot V. 3.5.1: To Simplot

(http:/ /sray.med.som.jhmi.edu/SCRoftware/Simplot) eivat éva mpoypappa

AavAAvONG OPOIOYEVELAG-ETEPOYEVELAG HETASL AAANAOLYI®V. 2T OLYKEKPUHIEVT)

datpiPry xpnotponouw|fnke yid TV AMEKOVION TOV AVAOLVOLACH®V, Ol OII0iot
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aviyvebOnkav ota tka oteexn moAoiov mov peletndnkav. To ovykekpipévo
IPOYPApHdA LIOAOYI(el TNV eKATOOTIAlA avaloyla OpOlOTHTAG HETASL piag
potoIng alnlovyiag Kat g Ipog peAeétn alnlovyiag.

MEGA V. 3: To mpoypappa avtd xpnotponou)dnke yua T KAaTAoKeLI)
PUAOYEVETIKOV OVIPOV TOV OTEAex®V Vopolmv mov amnopovebnkav. H
KATAOKEDLT] T®V PLAOYEVETIK®OV devipmVv éytve pe 11 pébodo Evmong Iettoveov
(Neighbor Joining-NJ) xpnowponowwvtag v napapetpo p-distance.

H pébodog Neighbor Joining eivar pébodog mol\amArg otoiyxiong
aMnlooywwv. To faociko mheovéktnpa tmg pebodov eivat ot dev xprowpomnotet
KAIolo vIrofetikd poplakod polot, pe armotéAdeopa va arrodidetl mo omotd v
@LAoyeveor), otav dtagopetikeg yevieg (lineages) mapovoialovv etepoyéveld oG
IIPOG TOV SEAKTIKO TOLG pLONO.

H napdapetpog p-distance 1) observed distance (mapatnpovpevn) arodotaon),
ON®G OlaPOPeTIKA ovopdletal, ek@pdlel v avaloyla Tov OldQopeTiKmv
opoAoy®V 0¢oe@V petald TV dapopeTK®V AANAOLXIOV Kat eKQPAleTal oG 0
appog tav vooxeotldkav dagopwv ava Beon. Ztnpifetat oty apxr) g
anm\obvoTePng MPOOLYYoNG Yyld TOV DIOANOYIOpO TG amoOkAong petald ovo
otoytopévov DNA alnlovywwv, n omoia eivat n petpnon tov 0éoemv Omov

avtég dtagépoov.

2.12 EAETXOX OEPMOEYAIZOHZIIAX ITOAIOIQN (RCT test)

H avanapayoyikn) ikavotnta 1oV 1KoV OTEAeX®V IIOA0TOV 08 d1apopeTikeg
Oeppoxpaoteg  adioloynOnke péow evog teot yvwotd wg RCT (Reproductive
Capacity at different Temperatures). H tijpry RCT opiletat g 1) Stagopd, petd
ano enwaon) 5 nuepav, avapeoda oto logio Tov Koo Tithov nov ek@padetat os
TCIDso (50% tissue culture infective dose) ava ml, otv eovoikr) (37°C) kat ot
pn evvoikn Oeppoxpaocia (40°C) yia v tikn avarapayoyr). O Ipoodloptopog
Tov UiKov TiTAOL ¢€ywve oe Hep-2 xottapa xat xpnoipomou)Onkav mAdKeg
Ppotithomoinong 96 Beocmv. Ze kabe mAdKa pikpotithomnoinong vrroAoyiotnke
o0 Tithog dVO OLAPOPETIKOV UKDV OTeAeX®V. ZOVOAKA IIPoodlopilotnKe 1)
Oeppoevatotnoia 14 epPolioovvdedpevov MOAOIMV (8K T®V omol®v 6 1iKd

OTeAeXT) €@epav amo avacvvovaopo, 6 dSUINO avacvvOLAOPO Kat 2 Ta omoia
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dev epepav avaovvdvaopo). Enurhéov wg Oetikol paptopeg xpnotponouw|dnkav
ta Oeppoevatiodnta npotomna epPoitaxda otehéxn (Sabin 1, Sabin 2 xat Sabin 3).

Apxwa petagépOnkav 100pl xottapav (mepimov 10.000 xdtrapa) ava Oéon
otV DAdKa pKpotithonoinong. Tnv emopévny pépa agov ta Kottapa
npookoANOnkav otig mAakeg, yla kabe ko Oelypa eywvav oeplakeg
VIIOOEKATINAOLEG Apalwoelg £wg Vv apainon 106. Katomyv 100pl amo kdbe
apaiwon petagépbnkav oe téooeplg Oeoerg oe kabe pa amd dvo TAdAKeg
pwpotithomoinong. Ztig otheg 10 xat 11 6ev mpootebnke 1iko Setypa xkabwg
ArioTeAOLV TOVG APV TIKOVG paptopes. H pa midxka enwdaotnke otovg 37°C xat
1 Sevtepn) otovg 40°C. Metd amo enwaor) 5 nuepmv poodlopiotnke o TiThog yla
kabe 1iko Oetypa exppalopevog ot logio 50% TCIDso (tissue culture infective
dose units) ava ml. Ta tika oteexn Bempovvtat Oeppoevaiodnta (temperature
sensitive, ts) otav n tipr) RCT (Swagopd avdpeoa otovg 37°C xat 40°C) etvat
peyalotepn 1) ton pe 2.00 xat Beppoavbextika (non ts) otav n typr) RCT etvat
Pupotepr) too 2.00.

2.13 KAMITYAH ANAIITYEHX ENOX XTAAIOY (ONE-STEP GROWTH
CURVE)

Ot kapmbdAeg avdrrtodng npayparonoujfnkayv oe xkotrapa Hep-2 otovg 37°C
kat 40°C, petd amod polovon pe 10 MOI (multiplicity of infection) xdafe tikov
detypatog to omoio avtiotoyel oe 10 TCIDso/ cell. ZovoAkd kataokevdoTnKay
KaproAeg avantodng yia 14 epBoAioovvoeopevong ToAl0To0g (K TV onoinv 6
UKA ote\éxn €pepav amlo avaovvovaopo, 6 dINO avacvvovaopd kat 2 Ta
omoia Oev é@epav avaoovovaopo). H xapmdAn avdmrtoéng too kdabe
epPoAtoovvOedpevon TIOA0T00 OLYKPiOnNKe pe TV KapmvAn avdmrtolng Tov
potorov epfoAtakod oteheéyovg (Sabin 1, Sabin 2 1) Sabin 3) tovo idov
yevotorov otnv 5-NCR meproxr). Zoykekpipéva mnpaypatonou)dnkav dvo
melpdpata  Omov  oto  eva  pedetidnke 1 KwNUKn  avamtodng  tev
epPoAtoovvOedpEVOV TTIOAOIMV He armAODG avaoLVOLAOHOVS eV OTO OeLTEPO
TV epPoAtoovvoeopevmv moAoimv pe Surhovg avaoovovaopong. Ta Gvo tikda

oteAEXT) Ta omoid dev £pepav avaovvOLAOPOVG YprotporomOnKav Kat ota dvo
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MEWPAPATA IIPOKEPEVOD Va oLYKPOel 1] KIVITIKI) avartodl) To0g pe T KWV TIKI)
avarrtodng TV avacvvOLACPEVOV ITOALOTOV.

Zovontikd, npaypatomnou)dnke xatapétpnon kottapov Hep-2 (WHO polio
laboratory manual, 2004) xat 100 pl xottdpmyv tomobetOnkav ava Oéon oe 14
m\akeg pwpotithonoinong (96 0Oéoewv). Tnv emopévny pépa a@ov eiyav
PookoAANOel ta kottapa otig mAdkeg to Kabe 1ikd detypa (10 MOI)
evopbalpiotnke oe mevie 0Oéoelg oe kabe pla amd tig 14  mAdkeg
PKpotithoroinong. ZovoAkd oe kabe mAdaxa torofetniOnkav 12 tikd detypara.
A@ov ot m\axkeg avaxwvndnkav yia 6vo opeg otovg 37°C yia ei0000 Tov 100 oTa
KOTTapa, ta Kottapa Sem\vOnKav mpooektika 0o @opég, kabe gopda pe 300 pl
Opemrtikov vAkob (Eagle MEM) yia va amopakpovBoov ta tiKa oopatiota oo
dev mpoodebnkav ota xottapa. Xe kabe O¢on npootednkav 100 pl Eagle MEM
KAt ot TAJKEG ENOAOTKAV, Ol eIrtd 0Tovg 37°C KAt ot LIIOAOUIEG EITTA OTOLG
40°C y1a 0, 2, 4, 6, 8, 10 xat 12 wpeg. Ot mhdakeg vIoPARONKav oe Tpelg oLVeEXELG
KOKAOLG Yolng-armowodng yia v S1doIaot) 1@V KOTTAPIKOV HepPpavey Kat
Vv ane\evdip®on TOV 00OPATIOV KAt o UWKOG TITAOG TOL vIEpKeipevon
rpoodlopiotnke pe ) pebodo mov mpoavagépbnke oe Hep-2 xottapa otovg

37°C ywa xabe pa amno tig npoavagepeioeg mpeg peta ) poAovor).

2.14 OPOEEOYAETEPQXH ME OPOYX TOY ANGOPQIIINOY IIAHOYXMOY

v napovoa datpiPr) mpoodlopiotnke KAtd T Xpoviki) meptodo 2008-
2009 1o entrredo avooiag mAnboopov g votiag ENAadag évavtt tov mpotonev
epPolakmv otedexov (Sabin 1, Sabin 2 xat Sabin 3) kat piag cvAoyrg 15
avaoovOuaopeveovy  kat 4 pn-avacovovaopévev  epoAloouvOeopEVeV
MOALOTQV.

Zoykekpipéva xpnowponou)dnkayv 40 Setypata opov niwiag 1-10 etmv, 40
detypata nAwiag 11-20 etwv, 40 detypara nAkiag 21-30 etov kat 40 detypata
nA\wtag 31-40 etwv. Ot opot ard kabe pia arrd Tig mapardave NAKIAKEG opddeg
(age groups) avapixOnkav petadd tovg kat £tot dnpovpyndnkav 4 piypara
(pool) opwv omov to xabéva avaloyet oty avrtiotoyn nAikiaxr) opdda. To
kabe éva amod ta 1éooepa piypata opav apawwbnke 1/10 oe Opertikd LAKO

Eagle MEM «kat enwdaoctnke otoog 56°C ywa 50 Aemta pe okomod Tnv
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adpavormoinon tov copmAnpoparog. H opoeSovdetépmon mpayparomnou)dnxe
oe TIAAKeg pkpoTithomnoinong 96 Béoemv kat oe kabe maka torobetOnkav 2
dragopetikd piypara opoo (mw.y piypata opev 1-10 xat 11-20 oe pia mAaxka xat
21-30 xat 31-40 oe pia Oevtepr mAdka). e xkabe nmAdaxka tomobetr)Onkav eig
durhovv otn B¢on 1 200 pl Tov apawwpevoo (1/10) xat adpavoroupevoo opov
Kat otig Béoelg 2 péxpt xat 7 tomobetnOnkav 100 pl Bpentikodv vAwkod Eagle
MEM. Z1n ovvéyela petagepbnkav 100 pl opod amo ) B¢on 1 ot Oeon 2 xat
Katomy avaptyvoovtag otadoxika péxpt T 0éon 8. Me avtov tov Tpomo
emrevyOnke apaiwon tov opov amo 1/10 (Béon 1) pexpt 1/1280 ot Héon 8
(Ewova 2.4). Xt B¢on 9 tonobetiOnkav 100 pl vAwko Eagle MEM kat 100 pl
apaw@pévoo opoL kat otr Béon 10 n onoia amoteAet To virus control dnA. Tov
Oetiko paptopa, 100 pl vAwo Eagle MEM. Enetta npootednkav oe Oleg Tig
0¢oerg 100 pl amd to avtiotoryo ko Oetypa ta omoia mepiexoov 100 TCIDso
ekt0og g Béoewg 9 mov amotelel to cell control (apvntkd pdaptopa). Xt
ovvexela akolovbnoe enwaor) otovg 37°C yia 1 wpa vrod apyr) avadevorn yua
poodeot) ov-avtioopatog. Katomy oe OAeg Tig Béoelg mpootédnkav 100 pl
xottapev (10.000 xotrapa/0eon) kat ot mdxeg enodotnkav otovg 37°C pexpt
Kat 24 opeg peta mv epgavion minpovg CPE otov Oetiko paptopa (virus
control). H peyalvtepn apaiwon xabe piypatog opod oty omoia Oev
napampndnke  xottaponaboyovog Opdorn  yprnowpomoujdnke  yia  Tov
IIPOOOIOPIORO TOL TITAOL TOV AVTIO®HRAT®V. Etot ot tithot Tov aviioopdtev
eKppaomkav @G logi TG peyalvtepng apaiwong omyv omoia dev
napatnpndnke CPE (m.x logio 1:10 =1).

Enur\éov mpayparonou)0nke otatiotiky) eneSepydoia oV AaroTeAeOpdt®v
tov Teot opoeSovdetepwong. To Student’s t-test (Paired samples test)
xpnotporou)fnke MIPOKEWPEVOD VA OLYKPIVOLHE TOV HEOO OPO TOL TITAOL
AvVTIOOPAT®V TG NAKlakng opadag 1-40 (peéoog 0pog TV TITA®V AVIIOOPATOV
v 4 n\ikiakov opadwv 1-10, 11-20, 21-30 xat 31-40) mov mapatnpridnke
évavtt kabe potomoov epPoliakod otedexovg (Sabin 1, Sabin 2 xat Sabin 3) pe
TODG HEOOVLG OPoLG TovL mHapdatnPninkav évavtt xabe epPoAloovvoeopevoL
oAwotov tov 16tov opotvov. To Oneway ANOVA test (Duncan’s Multiple
Range Test) xprotpomnou)0nKe IIPOKEEVOD VA OLYKPIVODHE TOLG HECOLG OPOLS

TOV TITADV AVTIOOPATOV EVAVTL TOL IPOTLIION epPOAIAKOL oteAéxovg Sabin xat
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TOV ePPOoA0oLVOEOPEVOV TTOAOIOV TOD 10100 OPOTLIIOL PETASD TOV NAKIAK®OV

opadwv 1-10, 11-20, 21-30 xat 31-40.

1/1290
1/10 cc \vc

i [2 3[4 516 i1 [ 12

BEassuas=s

Sssesseses
jeesscecsss

Ewova 2.4. IT\axa opoeSovdetépworng , oe kabe mAdxa eSetalovtal dvo diagopeTikd piypara

E%&E%\

m[m D|f'5 CHE

m

opod (A1,A2) ta omoia xataAapPavoov to kabéva amd 2 opiloviieg oepég (C&D,E&F
avtiotoya). To pool t@v opov pe ovykévipworn 1/10 mov avtiotoiyel oty Béon 1 veiotartal
dradoykeg apaimoelg péxpt v apaimon 1/1280 mov avtiotoyet ot Béon 8. Xtig Oeoerg 9 kat 10

Bpioxovtat ot paptopeg: cell control (c.c) kat virus control (v.c) avtiotolya.
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KEDAAAIO 3

AITIOTEAEEMATA

3.1 ANIXNEYXZH METAAAAZEEQN XITIX 5-NCR KAI VP1 T'ENQMIKEX
IMEPIOXEX EMBOAIOXYNAEOMENQN ITOAIOIQN

Ta epPoAoovvOeopeva oteAéxn moAoimv Ta omota pelewfnkav ywa v
napovota petaldaleov otig 5-NCR kat VP1 yevopikég meployég, oTig oroieg
edpalovtat ot kopot kabopiotég tov e§aobevnpévoo @aivotvrov 1@V Sabin

epPoAtaxkav otedexav, mapovotalovrat otov mivaxa 2.1.

3.1.1 RFLP ANAAYXH TI'TA TON KA®OPIZMO TOY I'ENOTYIIOY TQN
IIKQN ZTEAEXQN

Ta tika otehéyn 11, 12 xat I13-113 1oV onoi®v 0 opoTLIIOG £ixe Mpoodioplotet
g P1 (Poliovirus type 1) xat P2 (Poliovirus type 2), avtiotowya, peketiOnkav
ywa tov xabopopd tov yevotrvmov tovg otnv 5-NCR meproxr) Pdaoet g
dnpooievong twv Georgopoulou & Markoulatos, 2000. O\a ta tika oteAéxn (11-
I13) frav epPoAtaxi)g mPoeAevONg KAl OLYKEKPLIEVA O yevotoriog tov 11, 12

npoodopiotnke wg Sabin 1 eve tov 13-113 wg Sabin 2 (mivaxag 3.1).

3.1.2 AAAHAOYXIZH TQN IIKQN STEAEXQN

I'a myv tavtonoinon tv vooxkAeoTOwkav petarademv otig 5-NCR kat
VP1 yeveopwég meployég, mpayparonou)fnke otoiyxon tov 5-NCR kat VP1
VOUKAEOTIOIK®V AANAOLYI®V TOV 1IK®V oteAexmv I1-113 pe 1ig 5’-NCR xat VP1
VOOKAEOTIOKEG ANANAOVYEG TOV AVTIOTOX®V IIPOTOIIOV £PBONAK®DV OTEAEXDV
(Sabin 1 xat Sabin 2). I'a v tavtonoinon T®V aptvoSiK®V DIIOKATAOTACE®V
omv VPl mpetetvny tov kxayidiov, mpayparonou)fnke otoixwon tov VP1
apwvoSikov alnlovoxteov Tev tkev otedexov 11-113 pe tig VP1 apwvolikeg
alnlovyieg TOV aviiotoy®v Ipotonmv epPollaknv otedexav (Sabin 1 kat
Sabin 2). Ot petalAadelg oo evromiotnkav otig 5'-NCR kat VP1 yevepukeg

NIEPLOYEG TRV UKV otedexav I11-13 mapovoialovtat otov mivaka 3.1.
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ITivakag 3.1. MetaA\aSeig mov evromniotxav otig 5’-NCR kat VP1 meptloyég Tov 1KV oTeAexmv
[1-113. Me * @aivovtat ot petal\dSelg mov odnynoav oe apwvodikr) aAayr. To % mocooto
amokAong oty VP1 meproxr) omoloyiotnke Siapaviag tov aplfpd Ttov VOuKAeOTIOK®OV
petaldaleav mov evromiotnkav oty VP1 meproxr] Too kdbe tikoo detyparog je 1o prikog g VP1
reploxng (oe bp) tov mpotomov epPoliaxod otedéyovg Sabin 1 (AY184219) 1y Sabin 2 (AY184220)

oto omoto avtiotoyel To detypa.

Ztedexog | 'evotomog NooxAeotidukég | NooxAeotidikeég Kat % amoxAon
otv 5-NCR | petal\ageg apwolikég petaraderg ano v VP1

otnv 5-NCR otnv VP1 neproyn oo Sabin11) 2

1 Sabin 1 U525C A2623G 0,22%
C583G A2749G* 1le90Met

12 Sabin 1 C583G A3022G 0,11%

13 Sabin 2 G302A A2908G* Ile143Val 0,11%
A481G
C584G

14 Sabin 2 A481G A2906U 0,11%
U575A
C584G

I5 Sabin 2 U398C U2909A* Ile143Asn 0,22%
U437C C3252U
A481G
C576U
C584G

I6 Sabin 2 C584G - 0%

17 Sabin 2 A481G A2859G 0,33%
C584G U2888G* Phel36Cys
U597A U2909C* 11e143Thr

I8 Sabin 2 A481G A2908G* lle143Val 0,22%
C584G U3330C

19 Sabin 2 A481G - 0%
C584G

110 Sabin 2 A481G - 0%
U567A

I11 Sabin 2 U398C - 0%
A481G
C584G

I12 Sabin 2 U398C U2909C* 11e143Thr 0,11%
A481G
C584G

I13 Sabin 2 U398C U2736C 0,22%
A481G U2909C* 11e143Thr
C584G
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3.1.3 XAPAKTHPIZIMOX TON IIKQN XTEAEXQN BAXEI THX VP1
AAAHAOYXIAX

OAa ta tika otedeyn (I11-13) eppavicav < 1 % 1mOoOOTO VOLKAEOTIOKI)G
anokAong oty VPl meployry oe OOYKPON PE TA AVTIOTOLXA IIPOTOIIA
epPoliaxa oteexn Sabin kat katd ovvéneia yapaktpiomkayv og OPV-like 1ot.
Zoykekppéva, petadp tev I1-113 tikov oteheywv, napatnpndnkav ta moocootd
arroxkAong 0.22 % (4 otehéxn), 0.11 %(4 otelexn), 0 % (4 oteAéxn) xat 0.33 % (1
otélexoq) (mmivaxag 3.1).

314 IIPOTYIIO METAAAAEEQN XTHN VP1 IIEPIOXH KAI
ENTOIIIZMOX TON AMINOEZEIKQN YITOKATAXTAYXEQN XTHN AOMH
TOY KAWIAIOY

Ot apvodikég DIOKATAOTAOELS, Ol OIOlEg IIPOLKLYAV A0 HI-ODVMOVOHEG
petaladelg, ameikoviotkav oty Tplodactaty dopr) tov mpwtopepovg (1
AS].pdb) oote va evitomiooope v akpiPr] tovg Béon kat va mmpoodlopioovpe
tov mBavo Tovg POAO 0TV APHOOTIKOTLTA TOV 100.

Iika oteAéxn yevotomoo Sabin 1

To 110000T0 TV cLVOVLH®V petallaienv oty VP1 meproxrn) tov Sabin 1
UKQV otedex®v NTav 67 % To Omoio elval OCOPP®OVO HE TO YEVIKO IPOTLIIO
petalalemv ToV MOAMOI®V OOPP®VA e TO OO0 Ol OLV®VLHEG PETANAASELS
vreptepovy TV pn-oovovopwmyv (Cherkasova et al. 2002; Figlerowicz et al.
2003). Emumhéov, 1o MOOCOOTO OV peTamtooenVv (transitions) nrav 100 % to
011010 CLPP@VEL PE TNV TdoT NG Likrg 3Dl va eloayet koplog petarmtooetg (A
« G, T & C) xata v Swdapketa g kg avitypapng (Agol 2002). Zta Sabin 1
UKA oteléxrn, poOvo pila apvolikr) LIOKATAOTAO!N €VIOMIOTNKE TO OIOio
mBavov ogeidetal otov pikpo apldpo Tov oteheywv mov peketonkav (I1, 12).
ZOYKeKppéva, oto kO otélexog I1 evromiotnke 1 apivoSikr) DIIOKATAOTAON
[le90Met eved oto KO oOtédexog [2  Oev  evromiomkav —apivolikeég
vnokataotaocelg. H apwvodikry vmoxataotaon [le90Met evromiCetar otnv

eSmTePKI) MAeLPA TOL KAY1diov, otV avityoviky O¢on N-Agl.
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Iika oteAéxn yevotomoo Sabin 2

To 110000T0 TV cLVOVLHKV peTaldaSeav oty VP1 neployr) twv Sabin 2
Uxkov otedexav nrav 42 %. Katd oovénela, avtd ta tika oteAéxn ep@davioay
pla mpotipnon otg pn-oovevopeg HETAAMASelg pe dpeorn emidpaocrn otnv
APPOOTIKOTITA TOL 100, IAPA 0TI OOVMVLHEG HETANAASELG Ot ortoieg aAldlovv
MV VoukAeoTOwKr] alMnovyia yopig va ardaloov v appootikotnta (xopig
ApEoT QAVOTLINKI) erntdpaot)). Emum\éov 10 T0000TO TV PETAMITOOE®V 1)TAV
75 % to omoio cvopgwvet pe nponyovpeveg peréteg (Cherkasova et al. 2002). 'EQt
KA oteAéxn tomov Sabin 2 epgavicav petdM\aln otn 0éon 143 oty omoia n
wolevkivn (Ile) aviwkataotabnke amo Palivny (Val), aonapayivn (Asn) 1
Opeovivy (Thr). To xatdhouto 143 g VP1 eviomiletatr omyv eSotepikn
em@dvela oo kaydtov oty OnAwd DE (DE loop) n omoia ocovdeet tovg -
xAwvoog D xat E g VP1 (Ewova 3.1). To t1iko oteAexog 17 epgavioe emiong v
petaAadn Phel36Cys. To xatalouro 136 g VP1 evromiCetat omv meploxn
MIPOO0OEOT|G EVOG HOPLOL OPLYyYOOivg OTIOD 1) APWHATIKY] MAEDPIKT] AALOLdA NG
@awvolalavivng (Phe) aMnAemdpda pe to popo g opryyooivng (Ewova 3.1).
Ta tika otehéyn 16, 19, 110 xat I11 dev eppavioav VOukAeoTIOKEG PeTAAASELG
otmv VP1 neproxa).

Ewova 3.1. Anielkovion apivoSikev aAAayev 1oV Sabin 2 otedex®v 0To KaOW1OaKoO IPOTOREPES.
XpnowponouOnke 1 dopr) 1AS].pdb (Wien et al., 1997). ApiBunon odpgava pe AY184220. H VP1
MP®TelVI) elval xp@patopévn pe pm\e, . VP2 pe xoavo, ) VP3 pe npdowo xat n VP4 pe kitpwvo.

Ot apvoSikég alhayég avamnapioTaviatl fe T0 X@POIANPOTIKO LOVTENO 08 KOKKIVO XPOAL.

96

Institutional Repository - Library & Information Centre - University of Thessaly
18/05/2024 14:33:52 EEST - 18.223.170.38



Kepalaio 3

3.1.5 IIPOTYIIO METAAAAEEQN ZXTHN 5-NCR IIEPIOXH KAI
ENTOIIIZMOX TOQN NOYKAEOTIAIKQN AAAATQN XTHN
AEYTEPOTATH AOMH TOY IRES I'ENETIKOY XTOIXEIOY

Ot vooxAeotiOkég petaladeig oo evromotnkav oty 5 -NCR meployr) tov
tikov otedeyov (I1-113) amewoviomkav oty devtepotayry dopry tov IRES
YEVETIKOD OTOLXEIOD TOV AvVTioTOLX®V HPOTuN®V epfoAtakmv oteAex®v Sabin,
IIPOKELPEVOL Va mpoodlopioovpe v akpifPr) Oéon toog xat tov mbavo polo
TODG OV APHOCTIKOTHTA TOL 10D.

Iika oteAéxn yevotomoo Sabin 1

To mooooto tewv petantwoemv oty 5'-NCR meploxr) fjitav 33% kot mbavov
opeiletat otov Pikpo apldpo tav tikev oteAexmv mmov peletrOnkav (11, 12). Kat
ota Ovo Uka oteAéyn Ppédnke 1 petaladn C583G n omota evromiletal otV
reprox1) VI tov IRES cis-acting yevetukoo otoiyeiov (Ewova 3.2). EmuAéov, n
petaladln US25C Ppébnke oto 1iko otéhexog I1. Avtr) 1 petdA\Aadn evromiCetat
otV neprox1) V tov IRES cis-acting yevetikov ototyeiov (Ewova 3.2).

Iika otehéxn yevotomoo Sabin 2

To mooootd tewv petamtooemv oty 5-NCR meproxrn) frav 57% to omoio
ovpgavel pe mponyovpeveg peAéteg (Cherkasova et al. 2002). e 0Aa oxedov ta
Sabin 2 tika otehexn PBpednke n petaMaln A481G ektog ToL 1Ko oteeyoug I6.
Aot 1 petdMadn evromietat omv meploxr) V tov IRES cis-acting yevetikoo
ototyetov. EmmuiAéov, n petdMaln U398C Ppednke oe téooepa tika oteAéyn. H
petaladn U398C xabmg xat 1 petalaln U437C n onota Ppednke oto 1iko
otélexog I5 evromiovtat oe éva dixkh@wvo Tpnpa tng neproxng IV tov IRES cis-
acting yevetikov otoixetov. Eivat aloonpeiotn 1 mapovoia g petdAladng
C584G oe Oéxa tika oteheyn. H peraladn C584G xabag xat n petalhadn
U597A 1 omota Ppednke oto 1ikd otéheyog 17 eviomilovial oe éva OiKA@VO
tpunpa tov IRES cis-acting yevetikod otoiyelov KAt OLYKEKPIpEVA OTOV pioyo
(stem) g VI mreproynig. Tédog ot petalhaderg U567A oto otédexog 110, US75A
oto otélexog 14 xat C576U oto otélexog 15 eviomifoviatr oe povoxleva
tpnpata tov IRES cis-acting yevetikobd oOTOl(eloL KAl OLYKEKPIHEVA OTNV

petapAntr) meproyr) (Xm) too oovinpnpevoo potipoo Yn-Xm-AUG.
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Ewova 3.2. Ot petal\aSelg t@v Sabin 1 tikeov otedexov mov peletfnkav, amewovifovtat oty

devtepotayr) dopr) g 5’ -NCR meproxrig Tov mpotomov epPoliaxod otedéyovg Sabin 1.

3.2 ZYZXETIZH METAAAAZEEQN KAI ANAXYNAYAXMOQN ME THN
KINHTIKH ANATITYEHEX EMBOAIOXYNAEOMENQN ITOAIOIQN

v napovoa dwatrpiPr mpayparomnou)fnke ovoyétion petalAalewv (o€

0¢oelg kabopiotég Tov eSaobevnpévoo kat Beppoevaiotdntov @aivotdIoL TOV

Sabin epfolak®mv oteAex®V) KAl avaoLVOLAOP®V HE QALVOTLIKEG 1O10TTEG

onwg 1n Bepposvaiodnoia (RCT test) xat n xkwntkr) avamtodng (one-step

growth curve test). ZovoAikd pelet)Onkav 14 tika oteAéyn ek TV ornoiwv 6

KA OTeENEXT] PEPOLV ATINOVG AVACLVOLAOPOVS, 6 TIKA OTEAEXT] PEPOLY JUTAOVG

avaovvdvaopovg kat dvo ika oteéxn) Ta omota dev @épovv avacvvOLaopo

(mmivakeg 2.2 xat 2.3).
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3.2.1 T'ENOTYIIOI KAI TYIIOI ANAXYNAYAXMON TQN
EMBOAIOXYNAEOMENQN ITOAIOIQN

Iika oteAéxn pe anAo avacovévaopo

Ot yevotwmnot tTov txkev otedexov otg 5-NCR xat VP1 meproyég
npoodlopiotkav péom arnlovyong. Etot covolikd peletfnkav éva tiko
otélexog yevotomov Sabin 1, Téooepa tika otekeyn yevotomnov Sabin 2 xat tpla
KA oteAéxn yevotomoo Sabin 3 (mivakag 3.4). Metadp tov 8 tikov oteheymv,
ovo (II xat 729) etvan pn-avacovvdvaopéva. Ta vmolouta tikda oteAéxn (EP9, IF,
ID, EP12, EP16 xat EP23) eivat amAa avaocovOvaopeva (pépoov pia Oeon
avaoovvdvaopov). O tomog avacvvovaopov etvat S2/S1 yia 4 tikd otehexn
(EP9, IF, ID, EP12) xat nj B¢on avaoovOvaopoo evromiCetat oty 3D meplox)
ywa ta oteéxn IF xat EP12, oty 3C meproxr) yia to otélexog ID kat oy 3A
neptoxt) yia 1o otedexog EP9. Ta tika otehexn EP16 xat EP23 @époov S3/S2 xat
S3/S1 avaovvdvaopovg avtiototya kat 1 O¢on avacvvdvaopov evrtomiletat
otV 2C neproxy) (mivaxag 2.2).
Iika oteAéxn pe OuAO avacovévaopo

Ot yevotwmnot t@v tkov otehexywv otig 5-NCR kat VP1 meproyég
poodlopiotKav peéo® alnAovyong. Zovolka peletOnkav Svo  tikd
otelexn yevotomov Sabin 1 xat €€t tika otehexn) yevotomov Sabin 3 (mivaxag
3.6). Metalo tov 8 tikev otedexav, dvo (I xat 729) eivatl pn-avacovovaopeva
Kat &6t gépoov SO avaovvovaopo (Gvo Bcoelg avaoovovaopov). Ot Béoelg
avaocovOuaopoy TOL KOO OteAéyovg 742 MPOOoOloPloTKAV OtV HapoLOod
gpyaota eve ot Béoelg avaovvovaopod tav vroloinev otedexav (EPA, EPB,
LK3, LK6 xat LK10) mpoodiopiotnkav oe mpornyoovpeveg epyaoteg (mvaxag 2.3).
To 1Ko otéNexog 742 @épel GUINO avaocvvovaopo tomov S1/53/S2 pe v npotn
0¢on avaoovOvaopov va eviomiletat oty 2A  meploxr) HeETad TV
voukAeoTdloV 3461-3465 kat v dedtepn) 0¢orn va evroniletat oty 2C meptloxr)
petadd v vooxAeotdimv 4511-4527. Ta tikd oteAéxn EPA kot EPB ¢époov
du\0 avaoovOvaopd tomov S3/S2/S3 pe Tg Oéoelg avaoovOvaopod va
evroniCovtat otig 2C xat 3D meproyég eva ta tika oteAeyn LK3, LK6 xat LK10
@epoov dUINO avaoovOvaopo tomov S3/S52/S1 pe tig Beoelg avaovvdvaopov

va evronifovtat oty 2C neproyr) (mivakag 2.3).
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3.2.2 ®EPMOEYAIZO@HZIA TOQN EMBOAIOXYNAEOMENQN ITOAIOION

To RCT teot PaoiCetar oe pa ovykpon Ttov Oeppoevaiodntov
HOAAIAAOIAOP0D TOV HIPOTVH®OV eRPOAAK®OV OteAex®mv Sabin xat tov pn-
Oeppocvaiodntov MOAAIIAACIACHOD VEDPOPOADOPATIK®V KOV OTEAEXDV.

Iika oteAéxn pe an\o avacovvdvaopo

To pn-avaoovovaopévo Sabin 1 1iko otéhexog (II) eppavioe pepikn
avaotpo@r) oe evav un-Oeppocvaiobnto @aivotormo pe RCT tpr) ion pe 2.0
povddeg. Tpia amo ta avaoovovaopéva Sabin 2 tikd oteAéxn (EP9, IF, ID:
S2/S1) epgpavicav pn-Oeppoevaiodnto  @aiwvotomo pe RCT  tpeg va
xopaivovtat petagp 0.0-0.75 povdadeg eve éva 1iko oteédexog (EP12: S2/S1)
EPPAVIOE PEPIKI] aAvVAOTPOPI) Oe évav pn-Oeppoevaiobnto @awvotomno pe RCT
Ty ton pe 1.75 povadeg. Kat ta dvo avaovvOvaopeva Sabin 3 tika oteAéxn
(EP16: S3/S2) xat (EP23: S3/S1), ep@davicav Heplkl] avaotpo@r) o€ eVav Hn-
Beppoevatotinto gawvotono pe RCT tipeg 1.0 ko 1.5 povadwv, avrtiototya. To
pn-avaoovovaopevo Sabin 3 kO otéhexog (729) epgdvioe Oeppoevaiodnto
@aworono pe RCT tipn) o pe 3.5 povadeg (mivaxag 3.2).

Ta npotona epPolaxda oteAéxn (Sabinl, Sabin2, Sabin3) epgpavioav, omnwg

fnrav avapevopevo, RCT tipég peyalvtepeg tov 2.0 povadev (mivaxag 3.2).

IMivakag 3.2. Avanapayoylkr kavottad 1oV epBoAtoovvOeopeve@v MOAOI®V pe  armhovg

avaocLvoLACHOVE KAl TOV MPOTLI®V epfoAtakav otedexav (Sabin 1, Sabin 2 kat Sabin 3) otovg
37°C xat 40°C (RCT teot). Emiong mpoodlopiotnke 11 avanapayoylks kavotnta doo tkov

otedexwv (I kat 729) ta onoia Oev @pépovy avacvvoLACHOVG.

Tiko TitAog (log TCID5(/0.1ml) Ret tipn
otélexog (A log TCID5¢/0.1ml)
37°C 40°C

11 3,5 1,5 2,0
EP9 45 3,75 0,75
IF 3,25 3,25 0,0
ID 3,5 3,5 0,0
EP12 3,5 1,75 1,75
EP16 4,25 3,25 1,0
EP23 4,0 2,5 15
729 5,0 1,5 3,5
Sabin 1 6,0 2,5 3,5
Sabin 2 5,0 2,0 3,0
Sabin 3 6,0 2,5 3,5
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Iika otehéxn pe SN0 avaocovevacpo

Kat ta dvo Sabin 1 tika oteAéxn) (742: S1/S3/S2 xat II: pn-avaoovovaopevo)
EUPAVIOAV PEPIKI] avaotpo@n) oe evav pn-Beppoevaiodnto gawvotomo pe RCT
Tipég toeg pe 2.0 povadeg. Avo amd ta avaoovovaopéva Sabin 3 tika oteAéxn
(EPA xav EPB: S3/S2/S3) xat 10 pn-avaoovovaopevo 729 epgavioav
Oeppoevaiodnto gawvotonio pe RCT tpég toeg pe 3.5 povadeg. Tpia amod ta
avaoovovaopéva Sabin 3 tika oteheyn (LK3, LK6, LK10: S3/52/51) epgpavicav
pn-Oeppoevaiodnro gawvotono pe RCT tipég va xopaivovtat petadd 0.0-0.75
povdadeg (mmivaxag 3.3).

Ta npotona epPoAiaxa otehexn (Sabinl, Sabin2, Sabin3) epgdavicav, onwg

nrav avapevopevo, RCT tipég peyalvtepeg tov 2.0 povadev (mivakag 3.3).

IMivaxkag 3.3. Avanapayoyikr] Kavotnta ToV eifoAlocovdeoevav IoAolov pe OuIAodg
avaoovvovacpong Kat Tov IpoTunev epPfoAtakmv otedeyav (Sabin 1 xat Sabin 3) otoog 37°C kat
40°C (RCT rteot). Emiong mpoodiopiotnke 1) avanapay®yiki) Kavotta dvo tkev otedexov (I

Kat 729) ta omoia dev pEPOLV avacvLvOLACHOVGS.

