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MepiAnyn

Au€avouEevEG avaQOPEG OXETIKWV TTEPIOTATIKWY UTTOSEIKVUOULV TNV mBavr cuoxétion tng COVID-
19 pe Vv avantuén autodvoong AlOAUTIKAG AVAIUiag, Hiag VOOOAOYIKAG OVTOTNTAC TTOU €XEL
OUOXETIOONEL Kal pe AANEC AOIPWEELC. MExpL OTIYMNAG £XOuV TTPOTABEL S1APOPOL UNXAVIOUOL TTOU
mOavwg cuvdéouv TABOYEVETIKA TIG VO AUTEC KATAOTACELG, XWPIG va £Xxouv e€akpIBwOeil TIAR-
pwc. 1dlaitepo evdlagépov mapouatdlel n autodvoon AlOAUTIKE avalpia amod Puxpd avtiow-
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M. KEXATIA, P. XATZHKYPIAKOY

pata og €dagog COVID-19, n emintwon Tng omoiag, mapd TIG OXETIKA TTEPLOPIoEVEC BIBAloypa-
PIKEG AVAPOPEG, @aiveTal va mapouotdlel avénTikr tdon amd tnv évapén tng mavdnuiag kat -

Bavwc umoekTipdTal.

Né€eic kAeibia
y___.- COVID-19, lowwéeig, avtodvoon aiuoluTiki avoiuio,
WOYPa. OVTIGOUOT,

Eicaywyn

Amo TV évapén tng mavonuiag kat péxpl Ty mepiodo
OUYYPAYNG TN TAPOUCAG avaokKomnong mavw anoéd
580 ekatopuvpla emPefaiwpéva KpouopaTa TNG
véoou COVID-19 éxouv kataypagei, cupmepAapfa-
VOUEVWV Kal TV TTAVW anoé 6.4 ekatoupupla Bavatwy,’
KaBlotwvtag TNV otabepd pia amod T KUPLOTEPES
TIPOTEPAIOTNTEC OE OAOUC OXESOV TOUC TOUEIC IATPIKAG
€peuvag Kal oTpatnyikng amd to 2019. Q¢ ocuvénela
™ 181aitepng éupaong mou éxel SoBei oTn HeAETN
NG SOUAC KAl GUUTIEPIPOPAG TOU AITIONOYIKOU TTapd-
yovTa, Tou 10U SARS-CoV-2 kat Twv maBo@uoloNoYIKWY
MNXQVIOPWVY TTou SIEMOUV TN Ao{pwEN, Ot KAIVIKEG K-
ONAWOELG TN, Ol EMIAOKEG TNG KAl N CUCXETION TNG
ME AANEC VOOONOYIKEG KATAOTAOELG €XOUV apXioel va
amocagnvifovtal. Mia amo Ti¢ TAéov evOIaQEPOUTEC
avadudueveg ouvoxetioelg tng COVID-19 eival ekeivn
HE éva eupL @ACPA AUTOAVOoWY CUVOPOUWV Kal ava-
MEVETAL VA amTOTENEDEL KIVNTPO YIa TNV TIEPAITEPW SlE-
PELVNON TNG KETAEV TOUC AITIOAOYIKNG oXéonc. Evéel-
KTIKQ, CUMQWVA E AVAPOPEC OTIC AUTOAVOOEC EKON-
Awoelg Tng, n COVID-19 mBavwg cuoxetiCetal pe au-
TOAvVOoN alpoAUTIKE avatpia (AAA), autodvoon Bpop-
BwtikA Bpopforevikn moppLpPa, unoteia Bupeosiditida,
avTipwo@oAmdikd cuvdpopo, vooo Kawasaki, cUv-
Spopo Guillain-Barré kat autodvooeg deppuatikég mma-
Onoeig.? Evw n avixveuon €18IKWV autoavTIoCWUATWY
EVIOXVEL TNV TIBAVOTNTA AITIOAOYIKHG GUOXETIONG TNG
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YnevOuvog aAAnAoypagiag

Maypia Keyapd,

Awpazoroyo Epyocrijpio

TI'evikod Noooxoueiov Attikijc «Zicuavoyieion,
Ziopavoyligiov 1, TK:15126, Mapovor

Tni. 6972176916

Email: maria.keh@hotmail.com

COVID-19 pe TNV autoavoaoia, € KATTOLEG TIEPITTTWOELG
ol evleieic umopei va gival Aiydtepo cageic. Apopun
yla TN ouyypa®r TG mMapovuoag avaoKoTTnong n omoia
avagépetat otnv AAA oe €8agog COVID-19, ue e181kn
éU@aon oTnV €K PUXPWV AVTICWUATWY, OTTOTEAECE N
enmavalapBavépevn S1amioTwWonN 0To EPYACTNPLO HAG,
KOATA TN MIKPOOKOTINON EMIXPIOUATWY TTEPIPEPIKOU
aipatog peyding pepidag acBevwv pe COVID-19, Tng
TTAPOUCIAC CUYKOANAOCEWY €pUBPWV alpoocEalpiwy
AA\ote AMNNG ékTaong n omoia cuvodguotav anod dia-
Tapaxf NG avaloyiag alpoo@alpivn—alpatokpitn,
evtévwg 1 ATa BTk SoKipacia YuxPOCUYKOANNTIVWY,
o€ oLVOUAOUO UE TN OXeSOV TTAVTA, £0TW Kal A0BEVWC,
Betikr oto C3d apeon Sokipacia Coombs dtav autn
Atav dtabéaoipn. O1 acBeveic cuvnBwWS aANa OxL TavTa,
mapovcialav €lKova KAIVIKAG alpoAuonc, TOIKIANG
€vTtaong, Kat ouxvd To @avopevo Atav mapodikd 1
autonepLopl{OEVoO.

Nolpwéelg kat avtodvooa voohHuata

H ocuppoin twv Aolpwewy, we mepIBaA\oVTIKWY TTa-
pPayovTwy, otnv mepimlokn maboguacloloyia TN av-
Toavooiac eival eVpéwc yvwoTr. O pOAOC TouG Urmopei
va gival EKAUTIKOG 1 EVIOXUTIKOG, UE S1APOPOUG UnXa-
VIOUOUG va €xouv mpoTtaBei w¢ umevBuvol yla T ou-
VEIOQOPA TOUC OTIC autoavooeg Siepyaciec. O holpo-
yévog mapdyovtag givat mbavé va mpocopoldlel o



avtiyova tou EevioTr, SlabétovTag eMTOTOUC JE TIa-
POMOLEC UE AUTA aAANAoLXieC apvo&Eéwv. Méow auTou
TOU PNXQVIOUOU «UOPLOKAG MIUNONG» OMWG KOWVWG
ATTOKAAEITAL, TA ATTOKPIVOPEVA 0T Aoipwén Aepgpo-
KUTTapa Xapaktnpifovtal amd S1a0TaupoUEVN avTl-
SpaoTikSTNTA EvavTl «ISiwv» avTydvVWV e amoTéNEoUA
NV dueoa PAamTikn Toug Spdon Kal TNV TEPAITEPW
EVEPYOTTOINON TOU AVOOOTIOINTIKOU CUOTAMATOC. Apw-
VTAC WG UTTIEPAVTIYOVQ, Ol 1ol Kal Ta BakThpla gival du-
vato emiong va evepyormolrjoouv peydho aplOud T
AEUPOKUTTAPWV XWPIC TIEPLOPIoNS amd To peilov oU-
OTNMA IOTOCUUPRATSTNTAC 1) TNV AVTLYOVIKH TOUG €101
KOTNTA. ATTO TN AAAN, cUPPWVA pE éva dANo mBavd
TAOOYEVETIKO HOVTEND, TA AVTIYOVA TA OTTOla ammENEL-
BepwvovTtal katomv IoTIKACS PAAPRNE, eite ota mMAaiola
NG i61ag TG AoipwENC 1 WG CUVETTELD TNC AVOCOANOYIKAG
andkplong o€ auTh, TPOooAAUAavovTal Kal TTapouactd-
Covtal amd avTlyovorapousIaoTIKA KUTTApPA, EVEP-
YOTTOIWVTAG TOUG UTOAVOOOUG PNXaviopoug. MNapopolo
pOAo umopei va StadpapatiCouv Kat ol CUVONKEC PAe-
YHovA S Katd T SIdpKELa TNG AoiUwENC, EVEQYOTTOIWVTAC
TA AUTOAVOOA OTOLXEIA TNG AVOCOAOYIKNG avTidpaong
TOU OPYAVIOHOU eVTOC EVOC N €I6IKOU (pAUAOU KUKAOU.
TéNog n Mapouciaon «KPUTTTIKWV», CUVABWC N EKTE-
Belpévuv 0TO AVOCOTIOINTIKO CUCTN A AVTIYOVWY, TII-
Bavwg amotelei €tepo pnxaviopd pe Tov omoio pia
Noipwén pmopei va odnyei otnv auvtoavooia. Ot avw-
TEPW PINXaviopoi gival Suvatod va emdpolv cuVSUACTIKA
KAl QaiVETAL TTWC CUVEIOPEPOUV SIAPOPETIKA, avaloya
ME TOV EKAOTOTE AITIOAOYIKO AOIOoyovo TrapdyovTta
Kat Tn xpovikn Sidpketa tnG Aoipwéng.>> Eotialovtag
OTN CUOXETION TWV LWV € AUTOAVOOEG TTABROELC, TTa-
padeiypata ta omoia evioxlouv tov pOdAo ToUu¢ OTnNV
avamtuén r avalwmipwor) Toug amote ol n mbavr
oxéon Twv wv Coxsackie, Tou Kuttapopeyaioiov, Kal
Twv Evtepoiwv pe tov Stafrtn tumou |, tou MapPoiov
B19, kat Tou 100 NG nratiTido¢ C e TO CUCTNUATIKO
epUONUATWdN AUKO, KABWGE Kal EKEVN TWV WV Ave-
pevloylac/ Epminta Zwotnpa, Epstein-Barr kat INapdg
HE TNV TOANATIAR OKARjpuvOoN.5 13

