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EYXAPIZTIEZ

H mapoUoa petamtuxlaky epyoacic mpaypatonmollnke ota mAaiocia tou [Mpoypdppatoc
Metamtuyakwy Zrmovdwv «Edapuoyéc Moplakng Bloroyiac-Tevetiknc-Alayvwaotikol Asikteg», Tou
TuApnatog Bloxnueiag kat Biotexvoroviag Mavemotnpiov ©Osocaiiag. H mapovoa spyacia
gKovnNOnke He thv ToAUTIUN BonBsla oplopévwy atopwy, Kobgva amd ta omola £maes éva
onUOVTLKO pOAo otnv e€€EALEN TNG. Oa Atav Aowutdv onpavtiky mapdiewpn av dsv gfédbpala Tig
guxapLoTieg pou og dooug cuvERaAav GE AUTH ThY MPooTdBsLa.

Mpwta art’ oA, Ba NBsAa va suxaplotnow Tov emIBAEMovTa KaBnyntn ThS HETATTTUXLOKAS HOU
SwatpBng, k. Kwota MatBwdrioudo o omolog pou gumioteltnke thy mapolod gpyaocia,
evBappUVOVTAC HE KOL TTOPOTPUVOVTAG HE O OAO TO XpoviKO Sldathpa ekmdévnong tne. Emiong, Ba
ABsAa va suxaploThow Tov K. Avtwvio MAKOUVTH, yld ThV QUEPLOTH CUMMAPACTACH TOU, ThV
KaBodAynoh tou Kalthv dpeon Bondsid tou omote tn Xpetaldpouy. Kat ot Suo toug, Atay mavta kel
otav Toug XpeLalOHouV, TiPoodEPOVTaS ATTAOXEPA TIC OUCLWEELG CUMBOUAEC TOUC KAl TV KOAR TOUG
S1aBeon. Xwplc tnv mveupatikn kaBoSAynan Toug Kat thv NBLKA oTtAPLEA ToUG N OAOKARPWGN QUTAS
TG epyaciac Sev Ba ntav edikth. Elpal mapamdvw and suyvwpov anévavti Touc.

Ertiong, 8gv Ba popovoa va napaAsipw ta umtdrouta (vuv Kal mpwnv) HEAN Tou gpyaoctnplou yla
tnv g€loov moAuTIun BonBeia: tnv Kwvotavtiva Tooupdvn, tnv MapWéva Mpnyoplou, tov AAs€avbpo
MrehaBida, Tov Asutépn Zopumd, thv Avtwvia Zmavopntpou, thv EAgvn-Povtidda MrieykoAAL, tov
MuwaAn Namapapyapitn, tov Fpnyopn Koéokopo-Addy, tov Niko Z18€pn, tnv Katepiva Mrmikou, tov
Mdplo Advyke, tTnv Bdow TolkAn, thv Xplotiva Mapackesud, thy Qwtewn ToakipoyAou Kal thv
ARpntpa BaoakomoUAou. Xdplg o8 autd to dtopa, to KAlpA oto gpyaotnplo (aAAd Kol eKTOG
gpyaoctnpiou) Atav ndvta sVOUVRO, AKOUN KAl oTIC SUCKOAEC HEPECG.

TeMog, Ba NBeAa va euxaplotnow Bepud Tov K. Moolado mou §€xtnke va eival HEAOG TNC TPLLEAOUG
HOU €EETAOTIKAG ETLITPOTING. TO EKTIHW WBLALTEPWC.

Za¢ EUXAPLOTW TIOAU dAouc.

ZtuAavidou Zwn

NoUBev, 2020

Institutional Repository - Library & Information Centre - University of Thessaly
16/02/2026 22:54:45 EET - 18.97.14.81