Tiko Tithog (log TCID5¢/0.1ml) Ret Ty
otelexog (A log TCIDs50/0.1ml)
37°C 40°C
742 4,75 2,75 2,0
1l 3,5 1,5 2,0
EPA 7,0 3,5 3,5
EPB 6,75 3,25 3,5
LK3 6,25 6,25 0
LK6 6,25 6,25 0
LK10 4,75 4,0 0,75
729 5,0 1,5 3,5
Sabin 1 6,0 2,5 3,5
Sabin 3 6,0 2,5 3,5

323 KINHTIKH ANAIITYEHX TON EMBOAIOXYNAEOMENQN
IIOAIOIQN

I'a va npoodlopicovpe eav o Beppoevaiobntog PavoTLIIOG, OIS ALTOG
kabopiletat péowm too RCT teot, oxetietatl pe eAATTOPATA TOANAIIAACIACROD
TOL 100, mpaypatornouw)dnke peNeT) NG KWVNTIKNG avarrtodng yia Kade ko

OTéNEXOG PEO® TG KATAOKELNG YPAPIK®V IAPAOTACE®Y CAVAITLSNG €VOg
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otadiov (one-step growth curve test). Xvykekpipéva, mnpaypatornou|onke
OLYKPLON TOV PLOp®Y avamtodng Kat T®V Ukev TitAav otovg 37°C xat 40°C
ywa 0-12 wpeg peta v polovon kabevog amo ta epPoAtooovOeopeva KA
oteAéXT pe Toug pLOpOvG avdamTLSNG KAl TOVG HKOVG TITAODG TOL AVTIOTOLYOL
YEVOTOIIOL T®V HPOTLI®V epPoltakmv otehexwv (Sabin 1, Sabin 2 1| Sabin 3).
Iika oteAéxn pe an\o avacvovovaopo

To pn-avaovvovaopévo Sabin 1 1iko oteAexog (II) avartdyxOnke pe kivnTikn
IIAPOHOLA HE EKELVT] TOD TIPOTLIIOL epfoAlaKoD oteAexovg Sabin 1 (Ewova 3.3).
Ztovg 37°C, 10 otélexog Il eppavioe pia mpatn Kopo@r otlg 6 MdPeg PETA TV
pOAvvon Kat é@Tace otov 1010 peytoto Titho pe 1o Sabin 1 mpotomo epfoAtaxo
otéexog ot 10 wpeg peta v polovorn. Xtovg 40°C, n avamtodn tov
IIAPEPIIOOIOTNKE OIIMG KAl TOL IPOTLITOL ePOAIAKOD oTeAey0ovg Sabin 1.

Avo am6 ta avaoovOvaopeva Sabin 2 tika otedéyxn (EP9 xav EP12)
EPPAVIOaV OlAPOPETIKY] KIVNTIKI] CVAIITLSNG dII0 €Kelvi] TOL IIPOTLIIOD
epPoAtaxod otehéyovg Sabin 2. Zoykekpipeva, ta otehexn EP9 (Ewova 3.4) xat
EP12 ¢ptaocav otov péyloto Titho vopitepa (6 wpeg PETA TtV POALVOL) O
obyKplon pe To mpotomo epfPolakod otéexog Sabin 2 (10 wpeg peta tv
poAvvor). Emurhéov, ta otehexn EP9 xat EP12 epgpdvicav 1.0-2.0 logio povadeg
DYPNAOTEPO KO POPTIO O OCOYKPLON HE TO TIPOTLIO ePPOALAKO OTéENeYOG Sabin 2
ot 4, 6 xat 8 wpeg peta v poAlovvorn. Ta vmoloura Gvo avaovvovaopéva
Sabin 2 tika oteAéxn, IF xat ID (Ewova 3.4), epepdvioav mapopold KiviTikr)
avamntodng pe To Ipotono epPoliako otedexog Sabin 2. Qotooo, to otéheyog ID
ePPAVIoe DYPNAOTEPO UKO QOPTIO AIld OTL TO MPOTLIIO ERPOAAKO OTENEXOG
Sabin 2 oe xabe xpovikr) OTlypr] HeTd TV poAovor. Ztoog 40°C, i avamtodn
OA@V T@V Sabin 2 (K®V otedex®V IAPepnodiotnKe ON®G KAl TOL IPOTLIIO
epPoAtaxov otedéyoog Sabin 2.

‘ONa ta Sabin 3 tika oteAéxn ep@avioav IapOpold KIVNTIKY] avAamntodng pe
ekelvn) ToL POTLIIOL epPoAlakoDd otedéxovg Sabin 3 @Tdvovtag otov péyloto
titho otig 10 wpeg petd v polvvor). Qotooo, 1o otéexog EP16 epgdvioe 1.0-
2.0 logio povadeg vYNAOTEPO 1IKO PopPTio OTIg 4 Katl 6 wpPeg PeTA TV POADVON)
kat 1 logio povdada oynAotepo teAko 1iko goptio (12 wpeg petda v poAovor))
og OLYKPLON pe To ImPOTLIIO UPOAIAKO OteéAexog Sabin 3. Emiong, 1o otéhexog
EP23 epgavioe 2.0-2.5 logio povadeg vynAotepo 1iko @optio otig 0, 2, 4 xat 6

WPEG PETA TV POALVON O OLYKPLOL) e To TIPOTLHO ePPOALAKO OTENeXOGg Sabin 3
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(Ewova 3.5). Avtifeta, 1o pn-avaoovovaopevo Sabin 3 1iko otélexog (729)
avarrtvynke on®g 1o mpPotvro epPoAtaxko otéexog Sabin 3 (Ewova 3.5),
eppaviovrag tov 1610 titho oe Kabe XPOVIKI| OTLYH1] HETA TV HOADVOIL). ZTOVg
40°C, n avamtodn oAev Tov Sabin 3 tikov otedey®Vv mapepnodioTnKe OM®g Kt

TOL TIPOTLIIOL ePPOALaKOL oteAeyovg Sabin 3.

Il —=a— || (370C)
—0— Sabin 1 (370C)
100000 - —a— 11 (400C)

10000 - —a— Sabin 1 (400C)

1000 -

100 -
10 -+

1 —T T

0O 2 4 6 8 10 12

Hours post-infection

log(TCID50/0.1ml)

Ewova 3.3. KapmdAn avamntodng evog otadiov tov Sabin 1 tikod otedéyovg I oe odykpion pe to

npotono epBoAlako otélexog Sabin 1 oe Hep2 xottapa. ITapovowaletat n Kvntiky) avamtodng

otovg 37°C kat 40°C yua 0-12 wpeg petd v polovor pe 10 MOI (multiplicity of infection) 1y 10

TCIDso/ cell.
ID —a—|D (370C)

EP9 A —aEPY (3700) B o Sabin2 (3760)
~ —o—Sabin2 (370C) | = —a—1ID (400C)
£ 1000000 - £ 1000000 1 —a— Sabin 2 (400C)
= 100000 - —-EP9Une) | 5 100000 A
% 10000 1 —a—Sabin2(4000) | B 10000 7
o 1000 - 0 1000 -
8 100 A 8 100 ~
S 10 - = 10 -
9 l T T T T T T 1 2 1 LU I S A I N B B B B B B |

0 2 4 6 8 1012 0 2 4 6 8 1012

Hours post-infection Hours post-infection

Ewova 3.4. KapmoArn avamtodng evog otadiov Te@v Sabin 2 tikev otedexmv EP9 (A) xat ID (B) oe

oLYKplon pe To mpoOTLIo epPOAlaKO OtéAexog Sabin 2 oe Hep2 xottapa. IMapovowaletal 1

xwnukn avamtodng otovg 37°C katr 40°C yua 0-12 wpeg petd v polvvon pe 10 MOI

(multiplicity of infection) 1) 10 TCIDs0/ cell.

103

Institutional Repository - Library & Information Centre - University of Thessaly
18/05/2024 14:33:52 EEST - 18.223.170.38



Kepalaio 3

—=—729 (370C)

EP23 = EP23(3700) | 729 B |
A —0— Sabin 3 (370C) —0— Sabin 3 (370C)

o —+—EP23(400C) | = . —4—1729 (400C)
g 100000 - —a— Sabin 3 (400C) g 100000 —a—Sabin 3 (400C)
o 10000 - f/'_' S 10000 -
3 o
@ 1000 - D 1000 -
S 100 2 1001
- | c 10 -
> 10 o ‘_‘/‘\-——m—a—‘
(@)}
2 1 T T T T T T T T T T T T T 2 1"""""""

0 2 4 6 81012 0 2 46 81012

Hours post-infection Hours post-infection

Ewova 3.5. Kapmohn avdmtodng evog otadiov tov Sabin 3 tikav oteAeyov EP23 (A) xat 729 (B)

og OLYKPLON pe To mpotoro epfoliako otéhexog Sabin 3 oe Hep2 xottapa. IMapovowaletat n
xwnukn avamtoéng otovg 37°C katr 40°C yua 0-12 epeg peta v polvvon pe 10 MOI

(multiplicity of infection) 1) 10 TCIDso/ cell.

Iika oteAéxn pe 6uwAO avacovvdvacpo

Kat ta dvo Sabin 1 tika oteAéxn) (742: S1/S3/S2 xat II: pn-avaocovOvaopevo)
avamntoxOnkav pe KwvnTiki) DapOopold pe ekeivny ToL ImPOTLIIoL epPOALAKOD
otedexovg Sabin 1 epgavifovtag avlnorn tov 1kod @optiov petd Tig 4 dpeg
poAvvong otovg 37°C eve otovg 40°C 1 avdmtoll) Tovg Hapepurodiotnke Onwg
Kdt Tov Ipotoroo epPoliakod otehexovg Sabin 1 (Ewova 3.6).

Avo ano ta avaoovvovaopeva Sabin 3 tikda oteeyn (EPA: S3/52/S3 kat EPB:
S3/52/S3) (Ewova 3.7) xat 1o pn-avacovOuaopevo otéhexog 729 epgdvioav
HAPOPOld  KIWVNTIKI] aVAIITOENG He TO MPOTLIIO epOAlaKO otélexog Sabin 3
1000 otovg 37°C 000 kat otovg 40°C. Tpia amod ta avaocvovovaopéva Sabin 3
tika oteAéyn (LK3, LK6, LK10: S3/52/S1) (Ewova 3.7) ep@avioav Kivntiki)
avamntodng OLaPOPETIKI) ATIO EKELVI] TOL IPOTLIIOL ePPOALAKOD OTeAéXOVg Sabin
3. Zoykexkppéva, ta otehexn LK3, LK6 xat LK10 eppavioav 1.0-3.0 xat 1.0-2.0
logio povadeg YNAOTEPO KO POPTIO O COYKPLON He TO MPOTLIIO EHPOAIAKO
otélexog Sabin 3 oe xabe xpovikr) otiyprn petd v polovorn otovg 37°C kat

40°C, avtiotoiya.
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~

42
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log(TCID50/0.1ml)
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—0— Sabin 1 (370C)
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log(TCID50/0.1ml)

100000 -
10000 -

1000 -
100 A
10 -

—a— | (370C)
—0— Sabin 1 (370C)
—a— I (400C)

—— Sabin 1 (400C)

1
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Ewova 3.6. KapmdAn avarmtodng evog otadiov tev Sabin 1 tikev otedexmv 742 (A) xat II (B) oe odykpton pe to

npotono epPoliaxod otéhexog Sabin 1 oe Hep2 xbdttapa. IMapovowaletat i xivntikr] avamntodng otoog 37°C kat

40°C yta 0-12 opeg peta mv polovorn) pe 10 MOI (multiplicity of infection) 1) 10 TCIDso/ cell.
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Ewova 3.7. Kaprohn avamntodng evog otadiov tov Sabin 3 tikov otedexwv EPA (A), EPB (B), LK3 (I') xat LK6 (A)

og GOYKPLOT] fe To TIPOTLIIO epPoAtaxod otéhexog Sabin 3 oe Hep2 xotrapa. Iapovoidletat 1) Kivntikry avamtodng

otoog 37°C kat 40°C yia 0-12 opeg petd v poAvvor) pe 10 MOI (multiplicity of infection) 1 10 TCIDso/ cell.
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3.24 ANAAYZH NOYKAEOTIAIKHX KAI AMINOEIKHX
AAAHAOYXIAX TQN EMBOAIOXYNAEOMENQN ITOAIOIQN

2Ze pa mpoondfeta va ovoyxetiofodv ot @aivotomikeg O10TTEG TV
epPoArtoovvOedpevdv MHOAMOI®Y  pe poplakodg deikteg, avalvbnkav ot
VOULKAEOTIOKEG KAl APLVOSIKEG AAANAOLYIEG TOV KOV OTEAEXDV IIPOKELPIEVOD
va evtomobodvy petal\adelg oe 0Oéoelg 1mov amotelovv Kaboplotég Tov
eSaolevnpévoo kat Oeppoevaiotntov @aivotdnov tewv Sabin epPfollakmv
OTENEXDV.

Ot aMnlovyieg tov 5-NCR, VP1, 2C, 3A, 3B, 3C xat 3D yevopkov
HePOX®V avalvbnkav xat HeTaAAAelg mov o0nyoLV OtV AI®MAELd TOL
eSaobevnpévov kat Oeppoevaiodntov @aivotvrov T®v Sabin epPollaxkav
OTEAEXDV TALTOMOUONKAV OTO YEVOPA OADV TV 1IK®V OTEAEXDV.

Iika oteAéxn pe an\o avacovovaopo

210 pn-avaovvdvaopévo Sabin 1 tikd otélexog (II), tavtomoujOnke 1
petalaln U525C (ITivaxkag 3.4). H petaladn US25C  amoxabota 1)
otabepotnta evog Cevyovg Pacemv petald tov vovxkAeotidimv 480 xat 525 (AU
oto otéleyog aypiovo tomov Mahoney, GU oto mpotono epfoltaxko otélexog
Sabin 1 xat GC oto otéheyog II) oty meproyn) V g 5'-NCR xat éxet ovoyetiotel
P& TV avaotpo@r) npog t) vevpopolvopatkotta (Christodoulou et al., 1990;
Rezapkin et al., 1994). To otélexog II eppavioe emiong v petaliadn C583G
omv 5-NCR neproxr). Tavtonoujnke emiong, omyv VP1 kodwkr) meployn, 1)
avaotpo@rn oto vovkieotido 2795 (A—G [Thr-106-Ala]), mov etvar évag
yvootog kaboprotrg eSaocbéviong (Christodoulou et al., 1990; Bouchard et al.,
1995). To apwvoliko xatdalouro 106 evromifetat oto e§mtepkod ToL KAWdioD,
ooykekpipéva oty BC Onha g VP1, xat epmMéxketatr oe 0vOpo@oPuxég
aMnAemdpdoelg pe eva katdlouro ot Oeon 90 (Cherkasova et al., 2002).
EmumAéov, ot apwolikeg vmoxkataotacelg Ala-96-Thr xat Lys-99-Asn
tavtonowdnkav oto otéhexog II. Kat ot 6vo avtég petaladetg extibevtat otnv
emTEPIKI) MAeLPA TOL KAW1OloL Kat evrorifovtat otV avrtiyovikr 0éon N-Agl
kabwg xat oty BC OnAwd g VP1 1 omola coppetéxet otov OXNHATIONO TOO
Bopov TPNpATog TG ALAAKAG KAl €PIAEKETAL OTNV IIPOOOEOT] TOL 0L OTOV
Kottapko vrodoyéa CD155 (Minor et al., 1986; Harber et al., 1995; He et al.,
2000). H apwolikry vnokataoctaon Glu-168-Gly extifetatr emiong otnv
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e§mTePIKI) MevPd ToL Kaydiov kat evromiletat oty EF OnAwd g VP1 n onoia
epnAéketat oe VOPoPoPikég alnAemdpdaoeig pe tov vmodoxéa CD155 (Harber
et al, 1995, He et al, 2000). H apwolikry vmoxatdotaon GIn-220-Arg
evromiCetal oty eC@TEPIKY) MAeLPA TOL Kayidilov, oty avrtiyovikr O¢on N-
Aglla site (Minor et al., 1986).

‘OAa ta Sabin 2 tika oteAéxn (EP9, EP12, IF, ID) napovoiacav 1 petaAadn
A481G omyv 5-NCR (ITivakag 3.4). Aot 1 avikatdotaorn darroteAet
avaotpo@r) IPOog TOV YeEVOTLIIO ayplov Tomov Kat exet oovOedel pe avinpévn
vevpopoAvopatikotta xat Oeppoavbexktkomra (Macadam et al, 1991;
Georgescu et al., 1995; Muzychenko et al., 1991; Macadam et al., 1993; Minor et
al, 1993; Guillot et al., 1994;, Georgescu et al., 1994), mbBavov péow
IAPEPIIOOIONG TOL OXNUATIOPOL €vOg Vveou Cevyovg Pdoemv HeTald ToV
kataloinav 481 xat 511, to onoto OBa mpoxalovoe eSaobévion otn dopny g 5'-
NCR. EmuiAéov, 1 petdMadn U398C tavtomouidnke oe 6vo (EP9, IF) otelexn
kat 1 petalaln U437C taotomou)fnke oe éva (EP9) otéheyog. Avtég ot
AVTIKATAOTAOELG £XOVV €IMiong Kamowa emidpaon otnv efaocbevion xat tnv
Oeppoevatonoia tov Sabin 2 epPoAlakod oOteAéxovg av KAt HIKPOTEPT
(Friedrich F, 1996). Kat ot 6vo avteg petaladeig evromifovtat oe éva OikA@vo
Tprpa g neptoxrg IV too cis-acting yevetikood otoyeioo IRES kat eidwotepa
petatpenoov eva Cevyog Pacewv GU oe GC. Eivatr altoonpeiotn 1 mapovoia
g petaladng C584G oe tpia Sabin 2 tika oteAéxn (EP9, IF, EP12). Zw VP1
KOOWKI) IIEPlOYT), dAPWVOSIKEG — AVIIKATAOTACEG OTO0  Katdhouro 143
tavtonouwdnkav oe dvo Sabin 2 tikda oteAéyn (EP9 kot EP12). To xatalouro 143
extifetat otny e€wtepikn) em@pdaveld Tov 1ikod kaydiov otnv DE OnAwa xat 1)
avtkatdotaon tmg lle anmo Val, Thr 11 Asn éxet ovoyetiotel pe avinpévrn
vevpopoAvopatikotta (Macadam et al, 1991; Georgescu et al, 1995;
Muzychenko et al., 1991; Macadam et al., 1993; Georgescu et al., 1994; Equestre
et al., 1991). Zto 1o otéAexog EP12 tavtomoujdnke emiong 1 apivodix)
vnokataotaorn Phe-136-Cys. To xatalouto 136 evtomiletar otnv Ieplox)
1IpO0deoNg eVOg popiov opryyooivng otnv VP1.

‘OAa ta Sabin 3 tika oteAéxn (EP16, EP23, 729) napovoiacav t) peta\\ain
U472C omv 5-NCR (ITivakag 3.4). Aot} 11 avikataotaor amotelel
avaotpo@r) IPOg TOV YEVOTLIIO aypilov TOIIOL Kat £xel ovvoedel pe avavopevn

vevpopolvopatikotta kat Oeppo-aviektikomta (Macadam et al, 1989;
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Westrop et al., 1989; La Monica et al., 1987; La Monica et al., 1989; Chumakov et
al., 1991). Ta vooxAeotidwa 472 xat 537 dnpiovpyoovv (edyog oty 5'-NCR oe pia
npoPAenopevn devtepotayr) dopr). H mapovoia g U oto vookieotidio 472 g
5-NCR tov Sabin 3 epPoliakod oteAéxovg 0drjynoe oty aAvIKATAOTAOL TOV
Cevyoug Pacewv C-G (nt 472-537) 100 VELPOPOALOPATIKOL aAypPloL TOIOL
otehexovg P3/Leon/37 amd 1o {evyog Pacewv U-G tov epPoliakod oteheéyovg
Sabin 3, @avepavoviag Ott o @awvotonog eSacféviong elval PEPK®G
ovvdepevog pe v eSaotievion tov (evyapopatog oe pia Widaitepa dtatnpnpévn
devtepotayn dopr. Eivan altoonpeintn n napovoia tng petalalng C586G oe
OAa ta Sabin 3 tikd oteAéxn. Avtr) n petdMaln eviomiletal oe eva dSikAovo
tpnpa g neploxng VI tov cis-acting yevetikoo otoryetov IRES xat odnyet oty
petatpornr) evog Cevyovg Pdaoewv C-G oe G-G (mismatch) onwg xat ot
petalagelg C583G oto Sabin 1 1iko oteAexog (II) and C584G oe tpia Sabin 2
tka otedéxn (EP9, IF, EP12). Avtég ot petaliadelg mbavov mapéyxoov eva
eMAEKTIKO T\eOVEKTPA oOtd  epPoAtooovOeopeva KA oteAéyn  Kabag
napatnpoovvtat ooxvd (Pliaka et al. 2007). Ztnv VP1 kwdwr) mepoxr), oAa ta
Sabin 3 tikd ote\éxn) ep@AvVIoav TV avaotpoPr] oto vovkAeotidto 2493 (C—U
[Thr-6-Ile] 1o omoio eivatr evag xabopiotr)g eSacbeéviong tov epPoAlaxkov
oteAéyoug Sabin 3 (Weeks-Levy et al., 1991; Tatem et al., 1992; Mento et al,,
1993). To xatdalouro 6 Ppioketat oto N-tehko dxpo g VP1 oto eontepikod Tov
kaydioo kat 1 avrukaraotaon g Thr amo Ile mbavov evioxver Tig
udpopofikeg alnAemdpdoetg petadd tov aptvoteAkov akpoo g VP1 kat tov
eVOOOMUIK®V KOTTAPIKOV PERPPAVOV KATA T OdpKeld Thg £100000 TOL 100
oto xottapo (Tatem et al.,, 1992; Fricks et al.,, 1990). Zto t1ikd otéheyog EP23,
tavtonouwdnke emiong n apwvodikr) vmokatdaotaor Ile-258-Val, 1 omoia etvat
pepkag extebetpévn) oty e€mtepikr) mevpd ToL KaWidiov Kat PpiloKeTatl KOVId
otV avtiyovikr) 0éon N-Agl.

Zmv 2C-3D pn-0opikn) meploxr) TOL YEVOUATOG TOV KMV OTEAEXDV,
tavtonow|Onkav emiong VOOKAEOTIOWKEG KAl APVOSIKEG  DIIOKATAOTUOEL
(ITivakag 3.5). Qotooo, povo 1 avaotpo@r) oto vookAeotido 6203 (C—U [His-
73-Tyr]) g xkwOwng mepoxrg g 3D moAvpepdong £xet ovoxeToTel pe ToV
e§aobevnpévo xkatr Oeppoevaiodnro @awvotomo tov Sabin 1 epPoliakod
otehexoug (Christodoulou et al., 1990; Georgescu et al., 1995; Tardy-Panit et al.,
1993; Georgescu et al., 1997, Martin et al., 1991; McGoldrick et al., 1995). H
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petaladn C6203U tavtomoujdnke oe dvo Sabin 2 avaocovOvaopéva Ukda
otehexn (EP9: S2/S1 kau ID: S52/S1) oe Sabin 1 yevetiko vnoPabpo alka dev
tavtonoumdnke oto avaovvovaopévo otélexog EP23 (S3/S1) 1o omoto éyet
emiong Sabin 1 yevetiko vnofabpo oty 3D meproyr). H 2C kwdwr) meploxr)
elvat yveoto 0Tt meplexet pua dwatnpnpéve) devtepotayr) dopr) pioyov-OnAtdag
(vooxAeotidia 4443-4504 oe moAwoio tOmov 2) 1 omoia Asttovpyel @G Eva
anapaimto cis-acting otoweio avrtiypagng (CRE) mov epmAéketat otnv
ovpd\iworn g tikrg mpwteivng VPg (Paul et al., 2000; Rieder et al., 2000). H
AVTIKATAOTAOL OMOLOVONIIOTE Ao Ta TPla VOLKAEOTIOW A PG OOVTPNHEVIG
aMnAooyiag AAACA (oe moAoio tomov 1 kat 3) ot OnAwa tov otoryeioo CRE
pewwvel 1000 Vv ovpvdimon g VPg 0oo xat mv tik) napaywoyr) (Rieder et
al., 2000). H avtikataotaon G4473A oto Sabin 2 tiko otéexog EP9 (52/51),
petatpénet mv datnpnpevr alnrooyia AAGCA tov Sabin 2 epPoAiaxov
otedexyovg ot dwatpnpévy alniooyia AAACA tov Sabin 1 epBoAiakod
otedexovs. 'Exet mpotabei o1t 1 mapovoia G oto vookAeotido 4473 epmAéketat
otov eSaobevnpévo gatvotono tov Sabin 2 epPoAiaxon oteAéyovg (Rieder et al.,

2000).
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IMTivakag 3.4. Metal\ageig otig 5'-NCR kat VP1 mepioxég tov epfoliooovdedpevav moAoioy pe
am\ovg avaovLvOLACGHODS KAt OBYKPLOL HE TIG AVTIOTOIXEG VOUKAEOTIOWKEG KAl aptvodikeg 0éoetg
TV npotonev epPolakeov otehexmv. H apibunon eivar copgpava pe ta epfoliakd otehéxn
Sabin 1 (AY184219), Sabin 2 (AY184220) xat Sabin 3 (AY184221). Ot petaMdadelg movo

EVTOIIOTNKAV O€ TIEPLOOOTEP TOD EVOG TIKA OTEAEXT) ELVAL DITOYPAPHIOHEVEG.

T'evotomog

Ilepoxny Xtédexog NooxAeotidikny Sabin  Xtédexog Apwolikny  Sabin  Ztédeyog Kowdikog

0¢on 0¢on

Kataywpnong
GeneBank

Sabin 1

Sabin 2

Sabin 3

Sabin 1

Sabin 2

Sabin 3

5-NCR 1 525
583

EP9 398
437

481

584

576

IF 398
481

584

ID 481
567

EP12 481
597

584

EP16 472
586

EP23 472
586

729 248
472

586

VP1 I 2605
2765

2776

2795
2917

2982

3138
EP9 2909
3252

IF -
ID -

EP12 2859
2888
2909
EP16 2493
2608

3259
EP23 2493
3248

3352
729 2493
2659

2716

96 Ala Thr

106 Thr Ala

nNcrraorPnOOnNCcOonNcnNcCcNcrPC>NPCNNPCCOC
cr0CcoOcrrOnN>0NNO>0>r000NCOONNON

6 Thr Ile

Ile
258 Ile Val

6 Thr Ile

00> >0CC !
O>cO00Cc00CNO0 !
(o)}
—
=

EU598476

EU598464

FJ609757

FJ609758

EU598465

EU598466
EU598468

EU598477

FJ609769

EU598478

FJ609772
FJ609773
EU598479

FJ609775

EU598480

FJ609778
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IMTivakag 3.5. Metal\ageig oty 2C-3D yevopikr) neployr) Tov epfoAlooovOedpeveov MOAOI®OV fe
arm\ovg avaovLvOLAGHODS KAt OBYKPLOL HE TIG AVTIOTOIXEG VOUKAEOTIOWKEG KAl aptvodikeg 0éoetg
TV npotoney eppoltakov otedexodv. H 2C-3D yevopikr] mIeploxr) TOV HN-avacovouaopévev
otedexwv II xan 729 6ev alMnlovyrifnke. H apibpnon eival odpgava pe ta epPoliakd otedéxn
Sabin 1 (AY184219), Sabin 2 (AY184220) xat Sabin 3 (AY184221). Ot petaMdadelg movo

EVTOMIOTNKAV O TIEPLOCOTEPC TOL EVOG TIKA OTEAEYT) ELVAL DITOYPAPICHEVEG.

IT'evotomog Ileproyxr) Xtédexog NooxAeotdikiy Sabin  Xtéhexog  Apwolikn Sabin  Xtéexog  Kwdukoi

0¢on 0¢on Katayopnorng
GeneBank
S2 2C EP9 4473 G A - AY736178
S2 IF 4842 G A - AY297764 (2C)
AY297760 (3D)
S2 ID 4456 G A 112 Val Ile EU715814
S2 EP12 4773 C U - AY736179
4174 C G 18 Leu Val
4992 U A -
S3/S2 EP16 - - AY736180
S3/51 EP23 - - AY736181
S2/S1 3A EP9 5130/S2a U C -
S2 IF - -
S2 ID - -
S2 EP12 - -
S2 EP16 - -
S1 EP23 5191 A G -
S1 3B EP9 5389 A U -
S2 IF - -
S2 ID - -
S2 EP12 - -
S2 EP16 - -
S1 EP23 - -
S1 3C EP9 5665 U C -
5698 A C 87 Arg Ser
5720 A C 95 Thr Pro
5760 A G 108 Lys Arg
5959 G A -
S2 IF - -
S2/S1 ID - -
S2 EP12 - -
S2 EP16 - -
S1 EP23 5791 U C -
S1 3D EP9 6203 C U 73 His Tyr
6217 A G -
S2/51 IF - -
S1 ID 6203 C U 73 His Tyr
6373 U C -
S2/S1 EP12 6781/5S12 C U -
S2 EP16 6219 G A -
6327 U C -
S1 EP23 6474 G A 163 Arg Lys
6484 A U -

a H apiBunon eivat copeeva pe ta mpotond epfoliaxda oteAéxn Sabin 2 (AY184220) rj Sabin 1
(AY184219).
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Iika oteAéxn pe SN0 avaocvvevacpo

Ot petal\adelg Tov tikov otedexov II katr 729, ta omoia dev @epoovv
avaoovOvaopovg, avagepbnkav oto mponyoLHevo THNHA Kabmg avtd Ta KA
otelexn xpnowponoufnkav xat ota dvo aveSdptnTta MEPAPATA PENETNG TNG
KWVITIKAG avarrtodng (WKA oteAéxn pe amhovg avaocuvOuaopovg Kat KA
oteAéxn pe Ourhovg avaocvvovaopovg). H petalaln G480A tavtomou)Onke
omv 5-NCR meproyr) too Sabin 1 tikod otedéyoog 742 (mivaxag 3.6). H
petal\adn avtr) onwg kat ) petaAadn U525C tov otehéyoug II, amoxkabiotody
) otabepotta evog fevyoog Paoceav petald 1oV vovxkAeotdimv 480 kat 525
(AU oto otélexog ayptov tomov Mahoney, GU oto mpotomo epPoliako
otélexog Sabin 1 xat AU oto otéheyog 742) otnv meploxry V g 5'-NCR kat
EXOUV OLOYETIOTEL Me TV AVAOTPOQPI| IIPOG TN VELPOHOAVOPATIKOTNTA
(Christodoulou et al., 1990; Bouchard et al., 1995; Georgescu et al., 1995;
Rezapkin et al., 1994; McGoldrick et al., 1995). EmuAéov 1o otéAexog 742
eppavioe Vv petalaln C583G g onotag o mbavog polog avagépbnke oto
nponyovpevo tpnpa kabwmg tavtomou)dnke kat oto otélexog II. Zwv VP1
K®OWKI) meploxt), 1 apivodiky) vrokatdotaon Lys-99-Asn tavtonou)0nke oto
otélexog 742 g onotag o poAog avagépdnke oto mponyovpevo THHpa Kabmg
avtr) 1 petaAadn tavtornoumnke xat oto oteAexog II.

‘OAa ta Sabin 3 tika oteAéxn (EPA, EPB, LK3, LK6, LK10, 729) epgpaviocav
v petalaln U472C omv 5-NCR neproxn) (mmivaxag 3.6), g omoiag o poAog
avagepbnke oto mponyovpevo tunpa. Eivatr altoonpeiotn n nmapovoia g
petaladng C586G oe OAa ta Sabin 3 tika otehéyn) 1) onota emtong avagepdnke
oto mpornyovpevo Tpnpa. Emumhéov ot petalladerg C438U xatr A439G
tavtonouwdnkav oe tpia Sabin 3 tika oteeyn (LK3, LK6 xat LK10). Kat ot dvo
avtég petaladelg evromifovtat oe éva dikhwvo tpnpa g neproxng IV too
IRES cis-acting yevetikov ototyeiov Kat petatpénoov ta (evyn Paoceov GC xat
UA o0e GU and UG, avtiotoia. Ztnv VP1 kodwr) meptoxr), OAa ta Sabin 3 tikda
OTeAEXT) epPAvioav TV avaotpodr] oto vovkAeotiowo 2493 (C—U [Thr-6-1le]
g omotag o polog avagepbnke oto mpornyovpevo Tpnpa. Ot petalladelg
C2637U—[Ala-54-Val] xat U2790C—[Met-105-Thr] tavtonou|fnkav oe tpia
Sabin 3 tika oteAéxn (LK3, LK6 xat LK10). To xatdahouro 54 evrtomiletat otnv
E0MTEPIKI) empavela toL kKaydiov katr Oewpeitat Ot ovppetéyel oe

0OpoPofikeg alAnAemdpdaoelg petadd Twv dopwev npoteivov VP1 xat VP3
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(Cherkasova et al., 2002). To xatdAouro 105 evromiletat otV e§oTePIKI) MAELP
tou kaydiov, ov BC Bnhwa g VP1 kat kovta oty avtyovikn 0eon N-Agl,
1] OOl OLHHETEXEL OTOV OXNHATIORO TOL POPELOL THIPATOG TG ADAAKAG KAt
EUIAEKETAL OTNV IPOO0dEOT] TOL 100 OToV KuTTapko vrodoyea CD155 (Minor et
al., 1986; Harber et al., 1995; He et al., 2000). EmuiAéov ot petaladerg C2855A
kat U2857A tavtonouwjdnkav oe tpia Sabin 3 tika otehexn (LK3, LK6 xat
LK10). Ot petarAadetg avtég Oev 0O1yodY 0 apivoSikég DIIOKATAOTAOELG MG
100G ITaPEXOLV €va emMAeKTIKO AeoveKkTpa yia pa mbavr) devtepotayr) RNA
dopny oe avt) Vv TEPLoXn 1 omoila Xpnowpedel wg cis-acting ototyeio
avtypa@rs. Aot n vrodeon evioyveTAl AIIO IIPONYOLHEVEG PENETEG Ol OTIOlEg
acxoAnfnkav pe v avayveplon cis-acting otolyelov avrypagng oto yévoua
oV picorna v (Lobert et al., 1999; McKnight and Lemon, 1996).

Zmv 2C-3D pn-0opikny IEPLOX] TOL YEVOPATOG T®V UWKOV OTEAEX®V,
tavtonow|dnkav emiong VOUKAEOTIOKEG KOl CHIVOSIKEG  DIIOKATAOCTAOELG
(Tivaxag 3.7). H avaotpogpry C6203U—[His-73-Tyr] oty xoOkr| meptoxr| g
3D molvpepdong 1n omota éyet ovoyetwobel pe tov eSaobevnpévo xat
Oeppoevatodnto gawvotomo tov Sabin 1 epPoAiaxov oteheyovg (Christodoulou
et al., 1990; Georgescu et al., 1995; Tardy-Panit et al., 1993; Georgescu et al.,
1997; Martin et al., 1991; McGoldrick et al., 1995), tavtonoujdnke oe tpia
avaoovovaopéva Sabin 3 tika oteAéyn (LK3, LK6 and LK10: S3/S2/5S1) oe éva
Sabin 1 yevetko vmopabpo. Eivatr awoonpeimtn) 1 mapovoia KAIOwV
PETAANASEDV PE AYVOOTO AELTOLPYIKO PONO Of MEPLOOOTEPA AIO £va UKA
ote\exn ot omoleg 110G TAPEXOLV  KATIOWO  EMAEKTIKO TIAEOVEKTNHAL.
Zoykekppéva, 1 petaladn A4171G tavtonou)fnke otny 2C K®OKI) MEPLOXT)
dvo otedexav (EPB xat LK3) oe éva Sabin 3 yevetiko vmopabpo. Zmv 3A
kw1 meproxt), 1 petaMadn U5214C tavtonoujdnke oe dvo otehexn (EPA xat
EPB) o0e éva Sabin 2 yevetkd ovmoPabpo xatr n petalaln A5269G
tavtonouwjonke ermiong oe 6vo oteAéyn (LK3 and LK10) oe éva Sabin 1 yevetiko
omoPabpo. Zmyv 3C kodwn meproyr), ot petaladelg C5641U  kat
A5769U—[Asn-111-Ile] tavtonmou)fnkav oe tpia (LK3, LK6 xat LK10) xat dvo
(LK3 xat LK6) oteléyn), avtiotolya, oe éva Sabin 1 yevetko voBabpo. v 3D
KadwK1) meptoxt), ot petarddelg A6019G kat G6151A tavtonou)bnkav oe Tpia
otehéyn (LK3, LK6 xat LK10) eve ot petal\aderg U6732C—[Leu-249-Pro] xat
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C6947U tavtomoufnkav oe dvo oteéxn (LK3 kot LK10) oe eva Sabin 1

yeveTko vnopadpo.

ITivakag 3.6. MetaA\dadeig otig 5'-NCR kot VP1 neploxég tov epffoAtooovoedpevmv HoAoiov jie Sumhotg

avaoovvOLACHOVE KAl CUYKPLOL) HE TG avTIoTolyeg VOLUKAeOTIOKEG KAt apivolikeg 0¢oelg Tov mpoTLI®OV

eppolaxmv otedexav. H apibpnon eivat copgova pe ta epPoltaxda otedéyn Sabin 1 (AY184219), Sabin

2 (AY184220) xat Sabin 3 (AY184221). Ot petal\daelg Iov eVIOMIOTNKAV 08 MEPLOCOTEPC TOV VOGS KA

oTeAEXT] elval DIIOYPAPPIOPEVEG.

Fevotonmog Ileproxny  XZtéleyxog

NovxkAeotid1kn)
0¢on

Sabin

Ztéhexog  Apwvolikn  Sabin

0¢on

Itédexog  Kwdikoi

KATaywpnong
GeneBank

Sabin 1 5’-NCR 742

II

Sabin 3 EPA

EPB

LK3

LK6

LK10

729

Sabin 1 VP1 742

II

Sabin 3 EPA

EPB
LK3

480
583
525
583
472
586
472
586
438
439
472
586
438
439
472
586
438
439
472
586
248
472
586
2502
2776
2833
2904
2605
2765
2776
2795
2917
2982
3138
2493
2493
2493
2637
2790
2855
2857

cncnnnorrorOOCr0OnNCcOnNCcr>»nNnNCr>PnNNCrrPNNCNCNCOO

>rNCcCcCCcCcOOCcOCcr»r>rQCrOnNrPOOOCONOCONOCOOONON0 >

99
142
96
99
106

168
220

(o)

54
105

Ser
Lys

Phe

Ala
Lys
Thr

Glu
GIn
Thr
Thr
Thr
Ala
Met

Asn
Asn

Cys

Thr
Asn
Ala

Gly
Arg
Ile
Ile
Ile
Val
Thr

EU598472
EU598476
EU598469
EU598470

FJ609747

FJ609748

FJ609749

EU598477

FJ609767

FJ609769

EU598481

EU598482
FJ609761

Institutional Repository - Library & Information Centre - University of Thessaly

18/05/2024 14:33:52 EEST - 18.223.170.38

114



Kepalaio 3

LK6 2493 C 8] 6 Thr Ile FJ609762
2637 C U 54 Ala Val
2790 U C 105 Met Thr
2855 C A -
2857 U A -
LK10 2493 C U 6 Thr Ile FJ609763
2637 C U 54 Ala Val
2790 U C 105 Met Thr
2855 C A -
2857 U A -
729 2493 C U 6 Thr Ile FJ609778
2659 G A -
2716 A G -

IMivakag 3.7. Metah\aleg oy 2C-3D yevopiki] Ieploxr] TOV epPoAlooovOedpevov MONOIOV e
OuIAOLG aAvaooLVOLACPODG KAt COYKPLON He TG avTioTolyeg VOLKAEOTIOWKEG Kat aptvolikég 0éoelg Tav
npotonev epfolakav oteleyov. H 2C-3D yevoptkr) Heploxr] ToV pr-avacovovaopévev otekexmv 11
Kat 729 dev ahAnhooxnOnke. H apibpnon eivat copgova pe ta epPoliaxd otedéyn Sabin 1 (AY184219),
Sabin 2 (AY184220) xat Sabin 3 (AY184221). Ot peTtaAAdelg oL EVIOMIOTNKAV O IEPLOCOTEPA TOL eVOG

KA oTeAéxT) elval DIIOYPAPHIOHEVES.