Av Kal o€ TTpWIHO aKOUN otadlo, fdosl Twv avéavo-
MEVWV avA@OPWV AUTOAVOOWV eKONAWOEWV OTa
mAaiola t™NG Aoipwéng, To €PEUVNTIKO evOlOQEpPOV
YUpw amé Tnv mbavr cuoxétion tng COVID-19 pe Sid-
(popa autodvooad voonpata xel evtadei. Ot mpotabei-
oe¢ Oewpieg mephapfdvouy, mEpav TG TAPAYWYNS
AUTOAVTIOWHATWY pE SlaoTaupouuevn €8IKOTNTA
évavtl «18iwv» avTiydvwy Kal Tou pOAOU TwV EVEPYO-
moNUEVWY T AEUPOKUTTAPWY HECW OUVTAPNONG EVOG
@Aeypovwdoug empBapuvtikol mePIBANOVTOC 1 UE
ameuBeiag KUTTapIkn PAARN Kat AANNOUC UNXAVICUOUC,
e£APTWHEVOUC ATTd AVTICWHATA EVAVTL TNG AKISIKAG
IKAC TTPWTEIVNG, UE EMaKOAouBn dnuloupyia avooo-
OUUTAEYUATWV.

COVID-19 KAI AIMOAYZH ATO WYXPA ANTIZXQMATA

KAwvikd kat epyaotnplakd dedopéva eival evoel-
KTIKA TNG UTIEPUETPNG EVEPYOTTOINONG, AAAA KAl ATTOp-
PLOUIONG TOU AVOoOTIOINTIKOU KATA TN Aoipwén amo
Tov SARS-CoV-2, 16iw¢ og aoBeveic pe Bapid vooo. Zxe-
TIKEG MENETEG €xouv SlamoTtwoel uPnAdTEPQ eMimeda
vtepAeukivng (interleukin, IL) -2, IL-7, IL-10, IL-1(, IL-
6, IL-8, mapdyovta vékpwong OyKwv (tumor necrosis
factor, TNF)-q, vteppepovng (interferon, IFN)-y kaBw¢
Kal EVTOVOTEPN EAATTWON TOU AplBuoL Twv T Aep@o-
KUTTAPWV €VavTl TWV B AEUPOKUTTAPWY Kal TWV KUT-
TApwV QUOIKWY Qovéwv (natural killer, NK), 16iwg Tou
avooopPUBULOTIKOU TTANBUGHOU TwV T-pUBUICTIKWY
Kuttdpwv (Treg), o aoBeveic pe Bapltepn vdoo,'> 16
mOavwg katadelkvoovTag To poAo 1600 TG aduva-
piag emitevéng avoolakng 1ooppoTTiag 6Co Kal TNG
€KALUONC EKOEONUACPEVWY QAgypovWOWY avTidpd-
OEWV OTA QAVOUEVA TNG AUTOAVOGiAG TTOU TTapath-
pouvtal otnv COVID-19.

Autodvooa @aivopeva otnv COVID-19 éxouv ava-
@epOei kal e€akolouBolv va avagépovTal, EVToUTOIC
Ol OXETIKEC SNUOCIEVOELG TTAPAPEVOUV OXETIKA TIEPLO-
plopévec, mBavwe Aoyw tng Suoxépelag e€elpeong
EMAPKWV KAIVIKWV KAl EPYACTNPIOKWY EUPNUATWY
TTOU va emTtpénouy va tebei n umdOeon piag artioho-
YIKNC OUOXETIONG LETAEL TwV Vo ovtoTHTWV. MBavwg
N mPEWTN avagopd autodvoong ekdAwWoNG amd To Ke-
VTIPIKO VEUPIKO oUOTNUA oTa TAdiola TNG Aoipwéng
agopd pia mepintwon empPefaiwpévou ocuvdpduou
Guillain-Barré pe apkeTég AAEG TIEPUTTWOELG VA £XOUV
meplypagei éktote."*"7 Au€avouevec gival emiong ol
AVAPOPEC OTIC AIMOTONOYIKEC AUTOAVOTEC ETIITAOKEC
TOU L0V, UE CUXVOTEPEG EKEIVEG TNG AuTodvoong Bpop-
BomeviKig mop@LPAG, N EMMTWON TNG oTToiag evOExe-
Tat va givat peyallutepn amod TNV KATAYEYPAUMEVN, EQV
An@Oei urOYIV TO Yeyovog 6Ti n BpopPomevia xapa-
KTNpifel oNUAVTIKO TTOCOOTO TWV A0OEVWY Kal EVTE(-
VETAL avaloya pe TN Baputnta tng vooou.'® Méxpt
OTIYUAG N TTIO EKTETAUEVN AVAPOPA OTIC AUTOAVOOEG
EMMAOKEC TNG Aoipwéng éxel yivel o€ pia peta-ava-
Auon tou 2020 Twv Saad kal GUVEPYATWV N oTmoia Ka-
TéAN&e O0TNV MEPLYPAPN KAL AVaAPOPA 98 TIEPIMTTWOEWV
auvtoavoaoia¢ oti¢ omois¢ mBavwe o SARS-CoV-2
EUTTAEKETAL AITIOAOYIKA.?2 TUUQWVA UE TA ATTOTEAE-
opata NG MEAETNC TO 48.5% TWwV TEPIMTWOEWY AVTI-
otolxovoe og ouvdpopo Guillain-Barré, 1o 24.2% o¢
AAA, 10 6.1% o€ autodvoon Bpoufomeviki mopeLPa
Kal 1o 3% o€ vooo Kawasaki.

Autodvoon alpoAUTIKA avalpia
kat COVID-19

H AAA amoTelel eTepoyevn EMIKTNTN AUTOAvVOON Ka-
TdoTaon n omnoia xapaktnpifetal anmod Tnv mapouscia

TOMOZ 67 @ TEYXOZ 4, OktwRploc-Aekéupplog 2022

233



234

M. KEXATIA, P. XATZHKYPIAKOY

AVTIOWHATWY €vavtl autoloywv puBpwv alpoo@al-
piwv kat n omoia pmopei va eival gite 1610madNE N
Seutepommadn¢, oxeti{duevn Pe @ApUaka, AOIéG au-
ToAvooEC TTABAOELC, AIATONOYIKEC KAKONOEIEC, LOYEVEIC
N Baktnplakéc Aolpwéelg KAM'? H etepoyévela TnG
vooou amodidetal 6Toug SlaPoPETIKOUC TUTTOUC TWV
AIMOAUTIKWY AUTOAVTICWHATWY Kal TNV ToIKiAAouoa
KAVIKN €IKOVA Kal YEVIKWE ocuvoyileTal o€ 4 uttoka-
yopiec (Mivakag 1) pe ouxvoTePN TNV AUOAUTIKN
avaipia «Beppol TUTOU» N omoia Slapecolapeital
amo 1gG avocoo@aipiveg pe Spdon otoug 37°C Kal
Xapaktnpiletal amod, katd 1o mAeioTov, e§wayyelakn
aipdAuon, akodouBolpevn amod TV vooo Twv Puxpo-
OUYKOAMNTIVWV (QLLOAUTIKH avatpia «puxpol TUTTOU»).
H deutepn xapaktnpiletal and IgM avticwpata ta
oroia GUYKoANOUV Ta epuBpd alpooaipia, Seopevouv
TO CUMTARPWHA Kal TTIPOKAAOUV KUpiwg evdayyelakn
AloAUoN, alAd Kal @AyoKUTTAPWON e€wayyEIaKA.°

O1 avagopég meplotatikwy pe AAA, av Kal YevIKA
OTAVIEG e TR Ola ouxvotnta 13/100.000 dtopa, ma-
pouactdlouv TPoodeVTIKA avénon n omoia €xel ev
pépel amodoBei kat oTn oUPPBOAN eKeivwy TTOU €xouv
ekONAwOei oTa MAAio1a TNG EMSNLIOAOYIKA KUPIapXNS
mAéov Aoipwéng COVID-19.2' Mpdyuati, 0 aptOuog Twv
TIEPIMTWOEWV TNE Aoipwéng pe cuvodo alpdAuon amo-
S106pEVN 0TNV TTAPOUGIa AUTOAVTICWHATWY auédve-
Tal otadlakd katl mMbavwe vmoekTipdTal, dedopévng
TNC ETEPOYEVELAC Kal TNS S1aYyVWOTIKAC TTOAUTTAOKOTN-
TaG 1OV TIG XapakTnpilel. Méxpt Ta péoa tou 2021 ot
BiBAoypapikég avapopéc AAA oxeti{dpevng Ue
COVID-19 Atav 29 ue TNV EMTTAOKN VA ATTOTEAEL TN
SelTePN 0 CUXVOTNTA LETAEL TWV AUTOAVOOWV Alpa-
TOAOYIKWV S1aTOPAXWVY UETA TNV autodvoon Bpopfo-
TTEVIKA TTOPPUPA,??23 eVWw EVTOG PEPIKWY UNVWV TOU
16iov €Toug, CUUPWVA UE TNV AVAoKOTINON Twv Jacobs