NEPIAHWH

O 16¢ tou Autikou Neidou (West Nile Virus, WNV) elvat évag avaduopevoc veupotpomnog RNA 16g, mou avhikel
otnv olkoyévela twv Flaviviridae. Alatnpeital otnv ¢duon oe évav eviwoTiko KUKAO PeTafl opviBodiAlkwy
KOUVOUTILWY KOl ITVWY, PE TA KoUvoUuTiLla Tou yévouc Culex (1] aAALWG Ta «KoLva» KouvoUTILd TNC TTOANG) va
anoteAo UV Toug KUpLoug SLaPLBactég Tou Lov. O LOC, e To TolUMN U evog LOAUGHEVOU KOUVOUTILOU, UTTopEl
va petadoBel kal o oplopéva BnAaoctikd, omwce o davBpwmog Kal ta ummoeldn. Qotoco, kupla puolki
Sefapevr tou LOU amotelolv ta mTnvd, SLOTL avantiooouy UYPNAR LaLpia tetapévne Sldpkelag n omola
ETUTPEMEL TNV MEPETAlPpW HOAUVON TWV KOUVOUTILWY. Ao tnv dAAn, o dvBpwrog kal ta GAAa OnAaotika
avantiooouy xapnAd enineda napwdIkAG LaLiac Tou Sev EMITPENOUY TNV LETAS00N TOU LOU KAl yLa Tov Adyo
auTto Bewpolvtal adlé€odol ) eukatplakol EevioTEc.

JTov AvBpwTto, amo TRV CTIYUH TNC LOAUVONC 0 XpOVOC EMWAGCNC TNC VOoOU Kupdivetal os 2 pe 14 nuépecg. H
TIAELOVOTNTA TWV avOpWIVWwV AOLLWEEWV LLE TOV LO (O TOCOOTO MoU ayyilel To 80%) elvol AOUUMTWLATLKEC,.
Mepimou to 20% TWV ATOWV TTOU €Xouv PLoAuvOel ekSnAwvouv MUpeTd Tou AuTikoU Nelhou, mou amoteAel thv
Ama popdrn Thg vOOOU KAl i GUUMTWHATOAoyla TG opoldlel Thv yputwdn cuvdpoun. Auctuywe, os éva
MOCOOTO MLKPOTEPO TOU 1% o 10¢ katadépvel va mpooPdarel 1o Kevipikd Neupkd ZUotnpa (KNZ)
avamntiooovtac veupoSLEloSUTIKN vooo, e ekbnAwoelg eykedalitidag, unviyyitidag kal moAl onaviotepa
ofelac yalapng napaiuvong.

O 106¢ tou AuTtikoU Neilou Bewpeital mAéov evBNULKOG O APKETEC MEPLOYXEC TOU KOOUOU, KUPIWE 08 AEPLKN
kat Nota Eupwnn ocupmepldapPavopévne kat tng EAAASag. Juykekplpéva, amd to 2010 kol METd,
kataypdadovtal eTnoiwe KpoLGUATA TOU LoU OTNV XWpa KAC, TOGo og avBpwroug 6co Kal og {wa (Kupiwg
ntnva kot noeldn). Eldikd to 2018 onpelwdnke otnv EAAGSa auénpévoc aplOpog KpoUGUATWY CUYKPLTLKA
[LE TA TiponyoUpEva €T, UE MpwLLn &vapén tng kukAodopiac tou oU. Na v akpiPfela, kata to 2018
SnAwBnkav cuvoAikd 316 meplotatikd Aolpwéng otnv Ywpa pacg, 6mou ota 73 amd autd ohUeElwBnKe
npooPoAn oto KNZ, evw Suctuywe ta 50 katéAnfav os Bavarto. Tnv (8wa xpovid kateypddpnoav 15 kpolopata
og tmrnoeldn. Opolwg, o aplBUOC TWY KPOUCUATWY KATd Thv Tiepiodo tou 2019 Atav eficou auvénuévoc otnv
EAAGSa. Juykekplpéva, Slayvwatnkay cuvollkda 227 kpouopata Aolpwéng amo tov 16, ek Twv onolwv ta 140
napouciacav ekdnAwoelg oto KNI, evw ta 32 katéAnfav og Bavarto. EnumAéov, onpeiwbnkayv 23 Kkpouopata
o€ Lmnoelé).