Ievotonmog  Ileproxny Xtédexog  NoovxAeotdikn) Sabin  Ztédexog  Apwvodiky) Sabin  Ztédexog  Kwdukoi

0¢on 0¢on KATAY®OP1ong
GeneBank
S3/S2 2C 742 4929/S2 C U - EU598488
5029/S2 A G 303 Ile Val
S3/52 EPA - - - - AY738635
S3/52 EPB 4167/S3 U G 18 Leu Trp AY738636
4171/S3 A G -
S3/52/51 LK3 4171/S3 A G - DQ150697
4213/S3 A G -
4332/S3 A U 73 GIn Leu
4907/S2 U G 262 Met Arg
5032/5S1 U C -
S3/52/S1 LK6 - - - - DQ150698
S3/52/S1 LK10 4316/S3 C 8] 68 Pro Ser DQ150699
4800/S2 G 8} -
S2 3A 742 - - - -
S2 EPA 5214 8] C -
S2 EPB 5214 U C -
S1 LK3 5269 A G -
5270 A G -
5272 G A 54 Arg Gly
S1 LK6 - - - -
S1 LK10 5269 A G -
s2 3B 742 - - - -
S2 EPA - - - -
S2 EPB - - - -
S1 LK3 - - - -
S1 LK6 - - - -
S1 LK10 - - - -
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32 3C 742 -
32 EPA 5781
32 5784
EPB -
S1 LK3 5641
5769
S1 LK6 5641
5769
5911
S1 LK10 5641
S2 3D 742 6114
52/53 EPA 6071/S2
52/S3 EPB -
S1 LK3 6019
6151
6203
6732
6784
6947
6019
S1 LK6 6151
6203
6492
6493
6495
6496
6741
6779
5991
S1 LK10 6019
6151
6203
6499
6607
6732
6733
6947
7051

con
nc'

111 Asn Ile

111 Asn Ile

nNcoanrnrxn’
cr»Cccccccac’

29 Ala Val

73 His Tyr
249 Leu Pro

73 His Tyr
169 Glu Gly

170 GIn Pro
252 Val Gly

265 Ile Phe
2 Glu Gly

73 His Tyr

249 Leu His

cnpPpCccCcONOrErPr>COrPOrPNOPONCOO > !
nNcnrQrCcrQCcOr»n0rCcrCccnc»0!

3.3 OPOEEOYAETEPQXH ME ANOPQIIINOYX OPOYX

v napovoa diatpiPr) mpoodlopiotnke KAtd T Xpoviki) meptodo 2008-
2009 1o eminedo avootag minboopodv g votiag EANddag évavtt tov moloimv.
Xpnowponou)Onkav 40 detypata opov nhkiag 1-10 etov, 40 detypata nhikiag
11-20 etwv, 40 detypata nAkiag 21-30 etov xat 40 Setypata nAkiag 31-40 etwv.
Ot opot amo xdabfe pila amo Tig mapardave NAKlaxkég opadeg avapiyOnkav
petalop tovg kat étot Onpovpynnkav 4 piypara opov omov to Kabéva
avaloyel oty avtiotolynn nAwkiaxn opdda. O Tithog aviioepdtov Kdabe
NAKLAOKIG opddag evavtt TV Ipotonnv epPolakmv otedexmv (Sabin 1, Sabin

2 xat Sabin 3) xat prag oovMoyng 15 avaovvdvaopéveov kat 4 pn-
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avaoovOuaopeveay  epPoAtoovvdedpevav TOAOIOV IIPOOdoPioTNKe He TN
p€Bodo g opoeSovdeTEPOONS.

O opotonog 1@V epPoltoovvdedpevav moAloiov 1mpoodlopiotnke ®¢ Pl
(Poliovirus type 1) ywa 5 tika otehexn, wg P2 (Poliovirus type 2) ywa 6 tika
otehexn kat wg P3 (Poliovirus type 3) ywa 8 tika oteAéyn. Ot opoToIIol Kat ot
TOIot avaocvvOLACP®OV T®V ePPOAIOOLVOEOHEV®OV TTOAOI®Y TIapovotalovtat
otov mivaxka 2.4 (Kepalawo 2, vAwa xat pébodor). H mietoyneia tov tikeov
otedeywv yxapaxtnpiotmke og OPV-like 10t kabog eppavicavy <1% mocooto
anokAong otmv VP1 meploxr) amno ta avtiotolya mpotond epPoAlakda oteAéxn
(Sabin 1, Sabin 2, Sabin 3). Qotdoo, éva 1iko otéhexog (7/b/97) opotdmov P1
xapaxktnpiomke g VDPV oe nponyobvpevn pelétn (Dedepsidis et al., 2007).
Zoykekpipéva, 1o otékexog 7/b/97 epgpavioe 1.87% amoxhion otwmyv VP1
IIEPLOXT) O COYKPLOL He TO MPOTLIO PPOAIAKO oTéexog Sabin 1 xat emuAéov
pa B¢on avaovovovaopod otV 2A meploxt) HETASL Tov ePPOAAKOD OTEAEXODG
Sabin 1 xat evog péhoog g opddag C TV eviepoimy.

Ot TitAot TV avTIoOPATOV TV NAIKIAKOV opadov 1-10, 11-20, 21-30 xat 31-
40 ¢vavTt ToV UK®V OTEAEXDV EKPPAOTNKAV 0§ logio Tng peyaldtepng apaimong
omv omoia Oev mapatnpronke CPE  (my logi 1:10 =1). Ot titAot twVv
AVTIOOPATOV EVAVTL TOV IPOTLH®OV ePPoAtakeVv otedexav Sabin xat tov 19
epPolioovvOedpevdy  moAoi@V  Lotepa  amo  OTATOTKY  emeSepyaocia
napovowdalovtat otov mivaxka 3.8. To Student’s t-test (Paired samples test)
xpnotporou)fnke MPOKEWPEVOD VA OLYKPIVODPE TOV HECO OPO TOL TiTAOL
AVTIOOPAT®V TNG NAKLakng opadag 1-40 (peoog 0pog TV TITA®Y AVTIOOPATOV
oV 4 n\wakev opadov 1-10, 11-20, 21-30 xat 31-40) mov mapatnprifnke
évavtt kabe potomoov epPoliakod otedexovg (Sabin 1, Sabin 2 xat Sabin 3) pe
TODG HEOOVLG OpPoLG mov HapdatnenOnkav évavtt kabe epPoAtoovvoeopevoL
11oAtotobd Tov 1dtov opotvmov. To Oneway ANOVA test (Duncan’s Multiple
Range Test) xprotpomnou)0nKe MPOKEEVOL VA OLYKPIVODE TODG PECODS OPODG
TOV TITA@V AVTIOOPATOV EVAVTL TOL IIPOTLHOL epPoAtakod oteheéxovg Sabin kat
TOV ePPOA0CLVOEOPEVOV TOAOIOV TOD 10100 OPOTLIIOL PETASD TOV NAIKIAKOV
opadwv 1-10, 11-20, 21-30 ko 31-40.

O avBpamivog mAnboopog g nAikiakng opadag 1-40 epgavifel oTaTIOTIK®G
ONUAVTIKA YApNAOTEPO TITAO aVTIOOUAT®V vavtt Ovo Sabin 1 kv oteAexwv

(742 xat 522) oe obykplon pe 10 mPOTLIIO ePPOALAKO OTéNexog Sabin 1. Aev
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napat)pninkav onpaviikég dlagopeg OTovg TITAOLG TOV AVIIOOPRATOV TG
nAtaxng opadag 1-40 évavtt twv Sabin 2 xat Sabin 3 tikov otedeywv oe
obyKplon pe Ta mpotora epPoAtaxda otedéxn Sabin 2 xat Sabin 3, avtiotowya
(mvaxag 3.8).

Mua dradoykny peiwor) otovg TITAOLG AVIICOPATOV ITapatnpnonke amod mv
nAwtaxn) opdda 1-10 otig opadeg 11-20 xat 21-30 oe GAovG TOLG OPOTLIIOVG
nohwiov (P1, P2 xat P3) (mivakag 3.8). ZoyKekpipeva, Onpavitiky) peimorn)
napatmpnonke amod wmyv nAkwakr) opdada 1-10 omyv opdada 11-20 otovg
noAwoiodg opotdrov 1 xat ano v opdda 1-10 otig opdadeg 11-20 xar 21-30
0ToLG TTOA10T0VG OopoTLIIOL 2 Kat 3. Mia avdnorn otovg TiITAOVG AVTIOOPATOV
napampndnke amnd wmyv nlwiaxy opdada 21-30 omyv opada 31-40 otovg
roAwoiodg opotorov 1 xat 3 ald Oxt otovg MmoAloiodg opotiIIoL 2. L20TO00,
aotr) 1 addnorn) eival oTATIOTIK®OG ONHAVTIKI] IOVO 0TODG ITOA10T0DG 0POTOIION 3.
Kat otoug tpelg opotdrong moAoiav, ot DYNAOTEPOL TITAOL AVIIO@PATOV
napatpnnkav omv nhikwakryy opada 1-10 deiyvovtag pia kaAn armoxpion
otov epfPoliacpo. O xapnAotepog TiTAOG avToOpdTeV Iapatnprnke otnv
nAwtaxrn) opdda 21-30 évavtt 1@V moAolov opoTodIiov 3. Avtod deiyvet éva pn
IKAVOIIOUTIKO  emiredo avooiag &vavilt TV IOA0I®V OpPOTLIIOL 3 OTOLG

veapovg eVIAIKEG.

IMivakag 3.8. Ot péoot 6pot tov logio TeV TITAG@V avtioopdtov v 4 nhikiakev opdadov 1-10, 11-
20, 21-30 xat 31-40 évavtt xdabe tikov oteAéyoog (epPoAioocvvdedpeva kat Sabin epPoltaxda
oteAéxn nmoAoiwv) napovoidaovtat. Emumléov, ot péoot opot tov logio Tov TiITA®V avilioopdteov

&vavtt OA®V ToV KOV otedex®v Tov id1ov opotidmov (P1, P2 1j P3) oe xdbe pla amod tig nAikiakég

opadeg 1-10, 11-20, 21-30 1) 31-40 mapovowadovrat.

o M¢éoog opog Mzéoog opog otnv nA\ikiaxi opadat
Opotonog I,IKO oV NAiKiaxi)
otéexog opada 1-40* 1-10 11-20 21-30 3140
Sabinl  2,80618002
40 2,3546350P
(p=0,014)
3,0068666P 2,45497832 2,10377672 2,40480672
a
7/ppo7 28061800 (p=1,0) (p=0,087) (p=0,087) (p=0,087)
; (p=1,0)
b
522 2,3546350
(p=0,014)
I 2,42989252
(p=0,080)
152 2,20412002
(p=0,066)
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Sabin2  2,35463502

134 (2'3_5148?505‘
EP9 2p429’8925a 3,0212014¢ 2,5481543b 2,16111572 2,1611157a
(1;>=O 761) (p=1,0) (p=1,0) (p=1,0) (p=1,0)
Eply 258040750
2 (p=0,215)
D 2,50515002
(p=0,182)
IF 2,5051500a
(p=0,182)
soop 258040750
(p=0,058)
Sabin3  2,2793775a
ppc 242989252
(p=0,495)
EPB (2,1208 ?g;fa 2,99432384 | 2,2417488¢ 1,63968882 | 1,8654613b
p=0, o - - :
p=1,0) (p=1,0) (p=1,0) (p=1,0)
738 1,9783475a
(p=0,092)
584 2,2793775a
3 (p=1,0)
Epa 212886250
(p=0,182)
K/2002  1,97834752
(p=0,092)
Eple 227987750
(p=1,0)
Epoy 212886257
(p=0,182)

* Ot péoot opot pe 10 1010 aA@apntiko ypappa oe xabe opotoro moAoiav dev epgavifoov
OTATIOTIK®OG CNIAVTIKI) Slapopd cOp@ova je to Student’s t-test (Paired samples test).
T Ot péoot opot pe 1o 1810 al@aPntikd ypdppa oe kdbe opotomo MoAoi®y Oev eppavifoov

OTATIOTIK®OG onpavtiki) dtagopd oopgava pe 1o ANOVA test (Duncan’s Multiple Range Test).

3.4 ANIXNEYXZH TQN XYNHOON TYIIQN ANAXYNAYAXMOY XTIX 2C
ka1 3D TENQMIKEX ITEPIOXEZ EMBOAIOXYNAEOMENQN ITOAIOIQN
MEZQ MIAX NEAX MULTIPLEX RT-PCR MEGOAOY

Eva pépog g mapovoag OtatpifPrig amotéAeoe 1 avdamtodn piag véag
multiplex RT-PCR pefodov yua v aviyvevon tov oovifov tonov
avaovvdvaopod otg 2C kat 3D yevopwkeg meploxeg epfoAioovvOedpevav
IIOALOTV. ZVYKEKPIpEvA Ta exKvnTKa popta S3sC2b, Sal3C2 kot Sa23C2
xpnowpornowfnkav oe pra PCR avtidpaocn yia v tavtonoinon tov TOIOV

avaoovovaopov S3/S1 kat S3/S2 oty 2C yeveopkn nepoxn divovrag PCR
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npotovta peyeboog 1280 kot 1227 bp, avtiotoiya. Ta exxkivnuka popua
S2s3dmp, Sla3dmp xat S31aD3 ypnowpomou)Onkav oe pwa Oevtepn PCR
avtidpaon ya TV TAavTomnoinon v Tonev avacvvdovaocpov S2/S1 kat S2/S3
otV 3D yevepwr) neployr) divovrag PCR npotovta peyéboog 733 xat 803 bp,
avtiototya. Ot Béoelg TV EKKIVITIKOV POPLOdV IAVEM OTO YEVOH TOV IOA0TOV
napovotadovtat oty ewkova 3.8.

Evteka oteléyn avaoovvdvaopevev epoAloovvoeopevav MOAOI®V  amo
Iponyovpeveg peleteg yprnowpornomdnkav g Oetikol pApTLPEG yla TV
avamntodn g multiplex RT-PCR pebodov. Zoykekpipéva xpnowponou)dnkay 6
tka oteAéyn (EPA, EPB, EPC, LK3, LK6, LK10) ta omoia ¢epoov Surhovg
avaoovOvaopovg xat 5 tika oteexn (EP16, EP23, ENP5, ENP7, ENP8) pe
arm\ovg avaoovovaopotds. Ta tika otedéyn EPA, EPB xat EPC @époov
avaoovooaopo tomov S3/S2/S3 pe v 0éon tov MP®TOL AVACLVOLACHOL VA
evromiCetat oto 5 akpo g 2C mep1loxr)g v Tov dedTEPOL AVACLYVOLACHOL OTO
péoo tng 3D meproxnig. Ta oteexn LK3, LK6 xat LK10 ¢épovv avacvvdvaopo
tomov S3/52/S1 pe v B¢on tov Ip@TOL avacvvOLACHOL va evtomifetat oto
5 daxpo g 2C meptloxrg Kat tov dedTepov avaovLvOLAOPoL oto 3 AKPO TG
totag meproxr|s. Ta otehexn EP16 xat EP23 @épouvv avacovovaopodg tonmv
S3/52 xat S3/S1 avtiotowa oto 3 axpo tng 2C meproynig eva ta oteAéxn ENP5,
ENP8 xat ENP7 @¢poov avaovovovaopoog tonev S2/S1 kat S2/S3 avtiotoyya
oto péoo tng 3D meproxng. Ov axpifeig Oéoelg avacvovOvaopOV TOV KOV
otedexav 1oL yprnotponouwdnkav &g Oetikol paptopeg mapovoaloviat otov
mivaxa 2.5 (Kegdalato 2, vAwka xat pédodot).

H multiplex RT-PCR pébodog ypropomnou)Onke emiong yia v aviyveoon
TV oovifev Tonev avacvvdvacpoov otig 2C xat 3D meployég TPV oteAexmVv
epPoAtoovVOEOIEV®OV TIOAOTOV Ta OmHold anopovednkav amd neptPaloviika
detyparta oty napovoa dwatpiPr). O yevoTovIIog TOV TP®V KOV OTEAEX®V OTIg
5-NCR kat VP1 meployég mpoodiopiotnke péowm alnhovytong. Etor o
yevotorog Tavtonou)Onke og Sabin 1 yta éva 1iko otélexog (742) xat wg Sabin 3
yia Ovo tika oteAéxn (584 xat 738) (mivaxag 3.9).

Ta npotona epPoliaxd oteAeéxn moAoimv (Sabin 1, Sabin 2, Sabin 3) xabag
Kat 7 oteAéxn g opadag C tav eviepoiov (CAV1, CAV11, CAV13, CAV1S5,
CAV17, CAV18, CAV2l) ypnowonoujdnkav og apvntikol pdaptopeg otnv
multiplex RT-PCR pebodo.
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ITivakag 3.9. ®@¢oeig avaoovovacpoL TV TPLeV IepPaloviik®v otehexov 584, 738 xat 742. Ot
ToIol avaocvvdvaopoL Kat ot Kedwot xatayopnong v 2A-3"UTR aAAnlovyiev otnv GenBank

napovotafovrat. O yevoromog tev tikov otedeyoav otig 5-NCR kat VP1 meproxég emiong

napovoladetat.
- , Kwdwoi T'evotonog T'evotomog
Iiko , . Tonog . ,
. B¢oe1g avacovovaop®v , xatayopnong  omv5-NCR oy VP1
otélexog avaovvovaopod . ,
GeneBank meploxn nmeploxn
584 2C S3/S24449-4464/S3 S3/52/S1 EU598486 Sabin 3 Sabin 3
3D S2/S1 7150-7172/S2
738 3C S3/S2 5804-5814/S3 S3/52/S1 EU598487 Sabin 3 Sabin 3
3D S2/S1 6901-6909/52
742 2A S1/S3 3461-3465/51 S1/53/S2 EU598488 Sabin 1 Sabin 1
2C S3/S2 4511-4527 /53
FNCR P, strectural protsing P2 region Pl regica VNCR
¢ 2 € ? € A
IRIS
3| we ViRl VP W X M| M p —A 7401 nt
Vig =
S3sCZh Siediags  Sladimgp
+= 5al3C2
+5al3C2 “+531aD3

742 [T T T T T —— |
e —— [T
736 N [TITTIII)

Ewova 3.8. Zxnpatiki) avanapdotaot) Tov yevopatog Tov moAoieav. H 0éon xat 1) katevbovon)
TOV  EKKIVITKOV poplov 1mov  ypnowpomnoufnkav otig multiplex PCR  avudpdoetg
napovotafovrat pe pavpa Péln. Ot Oéoelg avacovovaopod TV TPV mHePPAMOVIIK®V
otedeX®V emiong napoootaloviatl Kate aro To yévepd. Ot papdot ocopfolifovv v mpoéAevor)
TV aMnlovxiov tov otehexov 742, 584 xat 738. Ot ypappotol pdpdot aviiotoiyovv oTig
aMnlovyieg Sabin 1 epPoAtaxi)g mpoélevorng, ot daompot pdfdot otig alnlovyieg Sabin 2
epPoAiaxnig mpoélevong Kat ot pavpot papdot otig alnhovyieg Sabin 3 epfoAiakr|g mpoéevong.
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3.4.1 ATIOTEAEZEMATA THX MULTIPLEX RT-PCR ME®OAOY

H xpnowpomnoinon te@v ekkivuikov popiov S3sC2b, Sal3C2 kat Sa23C2 oe
pia PCR avtidpaon emPePainoe Tovg tOIIovg avacvvovaopod S3/S1 1y S3/52
otV 2C nieproyn] O AV 1oV Betikav paptopev napdayovtag PCR npoiovta 1280
kat 1227 bp, avtiotowya (Ewova 3.9A). Zta oteAéyn LK3, LK6 xat LK10, povo o
npwtog amod tovg Ovo avaovvdvaopovg (S3/S2/S1) omv 2C meproyr)
emPePaiwbnke mapayovrag PCR npoiov 1280 bp. H mapovoia tov devtepov
avaoovdvoaopov S2/S1 omyv 2C meployny eivatr omdvio yeyovog xat Oa
propovoe va aviyveobet oyedudafovtag éva emmeéov (ebyog eKKIVITIK®OV
poplov.

H ypnowonoinon tov ekkivnuikov popieov S2s3dmp, Sla3dmp xat S31aD3
oe pa devtepny PCR avtidpaon emPefaimoe Ttovg TOIIOLG AVACLYVOLACHOV
S2/S1 xat S2/S3 oty 3D mepoxn) OA®V T®V DeTIKOV PapTOP®V IAPAYOVTASg
PCR npoiovta 733 xat 803 bp, avtiotorya (Ewova 3.9B).

Avo ano ta neptPallovtikd otehexn (742 xat 584) mov anopovebnkav otnv
napovoa StatpiPry, naprjyayav eva PCR npoiov 1227 bp oty PCR avtidpaon
pe ta ekkwnuikda popla S3sC2b, Sal3C2 kat Sa23C2 1o omoio avtiotolxet oe
avaoovovaopo tomov S3/S2 omv 2C meproxr) (Ewova 3.10). Emurkeov, éva
ano ta neptPalloviikda otedéyn (738) naprjyaye éva PCR npotov 733 bp otnv
PCR avtidpaon pe ta exkivnukd popwa S2s3dmp, Sla3dmp xatr S31aD3 to
omoio avtiotolyel oe avacvvdvaopo tomov S2/S1 oty 3D meployny (Ewova
3.9B).

Ta npotonia epPoAtaxda oteAéxn (Sabin 1, Sabin 2, Sabin 3) xkafmg xat ta 7
otehexn g opddag C tav eviepoinv Oev naprjyayav PCR mpotovta kat otig

dvo multiplex PCR avtidpaoeig (Ewkoveg 3.9A, 3.9B).
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11 Sabin1 Sabin2 Sabin3

2072 bp
1500 bp

600 bp

Sabin1  Sahin2 Sahin3

2072 bp

600 bp

Ewova 3.9. ITapovowaletat 1 nAektpo@opnon oe MKIOUA aydpodng T@V IpolovIoV ng
multiplex PCR avtidpaong, A) omyv 2C yevopuwkn meproxr]. Ot apiBpot 1-11 avriotorovyv ota
PCR npoiovta tov otehexmv EP16, EP23, EPA, EPB, EPC, 738, 742, 584, LK3, LK6 xat LK10,
avtiotoya xat B) omyv 3D yevepikr) mepoxr). Ot apiBpot 1-9 avtiotoryoov ota PCR mpoiovta
tov otedexwv EPA, EPB, EPC, ENP5, 738, 584, 742, ENP8 xat ENP7, avtiotoiya. Ta npotona
epPoiiaxd oteAéxn (Sabin 1, Sabin 2, Sabin 3) xpnowponouw|Onkav wg apvntikol pdptopeg Kat otig
dvo multiplex PCR avtidpdaoeig. H 0¢on xamoimv {ovav tov pdptopd poplakod Papoog (100 bp

DNA ladder) eniong napovotdadetat oto aplotepd akpo Kdbe eiovag.
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3.4.2 EAEI'XOX THX EYAIZOHZIAY THX MULTIPLEX RT-PCR ME®OAOY

Zepraxég apaiwoelg (1055-1 TCIDsp/0.1 ml) tov tikov oteAéyoog EPA
npayparonou)dnkav oe vAwko Eagle MEM. Metd v exyOAon tov tikod RNA
Kat v ovvbeon tov cDNA, npaypatonou)dnkav dvo PCR avtidpdoeig pe ta
eKKvITIKA popra  S3sC2b, Sal3C2, Sa23C2 xat S2s3dmp, Sla3dmp, S31aD3
otig 2C xat 3D meployég avtiotolyd, IPOKEPEVOD VA IIPOTdIOPloov|E TO OPLO
eoatofnotag g multiplex RT-PCR pebodov. To oplo evarobnoiag éptaoe oto
ertredo tov 1 TCIDsp/0.1 ml xat otig dvo multiplex PCR avtidpaoceig (Ewova
3.10).

Tithot g tafemwg tov 1055 TCIDs5o/0.1 ml xafevog amo ta mpotora
epPoAtaxda oteéxn (Sabin 1, Sabin 2, Sabin 3) xat kabevog amo ta 7 oteAéxn g
opddag C 1@V eviepoinv xpnotporou)dnkav Kat otig dvo avtdpdoelg eEAeyyov
g evawodnotag g multiplex RT-PCR pebodov xwpig va mapdyoov PCR

npoiovta (Ewova 3.10).

Sabin1 Sabin2  Sabin3d

Ewova 3.10. TTapovoialetat 11 nAeKTpo@Opnon oe MAKIOUAd ayapolng Tov HPolovIov g
multiplex PCR avtidpaong omyv 2C meploxry tov tikod oteAéyovg EPA yia tov é\eyxo g

eoaiofnoiag mg avridpaong. XpnotpomouwiOnkav 6tadoyikég apaidoelg 1oL avAoLVOLACHEVOD

otehéxoog EPA (S3/S2) 6ivovtag PCR mpoiovta 1227 bp péxpt to eminmedo too 1 TCIDs50/0.1 ml.
Ot apBpot 1-7 avtiotorovv otg Sadoyikég apaiwoetg 1055, 1043, 1035, 1039, 1029, 10 ka1 1
TCID50/0.1 ml, avtiotoiya. Ta mpotona epPoltaxda otehéxn (Sabin 1, Sabin 2, Sabin 3)

Xpnowponoifnkav mg apviTikot papTopeg pe Tithovg g Taewg v 1055 TCIDso/0.1 ml.

124

Institutional Repository - Library & Information Centre - University of Thessaly
18/05/2024 14:33:52 EEST - 18.223.170.38



Kepalaio 3

3.4.3 AAAHAOYXIZH

IMpaypatomou)fnke aAnlovyion T@V TPV HEPPBAMNOVIIKOV OTEAEXDV
(742, 584, 738) amd v 2A ¢wg v 3'-NCR meproyxr) mpoxeipévoo va
tavtonouwjoovpe TG axkpPelg Béoelg avaovvovaopoo. Ilpayparomou|Onke
otoiyton TtV AAANAOLXOV T®V UKOV otedexov 742, 584 xat 738 pe Tig
avtiotolyeg alnlovyieg T@v dvo MPOTLII®V ePPOAaK®V Otedex®wv Sabin ta
omoia epmAékovtat otov mBavo avaoovovaopo. Ot O6vo  otoryioelg
oovdLACTNKAV ®OTe va Mpoodilopicovpe TV eAdyioty Kowi alnlovyia 1)
omold MAJIOIOVETAL IO OVO ETEPOTLIKA VOLKAeOTIOWd. AvTr 11 aMnAovyia
artotelet v 0¢on avacvovdvaopov petald v dvo KOV YeVORATOV.

Kat ta tpia neptpardoviika otedéxn Ppébnke 0Tt pepoov avacvvdvacpovg
oe dvo O¢oerg (Ewoveg 3.8, 3.11A, mivakag 3.9). H npwtn 0o avaovvovaopod
evromiotnke oV 2C meployr) (vovxAeotiOwa 4449-4464) yia 1o otéleyog 584,
oV 2A meploxr] (vooxAeotidwa 3461-3465) yia to otélexog 742 xat oty 3C
neploxr] (vooxkAeotidwa 5804-5814) yia to otédexog 738. H Oevtepr 0éop
avaoovvdvaopov evroniotnke oty 2C neptoyr) (vooxAeotidwa 4511-4527) yua to
otéexog 742 xat oty 3D meprloxr) ywa ta otekexn 584 xat 738 (vovxAeotiOwa
7150-7172 xat 6901-6909, avtiotowya). Ta otehéxn 584 xat 738 @epoovv
avaoovooaopod tomov S3/S2/S1 eve 1o otéheyog 742 avaocovOvuaopd TOIIOL
S1/S3/S2.

Emiong ypnowonouibnke to mpoypappa SimPlot (similarity plotting)
IIPOKELPEVOD Va amewovioovpe Tig Oeéoelg avaovvdvaopov, vmoloyifovtag to
II0000TO  OHOWOTNTAG HETASD TOV ~ VOLKAEOTIOWKOV  aANAOLYI®V  TOD
avaoovOuaopevou MepBAANOVTIKOD KOO OTedéxoug Kat T@v OO HIPOTLIIOV
epPoAtaxkav otedexmv Sabin mov epmAékoviat otov avaocvvdvaopo (Ewoveg

3.11B-A).
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SabinZz
Sabin3
SabinZ 7180
564 445
Zakbinl 7131
LA - w
Sakini GARTTT | ACnR2 34£1
742 GLTITT CLER 2213
Z2abin GLTTT CLRT 3470
N AW W W oW

Sabin3 4531
742 2417
SabinZ 4539

® L N AR AW ™ W
Z2abin3 CTCGEETGES C 5318
738 CTCEETGES - 8521
Sakinz 2 CTCEETGSE | AOGR 53826

* WOR W R W W R R R WO E W
Sakbinz €912
738 270
Zabinl €913

=1
-52
=53

Similarity Score

50

T LA IR L R R DL L R L R R R RN L R L R R R L LR LR R R L
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Postion
Windowe: 140 by, Step: 10 hp, GapStrip: On, Kimura C2-parameter), TA 2.0
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SimPlot - Guery: 738

100 — 51

—-32
=353

93

a0
g5
a0
74

70

Similarity Score

G5

B0

rT+1i 1, 1T fIrTrrr=r rr=.mrmrrU0U0rrr1 o1
2000 2500 3000 3500 4000 4500
Pasitian

Window: 140 b, Steps 10 bp, GapStrip: On, Kimura (2-parameter), TH 2,0

LI R R
0 300 1.000  1.500

SimPlat - Guery: 742
A 100 y— gy H /. = T == — —=

85 —=2
=33

a0
83
80

73

70

Similarity Score

63
G0

55

a0 - T —_—————"——r—-—Tr-TTrrTTTTT T T
0 =00 1000 1500 2000 2500 3000 3500 4000 4500
Position
Window: 140 bp, Step: 10 bp, GapStrip: On, Kimura (2-parameter), T 2.0

Ewova 3.11. (A) ®¢oelg avacvvovaopon tov kev otehexov 584 (S3/52/S1), 738 (S3/52/51) xau
742 (S1/S3/S2). Zwv apiotepr] mAevpd g kdbe otoiyxiong mapovoialetat 11 ePoAlaxr)
npoghevor) g arnrovyiag. Ta toviopéva vooxkAeoTiOla eival ekelva mov d1apoporoony Tig
tpetg alnhooyieg. Ta vovkheotidia péoa ota mAaiowa amotehodv Tig Béoelg avacovdvaopoo.
Emum\éov avalvorn péom Tov npoypdappatog SimPlot g VP1-3D neploxnig Tov otehexov 584 (B),
738 (I) xat 742 (A) oe oOykplon He TG AVIIOTOLKEG MEPLOXEG TV Sabin epPoMAKOY OTeAexOV
(Sabin 1: AY184219, Sabin 2: AY184220 kat Sabin 3: AY184221) napovoidletat.
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3.5 AIIOTEAEZIMATA AAAHAOYXIZHE TON KAQNOIIOIHMENQN
PCR TIPOIONTQN TQN AEITMATON ITIOY ANAAYOHKAN TIA THN
ITAPOYZIA NOPOIQN

Enetta amo twv Ajyn Ttov Xp@OPATOYyPAQNHATOG, TV eme(epydoid Thg
aMnlooyiag kat v avadnimorn opoloyng alnlovyiag, amodeixOnke ot
karmowa amno ta xhovomoupeva PCR mpoiovia amd ta KAWIKA Kat
neptParlovtika Oetypata mov xpnowponou)Onkav Oev eppavilav  Kapia
opoloTTa oty aAANAOLYIA TOLG pe KAOoo Katatedelpevo oty yevetikr) faon
dedopévav (GeneBank) otélexog vopoiov. Ta xAwvikda xat meptParloviikda
detypata tov onolwv ta kKAevornoumpéva PCR npotovia epgdavicav opotot)ta
pe xartatebeipéveg oty GeneBank aAAnlovyieg vopoiwv napovotrdlovtat otov
mvaxka 3.10. EmuAéov mapovotaloviatl Td eKKIVITIKA POPLa HE Ta Omoid
evioyvOnkav ta PCR npotovta.

ZovoAikda 0vo KAwvika (A6 xat Al) xat tpia mepiParoviika (GN1, TR3,
LR6) detypara mpoékoyav Oetika yia v mapovoia vopoiov. Oa mpénet va
onpewwbel OTL 1] OLYKEVIP®ON KAl T®V TPV HEPBANOVIIKOV Oelypdatmv
npayparornou)dnke pe v pédodo 1OV  PIATpwV. 2T0 OTEAEXOG IIOD
arnopovednke amo 1o KAViKO detypa A6 emrtevyOnke alAnAovyon amo to 3’
akpo tov ORF1 éwg 1o eviidpeco tov ORF3 (vouxAeotidia 4387-7456). Zta
oteAexn mov amopovebnkav amd ta Oetypata Al, GN1, TR3 xat LR6
emted)Onke alnlobdyion evog povo pikpov yevapkood tpnparog (280~700 bp)
(mivakag 3.10).
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IMivaxag 3.10. Khwvika xat meptpariovtika Setypata tov omoiev ta xAeovomoupéva PCR
mpoiovia ep@avioav opowdtnta pe Katatebeipéveg oty GeneBank al\nlovyieg vopoiamv.
IMapovowadovtat emiong ta ekKVNTIKA popla pe ta omoia evioyvOnkav ta PCR mpoiovta, n
péBodog PCR mov yprjopomnou)fnke (autonested, seminested 1 nested) xaBmg xat 1) meptoxr) Tov
yevaopatog mov evioyvdnke. H emeSepyaocia kat tov 1ptav meptPaloviikmv Setypdtov ta onoia

ep@aviobnkav Oetikd yia v Iapovoia vopoiav, mpaypatomou)dnke pe wmyv pédodo tov

piltpav.
Kodwomnoinon o ) )
Kat mpoiAevor Exxivnuka popa ITeprox1y oto yéveopa
Oelyparog
Autonested PCR 4460-5162
NLVR 58 - NLVR 756
Nested PCR
NLVR 52 -NLVORF 871 4564-5287
NLVR 58 - 756
Seminested PCR 4583-4787
SRII-2 - SRII-3
Autonested PCR
NLVH 297-NLVH 896 4891-5492
Autonested PCR 5040-5340
G2SKF - G2SKR
Autonested PCR 5361-5674
mon381 - mon383
Autonested PCR
A6 (-AviKd) NLVORF 941-NLVORF 1928 5535-6415
Autonested PCR 5571-6455
NLVC 463-NLVC 1430
Seminested PCR
NLVORF 1955-NLVORF 2902 6512-7441
NLVORF 2029-NLVORF 2902
Autonested PCR
NLVOREF 2029-NLVORF 2703 65467227
Autonested PCR
NLVOREF 2029-NLVORF 2902 6565-7420
Autonested PCR 6605-7421
NLVORF 1955-NLVOREF 2902
Autonested PCR
A1 (KA\viko) P78-P80 1491-1747
GN1 (meptBahov- Autonested PCR 1491-1747
MéBodog pirtpmv) P78-P80
TR3 (zeptpariov- Autonested PCR 5361-5674
M¢éBodog pirtpmv) mon381 - mon383
LR6 (mepipaov- Autonested PCR 5796-6482
MzB0o50g gidtpov) | NLVORF 1290-NLVORF 1974
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3.6 ®YAOTENETIKH ANAAYIH TQN XITEAEXQN NOPOIQN IIOY
AIIOMONQO®HKAN AIIO TA KAINIKA KAI ITEPIBAAAONTIKA
AEITMATA

Kataokevaomkav tpla goloyevetika 6évipa, éva yua kabe avayvootiko
m\aioo  (ORF1, ORF2, ORF3) tov yevopatog tov otedéyovg A6. 210
@oAoyevetiko 0évtpo too ORF1 1o otedexog A6 oxnpartifet vmoopada pe éva
otélexog yevetikng opddag GII mov anopovmbnke oty dvtikr) Zovndia kat to
oroio éxel K@OKO kataywpnong oty GeneBank GU131223 (Ewova 3.12A).
Emiong oto devtpo tov ORF1 to otélexog A6 eival QLAOYEVETIKA KOVTIA He TA
otedexn pe appovg xataywpnong EF190920 xatv EF529743 ta omoila
anopovebnkav amod Tig meploxég mg Agpikng xat tng I'aliag, avtiotoya.
Emurh\éov, to otéhexog A6 talwvopeital oty yevetikny opada GII padi pe ta
npotomna oteAéyn Lordsdale, Snow Mountain xat Hawaii oneg xat emta dAa
OTeNeXn) pe Ta omola ep@avifel KOVTLVI] (QULAOYEVETIKI] Oxeon. Qotdoo, To
otéhexog A6 pall pe ta emta avtd oteAéxn oxnpatifoov pua dla@opetikn
vroopdda amo exeivy) T@v Gl mpotonwv otedexwv. To yeyovog avtd Oetyvet
ot mOavov ta oteAéxT) avTd IPOEPXOVTAL ATIO VA KOO IIPOYOVIKO OTEAEXOG,.

210 poloyevetiko 6évtpo tov ORF2 1o otéexog A6 oxnpatiCel vrmoopdda pe
éva Ola@opetikd OTéNexog amod OTt Oto @LAOYeveTkO Oévipo tov ORFI.
ZoYyKekppéva oxnpartifel bmoopada pe éva oteAexog pe aplopod Kataywpnong
omv GeneBank EF547401 to omoio amopovebnke amo v meploxn TG
Ianwviag (Ewova 3.12B). Enurhéov ta oteAéxn pe apiBpodg xataywpnong
GU131223 xat EF190920 pe ta omoia to otéAexog A6 elval QOAOYEVETIKA
Kovtwotepa oto devtpo tov ORF1, oynpartifoov dragopetikeg vrroopddeg Kat
elvat QLUAOYEVETIKA paxpla pe to otéhexog A6 oto 6évipo too ORF2. Emiong
oto 6évtpo tov ORF2 ta otehéxn A6 xat EF547401 oxnpatifovv vmoopdda pe
ta oteAéxn pe appovg kataympnong AB039778, AB067539 kat AF414410 ta
aropovednkav amo v meploxy mg laneviag ta dvo mpota xat amo Tig
Hvopéveg IToAtteteg Apepikn)g to tpito. To yeyovog avto detyvet ot mbavov ta
OTEAEXT] ALTA IPOEPYOVTAL ATIO £VA KOO MPOYOVIKO oTeAexog. To otéheyog A6,
ON®G KAl TA LIONOUIA OTEAEXT ME TA omola elval @QULAOYeVETIKA KOVTd,
taSwvopoovtat oty yevetkny opdada GII pall pe ta mpotoma oteléxn

Lordsdale, Snow Mountain xat Hawaii.
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210 6évtpo tov ORF3 10 otéAexog A6 eppavilel POVOPUAETIKI] OXE0T HE Ta
aM\a oteAéxn kabwg Oev oxnpatifel vmoopdda pe kdmowo amd avta (Ewova
3.12I). Ta xovTivotepa QLAOYEVETIKA OTEAEXT] € ADTO eivat ekelva pe apldpovg
katayopnong otmyv GenBank AB084071, AB039776, AF414407 xat AF414408 ta
omoia anopovaebnkav amno v neproxr) ¢ laneviag ta dvo npwta kat aro Tig
Hvaeopéveg IToAtteleg g Apepixn)g ta 6vo televtaia. Ta téooepa avtd oteAéxn
oxnpatifoov pa vmoopdada pe to otedexog Ab. To yeyovog avtd Oeiyvel OTt
mOavov Ta oteAéxn) avuTd IPOEPXOVTAL AIIO VA KOWVO IIPOYoVIKO otélexos. To
otéexog A6, OIIWG KAl TA LIOAOUIA OTEAEXT pE TA Omold elval QLAOYEVETIKA
Kovtd, tadvopoovvtatl oty yevetkn opada GII padi pe ta mpotona oteAéyn
Lordsdale, Snow Mountain xat Hawaii.