Kal Booth gixav avé\Bel oTi¢ 50.24 O pdAo¢ Twv autod-
VOOWV QILOAUTIKWY Slatapaywyv oTnVv KAIVIKH TTopEia
¢ COVID-19 gival onuavTikdg kabwg xel ouvdeDei
pe SUOUEVEDTEPN TTPOYVWON KAL TTAPATETAPEVN VOON-
Aeia, pe TN peAéTN Twv Algassim Kat cuv. va ava@épel
WG Tapatnpeital oto 14.7% twv acBevwv mou xph-
Couv el0aywync otn povada evtatikng Bepaneiag éva-
VT TOU 9% TWwV UTTOAOITTWY, e BvNoIuOTNTA TNES TAENC
Tou 32%.%

Av Kal 0 akpIfBng umrevBuvog UNXAVIOUOC Yid TNV
eppavion AAA otnv COVID-19 Sev eivat mhripw¢ e€a-
KpIBwuévoc, pia mpotelvopevn Bewpia agpopd otov
POAO TNG PAEYHOVNC KAI TWV KUTTAPOKIVWY 0TNV &n-
MIoUpYia KPUTTTIKWY AVTyOVWV TA OTTOI0 EVEPYOTIOIOUV
Ta T AEPPOKUTTAPQ, UE ATTOTENECHA TNV EMAYWYH AU-
ToavVTIOPACTIKWY B Aep@oKuTTApWY Kal emakoAoudn
TTAPAYWYN AVTICWHATWY £VAVTL AUTWY, KATL TO OTT0i0
€xel avamapaxOei Kal EIPAPATIKA UE TNV avapEn mAd-
opato¢ aoBevwv pe aloyevr epuBpokuTTapa.??26:27
Mapopoiwg, n amoppLOUIoN TOU KATAPPAKTN TOU CU-
MITANpWHOTOC Katd TNV oeia @don TN Aoipwéng Kal
N emakoAouOn emKAALYN TNG EPUOPOKUTTAPIKAG ETTI-
(PAVELAC UIE AVOCOOUUTAEYUATA KAl CUCTATIKA TOU OU-
pIMANpWHaTog mMOavwe cuUPBANEL TOoO oTnV ELBpPU-
MTOTNTA TNG MEUPBPAVNE TOUC TIPOKAAWVTAG AVOHN TN,
600 Kal 0TNV ATWAELA TNG EANACTIKOTNTAG TNG UE aTTO-
TéAeopa TNV auénpévn taon Bpoppwong Twv acbe-
vwv.2'282° TlapdAANAa, ot HEAETN Toug ot Angileri kal
ouv. Slatumwaoav TNV udBeon TN LOPIAKNAE HiNoNng
w¢ ueLBLVVNC YIa TNV AvATITUEN AIOAUTIKWY QUTOA-
vTiowpdtwy otnv COVID-19 kat Tnv anédwoav otnv
AVTIYOVIKI) opoldTnTa TnNE aykupivne-1 tng epubpo-
KUTTOPIKNG MEUPPAVNC LE TNV aKISIKN TIPWTEIVN Tou
SARS-CoV-2.3931 Tého¢, KaBw¢ Kal KATolol amd Toug
(PAPHOKEUTIKOUG MAPAYOVTEG TTOU XPNOIMOTIOI0UVTAl

Baowég katnyopieg avtodvoong aworvtikng avouiog (Ilpocappoyr amnd: Liebman
HA, Weitz IC. Autoimmune Hemolytic Anemia. Med Clin North Am 2017; 101: 351-9).
Katnyopia Xoyvotnta AvtiocOpota
Oepumdv avTIcOUdTOV 65%-70% IgG
Poypaov avticopdTov 20%-25% IgM
Hapo&uopkn 1%-3% IgG (dwpaockd avticopato.

OLLLOGPOPLVOVPTDL EK YOYOVG

Donath-Landsteiner)

Apvnrikn katd Coombs ~5%

IgG (yaunAoi tithov), IgA,
povopepn IgM
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oTa mAaiola TNE BePATTEVTIKAG aywyng TG VOOOU Kal
TWV EMITAOKWY TNE EVOEXOUEVWCE VA EUTTAEKOVTAL OTNV
maboyéveon TG autodvoong aloAuong, N cupBoAn
TOUG OTNV gU@Avion TNG mMOavwe dev eival apeAnTtéa
Kal Ba pémel va AapBdvetal undPtv otnv a§loAoynon
NG ATMTOTEAECUATIKOTNTAG £VAVTL TOU PIOKOU X0pPryn-
on¢ toug.?!

H epyaotnplakn diayvwon tn¢ AAA cuvonTikd
otnpiletal oTnv avelpeon PloXNUIKWY SEIKTWV ald-
Auong og ouvduacud e cuUPATOUC HE AIPOAUTIKNA
avaiuia, deikteg avalpiag (xohepuBpivn, YAAAKTIKN
apudpoyovaon, antooPalpiVeS, Aloo@alpivn oupwy,
YEVIKN aipatoc, SIKTUogpUOPOKUTTAPA K.ATT.), GUVO-
Sevopevn amd Betikn dueon dokipacia Coombs (di-
rect Coombs test, DAT). EmmAéov, n Stakpion petady
TWV uToKaTtNyoplwv mepAapBavel Tnv empBefaiwon
¢ BetikéTNTOC TNG DAT o€ avti-IgG ry/kat avti-C3d
avTtiopoU¢, evw N S1dyvwon && umopei va amokAEIOTE(
aKOUN Kal o€ €56ago¢ apvNnTIKAS SoKipaaoiag Adyw TN
mBavétnTag XapnAwy TitAwv Kal mapouaoiag IgA au-
ToavTIoWHATWV.32 H 8€ KAIVIKR uTToia yevikwe TiBeTal
emi o€eiag eppaviong IKTEpou f alpatoupiag, mapou-
oia avaipiag.3?

Autodvoon alpoAUTIKR avatpia amé puxpd
avticwpata kat COVID-19

ISlaitepo evdiagépov mapouaotdalel n AAA ek Puxpwv
avtiowpdatwy (cold agglutinin disease, CAD), Twv armo-
KOAOUPEVWY Kal PUXPOCGUYKOAANTIVWY, 0TO £€8a@og
™G COVID-19, n emintwon tng omoiag £xel emiong mma-
POUCIACEl AUENTIKEC TACEIC amd TNV Evapén TN mav-
Snuiag 6mw¢ katadelkvueTal amo TIC avadudueveg
QAVAPOPEG OXETIKWYV TTEPIMTTWOEWV.

H mAelopneia Twv evdeifewv ouoxétiong petal
NG Aoipwéng amd SARS-CoV-2 kat AAA YuxpoU TuTou
TIPOKUTITEL ATTO PEPOVWHEVECS BIBAIOYPAPIKEG AvVaPO-
PEC TIEPIOTATIKWY, >3 pe TNV TMAEIOVOTNTA TOUG va
APOPA OE VEEC TIEPITTTWOELG TTAPA 0€ avalWOTTUPWOELC
nipoUndpyovoag CAD. EvtouTolg, cUpgwva pe d0o 1o
EKTETAMEVEC OUOTNUATIKEG avaokomioelg Tne Sie-
Ovouc BiBAloypagiag, péxpt To Zentéufplo Tou 2021
gixav avakolvwBei 20 kat 18 mMePMTWOELS AvTi-
oToIXA.24** NOYW TNG OUXVA TIEPITAOKNG SLAPOPIKAS
Sidyvwonc kat tne idlag Tng uong TnG Aoipwéng n ou-
xvotnta tng CAD ota mAaioia tng COVID-19 dev amo-
KAElETAl VO UTTOEKTIPATAL KAl €K TIPWTNG OPEWS
PaiveTal TTWG TO TOCOOTO Eival UPNAOTEPO aTTO EKEIVO
01O OUVOAO TWV TEPIMTWOoeWv AAA#44> Autr n mba-
votnTa anmotelei kat Sikn pag unéBeon, kabwg oTo ep-
YaoTtnplo Hag eival moAu cuxvn n dlamiotwon g
TTAPOUGIac CUYKOAACEWY EpUBPWV AlHOCPAIPIWY O
eMmyplopata MEPIPEPIKOV AiATOC VOONAEVOUEVWY

COVID-19 KAI AIMOAYZH ATO WYXPA ANTIZXQMATA

aoBevwv pe COVID-19, pe ouvodo avaryia, BeTikr So-
Kipaoia avixveuong PuxpoouyKoAANTIVWY Kat Bloxn-
MIKOUC S€ikTEC alpoAuonc, o€ ouvdUAOUO e BETIKN
oto C3d DAT, étav autn gival StaBéotun. EmmpooOé-
TWG, OLUXVO O€ aUTr TNV opada acBevwy gival Kal To
MIKPOOKOTIIKO €UpNHA YEVIKEUUEVWY OUYKOAMACEWV
EPUOPOKUTTAPWVY UIKPNG OUWG EKTAONG, CUXVA XWPIG
Aoimd euprpaTa AldAUCoNG, TO OTTO{0 UTTOXWPET KATO-
Ty enwaonc Tou dgiypatog otouc 37°C Kal To omoio,
av Kat ouvnBwg e Siepeuvatal TEPAITEPW EPYAOTN-
plakd PO auTr tnVv KatevBuvon, Ba umopouoce va
amotelei évdelén mapouciac PYuxpoouYKOAANTIVWY,
mMOavw¢ o€ XaunAo Titho.