H epyaotnplakn Stayvwon tn¢ poAuveonc anod o tou Autikol Neidou Baciletal oe 800 KUpPLEC MPOCEYYICELC:
a) og opoloyikég peBodouc kal B) otnv avixveuon tou ukol RNA. Itnv npwtn nepintwon, n onola Baciletat
otnVv Xpron N otnv aviyveuon el8IKwyV avTtlowpdtwy, Kuplapxel n mbavotnta dtactauvpolpevne avtidpaong
He aAoug cuyyevikoUg Loug Flavi. Katd autov tov tpomo, éva Seiypa pmopel va aflodoynBel we beudwg
BeTko, otnv mepintwon mou gAoxelel pOAUvVon pe Kamolov GAhov 16 Flavi. Amo tnv GAAn, ol cuvnBelg
Hoplakég pEBodol, 6mwce n RT-PCR, mou pnoLUomoLloUvTal yla TV AVIXVEUGH TOU YEVETIKOU UALKOU TOU LoU
av&avouv Mol To kéotog ThE Slayvwone, evw napdAAnAa analtolv thy xpron €8ikov eéomAilopol. Mépa
ano tnv KAWIKNA aviyveuon, n unodldyvwaon Kat To peydho kootog Sucyepalvouv Kal TNV Tpaypatonoinon
pLoG oAokKAnpwHEVNG eMENULOAOYIKAG HEAETNG TOU YevikoU avBpwrivou mAnBucopoU, tTng opviBoAoyIKNG
Sefapevig, Twv KouvouTiLwv-SlaBLBacTwyY Tou LoU Kol TwWY AAAWY EVKALPLOKWY EEVIOTWV.

Tic tedeutaieg Sekaetieg, n mpdodoc Tng JuvBeTIKN ¢ Blodoyiag éxel emtpéPel TNV avantuln VEwvV gVEANIKTWY
pneB6Swy pe uPnAn Stayvwotikn afia. To 2016, o Pardee Kal ol GUVEPYATEC TOU YVWOTOMOINGAY TV avamtuén
piag Stayvwotikic pebodou PBaotopévn otnyv ZuvBeTikn BloAoyla, yia tnv ypriyopn, el81kn Kat Kuplwg xapniou
KOOTOUG avixveuon tou oL Zika, cuyyevikoU o0 tou WNV. Alonowwvrtag thv texvoioyia twy Toehold Switch
RNAs, &nuoupynoav efelbikeupévouc PBroatodntipec RNA, 6mou napouosia tou kol RNA otdyou endyouv
TNV OMTIKOTIOINOoN Tou BETIKOU AMOTEAECUATOC e YUUVO Udtl. H mpoacéyylon mou mepléypalav pmopel va
enektabel kal va TpomonolnBel yla Ty avixveuon omoloudHmote avaduopevou LOAUGUATIKOU TTapdyovTd.
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JTnv mapouocd WETATITUXLOKY €pyacia, n pebodoloyla mou mepleypddnke amo tov Pardee to 2016,
TPOCAPOCTHKE KOl TPOMOMOLHONKE avaAoywe yla TV npoomndabela aviyveuong tou ol tou Autikou Neidou.
MNa tnv omtikomoinon tn¢ avixveuong aflomoliBnkav 8o yovidia avadopdc: to yovidlo TnG Mpdaclvng
dBopilovocac mpwrteivng (GFP) kat to yoviSio Aouoidpepdong. Ta MPWTA AMOTEAECUATA QUTAC TNG
npoondBelac anedeixbnoav eAmibodoépa kat moAAd umooyxopeva. Ta Toehold Switch RNAs mou
KOTOOKEUAOTNKAY KAl SOKIHAGTNKOY OTNV CUYKEKPLLEVN TITUXLAKH SlatplPn katddepav va aviyveloouv To
k6 RNA pe gfalpetikr evatobnoia kal evlladépouoa efelbikevon, amodelkviovtag TNy epLKTOTHTA TNC
16éac. MeMovtika, pével n Sokiun nepetaipw Toehold Switch RNAs yla thv ebpeon autwv mou entdelkviouy
uPnAdtepn ekeldikevon, evw auta Statnpolv tnv emBupnnth evalobnola. Auth n véad MPOCEyyLon UNTOCYETAL
udnAn e€elbikeuon, evw EpYETAL VO LEWWOEL TO KOOTOG THE AVIXVEUGNC Tou Lou Tou AutikoU Neilou, oxL povo
O£ KALVLKO eTtineSo aAAd kal o eninedo emSNUIOAOYIKAC LEAETNC TOU LOU.