I'a ta oteAéxn mov anopovebnkav amod ta detypata Al, GN1, TR3 xat LR6
dev KataokevLdoTNKav @oAoyevetikda 0évipa kabmg avta alAnAovxrOnkav oe
pla povo pikpr) meploxr) Tov yovidlopatog. 0tdco, 11 avalditnon opoloymv
aMnlooyiwv oty GenBank £0etle ot ta otehéxn Al xat GN1 epgavifoov
opoloyia pe oteAéxn oo avrjkoov oty yevetikr) opada Gl eve ta otedéxn TR3
kat LR6 epgpavifoov opoloyila pe oteAéxn oL AvVIKOLV OTHV YEVETIKI] Oopdada

GIL
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9% @I B 100 | AB039778
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Ewova 3.12. doloyevetikd 6évipa Tov OTeAEX00g A6 KATAOKEDACHEVA ATIO Tig aAAnAovyieg oo
avtiotoryoovy, A) oto 3’ akpo too ORF1, B) oe ohoxAnpo to ORF2 kat I') oto 5 axpo too ORF3.
Ot kedwot katayopnong oty GeneBank teov mpotonev otedexov Snow Mountain/GII,

Lordsdale/GIlI, Hawaii/GII, Norwalk/GI xat Southampton/GI eivat U70059, X86557, U07611,
M87661 xatr L07418, avtictoiya.
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KEDAAAIO 4

XYZHTHXH

v napovoa Oatpifr) emyelprbnke 1 aviyvevon petallaienv otig 5'-
NCR kat VP1 yevopikeg neploxég epfoAiooovdeopevov nolwoiov. H 5-NCR
meploxr] @epet devtepotayelg Oopeg AMapaitnTeg yia TV avilypa@n Kdt v
HPETAPPAOT] TOL YEVOPATOG T®@V HOAInV eved 1) VP1 dopwr) mpwteivny @épet
dopka oroyetla anapattta yia tov KOkAo {erg oV moAoimy. I'ia to okomo
avto, 13 detypata ta onota anopovaobnkayv amno vyu) epPfoAtacpéva atopa Kat
atopa pe epPolioovvdeopevn napalotiky) moAopveditida (VAPP) xatd tv
xpovikr] mreptodo 1978-2001, peletiBnkav ya v napovoia petaldleov oe
éva tpnpa mg 5 -NCR neproyr|g kat oe oAoxAnpn ) VP1 meproyr). O yevotomog
TV 13 KAivikev otedexaov (I11-113) mpoodiopiotnke wg Sabin 1 yia dvo amo avta
Kat og Sabin 2 ywa évieka amo aota péo® RFLP avalvong omyv 5-NCR
eploxt). Emumhéov Ola ta tika otedéyn yapaxtnpiomkav og OPV-like 1ot
kabwg eppavicav < 1 % mooootd amoxAiong oty VPl meproxr) amo ta
avtiotowya mpotora epPoAtakd oteexr). Ot apivodikég DIIOKATAOTAOELS OtV
VP1 meployr), ot omoileg HPOoEKLYAV aIIO HPN-OOVEOVLHEG HETANAASEL,
AIIEKOVIOTNKAV oty Tptodiaotatn Oopr) Tov koL npwtopepovg (1 ASJ.pdb)
eve ot voukAeoTidikég vrokataotaocetg oty 5'-NCR meproxr) arewkoviotnkav
omv Odevtepotayry Sopr) tov IRES yevetikod otolxeiov TV avrtiotolyov
IIPOTOIIOV EPPOAAKDV OTEAEXDV.

Kat ta dvo tika oteAéyn yevotomoo Sabin 1 (I1, 12) anopovebnkav amno vy
epPortaopéva atopa. Kat ota dvo oteAéxn tavtonou|nke i petaMadn C583G
omv 5-NCR meproxr) n1 omoia odnyel oy avikatdotaon &vog (ebdyovg
Bdoewv C-G amod 1o G-G. Avt) n petalaln evromifetar oe pua OikAwvn
neptoxr) Tov IRES cis-acting yevetiko0 otolyeiov xat ocoykekpipéva otov pioxo
g neploxt)g VI 1) onota amotelet ) 0€on mpoodeong TOL KOTTAPIKOL HENTdIon
P52, evog mapAyovia AmdpaitiTov yld TV HPETAPEAOC!] TOL YEVOHATOG TV
noAwoiwv (Equestre et al. 1991). Qotooo, n apvntikr) emidpaor) oo Ha priopovoe
va éxet avt) 1 petaaln omyv Oevtepotayr Sour] tov IRES yevetikov
otoleiov, mbavov dAIo@evYETAl HEO® TOL  PALVOPEVOL TG OLV-

petapAntotntag. Emum\éov, 1 petalaln U525C tavtomou)bnke oto 1Ko
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otélexog I1. Aot n petaladn 1) omoia evromiCetat oty meploxr) V tov IRES
cis-acting yevetikod oOTOlelov Tapéxel &va  EMAEKTIKO MAEOVEKTHA
anokatotovtag v otabepotnta evog fedyoog Pdaoemv  petaid TV
vooxkAeotdimv 480 xat 525 (AU oto otéeyog aypiov-tormoo Mahoney, GU oto
otéhexog Sabin-1 kat GC oto otélexog I1). H amootabepomnoinon avtod tov
Cevyoug Paocewv oto yevopa tov Sabin 1 epPolakod oteAéyovg oxetiletal pe
Vv petworn) g vevpopoAvopatikotnrag (Christodoulou et al. 1990; Kawamura
et al. 1989).

Zwv VP1 neployn) tov Sabin 1 tikov otedexmv tavtonou|dnke n petdAadn
[le90Met 1 omoia amotelel AVAOTPOPH] OTO YEVOTLIIO TOL AYPLOL-TOIIOL
otehexovg Mahoney (Cherkasova et al. 2002) xat mepthapPdvet éva xkatdAouro
rov evromriCetat otov B-khovo B g VP1. To xatdhouto Ile-90 ooppetéxet oe
vdpoofikeg alnAemdpdoelg pe to katalouio Thr-106 otov P-xkhovo C
YEYOvog 1o omoio ovpPalet oty xapaxktnpotikyy avadimieon g VP1
(avtuzapdMnlo B-Papéit 8 xKAeavev) npoteivng. Enuriéov, 1o katalouro 106
arotelel évav amo tovg xOplovg kabopioteg g eSaobéviong tov Sabin 1
epPoAtaxod oteAéxong Kat petaAadn oe avtr) ) 0éon £xer ovoxetiodel pe v
avdnon g VELPOHOADOHATIKOTTAS Ot epfoAtoovvdeopeva Sabin 1 oteAéxn
(Bouchard et al. 1995). Kata ovovéneiwa, 1 petalaln Ile90Met pmopet va
ennpedoel eupeca TV vevpopolvopatkomta. To xatdlouto 90 emiong
OLPPETEXEL OTOV OXHATIONO TG avtiyovikng 0éong N-Agl, 1) onoia anmoteleitat
aro ta xataloura 90-105 g VP1 (Herremans et al. 2000). TI'evika 1
OLOOWPELON  HeTANAACE®V  OTlg  aviyovikég Oeoelg (N-Ags) elvatr  eva
ovvnbopévo gawvopevo enedn) avtég ot Béoetg etvat ot mo extedepéveg otV
eCMTEPIKI] MAELPA TOL KAWWOIOL KAl LEPIOTAVIAL DYNAL] AVILYOVIKI) IIEOT).
Emmurhéov, o evtomopog petal\alenv otig avityovikég Oeoetg mbavov amotelet
P€POG PG OTPATNYIKIG TOL 100 IOV OTOXELEL OTHV dlapLyI TOL arIod TV
aVOOOAOY1KI] AIIOKPLOr] TOV SeVIOTH).

Oxt® amo ta Sabin 2 tikd otedéxn amopovednkav amod vyu) epPoliaopeva
atopa eve tpla oteAéyn amopovabnkav amd dropa pe epPoAloovvoeopevn
rapalotikr) moAtopvehittda (VAPP). OAa ta oteheyn nov arnopovednkav arro
atopa pe VAPP xat entd amd ta otekéyn mov dmopovobnkav amd ovyuy
epPolaopéva atopa eppavioav v petaliadn A481G oty 5'-NCR meproxi).

Avt) 1 petdMadn evromiCetatr oty meproxn) V tov IRES yevetikov otoiyeiov
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Kat 1) napovotia mg A ot 0éor) 481 amotelet Evav amod Tovg Koplovg kaboploteg
g eSaobéviong tov Sabin 2 epPoAtaxod oteAéyovg (Friedrich 1996). Avt) n
emdpaon otov @aivotono oxetifetat pe v eSaobevnpévy mpoodeorn TOL
napayovta elF4G oty neproxn) V tov IRES yevetuov otoyetov (Ochs et al.
2003). Exet Ppebet o1t ota epPoAliaopeva atopa, n adevivn otn O¢on 481
o@plotatal yprnyopd avaoTpo@r) 0 youdavivi) TOL aypilov-TOIOL IIPOYOVIKOD
oteAexoug. Qotooo, povo 1o 50% TV ePPOANAOPEVOV ATOP®V AIIEKKPIVOLV TIKA
otelexn) Sabin 1 pe avaotpogr) ot 0¢on 480 n omoia amotelet évav armd tovg
Kbprovg kabopioteg g e§aoteviong tov Sabin 1 epPoliakod otedéxoog (Minor
1999). Avtr] n mapatjpnorn oLvpP®Vel HE TA AIOTEAEOPATA TG IIAPOLOAS
peletng kabwg oe OAa oxedov ta Sabin 2 tika otehexn 1 petaliadn A481G
tavtonouwdnke eve Kavéva amd ta Sabin 1 tika oteAéxn dev ep@dvioe Tnv
avtiotowyn petdMadn A480G. Enmurhéov, i petdAadn U398C tavtonou|Onke oe
tpia Sabin 2 tika oteexn mov anopovaobnkav amo vyu) epPolacpeva dropa
Kat og éva oteAexog mov aropovadnke aro aropo pe VAPP. Exet mpotabet ot 1)
petaraln U398C kat n petaAadn U437C r) onoia tavtonou|dnke 0to otéAexog
I5, éxoouv emiong kdmowa oopPoAr) otov eaclevipévo @aivotomo tov Sabin 2
ePPOALaKOD OTEAEYOLG Kal OtV avaotpodr] Sabin 2 1ikmv otedex®v IIPog
vevpopolvopatika (Friedrich 1996). Enurhéov, 1 petdMaldn U398C éyet
rapatnpndet ooxvd oe Sabin 2 1ikd ote\éxn) ov arnopovednKav aro datopa pe
VAPP (Muzychenko et al. 1991; Macadam et al. 1991). Ot petal\aSerg U398C
kat U437C evromilovtat oe éva dikhovo tprpa tng meproxng IV tov IRES
YEVETIKOD OTOLYEIOD KAl OVYKEKPIHEVA PETATPENIOVY eva (evyog Pacewv GU oe
GC. Etvat adoonpetiotn) 1) apovotia g petdAadng C584G oe 0OAa ta Sabin 2
UKa oteAéxn extog tov I10. Avtr) n petaMaln evromiletat otov pioxo g
rreprox1)g VI tov IRES yevetikoo otoiyeiov kat petatpénet eva {evyog Paoeav C-
G oe G-G. Qotooo, 1 apvntki) emdpaorn avtyg tng petdAadng mbavov
AIOPeLYETAL PEO® TOL QAWVOPEVOL Tng ovv-petaPAnromrag. H petahadn
U597 A oto otélexog 17 Spa pe tov id10 tpomo onwmg kat 1 petaMadn C584G. Ot
petaliadelg US67A oto otelexog 110, US75A oto otédexog 14 xat C576U oto
otélexog I5 evroniovtat oe povoxkhmveg neploxég tov IRES yevetukov otoiyeiov
KAl OOYKEKPIEVA otV petaPAntr) neptoyn) (Xm) tov oovinprnpévoo potifoo
Yn_Xm_AUG to omoio eivat anapaitnto ywa Vv petagppaot) tov tikod RNA.

Kata ovvénewa, avteg ot petaldadelg etvar amibavo va emnpedaloov tv
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devtepotayn dopr) tov IRES yevetikod ototyelov Kat TV armoteAeopHatikot)Ta
G HETAPPAOT.

Ta Sabin 2 tika oteAéyxn yapaxtnpifoviat amod évav aocovrfiota vynio
pLOpo pn-ovvevopwv petalalemv  otmyv VPl meproyr). To mpotomo
petal\alemv avt®v oV otedex®v Epyetat oe avtifeon pe ta mpotona
petalademv mov €xoov mapatnpnbel oe mpornyovpeveg HeAéteg OMOL Ot
OLVOVLHEG METANNASELS DIIEPTEPOLY TOV HIN-OOVAOVOH®DV HETANASEDV OtV
VP1 neproxr) (Cherkasova et al. 2002; Bellmunt et al. 1999; Georgescu et al.
1997; Kew et al. 1998). Mia vo0eor oxeTiKd e avTo TO IPOTLIIO PETANASEDV
Oa pmopovdoe va elvar 11 AvAayKAdlowTa TG OLOOMPELONG HI-OOVAOVOHOV
petalalemv oote va kataotalet n dpdon aMwv petalalemv mov eivat
orevOvveg yia v e§aodevnon tov Sabin 2 epPfoliaxov otekexoug.

'ESt Sabin 2 tika oteAéyn eppavicav petd Aadn oto katalouto 143 g VP1
10 omoto avtikataoctadnke amno Palivny (Val), aonapayivn (Asn) 1) Opeovivy
(Thr). Téooepa ard avtda ta oteAéyn aropovednkav amo vyu) epPoltaopéva
atopa xat dvo amd dropa pe VAPP. Zoykekpypeva, 1 petdAadn Ile143Thr
amoteAel AVAOCTPO@PI] OTO IIPOYOVIKO OTEAex0og aypiov-tomov. Emuréov, To
katdhouro 143 g VP1 amotedel évav amo Ttovg kvplovg Kaboploteg tng
e§aobevnong Tov Sabin 2 epoliakod oteAéyovg kat petdaA\aln oe avtr) ) 0éon
gxel ovoxetiobel pe v avdnon g VELPOUOALOPATIKOTTAG O¢ Sabin 2 tikd
otelexn) (Friedrich 1996). To xatahouto 143 g VP1 evroniCetat oty OnAwd DE
¢ VP1 mpateivng. H OnAwa DE alnAemdpda pe v OnAwa BC tng VP1 wote va
oxnpatobel n avtyovikn 06éon 1 (Wiegers et al. 1989) xat emumhéov ) OnAia BC
Oewpettal ot enmpedlet To eVPOG EeVIOT) TOV MOAOIDOV PECK YEYOVOT@V IOV
nepAapPavoov v aAnAemdpacn 100-LIOdOXEAd OTa dPXIKA OTddia Tng
poAovong (Moss and Racaniello, 1991). 'Etot, etvat mBavov ot i enidpaor) too
kataloimov 143 g VP1 oy eSaobévnon tov Sabin 2 epfoliakod oteAéyovg
oxetiCetat pe yeyovota oo nep\apPavoov v aAAnAenidpaon tov-vrodoyéa
ota apykd otadia g polovong (Macadam et al. 1993). Ta tika oteAéxn 16, 19,
I10 xat I11 dev eppavioav vooxAeotidukég petaladelg otnv VP1 meploxr). Aoto
ONpaivel OTL 11 KOKAOPOPIA ALT®V TOV OTEAEX®V ELVAL HIKPLG XPOVIKIG
dapxetag xkabwg 1 opobeoia tov 1% mooootod aroxkAiong oty VP1 detyvet ot
éva 1Ko oteAeyog KokAogopet yia tovAayiotov 1 ypovo (Dowdle et al. 2003).

Qoto00, avtod dsv atvet OTtL Td KA oteAéyn oo spoavidoov < 1% moocootod
, onp X1 pe
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arnokAong Oev elvat wava va petadidoviar amd dropo oe dTOpo O
mANBoopovG e EPLOPIOREVT] AVOOOAOYIKI) KAALYT, Kabwg ot petarAadelg moo
ovoxetiCovtat pe tov eSaofevnueévo @awotono v Sabin  epPoltaxev
OTEAEX®V DPLOTAVTAl AVAOTPOPI) MPOG TOV YEVOTLIIO ayploL-TOIIOD IIPOTOL Ol
VOUKAEOTIOKEG peTaAAASelg va gtacovy oto eminedo tov 1%. I'a napdaderypa,
ta Sabin 2 tika oteAéyn 13, 112, 15, I8 xat I7 mapd ta yapnAd moocootd
anokAong oty VP1 mepuoyry (0.11%, 011%, 0.22%, 0.22% xat 0.33%,
avtiotoya), epavioav petalladelg oe KOplovg Kabopiotég g eSaobévnong
otig 5-NCR kat VP1 yeveopwkég neploxeg (vooxkAeotidro 481 tng 5'-NCR xat
katalouro 143 g VP1). Emiong, ta oteAéyn 19, 110 ko 111 pe 0% mocoota
anokAong omv VP1 meploxr) eppavioav petalladn ot Oéon 481 g 5-NCR
IIEPLOXT|G 1] oIoia aroteAel Evav arrd Tovg KOptovg Kaboptotég g eSaobievnong
tov Sabin 2 epPoAltaxod oteAéyovg. Emurhéov, to otélexog I1 (0.22% mooooto
anokAong otnv VP1) eppavice petaladeilg oto katalouto 90 g VP1 xat oto
vookAeotioto 525 g 5'-NCR meproyrig ot omoieg enmpealoov eppeoa tnv
VELPOHOALOPATIKOTTA TRV Sabin 1 tikwv oteAexwv.

H aMnloovyion tov 5-NCR xat VP1 yevopwkev neploxmv dev evtomoe
avaoovOuaopo ota otehexn yeyovog To omoio etvat avapevopevo kabwg o
avaoovOLaopog etvat OIAvVio Qatvopevo oe avtég tig eptoyég (Blomgvist et al.
2003; Martin et al. 2002; Dedepsidis et al. 2008).

Ta anoteAéopata g mapovoag peletng detyvoov 0Tt 1) alnAovyion tav 5'-
NCR xat VP1 meploxov eivat onpaviikr] yld TtV HOPWIKn didyvwon tov
nolwieov. H avalvon avtov tov neployev deiyvet ot epPoliocovdeopevor
nohwoiot etvatr dvvatov va efehiyfovv oe petadoolpa KAt POADOPATIK
nafoyova peo® TG oLOOWPELONG PETANASEDOV TOOO 0e dOpIKA otolyela Tng
VP1 (avtiyovikég 0éoetg, reptoxt) IPOodeotg TOL KOTTAPIKOD DIIOOOXEM) OO0 KAt
oe kabopioteg g e§aobevnong Tov Sabin epPolakmv otedeywv otig 5-NCR
kat VP1 neproyég. Emum\éov, oopmepatvetrat ott dev elval onpavtiko povo 1o
mooooto amoxAong otv VPl mepoxr) aMda kopiog ot 0éoelg oOmov
evromiovtat ot petaradels. O xapakt)plopog epBoAloovvOeOpevVeOVY TOAOTOV
oo PaoiCetat otig 5-NCR xat VP1 alnlovyieg Oa pmopovoe va Owmoet
emMIAEOV IANPOQPOPieg OO0V aAPopd TNV eGENISH TOV OTEAEXDV AVTOV.

Eva dMo xepdAaio g mapovoag datpifPr)g ArmoteAece 11 OLOXETION

petaM\aemv  Kat  avacuovOvaopmVv  pE TV KWVNTIKL]  avdmtodng
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epPoAtoovvOeopevov moAwoiev. I'a 1o oxomd avto pelemOnkav 14 tika
OTEAEXT] €K TOV OMOLMV 6 UKA OTeAeEXT) Epepav AIAOLS AVACLVOLAOHOVG, 6 TIKA
otelexT) epepav dHUINOLG avaovLVOLAOPOVLS KAt OVO UKA oteAéxn ta omoia dev
¢pepav avaoovovaopo. Ilpoodiopiotnkav ot @arvotomkég 1010tnTeg Kabe
KOO OteAéyovg Omwg 1 Oepposvatobnoia kat 1 KNtk avdmtodng Kat
ovoxetiodnkav pe yevePKEg TPOIOIOW|0elg OIG Ol avaouLvOLACHOL KAt Ot
petarAaders.

Ta npotonia epPoAtaxda oteAéxn (Sabin 1, Sabin 2, Sabin 3) Stagépovv amod
Ta IPOYOVIKA TOuG OTeAéxny ot  Proloyikeg 1O10TNTEG  EKTOG NG
VELPOHOAVOPATIKOTNTAG, KATIOEG ATIO TI§ OIoieg Exovv xprnotponowmdel og in
vitro paptopeg MPokepévou va eleyyet 1 Moot Ta véov naptidev epPfoiiov
npw yitvoov teot vevpopolvopatikottag oe mbnkovg. To RCT teot xat n
KAQpImoAn  avarrtodng evog otadioo éxoov  xprnowpomoubel ®¢ in  vitro
PAVOTLIIKOL PAPTLPEG Yyia TV Tavtonoinorn epPfoAloovvOeoevmy MOAOImY
pe avinuévn veopopolvopatikotnta (Christodoulou et al. 1990; Macadam et
al. 1989; Macadam et al. 1991; Bouchard et al. 1995; Georgescu et al. 1995;
Tardy-Panit et al. 1993; Gutiérrez et al. 1997; Georgescu et al. 1997; McGoldrick
et al. 1995; Georgescu et al. 1994; Martin et al. 2004; Cello et al. 2008; Malnou et
al. 2004; De Jesus et al. 2005).

O @awotonog avamntodng 8 eppfoiioovvdedpevav moAwoiav (ITivaxag 2.2),
€K TV omoiav 6 @épovv amlodg avaovvOvaopovg kKot 2 elvatr pn-
avaoovovaopeva, kabmg Kat TV Sabin epPoAakdv oteAex®Vv IIPpoodtopilotnke
oe dvo dragopetikeg Oeppokpaoieg (37°C xar 40°C) xpnowponoimvrag 6vo
dragopetikeg pebodovg (RCT teot kat KapmbdAn avdarrtodng evog otadiov).

210 pn-avaoovdvaopévo Sabin 1 otéheyog (II), n mapovoia petaladewmv oe
yveotovg kabopioteg g eSaobéviong kat g Oeppoevatotnoiag (vovxAeotidio
525 g 5’-NCR neproyrig xat apivoliko katalowuro 106 g VP1) 1 oe daAAeg
O¢oerg g 5-NCR meproyrig (vooxAeotidio 583) xkat g VP1 meproyng
(katahowra 96, 99, 168, 220) mov epmAékovtai OtV UKI avilypa@r), Oev
emnpedalovv TNV Kwntiky] avdamntoéng 1ooo otovg 37°C 6oo kat otovg 40°C
kabog to otélexog avto avriypdgetal mapopowa pe To Sabin 1 epPoAiaxo
otéAex0g. 201000, TO OTEAEYOG AVTO EUPAVIOE PEPLKI] AVAOTPOPL O VAV HI)-
Oeppocvaiodnto @awvotono onwg npoxovmtet ano to RCT teotr (RCT tpn 2.0

povddeg). H aovpgavia tov amotedeopdtav tov 0vo pefodmv mbavov

138

Institutional Repository - Library & Information Centre - University of Thessaly
18/05/2024 14:33:52 EEST - 18.223.170.38



Kepalaio 4

oxetietal pe 1o yeyovog OTL aLTEG MAPOLOLACOLY TNV UKI] AVILypdPr] yid
dragpopetikeg xpovikeg meptodovg. To RCT teot Oetyvet Vv tikr) avdamrtody) peta
aro 5 pePeg ENMAONG VM 1) KAPITOAL avarrtodng evog otadiov mapovotdlet v
K1) avdntodn Katd Vv OldpKeld ToV IPpOTeV 12 @p®v petd TV HOALVOL TOV
kottapav. levika 1  mapovoia mnoMev  dMev  kaboplot®v g
Oeppoevatodnoiag (vooxAeotidwa 935, 1944, 2438 xat 2741) oto 5 dxkpo tov
yevopatog tov Sabin 1 epfoAtaxod oteAéxovg Kdavel OOVOKOAN TV aAvAoTPOQr)
TV Sabin 1 tikov otedexmv oe évav prn-Oeppoevaiodnto garvotono (Bouchard
et al. 1995).

Avo amo ta avaoovovaopéva Sabin 2 tika oteAéxn (EP9 xat EP12) (S2/51)
EPPAVIOAV VAV EMTAYOVOPEVO HOADORATIKO KOKAO Og OLYKPLOL pe To Sabin 2
npotoro epPoltako otélexog. Qotooo, Ta avaovvovaopéva Sabin 2 tikd
otehexn IF (52/51) xat ID (S2/S1) epgpavioav mapopold KvnTiki) avartodng pe
10 Sabin 2 mpotomo epPoAlaxko otédexog. Ze OAa ta Sabin 2 Uika oteAéxn
tavtonownke 1 petdA\adn ot B¢on 481 g 5'-NCR meproxrg kat oe dvo armo
avtda (EP9 xat EP12) tavtonou)Onxe ermurAéov 1) petaAadn oto apvodo 143 tg
VP1, Bé¢oeig oo amotehodv kOprovg kaboplotég g eSaocbéviong tov Sabin 2
epPoAtaxod otedéxyovg. Kata ovvemela, o EmTAaYLVOHEVOG  QPAIVOTLIIOG
avamntoéng tov otedexov EP9 xat EP12 oyxetifetatr pe wv mapovoia g
petaladng oto apwvodd 143 g VP1. Av xat ta oteAéxn IF xat ID eppavicav
HapOpold KN Tikr) pe 1o Sabin 2 epPfoAtaxo otedexog, to ID edeile vymAotepo
KO optio amod to Sabin 2 epPoliako otéexog oe kabe xpovikn) otiypr) petda
Vv poAvvor). Emuéov, 1o otédexog EP9 epgavioe vynlotepo 1ikod goptio amo
1o otelexog EP12 otig 6 xat 8 opeg petd v polvvon. Etoy, 1 petaMadn oto
vookAeotido 6203 tng 3Drel ota otedéyn EP9 xat ID mbavov éxer pua
ovveloQopda Oto  @awotomno avantoéng. Emum\éov, 1 petaMaln oto
voukAeotiowo 4473 g 2C meploxrg oto otéexog EP9 Oa pmopovoe va exet
KAIIOWd OLVELOPOPA oTtov @atvotoro avdmrrtoing. Xto RCT teot, tpia oteléxn
(EP9, IF, ID) xat éva otélexog (EP12) Sabin 2 yevotomov epgavioav pn-
Oeppoevatotnto gaivotomo Kat pepikr) avaoctpoPr) oe évav pn-teppoevaiodnrto
@awoOTLIIO AvTioTol d, Ol omoiot ¢pxovIal oe aviifeon pe TOLG PATVOTLIIONG
otovg 40°C otig kapmoeg avdrtodng evog otadiov. Zvykekpipéva, otovg 40°C
N avdantodn oAV tov Sabin 2 ikev otedey®V Mapeprodiotnke ONwg KAt Tov

Sabin 2 poToIIoL epPOAAKOD OTEAEYOVG.
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To pn-avacvvdvaopévo Sabin 3 otélexog (729) eppavioe Tov 1010 GatvoToIIo
avarrroéng kat mv t0ta RCT tyur) pe to Sabin 3 mpotomno epPfoAtaxo otelexog
Iapd TV Iapovoid petalaemv oe onpaviwovg kaboptoteg g eSaobeviong
kat g Oeppoevaiodnotag (vovokAeotido 472 g 5-NCR meproxr)g xat
katalouto 6 g VP1 meproyrig). Ta avacvvdvaopeva Sabin 3 oteAéxn EP16
(S3/S2) xau EP23 (S3/S1), eppdavicav MapOpold KVNTiKY avdmtodng otovg
37°C pe 10 pn-avaoovvdvaopevo otéexog 729 xat pe 1o Sabin 3 mpodtvmo
epPoAiako otéhexog ard vynAotepo 1ixo titho (1,0-2,5 logio units) ota apyka
otadwa g polvvong. Emumkeov, ta oteAéxn EP16 xat EP23 epgavicav pepikn
avaotpo@rn oe evav pn-Oeppoevaiobnto @awvotono eve To otélexog 729
eppavice Bepposvaiodnto gawvotono onweg mpoxovrtet amno to RCT teot. Ta
oteexn EP16 xat EP23 epgdavioav petalladelg otovg 10tovg kaboplotég g
eaobeviong kat g Oeppoevatobnoiag pe 1o pn-avaoovovaopevo otéhexog 729.
Kata ovvénela ot S1agopeTikol QatvoToIiol 1@V avacuVOLACOHEV®V OTEAEX®DV
EP16 xat EP23 oe obykptlon pe eketvov Tov otehexoog 729 mbavov oyetifovrat
pe v mapovoia tov avaoovdvaocpov. H mapatrpnon avtr) epxetar oe
avtifeon pe ta amoteléopata piag mponyovpevng pehétng (Macadam et al.
1989) 1 omotia £de1fe o011 mapopowa Sabin 3 avacvvOvaopeva oteAéxn nrav
ehappwg mo Oeppocvaiodnta and alAa Sabin 3 pn-avacovovaopéva oteAéxn
oo neptetyav tig deg akpPmg petaladels. Oa npemet emiong va onpelodet
OTlL 1N Hepkn] avaotpodry tav otedexwv EP16 xat EP23 oe évav pp-
Oeppoevatiotnto @awotono oto RCT teot ¢pyxetar oe avtibeon pe tovg
@awotonovg otovg 40°C otig xkapmdAeg avamrodng evog otadiov Omov 1
avantodn Kat v Ovo otedexmv mapeprodiotnke Oneg xat too Sabin 3
IIPOTLIIOL £PBOAAKOD OTEAEXOVG,.

ZOPIEPAONATIKA, OTd Sabin 2 tikda oteéxn pe arm\o avacvvouaopod TOIIov
S2/S1 n petalhadn oto xatalouto 143 g VP1 nmpateivng evovoel onpaviika
my Uk avamtodn kat  mbavov v avaotpo@r)  1Ipog TV
vevpopolvopatikotnta. H petdMadn avtr) exet ovxvd napatnpnbdet oe Sabin 2
UKa otelexn nov anopovadnkav amd atopa pe VAPP (Macadam et al. 1991;
Georgescu et al. 1995; Muzychenko et al. 1991; Macadam et al. 1993; Georgescu
et al.1994; Equestre et al. 1991). Zta Sabin 3 tika oteAéxn, 0 avaovvoLaAoPOg TOL
Sabin 3 epPoliaxod oteAéyovg pe ta otedexn Sabin 1 1 Sabin 2 xat ) anmoktnon
yevopkng doprg S3/S1 1) S3/S2 evvoet v tikr] avdmtodn xat mbavov v
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avaotpo@r) IPog TV VEDPOHOADOPATIKOTTA. AVTI) 1) IIAPTIPN O] £PXETAL 08
ovopgpavia pe to yeyovog ott S3/SX avaocvovOvaopeva otehéxn éxoov ooxva
aropovabet arrd aropa pe VAPP (Karakasiliotis et al. 2004; Paximadi et al.
2006; Cuervo et al. 2001; Martin et al. 2002; Paximadi et al. 2007).

O @awotonog avdamtodng 8 epPfolioovvoeopevev molwoiav (ITivaxkag 2.3),
€K TRV omolwv 6 @épovv Outhovg avaovvOvaopovg kKat 2 elvar prn-
avaoovvovaopéva, kabwg Kat towv Sabin epPfoAtakmv oteAexmv poodilopiotnke
oe dvo Sragopetikég Oeppoxpaoteg (37°C kat 40°C) ypnotponowwvtag to RCT
TEOT KAl TNV KAPITOAL avarrtodng evog otadiov.

O @awotorog avamtovdng tov pn-avaovvovaopévoo Sabin 1 oteAéyovg (II)
ov(nmnke mponyovpévag. To avacvovdvaopévo Sabin 1 oteélexog (742:
S1/S3/S2) epgavice tov 1do @awotormo avdmrtodng pe 1o oteleyog 1L
ZoyKeKpéva, 1 mapovoia petalAaemv oe  yvoOotovg Kaboplotég g
e§aobeviong kat g Beppoevaiodnotag (vooxAeotidio 480 tng 5'-NCR meproxrg)
1] oe aAAeg B¢oeg g 5’ -NCR meproxr)g (vooxAeotidro 583) xat tng VP1 meproxr|g
(xatahoura 99, 142) mov epmAékovTal otV kI avitypagr), dev emnpedfoov
TV KW TIKI) avartodng 1000 otovg 37°C 000 kat otovg 40°C xabmg to oteexog
avto avilypd@etat mapopotwd pe 1o Sabin 1 epPfoAtaxod oteélexog. LQotd00, TO
OTéNeX0g aLTO EPPAVIOE HEPIKI] aAvVAOTPOPr) oe évav pn-Oeppoevaiodnto
@awotono oneg rmpoxomtet ano 1o RCT teot (RCT tipr) 2.0 povadeg).

H napovoia S1/SX (SX: S2 1 S3) avacvvdvaopeveov oteAexmv etvat Mo
onavia. Emm\éov, aAnlovyieg tov Sabin 1 oteAéxoog oovrifmg evtomifovtat oe
SX/S1 avaoovovaopéva otedéxn (Macadam et al. 1989; Georgescu et al. 1994;
Cuervo et al. 2001; Driesel et al. 1995; Gavrilin et al. 2000; Savolainen-Kopra et
al. 2009). To yeyovog avto mbavov oxetiletat pe v avinpév) appooTKOTTa
tov SX/S1 avaoovdvaopévav otelexov evavit tov S1/SX otedeymv. Ot
kabopiotég g e§aobeviong xat g Beppoevatotinoiag tov Sabin 1 epoliakod
OTEAEXOVG KATAVEHOVTAL O ONO TO YEVOPA AANC Ol IIEPLOCOTEPOL eVIOmi{ovTal
otV 5'-NCR nepioxr) kat oty neptox1) too kaydioo (Bouchard et al. 1995). To
Sabin 1 epPoAtaxo otéexog mOavov avtalAdoetl 10 5 AKPO TOL YEVOHRATOG TOD
pe exetvo tov Sabin 2 1} Sabin 3 epfoliaxov oteAéyovg wote va amalayet aro
avtég TG METAAAASCEG TIOL PEWWVOLV TNV dappootikotyta tov. H Sabin 1
epPoAtaxt) mpogAevon tov 5 dxpov tov otedeéxovg 742 (S1/S3/S2) obnyel otnv

anoktnon noMov kaboplotov efaocbéviong xatr Oeppoevaiodnotag. Kata
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ouveneld, to otéexog 742 avtiypdgetat mapopola pe to Sabin 1 mpotomo
epPoAlaxo otéeyog mapd TNV napovoia petaAAadng oe évav xbvplo kabopilot)
e§aobeviong kat Oeppoevatodnoiag g 5'-NCR meploxrg (vooxkieotidio 480).
Emu\éov, n mapovoia avaocovdvaopov oto otélexog 742 dev emmpedalet tov
@awotornd Tov Kabwg avtd epgavifel pepkny aAvaotpo@n) Ot £vav pn-
Oeppoevatotnto @aivotono oto RCT teotr Omewg KAt To pn-avacvvovaopévo
Sabin 1 otéAexog (II).

ONa ta Sabin 3 tikd oteAéxn ep@avioav petaldadelg otovg 1010vg
kabopiotég eSaobéviong xat Beppoevatobnotag mov evromifovtat otig 5-NCR
kat VP1 meproyég. Kata ovvénela, ot Siapopetikol paivotouIiol tov oteAex®mv
LK3, LK6 xat LK10 pe avaoovOvaopo tomov S3/S2/S1 oe ovykplon pe
eketvoog tov otedexav EPA, EPB pe avaoovdovaopo tomov S3/52/S3 kat tov
pn-avaoovovaopevoov otedéxoog 729 mbavov oxetifoviat pe v Iapovoia
MOV PeTAMNACEDV OTO YEVOPA KAl He TOV TOIO ToL avacvvdvaopov. Tétoteg
Oé¢oelg etvat n apvolikry vmokataotaon His-73-Tyr g 3D molopepdong 1)
omota etvat évag yvmotog kabopiotr|g eSaobéviong kat Oeppoevaiodnotiag too
Sabin 1 epPoAtaxod oteAéyovg kabmg xkat petaladetg otig 5'-NCR, VP1, 3A, 3C
kat 3D meproyxég tov otedexov LK3, LK6 xat LK10. O Aettovpyuog poAog
auTeV T®V petal\aieav Oev €xetl mpoodloptotel akOpa aA\d 1] IApovoia Tovg
ota oteAéyn LK3, LK6 xat LK10 &eiyver Otl mapexovv &va emAeKTiKO
DAEOVEKT|PA KOl DIIOOTNPICOuV TV avaotpo@r] TV epPoAtocovdeopevav
otedex®V pog vevpopoAvopatikd. Emiong, o tonog avacovovaopoov S3/52/S1
tov otedexov LK3, LK6 xat LK10 odnyet omv efalewyn tov KOPLOV
kaboplotov e§aobeviong kat Oepposvaiobnoiag mov evromi{ovtat oto 5 Axpo
tov Sabin 1 epPoAiakod otehexovg oe avtibeon pe 1o otéheyog 742 (S1/S3/S2).