ZUpewva e TNV urtdpyxouvoa PBiBAoypagia otnv
mAeloPneia Twv acBevwv pe CAD ota miaioia COVID-
19 avixvelBnkav PuxpoouykoAANnTiveg, ouvrBwg oe
Tith\o >1/64,%* T0 NAIKIAKS TOUC EVPOC ATAV HeTAlL 17
Kal 77 €twy, n mAeloPn@ia toug epeavile pétpla n
Bapld kKAvIKN €lkova Aoipwénc* kat n dilayvwon Twv
TTEPIOCOTEPWV EYIVE EVTOC TwV U0 MpwTtwv ERSoUA-
Swv amod tnv évapén tnc.2? Tmavidtepa, mapd tnv avi-
XVEUON WYUXPOOUYKOAANTIVWY, Ol oTioie¢ HAAloTa
pmopei va éxouv tautomoinBei wg avTi-l, akoun Kai o
uPNAO TiTAO, ol aoBeveic evdéxeTal va Unv TAPoUoIda-
Couv glkéva alpdAuonc.*

A6 TAELPAC TTABOYEVEONC, Ol TTIPOTABEVTEG N~
viopoi mepAapfdvouv tn Bswpia TNG HOPLAKAG HiNn-
ONG KAl TNG PAEYUOVAG TIOU €X0LV TIpoavagepBEei, evw
Kal To 0&EIOWTIKG OTPEC TN AolMwENC urmopEi va gu-
VoEei TNV €kBeon TN PWoPATIOUNOGEPIVNG TNE EMIPA-
veiag Twv EpUBPWV aAlgoo@alpiwy, UE CUVETIELD TNV
EMKAAUYA TNC ATIO CUCTATIKA TOU CGUUTTANPWHA-
T0(.262846

Mépav TG amodidopevng oTNV KAVIKY AlOAUCH
avapevopevng emdeivwong, n CAD mBavwg euBuvetal
yla SUCEVEDTEPN TIPOYVWON KAl AOYyw TOU auénué-
vou Kivéuvou Bpopufwong twv acBevwv.*” Av kal omd-
VIEG, TIEPIMTWOELG He cuvUTTapén CAD kat 8popupwong
ota mAaiola COVID-19 éxouv avagepBei xwpic Opwg
va ival EQIKTH N AITIOAOYIKI TOUG OUVOEDT, KABWC Ol
BpopPwTIKEG EMTAOKEG ATTOTEANOUV BACIKO XAPAKTN-
PLOTIKO TNG ib1a¢ TNG AoipwéNne.* H cuoxétion TN GAe-
BIKAC Kal aptnplakng BpouBwong he TNV alndiuon
PUXPOU TUTTIOU €XEL TEKUNPIWOET € HENETEG Kal OL TTa-
Bo@UCIONOYIKOI UNXAVIOHOI TTOU €XOUV TIPOTABE( WG
urrevBuvol mepAapPdavouy TNV emidpacn Twv HEL-
WHEVWY emmédwv povoteldiou Tou alwTtou TTov TTPo-
KOAOUV ayyEIOOUGTOAN, CUCCWPELON AIMOTTETOAIWY
Kal auénuévn ékppaon popiwv evéoBnAlakng mpo-
okOAANoN¢ kal ta avénuéva emimeda eAeVBepNC aipng
T OTTOIA EMAYOVTAC TNV TTAPAYWYH TTIPOPAEYUOVWOWV
KUTTAPOKIVWV KataArjyouv otnv evéoBnAiakn BAARN
Kal 0TNV €vepyoTToinon Twv alloTETAANIWV.*® Emmmpo-
00£TWC, OTTWG €xel avapepBel avwTEépw, N EMKAAUYN
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NG EPUOPOKUTTAPIKAG EMIPAVEINC UE AVOCOCUUTIAE-
YHOTA KAl CUOTATIKA TOU CUPITANPWHATOC TOAVWG
OUMBANEL OTNV aTTWAELD TNG EAACTIKOTNTAC TNG ME
amotéAeopa tnv avénuévn BpouBwTikr Tdon.?’

H ouvnOn¢ avtipetwmion tng CAD otnv COVID-19
TePINAUBAVEL XOPryNON KOPTIKOOTEPOEIOWY KAl JE-
Tayyioelg, av kal n MAAPNG VPEoN EMTUYXAVETAL KU-
piwc pe Tnv amodpopn TnNC Aoipwénc. H aywyn ue
prtouvéiudunn (rituximab), mapoéAo mou amoteAei Oe-
parmeia ekKAoyng, €ite w¢ povobepareia ) oe cuvbua-

Summary

opo pe Bevdapouotivn (bendamustine), Bewpeitat
AUPINEYOEVN Kal OV TTpOTIMATAL, KABWG LUTTAPXEL TTL-
Bavétnta va ouvdéetal pe emdeivwon TnG Aoipwénc.
TéNog, n BepameuTikn TAACPAQAipEDSN N OTTola €XEL
xpnotpormoinBsi wg péBodog eEAATTWONG TWV KUKAO-
POPOUVTWV TTABOAOYIKWY IgM aVTIOWUATWY armOoTEAEI
ETTIIKOUPIKN Beparmeia o€ cUVOUVAOUO UE KOPTIKOOTE-
POEISN Kal EMAEYETAL WG AUON AVAYKNG OE TTEPITTTW-
oelc kahrmalovoag CAD 3543

COVID-19 infection and cold antibody autoimmune hemolytic anemia

Maria Kehagia*, Rea Chatzikyriakou

Hematology Laboratory of General Hospital of Athens “Sismanoglio-Amalia Flemig” - “Sismanoglio” Hospital Unit

*Corresponding author

Several case reports have implicated an association between COVID-19 infection and autoim-
mune hemolytic anemia, a known hematologic sequel of various infections. Given the com-
plexity of the pathophysiologic relationship between SARS-Cov-2 infection and autoimmune
hemolysis, the underlying mechanisms proposed so far have not yet been fully elucidated. De-
spite the still sparse case reports and possible underreporting, cold antibody hemolytic anemia
in the setting of COVID-19 is of particular interest, with the number of its cases growing since

the start of the pandemic.
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MepiAnvn

O kopovoidog SARS-CoV-2 suBuvetal yia t Aoipwén COVID-19, n omoia AapBavel mavonuUIKEC
Slaotdoelg Ta teAevtaia Tpia xpodvia. O 16¢ petadidetal pEow TNG avanveuoTIKAG 000U, KUPIwG
ME €LOTTVON AEPOAUMATWY Kal N Aolpoyovog Spdon Tou mapdAo TToU apXIKA iXe EMIKEVTPWOEL
16{W¢ OTO KATWTEPO AVATIVEUOTIKO 0UOTNUA, TTAEOV UECW EEENIKTIKWY UNXAVIOUWYV KAl IETAA-
AAEewV TOU 1IIKOU YEVWHATOC, £XEL TIEPIOPIOTEL OTO AVWTEPO avanmveVoTikd. H vooog COVID-19
mapouctddlel éva eupuTtato PAcua BaplTNTAC, TTOU KUMAVETAL armd UTTOKAIVIKEA Aoipwén (aou-
MTITITWUATIKA), ATTI0 CUUTTTWHATOAOYIA, £Ww¢ Kal ooPBapég ekBAcElg, Oxt ommdvia Bavatngopec. H
ocofapodtnta NG acBévelag e€aptdtal amd TNV avoCoOAOYIKH amoKplon Tou EevioTh, Kabw¢
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TIOAEG POPEC OTIG KPIOIUEG TIEPIMTWOELG TTAPATNEOoLVTAL S1a8IKAGIEC UTTEPPAEYIOVAG KAl UTTE-
pavtidpaong TOo0o Tou £€UPUTOU GO0 KAl TOU TPOCAPUOCTIKOU aVOCOTIOINTIKOU CUCTAMATOC,
ME TEAIKA amoTteAéopata To X0vdpopo Katatyidag KuttapoKkivwy Kat TEPIOTATIKA UTTEPTINKTI-
KOTNTAG. Bapéwg maoxovteg aoBeveic epgavifouv évtovn Aep@omevia, NwolvoTevia Kat oude-
TEPOPIAiQ, evw TapdAAnAa evtomiCovtal kal paydaiw¢ avénuéva emimeda D-dimers. Xapaktn-
PIOTIKEG EMITAOKEC TNG VOOOU ammoTeAOUV N vVeLPovia Kal To Z0vdpouo O&eiag AvamveuoTIKAG
Avoxépelag (ARDS), kataotdoelg 18laitepa 0oBapég Kat amelAnTIKES yia Tn (wr. ZTtnv mapovoa
avaokémnon Ba e€nynBouv ol emakpieic pnxaviopoi, mou Siémouv Tov mabo@uacloloyiko xa-
paktipa NG ooBapng ékBaong tng Aoipwéng COVID-19. Apxikd, Ba avaAUCOUE TNV UTTEPUETPN
QAVOOOAOYIKI) ATTOKPION KAl TNV EKTETAUEVN PAEYHOVH), TTOU akoAouBei katd tn cof3apr vooo,
Mla KatdoTtaon yvwoTh wg Xuvépouo Katatyidag Kuttapokivwyv. Akoun, Ba diepeuvricoupue
EMITAOKEG TTOU APOPOUV OTNV UTTEPTINKTIKOTNTA KAl 0TO OXNMATIOUO Bpopuwoswy, pe 1dlaitepo
evllapépov otnv avamtuén MVEVHOVIKNAG EPBOANC, AAAA Kal TNV aAOYLOTN EVEPYOTTOINON TOU
OUOTAMATOC CUUTANPWHATOC. EmimAéov, Ba yivouv avagopéc og mpodlaBecikoUC TAPAYOVTEC,
OTIWC YEVETIKEG METOAAEELC KAl OPASEC AUATOC, Ol OTTOIOL £XOUV CUCXETIOTEL e TNV EMBapUUEVN
oupnTwpatoAoyia TG Aoiuwéng, Kabwg emiong Kat 0€ UNXAVIOUOUE AVAOTOAAG TNG AVOGCIAKAG
amavtnong, mou d1abétel o SARS-CoV-2, Sedopéva mmou Xpri{ouv mepaITépw AMOcaPrivIon Kal
Slepelvnon. TENog, Ba e€nynBei n e€eAIKTIKA TTOPEia TOU 100 AT TIC APXEC TNG TAVONUIAg, £wg
O UEPA, OHASOTIOIVTAG TA OTEAEXN HE TTapaAayég avnouyiag (VOC) kat ava@épovTag TIG pe-
Ta&L Touc S1aPopEc, TOOO O€ YEVETIKO eMimedo, 600 Kal OTIC ISI0TNTEC TTOU ToU¢ TPoodidouv ol
€KAOTOTE PETANNAEELG TTOU SlaBETouV.