NEEELG-KAELBLA: WNV, SLayvwon, xaunAoU-kOoToUG avixveuaon, enttripnon, ouvOetikr Bloloyia
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ABSTRACT

West Nile Virus (WNV) is an emerging neurotropic RNA virus and is a member of the genus Flavivirus in the
Flaviviridae family. The virus is maintained in nature in an enzootic cycle involving many avian and mosquito
species, predominantly Culex spp. Disease can also be caused in humans and other mammals, especially
horses, through the bite of infected mosquitoes. Birds are the principal amplifying hosts of WNV; they develop
viremia levels of high magnitude with long duration, sufficient to infect ornithophilic mosquitoes. On the
contrary, humans and the rest of the mammals develop low levels of transient viremia, insufficient to infect
the feeding mosquitoes. Hence, they are considered to be incidental or dead-end hosts of WNV.

In humans, the incubation period for WNV disease ranges from 2 to 14 days. The majority of infected people,
an estimated of 80%, are asymptomatic. About 20% of infected people develop a mild febrile infection called
West Nile fever, with flu-like symptoms. Less than 1% of infected people develop neuroinvasive disease, such
as meningitis or encephalitis.

West Nile virus is now endemic in many parts of the world, particularly in USA and southern Europe, including
Greece. Specifically, since 2010, cases of West Nile virus infection in both humans and animals have been
recorded in various regions of Greece, meaning that the WNV has been established in our country. During the
2018 transmission season, it was recorded an increased number of cases and an early onset of WNV circulation
in our country. Notably, an unpresented number of 316 and 227 WNV infection cases were recorded in 2018
and 2019, respectively.

Laboratory diagnosis of the WNV presence is generally accomplished by two main approaches: a) serological
methods and b) viral RNA detection. Regarding the serological approach, diagnosis is extremely challenging
due to cross-reactivity with other related flaviviruses. As a result, accurate diagnosis requires nucleic acid-
based detection methods, such as RT-PCR. However, such techniques require technical expertise and
equipment, but most importantly they are relatively expensive. The limited diagnostic value, in combination
with the high cost, hold back the clinical diagnosis and the surveillance of WNV in bird, mosquito and human
populations.

During the last decades, Synthetic Biology is increasingly transitioning to the diagnostics, via engineering and
repurposing natural biological components, allowing the development of extremely sensitive and versatile
methods of detection. In 2016, Pardee and his colleagues announced the development of programmable
diagnostic RNA sensors for the rapid, inexpensive and sequence-specific detection of Zika virus. By taking
advantage of the Toehold Switch RNA’s technology, they came up with programmable synthetic
riboregulators, that induce the expression of a reference gene, in presence of the trigger ZIKV RNA. This allows
the immediate visualization of the positive result, due to the colorimetric output. These sensors are a solution
for the rapid response to any emerging outbreak caused by any potential infectious agent.

In the present study, the method that was described by Pardee, was modified and adapted accordingly for the
detection of West Nile Virus. For the visualization of the output, two different reference genes were deployed:
the Green Fluorescence Protein (GFP) gene and the Luciferase gene. The first trials of this attempt proved to
be encouraging and well-promising. The Toehold Switch RNAs that were constructed and tested during this
study, managed to detect the WNV RNA successfully, with a remarkable sensitivity and interesting specificity.
In the future, more Toehold Switch RNAs are planned to be tested, to find those that exhibit high specificity,
while retaining the desired sensitivity. This approach promises to reduce the cost and increase the diagnostic
value, contributing to a better clinical diagnosis and surveillance of West Nile virus in humans and the other
animals, as well as birds and mosquitoes.

Keywords: WNV, diagnosis, low-cost detection, surveillance, synthetic biology
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o0 Kunjin, o omolo¢ amopovwBnke amnod thv Avotpaliia. O kKA&doc 1c meplAapfdvel oteAéxn mou
gxouv armopovwBel amod thv Ivsia (8).