ZOPIEPAOPATIKA, 1) ITapovoia tov Sabin 1 epPoAiaxkod otedéxovg oto 3’
akpo avaocovvdvaopévemyv  epfoAloovvdedpevedy  TIOAOIOV  €ovoel TV
avaotpo@r) ToLG IIPOG VEDPOHOADOPATIKA. ADTO OUPP®OVEL PIE TO YEYOVOG OTL
Sabin 2 xat Sabin 3 avaocvovOvaopeva otehéxn éxoov amnopovabel ooxvd amo
atopa pe VAPP eve kavéva amo ta Sabin 1 otehéxn nov anopovebnkav amod
atopa pe VAPP dev Bpebnkav avaocvvdoaopeva (Macadam et al. 1989; Furione
et al. 1993; Georgescu et al. 1994; Otelea et al. 1993). Emum\éov, Sabin 2 xat
Sabin 3 avaocvvdvaopeva oteléxn pe to Sabin 1 otedexog oto 3° akpo exoovv

aropovabet mo ovxvd anod datopa pe VAPP oe ovykplon pe exetva ta omoia
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@epouv to Sabin 2 1) Sabin 3 otéAexog oto 3" dKpo. Ze pia IporyoLpevT) pelét),
OAa ta Sabin 3 avaovvdvaopeva otehexn pe to Sabin 1 otéleyog oto 3" axpo
(dvo pe avaoovvOvaopd tdmov S3/S2/S1 kat éva pe avaocvvOLAOHO TOIIOV
S3/51) eixav anopovwbet ano atopa pe VAPP eve tpla amo ta teooepa Sabin
3 avaovovdvaopéva oteAéxn pe to Sabin 3 otéheyog oto 3’ axpo (S3/S2/S3)
etyav anopovabet amo vyu) epPoitaopéva dropa (Macadam et al. 1989). Znv
rapovoa pelétn), xat ta dvo S3/52/S3 avacvvovaopéva oteAéxn €xovv eImiong
aropovabetl ano vyu) epPoAtaopéva datopa. Emmléov, i) napovoia oteheymv
pe avdnpevn VELPOHOALOPATIKOTNTA OTo IEPPAlAov onwg ta tpia S3/52/S1
avaoovovaopeva oteAéxn (LK3, LK6 xat LK10), tovifet tv avaykaiotta yia
mePPAANOVTIKO EAeyyO.

O é\eyxog g Oeppoevaiobnoiag kat 1 KWwNUKY —peAET)  ToOV
epPoAtoovvOedpevOV  oteAex®V TOAWOIOV (e  amhodg KAt pe  Ourhovg
avaoovOuaopong) £0etse OTL TO0O0 Ot PETANNASEL 00O KAl O AVAOLVOLAOPOG
HIIOPOLY VA EMNPEACOLY TG PALVOTLIIKEG TOLG O10TNTEG KAl va 0dnyrjocovv
OtV  avaotpo@r) MPOog  VeELPOPOALOpATIKA — otehexr. EmuMéov, o
avaoovOLAaopOg EMITPEIEL €lTe TV OLOOWPELOIN AVAOTPOP®V ot Béoelg
kabopiotég g eSaotéviong kat tng Beppoevatodnotag oe éva 1iko yévopa eite
Vv e§dalewyn) karnowwv kaboprotev eSaodéviong xat Oeppoevatodnoiag amno éva
KO yévopa. Qotooo, 1o Sabin 1 epfollakod otéleyog eival yevetlkmg IO
otabepd amo ot ta Sabin 2 xat Sabin 3 epPoAlaxd otedéxn AOywm TV
eploootepmv Kaboplotmv eSaobéviong kat Oeppoevatobnoiag oto yevopd tov.
Avto mbavov eppnvedet tov Aoyo yia tov omoio ta Sabin 2 xat Sabin 3
epPoAtooovOedpeva oTeNéXT) AIIOPOVAOVOVTAL 0 ovXVd amo atopa pe VAPP
oe oLYKp1on pe ta Sabin 1 otedéxn (mepimov 10 12 % POVO TV MEPUITMOEDV)
(Strebel et al. 1992; Strebel et al. 1994).

Ao 1o 1960, ot molwoiol eAéyyovtal AIOTEAEOPATIKA e T1) XPrjon Ovo
epPoAimv: tov amevepyomoupévoo IPV xat too {wvtavod OPV (Kew et al.
2005). Ao to 1964, 1o OPV éyive 10 epOAI0 emAOYI|G OTIG IIEPLOOOTEPES XDPES
TOL KOOpOL KAt Oodnynoe oOe ONHAVIIKY] Hel@ON TRV HEPLOTATIKOV
HOAOPLENMTIOAG OPENOPEV®DY O POADVOELS P TTOALO100G aypilov-TvIoL (arId
350.000 neprotatikd oe 125 evOnpixég xwpeg to 1988 oe 1.310 meprotatika oe 4
xopeg 1o 2007) (CDC 2008). Qotooo, Tnv dexkaetia tov 1990 avayveplotnke 0Tt

emoOnpieg MoAtopLeAiTIdAg PITOPOLV Va IIPOKANECOLY  Kat epfBoAtoovvdedpeva
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OTeENEX!] TIOAOTOV TA OHOld HEO® TIG OLOOWPELONG METANAASEDV  Kdal
avaoovOuaopmv £xoov yivet veopopolvopatika. Méxpt to 2005, é8t emdnpieg
o@elNOpeveg o0t  KOKAO@QoOpoLvta epffoAloovvdeopeva  OteNéxn IMOAOI®V
(cVDPVs), eixav avagepbet. Emum\éov, oe ondvieg nepurtwoetg (1 mepimtaon
ava 750.000 epBoiiacpong) ta oteAéxn too OPV epPoAiov éxoov odnyroet oe
VAPP (gpPolioovvdeopevny mapalvtikr] moAopvelitida) (Kew et al. 2002;
Shimizu et al. 2004; Rousset et al. 2003; CDC 2004). H epgpavion mepurtooemv
VAPP xat ) ariopoveorn VDPV otedexaov odrjynoe tov Ilaykoopto Opyaviopo
Yyelag va mpoteiver v Owaxorr) g xopnynong too OPV epPoliov 0co 1o
duvatov CLVTOPOTEPO PETA THV eGANeNPT) T®V MOAOI®V AyPLOL-TOIIOD KAl TNV
ovveyton tov gpPoAtacpov pe to IPV (Heymann et al. 2006). Ze pia emoxn
ekpi{mOong TV MOAOIOV ayplov-TdIIoL, 1] KOpA Iny1) HOADVONG artd TOAL0101g
naykoopieg eivat ta epPolioovvdeopeva otedéxn. Kabwg n mietoyneia tov
Xopov éxel avtikaraotmoet To gpPfoito OPV pe 1o IPV xat Aappavovrtag
ooy ot to [PV dev enayet ta idwa enineda avooiag pe to OPV, n eloayoyr)
avaoovOouaopevov  epPfoAloovvOeopevoy  TOAOIOV — pe  avdnpevn
vevpopoAvopatikotta Oa eixe cofapég emumtmoelg otnv dnpoota vyeia.

To OPV dpyxwoe va ypnowponoteitar oty ENdada amd to 1964 pe eva
npoypappa epBoliaopoo to onoio mephdpPave 4 dooeig oty nAikia tov 2, 4,
6 , 18 pnvev xat pua evioxotikn) 6oon otV nAkia tov 4-6 etov. To epBoio
OPV mepiéxet KAt Toug TPELG OPOTLIIONG TV MOAIwV Sabin 1 (1T0A1010g TOIIOD
1), Sabin 2 (mmoAtoiog tomov 2), Sabin 3 (rmoAwoiog tomov 3) oe pa avaloyia
10:1:3 avtiotoiya. Avto 1o mpoypappa eppoAiaopod odnynoe otV eSalewyn
TRV evOoyevav IMepuIt®oedV ITOAtopveAittdag amo to 1982 (Frantzidou-
Adamopoulou 1992). Qotooo, 1) EN\dda éxet mepacet otV armokAEIOTIKI) XP10n)
tou epPoliov IPV amod 1o 2005 onmg ovpPaivel mAEOV KAt OTIG IMEPLOOOTEPES
X0peg oTig omoieg éxovv eSaleipet ot moAotot aypiov-tomov. Katda ooveneta o
é\eyxog TOL emurédov avooiag tov avipomivoo mAnBvopod Evavit TV
oAwoiewv Kpivetatl wWaitepa ONpAvTiKOg o pid petapatikr) mepiodo amo to
OPV eppoAio oto IPV.

Zmv napovoa datpiPr) npayparonou)dnke Eleyxog Tov emurEdov avooiag
atopev nAikiag 1-40 etov evavtt Tov Ipotonmv epPoAlakenv otedexov (Sabin 1,
Sabin 2 xat Sabin 3) xat prag ooMoyrg 15 avaoovOvaopeveov kat 4 pn-

avaoovovaopeveoyv  epPoAtoovvdedpevav  moAwimv  pe T pebodo  1ng
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opoegoudetépmong. Aev mapatnpnnkav onpaviikég Slapopeg oTovg TITAOLG
TOV AVIIOOPATOV TG NAKLakng opadag 1-40 évavtt Tov epPfoAtooovdeopevav
IOAOi®V 0€ OLYKPOT pe Ta Ipotond epPoltaxd oteAéyn. ESaipeon) amotédecav
dvo Sabin 1 epPolioovvOeopeva otelexn, 742 kat 522, pe T0 IPMTO VA PEPEL
avaoovvovaopo toroov S1/53/S2 kat to 8evTePO va eivatl pn-avacvvoLaopEVo.

Kat otoog tpelg opotvmong moAoimv, ot vynAotepot TITAOL AVIIOOPATOV
napatprnkav omv nAwkwaxny opdda 1-10 eve o yapnAotepog TitAog
avtioopatov napatnpninke omy nAtaxr) opdada 21-30 evavit TovV IOAOIOV
opotorov 3. Tevikd n opoloyikr| Katdotaon tov IANGLOpoL eivatl KaAvTepn
yla Tovg MOAL0T00g TOI®V 1 Kat 2 amd Ott yid tovg moAoiovg tomov 3. Ta
AIIOTEAEOHPATA AVTA OLPPMVOLV e eketva mponyovpevav peketov (Frantzidou
et al., 2005, Mastroeni et al., 1997; White and Green, 1986). H napovoia tov
XApnAOTeEPoL TITAOL AVTIOOUAT®V OtV NAKlaky opdada 21-30 évavtt tev
HoAoi®wv ToOrov 3 delyvel TNV AVAYKAOTNTA Yld A €VIOYOTIKY) OO0 He TO
povoobeveg Sabin 3 epfoAakd otéhexog wOTe VA OLAOPAANIOTEL 1] ATOPIKI) KAl 1)
OLAANOYKI) avoota.

e pua ernoyn petd v avikatdaotaon tov epPoiioo OPV amd 1o IPV otig
MEPLOCOTEPEG AVAIITOYPEVEG XDPEG Kat AapPavovtag vnoyn tnv aobeveéotepn
avooonoinon mov endayet 1o IPV , o é\eyxog tov emurédov avooiag too
mAnBoopod oe TAKTA XPOVIKA Otaotpara kpiverar avaykaiog. H napovoia
mANBoop®V pe Kevda oty avoooloyikr) KaAoyt) Oa pmopovdoe va odrnyrjoet otnv
eppavion emdnpuwv moAtopveAititdag oge\opeveg eite oe cVDPV eite oe
E10ayOpeVa OTEAEXT) TTIOAOT®V ayPlov-TOIIOL ATIO EVONPIKEG XDPES,.

EppoAtoovvdedpeva otelexn) moAwoiov pe pila 1) moA\amheg  Oéoetg
avaoovOuaopov £xovv amnopovebel amno vyuy epPfoAlacpéva dropa Kat atopa
pe VAPP oe mpornyoopeveg pedéteg (Kew et al. 2002; Cuervo et al. 2001;
Georgopoulou and Markoulatos, 2001; Karakasiliotis et al. 2004; Blomqvist et
al. 2003; Georgescu et al. 1995; Karakasiliotis et al. 2005; Paximadi et al. 2006;
Boot et al. 2004; Liu et al. 2003). Awagopot mapayovieg eLVOOLV TNV
OLOO®PELOT] OLATLITIK®V aAvacLvdvaopwV ota e§acbevnpéva oteheéxn too OPV
epPoAiov. Onwg mpoavagépdnke, o avacovdvaopog Ponddet omv eSalenyn
TV petaladenv mov evbovovrtal yia tov eSaocbevnpevo kat Beppoevaiodnto
@awotono twv Sabin epPfoAlakmv oTeAex®v. ZOPPOVA PE IIPONYOLHEVEG

peAéteg, ot Beoelg avaovvOvaopon evromifoviatl ovvrfwg oto evdidpeco 1) oto

145

Institutional Repository - Library & Information Centre - University of Thessaly
18/05/2024 14:33:52 EEST - 18.223.170.38



Kepalaio 4

3 daxpo mg 2C meploxrg ywa TOvg avaoLvOLAOPOVLS TOIOL S3/Sx Kat oTo
evOwapeco 1) oto 3° akpo g 3D meploxr)g yla ToLG avaoLYVOLACHOVLS TOIIOL
S2/Sx (Kew et al. 2002; Cuervo et al. 2001; Georgopoulou and Markoulatos,
2001; Karakasiliotis et al. 2004; Blomqvist et al. 2003; Georgescu et al. 1995;
Karakasiliotis et al. 2005; Paximadi et al. 2006; Boot et al. 2004; Liu et al. 2003).

Zv napovoa dwatpPry avartdxdnke pla véa multiplex RT-PCR pebodog
yla Vv tavtonoinon t®v ovvi)fov tonev avaoovovaopov otig 2C xat 3D pn-
dopwkég meploxég tov yovidwpatog epPolioovvdedpevav moAwoinv. Ta
exkKvTIKa popta S3sC2b, Sal3C2 xat Sa23C2 péow prag multiplex PCR
avtidpaong EmIPENIONY TNV TADTOIOINON TOV avacLvOvaopeVv Tonev S3/S1
kat S3/S2 owmyv 2C meproxn Otvoviag PCR mpotovta 1280 xoau 1227 bp,
avtiotolya. 2OYKEKPIHEVA, TA IAPANAV® EKKWVITIKA HOPLA  eVIoXLOLV
ohoxAnpn ) 2C meproyry (vooxheotidia 4088-5368 yia tov S3/S1 tomo
avaoovboaopov 11 4088-5315 ywa tov S3/S2 tbdmo avacvvdvacpov)
EMTPENOVTAG TNV tavtonoinon oAwv tev S3/S1 xat S3/S2 avacvvdévaopmv
omv 2C neproxr). Ta exxkivnuka popa S2s3dmp, Sla3dmp xat S31aD3 péow
puag devtepng multiplex PCR avtidpaong emtpenovy v TavTonoinon teov
avaoovovaopwmv tonev S2/S1 xat S2/S3 owmyv 3D meproxn divovtag PCR
npotovta 733 xat 803 bp, avtiotoiya. Zoykekpipéva, avtd Td KKV TIKA Hopla
evioyboov pa meploxn) oto 3’ akpo g 3D meproyrg (vovxkAeotidwa 6430-7163
ywa tov S2/S1 tomo avaocovvdvaopod 1 6430-7233 ywa tov S2/S3 tomo
avaoovOLAOHOD) EMITPENIOVIAG TV Tavtomoinon twv S2/S1 xav S2/S3
avaoovovaopmv oo evrorifovtat oto 3’ axkpo g 3D meploxns.

Evieka  avaoovvdvaopéva — epPolioovvdedpeva  otedéxn  HOoAoiev
xpnowpomnou)dnkav og Oetikol paptopeg yia v adtohoynor tng multiplex RT-
PCR pefodov. ESt artod avta ta oteAéxn (EPA, EPB, EPC, LK3, LK6, LK10) etyav
tavtonomndel péom alAnlovyong g Outha avaoovOvaopeva pe Tig 0éoelg
avaoovovaopoov va evromifovtat otig 2C 1)/xat 3D meproxég eve mevie armo
avta (EP16, EP23, ENP5, ENP7, ENP8) epepav pia 0¢on avacovdoaopoov otnv
2C 1) 3D meproxr). ‘Olot ot avaocvvdvaopoi tonev S3/S1 1) S3/S2 owmy 2C
eploxr] tov Oetikov paptopev emPePaindnkav péoe tng multiplex PCR
avtidpaong extog tov S2/S1 avaocvvOvaopoo mov evromiletatl oto 3’ dKpo Tng
2C meproxng tov otedexwv LK3, LK6 xat LK10. Ta oteAéxn LK3, LK6 xat LK10
tavtonow|dnkav g dumhda avaoovovaopéva (S3/S2/5S1) omv 2C meproyr), pe
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) B¢on tov mpOTOL avacvvdvaopoL S3/S2 va eviomiletal oto 5 dKPo TG Kat
) B¢on tov devtepov avaocvvOvaopov S2/S1 oto 3 akpo tg. Avacovdovaopot
ol omotot oOnyobv oe pa tpwpepyy 2C mpeteivr elval omaviot.  Xta
avaovvovaopéva epPoAtooovdeopeva otedexn S3/S2/S1, ot Beoelg TV
avaovvovaopav evromifovtat ovviBwg otig 2C kat 3D meproxeg (Cuervo et al.
2001; Martin et al. 2002). Enurhéov, olot ot avacvvdvaopoi tonov S2/S1 1)
S2/S3 omv 3D mepoxn tewv Oetikav paptopav emPePaiwdnkav péowm tng
debvtepng multiplex PCR avtidpaong.

To entnedo evatobnoiag xat twv dvo multiplex PCR avtidpdoemv e@taoce
oto eminedo tov 1 TCIDs/0.1 ml. Qotooo, 1 pébodog avtr) Oa mpémet va
xpnotponoteitat povo oe detypara mov dev mepitexovyv plypata noloimv kabog
Ta IPOTLIIA VIioYVLONG ITOL Oa MPOEKLITTAV A0 Plypatda UKoV otehexov Oev Oa
propovoav va eppnvevdoov.

Ot multiplex PCR avtdpdoelg xpnotponow|onkav emiong yua TtV
tavtonoinon TtV avaoovovaopmv otg 2C 1/xat 3D meployég Tpedv
eppPoAtoovvOeopevav otedexav (584, 738, 742) mov amopovwdnkav otnv
IIapovoa peAetn) amo to meptPailov. Avo ano ta otehexn (742, 584) édwoav eva
PCR mpotov 1227 bp omv multiplex PCR avtidpaon pe ta ekkivnuikd popa
S3sC2b, Sal3C2 xat Sa23C2 to omoio avilotolel o avaocovOvaopod TOIOL
S3/S2 oty 2C meproyr). EmumAéov éva amo ta meptParloviikd oteAéxn (738)
¢0woe éva PCR nipotov 733 bp otnv multiplex PCR avtidpaon pe ta ekkivnTikd
popla S2s3dmp, Sla3dmp xat S31aD3 1o omoio avrtiototyel oe avaocvvovLaopo
oo S2/S1 owmyv 3D meploxr). Kat ta tpla mepiPallovtika  otehexy
aMnlooynOnkav and v 2A éog v 3'-NCR meployry mpoxeypévov va
tavtonouwjoovpe  Tg akpPeig Oéoelg avaoovOvaopov. H alnhovyion
emPePaimoe tov avacvovdovaopo tormov S3/S2 oty 2C neploxr) ToV oteNex®v
742 xat 584. Zvykexkppéva, ot 0¢oelg avaovvOLAOHOL EVTOMIOTKAV OTO
eviwapeco g 2C meproxr)g, Hetald TV vouvxkAeotdlowv 4449-4464 yia to
otélexog 584 xat petadp v vovxkAeotdiov 4511-4527 yia 1o otéexog 742.
EmuAéov, 11 alnooyton emPePainoe tov avacovdvaopo tomov S2/S1 oty
3D meproyxr) tov otedéxoog 738. H 0¢on) avaovvOvaopoov evromiotke oto 3
axkpo g 3D neproynig petadv tav vooxAeotidinv 6901-6909.

H aA\nAovyton) €detle v mapovoia evog eMAeoV avaovvOuaopoL o Kabe

éva amo ta tpla meptPallovtikd otekexn). 1o otedexog 742 évag omdaviog
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avaoovovaopog torov S1/S3 tavtonou|fnke oto 5 dxpo g 2A meploxr|g He TN
0¢on avaocvvdvaopov va evromietat petadd twv vookAeotdinv 3461-3465. Ot
avaoovOoaopot ot oroiot geépovv to Sabin 1 epPfoAiaxod otéexog oto 5 dxkpo
Tovg kKat eitvar tomov S1/S3  etvai Wuaitepa omaviot. Emurhéov, ot
avaovvovaopol tomov S1/SX evromilovtat ovovifwg oto 5 dkpo g 3D
neproxn)g (Cuervo et al. 2001; Paximadi et al. 2007; Georgescu et al. 1994; Driesel
et al. 1995). Evag onaviog avacovovaopog torov S3/S2 evtomiotke oto 3
akpo g 3C meployng tov otedéxovg 738 pe v 0éon avacovvdvaopovd va
Ppiloketar petald twv vookAeotdiov 5804-5814. Zto otéleyog 584, évag
avaoovovaopog tormov S2/S1 tavtonoujfnke oto 3’ axpo g 3D meproyrg pe
Vv B¢on avaocvvovaopov va evromifetat petadd twv vookAeotdiov 7150-7172.
O avaoovovaopog S2/S1 tov otehéyovg 584 dev pmopeoe va tavtomnowdet péow
g multiplex PCR avtidpaong xabwg n 0éon avaoovovaopod eviomiletal
downstream tng 6é¢ong vPpidlopov (vovxAeotidwa 7141-7163) Ttov antisense
exkwvn ) Sla3dmp.

Zopnepaopatika, 1 multiplex RT-PCR pébodog pmopet va xpnowpomnou)Oet
yla mVv yprjyopn tavtomnoinon tev oovrfev tonev avacvvdvaopod otig 2C
kat 3D mepoxég epPolioovvdedopeveov  moAwiov. H - tavtomoinon
avaoovOLaopeveV epOALOODVOEOIEV®OV TTOAOTOV KPLVETAL ONUAVTIKI) 08 Pl
ernoxr) expi{mong TV MOAI®V aypiov TOIOL Kat avikaraotaong tov OPV
ano to IPV eppolio.

Eva tedevtaio xepdlato g mapovoag diatpiPr)g armotedece 1 aviyveoorn
KAt 1 QUAOYEVETIKI] OVAADON VOPOI®V O KAWIKA Kdt HeptPalloviika
detypata. Ot vopoiot eivar ovmedvOovor yia >90% tov emdnuov
Yaotpeviepitidag pn-PaxKtnplaxi)g MPoEAeDONg 08 PIKPA IAO, EVIAIKEG KOt
NAKI®PEVODG KAl TIapatnpovvidatl ovvi0eg oe voookopeida, KAViKeG, oxoeld,
OTPATIMTIKEG PLOVAOEG, E0TLATOPLA KAt Sevodoxeia OIIov 1) petddoor) Tov 100 &ite
aro dTtopo O¢ ATOHO €iTe A0 pia POADOPEVT) MNYT), OII®G LOADOHEVT] TPOPI) 1)
ooto vepo, dtevkolvvetal (Dedman et al. 1998). Ot vopotot Sragépoovv aro
TODG DIIOAOUIONG EVIEPIKODG 1OVG OTO OTL ENAYOLV HId OXETIKA PpayvIrpobeoyn)
avoola kat €10l Ta dTopd IApdapevoov ebaiobnta oe polovon oe OAn 1
dwapkeia Carg toog. Ot vopoiot éyoov peletfel eviatka Aoy tng ofeiag
@ovong g aobevelag mov IPOKANOLY KAl ThG AMOTEAEOPATIKOTTAG PETADOONG

oL 100 aM\d 1 aviyvevor) toog Paociloviav péxpt mpoogata Kopiwg otnv

148

Institutional Repository - Library & Information Centre - University of Thessaly
18/05/2024 14:33:52 EEST - 18.223.170.38



Kepalaio 4

NAEKTPOVIKI] HIKPOOKOImd Kafmg Oev avarrtdooovidl 0e KAVEVA YVOOTO
ovotpa KotrtapokalAiépyetag. H aviyvevor) toog fjtav emiong OVOKOAn AOyw
mg akaboplotng pop@oloyiag tov 1oompatiov. Metd v alAnlovyion
OAOKANPOL TOL YoVIOuwpatog Tov mpotorov oteAéxoog Norwalk (Jiang et al.
1993; Lambden et al. 1993), moAAa epyaotrpla £XovvV OXedAOEL TEXVIKEG IOV
BaoiCovtatl oty RT-PCR pébodo yia tnv aviyvevon tov vopoimv. Qotooo, n
YEVETIKI] €£TEPOYEVELA TOV VOPOlwV Oev emttpenet Tov oxediaopo prag RT-PCR
TEXVIKIG IKAVIG Va aviyvevetl OAa Ta tkda oteheyn. Evdewtikd, avagepetat ot
1N opolotTa NG VOLKAEOTIOWKI)G aAAnAovyiag petadd tov wwv g Gl xatr GII
opddag etvat <60%, eve petald kabe yevotomoo etvat nepimov 75% (Green et
al., 1993). H mepioxr) mov kmdwomotet yia Vv i) moAvpepdor) ewpettat 1) mo
OLVINPNHEVI] TIEPLOXI] TODL YOVIOI®HATOS T®V VOPOI®V KAl Pld ITOWKWAia
EKKIVITIKOV POpi®V €Xouv oxedlaotel yia v evioyoor avtrg g MIEPLoX1g
(Ando et al. 1995; Green et al. 1995a, b; Jiang et al. 1999; Le Guyader et al. 1996;
Vinje and Koopmans, 1996). Emui\éov, eKKivnTikd popla Iov OToXebDovv O
aM\eg TIEPLOYEG TOD YOVIOI®HATOG TOV VOPOIwV €XoLV oxedlaotel ON®G yida Tig
OXETIKA ovvinpnpéveg rmeploxeg oto 3 akpo tov ORF1 (Fankhauser et al. 2002),
oto 5 dxpo too ORF2 (Green et al. 1995b; Noel et al. 1997; Vinje et al. 2000;
Kojima et al. 2002) xat oto 3’ akpo too ORF2 (Vinje et al. 2004).

Ot vopotol arekkpivovtal ota KOIPavd TV HOADOHEVOV ATOP®V KAl HEO®
TOV OLOTUATOV AIIOYETELONG HIIOPOLY VA @PTACOLY Ot mnyég vepwv. Emiong
etvat avlektkol oTig TexVikeg eneSepyaoiag TV ADPATOV 1} TOL OO0V VEPOL
pe amotedeopda va emiovoov oto HeptBAANov yla peydalo XPOVviKO Stdaotnpa
aroteA®vtag Kivoovo yia v dnupoowa vyeta. Emonpieg ope\opeveg otnv
KATAavAA®or] MOOWOD VEPODL EMPOAVDOPEVODL pe AIOPANTA IIOL IEPLEXOLV
vopo1o éxoov ovxva avagepbet (Lawson et al. 1991; Kukkula et al. 1997) kafag
EIONG KAl POADVOELG OPEINOEVEG OTHV KATAVAA®OL OOTPAKOEO®V TIOL elvat
empolvopéva pe vopoio (Lees et al. 1995; Sugieda et al. 1996; Green et al. 1998).
H aviyvevor), enopevag, Tov vopoimv o KAVIKA Kat meptPallovtikd Oetypata
elvat éva onpavtiko péoo yia TV IpOoAnyn piag emonpiag.

Qoto00, 11 aviyvevorn 1OV vopoiov oe meptParloviika detypata péom g
RT-PCR texViKIg £pXETAl AVTIPETROIN) P TO TPOPANPA ThG IAPAYDYT|S TTOANDV
pn-ewWkov PCR npoioviov epmodifovtag Ty aSloAOyn ol T®V aroTeAeopat®v

(Ando et al. 1995; Atmar et al. 1995; Schwab et al. 1998). H aAAnAovyion
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emrpenet v aviyveoorn tov eWkov PCR npotoviev alld etvat anapaitntog
o xabapiopog twv PCR mpoiovtev (eAevBepa amd pn-edikd mpoiovta) Kat 1
HOPLAKI] KA@VOIIOINOT] TOLG Yyld TNV AIHOPLYY HIYRATOV KOV OTEAEX®V.
EmuAéov, n napovoia nold Ayev ocopatiov ota meptPallovikd detypata
oovifwg amattet v epappoyrn autonested, nested 11 seminested PCR ywa v
aviyveoorn TV vopoimv yeyovog To omoio avidavetl Tov KivOuvo emtploAdVoemV
Tov Oetypateov. Eva dAo npoPAnpa mov oyetiCetatr pe v aviyveoon teov
vopolav oe meptpaloviika Ostypata eivat n napovoia avactohémv g RT-
PCR texvikng. Auagopeg pebodot exoov avarrtoydet yia v arnogpoyr] avtod Tov
HPOPAPATOG OIS YA MAPADELYPA 1] XPNOLHOIIOLNO0I) E0MTEPIKOV IPOTOIMDV
RNA paptopev (Abbaszadegan et al. 1993; Boom et al. 1999; Boom et al. 1990;
Schwab et al. 1995; Schwab et al. 1996).

v mapovoa Owatpifr), 1 APXIKI] AViXVevor] VOpoldv o0e KAWVIKA Kt
neptParovrtika Oetypata eywve pe v RT-PCR texvixi) pe 10n vndapyovta oty
BpAoypagia exkivnuika popla. Egappoobnkav autonested, nested 1
seminested PCR evw n napovoia avactoréwv g RT-PCR t600 ota kAwvikda
000 Kat ota neptPalloviika Selypata IPooOlopiloTKE HE TV ePAPHOYI) HLdg
PCR pe 1o Cedyog exxwvnuikov popiwv P11P/P13P to omoio otoxevet oto
Baxtnplako 165 rRNA. H aviyvevon Oetikov yla vopoiodg KAVIKOV Setypdtov
(dvo amo ta 8 ovvolwkda Oetypata) emetpeye TV aAAAOLX10N MEPLOXDV TOL
YOVIOIOPATOG TOLG KAl TNV HETEMETA XPNON TV AIOTEAECUAT®V  TNG
aMNAoLY101G Yid TOV OXEOLAOPO VE@V EKKIVITIKOV HOPIOV IIPOKELPEVOL VA
emrevyel 1) aAAnAovyton oAOKAnpov Tov yovidiwpatog. Tehwka emtedyxOnke 1)
alnloovyton plag meploxng 1 omota meplhapPavet to 3 daxkpo tov ORF1
(vooxAeotidia 4387-5098), ohoxAnpo to ORF2 (vouxAeotidia 5099-6723) kat to
5 daxpo too ORF3 (vooxkAeotidia 6722-7456) evog oteAéxoog (A6) To oroio
anopovebnke amo Ta Korpava atopov pe yaotpeviepitda. Enuriéov, amno ta 8
neptParlovtikd detypara mov avaivbnkav, tpia mpoékoyav Oetikd yia v
Iapovoia vopoimwv pe mpoglevor) Tovg Broloyikong kabapiopovg g Adploag,
tov TpikdAov kat tov Ioavvivev. Xprnotponouw|Onkav dvo Texvikeg yla v
ovyKevTp®won TV mepBallovikav Odetypatev: peébodog draxwpiopod Svo
@aoenv Kat pEdodog T@v piltpav. Eival atoonpeinto 0Tt 1) o0OYKEVTP®OON Kat
TV TPV Oetikov mepiPalloviikeyv detypdrav eixe mpayparonowdet pe )

TeXVikD] 1oV @iltpev. Emm\éov, mapd Vv epappoyr] OA@V T®V EKKIVITIKOV
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poplav (veov xat 10 vrapxoviev ard my PipAtoypapia) teAikd emrevyOnke
1] AAANAODLXON Pag POVO HIKPTG YEVOHIKIG TIeptoxTg (280-700 bp) oe xdabe éva
amno ta Tpta neptParlloviika detypata kat oto dedtepo OeTikd KAWVIKO detypa
(Al).

Axoloobtnoe @oloyevetiky avaloon Too KAWIKOL Otedéyovg  A6.
Kataokevaomkav tpila @oloyevetka O&vipa, &va ywa Kabe avayveotiko
mhatoo  (ORF1, ORF2, ORF3) tov yevopatog. Kat ota tpia @ouloyevetxka
devtpa 1o otéhexog A6 opadomoteitat pe otehexn amno v GeneBank ta omoia
avrjkoov oty yevetikn] opada GII petalp tov onoimv kat Ta mpoToma oteAéyn
Lordsdale, Snow Mountain xat Hawaii. Etvat aStoonpeioto 1o yeyovog ot to
otéexog A6 oxnparifet vmoopdda pe OLAPOPETIKA OTENEXT] OTA POAOYEVETIKA
twv ORFl xat ORF2. Xvykekpipéva, oto Oévipo too ORF1 oxnpartiet
vroopdda pe eva otéheyog (GU131223) oo anopovednke ario v meploxr) g
dvtikng Zovndiag evw oto 6évipo tov ORF2 oxnpatifert vmoopdda pe eva
otéexog (EF547401) amo v meproxr) lanmeoviag. To yeyovog avtd amotelet
¢vdelln avaoovOvaopov otnv meploxr) évaoong petaid tov  ORF1 xat ORF2
YEYOVOG IIOD  OLPQP®VEL He TNV AIOHOVOOI  OTEAEXDV  VOPOI®V
avaoovOvaopevev oe avtr) mVv nepoxt) (Han et al., 2004; Hardy et al., 1997;
Katayama et al., 2002). H nmapovoia piag devtepotayovg dopr|g pioyov-OnAiag
omVv Imeploxr] emxkdAoyng petad twv  ORF1 xat ORF2 evvoet Ttov
avaoovooaopo oe aoty) v neptoyy) (Bull et al. 2005). Zto devrpo too ORFE3 1o
otélexog A6 ep@avifel POVOPUAETIKI] Ox€on e Ta AANa OTeAéyn) yeyovog To
ornoto mbavov ogeiletat otov meploplopevo aplipd katatebeypevov otnv
GeneBank alnlovyiov too ORF3. Qot600, Ta KOVTIIVOTEPA (PUAOYEVETIKA
ote\exn pe aoto etvar exeiva pe apdpovg xataywpnong otnv GenBank
AB084071, AB039776, AF414407 xat AF414408 ta omnoia amopovednkav aro
v neproyt) g laneviag ta 6vo npota xat aro tig Hveopéveg IToAtteleg g
Apepixng ta dvo teAevtata.

I'a ta oteAéxn nov amnopovednkav amo ta tpia meptPallovtikd detypata
GN1, TR3 xat LR6 xabmg xat yia to otéexog mov amopovebnke amo to
devTepo OeTd KAviKO detypa Al dev KATACKELAOTNKAV PLAOYEVETIKA devTpa
Kabwg avta aAAnAovxr|Onkav oe pia pOVO pIKPI) IEPLOXT] TOL YOVIOIMHUATOG.
Qotooo, 1 avadimon opoloy®v alniovoywwv oty GenBank £6eile ot ta
otedexn Al xat GN1 epgavifoov opoloyla pe OteAéxn IIOL AVIIKOLV OThV
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yevetkr) opada Gl yeyovog 1o omoio oopgmvel pe v evioxvon Tov
avtiotoyywv PCR mpoiovieov pe ta edwa ywa v yevetkr opdda GI
exKvnTika popwa P78/P80 mov otoyevovv otnv meproxr) g NTPdong tov
ORF1. Avtifeta ta oteAéxn TR3 xat LR6 epgpavifoov opoloyia pe otehexn oo
avrikoov oty yevetikr] opada GII yeyovog mov emiong ooppavel pe v
evioyvon tov avtiotoyy®v PCR mpoioviev pe ta edkd yla TV YeVETIKN
opada GII exxkivnuika popra mon381/mon383 kat NLVORF 1290/ NLVORF
1974, avtiotolya, mov otoxevovv oto ORF2.

ZOPIEPAOHATIKA, elval avaykaia 1 alnlovyion oco Tto dovatov
IIEPLOCOTEPMDYV  YEVAHIKQDV IIEPLOXMDV OTEAEXDV VOPOIMV IIPOKEEVOD VA lvat
EPIKTEG Ol PLAOYEVETIKEG KAl EMONHIOAOYIKEG PEAETEG KO 1) HEAETN] EMUINEOV

HOPLIK®V XAPAKTPLOTIKOV TOV VOPOI®V.
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ABSTRACT

MOLECULAR DETECTION OF NOROVIRUSES-POLIOVIRUSES IN THE
ENVIRONMENT. IDENTIFICATION OF GENETIC RECOMBINATIONS
AND CORRELATION WITH THE REPLICATION EFFICIENCY OF VIRAL
STRAINS.

Vaia D. Pliaka
Department of Biochemistry and Biotechnology, University of Thessaly

Polioviruses are members of the enterovirus genus, belonging to the
Picornaviridae family. They are the causative agents of poliomyelitis, a
paralytic and sometimes fatal disease in humans. The number of poliomyelitis
cases caused by wild poliovirus infections has been drastically reduced by the
extensive use of two available vaccines: the inactivated poliovirus vaccine (IPV)
and the oral poliovirus vaccine (OPV). Despite the importance of OPV in the
reduction of poliomyelitis cases, one of the disadvantages associated with this
vaccine is the rare occurrence of vaccine-associated paralytic poliomyelitis
(VAPP) in vaccinees or their healthy contacts through the accumulation of
mutations and/or recombination in Sabin strains genome.

Thirteen clinical isolates originating from healthy vaccinees and VAPP cases
were initially investigated in order to identify genomic modifications in 5 non-
coding region (5'-NCR) and VP1 genomic regions. The analysis of samples was
conducted by RT PCR, RFLP, sequencing and bioinformatics analysis. All
clinical isolates were characterized as OPV-like viruses. Our results showed
that analysis of 5-NCR and VP1 regions of Poliovirus Sabin strains is
important in order to identify mutations that increase neurovirulence and may
eventually lead to the emergence of VAPP cases.

Mutations at specific sites of the genome and recombination between Sabin
strains may result in the loss of the attenuated phenotype of OPV strains and
the acquisition of traits characteristic of wild polioviruses, such as increased
neurovirulence and loss of temperature sensitivity. In this view, we determined
the phenotypic traits such as temperature sensitivity and growth kinetics of

fourteen OPV isolates (recombinant and non-recombinant). The growth
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phenotype of each isolate as well as of Sabin vaccine strains in Hep2 cell line at
two different temperatures (37°C and 40°C) was evaluated using two different
assays, RCT test (Reproductive Capacity at different Temperatures) and one-
step growth curve analysis. Moreover, the nucleotide and amino acid positions
in the genomes of the isolates that have been identified as being involved in the
attenuated and thermo sensitive phenotype of Sabin vaccine strains were
investigated. Mutations that result in loss of the attenuated and thermo
sensitive phenotype of Sabin vaccine strains were identified in 5’-NCR, VP1
and 2C-3’'NCR genomic regions of all isolates. Both mutations and
recombination events correlated well with the reverted phenotypic traits of
OPV-derivatives. The results showed that in Sabin-2 isolates with
recombination type S2/S1, the mutation in residue 143 of VP1 capsid protein
favours considerably the viral growth phenotype and may lead to the reversion
towards neurovirulence. The substitution in residue 143 has been frequently
observed in Sabin-2 strains isolated from VAPP cases. In isolates of Sabin 3
genotype, the recombination of Sabin 3 vaccine strain with Sabin 1 or Sabin 2
and the acquisition of genome structure S3/S1 or S3/S2 favour the growth
phenotype and the reversion towards neurovirulence. This observation is in
accordance with the fact that S3/SX recombinants have been frequently
isolated from VAPP cases. Moreover, the presence of Sabin 1 vaccine strain as a
3’ partner in bi-recombinants vaccine derived polioviruses (S3/S2/S1) favors
the growth phenotype and may lead to the reversion towards neurovirulence.
This is in accordance with the fact that recombinants Sabin-2 and Sabin-3
derivatives have been frequently isolated from VAPP cases while none of the
Sabin-1 derivatives isolated from VAPP cases were found to be recombinants.
The above may correlate with the increased fitness of SX/S1 recombinants than
that of the S1/SX recombinants. In contrast, the bi-recombinants vaccine
derived polioviruses S3/52/S3 and S1/S3/S2 showed growth kinetics similar
to that of Sabin vaccine strains. In the post-eradication era of wild polioviruses,
the identification and the characterization (genomic and phenotypic) of
vaccine-derived polioviruses become increasingly important in order to
prevent cases or even outbreaks of paralytic poliomyelitis caused by

neurovirulent strains.
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Moreover, the serological status of southern Greek population of age groups
1-10, 11-20, 21-30 and 31-40 against Sabin vaccine strains and a collection of 15
recombinant and 4 non-recombinant Poliovirus vaccine strains was
determined. No significant differences in NT titers of age group 1-40 were
observed for the majority of OPV-derivatives in comparison with Sabin vaccine
strains. However, significant lower NT titers were observed against two Sabin-
1 derivatives, the first with recombination type S1/S3/S2 and the second non-
recombinant, in comparison with Sabin 1 vaccine strain. For all three
poliovirus types, the highest NT titers were observed in age group 1-10 while
the lowest NT titer was observed in age group 21-30 against Poliovirus type 3.
The serological status of the population of southern Greece against polioviruses
is better for types 1 and 2 than type 3. The presence of the lowest NT titer in
age group 21-30 against Poliovirus type 3 suggests the need for a booster dose
of monovalent Sabin 3 vaccine to ensure personal and herd immunity. As the
preponderance of countries certified to be polio-free has switched from OPV to
IPV and taking into consideration that IPV does not induce the same immunity
as OPV, the need for immunological studies in all age groups is urgent in order
to avoid epidemics due to the circulation of highly-evolved OPV-derivatives
and the importation of wild polioviruses from endemic countries.