Né€eic kKAaibia
y._h_ COVID-19, SARS-CoV-2, ARDS, Kozaryido Kvtropoxivay,
VTEPTNKTIKOTTO, HETOLLALEIS

Elcaywyn

Ot kopovoioi gival pia peyaAn otkoyévela Coronaviri-
dae, n omoia diaxwpiletal oTi¢ uTootkoyéveleg Ortho-
coronaviridae kat Toroviridae. H mpw1n, amoteAeitat
and téooepa yévn, Toug AA@a, BATa, yaua kal 6éAta
KOPOVOIoUC. 2T0 Yévog Twv Brta Kopovoiwv Ta&ivo-
peital o 16¢ SARS-CoV, o omoiog mpokKAAeoe TNV mdn-
pia Tou ZoPapou O&éoc Zuvdpdou AVaTIVEUOTIKAG
Avoyépetag (ARDS) to 2003 kat o MERS-CoV, mou €u-
Buvetal yla tnv emdnuia Tou AvanveuoTtikol Zuvopo-
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YnevOuvoc AAAnAoypagiag
lwavvys Xwviavaxng

Tniépwvo: 6987404847

Email: chonianakis2000@gmail.com

pou TN Méong AvatoArig 1o 2012. Ao to Aeképfplo
Tou 2019, o veoeppavilduevog SARS-CoV-2, evta-
XOnke otnVv Katnyopia Twv BAta Kopovoiwy, A\oyw Tng
MEYAANG YEVETIKAC OMOIOTNTAC PE TA TTAPATIAVW LIKA
OTENEXN, TTPOKOAAWVTAG TNV TILO TTPOCPATN TTAVONMIKH
Aoipwén otnv 1oTopia TG avBpwnoTNTAC, TNV OVOUa-
(bpevn COVID-19.

‘Onw¢ 6\ol ol Kopovoioi, €Tt kal o SARS-CoV-2 pe-
Ttadidetal Kupiw¢ péow NG AVATIVEUOTIKAG 0dou.
Emerta and v €i0066 Tou 0TOV 0pPYaVIoUOd, O 10G
eykabioTtatal apyIkd 0TO AVWTEPO AVATIVEUOTIKO OU-
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OTNHA KAl KATOTTIV KATAANYEL OTOUC TTIVEUOVEG, IKAVOG
va mpokahéoel ARDS.?

O kUKo Cwn¢ Tou SARS-CoV-2 amoTtelei pia mepi-
mokn S1adikaocia. Ztnv eM@AVELN TOU LIKOU CWUATI-
Siouv, pépovTtal ol douikég MpwTeives: akidag (S) mou
Slaxwpiletal og 6Vo pépn ST kat S2, akéhou (E) kat
MeUBPAvNc (M), evw evTdg auTtol mapatnpEital n mpw-
Teivn voukAeokayidiouv (N), n omoia gival umevBuvn
yla Tn otaBepormnoinon Tou povokhwvou RNA, mou dia-
Béte1016¢.'3

APXIKQ, TO LIKO OWHATIO CUVOEETAL OTNV EMIPAVELD
TOU KUTTApou - &evioTh, péow NG ST meploxng, N
omoia deopevel Tov uodoxéa ACE-2.'* Méow mpwte-
acwv Tou &evioTn Kal Kupiwg Tng TMPRSS2 diaondral
n S1 kat amoKaAUTITETAL N S2, PE AmOTENECHA TN OU-
vinén Twv PEPBpavwy 10U Kal KUTTApou, TNV eVOOKUT-
TAPWON TOU (IKOU owpatidiov Kat TeEAKA TNV
ameAevBEépwon Tou Yevwuatodg tou.! O 10¢ umopei va
ATTEAEUOEPWOEL TO YEVETIKO TOU UAIKO KAl HECW ATTANC
ouvdeong otV EM@AVEId TOU KUTTAPOU EevioTh,
Xwpic va mponynOei n diadikacia evbokuttdpwong.?

To yeveTikd UAIKO Tou SARS-CoV-2, mou ame\euBe-
PWVETAL OTO KUTTAPOTIAACA TOU EEVIOTH, amoTeAEiTal
amd pia povokhwvn aAucida RNA prikoug mepimou
30.000 Bacewy, n omoia cupBoAiCetat wg RNA (+), evw
1o avtiypa@d ¢ oupBoAiletal wg RNA (-). Zto peya-
AUTEPO PEPOC TNG aAucidag eKTEivovTal TA AVOIXTA
mhaiola avayvwong ORF1a kat ORF1b, evw pikpr me-

ploxn katahaupdavouv ta yovidla, mou Kwdikomolouv
TIC MpwTeiveg Tou 10U S, E, M kat N, kaBw¢ emiong kat
évav aplBuo BondnTikwy MPWTEVWVY.>6

Katd tnv anmeAeuBépwon tou RNA, mpooegAkuovTal
pifoowpata, Ta omoia {ekivouv tn dladikacia HeTA-
@paonc Twv eploxwv ORF1a kat ORF1b, mpog oxnua-
TIOUO Twv MoAuTIpWTEiVWV ppla kat pplab. O1
TIOAUTTPWTEIVEC AUTEC LPIoTAVTAL TTPWTEOAUTIKY S1d-
OTIa0N O€ UIKPOTEPOU HEYEDOUG TIPWTEIVEC, TIG OVOUa-
(OpEVEC PETAIKAOEC Kal HETAYPAPATEC (NSps), TTOU
oxnpati¢ouv PeTa&L TOUC CUPMAEYUATA KOl CUMUETE-
XOULV EVEPYA OTNV AVTIYPAPK) KAl LETAYPAPH) TOU UKOU
YeVWHaToG.>¢ Ot pemAikdoeg Spouv oto RNA (+) avTi-
ypd@povtdg to Kal Snuiovpywvtag to RNA (-), To omoio
JE TN OELPA TOU PTopEi va avTypagei Eavd 0To apyIko
poplo RNA (+) A va dextel aouvexn petaypa@r, HECw
METaypagaocwy, o€ cuvepyacia pe TNV RNA moAupe-
paon. Etal, yivetal n HeTaypa@n Twv UKWV yovidiwv
Kal mpokumtouv Ta avtiotolya mRNAS, Tou petagpa-
(opeva and pilocwuata, TPOAYOULV TNV TTAPAYWYH
Twv Mpwteivwv tou SARS-CoV-2. OI mpwteiveg mou
€xouv oxnuatiotei cuANéyovTal, oTto adpd evdomia-
opatikd Siktuo, padi pe Toug Betikolg KAwvoug RNA
TIOU £XOUV TIPOKUYEL ATTd TNV avTlypa®n Twv apvnTl-
KWV Kal cuvappoloyouvtal 6To cUUMAeyUa Golgi. Te-
Alkd, Snuioupyouvtal Ta véa KA cwpatidia, Ta omoia
Méow ewKUTTAPWONC AmEAELBEPWVOVTAL OTO XWPO,
£TOIA Va JoAUVOULV VEa KUTTapa.>"8
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E ORF1a ORF1b s 3agMg7az,8 N10 4 g
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TOMOZ 67 @ TEYXOZ 4, OktwRploc-Aekéupplog 2022

241




242

[. XQNIANAKHZ, E. TIAXANOY, M.A. KYPIAZIAH, £. BAPAAMHZ, A. KABBAAA, X. TENHZ, M. XATZHAHMHTPIOY

Ewovo 2

SARS-CoV 2

Awdwkacio avomopoyw-
MG Tov SARS-CoV-2.

Z0vTngn ka

Tuvdpopo Katatyidag Kuttapokivwv

‘Onwc¢ o€ kKAOe 1oyevr Aoipwén, £T0L Kal 0Tn POAUVoN
amd SARS-CoV-2, w¢ mpwtn ypauu dpuvag Tou op-
YQVIGHUOU TTapoucIAdeTal TO EUPUTO AVOCONOYIKO OU-
oTNMA. Z1moudaio XapaKTNEIOTIKO TOU CUCTAMATOC
autou, amoTeAel N ameAeuBépwon Popiwv amd avo-
0ooKUTTAPA, TWV OVOA(OHEVWV KUTTAPOKIVWVY KAl XN-
MEIOKIVWV, TTOU WG OTOXO €XOUV TNV OPXIKI) KOTAOTOAR
TOU LIKOU TTONNATTAOCIOOMOU KAl TNV EVEPYOTIOIiNON
NG TPOCAPHOOCTIKAG avooiag, yla tnv TeAK Auon
¢ poAuvonc. Qot1éo0, og acBeveic pe cofapr voco
COVID-19 éxel mapatnpnOei UTIEPUETPN EKKPION TETOLOU
€idou¢ popiwv, yvwoTn w¢ Katalyida KUTTAPOKIVWY,
n omoia umopei va odnyrnoel o KPICIUES EMITTAOKEC,
onw¢ oto Zuvdpopo O&giag AvamveuoTiKnG AUCKEPELAG
(ARDS) n otn Auckeitoupyia MoAamiwv Opydvwy
(MODS), mou duvavTal va KpliBouv Bavatngopec.®'©
Katd tn BAABN KUTTApWY TOU AVATIVEUOTIKOU OU-
OTAMATOC KAl EISIKOTEPA TIVEUOVOKUTTAPWY TUTTOU 2,
Sieyeipovtal SevpITikd KUTTOPQ, Ta omoia EeKivouv
NV ékKplon vtep@epovwv (IFNs), Tpog mpooéAkuon
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Mpwteivn S