-2°¢ yevetikog e&eAktikdg kKAadog (Lineage 2): MéxpL to 2004 amopovwoelg tou 2°¥ kAdadou
pogpxovtav Kuplwe amd tnv Ymooaxdpla Adpkn Kot thv Madayaokdpn, oAAd €KtoTe £XOUV
urtdpéel kpoLopata, os {wa aAAA Kol o avBpwrouc, apxLkd otnv Quyyapla Kal 6TNV CUVEXELD OTNV
Pwoia, otnv kat otnv Kompo (7,8,9) Ta auvfavopeva kpoUopdta smetpeav TIC aKPLBECTEPES
DUAOYEVETIKEC MEAETEG, oL ormoleg amokdAuav OtL o 2% kA&bog xwplletal mepetaipw otg 4
urtokAddoug: 2a-2d (10).

1.3 ENIAHMIOAOTIKA AEAOMENA

1.3.1 NATKOzZMIA ENIAHMIOAOTIKA AEAOMENA

O 16¢ amopovwBnke yia tpwtn popd to 1937 otnv Ouykdvta, otnv ertapyia tou AutikoU Netdou armd
plo yuvaika mou guddvics gumUpetn voéco. Opwe, n smdnuiodoyia kol olkoAoyla Ttou o0
npwrtoxapaktnplotnke Asmropepws tig Sekaetieg 1950 kat 1960, 6mou Kal cnueEWONKAV apKETA
kpoUopata othv Meooyelakn Askavn. Na thv akpifela, to 1950 o 16¢ amopovwOnke Eavd otnv
Alyurtto KL éKtoTe 0 10¢ efamAwOnke maykoopiwg, mpoofdAlovtag avOpwroug, ITnva Kal UTmoeldn
(11). To 1951, oto lopanA, cnpewwBnke n pwtn emdnuia og avBpwItoug, evw emiong Kateypddnoay
KOlL TO TTPWTA TIEPLOTATLKA TipocBoAng oto KNZ (12). Ta emdpeva Xpovia, onpelwdnkav kpoUopata
ToU U ot Pwola, lonavia, FaAAia, Notwa Adpikn kat lvéia. To Stdotnua 1970-1980 ta kpoUouata
TIOU OhHEWBONKAY TIAYKOOUIWE ATAV APKETA pelwpéva. Opwe, armd ta péoa thg Sskaestiag tou 90
KOL META, O aplOpdE twv smibnpwy avénbnke atobntd. Anmd to 1996 kL éktote mpoékudav
onuovtikeg eruldnpieg os Eupwrin kot Méon AvatoAn, pe kKupldtepeg to 1996 otnv Poupavia kat
Tuvnola, to 1996 oto Mapoko, to 1998 ot ItaAia kal lopanA kat to 1999 otnv Pwola (12). To 1999,
0 10¢ édraoe yia tpwth dopd oto SUTLKO NHodaiplo, 6mou kat eplypddnkay avénuéva KpolopaTa
veupodieloSuTtikAcg vooou atn Néa Yopkn (13). Méoa otnv emdplevn mevtaetia o 10¢ e€amAwbnke os
Hvwpuévee MoArteieg Apepikng, Kavadd, Kapaifiky kat Aatwikn Apepkn. Ekel, mAéov n voocog
BewpsitaL evdnpikn KaBwe o g £xel sykataotabel otnv Apepkavikn Amepo (14).

Armd to 2000 Kol META, €XOUV UTAPEEL OAPKETEC avadPOPEC KPOUCHATWY HeE eKSNAWOELS
veUpoSLELGSUTIKAC vOoou TtayKoopiwe. OL o afloonpsiwteg avadepOnkav otnv FaAAia (2000 kat
2003), otnv Apepikn (2002 kat 2012), otnv ItaAia (2008 kat 2009), otnv Ouyyapia (2008), otnv Pwoia
(2007, 2010 kat 2012), otnv EAAGSa (2010 kat 2018) (14).

To 2018, onuswdnkav otnv Eupwnaiky évwon ta meplocotepa KPoUOUATA 0 oUYKPLON UE Ta
nponyoUUeva £Tn. ZUVOALKA, €ylve n avadopd 2.083 meplotatikwy, aplBudc o omolog Eemepvd tov
CUVOALKO aplOd KpoUGHATWY TwV TeAeuTaiwy 7 xpovwy (n=1.832) (Ewkdévecg 2, 3) (15).
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