A multiplex RT-PCR screening analysis for identifying the predominant
recombination types in 2C and 3D non-structural regions of vaccine-derived
poliovirus strains was also developed in this thesis. In particular, two multiplex
PCR were used for the identification of the predominant recombination types
S3/SX (SX: S2 or S1) and S2/SX (SX: S3 or Sl) in 2C and 3D, respectively,
genomic regions of vaccine-derived poliovirus strains. To test the robustness of
the proposed RT-PCR screening analysis, eleven recombinant vaccine-derived
polioviruses that were characterized previously by sequencing by our group, in
addition to three recently identified recombinant environmental isolates were
assayed. Although the most definitive characterization of VDPVs is by genomic
sequencing, in this study we describe a new, inexpensive and broadly
applicable RT-PCR assay for the identification of the predominant
recombination types in 2C and 3D genomic regions of VDPVs, that can be
readily implemented in laboratories lacking sequencing facilities as a first

approach for the early detection of VDPVs.
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Finally, the detection of noroviruses which account for >90% of the reported
outbreaks of non-bacterial gastroenteritis, was conducted in clinical and
environmental samples. The detection of norovirus strains (in two out of eight
clinical samples) was followed by sequencing of these genomic regions that
allowed the designing of new primer pairs in order to sequence the whole
genome. The sequencing of a genomic region, which includes the 3" end of
ORF1, the whole ORF2 and the 5 end of ORF3 (nucleotides 4460-7421), of a
viral strain (A6) isolated from stools of a patient with gastroenteritis was
conducted. Moreover, norovirus strains were detected in three out of eight
environmental samples originating from the sewage treatment plant of cities of
Larissa, Trikala and Ioannina. Despite the use of a wide range of primer pairs
(new and already used in previous studies), the sequencing of a small genomic
region (280-700 bp) was achieved in each of the three environmental viral
strains and in the second clinical viral strain. Finally phylogenetic analysis of
the clinical strain A6 was conducted. Three phylogenetic trees for each of the
three open reading frames (ORF1, ORF2 and ORF3) were constructed. In all
three phylogenetic trees the strain A6 was clustered with viral strains
(deposited in GeneBank) of genotype GII. It is noteworthy the fact that the
strain A6 was clustered with strains originating from different geographic
regions in the phylogenetic trees of ORF1 and ORF2. In particular, the strain A6
was clustered with strains isolated from the western Sweden and the Japan in
the phylogenetic trees of ORF1 and ORF2, respectively. This fact indicates the
presence of a recombination event in the junction between ORF1 and ORF2
genomic regions which is in accordance with the observation that the
noroviruses usually recombine in this region. Phylogenetic trees were not
constructed for the other norovirus strains isolated in this study due to the
small genomic region sequenced. The sequencing analysis of noroviruses
isolates is of importance in order to accomplish phylogenetic and
epidemiological studies and define the precise position of recombination

events.
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Abstract

Polioviruses are members of the enterovirus genus, belonging to the Picornaviridae family. They are the causative agents of
poliomyelitis, a paralytic and sometimes fatal disease in humans. The number of poliomyelitis cases caused by wild poliovirus infections
has been dramatically reduced by the extensive use of two available vaccines: the inactivated poliovirus vaccine (IPV) and the oral
poliovirus vaccine (OPV). Despite the importance of OPV in the reduction of poliomyelitis cases, one of the disadvantages associated
with this vaccine is the rare occurrence of vaccine-associated paralytic poliomyelitis (VAPP) in vaccinees or their healthy contacts
through the accumulation of mutations and/or recombination in Sabin strains genome. Thirteen clinical isolates originating from healthy
vaccinees and VAPP cases were investigated in order to identify genomic modifications in 5’ non-coding region (5-NCR) and VPI
genomic regions. The analysis of samples was conducted by RT-PCR, RFLP, sequencing and bioinformatics analysis. All clinical isolates
were characterized as OPV-like viruses. Our results showed that analysis of 5-NCR and VPI1 regions of Poliovirus Sabin strains is
important in order to identify mutations that increase the neurovirulence conducting to the eventuality of emergence of VAPP cases.

© 2007 Elsevier Ltd. All rights reserved.

Keywords: Polioviruses; Molecular diagnosis; VP1; 5-NCR; Mutations; Sequencing

1. Introduction

Polioviruses are members of the enterovirus genus,
belonging to the Picornaviridae family and consist of an
icosahedral particle, composed of 60 copies of capsid
proteins VP1-VP4, surrounding a single-stranded positive-
sense RNA genome of approximately 7500 nt [1]. The outer
surface of the capsid on which the antigenic sites of the
virus (N-Ags) and the canyon (where CD155 cell receptor
is attached) are situated, consists of VP1, VP2 and VP3
viral proteins. VP4 viral protein is located in the inner
surface of the capsid [2,3]. VPI1 plays a critical role in the
function of poliovirus capsid. Specifically, N-Agl is
composed of amino acids 89-100 of VP1 while N-Aglla
and N-Agllla sites are composed of VPl amino acids

*Corresponding author. Tel.: +302410565274; fax: + 302410 565294.
E-mail address: Markoulatos@bio.uth.gr (P. Markoulatos).

0890-8508/$ - see front matter © 2007 Elsevier Ltd. All rights reserved.
doi:10.1016/.mcp.2007.01.004

220-222 and 286-290, respectively [4]. Canyon is composed
of specific amino acids (aa 109) and oligopeptide segments
of VP1 (91-107, 166-169, 223-226, 228-235), of VP2 and
of VP3 [5-8]. In the f-barrel core of VP1, at the base of the
canyon, a sphingosine molecule is found which is believed
to play a key role in the stability of the virion [9].

The viral RNA contains a 5 non-coding region
(5-NCR) of about 740nt and terminates in a 3’ non-
coding region (3’-NCR) of about 70nt followed by a
poly(A)-sequence [1]. The first 100nt of 5-NCR form a
cloverleaf structure involved in the initiation of positive-
strand replication [10], and further downstream, secondary
structures form the internal ribosomal entry site (IRES)
which is necessary for the initiation of translation [11].

Detailed typing of polioviruses isolated from patients with
poliomyelitis is essential to public health polio surveillance
programs aiming to eradicate wild-type polioviruses. How-
ever, the number of poliomyelitis cases caused by wild
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poliovirus infections has been dramatically reduced by the
extensive use of two available vaccines: the inactivated
poliovirus vaccine (IPV) and the oral poliovirus vaccine
(OPV). OPV consists of three live attenuated strains of the
three serotypes of poliovirus (Sabin 1, Sabin 2 and Sabin 3).
Genetic differences distinguish OPV viruses from their
parent strains and characteristic mutations are associated
with attenuation of neurovirulence of parental strains [12].
Mutations in positions 2795 (aa 106) and 2879 (aa 134) of
VPI have been shown to contribute in attenuation of Sabin
1 [13]. Furthermore mutations in positions 2908 (aal143) and
2493 (aa 6) of VP1 are determinants of attenuation in Sabin
2 and Sabin 3 isolates, respectively [14,15]. Mutations in
5-NCR at nucleotides 480, 481 and 472 are the major
determinants of attenuation in Sabin 1, Sabin 2 and Sabin 3,
respectively [12].

OPV strains can mutate or recombine during their
replication in the human intestine and some genomic
modifications may result in recovery of neurovirulence and
lead to vaccine-associated paralytic poliomyelitis (VAPP)
[16]. VAPP is a rare event occurring in approximately one
in every 2.5 million vaccine recipients [16]. While it is
known that such genomic modifications are selected in
vaccinees, the frequency of appearance and consequently
their putative epidemiological impact are less well known.

A variety of OPV-derived viruses can be isolated from
OPYV recipients and their contacts, most commonly, in the
absence of paralytic conditions. The extent of sequence
divergence of the VP1 capsid gene from Sabin strains can
be used as a ““‘molecular clock” to estimate the duration of
poliovirus replication [17]. Derivatives of Sabin OPV
strains have been classified into two categories. (i) OPV-
like viruses: the vast majority of vaccine related isolates are
“OPV-like” and have close sequence relationships (>99%
VP1 sequence identity) to the original OPV strains. (ii)
Vaccine-derived polioviruses (VDPV): rare VDPYV isolates
show <99% VP1 sequence identity to the parental Sabin
strains and the extent of their genetic changes is indicative
of prolonged replication.

In the present study, 13 clinical isolates originating from
healthy vaccinees and VAPP cases were investigated in
order to identify genomic modifications in 5-NCR and
VP1 genomic regions. The analysis of samples was
conducted by RT-PCR, RFLP, sequencing and bioinfor-
matics. Our aim was to investigate the frequency of
appearance of mutations in the major determinants of
attenuation of Sabin strains and to emerge the importance
of sequencing of 5-NCR and VPl genomic regions in
molecular diagnosis of polioviruses.

2. Materials and methods
2.1. Samples and cell cultures
The 13 samples were taken from healthy vaccinees and

VAPP cases during the time period 1978-2001 (Table 1).
The reference strains Sabin 1, Sabin 2 and Sabin 3 were

provided by the World Health Organization (WHO). In
order to avoid viral mixtures, serial ten-fold dilutions of
samples were performed in MEM-D medium. Each
dilution was inoculated in dublicates in microtiter plates
containing Hep?2 cells in MEM-D medium. The inoculated
microtiter plates were incubated at 37 °C for a period of
1-5 days, until a complete cytopathic effect (CPE) was
observed under an inversed light microscope. The last
dilution, in which a complete CPE was observed, was
inoculated in flasks containing Hep2 cells in MEM-D
medium. When a complete CPE was observed, flasks were
collected and stored at —20 °C. Uninfected Hep?2 cells were
used as a negative control. The serotype of the samples was
determined by virus neutralization with rabbit polyclonal
antibodies (National Institute for Public Health and
Environment, RIVM, The Netherlands) as described in
Polio laboratory manual 4th edition, 2004, World Health
Organization.

2.2. Extraction of viral RNA

Two hundred microliter of frozen and thawed viral
stocks were subjected to viral RNA extraction as has been
previously described [18]. Finally, the pellet was dried and
dissolved in 200 ul of sterile double-distilled water, DNase,
RNase free (Sigma-Aldrich, Inc., St Louis, USA).

2.3. PCR primers

The primer pairs used were, UG1/222 [19,20] for the
amplification of the first half of VP1 in isolates of Sabin 1
and Sabin 2 vaccine origin. Primer pairs S;37/S;688, S,30/
S,688 were designed according to Sabin 1 (GenBank
accession no. AY184219) and Sabin 2 (GenBank accession
no. AY184220) using Primer 3 (http://www.genome.wi.mit.
edu/genomesoftware/other/), and were used for the ampli-
fication of the second half of VP1 in isolates of Sabin 1 and
Sabin 2 vaccine origin, respectively. The primer pair used
for the amplification of the 5'-NCR was UG52/UC53 [21].
The concentration of all the primer pairs used in PCR
reactions was adjusted to 50 pmol/ul (Table 2).

2.4. RT-PCR

Reverse transcription was performed at an Eppendorf
Mastercycler. For each sample a reaction mixture consist-
ing of: 1pul of random d(N6) primers (50 nmol) (NEW
ENGLAND Biolabs, USA), 1 ul dNTPs (10mM) and 5pl
Rnase-free distilled water was prepared. Seven microliter of
the reaction mixture with 5pl of the extracted viral RNA
were incubated for Smin at 65°C. Afterwards, a second
reaction mixture (for each sample) consisting of: 4 ul of 5 x
M-MLV reaction buffer, 2ul DTT (0,1M) and 1l
ribonuclease inhibitor (40 U/ul) was prepared. Then 7pl
of the second reaction mixture was added to each
sample and incubated for 2min at 37°C. Finally, 1ul
(200 units) of M-MLYV Reverse Transcriptase (Invitrogen,
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Table 1
Available data for the clinical isolates

No. of Age of Clinical Serotype 5-NCR Sequence divergence Mutations and AA Mutations in
isolate/year  child condition genotype (%) in VP1 changes in VP1 5-NCR
11/1978 1 year Healthy vaccinee  Poliol Sabinl 0.22 A2623G T525C
—A2749G-11e90-Met C583G
12/1979 6 years Healthy vaccinee  Poliol Sabinl 0.11 A3022G C583G
13/1980 7 months Healthy vaccinee  Polio2 Sabin2 0.11 —A2908G-Ile143-Val G302A
A481G
C584G
14/1980 1 year Healthy vaccinee  Polio2 Sabin2 0.11 A2906T ARR1G
T575A
C584G
15/1981 1 year Healthy vaccinee  Polio2 Sabin2 0.22 —T2909A-Ile143-Asn T398C
C3252T
T437C
A4R1G
C576T
C584G
16/1982 2 years Healthy vaccinee  Polio2 Sabin2 0 — C584G
17/1983 2 years Healthy vaccinee  Polio2 Sabin2 0.33 A2859G A4RR1G
—T2888G—Phel36-Cys C584G
—T2909C-1le143-Thr T597A
18/1984 7 months VAPP Polio2 Sabin2 0.22 —A2908G-lIle143-Val A481G
T3330C C584G
19/1985 7 years Healthy vaccinee  Polio2 Sabin2 0 — A481G
C584G
110/1985 6 months VAPP Polio2 Sabin2 0 — A481G
T567A
111/1985 S5 years Healthy vaccinee  Polio2 Sabin2 0 — T398C
A481G
C584G
112/1999 3 months VAPP Polio2 Sabin2 0.11 —T2909C-Ile143-Thr T398C
A481G
C584G
113/2001 5 months Healthy vaccinee  Polio2 Sabin2 0.22 T2736C T398C
—T2909C-Ile143-Thr A481G
C584G

VP1 sequence divergence (%) in Sabin 1 and Sabin 2 isolates.

Nucleotide mutations and amino-acid substitutions in 5-NCR and VP1 regions of Sabin 1 and Sabin 2 isolates.
Numbering according to reference strains AY 184219 and AY 184220 for isolates of Sabin 1 and Sabin 2 vaccine origin respectively.
The reported nucleotide VP1 and 5-NCR sequences are available in the GenBank nucleotide sequence database under the accession numbers

DQ787783-DQ787796 and DQ792910-DQ792923 respectively.

Life Technologies Paisley, UK) was added to each sample
and sequentially incubated: for 10 min at 25 °C, for 50 min
at 37°C and for 15min at 70 °C.

PCR for 5-NCR and VPl genomic regions was
performed, using the primers described above (Table 2),
at a MJ Research Minicycler. PCR reaction mixture, for
each sample, consisted of: 3 ul cDNA, 2 ul of each primer
pair (50 pmol/ul), 5ul 10 x Taq reaction buffer, 2 ul MgCl,
(50mM), 5l dANTPs (10mM), 0.4ul (5U/ul) Tag DNA
Polymerase (Biotaq, Moscow, Russia) and ddH>O up to a
final volume of 50 pl. All reactions were performed for 40

cycles. Each cycle consisted of 20s of denaturation at
95°C, 20s of annealing at 45 °C (for UG1/222 and UG52/
UC53) or at 55°C for (S137/S:688, S,30/S,688) and 20's of
extension at 74°C. The completion of extension was
carried out at 78 °C for 15 min.

Analysis of PCR products was performed through
agarose gel electrophoresis (2% agarose, 1 pg/ml ethidium
bromide in Tris—Boric acid-EDTA buffer). The ladder
used was Haelll ®X174 (Invitrogen, Life Technologies
Paisley, UK) and gels were visualized in a UV Foto/
Phoresis I system (Fotodyne, Hartland, WI, USA).
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Table 2
Primer pairs used in the present study

Primers Polarity Sequence 5’ —3' Vaccine origin Position
UGI Sense TTTGTGTCAGCGTGTTAATG Sabin 1 2402-2421
Sabin 2 2404-2423
222 Antisense CICCIGGIGGIAYRWACAT Sabin 1 2951-2969
Sabin 2 2953-2971
S,37 Sense AGGAAATTGGAGTTCTTCACC Sabin 1 2837-2857
S,688 Antisense ACATGACGTTCACTGCGTTTT Sabin 1 3468-3488
S,30 Sense CAACTGAGACGCAAACTGGA Sabin 2 2830-2849
S,688 Antisense CACATGACACTCACGGCATT Sabin 2 3469-3488
UG52 Sense CAAGCACTTCTGTTTCCCCGG Sabin 1 162-182
Sabin 2 162-182
UCs3 Antisense TTGTCACCATAACCAGCCA Sabin 1 577-595
Sabin 2 578-596

Primers used for the 5-NCR (UG52/UCS53) and VPI genomic regions analysis. Primer position according to AY 184219 and AY 184220 for isolates of

Sabin 1 and Sabin 2 vaccine origin respectively.

R:AorG,W: AorT,Y: CorT, I: hydroxyinosine (according to [IUPAC ambiguity codes).

2.5. RFLP analysis

RFLP analysis was conducted on UC53/UGS52 produced
RT-PCR amplicons of the clinical isolates [21]. Six
microliters of each amplicon were digested with 20 Units
of: Hpall (Promega Corporation), Haelll (Takara Bio-
technology) and Ncol (Takara Biotechnology). The
restriction enzymes, the appropriate buffer and double
distilled DNase—Rnase free sterile water (Sigma Aldrich)
were added to each sample to a final volume of 20 pl. The
samples were then incubated at 37°C for 2h and the
products were subjected to electrophoresis in 3% agarose
gels (high-resolution agarose, Metaphor FMC Biopro-
ducts, Rockland ME), containing 1 pg/ml ethidium bro-
mide. The ladder used was Haelll ®X174 (Invitrogen, Life
Technologies Paisley, UK) and gels were visualized ina UV
Foto/Phoresis I system (Fotodyne, Hartland, WI, USA).

2.6. Sequencing

PCR products of 5-NCR and VP1 regions, from all 13
isolates, were sequenced by Macrogen Inc. (Seoul, Korea).
In particular, overlapping amplimers in VPI region were
obtained and sequenced. The total VP1 region sequenced
(without primers) was 1047 nt for Sabin 1 and 1046 nt for
Sabin 2 clinical isolates.

2.7. Computational analysis/computer graphics

ClustalW (http://www.ebi.ac.uk/clustalw) was used in
order to perform the alignment of 5-NCR and VPI1
nucleotide sequences of clinical isolates to the 5'-NCR
and VPI nucleotide sequences of the reference Sabin 1 and
2 strains (AY184219, AY184220). The length of VPI

aligned was 906nt for Sabin 1 and 903 nt for Sabin 2
clinical isolates. ClustalW was also used for the align-
ment of VP1 amino-acid sequences of clinical isolates with
VP1 amino-acid sequences of the reference strains, while
Gene-Runner V 3.05 was used in order to obtain amino-
acid sequences of VP1 from the VPI nucleotide sequences
of isolates. Rasmol V. 2.7.1.1 (http://www.umass.edu/
microbio/rasmol) was used for the depiction of the
amino-acid substitutions, which were identified among
the 13 isolates. For the visualization of the observed
amino-acid substitutions in Sabin 1 and 2 isolates, the
structure of Poliovirus type 1 Mahoney strain (1ASJ.pdb)
[22] was used.

3. Results
3.1. RFLP analysis for the genotyping of isolates

Isolates 11, I2 and isolates 13113 that had previously
been serotyped as poliovirus type 1 and type 2, respectively,
were also genotyped as Sabin poliovirus type 1 and 2
vaccine strains (Table 1).

3.2. Sequencing analysis of the isolates

For the identification of mutations in 5-NCR and VPI
regions, the obtained 5-NCR and VPI sequences of the 13
clinical isolates were aligned with 5-NCR and VPI
sequences of the respective reference strains. For the
identification of amino-acid substitutions, VP1 amino acid
sequences of clinical isolates were aligned with VP1 amino
acid sequences of the respective reference strains. Results
for serotypes 1 and 2 are presented in Table 1.
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3.3. Characterization of Sabin isolates based on full VPI
sequence

All clinical isolates presented <1% percentage diver-
gence in VPI region in comparison with the respective
vaccinal Sabin strains and were characterized as OPV-like
viruses. In particular, among the 13 isolates, four isolates
each, presented, respectively, 0.22%, 0.11% and 0%
percentage divergence and one isolate presented 0.33%
percentage divergence in VPI region (Table 1).

3.4. Mutational pattern in VPI region and location of
amino-acid changes in the capsid structure

Amino-acid substitutions, which emerged from non-
synonymous mutations, were depicted in three-dimensional
atomic structure (1 ASJ.pdb) in order to find out their
exact location and to deduce their possible role in virus
fitness (Fig. 1).

3.4.1. Sabin 1 isolates

The percentage of synonymous mutations in VP1 region
of Sabin 1 isolates was 67% which is consistent with the
general mutational pattern of Polioviruses [23,24]. More-
over, the percentage of transitions was 100% which is also
consistent with the tendency of 3DP°! to introduce mainly
transitions during the viral replication [25].

In Sabin 1 clinical isolates, only one amino-acid
substitution was identified which is likely due to the small
number of Sabin 1 clinical isolates (only two). In
particular, in Il isolate the amino-acid substitution
Ile90Met was identified while in isolate 12 no amino-acid
substitution was identified. The amino-acid substitution
Ile90Met is situated in the exterior of the capsid, in N-Agl
site (data not shown).

Fig. 1. Location of all Sabin 2 isolates amino-acid substitutions, in the
viral protomer. 1ASJ.pdb structure was used. 5 x and 3 x symmetry axes
are shown. Numbering of VP1 according to AY184221.

3.4.2. Sabin 2 isolates

The percentage of synonymous mutations in VP1 region
of Sabin 2 clinical isolates was 42%. Consequently, these
isolates are showing a preference to non-synonymous
mutations with a direct impact to their fitness, than to
synonymous mutations, which alter their nucleotide
sequence without changing their fitness (without pheno-
typic impact). On the other hand, the percentage of
transitions was 75% which is consistent with previous
studies [23].

Six of Sabin type 2 isolates presented mutation in residue
143 (Ile) which was substituted by Val, Asn or Thr. The
residue 143 of VP1 is exposed on the external surface of the
virion in the loop connecting f-strands D and E (DE loop)
of VP1 (Fig. 1). Isolate 17 shows also the mutation
Phel36Cys. The residue 136 of VPI is situated in the
hydrocarbon-binding pocket of VP1 where the aromatic
side chain of Phe interacts with the sphingosine molecule
(Fig. 1). Sabin 2 isolates 16, 19, 110, I11 show no nucleotide
substitutions in VP1 region.

3.5. Mutational pattern in 5'-NCR region and location of
nucleotide changes in the IRES secondary structure

In order to find out the exact location of mutations and
to deduce their possible role in virus fitness we depicted
them in the IRES secondary structure of the respective
reference strains (Fig. 2).

3.5.1. Sabin 1 isolates

The percentage of transitions in 5-NCR was 33% which
is likely due to small number of Sabin 1 clinical isolates.

In both Sabin 1 isolates, the mutation C583G was
identified which is situated in domain VI of IRES cis-acting
element (Fig. 2). Additionally, the mutation U525C was
identified in isolate I1. This substitution is situated in
domain V of IRES cis-acting element (Fig. 2).

3.5.2. Sabin 2 isolates

The percentage of transitions in 5-NCR was 57% which
is consistent with previous studies [23].

In almost all Sabin type 2 isolates, the mutation A481G
was identified except for the isolate 16. This substitution is
situated in domain V of IRES cis-acting element (data not
shown). Additionally, the mutation T398C was identified
in four Sabin 2 isolates. The mutation T398C and the
mutation T437C which was identified in isolate I5 are
situated in a double stranded region of IV IRES (data not
shown). It is noteworthy the presence of C584G mutation
in ten Sabin 2 isolates. The mutation C584G and the
mutation T597A in isolate I7 are situated in double
stranded region of IRES cis-acting element and in
particular in the stem of VI region (data not shown).
Finally, the mutations T567A in isolate 110, T575A in
isolate I4 and C576T in isolate I5 are situated in single
stranded region of IRES cis-acting element and in
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Fig. 2. Location of all Sabin 1 isolates nucleotide subs

particular in the variable region (X,,) of the conserved
motif Y,-X,,-AUG (data not shown).

4. Discussion and conclusions

In the present study, 13 samples which were taken from
healthy vaccinees and VAPP cases during the time period
1978-2001, were investigated. From the 13 clinical isolates,
two were genotyped as Sabin type 1 and 11 were genotyped
as Sabin type 2 vaccinal strains by RFLP in 5-NCR. The
sequencing of full VP1 genomic region showed that all
clinical isolates were characterized as OPV-like viruses with
percentage divergence less than 1% in VPI region.

Moreover, the isolated Poliovirus Sabin strains were
investigated for mutations in partial 5-NCR and the full
VP1 genomic regions. Amino-acid substitutions in VPI,
which emerged from non-synonymous mutations, were
depicted in three-dimensional atomic structure (1 ASJ.pdb)
while nucleotide changes in 5-NCR were depicted in the

titutions in the secondary structure of 5-NCR PV1 (Sabin).

IRES secondary structure of the respective reference
strains.

Both Sabin type 1 viruses were isolated from healthy
vaccinees. In both Sabin type 1 isolates the mutation
C583G was identified in 5-NCR region. This mutation is
situated in double stranded region of IRES cis-acting
element and in particular in the stem of VI region which is
the site of binding of cellular peptide p52, an essential
factor for translation of poliovirus genome [26]. The
adverse effect of this mutation is possibly avoided by the
phenomenon of covariance. Additionally, the mutation
US525C was identified in isolate I1. This substitution in
domain V of the 5-NCR most likely conferred a selective
advantage. It restored the stability of a base pair between
nt 480 and 525 (AU in Mahoney, GU in Sabin-1, and GC
in isolate I1). The destabilization of this base pair in the
Sabin 1 RNA appears to be associated with a decrease in
neurovirulence [27,28].

In VP1 genomic region, in Sabin 1 isolates, the mutation
[le90Met is reversion to the parental Mahoney strain [23]
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and include residue that is situated in f-strand B of VPI.
The residue Ile-90 participates in hydrophobic interactions
with residue Thr-106 in f-strand C which contributes to the
characteristic eight-stranded anti-parallel beta-barrel struc-
ture of VPI1. In addition, according to Bouchard et al. [13]
residue 106 is one of the major determinants of attenuation
in isolates of Sabin 1 vaccine origin and substitution in this
site has been associated with an increase in neurovirulence.
Consequently, the mutation Ile90Met can indirectly
influence the neurovirulence. The residue 90 also takes
part in the formation of N-Agl, which is composed of
residues 90-105 of VP1 [29]. Generally, the accumulation
of mutations in N-Ags is a common phenomenon because
these sites are the most exposed in the exterior of the capsid
and as a result they undergo high antigenic pressure.
Moreover, the location of substitutions in these sites may
be part of a virus strategy, which is focused to the escape
from the host’s immune response.

Eight of Sabin type 2 strains were isolated from healthy
vaccinees while three were isolated from VAPP cases.

All of Sabin type 2 strains which were isolated from
VAPP cases and seven of Sabin type 2 viruses which were
isolated from healthy vaccinees presented the mutation
A481G in 5-NCR. This substitution is situated in domain
V of the ¥-NCR and the presence of A at nt 481 is the
major determinant of neurovirulence attenuation in iso-
lates of Sabin type 2 vaccine origin [12]. This phenotypic
impact is due to the impaired binding of eIF4G with the
IRES domain V [30]. It has been proposed that in
vaccinees, the A at nt 481 that is found in the type 2
vaccine strains revert rapidly to the base pair that is found in
the wild-type strain. On the other hand, in the type 1 vaccine
strain, only 50% of vaccinees excrete reverted virus [31].
This observation is consistent with the results of our study as
in almost all Sabin 2 clinical isolates the mutation A481G
was identified while no one Sabin type 1 isolate showed the
corresponding mutation A480G. Additionally, the mutation
T398C was identified in three Sabin type 2 viruses isolated
from healthy vaccinees and in one Sabin type 2 strain
isolated from VAPP case. It has been proposed that
mutation T398C and mutation T437C which was identified
in isolate I5 could also have some effect in attenua-
tion and reversion of the P2/Sabin strain towards neuro-
virulence, even though minor [12]. Moreover, an U—C
mutation at nt 398 of 5-NCR was also frequently
observed in P2/Sabin-derived isolates from VAPP cases
[32,33]. Both of these mutations are situated in a double
stranded region of IV IRES and in particular they convert
the base pair GU into GC. It is worth mentioning the
presence of C584G mutation in all of Sabin type 2 isolates
except for the isolate 110. This mutation is situated in
double stranded region of IRES cis-acting element and in
particular in the stem of VI region. However, the adverse
effect of this mutation is possibly avoided by the
phenomenon of covariance. The mutation T597A in 17
isolate acts in the same way as the mutation C584G.
Finally, the mutations T567A in isolate 110, T575A in

isolate 14 and C576T in isolate IS5 are situated in single
stranded regions of IRES cis-acting element and in
particular in the variable region (X;,) of the conserved motif
Y,— Xnn—AUG which is essential for translation of viral
RNA. Consequently, these mutations are unlikely to affect
the secondary structure of IRES and the efficiency of
translation.

Sabin 2 isolates are characterized by an unusually high
rate of non-synonymous mutations in VP1 region. The VP1
mutational pattern of these isolates comes in contradiction
with mutational patterns observed in previous studies
where synonymous mutations outnumbered the non-
synonymous ones in VP1 region [23,34-36]. A hypothesis
about this mutational pattern could be the necessity of
accumulation of non-synonymous mutations in order to
repress the mutations responsible for attenuation that are
situated in other genomic regions of Sabin 2 vaccine
strains.

Six of Sabin type 2 isolates presented mutation in residue
143 of VP1 which was substituted by Val, Asn or Thr. Four
of them were isolated from healthy vaccinees and two from
VAPP cases. In particular, the mutation Ile143Thr is
reversion to the parental wild strain. Moreover, the residue
143 of VPI is one of the major determinants of attenuation
in isolates of Sabin type 2 vaccine origin and substitution in
this site has been associated with an increase in neuroviru-
lence [12]. The residue 143 of VPI is situated in DE loop of
VPI1. The DE loop interacts closely with the BC loop of
VP1 to make up the discontinuous antigenic neutralization
site 1 [37] and on the other hand the BC loop is believed to
influence poliovirus host range through receptor-mediated
events early in infection [38]. Thus, it is possible that the
attenuating effect of the residue VP1-143 affects early
receptor-mediated events [14].

Sabin 2 isolates 16, 19, 110, I11 show no nucleotide
substitutions in VP1 region. This means that the circulation
of these strains is of short duration as the demarcation of
1% VP1 divergence implies that replication of vaccine virus
had occurred for approximately for 1 year [39]. However, it
does not imply that isolates having <1% divergence would
lack the capacity for person-to-person transmission in
poorly immunized populations, as it is likely that the
critical attenuating mutations of the Sabin strains generally
revert well before nucleotide substitutions accumulate to
the level of 1%. For example, Sabin 2 isolates 13, 112, IS5,
I8, 17 despite the low percentage of divergence in VPI1
region (0.11%, 0.11%, 0.22%, 0.22% and 0.33%, respec-
tively), show mutations in the major determinants of
attenuation in both of 5-NCR and VP1 genomic regions
(nt 481 of 5-NCR and aa 143 of VPI1). Also, isolates 19,
110, T11 with 0% percentage divergence in VPl show
mutation at nucleotide 481 of 5-NCR which is the major
determinant of attenuation of Sabin 2 vaccine strains. In
addition, isolate I1 (0.22% percentage divergence in VP1)
show mutations at residue 90 of VP1 and at nucleotide 525
of 5-NCR which indirectly affect the neurovirulence of
Sabin 1| vaccine strains.
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The sequencing of these two genomic regions (5-NCR
and VP1) did not detect any recombination event, fact
which was expected as the recombination is a rare
phenomenon in these regions [40,41].

In conclusion, the present study implies that sequencing
of 5-NCR and VPI is critical for molecular diagnosis of
Polioviruses. The analysis of the partial 5-NCR and the
full VP1 sequences suggest that vaccine-derived polio-
viruses may evolve into transmissible and infectious
pathogens through the accumulation of mutations both
in structural elements of VP1 (N-Ags, canyon) and in the
determinants of attenuation of Sabin vaccine strains in
5’-NCR. It is concluded that, it is not only important the
percentage divergence in VP1 region but namely the precise
sites at which these mutations are situated. Prospective and
retrospective characterization of Sabin vaccine-derived
polioviruses based on 5-NCR and VPI sequence may
shed additional light on this important topic and provide
valuable information for making a rational decision on
vaccination policies. Finally, this study emphasizes the
critical importance of permanently increased poliovirus
laboratory surveillance even in adequately immunized
communities that must continue in the foreseeable future
regardless of the immunization policies.
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In the post-eradication era of wild polioviruses, the only remaining sources of poliovirus infection
worldwide would be the vaccine-derived polioviruses (VDPVs). As the preponderance of countries
certified to be polio-free has switched from OPV (oral poliovirus vaccine) to IPV (inactivated poliovirus
vaccine), importation of recombinant evolved derivatives of vaccinal strains would have serious impli-
cation for public health. To test the robustness of the proposed RT-PCR screening analysis, eleven
recombinant vaccine-derived polioviruses that were characterized previously by sequencing by our
group, in addition to three recently identified recombinant environmental isolates were assayed.
Although the most definitive characterization of VDPVs is by genomic sequencing, in this study we
describe a new, inexpensive and broadly applicable RT-PCR assay for the identification of the predom-
inant recombination types S3/Sx in 2C and S2/Sx in 3D genomic regions respectively of VDPVs, that can
be readily implemented in laboratories lacking sequencing facilities as a first approach for the early
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detection of vaccine-derived poliovirus (VDPVs).

© 2009 Elsevier Ltd. All rights reserved.

1. Introduction

Poliovirus, the causal agent of poliomyelitis, is a member of the
enterovirus genus of the Picornaviridae family and exists as three
immunologically defined serotypes (P1, P2 and P3). The poliovirus
is a nonenveloped virus composed of a 7.5-Kb positive sense single-
stranded polyadenylated RNA genome surrounded by an icosahe-
dral capsid. Structural (VP4, VP2, VP3 and VP1) and nonstructural
(2A, 2B, 2C, 3A, 3B, 3C and 3D) viral proteins are coded by a single
polypeptide precursor which is cleaved by viral proteases [1].

All individuals infected with poliovirus, whether suffering from
paralysis or asymptomatic, excrete the virus into the stools for
several weeks. The excreted virus enters the environment and
remains detectable, for a finite time, ranging from days to months
depending on the conditions. AFP (acute flaccid paralysis) surveil-
lance remains the gold standard of poliovirus surveillance.
However, environmental surveillance is a powerful and highly
sensitive tool for detection of poliovirus circulation even in

* Corresponding author. Tel.: +30 2410 565274; fax: +30 2410 565294.
E-mail address: markoulatos@bio.uth.gr (P. Markoulatos).

0890-8508/$ — see front matter © 2009 Elsevier Ltd. All rights reserved.
doi:10.1016/j.mcp.2009.11.003

absence of clinical cases in populations with high immunization
coverage [2].

Since the 1960s, poliomyelitis has been effectively controlled by
the use of inactivated poliovirus vaccine (IPV) or live-attenuated
oral poliovirus vaccine (OPV). The OPV is constituted of attenuated
strains of each of the three serotypes (Sabin 1, 2, and 3) [3]. By 1964,
OPV was the vaccine adopted throughout most of the world and led
in drastic reductions in the number of poliomyelitis cases due to
infections with wild-type polioviruses from an estimated 350,000
cases in over 125 endemic countries in 1988 to just 1310 cases in
four countries in 2007 [4].

In the late 1990s it was recognized that polio outbreaks can be
caused by circulating live-attenuated vaccine viruses (Sabin strain)
that have reverted and re-acquired neurovirulence. By late-2005,
six outbreaks caused by such circulating vaccine-derived poliovi-
ruses (cVDPVs), had been documented [5—8]. Moreover, in rare
cases (1 case per 750,000 primary vaccinees), OPV strains have
been implicated in vaccine-associated paralytic poliomyelitis
(VAPP) [9]. The underlying cause of VAPP is the genetic instability
of OPV strains. During multiplication in the human intestine,
mutations at specific sites of the genome which are associated with
the attenuated and temperature sensitive phenotype of Sabin
strains as well as recombination between Sabin strains of the
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trivalent OPV may result in the loss of the attenuated phenotype of
OPV strains and the acquisition of traits characteristic of wild
polioviruses, such as increased neurovirulence and loss of
temperature sensitivity [10—12].

Administration of trivalent OPV provides optimal conditions for
multiple infections of human intestinal target cells, thus favoring
the possibility of intermolecular recombination between hetero-
typic viral genomes. Moreover, the mixed replication complexes
located at few preferential sites in the perinuclear region of the
target cells promote intertypic recombination [13]. Up to 79% of PV
strains isolated from stools following vaccination were found to be
recombinant [14]. Among VAPP cases, up to 50% of type 2 and 67%
of type 3 Sabin poliovirus strains have been characterized as
recombinant [10]. The presence of Sabin type 1 recombinants is
extremely rare as S1/Sx (S1/S2 or S1/S3). A possible hypothesis for
polio recombination partners is their secretion time period in the
carriers gut, where first polio type 1 is secreted followed by type 2
and last by type 3 poliovirus [14]. Intertypic recombination usually
occurs in the nonstructural protein genome region [5,15,16] while
only three reports indicated recombination in the 3’ end of VP1
genomic region [17—19] leading to a chimeric S3/S2 VP1 capsid
protein. Recombination also occurs between Sabin and wild PV
strains [20,21] or even between polio and non-polio EVs [5,22]. All
cVDPVs described so far, appear to be recombinants with Entero-
viruses of group C which are closely related to polioviruses in the
non-structural coding region [5—7,22].