Mpwteivq M

Mpwteivn N
NA

pwrteivn E

EMMPOCOETWY EUPUTWV AVOCOKUTTAPWV. XTNV TTEPI-
nitwon tng COVID-19 Aoipwéng, e€aitiag unxaviopuwv
Slapuync¢ mou avantlooEl 0 10C EvavTl TV aVOOOoAo-
YIKWV avTIOpAcEwV ToU EeVIOTH, €XEL ONMEIWOEL aou-
vABloTa XaunAn mapaywyr IVTEPPEPOVWY, TIOU
euBuvovTal yla tnv kabuotepnuévn amdkplon Tou
avoooMoylkoU cuoTthpatoc.? Emouevo otddio amote-
Aei n oTpatoAoynon KUPEASIKWY HAKPOPAYWY OTO
onpeio poAUVONG, Ta omoia HEcw TTOAUAPIOUWY XNHEL-
okivwv (CCL2, CCL5, CCL8, CXCL10 k.d) mpokaAolv
AINBNoN peEYAAou OyKOU AEUKOKUTTAPWYV KAl TTIO OU-
YKEKPIPEVA TTEPAITEPW OEVOPITIKWY, HOKPOPAYWYV Kal
0oUBETEPOPIAWY OTOV TIVEUUOVIKO 10TO.2!

‘Etol, apyilet pia Sadikaoia aveENeykTng mapayw-
YAG Kat ameAeuBEpwong MPOPAEYLOVWOWY KUTTAPO-
KIVWV, € KUPLOUG eKTIPOcWTOUG TNV IL-6, IL-1(3, TNF-
a, IFN-a kat IFN-[3, mou éxt povo euBuvovTal yid IO TIKES
BAAPe, alAd kat alnhog€apTwvTal, KaBwe emnped-
Covtal BeTikA PETA&L TOUC. XapaKTNPIOTIKO TapAadel-
YHa autn¢ TNG aAAnAemidpaong, amoteAei n IL-1, mou
emdyet v avénon tou TNF-a kat g IL-6, ue TV uTiEp-
mapaywyn TnG TeAeutaiog va kabopilel Tn cofapod-
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Ewéva 3 "Hmo kot soPapn| Loipwén COVID-19.

TNTA TNG VOOOU, evéXovTag peydho Kivduvo yla Kpiol-
MEC €w¢ Kal BavaTn@opeg KATAoTACELG.>!

TOOO N UTTEPUETPN CUCCWPELCN HAKPOPAYWV KAl
OUBETEPOPINWV OTO ONUEIO PAEYUOVIAC, OCO KAl TA IE-
yAAa mood KUTTAPOKIVWVY TTou armeheuBepwvovTal,
odnyouv amo TN pia og avénon tng ayyeloknc diarme-
paTtdTNTAC, N omoia Katahnyel o€ evolapeco oidnua
Kal amo TV AAAn o€ 10TIKN KaTaoTpo®n.'? To evdid-
pECO oidnua Kal n 1Tk BAAPN, cuvduaoTikd odn-
youv o€ KUPeNSIKO 0idnua, Tou TEAIKA gival Ikavo va
npokaAéoel tomiky (ARDS) 1 yevikeupévn umofia
(MODS). MapdAAnAa, n Katatyida KUTTapoKivwy Ste-
yeipel T AepgpokuTTapa, ue okomod tnv dlagopormoinon
Toug og CD4* kat CD8*, kaBwg emiong kat B AeppokuT-
TAPA, TTPOG OXNUATIOO EISIKWV OVTICWHUATWY YIa TOV
maboyovo 16. Ta T Aeu@okUTTaPA, EVEPYOTTIOINUEVA
mAéov, mapayouv IFN-y, mpodyovTtag mepaitépw arne-
AeUBEPWON KUTTAPOKIVWY, TWV OTTOIWV N UTTEPROAIKN
OUYKEVTPWON evioxLel Tnv emdeivwon oe ARDS n
MODS kat mpowBei TNV aAmMOMTWON TWV KUTTAPWVY
AUTWY, PE TENIKO amoTéNECHA TNV EMIKivOUVN Heiwaon
TOUG OTOV OPYQAVIOMO.>1°

Me Bdon ta mapamdvw dedopéva, amodelkvieTal
&TL N AvOOONOYIKH ATTOKPLoN évavTl Taboyovwy Tpoo-
Sidel euepyeTikn TTPOPLAAEN, LTTO TNV TTPOUTIOBEDCN Va
meplopileTal EVTOC CUYKEKPIUEVWY MAALoiwv. AvTtiDeTq,
N ave€ENEYKTN Kal UTTEPLIETPN EVEPYOTTOINON TWV AVO-
OOKUTTAPWV OXL HOVO Sev TEAEl TPOOTATEUTIKO PONO,
oA\ prropei va petatparei og x0po6 Tou idlou Tou op-
YQVIGHOU, TIPOKAAWVTAC N avaoTpéPIUeS BAafec.®

YmePMNKTIKOTNTA Katl Opoupwon

H unéppeTpn Kat ave€ENeyKTn evepyomoinon Twv apu-
VTIKWV UNXAVIOPWV Tou evioTh, gival Ikavry, HeTtagy
AA\WV, va TIPOKAAECEL TTOMATTAEC KAl CUCTNMOTIKEG
amokpioeic mA&NC kat dnuiovpyia BpouPwv.'? OL in-
KTIKEG SlatapayEg, mou €xouv mapatnpenOsi os pepida
acBevwv pe COVID-19 Aoipwén, pmopouv va odnyn-
oouV o€ BPOoPPWTIKA HIKpoayyElOTTABEID Kal O€ KO-
Awon Sidyutng evdoayyetakng miéng (DIC) ota
TeAevTaia 0Tdd1a TNG vOoOoU. Ot EMIMAOKEC AUTEC, OXE-
TiCovTal pe uPNAO Kivduvo voonpdtntac Kat Bvnoiuo-
NTAG, Eival TOAUTIOPAYOVTIKIG QUONG KAl ATTOTEAOUV
aitio BavaTou PHeyAAou TOGOOTOU BAPEWS TTACKOVTWY
aoBevv.'?

Katd tn Siapkela Tng Aoipwéng, éxouv StamoTtwoei
TOANATIAEC TTEPIMTWOEL; evdoBNAlaKWY TpauuaTti-
opwv. H dueon poAuvon evéoBnhiou péow umodoxéa
ACE-2, n avénpévn 81nbnon Aeukwv aipoo@alpiwy Kal
KUPIWC LOVOKUTTAPWVY Kal oUSETEPOPIAWY, aANA Kal
N UTTEPEKKPION KUTTAPOKIVWV ATTO TO CUCCWPEVHEVA
avoooKUTTapa, euBuvovtal yia Tic BAdBeg kat tnv
amonmtwon Twv evdobnAlakwv Kuttdpwv. ETot, n Avon
NG ev0ONAIOKNC CUVEXELAG TTOU TIPOKUTITEL, EVOEXETAL
Va EKKIVIOEL TOUC UNXAVIOUOUCS TTNENG, epgavidovTag
Bpoupwtikr Spdon Kal va TPoAyEL TNV AIOTIETOAOK
gvepyornoinon.'?

Ta evepyormoinpéva evdoBnhiakd kuttapa ekppalouv
pOpla TPOCKOANONG (P-ogAekTivn, E-oghekTivn), IOTIKO
nmapdyovta (TF) kat mapayovta von Willebrand (VWF).
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O TF ouvioTtd évauopa evepyomoinong ¢ e§wyevoug
060U mNéNC, evw Ta podpla TPOokOAnong kat o VWF
amoTeAOUV YEQUPEC OUVOEONC AILOTIETONIWY OTO ay-
YEIOKO €VO0BNALO, PE ATTOTENECHA TN CUCOWUATWON
TOUG KOl TO OXNUOTIOUO CUGTNUATIKWY Bpoufwoswv.™
Akoun, o TF mpodyel tTnv mapaywyr Bpopfivng amd
npoBpouPivn, n omoia Ye TN OElPA TNG UETATPETEL
Sladoxikd To KUKAo@opoUv vwdoyovo oe Ivwdec.'
ErmmAéov, mpokaAeital ameAeuBépwaon TTAACUIVOYOVOU,
TO omoio peTaminTtel o€ MAaopivn, mou diadpapartilel
ONUAVTIKO pdAo oTtnv amodour) Tou vwdoug, evioxUo-
VTG TO PAIVOUEVO TNG BpOUPBWONC, KUPIWE VTOC TV
TIVEUOVWV. ZUVETIWGE, TOOO N emayopevn amnd TF Bpop-
Bivn, 600 Kkat n MAacivn, EUBUVOVTAL VIO TOV OXNMATIOHO
Opoupwv ue Baon to IvwdeC.®