The primary identification of recombination events in non-
structural genomic region usually included the amplification of 2C
and 3D coding regions following RFLP (Restriction Fragment Length
Polymorphism) analysis [16,23—27]. However, these assays usually
need additional RFLP mapping and/or sequence analysis in order to
allow the identification of recombinant poliovirus strains.

A multiplex PCR assay has also been described for identification
of recombinant poliovirus strains [28]. This assay targets an interval
at the 5 half of the 2C region and variable sequences near the
middle of the 3D region of all three Sabin vaccine strains but could
lead to the underestimation of the number of recombinant vaccine
strains as the primers used sample only a small part of the non-
structural sequences [28].

In the present study, eleven recombinant vaccine-derived
polioviruses that were characterized previously by sequencing by
our group, in addition to three recently identified recombinant
environmental isolates were screened for the identification of the
predominant recombination types in 2C and 3D genomic regions
using a new RT-PCR assay.

2. Materials and methods
2.1. Environmental sampling

Environmental samples were collected from the sewage treat-
ment plant of Athens from April to October 1997. Ten 1-liter
samples were collected and stored at —80 °C. Samples were
recently transported in dry ice to the Biochemistry & Biotechnology
Department in Larissa, Greece, where processing of the samples
took place.

2.2. Processing of samples: virus isolation

Processing of the environmental samples was carried out using
the method proposed by WHO [29]. A concentrate of every envi-
ronmental sample was added to 10X minimal essential medium
(MEM) (9 ml of concentrate and 1 ml of 10X MEM) and inoculated
into 96-well plates (fifty microliters of the concentrate/well) con-
taining confluent HEp-2 cells in 100 pl of Eagle MEM supplemented

with 3% fetal calf serum (FCS). Following absorption of the virus for
2 h at 37 °C, the medium from each well was aspirated and replaced
by 200 pl of Eagle MEM supplemented with 1% FCS and the 96-well
plates were incubated at 37 °C for 4—5 days. The plates were then
frozen and thawed three times before a second passage in 96-well
plates as above was performed. The second passage lasted for
approximately 5—6 days. The wells in which cytopathic effect (CPE)
was observed were marked and their contents were inoculated into
25-cm? flasks containing HEp-2 cells in 3 ml of Eagle MEM and 2%
FCS in order to confirm CPE. RNA extraction [30], reverse tran-
scription and PCR with primer pair UG52/UC53 [31] were per-
formed in the content of each flask in which CPE was observed in
order to confirm the enterovirus CPE. Following confirmation of
enterovirus CPE, serial 10-fold dilutions were prepared in order to
avoid viral mixtures. The last dilution in which CPE was observed
was inoculated into a 25-cm? flask containing HEp-2 cells and the
presence of enterovirus was retested as described above.

2.3. Extraction of viral RNA

Two hundred microliters of frozen and thawed viral stocks were
subjected to viral RNA extraction as has been previously described
[30]. Finally, the pellet was dried and dissolved in 200 pl of sterile
double-distilled water, DNase RNase-free (Sigma—Aldrich, Inc.,
St Louis, USA).

2.4. cDNA synthesis

Reverse transcription was performed at an Eppendorf thermal
cycler. The final volume of the reaction was 20 pl. In brief, a first
reaction mixture consisting of: random d(N6) primers (5 pmol)
(NEW ENGLAND Biolabs, USA), dNTPs (2 mM) and Rnase-free
distilled water up to a volume of 7 ul was prepared. Seven micro-
liter of the first reaction mixture with 5 pl of the extracted viral RNA
were incubated for 5 min at 65 °C. Afterwards, a second reaction
mixture consisting of: M-MLV reaction buffer (1X), DTT (0.01 M),
ribonuclease inhibitor (10 U), M-MLV Reverse Transcriptase (100 U)
(Invitrogen, Life Technologies Paisley, UK) and Rnase-free distilled
water up to a volume of 8 ul was prepared. Then 8 pl of the second
reaction mixture was added to each sample and sequentially
incubated: for 10 min at 25 °C, for 50 min at 37 °C and for 15 min at
70 °C.

2.5. Preliminary characterization of the isolates

Primer pair UG52/UC53 was used for the identification of the
vaccine origin and for the genotyping of the environmental isolates
in the 5’-UTR genomic region [31]. Moreover, sequencing of VP1
capsid protein of poliovirus isolates was conducted. The primer
pairs used for complete VP1 gene sequencing were UG1/222
[32,33] for the first half of the VP1 gene and serotype-specific
primer pairs S137/S1688 and S326/S3651 for Sabin 1 and Sabin 3
isolates, respectively, for the second half of the VP1 gene [34].

2.6. PCR screening analysis for the identification of recombination
sites in 2C and 3D genomic regions

Primers S3sC2b, Sa13C2, Sa23C2, S2s3dmp, Sla3dmp and
S31aD3 were designed using the reference Sabin strains (AY184219,
AY184220, AY184221) (Table 1). Primers S3sC2b, Sa13C2 and
Sa23C2 were used in each reaction tube for the identification of
predominant recombination types S3/S1 and S3/S2 in the 2C
genomic region (Fig. 1) yielding amplification products of 1280 and
1227 bp, respectively.
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Table 1

Primers for identification of predominant recombination types in 2C and 3D genomic regions of vaccine-derived polioviruses.

Primers Polarity Sequence (5 — 3') Product length (bp) Detectable recombination
type in
2C 3D
S3sC2b Sense 4088-TTGGAGATTCCCTATGTTATTAG-4110°
Sa13C2 Antisense 5350-GTGTCCAGCAAACAGTTTA-5368° 1280 S3/s1
Sa23C2 Antisense 5295-AAAGTAGTTACTGCTTGTAGG-5315 1227 S3/S2
S2s3dmp Sense 6430-GGAATTAACTTACCGCTTGTA-6450°
S1a3dmp Antisense 7141-GCATTACTGGATGAATAAGAAAT-7163? 733 S2/s1
S31aD3 Antisense 7213-GACACAAGGAGCGTACATGG-7232¢ 803 S2/S3

2 Primer positions based: on those of the Sabin 1 reference strain (AY184219).
b Primer positions based: on those of the Sabin 2 reference strain (AY184220).
€ Primer positions based: on those of the Sabin 3 reference strain (AY184221).

Primers S2s3dmp, S1a3dmp and S31aD3 were used in a separate
reaction tube for the identification of predominant recombination
types S2/S1 and S2/S3 in the 3D genomic region (Fig. 1) yielding
amplification products of 733 and 803 bp, respectively.

The PCR mixture for each tube consisted of: 3 ul of cDNA, sense
primer (2 pmol), antisense primers (1 pmol each), Taq reaction
buffer (1X), dNTPs (1 mM), Tag DNA polymerase (2.5 U) (Pag5000
Strategene) and double-distilled H,O up to a final volume of 50 pl.
Both PCR reactions were performed in an Eppendorf thermal cycler
for 40 cycles. PCR conditions for each cycle were: denaturation at
95 °C for 30 s, annealing at 55 °C for 30 s and extension at 72 °C for
1 min. The final extension was carried out at 72 °C for 5 min.
Analysis of PCR products was performed through agarose gel
electrophoresis (2% agarose, 1 pg mL~! ethidium bromide in
Tris—boric acid—EDTA buffer) using as a molecular weight marker
the 100 bp DNA ladder (Invitrogen Life Technologies, Paisley, UK).

2.7. Positive and negative controls in RT-PCR screening analysis
for the identification of recombination sites in 2C and 3D
genomic regions

The strains used as positive controls in the RT-PCR screening
analysis are presented in Table 2. Recombinant clinical strains EPA,
EPB, EPC, EP16, EP23 and environmental strains ENP5, ENP7, ENPS,
LK3, LK6, LK10 that were characterized in previous studies of our
group were used as positive controls.

Vaccine strains (Sabin types 1, 2, 3) which were used as negative
controls in RT-PCR screening analysis were provided by the World
Health Organization (WHO). Seven strains of Enterovirus group C
(CAV1, CAV11, CAV13, CAV15, CAV17, CAV18, CAV21) kindly provided

by RIVM (National Institute for Public Health and the Environment,
the Netherlands), were also used as negative controls in RT-PCR
screening analysis.

2.8. Sensitivity assay of RT-PCR screening analysis

Serial dilutions (10°°—1 TCIDsg/0.1 ml) of strain EPA were
prepared in Eagle MEM. After RNA extraction and ¢cDNA synthesis,
two PCR reactions with primers S3sC2b, Sa13C2, Sa23C2 and
S2s3dmp, S1a3dmp, S31aD3 in 2C and 3D genomic region respec-
tively were performed in order to assay the detection limit of RT-
PCR screening analysis of recombinant strains.

2.9. Sequencing

Following RT-PCR screening analysis with primers S3sC2b,
Sa13C2, Sa23C2 and S2s3dmp, S1a3dmp, S31aD3, the sequences
encompassing the recombination sites of three recently identified
environmental isolates (584, 738 and 742) were determined by
sequencing of the respective regions using overlapping primer
pairs, in order to cover the recombination sites. Sequencing was
performed by Macrogen Inc. (Seoul, Korea).

Primer pairs used for 2A, 2B, 2C, 3A, 3B, 3Cand 3D gene sequencing
analysis are shown in Table 3. For all primer pairs, PCR conditions
were as described in the original publications (see Table 3).

2.10. Computational analysis

Primer 3 software (http://fokker.wi.mit.edu/primer3/) was used
for design of primers S3sC2b, Sa13C2, Sa23C2 and S2s3dmp,

Fig. 1. Schematic representation of the poliovirus genome. Several genetic elements like the viral protein genome-linked (VPg), internal ribosome entry site (IRES), open reading
frame (boxes), and poly-A-tail (An) are indicated. The position and direction of the used primers are indicated with bold arrows. The location of crossover sites of the three recently
isolated environmental strains is also indicated below the genome. The bars symbolize the derivation of sequences of isolates 742, 584 and 738. Lined bars, Sabin 1-derived

sequences; white bars, Sabin 2-derived sequences; black bars, Sabin 3-derived sequences.
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Table 2

Location of recombination sites of the clinical and environmental isolates from
previous studies. Type of recombination and accession numbers of sequences
deposited in GenBank.

Table 4

Location of recombination sites of the three recently isolated environmental strains.
Type of recombination and accession numbers of 2A—3’-UTR sequences deposited in
GenBank. The genotype in 5’-UTR and VP1 regions is also shown.

Isolate Recombination Nucleotide Recombination Accession Reference Isolate Recombination Recombination Accession 5-UTR VP1
position type numbers Nucleotide position type numbers  genotype genotype
EPA  1st 4643—4656/S3 S3/S2/S3 AY738635 [25] 584  1st 4449—4464/S3  S3/S2/S1 EU598486 Sabin3  Sabin 3
2nd 6598—6605/S2 2nd 7150 7172/S2
EPB 1st 4643—4656/S3 S3/S2/S3 AY738636 25
ond 6598766024/52 52/ (25] 738  1st 5804—5814/S3  S3/S2/S1 EU598487 Sabin3  Sabin 3
EPC  1st 4643—4656/S3 $3/52/53 AY738637  [25] 2nd 6901—6909/S2
2nd 6535—6563/S2 742 1st 3461-3465/S1  S1/S3/S2 EU598488 Sabin1  Sabin 1
EP16 4892—4914/S3 S3/S2 AY736180 [26] 2nd 4511-4527/S3
EP23 4880—4887/S3 S3/s1 AY736181  [26]
ENP5 6679—-6692/S2 S2/S1 AY820970 [23]
ENP7 6549—-6553/S2 S2/S3 AY820972 [23]
ENP8 6790—6794/S2 $2/S1 AY820973  [23] . . .
LK3 1st 4766—4791/S3 $3/S2/S1 DQ150697 [23] previous studies. Six of them (EPA, EPB, EPC, LK3, LKG, LK10) were
2nd 4942—4958/S2 found to be bi-recombinant while five of them (EP16, EP23, ENP5,
LK6  1st 4766—4791/S3 S$3/s2/s1 DQ150698  [23] ENP7, ENP8) were found to have one recombination site (Table 2).
2nd 4942—-4958/S2 EPA. EPB : : : :
, and EPC were identified as S3/S2/S3 recombinant with the
LK10 1st 4766—4791/S3 S3/S2/S1 DQ150699 [23] / /

2nd 4942—-4958/S2

S1a3dmp, S31aD3. The online alignhment software ClustalW (http://
www.ebi.ac.uk/Tools/clustalw/index.html) was used for the anal-
ysis of the sequences combined with the reference strains cited in
GenBank (Sabin type 1: AY184219, Sabin type 2: AY184220 and
Sabin type 3: AY184221). SimPlot software (http://sray.med.som.
jhmi.edu/SCRoftware/simplot/) (version 3.5.1) was used for depic-
tion of the recombination events.

3. Results

3.1. Preliminary characterization of the three recently identified
environmental strains (584, 738 and 742)

From the environmental samples three poliovirus strains (584,
738 and 742) were isolated, of which two were of Sabin 3 vaccine
origin and one was of Sabin 1 vaccine origin (Table 4).

3.2. PCR screening analysis for the identification of recombination
sites in 2C and 3D genomic regions

To test the robustness of RT-PCR screening analysis, eleven
recombinant vaccine-derived polioviruses were selected from

Table 3

Primers used for complete amplification of the genomic region from 2A to 3'-UTR.
Primer  Polarity Sequence (5 — 3')? Reference
71,935  Sense 3206-GTCAATGATCACAACCC-3222 [44]
EUC2 Antisense  4454-TTTGCACTTGAACTGTATGTA-4474 [45]
UG23 Sense 4169-AAGGGATTGGAGTGGGTGTC-4188 [46]
ucC15 Antisense  4948-CATCTCTTGAAGTTTGCT-4965 [46]
S,97* Sense 4717-TTAGCCTCCACCACCTCCAG-4737 [26]
S»598*  Antisense  5195-TGATGTTCCTCTCTGTTTGAACC-5218  [26]
S,48* Sense 4968-TCCTTTAGTGTGTGGCAAGG-4988 [26]
S;911*  Antisense  5812-GTTTGTCGTCCACCGAGATT-5832 [26]
S142 Sense 4962-GATGCTGTCCTTTAGTGTGTGG-4984  [26]
$1952 Antisense  5853-GATGCTGTCCTTTAGTGTGTGG-5873  [26]
UG16 Sense GTTGGTGGGAACGGTTCACA [46]
uc12 Antisense  TCAATTAGTCTGGATTTTCCCTG [46]
S364 Sense 5772-GTATGTTCCTGTCGGTGCTGT-5792 [26]
S»380*  Antisense  6800-TGGGAATGGTTGAGGTAATC-6780 [26]
S,107*  Sense 6647-TCCCAGTGCTAATGGAAGAGA-6668 [26]
S,872*  Antisense  7393-ACAACAGCATGACCCAATCC-7413 [26]

@ Positions of primers are according to reference strain Sabin 1 (AY184219) except
for those with an asterisk, for which positions refer to reference strain Sabin 2
(AY184220).

first recombination site located in the 5’ end of 2C region and the
second recombination site located in the middle of 3D region. LK3,
LK6 and LK10 were found to be S3/S2/S1 recombinant with the first
recombination site located in the 5’ end of 2C region and the second
recombination site located in the 3’ end of the same region.

EP16 and EP23 were identified as S3/S2 and S3/S1 recombinant
respectively in the 3’ end of 2C region while ENP5, ENP8 and ENP7
were identified as S2/S1 and S2/S3 recombinant respectively in the
middle of 3D region. The RT-PCR screening analysis with primers
S3sC2b, Sa13C2 and Sa23C2 confirmed the recombination events
S3/S1 or S3/S2 of all vaccine-derived polioviruses in 2C region
yielding amplification products of 1280 and 1227 bp, respectively
(Fig. 2).

For strains LK3, LK6 and LK10, only the first of the two recom-
bination events (S3/S2/S1) in the 2C genomic region was confirmed
yielding an amplification product of 1280 bp. The second recom-
bination event S2/S1 in the 2C region is a rare one and could be
detected by designing an additional primer pair.

RT-PCR screening analysis with primers S2s3dmp, S1a3dmp
and S31aD3 confirmed the recombination events S2/S1 and S2/S3
of all vaccine-derived polioviruses in the 3D genomic region
yielding amplification products of 733 and 803 bp, respectively
(Fig. 3).

Two of the recently identified environmental isolates (742, 584)
yielded an amplicon of 1227 bp in RT-PCR screening analysis with
primers S3sC2b, Sa13C2 and Sa23C2 which corresponds to a S3/S2
recombination event in the 2C region (Fig. 2). Moreover, one of the
environmental isolates (738) yielded an amplicon of 733 bp in RT-
PCR screening analysis with primers S2s3dmp, S1a3dmp and
S31aD3 which corresponds to a S2/S1 recombination event in the
3D region (Fig. 3).

The reference vaccine strains (Sabin 1, Sabin 2, Sabin 3) did not
yield any PCR product in both 2C and 3D genomic regions (Figs. 2
and 3) as well as the seven strains of Enterovirus group C (data not
shown).

3.3. Sensitivity assay of RT-PCR screening analysis

To assess the sensitivity of RT-PCR screening analysis of
recombinant vaccine-derived polioviruses in 2C and 3D genomic
regions, the bi-recombinant strain EPA was selected. The sensitivity
reached the level of 1 TCID50/0.1 ml in both 2C (Fig. 4) and 3D (data
not shown) genomic regions.

A titer of 10> TCIDs0/0.1 ml of each Sabin vaccine strain (Fig. 4)
and each of seven strains of Enterovirus group C (data not shown)
were also included in the sensitivity assay of RT-PCR screening
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Fig. 2. Agarose gel electrophoresis of the amplicons of the 2C RT-PCR screening analysis of eight recombinant poliovirus strains from previous studies and three recently isolated
poliovirus strains (738, 742, 584). The lane numbers 1-11 correspond to amplification products of isolates EP16, EP23, EPA, EPB, EPC, 738, 742, 584, LK3, LK6 and LK10, respectively.
The predominant recombination types S3/S1 and S3/S2 in the 2C genomic region were identified yielding amplification products of 1280 and 1227 bp, respectively. The reference
vaccine strains (Sabin 1, Sabin 2, Sabin 3) were used as negative controls in RT-PCR screening analysis. The position of some of the marker DNA bands is also indicated.

analysis in both genomic regions 2C and 3D without yielding any
PCR product.

3.4. Genomic sequencing

The three recently identified environmental isolates (742, 584,
738) were sequenced from 2A to 3’-UTR genomic region in order to
identify the recombination junctions. The resulting sequences
(deposited in GenBank under accession numbers 584-EU598486,
738-EU598487, 742-EU598488) were aligned with both Sabin
strain sequences participating in the putative recombinant site. The
two alignments were combined so as to determine the minimum
common sequence flanked by two heterotypic nucleotides. This
sequence represents the site of recombination between the two
genomes. The determination of the minimum common flanking
sequence between two heterotypic nucleotides revealed the

recombination site of the two genomes. Such sites were found for
all three investigated strains.

All three isolates were found to be recombinant in two sites
(Figs. 1 and 5a, Table 4). The first recombination site was located in
the 2C region for isolate 584 from nucleotide 4449 to 4464, in the
2A region for isolate 742 from nucleotide 3461 to 3465 and in the
3Cregion for isolate 738 from nucleotide 5804 to 5814. The second
recombination site was located in the 2C region for isolate 742 from
nucleotide 4511 to 4527 and in the 3D region for isolates 584 and
738 from nucleotide 7150 to 7172 and from nucleotide 6901 to
6909, respectively. For isolates 584 and 738, the 5 part of the
genome was a Sabin type 3, the middle part a Sabin type 2 and the
3’ part a Sabin type 1 strain (S3/S2/S1). For isolate 742, the 5’ part of
the genome was a Sabin type 1, the middle part a Sabin type 3 and
the 3’ part a Sabin type 2 strain (S1/S3/S2). The accession numbers
and recombination sites are summarized in Table 4.

Fig. 3. Agarose gel electrophoresis of the amplicons of the 3D RT-PCR screening analysis of six poliovirus strains from previous studies and three recently isolated poliovirus strains
(738, 742, 584). The lane numbers 1-9 correspond to amplification products of isolates EPA, EPB, EPC, ENP5, 738, 584, 742, ENP8 and ENP7, respectively. The predominant
recombination types S2/S1 and S2/S3 in the 3D genomic region were identified (except for isolate 584) yielding amplification products of 733 and 803 bp, respectively. The reference
vaccine strains (Sabin 1, Sabin 2, Sabin 3) were used as negative controls in RT-PCR screening analysis. The positions of some of the marker DNA bands are indicated.
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Fig. 4. Sensitivity test of RT-PCR screening analysis in the 2C region. Serial dilutions of recombinant strain EPA (S3/S2) were used yielding amplification product of 1227 bp towards
the level of 1 TCIDs/0.1 ml. The lane numbers 1-7 correspond to serial dilutions 10, 10>, 10>>,10%°,102°,10 and 1 TCIDs0/0.1 ml respectively. A titer of 10> TCIDs/0.1 ml of each

Sabin vaccine strain was also included as a negative control.

SimPlot (similarity plotting) analysis was also performed in
order to visualize the exact position of recombination sites, calcu-
lating the similarity percentage between the nucleotide sequences
of the recombinant environmental isolate and the two reference
Sabin type strains involved in recombination (Fig. 5b,c,d).

4. Discussion

Environmental surveillance is a suitable approach for supple-
mentary surveillance which can be targeted on selected pop-
ulations where AFP surveillance is not considered to be sufficiently
sensitive. Moreover, several sporadic isolations of highly divergent
VDPVs in the environment have been described even in the absence
of suspected poliomyelitis cases [35—37]. As a consequence, sus-
tained and sensitive environmental surveillance for polioviruses,
particularly during the post-OPV cessation period when the risk of
cVDPV emergence will be greatest, is mandatory.

The Program of Polio Eradication has led to a drastic decrease in
the circulation of wild polioviruses, which is now restricted to only
a few countries [4]. However, the occurrence of recent outbreaks of
highly evolved vaccine-derived polioviruses in Egypt, Hispaniola,
the Philippines and Madagascar [5—7,38] shows the importance of
maintaining sensitive poliovirus surveillance in order to prevent
cases or even outbreaks of paralytic poliomyelitis in populations
with gaps in immunity.

Genetic instability is an inherent property of poliovirus as well
as most, if not all, of other RNA-containing viruses. There are two
major reasons for this instability: the nucleotide substitutions
resulting from a high error frequency during viral RNA replication
and the recombination [39,40].

Recombinant vaccine strains have been isolated from healthy
vaccinees and VAPP cases in previous studies having a single site or
multiple sites of recombination [5,14—17,20,24,26,27,41]. Several
factors may favour the accumulation of intertypic recombinants in
recipients of OPV. Attenuating mutations are known to be distrib-
uted over the entire genome of the Sabin strains. Therefore,
intertypic recombination may again help eliminate these fitness-

decreasing mutations. According to previous studies, recombina-
tion hotspots are located in the middle or 3’ half of 2C genomic
region for recombination junctions of type S3/Sx and in the middle
or 3’ half of 3D genomic region for recombination junctions of type
S2/Sx [5,14—17,20,24,26,27,41].

However, as VDPV strains have frequently undergone recom-
bination in the non-structural protein-encoding region, a rapid and
broad-range analysis method that yields nucleotide sequence
information is urgently needed.

In this study, we describe a rapid RT-PCR screening analysis for
identifying the predominant recombination types in 2C and 3D
non-structural regions of vaccine-derived poliovirus strains. The
primers S3sC2b, Sa13C2 and Sa23C2 allow the identification of
predominant recombination types S3/S1 and S3/S2 in 2C genomic
region yielding amplification products of 1280 and 1227 bp,
respectively. More precisely, the above primers amplified the whole
2C coding region (nt 4088 to 5368 for S3/S1 recombination type or
nt 4088 to 5315 for S3/S2 recombination type) making possible the
detection of all S3/S1 and S3/S2 recombination events in the 2C
region. The primers S2s3dmp, S1a3dmp and S31aD3 allow the
identification of predominant recombination types S2/S1 and S2/S3
in 3D genomic region yielding amplification products of 733 and
803 bp, respectively. The primers S2s3dmp, S1a3dmp and S31aD3
amplified an interval at the 3’ half of the 3D region (nt 6430 to 7163
for S2/S1 recombination type or nt 6430 to 7233 for S2/S3 recom-
bination type) making possible the detection of S2/S1 and S2/S3
recombination events in the 3’ half of 3D coding region.

Eleven recombinant vaccine-derived polioviruses that were
previously characterized by sequencing by our group were selected
in order to assay the robustness of the proposed RT-PCR screening
analysis. Six of them (EPA, EPB, EPC, LK3, LK6, LK10) were identified
as bi-recombinants with the recombination sites located in the 2C
and/or 3D regions while five of them (EP16, EP23, ENP5, ENP7,
ENP8) were found to have one recombination site located in 2C or
in 3D region. All the recombination events of types S3/S1 or S3/S2
located in the 2C region were confirmed by RT-PCR screening
analysis except the recombination type S2/S1 located in the 3’ end
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Fig. 5. (a) Positions of recombination sites for isolates 584, 738 (S3/S2/S1) and 742 (S1/S3/S2). At the left of each alignment is presented the Sabin origin of the sequence. The bold
nucleotides are the ones that differentiate the three sequences. The framed nucleotides represent the site of recombination. SimPlot analysis of the partial VP1-3D genomic region of
isolates 584 (b), 738 (c) and 742 (d) compared with the respective regions of Sabin vaccine strains (Sabin 1: AY184219, Sabin 2: AY184220 and Sabin 3: AY184221) is also indicated.

of the 2C region of strains LK3, LK6 and LK10. Strains LK3, LK6 and
LK10 were found to be bi-recombinants S3/S2/S1 in the 2C genomic
region, with the first recombination site S3/S2 towards the 5’ end of
2C and the second recombination site S2/S1 towards the 3’ end of
2C. Such recombination that leads to a tripartite hybrid 2C protein
is a rare event. Tripartite (S3/S2/S1) Sabin strains are usually found
recombinant in 2C and 3D regions [14,18].

All the recombination events of types S2/S1 or S2/S3 located in
the 3D region were also confirmed by RT-PCR screening analysis.

The sensitivity limit of RT-PCR screening analysis was up to 1
TCID50/0.1 ml in both 2C and 3D genomic regions. However, the
present assay should be used only with isolates that do not
contain poliovirus mixtures, as the amplification patterns
obtained from vaccine virus mixtures cannot be unambiguously
interpreted.

The RT-PCR screening analysis was used for identifying recom-
bination events located in the 2C and/or 3D genomic region of three
strains (584, 738, 742) isolated from environmental samples. Two
of the environmental isolates (742, 584) yielded an amplicon of
1227 bp in RT-PCR screening analysis with primers S3sC2b, Sa13C2
and Sa23C2 which corresponds to a S3/S2 recombination event in
the 2C region. Moreover, one of the environmental isolates (738)
yielded an amplicon of 733 bp in RT-PCR screening analysis with
primers S2s3dmp, S1a3dmp and S31aD3 which corresponds to
a S2/S1 recombination event in the 3D region. All the three isolates
were sequenced from 2A to the 3’-UTR genomic region in order to
identify the recombination junctions. The sequencing analysis
confirmed the S3/S2 recombination event of isolates 742 and 584
located in the 2C region. Specifically, the recombination sites were
identified in the middle of the 2C region from nt 4449 to 4464 for
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isolate 584 and from nt 4511 to 4527 for isolate 742. Moreover, the
sequencing confirmed the recombination event S2/S1 of isolate 738
located in the 3D region. The recombination site was identified in
the 3’ end of the 3D region from nt 6901 to 6909.

Moreover, the sequencing revealed an additional recombination
event in all three isolates. In isolate 742 an extremely rare recom-
bination event of type S1/S3 was identified in the 5 half of the 2A
genomic region with the recombination site located from nt 3461 to
3465. The very few recombinations that implicate Sabin type 1 as
first partner are mainly of the S1/S3 type. Moreover, such recom-
binations (S1/Sx) have been reported to occur mainly in the 5’ end
of the 3D region [14,25,42,43]. Also, a rare recombination event of
type S3/S2 was identified in the 3’ half of the 3C region of isolate
738 with the recombination site situated from nt 5804 to 5814. In
isolate 584 a recombination event of type S2/S1 was identified in
the 3’ end of the 3D region with the recombination site (nt
7150—7172) located downstream the annealing site (nt 7141—7163)
of antisense primer S1a3dmp.

The existence of cVDPVs, their ability to produce outbreaks and
the fact that they exhibit pathogenicity similar to wild-type strains
significantly changed the risk-benefit analysis associated with the
endgame of the polio eradication campaign. It become obvious that
the emergence of populations of unvaccinated individuals
following OPV cessation could risk re-starting a polio pandemic
caused by either cVDPV or wild-type polioviruses. This fact makes
increasingly important the early detection and characterization of
recombinant evolved derivatives of vaccine strains. Our RT-PCR
assay offers a new approach for the identification of the predomi-
nant recombination types in 2C and 3D regions of vaccine-derived
poliovirus strains.
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Abstract Attenuated strains of Sabin poliovirus vaccine
replicate in the human gut and in rare cases may cause
vaccine-associated paralytic poliomyelitis (VAPP). Muta-
tions at specific sites of the genome and recombination
between Sabin strains may result in the loss of the attenuated
phenotype of OPV (Oral Poliovirus Vaccine) strains and the
acquisition of traits characteristic of wild polioviruses, such
as increased neurovirulence and loss of temperature sensi-
tivity. In this study, we determined the phenotypic traits such
as temperature sensitivity and growth kinetics of eight OPV
isolates (six bi-recombinant and two non-recombinant). The
growth phenotype of each isolate as well as of Sabin vaccine
strains in Hep2 cell line at two different temperatures (37
and 40°C) was evaluated using two different assays, RCT
test (Reproductive Capacity at different Temperatures) and
one-step growth curve analysis. Moreover, the nucleotide
and amino acid positions in the genomes of the isolates that
have been identified as being involved in the attenuated and
thermo sensitive phenotype of Sabin vaccine strains were
investigated. Mutations that result in loss of the attenuated
and thermo sensitive phenotype of Sabin vaccine strains
were identified in the genomes of all isolates. Both mutations
and recombination events correlated well with the reverted
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phenotypic traits of OPV-derivatives. In the post-eradication
era of wild polioviruses, the identification and the charac-
terization (genomic and phenotypic) of vaccine-derived
polioviruses become increasingly important in order to
prevent cases or even outbreaks of paralytic poliomyelitis
caused by neurovirulent strains.

Keywords OPV-derivatives - RCT test -
One-step growth curve experiment

Introduction

Polioviruses, the causal agent of acute paralytic poliomy-
elitis, belong to the genus Enterovirus in the family Pic-
ornaviridae and are classified into three serotypes (PV1,
PV2, and PV3). The polio virion is a non-enveloped virus
composed of a 7.5 kb positive-sense single-stranded poly-
adenylated RNA genome surrounded by an icosahedral
capsid. The viral RNA contains a long open reading frame
flanked by 5" and 3’ non-coding regions (5'-NCR and 3'-NCR,
respectively) involved in viral replication and translation. The
structural (VP4, VP2, VP3, and VP1) and non-structural
(2A, 2B, 2C, 3A, 3B, 3C, and 3D) viral proteins are pro-
duced by translation of the coding region and proteolytic
cleavage of the polyprotein [1].

Since the 1960s, poliomyelitis has been effectively con-
trolled by the use of inactivated or live attenuated vaccines.
The Sabin live oral poliovirus vaccine (OPV) is constituted
of attenuated strains of each of the three serotypes (Sabin 1,
2, and 3-trivalent OPV) which have been selected by
numerous passages of wild-type strains in monkey tissues in
vivo and in vitro [2]. The Sabin strains are temperature
sensitive (ts) and the ts phenotype correlates with the
attenuated phenotype [3—5]. The molecular determinants of
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attenuation and temperature sensitivity have been inten-
sively studied to elucidate the mechanisms involved and to
improve the safety of Sabin vaccine strains [4—14].

Undoubtedly, the use of OPV in mass vaccinations has
resulted in drastic reductions in the number of cases of
poliomyelitis due to infections with wild-type polioviruses
from an estimated 350,000 cases in over 125 endemic
countries in 1988 to just 1,310 cases in four countries in
2007. However, in rare cases (1 case per 750,000 primary
vaccinees), OPV strains have been implicated in vaccine-
associated paralytic poliomyelitis (VAPP) [15]. The
underlying cause of VAPP is the genetic instability of OPV
strains. During multiplication in the human intestine,
mutations at specific sites of the genome which are associ-
ated with the attenuated and temperature sensitive pheno-
type of Sabin strains as well as recombination between Sabin
strains of the trivalent OPV may result in the loss of the
attenuated phenotype of OPV strains and the acquisition of
traits characteristic of wild polioviruses, such as increased
neurovirulence and loss of temperature sensitivity [16—18].

In this study, eight OPV isolates (two non-recombinant
and six bi-recombinant) were tested in order to correlate
the reverted phenotypic traits such as temperature sensi-
tivity and growth kinetics with mutations and recombina-
tion events of the viral genome.

Materials and methods
Virus isolation

Virus isolation was performed from fecal samples during
the time period 1978—1985 from healthy vaccinees or from
environmental samples collected from the sewage treat-
ment plant of Nicosia in Cyprus from April to October
1997 (Table 1).

Initial isolation at that time occurred at the Hellenic
Pasteur Institute and identification/serotyping was done by
sero-neutralization with rabbit polyclonal antibodies
(National Institute for Public Health and Environment,
RIVM, The Netherlands), according to the enclosed
instructions. To avoid viral mixtures serial tenfold dilutions
were performed; the last dilution presenting a complete
cytopathic effect (CPE) was passaged once again in Hep-2
cells, and the serotype was retested as described above.
Vaccine strains (Sabin types 1, 2, and 3) used in this study
were provided by the World Health Organization (WHO).

Genotyping and identification of recombinant
OPV-derivatives

Primer pair UG52/UC53 was used for the identification
of the vaccine origin and for the genotyping of the

OPV-derivatives in the 5-NCR genomic region [19]
(Table 2). Moreover, the genotype of OPV-derivatives in
VP1 capsid protein was determined. The primer pairs used
for complete VP1 gene sequencing were UG1/222 for the
first half of the VP1 gene [20, 21] and serotype-specific
primer pairs S137/S,688 and S;26/S;651 for Sabin 1 and
Sabin 3 isolates, respectively, for the second half of the
VPI1 gene [22] (Table 2).

The primer pairs used for sequencing of isolate 742 from
2C to 3D region were also from previous studies [23-26]
(Table 2). The identification of recombination sites of
isolate 742 was performed as previously described [26-30].
The recombination sites and the sequences from 2C-3D
regions of isolates EPA, EPB, LK3, LK6, and LK10 have
been previously determined by our group [26, 28-30].

RCT marker test

Reproductive capacities at different temperatures (RCT
marker) were evaluated by an RCT test. The RCT value is
defined as the difference between the log;, virus titer of a
viral stock measured at the optimal temperature (37°C) and
that of the supraoptimal temperature (40°C). Briefly, each
virus stock was decimally diluted through 10~7. A 0.1-ml
of medium containing 4 x 10* Hep-2 cells was added into
each well of two 96-well cell culture plates. A 0.1-ml
volume of each virus dilution was inoculated into four
wells of each of the two plates. One plate was incubated at
37°C and the other at 40°C. After 5 days of incubation at
the appropriate temperatures, the titers were determined by
an endpoint micromethod [31] and were expressed in log;q
50% tissue culture infective dose units (TCIDsq) per ml.
Viruses were considered thermosensitive (ts) if the RCT
value (between 37 and 40°C) was greater or equal to 2.00
and thermo resistant (non-ts) when the RCT value was
inferior to 2.00.

One-step growth curve experiment

One-step growth curve experiments were performed in
Hep-2 cells at 37 and 40°C, with a multiplicity of infection
of 10 as determined by titration of virus stocks on Hep-2
cells, as has been previously described [32]. Briefly, 100 pl
of Hep-2 cells (9 x 107 cells/100 pl) were added into each
well of fourteen 96-well plastic plates. After the cells were
attached to the plates, the isolates and the reference Sabin
vaccine strains (Sabin 1 and Sabin 3) were inoculated each
into five replica wells of 96-well cell culture plates. The
plates were rocked for 2 h at 37°C, then the cells were
thoroughly washed two times each with 300 pl of Eagle
MEM to remove unbound virus. Then, 100 pl of Eagle
MEM was added into each well and the plates were incu-
bated at 37 or 40°C for 0, 2, 4, 6, 8, 10, and 12 h. The
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Table 1 Data for the OPV isolates

Isolate 5'-NTR and Source Recombination type Crossover point® Reference
VP1 genotype
742 S1 Environment S1/S3/S2 Ist 3461-3465/S1 This study
2nd 4511-4527/S3
I S1 Cord tumor Non-recombinant - [27]
EPA S3 Healthy vaccine S3/S2/S3 1st 4643-4656/S3 [30]
2nd 6598-6605/S2
EPB S3 Healthy vaccine S3/S2/83 1st 4643-4656/S3 [30]
2nd 6598-6605/S2
LK3 S3 Environment S3/82/S1 Ist 4766-4791/S3 [29]
2nd 4942-4958/S2
LK6 S3 Environment S3/82/S1 Ist 4766-4791/S3 [29]
2nd 4942-4958/S2
LK10 S3 Environment S3/S2/S1 1st 4766-4791/S3 [29]
2nd 4942-4958/S2
729 S3 Healthy vaccine Non-recombinant - This study

The recombination type and the crossover points of isolates EPA, EPB, LK3, LK6, and LK10 were previously identified by our group
? Numbering according to Sabin 1 (AY184219), Sabin 2 (AY184220), or Sabin 3 (AY184221) vaccinal strains

Table 2 Primers used for amplification of 5'-NCR and VP1 regions of all isolates and of the genomic region from 2A to 3’-NCR of isolate 742

Primer Polarity Sequence (5 — 3')* Reference
UG52 Sense 162-CAAGCACTTCTGTTTCCCCGG-182 [19]
UCs3 Antisense 577-ACCGACCAATACCACTGTT-595 [19]
UG1 Sense 2402-TTTGTGTCAGCGTGTTAATG-2421 [20]
222 Antisense 2982-CICCIGGIGGIAYRWACA-3000 [21]
S137 Sense 2837-AGGAAATTGGAGTTCTTCACC-2857 [22]
S,1688 Antisense 3488-ACATGACGTTCACTGCGTTTT-3468 [22]
S326* Sense 2826-GCCGTAAGTTGGAGTTTTTCAC-2847 [22]
S3651* Antisense 3451-CTCCTTAGTGGCGAGATGGTAG-3430 [22]
71935 Sense 3206-GTCAATGATCACAACCC-3222 [23]
EUC2 Antisense 4454-TTTGCACTTGAACTGTATGTA-4474 [24]
UG23 Sense 4169-AAGGGATTGGAGTGGGTGTC-4188 [25]
UCl15 Antisense 4948-CATCTCTTGAAGTTTGCT-4965 [25]
S,97* Sense 4717-TTAGCCTCCACCACCTCCAG-4737 [26]
S,598* Antisense 5195-TGATGTTCCTCTCTGTTTGAACC-5218 [26]
S,48* Sense 4968-TCCTTTAGTGTGTGGCAAGG-4988 [26]
S911* Antisense 5812-GTTTGTCGTCCACCGAGATT-5832 [26]
S,42 Sense 4962-GATGCTGTCCTTTAGTGTGTGG-4984 [26]
S,952 Antisense 5853-GATGCTGTCCTTTAGTGTGTGG-5873 [26]
UG16 Sense 5921-GTTGGTGGGAACGGTTCACA-5940 [25]
ucCl12 Antisense 6494-TCAATTAGTCTGGATTTTCCCTG-6516 [25]
S364* Sense 5763-GTATGTTCCTGTCGGTGCTGT-5784 [26]
S,380% Antisense 6800-TGGGAATGGTTGAGGTAATC-6780 [26]
S,107* Sense 6647-TCCCAGTGCTAATGGAAGAGA-6668 [26]
S,872% Antisense 7393-ACAACAGCATGACCCAATCC-7413 [26]

# Positions of primers are according to reference strain Sabin 1 (AY184219) except for those with an asterisk, for which positions refer to
reference strains Sabin 2 (AY184220) or Sabin 3 (AY184221)
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plates were subjected to three consecutive freeze—thaw
cycles and the viral titers of the supernatants were deter-
mined by the TCIDs assay on Hep-2 cells at 37°C for each
of the above-mentioned hours post-infection. The titration
was repeated five times for each of the post-infection hours.

It must be mentioned that the growth of isolates II and
729 was determined in another experiment in which the
reference Sabin vaccine strains (Sabin 1 and Sabin 3) were
also included. The same process as above was followed
with only difference the number of Hep-2 cells added into
the wells of the 96-well cell culture plates (17.687 cells/
well).

Computational analysis

ClustalW was used for alignment of the sequences
(nucleotide and amino acid) of 5-NCR, VP1, 2C, 3A, 3B,
3C, and 3D genomic regions of all virus isolates with those
of the reference strains cited in GenBank (Sabin type 1:
AY184219, Sabin type 2: AY184220, and Sabin type 3:
AY184221). Amino acid sequences of VP1, 2C, 3A, 3B,
3C, and 3D genomic regions of all virus isolates were
obtained by using Gene-Runner V 3.05.

Results
Genotypes and recombination types of OPV-derivatives

The 5'-NCR and VPI1 genotypes of isolates were identified.
Two strains were genotyped as Sabin 1 and six strains as
Sabin 3 (Table 1). Among the eight isolates, two (II and
729) were identified as non-recombinant and six were
identified as recombinant in two sites (Table 1). Isolate 742
was identified as S1/S3/S2 recombinant with the first
recombination site located in the 2A region from 3461 to
3465 nucleotide position and the second in the 2C region
from 4511 to 4527 nucleotide position. The recombination
sites of isolates EPA, EPB, LK3, LK6, and LK10, have
been previously identified by our group and are presented
in Table 1. Isolates EPA and EPB were identified as S3/S2/
S3 recombinants and isolates LK3, LK6, LK10 were
identified as S3/S2/S1 recombinants.

Temperature sensitivity of OPV-derivatives

The RCT marker assay is based on a comparison of the
temperature-sensitive multiplication of poliovirus Sabin
strains and the non-temperature-sensitive multiplication of
virulent strains.

Both of Sabin-1 isolates (742: S1/S3/S2 and II: non-
recombinant) displayed partial reversion to non-ts pheno-
type with RCT values of 2.0 units. Two of the recombinant

Table 3 Reproductive capacity of OPV isolates and Sabin vaccine
strains at different temperatures (RCT marker)

Isolate Titer (log TCID50/0.1 ml) RCT (A log
TCID50/0.1 ml)

37°C 40°C

742 4.75 2.75 2.0

1I 35 1.5 2.0

EPA 7.0 35 35

EPB 6.75 3.25 3.5

LK3 6.25 6.25 0

LK6 6.25 6.25 0

LK10 4.75 4.0 0.75

729 5.0 1.5 3.5

Sabin 1 6.0 2.5 3.5

Sabin 3 6.0 2.5 3.5

Sabin-3 isolates (EPA and EPB: S3/S2/S3) and the non-
recombinant 729 displayed a ts phenotype with RCT values
of 3.5 units. Three of the recombinant Sabin-3 isolates
(LK3, LK6, LK10:S3/S2/S1) displayed a non-ts phenotype
with RCT values ranging from 0.0 to 0.75 units (Table 3).
The Sabin vaccine strains (Sabin 1 and Sabin 3) exhibited,
as expected, RCT values greater than 2.00 units.

The different titers of viral strains at 37°C are due to the
different number of serial passages of viral stocks per-
formed in Hep-2 cells. Consequently, the different titers of
viral strains at 37°C have none importance.

One-step growth curve experiment

To determine whether the ts phenotype, as determined by
RCT assay, was indicative of growth defects, one-step
growth curve experiments were carried out for each isolate.
We compared the growth rates and virus yields at 37 and
40°C of each isolate with that of the corresponding geno-
type of Sabin vaccine strain (Sabin 1 or Sabin 3) in one-
step growth experiments in Hep-2 cells.

Both of Sabin-1 derivatives replicated with kinetics
similar to that of their progenitor Sabin 1 vaccine strain
showing that the virus yield rise after 4 h post-infection at
37°C (Fig. 1) while at 40°C their growth was blocked as
was also for Sabin 1 vaccine strain.

Two of the recombinant Sabin-3 isolates (EPA: S3/S2/
S3 and EPB: S3/S2/S3) (Fig. 2) and the non-recombinant
729 (data not shown) displayed similar growth kinetics to
their progenitor Sabin 3 vaccine strain at both 37 and 40°C.
Three of the recombinant Sabin-3 isolates (LK3, LK6,
LK10: S3/S2/S1) (Fig. 3, LK10 data not shown) showed
different growth kinetics from that of Sabin 3 vaccine
strain. More specifically, they showed 1.0-3.0 log; units
and 1.0-2.0 log;o units higher viral yield than the Sabin 3
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Fig. 1 One-step growth curve analysis of Sabin-1 isolates 742 (a)
and II (b) in comparison with Sabin 1 vaccine strain in Hep2 cells.
Cells were infected at an MOI of 10 and incubated at 37 or 40°C.
Total virus production at different times (0—12 h) post-infection was
determined by TCIDs, assay on Hep2 cells. Each point represents the
mean (xstandard deviation) of virus titers from five different
experiments

vaccine strain at each time post-infection at 37 and 40°C,
respectively.

Nucleotide and amino acid sequence analysis

In an attempt to correlate the phenotypic markers of
the isolates with some molecular markers, we investigated
the nucleotide and amino acid positions in the genomes
of the isolates that have been described as being involved
in the attenuated and thermo sensitive phenotype of Sabin
vaccine strains.

The nucleotide sequences of 5'-NCR, VP1, 2C, 3A, 3B,
3C, and 3D genomic regions were investigated and muta-
tions that result in loss of the attenuated and thermo sen-
sitive phenotype of Sabin vaccine strains have been
identified in the genomes of all isolates.
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Fig. 2 One-step growth curve analysis of Sabin-3 isolates EPA (a)
and EPB (b) in comparison with Sabin 3 vaccine strain in Hep2 cells.
Cells were infected at an MOI of 10 and incubated at 37 or 40°C.
Total virus production at different times (0—12 h) post-infection was
determined by TCIDs( assay on Hep2 cells. Each point represents the
mean (+standard deviation) of virus titers from five different
experiments

In Sabin-1 isolates, the mutations G480A and U525C
were identified in the 5'-NCR of isolates 742 and II,
respectively (Table 4). Both of these mutations restore the
stability of a base pair between nt 480 and 525 (AU in
Mahoney, GU in Sabin 1, AU in isolate V1, GC in isolate
V2) in domain V of 5-NCR and have been correlated with
reversion to neurovirulence and thermoresistance [3, 6, 7,
33, 34]. Both of Sabin-1 isolates displayed the mutation
C583G which is situated in a double stranded region of
domain VI of IRES and leads to a G—G mismatch (data not
shown). In VP1 coding region, the reversion A2795G —
[Thr-106-Ala], a well-known determinant of attenuation
[3, 6] was identified in isolate II (Table 4). Residue 106 is
located at the exterior of the capsid, specifically in VP1 BC
loop, and is involved in hydrophobic interactions with
residue in position 90 [35]. Substitutions Ala-96-Thr

Institutional Repository - Library & Information Centre - University of Thessaly
18/05/2024 14:33:52 EEST - 18.223.170.38



Virus Genes (2010) 40:200-211

205

—=— K3 (37°C)
LK3 —a—Sahin 3 (37°C)
—a—LK3 (40°C
A 100000 _( )
—a— Sabin 3 (40°C)
E 10000 -
M
2 1000
3
a
@) 100
c
(o))
° 10
0 2 4 6 8 10 12
Hours post-infection
LK6
—a— LK6 (37°C)
B 100000 o |—&—Sabin 3 (37°C)
—— LK6 (40°C)
—~ 10000 4 |—&—Sabin3(40°C)
IS
N
S 1000 A
8
o 100
=
o -
3 10
l T T T T T T T T

0 2 4 6 8 10 12
Hours post-infection

Fig. 3 One-step growth curve analysis of Sabin-3 isolates LK3 (a)
and LK6 (b) in comparison with Sabin 3 vaccine strain in Hep2 cells.
Cells were infected at an MOI of 10 and incubated at 37 or 40°C.
Total virus production at different times (0—12 h) post-infection was
determined by TCIDs( assay on Hep2 cells. Each point represents the
mean (+standard deviation) of virus titers from five different
experiments

(in isolate II) and Lys-99-Asn (in isolates 742 and II),
which are highly exposed in the exterior of the capsid, are
located in N-Agl site as well as in VP1 BC loop, which is
participating in the formation of the north rim of the can-
yon and is involved in the binding of receptor CD155 to the
virus [36-38]. Amino acid substitution Glu-168-Gly (in
isolate II) is exposed at the outer surface of the virion and
is located in EF loop which is implicated in hydrophobic
interactions with receptor CD155 [37, 38]. Amino acid
substitution Gln-220-Arg (in isolate II) is situated in the
exterior of the virion, in N-Aglla site [36].

All Sabin-3 isolates displayed the mutation U472C in 5'-
NCR (Table 4). This substitution is a reversion to the wild-
type genotype and has been associated with increased
neurovirulence and thermoresistance [4, 12, 39-41]. The
presence of mutation C586G in all six Sabin-3 isolates is
particularly significant. This substitution is situated in a

double stranded region of domain VI of IRES and leads to
a G-G mismatch as the mutation C583G in Sabin-1
derivatives. Both C583G and C584G may confer a selec-
tive advantage in Sabin derivatives as they have been also
observed in isolates of a previous study [42]. Moreover, the
mutations C438U and A439G were identified in three
Sabin-3 isolates (LK3, LK6, and LK10). Both C438U and
A439G are situated in a double stranded region of domain
IV of IRES and convert the base pairs GC and UA to GU
and UG, respectively. In VP1 coding region, all Sabin-3
isolates displayed the reversion C2493U — [Thr-6-Ile]
which is a determinant of attenuation [43—45]. Residue 6 is
situated at the N-terminus of VPI1 in the interior of the
capsid (data not shown) and the substitution of the atten-
uating Thr by Ile probably strengthens the hydrophobic
interactions between the VP1 amino terminus and endo-
somal cell membranes during virus cell entry [44, 46]. The
substitutions C2637U — [Ala-54-Val] and U2790C —
[Met-105-Thr] were identified in three Sabin-3 isolates
(LK3, LK6, and LK10). Residue 54 is located in the inner
surface of the capsid and is believed to participate in
hydrophobic interactions between VP1 and VP3 protein
[35]. Residue 105 is located at the exterior of the virion,
near the N-Agl site as well as in VP1 BC loop, which is
participating in the formation of the north rim of the can-
yon and is involved in the binding of receptor CD155 to the
virus [36-38]. Moreover, the mutations C2855A and
U2857A were identified in three Sabin-3 isolates (LK3,
LK®6, and LK10). Mutations at 2855 and 2857 positions of
the genome did not result in amino-acid substitutions but
they may confer a selective advantage for a secondary
RNA structure in this region which may act as a cis-acting
replicative signal. This hypothesis is reinforced by previous
studies on cis-acting replicative elements identified in
picornaviral genomes [47, 48].

In the 2C-3D non-structural region of the isolates’
genome, nucleotide and amino acid substitutions were also
identified (Table 5). The reversion C6203U — [His-73-
Tyr] of 3D polymerase coding region which has been
correlated with the attenuated and thermo sensitive phe-
notype of Sabin 1 vaccine strain [3, 7, 10, 17, 34, 49], was
identified in three recombinant Sabin-3 isolates (LK3,
LK6, and LK10: S3/S2/S1) in the Sabin 1 genomic back-
ground. The presence of some mutations with unknown
functional role in more than one isolates is considerable as
they may confer a selective advantage. More specifically,
in 2C region the mutation A4171G was identified in two
isolates (EPB and LK3) in a Sabin 3 genomic background.
In 3A region, the mutation U5214C was identified in two
isolates (EPA and EPB) in a Sabin 2 genomic background
and the mutation A5269G also in two isolates (LK3 and
LK10) in a Sabin 1 genomic background. In 3C region, the
mutations C5641U and AS5769U — [Asn-111-Ile] were
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Table 4 Location of mutations in 5-NCR and VP1 sequences of OPV isolates and comparison with the corresponding nucleotide and amino

acid positions in Sabin vaccine strains

Origin Region Isolate

Nucleotide

position

Sabin

Isolate

Amino acid

position

Sabin

Isolate

Accession
numbers

Sabin 1 5'-NCR 742

11

Sabin 3 EPA

EPB

LK3

LK6

LK10

729

Sabin 1 VP1 742

11

Sabin 3 EPA
EPB
LK3

LK6

480
583
525
583
472
586
472
586
438
439
472
586
438
439
472
586
438
439
472
586
248
472
586
2502
2776
2833
2904
2605
2765
2776
2795
2917
2982
3138
2493
2493
2493
2637
2790
2855
2857
2493
2637
2790
2855
2857

caoconocaoconooarrraorpaQQcraoao0caon0crO000Ccr» 00Ccr>0O0CcOcOcOoa

> P OCCcPrPrOQOCcCcccQccrraoaacrroaOrro00QCcoo0QCcaon00coo0Q0Q0Q»

99

142

96

99

106

168
220

54
105

54
105

Ser
Lys

Phe

Ala
Lys
Thr

Glu
Gln
Thr
Thr
Thr
Ala
Met

Thr
Ala
Met

Asn
Asn

Cys

Thr
Asn
Ala

Gly
Arg
Ile
Ile
Ile
Val
Thr

Ile
Val
Thr

EU598472

EU598476

EU598469

EU598470

FJ609747

F1609748

FJ609749

EU598477

FJ609767

FJ609769

EU598481
EU598482
FJ609761

FJ609762
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Table 4 continued

Origin Region Isolate Nucleotide Sabin Isolate Amino acid Sabin Isolate Accession

position position numbers

LK10 2493 C U 6 Thr Ile FJ609763
2637 C U 54 Ala Val
2790 U C 105 Met Thr
2855 C A -
2857 U A -

729 2493 C U 6 Thr Ile FJ609778
2659 G A -
2716 A G -

Numbering according to vaccine strains, Sabin 1 (AY184219) and Sabin 3 (AY184221). Mutations identified in more than one isolates are

underlined

identified in three (LK3, LK6, and LK10) and two isolates
(LK3 and LK®6), respectively, in Sabin 1 genomic back-
ground. In 3D region, the mutations A6019G and G6151A
were identified in three isolates (LK3, LK6, and LK 10) while
the mutations U6732C — [Leu-249-Pro] and C6947U in
two isolates (LK3 and LKI10) in a Sabin 1 genomic
background.

Discussion

Sabin vaccine strains differ from their progenitors in bio-
logical properties other than neurovirulence, some of which
have been used as in vitro markers to monitor the quality of
new batches of vaccine prior to monkey neurovirulence
assays. RCT test and one-step growth curve tests have been
used as in vitro phenotypic markers to identify vaccine-
derived polioviruses with increased neurovirulence [3-7,
10, 14, 17, 34, 50-54].

In the present study, the growth phenotype in Hep2 cells
at two different temperatures (37 and 40°C) of eight vac-
cine-derived polioviruses (two non-recombinants and six
bi-recombinants) as well as those of Sabin vaccine strains
was evaluated using two different assays, RCT test and
one-step growth curve test.

In both Sabin-1 derivatives (742 and II), the presence of
mutations at known determinants of attenuation and thermo
sensitivity or in other positions of 5'-NCR and VP1 regions
involved in virus replication, does not affect their growth
phenotype at both 37 and 40°C as they replicate similar to
Sabin 1 vaccine strain. However, both of these strains show
partial reversion to non-ts phenotype (RCT values = 2.0).
The discrepancy of the results of the two assays may cor-
relate with the fact that they show the viral multiplication
for different time periods. In general, the presence of many
other determinants of thermo sensitivity (nt 935, 1944,
2438, and 2741) in the 5’ end of the genome of Sabin 1

vaccine strain makes difficult the reversion of Sabin-1
derivatives to a non-ts phenotype [6].

The presence of S1/SX (SX: S2 or S3) recombinants is
extremely rare. Moreover, sequences of Sabin type 1 origin
are regularly found in SX/S1 recombinant strains [4, 50,
55-58]. This observation correlates with the increased fit-
ness of SX/S1 recombinants compared to those of S1/SX
recombinants. The determinants of attenuation and thermo
sensitivity of Sabin 1 vaccine strain are scattered along the
whole genome but most of them are situated in the 5'-NCR
and capsid region [6]. The Sabin 1 vaccine strain may
exchange the 5’ end of its genome with that of Sabin 2 or
Sabin 3 vaccine strains in order to get rid of these fitness-
decreasing mutations. The Sabin 1 vaccine origin of the 5
end of isolate 742 (S1/S3/S2) results in the acquisition of
many determinants of attenuation and thermo sensitivity.
As a result, the isolate 742 replicates similar to Sabin 1
vaccine strain although carrying traits of reversion in a
major determinant of attenuation and thermo sensitivity (nt
480). Moreover, the recombination type of isolate 742 does
not affect its phenotype because it shows partial reversion
to a non-ts phenotype in RCT test as the non-recombinant
Sabin-1 derivative (II).

All Sabin-3 isolates showed mutations at the same
known determinants of attenuation and thermo sensitivity
located in 5-NCR and VPI regions. Consequently, the
different phenotypes of isolates LK3, LK6, and LK10 in
comparison with those of isolates EPA, EPB, and 729 are
probably associated with the presence of other mutations in
their genome and the recombination type. Such positions
are the substitution His-73-Tyr of 3D polymerase which is
a known determinant of attenuation and thermo sensitivity
of Sabin 1 vaccine strain and mutations in 5’-NCR, VP1,
3A, 3C, and 3D regions of isolates LK3, LK6, and LK10
(Tables 4, 5). The functional role of these mutations has
not been determined yet but their presence in isolates LK3,
LK6, and LK10 shows that they confer a selective
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Table 5 Location of mutations in 2C-3D genomic region of isolates 742, EPA, EPB, LK3, LK6, and LK10 in comparison with the corre-
sponding nucleotide and amino acid positions in Sabin vaccine strains

Origin Region Isolate Nucleotide Sabin Isolate Amino acid Sabin Isolate Accession
position® position numbers of
2C-3D sequences
S3/S2 2C 742 4929/S2 C U - EU598488
5029/S2 A G 303 Ile Val
S3/S2 EPA - - - - AY738635
S3/82 EPB 4167/S3 U G 18 Leu Trp AY738636
4171/S3 A G -
S3/82/81 LK3 4171/S3 A G - DQ150697
4213/S3 A G -
4332/S3 A 8} 73 Gln Leu
4907/S2 U G 262 Met Arg
5032/S1 U C -
S3/82/81 LK6 - - - DQ150698
S3/82/81 LK10 4316/S3 C U 68 Pro Ser DQ150699
4800/S2 G U -
S2 3A 742 - - - -
S2 EPA 5214 U C -
S2 EPB 5214 U C -
S1 LK3 5269 A G -
S1 LK6 5270 A G -
S1 LK10 5272 G A 54 Arg Gly
S2 3B 742 5269 A G -
S2 EPA - - - -
S2 EPB - - - -
S1 LK3 - - - -
S1 LK6 - - - -
S1 LK10 - - - -
S2 3C 742 - - - -
S2 EPA 5781 C U -
S2 5784 U C -
EPB - -
S1 LK3 5641 C U -
5769 A U 111 Asn Ile
S1 LK6 5641 C U -
5769 A U 111 Asn Ile
5911 C U -
S1 LK10 5641 C U -
S2 3D 742 6114 U A -
S2/S3 EPA 6071/S2 C U 29 Ala Val
S2/S3 EPB - - - -
S1 LK3 6019 A G -
6151 G A -
6203 C U 73 His Tyr
6732 U C 249 Leu Pro
6784 C U -
6947 C U -
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Table 5 continued

Origin Region Isolate Nucleotide Sabin Isolate Amino acid Sabin Isolate Accession
position® position numbers of
2C-3D sequences
S1 LK6 6019 A G -
6151 G A -
6203 C U 73 His Tyr
6492 A G 169 Glu Gly
6493 G A -
6495 A C 170 Gln Pro
6496 G A -
6741 U G 252 Val Gly
6779 A U 265 Ile Phe
S1 LK10 5991 A G 2 Glu Gly
6019 A G -
6151 G A -
6203 C U 73 His Tyr
6499 G A -
6607 U G -
6732 U A 249 Leu His
6733 A C -
6947 C U -
7051 U C -

Numbering according to vaccine strains, Sabin 1 (AY184219), Sabin 2 (AY184220), and Sabin 3 (AY184221). Mutations identified in more than

one isolates are underlined

* Numbering according to Sabin 1 (AY184219), Sabin 2 (AY184220), or Sabin 3 (AY184221) vaccinal strains

advantage and support the reversion of Sabin derivatives
towards neurovirulent ones. Moreover, the recombination
type S3/S2/S1 of isolates LK3, LK6, and LK10 results in
the elimination of the major determinants of attenuation
and thermo sensitivity situated in the 5 end of Sabin 1
vaccine strain in opposition with what was observed with
the isolate 742 (S1/S3/S2).

The results of our study show that the presence of Sabin
1 vaccine strain as a 3’ partner in recombinants vaccine-
derived polioviruses favors their reversion towards neuro-
virulent ones. This is in accordance with the fact that
recombinants Sabin-2 and Sabin-3 derivatives have been
frequently isolated from VAPP cases while none of the
Sabin-1 derivatives isolated from VAPP cases were found
to be recombinants [4, 16, 50, 59]. Moreover, recombinants
Sabin-2 and Sabin-3 derivatives with Sabin 1 vaccine strain
as a 3’ partner have been more frequently isolated from
VAPP cases than those with Sabin 2 or Sabin 3 as a 3’
partner. In a previous study, all recombinant Sabin-3
derivatives with Sabin 1 as a 3’ partner (two S3/S2/S1 and
one S3/S1) had been isolated from VAPP cases while three
out of four recombinant Sabin-3 derivatives with Sabin 3 as
a 3’ partner (S3/S2/S3) had been isolated from healthy
vaccinees [4]. In our study, both of S3/S2/S3 recombinant

derivatives have been also isolated from healthy vaccinees.
The presence of strains with increased neurovirulence in
environment such as the three recombinants S3/S2/S1
(LK3, LK6, and LK10), highlights the need for environ-
mental surveillance.

Our study shows that both mutations and recombination
may affect the phenotype traits of Sabin derivatives and
lead to neurovirulent viral strains. Moreover, the recom-
bination allows either the congregation of reversed deter-
minants of attenuation and thermo sensitivity in the viral
genome or the elimination of some determinants of atten-
uation and thermo sensitivity from the viral genome.
However, Sabin 1 vaccine strain is genetically more stable
than Sabin 2 and Sabin 3 vaccine strains as Sabin 1 carries
more determinants of attenuation and thermo sensitivity.
This may explain why Sabin-2 and Sabin-3 derivatives are
more frequently isolated from VAPP cases than are Sabin-1
(only about 12% of cases) [60, 61].

In the post-eradication era of wild polioviruses, the only
remaining sources of poliovirus infection worldwide will
be vaccine-derived polioviruses. As the preponderance of
countries certified to be polio-free have switched from
OPV to IPV vaccine and taking into consideration the fact
that IPV does not induce the same immunity levels as OPV,
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importation of recombinant evolved derivatives of vaccine
strains would have serious implications for public health.
The history of OPV strains include passages in non-optimal
hosts, multiple cloning and deliberate selection of attenuated
(less fit) variants. The error-prone replication generates
variants devoid of fitness-decreasing mutations where the
revertants are readily selected for. As a result, evolution of
OPYV occurs in the organisms of vaccinees and their imme-
diate contacts early after vaccination and consists of muta-
tions, mostly represented by non-synonymous replacements
within coding sequences and/or alterations of important
control elements in the non-coding region of the viral gen-
ome. Most of these mutations are of an adaptive nature and
aim at reducing the adverse effects of the fitness-decreasing
mutations accumulated during the original selection of the
vaccine strains. The improvement of the phenotype takes
some time, with the more detrimental mutations being
eliminated at first. It is widely accepted that recombination
helps RNA viruses prevent accumulation of adverse muta-
tions. Genetic determinants of attenuation usually decrease
virus fitness and although certain of these determinants may
be similarly located in the genome of all three Sabin strains it
is likely that there are also type-specific attenuating muta-
tions. If so, recombination may be crucial in getting rid of
these fitness decreasing mutations where some attenuating
mutations may be efficiently eliminated by recombination
events, thereby increasing viral neurovirulence.
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Abstract

In this study, the serological status of southern Greek population of age groups 1-
10, 11-20, 21-30 and 31-40 against Sabin vaccine strains and a collection of 15
recombinant and 4 non-recombinant Poliovirus vaccine strains was determined. For
all three Polioviruses types, the highest NT titers were observed in age group 1-10,
indicating a good response to vaccination. In general the serological status of the
population of southern Greece against poliovirus is better for types 1 and 2 than type
3. The presence of the lowest NT titer in age group 21-30 towards Poliovirus type 3
suggests the need for a booster dose of monovalent Sabin 3 vaccine to ensure personal

and herd immunity.
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Since the 1960s, poliovirus, the causal agent of poliomyelitis, has been effectively
controlled by the use of inactivated poliovirus vaccine (IPV) or live attenuated oral
poliovirus vaccine (OPV). The OPV is constituted of attenuated strains of each of the
three serotypes (Sabin 1, 2, and 3) [1].

By 1964, OPV was the vaccine adopted throughout most of the world due to
several advantages over IPV, such as: simplicity of administration, induction of
mucosal immunity and neutralizing antibodies, and low cost. Since the Poliomyelitis
Eradication Initiative (PEI) was launched in 1988, extraordinary progress has been
made to stop transmission of wild-type poliovirus and to achieve global certification
of eradication by 2005 [2]. The number of poliomyelitis cases due to infections with
wild-type polioviruses decreased from an estimated 350,000 cases in over 125
endemic countries in 1988 to just 1,310 cases in four countries in 2007 [3].
Poliomyelitis transmission has been interrupted in the American, European and
Western Pacific regions and by the end of 2002 more than 180 countries and
territories were declared as polio-free. At present, the virus remains endemic in four
countries: Afghanistan, India, Nigeria and Pakistan [2].

The eradication strategies recommended by the WHO include: i) high, routine
infant immunization coverage with at least three doses of OPV plus a dose at birth in
polio-endemic countries, ii) national immunization days (NIDs) targeting all children
<5 years, iii) acute flaccid paralysis (AFP) surveillance and laboratory investigations
and iv) mop-up immunization campaigns with OPV to interrupt final chains of
transmission [2].

In the late 1990s it was recognized that polio outbreaks can be caused by
circulating live-attenuated vaccine viruses (Sabin strain) that have reverted and re-

acquired neurovirulence. By late-2005, six outbreaks caused by such circulating
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vaccine-derived polioviruses (cVDPVs), had been documented. Moreover, in rare
cases (1 case per 750,000 primary vaccinees), OPV strains have been implicated in
vaccine-associated paralytic poliomyelitis (VAPP) [4-7].

Emerging concerns such as the VAPP cases and the isolation of VDPV in a
number of countries has prompted WHO, in its 2004-2008 strategic plans, to
recommend cessation of OPV administration as soon as possible after interruption of
wild-type poliovirus circulation and continuing immunization schedules mainly with
IPV [8].

OPV was introduced into Greece in 1964 and a standard vaccination schedule was
initiated including four doses at the age of 2, 4, 6 and 18 months, with a booster dose
at 4-6 years. This vaccination schedule has led to the elimination of indigenous cases
of poliomyelitis since 1982 [9]. However, Greece has switched to the exclusive use of
IPV since 2005 as it occurs also in most polio-free countries.

In this study, the immunity level of southern Greek population of age groups 1-10,
11-20, 21-30 and 31-40 was measured towards Sabin vaccine strains and a collection
of 15 recombinant and 4 non-recombinant OPV-derivatives. The study was carried
out in 2008-2009 and the serum samples were provided by volunteers from regions of
Southern Greece. The serotype of all OPV-derivatives was determined by
microneutralization assay with type-specific rabbit antisera (RIVM, Bilthoven, The
Netherlands) according to enclosed instructions and using standard procedures [10].

The immunity level of human population against poliovirus types 1, 2 and 3 was
determined with a microneutralisation assay, according to the WHO guidelines.
Pooled sera (mixed 40 serum samples) were used from each age group for the NT
assay [11]. Serum pools were diluted 1:10 in MEM, heat-inactivated for 50 min at

56°C, diluted two-fold from 1:10 to 1:1280 and incubated in duplicates for 1 h at 37°C
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with 100 TCIDs, (50 % tissue culture infective dose) with each one of the 19 OPV-
derivatives as well as with the Sabin vaccine strains (Sabinl, Sabin2 and Sabin3).
Finally a cell suspension containing 10* Hep2 cells/0.1 ml was added. Cell and virus
controls were included in each batch. The plates were examined daily (3-5 days) for
the development of CPE. When the virus controls showed complete CPE, the final
results were recorded 24 hours later. The highest dilution of serum pool that protected
the cultures was recorded. Results were expressed as logio reciprocal titres (logo titre
1:10 = 1). Student’s t-test (Paired samples test) was used to compare the mean value
of NT titer of four age groups 1-10, 11-20, 21-30 and 31-40 towards each Sabin
vaccine strain (1, 2 or 3) with that towards each of the same serotype OPV-derivative.
Oneway ANOVA test (Duncan’s Multiple Range Test) was used to compare the mean
values of NT titer towards the Sabin vaccine strain and OPV-derivatives of the same
serotype between age groups 1-10, 11-20, 21-30 and 31-40.

Table 1 shows the serotype and the recombination site of each of the 19 OPV-
derivatives which were identified in previous studies [12-17]. The serotype of OPV-
derivatives was identified as P1 for five of them, as P2 for six of them and as P3 for
eight of them. The majority of OPV-derivatives was characterized as OPV-related
polioviruses displaying <1% divergence from the VP1 region of reference Sabin
vaccine strain. However, an OPV-derivative of serotype 1 was characterized as
VDPV in a previous study [12]. Specifically, it revealed 1.87% divergence from the
VP1 region of reference strain Sabin 1 and a recombination event between Sabin 1
vaccine strain and a member of Enterovirus group C in 2A genomic region.

Table 2 shows the statistical analysis of the logio reciprocal NT titres towards
Sabin vaccine strains and OPV-derivatives. Human population of age group 1-40

years old shows significant lower NT titer towards two Sabin-1 derivatives (742 and
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522) in comparison with Sabin 1 vaccine strain. No significant differences in NT
titers were observed for Sabin-2 and Sabin-3 derivatives in comparison with Sabin 2
and Sabin 3 vaccine strains, respectively.

A sequential decrease in NT titer was observed from age group 1-10 to 11-20 and
21-30 in all three Poliovirus types (P1, P2 and P3). Specifically, significant decrease
was observed from age group 1-10 to 11-20 in Poliovirus type 1 and from age group
1-10 to 11-20 and 21-30 in Poliovirus types 2 and 3. An increase in NT titer was
observed from age group 21-30 to 31-40 in Poliovirus types 1 and 3 but not in
Poliovirus type 2. However, this increase is significant only in Poliovirus type 3. For
all three types, the highest NT titers were observed in age group 1-10, indicating a
good response to vaccination. The lowest NT titer was observed in age group 21-30
towards Poliovirus type 3. This indicates an unsatisfactory level of immunity against
Poliovirus type 3 in young adults. These results are consistent with those of some
previous studies [18-20].

In general the serological status of the population of southern Greece against
poliovirus is better for types 1 and 2 than type 3. The presence of the lowest NT titer
in age group 21-30 towards Poliovirus type 3 suggests the need for a booster dose of
monovalent Sabin 3 vaccine to ensure personal and herd immunity. Moreover, the
higher NT titers of age group 31-40 towards polioviruses 1 and 3 in comparison with
that of age group 21-30 could be attributed to the acquisition of antibodies following
natural infection with circulating poliovirus strains of types 1 and 3 during the first ten
years of their life (time period 1967-1977). Moreover, a booster effect from the babies
to the parents could contribute to the rise in NT titers observed in age group 31-40.
On the contrary, the age groups 21-30 and 31-40 displayed the same NT titers towards

polioviruses 2 which could be attributed to the earlier eradication of poliovirus type 2
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than types 1 and 3 from Greece and worldwide. Type 2 is the easiest of the three to
protect against, thus its worldwide transmission was successfully interrupted by 1999
[21].

The existence of cVDPVs, their ability to produce outbreaks and the fact that they
exhibit pathogenicity similar to wild-type strains significantly changed the risk-
benefit analysis associated with the endgame of the polio eradication campaign. It
become obvious that the emergence of populations of unvaccinated individuals
following OPV cessation could risk re-starting a polio pandemic caused by either
cVDPV or wild type polioviruses. Today following the replacement of OPV from IPV
in most developed countries, well maintained herd immunity consists a priority. It is
tempting to assume that changes in antigenic properties frequently observed on OPV-
derivatives represent selection of viral variants less prone to be neutralized by human
antibodies. Taking into consideration that IPV does not induce the same immunity as
OPV, the need for immunological studies in all age groups is urgent in order to avoid
epidemics due to the circulation of highly-evolved OPV-derivatives and the

importation of wild polioviruses from endemic countries.
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Table 1. The serotype, the recombination type and the recombination sites of all

OPV-derivatives are shown. All isolates were characterized as OPV-related
polioviruses except one which was characterized as a vaccine-derived poliovirus
strain (VDPV). The recombinations sites of some OPV-derivatives were identified

previously by our group (References are indicated).

Serotype 1 (P1) Serotype 2 (P2) Serotype 3 (P3)
742 134 EPC
S1/S3/S2* (2A12C)" S2/S1/S2/S1(2C/3D/3D) | S3/S2/S3(2C/3D)
(This study) Karakasiliotis et al. 2005 [11] | Paximadi et al. 2007 [14]
7/b/97 EP9 EPB
S1/EVC® (2A) S2/S1(3A) S3/S2/S3(2C/3D)
Dedepsidis et al. 2007 [10] | Paximadi et al. 2006 [12] Paximadi et al. 2007 [14]
522 EP12 738
S1 (non-recombinant) S2/S1(3D) S3/S2/S1(3C/3D)
(This study) Paximadi et al. 2006 [12] (This study)
1 ID 584
S1 (non-recombinant) S2/S1(3C) S3/S2/S1(2C/3D)
(This study) Karakasiliotis et al. 2004 [13] | (This study)
152 IF EPA
S1 (non-recombinant) S2/S1(3D) S3/S2/S3(2C/3D)
(This study) Karakasiliotis et al. 2004 [13] | Paximadi et al. 2007 [14]
8001 K/2002
S2 (non-recombinant) S3/8S2 (VP1)
(This study) Dedepsidis et al. 2008 [15]
EP16
S3/8S2 (2C)
Paximadi et al. 2006 [12]
EP23
S3/S1 (2C)
Paximadi et al. 2006 [12]

 The recombinations of OPV-related polioviruses are among Sabin vaccine strains
(S1: Sabin 1, S2: Sabin 2, S3: Sabin 3).

® Recombination sites are located in 2A, 2C, 3A, 3C, 3D or VP1 genomic regions.

¢ Isolate 7/b/97 showed a recombination event between Sabin 1 vaccine strain and a
member of Enterovirus group C in 2A genomic region. Moreover, it revealed 1.87%
divergence from the VP1 region of reference strain Sabin 1. As a result, it was
characterized as VDPV.
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Table 2. The mean values of log;o reciprocal NT titres of four age groups 1-10, 11-20,

21-30 and 31-40 towards each poliovirus strain (Sabin vaccine strains and OPV-

derivatives) are presented. Moreover, the mean values of log;o reciprocal NT titres of

all the same serotype polioviruses (P1, P2 or P3) towards each age group (1-10, 11-

20, 21-30 or 31-40) are presented.

Virus Mean value Mean value in age group¥
Serotype strain in age group
1-40* 1-10 11-20 21-30 31-40
Sabinl 2,8061800°
2,3546350°
™2 (p=0,014)
Jibjo7  2:8061800° 3,0068666" | 2,4549783% | 2,1037767% | 2,4048067°
(p=1,0) (p=1,0) (p=0,087)  (p=0,087) | (p=0,087)
1 2,3546350°
*22  (p=0,014)
| 24208925°
(p=0,080)
2,2041200°
152 (p=0,066)
Sabin2  2,3546350°
a
134 553:?43)350
EP9  24298925% | 3,0212014° | 2,5481543" | 2,1611157° 2,1611157°
(p=0,761) | (p=1,0) (p=1,0) (p=1,0) (p=1,0)
2,5804075°
2 P12 (h=0215)
o 25051500°
(p=0,182)
F 25051500°
(p=0,182)
2,5804075°
8001 (p=0,058)
Sabin3  2,2793775°
2,4298925°
EPC  (p=0.495)
cpg 212886251
(p=0,182)  2,9943238" 2,2417488° 1,6396888" 1,8654613"
19g  1,9783475° | (p=1,0) (p=1,0) (p=1,0) (p=1,0)
(p=0,092)
3 2,2793775°
584 O
(p=10)
2,1288625
EPA " (0=0.182)
K/2002 1,9783475°
(p=0,092)
2,2793775°
EP16 ¢
(p=1,0)
13
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2,1288625°

EP23  (0.187)

* Means with the same alphabet letter in each Poliovirus serotype have no significant
differences according to Student’s t-test (Paired samples test).

1 Means with the same alphabet letter in each Poliovirus serotype have no significant
differences according to ANOVA test (Duncan’s Multiple Range Test).
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