H mpokumntouca @Aeypovr), and to SARS-CoV-2,
€VEXEL TOV KiVOUVO UTIEPEKKPIONG KUTTAPOKIVWY, Ol
OTTOIEC UTTOPOUV VA CUHPBANOUV EVEPYA OTIC TTNKTIKEC
Kat Opoupwtikég Slatapayéc. Mo ouykekpluéva, oL
TNF-q, IL-1 kat IL-6 mpodyouv Tnv ékppaon TF ota
povorupnva KUTTAPA, Ta OTToia aEAEUBEPWVOUV GUV-
SuaoTikd Kat pikpokuoTidia, ekkivwvtag tn Stadikacia
mAENC kal mapaywyng Bpopfivng, e OOLO0 TPOTIO HE
TO evepyomolnuévo evboBnAio, OTwe mpoavagépdn-
Ke.'* 16 MapdAAnAa, ol mTapamdvw KUTTAPOKIVEG ExOuV
TNV SuVATOTNTA KATAOTOAAG EVOOYEVWY AVTITTNKTIKWY
odwv .. avtiBpoufivn kat avactoléa TF, pe amoté-
Aeopa tnv emmnpooBetn diddoon Tng MMéNg otov op-
yaviopé.2'> Xe amouoia ayyelakng PAAPNCG, n évapén
Tou Katappdktn mAENC e€aptdtal €€ oAokAnpou amd
N otpatoAdynon HOVOKUTTApwv mou ek@pdalouv
TF'15,17

Ot ayyelakég BAAReC xapakTtnpifovtal amod umepe-
VEPYOTIOINON KAl CUCCWPEUON AIPOTIETANIWY, TTPOG
oxnuatiopd Opoupwv. Evepyomoinuéva alpomeTaiia
ameAeuBepwvouv Slalutr P-oelekTivn, Tpodyovtag
TNV TPOOKOAANON AEUKWV AIHOC@AIPiwY TOCO HE TA
idla ta alpomeTdAia, 600 Kal pe Ta evdobnAlakd
KUTTOPA, EVOUVAUWVOVTAC TTEPIOCOTEPO TOUC OXNMa-
TIopévoug BpouPouc.' Z0vdeon alomeTaNwY UE ou-
OetepdPINa, péow P-oelekTivng kat PSGL-1, onuato-
Sotei mapaywyr eEwKUTTAplwY TTayidwv oudeTepo-
@\wv (NETs). Ta NETs cuviotavtal amdé amocuumnu-
KVWUEVN TTUPNVIKA XPWHATIVN, I0TOVEG KAl TIPWTEIVEG
oubetepbPIAwV Kal dlabétouv Kaiplo péo otn &é-
opevon maboyévwy pikpoopyaviopwy. Ta NETs prmo-
poUV va evepyoroloouv TNV 086 tnN¢ &N Kat ta
TIVEULIOVIKA LEYOKAPUOKUTTOPA UECW NAEKTPOOTATIKWY
aMNAemSpdoewv PETAE I0TOVWV KAl ALUOTIETAMOKWV
pwo@oMmbiwy, evw Tautdxpova emeéepydlovtal Qu-
OlK& aVTITINKTIKA, gvioxVovtag TNV tdon mH&NnG.8'8
TéNog, €xel mapatnpenBei poAuvon alpoTeETaAiWY amd
SARS-CoV-2 Siapéoou tou umodoxéa TLR-4, 6mou 1o
KO owuaTio evOoKUTTApWVETAlL Kal To sSRNA mpo-
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OoKoA\dTal otov evOoowuIko umodoxéa TLR-7, evep-
YOTTOIWVTAG TO KUTTAPO, HIE ATTOTEAECA TNV TIOPAYWYN
P-oelekTivng Kal TOV EMEPXOPEVO OXNUATIONS OUOC-
CWUATWHATWY AlMOTIETAN WY e AeukokUTTapa.”” H
KaTavAAwon aloreTaAiwy, TTou opeiNeTal OTIC TTAPA-
mavw Sladikaoieg, 0dnyei og OXETIKN alpoppaytkr Sid-
Beon, og onmavia meplotatika COVID-19.2°

MvevpovikA oA

Mia amo Ti¢ 1Mo coBapég Kal CUXVEC OPOUBWTIKEG TL-
TAOKEG arrd COVID-19 Aoipwén, amoTteAel n TVEVPIOVIKN
€MPoAR. O SARS-CoV-2 HOAUVEL AUECA TTVEUOVIKA KUT-
Tapa TUToU 2, Héow Tou umtodoyxéa ACE-2, Tou omoiou
N auvénuévn €KEPAOCN OTOV CUYKEKPIUEVO TUTTO KUT-
Tapwv, odnyei o ektetapévn BAARN mveupovikoL
l0TOU Kal ayyeiwy, pe amotéAeopa tnv €€apon Katal-
yidag Kuttapokivwyv. H ayyelakn Kataotpoen Kat n
avénon Twv KUTTAPOKIVWY, edyouv Tnv ékepaon TF
and 1o ev6oBNAIo, EVW N TIVEVUUOVIKN andénTtwaon Ka-
TaAnyel og umoéia Kat o€ evdoONAIaKO TPAUUATIOUO.
'ETO1, 0 10TIKOG TTapAyovTag Kal N 0TIk PAAPN evep-
YOTTo10UV TOV KATapPdKTn THENG EVTOC TOL TIVEUOVA.
H @Aeypovn autr, cupPdiet otn Statripnon XapnAwv
emMméSWV AVAOTOAEN TOU EVEPYOTIOINTH TOU TTAQOHI-
voyovou (PAI-1), pe amoTtéheopa avénuéva mooootd
TAOWIVNG, TToL 08NyoLV o€ uTIEPIVWSSAUON Kal TENIKA
o€ evOOTIVEUOVIKN Bpopfwon Kal Hikpoallopayieg,
TTOU O€ KATTOloUuC aoBeveic Slagelyouv Tou mveLoVQ,
TTPOKOAWVTAC CUOTNUATIKEG BpopPwoelc. AKOun, N
m\aopivn dtaomd tn Béon poupivng oTnv MPWTEivN S
TOU 100, auéAvovTac TN LOAUCUATIKOTNTA TOU Kal V-
SuVapWVOVTAC TNV KATACGTPOQIKH Tou dpdon.?’

Evepyomoinon cuoTAMATOG GUUTTANPWHATOG

To ZoBapo O&U AvamveuoTiko Xuvdpopo amod SARS-
CoV-2, éxel amodelyBei 6T mupodoteital amo Tnv unep-
BoAkr| evepyomoinon Tou CUCTAKATOC TOU CUUTAN-
pwpatoc. O 10¢ duvatal va EVEPYOTTOINOEL TO CUUTTIAN-
pwpa dpeoa, kabBwe n mpwteivn voukAeokayidiou N
Kat n mpwrteivn S, mMovoleg o pavvoln, avayvwpilovtal
kal deopevovtal amd tnv MBL. H MBL &ival cuotatiko
TOU CUPMANPWHATOC TTOU avayvwpilel UTTOA&ippaTa
pavvélng otny eMQAVELD TTOIKIAWY IKPOOPYAVICHWY
KAl €V TIPOKEIUEVW SeopEVEL TIC TTpwTEvVEC N Kalt S Tou
SARS-CoV-2. lNa tnv evepyomoinon Tng 00U AekTivng,
anateitat n oMnAemnidpaon MBL pe MASP-2, ekkivivtag
AUECA TOV KATAPPAKTN TOU CUMTTANPWUOTOG, 7222
Akéun, avococuumiéyuata IgG kal IgM cuvdeo-
peva Pe Tov urtodoxéa TnG mpwTeivng akidag, umopouv
Va EVEPYOTIOINOOLV TNV KAAGIKA 080 Tou CUUTANPW-
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MATOC, EVW UEUOVWHEVN N TTPWTEIVN S amoppubpilel
TNV EVOAOKTIKH 000, péow T SEOUEVONG TNG UE Bel-
K} nmmapivn Kat Tou avtaywviopou UE Tov mapdyovta
H, o omoio¢ amoteAei apvnTikd pubuioTh NG dpaotn-
PIOTNTAC TOU CUUTANPWMATOC. H evaAhakTikry 066¢
pmopei va SleyepBei kal péow aAnAemidpaong Tou 1ov
pe urrodoxeic TLRs avoookuttdpwv. TENOC, n evdobn-
AomaBela kal OpopPopAeypovr Tou TTpoKaAeiTal amod
N Aoipwén, amotelei évav éuueco TpOTIO EVEPYOTIOI-
NoN¢ ToU CUUTANPWHATOC amd Tov SARS-CoV-2.2325

Kuplotepn Kal 1o Kovr) Tyn mpoéAeuong Tou ou-
MITANPWHATOC CUVIOTA TO ATTAP, EVW AVOCOTIOINTIKA
Kal pn KUTTapa avagépovtal wg Seutepevouca Tnyn
npoéheuongc. Itnv mepimtwon ¢ COVID-19 Aoipwéng,
T AeppokUTTapa £€€PXOVTAL TOU AYYEIOKOU TOIXWHA-
TOG, MEOW AANNAETIOPACEWY HOPIWV TIPOGKOAANGCNG
ICAM-1 ev60BNAIOKWVY KUTTAPWV HE LOPLA EMIPAVEIAG
LFA-1 T AEM@OKUTTAPWY TTPOG PETAVACTEVUOT TOUC OTA
nidoxovta 6pyava. H dtadikacia autr, yvwoTtr Kal wg
Siamiduon, éxel wg amoTéNeopa TNV ameAeuBépwon
OUOTATIKWV CUPTTANPWUATOC Ao T AEUPOKUTTAPA,
JE aTTOTENECHA TNV TOTTIKK evamoBeon CUUMANPWA-
TOC OTOUC loTOUC.23

‘Exel mapatnpenOei, petav aAwy, ot nyn C3 armo-
TENOULV Kal Ta emMONAlakd kKUTTapa agpaywywv (AECs).
H péAuvon twv AECs amd SARS-CoV-2 odnyei o€ evep-
yoroinon onupatodétnong IFN-1 &ta tng odou JAK-
STAT, pe amoTéAeopa TNV EKPPATN YoVISIwV CUMTTAN-
pwuatog C3 kat CFB, 6mou 1o delTePO €€ AUTWV

Mnyaviopds mvevpovikng eppoing oty COVID-19 doipwén.

kwdkorolei Tov mapdyovta B, o omoio¢ kataAvel Tn
Sidomaon tou C3 oe C3a.2

H evepyomoinon twv 0dwv Tou CUUTTANPWUATOC
odnyei 0To oxNUATIoNO KovBepTtdong C3, n omoia Sia-
omnatal og avaguiatoivn C3a kat C3b, pe amotéAeoua
n dnuiovupyia C5 kat TNV emakoAoudn didomaor Tou
oe C5a kat C5b. Exel amodelxtei 6T1 oL ava@uAATOEiveG
C3a kat C5a Sadpapatifouv KATAAUTIKO PpONO OTNV
mpokAnon avoocoBpoupwonc os acBeveic e COVID-
19 hoipwén."” H C3a mpodyel TNV evepyomoinon alpo-
neTaliwv Sapéoou C3aR umodoxéwy, Ue ATTOTENECUA
To oxnuationd Bpoufivne. H Bpoufivn, cuvbuaoTtika
pe Tnv C5a, emdyel TNV €kPpaon LOTIKOU TTapdyovta
amd Ta oudeTEPOPING, aAAd Kat Tnv apaywyri NETSs,
Ta oTroia PEPOULV ETONG LOTIKO TTAPAYOVTQ, UE TEAIKO
eMakOAouBo TNV evepyormoinon evéoOnAlaKkwy KUTTA-
pwV Kat TNV avénon tng mMPOTNKTIKAG dpdong Twv
KUTTApwV.2

O daéovag C3 - C3aR mpowOei TNV oTpaTOAOYNON
OUSETEPOPIAWVY KAl JOVOKUTTAPWY OTOUC TTIVEUOVEC
Kal TNV ameAeVBEPWON KUTTAPOKIVWY aTIO HOKPO-
@Aya, cUPBANNOVTAC OTNV UTIEPEVEPYOTIOINGN TWV
AEUPOKUTTAPWY KAl TEAIKA otnv emdeivwon tou
ARDS. Akéun, péow Tou afova autou, mpodyovTal
PoBpouPwTIKEG emmAOKEC, evdoOnAitida kat Bpop-
BwTIKA HikpoayyelomdBela, TTou o@eilovTal 0TV aA-
AnAemidpaon C3 pe C3aR evéoOnAIaKwY KUTTAPWV, HE
OTOXO TNV €KPPAON HOPiwV TTPOOKOAANCNG Kal 0TNV
avtiotolxn aAnAemidpaon pe alpometdAia kat oude-
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TEPOPINQ, oL SeopelovTal oTo ev&oONnAlo, oxNUaTi-
Covtag avoooBpdupouc.?

Ta mpoidvta Tou CUUTANPWHATOC C3 Kat C5 gumAé-
KOVTOl ONMAVTIKA e TIG emmAokEG TnG COVID-19 Moi-
pwénc. O1 kovBeptdoec C3 kat C5 Sieyeipouv oudete-
PO@IAA KAl HAKPO@AYQa, TTPOC amehevBépwon IL-1, IL-
6, IL-8, IL-21, TNF kat CCL2, emteivovtag i kKat’ ouacia
mpokaAwvTac To ouvdpouo ARDS.? EmmpooBeta, n
otpatooynon oudetepo@iAwy amo C3a kat C5a odnyei
otnv mapaywyr NETs, mou mepiéxouv C3, mpomepdivn
Kal TmapAyovta B, evepyommolwvTag TNV EVAANAKTIKA
066 ToU CUUIMANPWHATOC. TO GUCTN A CUUTTANPWATOC,
ouvduaoTIKA pe Ta oxnuati{opeva NETSs, evioyUel T
PAeypovn kat Tnv evdoBnAakr BAGRN. Etol, mapdayovtal
and To KATECTPAMMEVO eVOOOAAIO KUTOKIVEC, OTIWG
IL-6, IL-8 kat IL-1[, ol oToieC EMAYOUV TNV TTEPAITEPW
amehevBépwon NETs. MapdaA\nAa, ot evéoBnAiakéc
BAaBec wBoLV Tov opyaviopd o€ KATAOTACELC UTTEP-
TINKTIKOTNTAC, TTOU KATAAYOUV O€ EMTTPOCOETN evep-
yOTioinon Tou CUPTANPWHATOC, KaBwe n Bpoupivn, o
mapdyovtac Xl kat n KaANIKpEivn evepyomolovv Ta
ovoTtatikd C5, C1 kat C3 avtiotoiya.?

‘Ocov a@opd ta TENIKA TTPOIdVTA TOU CUCTHMATOC
TOU CUUTTANPWHATOC, TO CUMTIAEYMA TIPOGBOANAC UEW-
Bpdvng (MAC), cupBdaAel e€ioou OTIC KATAOTACELS
UTTEPTINKTIKOTNTAC KAl BpOuwong o€ Bapéwg macyo-
v1eC aoBeveic. Ta poidvta autd emOEVWVOLV TIC BAG-
Beg Tou evboBnhiou, dieyeipovTag TNV €KKPLON XNUEL-
OKIVWV Kal TNV €KQPaon Hopiwv TpookOAANong and
Ta MANTTOMEVa evooBnAlakd KuTTapa. Kat’ autdv Tov
TPOTO, eKPpaletal mapdyovtac VWF kat P-oelektivn
amd autd, OTPATOAOYWVTAC AIPMOTIETANL, KABWC emi-
on¢ ekepadletal IoTIKOC TapdyovTag Kal armoBAANAeTal
N OpouBoHOVTOUAIVN aTTO TIG KUTTAPIKEG ETTIPAVELEC.
Ta mapamdvw yeyovota €Xouv we TEAIKN andppola
NV MUPOodOTNON TWV KATAPPAKTWY TTAENC KAl TOV OU-
VEXN OXNUATIONO BpouPwv.?

Evllagpépov evpnua amotelei n déouguon Bpav-
opdtwv C3, C4 akdéun Kat mpwrteivng S tou SARS-CoV-
2 o€ epuBpd alpoogaipta. Etol, evepyoroleital n KAa-
okl 066¢ TOU CUUTMANPWUATOG, EVW TAUTOXpPova
evanoTiBevtal avoooCUPTAEYUATA OTA EPUBPOKUT-
TaPA, LETABANNOVTAC TN POK) TOUC KAl TIPOAYOVTAC EV-
Sayyelakr otaciuéTnTa Katl Kat' eméktaon Opoufwon.?

Biopetpikoi Seikteg Bapiag Aoipwéng COVID-19

Amé Tnv évapén TN mavdnuiag, £w¢ Kal OrUEPQ, £XOUV
mapatnpenOsi o Bapéwg maoxovteg aoBeveic, pe Noi-
pw&n COVID-19, onpavTIKEG LETABOAEC TWV QUOIONO-
YIKWV TIHWV TOAWV gpyaoTtnplakwy e€etdoswv. Ol
BlodeikTec, ol omoiol umopoULV va EPavicouy Toco-
TIKEC peTAPBONEC o€ Bapld voonon, a@popouv Kupiwg
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OTOUC KUTTAPIKOUC TTANBUGHOUE TOU AVOCOTIOINTIKOU
CUOCTAHATOC KAl OTIC TTAPAUETPOUC TNS TTHENG.

XapakTtnplotikd evpnua cofaprig voonong amod
SARS-COV-2, ouviotd n évtovn Aepgorevia, e cofapd
MEIWMEVA emimeda OAWV TWV TUTTWV AEUPOKUTTA-
pwv.42230 H eAdTTwon Tou aplOol Twv AEPUPOKUTTAPWY
o@eileTal, HEPIKWG, OTNV TTapoucia tou urmodoxéa
ACE-2, otnv em@AVEIA TOUC, e ATTOTENECHA TN OUVOEDN
TOU 10U Kal TNV TTPOKANGN AUGNC TwV KUTTAPWV. AKOUN,
N MPOKUTITOUCA Ao TN pPdAuvon, Katatyida KuTtapo-
KIVWV, TIPOAYEL TNV ATTOTITWON TWV AEUPOKUTTAPWY,
odNywvTag o€ atpoPia Twv AEUPIKWY 0pyAvwy Kal
aKOAOUOWC O€ PEIWON TNE Avayévvnong VEWV AeLPO-
KUTTApwv. Ta mapamdvw yeyovota ouvadouv oTnv
EMPAVION AEP@OTIEVIAC, KABIOTWVTAC TOV OPYAVIOHO
adUVAUO YIa TNV AVTIMETWTTION TOU 1004431 Emmpo-
oBetol epyaotnplakoi SeikteC gival n oudeTepPo@IAia,
AOyw padlkAg CUYKEVTPWONG OTNV KUKAO@Opia Kat n
pEiwon NWovO@IAwY, BAceO@IAWY KAl IOVOKUTTAPWY,
e€artiag TNg e€AVTANGCNC TOUC OTNV TTEPIPEPELA 1] TOU
vPnAoL puBUOL HETAVACTEUONC TOUC O LOAUCUEVO
o6pyavo.’2°3° Ootoc0o, uPnhr diayvwoTikh a&ia dia-
B€touv o1 AOYoL OUSETEPOPIAWY / AEUPOKUTTAPWYV KAl
AEUPOKUTTAPWY / CUVOAIKOU aplBOU AEUKWV alpo-
oaipiwv, ol omoiot Tapouctalouv augnuEVEC Kal HEL-
WUEVEG, QVTIOTOIXA TIUEG KAl LETPOUVTAL EKTEVWC, KATA
TNV MapakoAoubnon Tng mopeiag TG vooou Bapéwg
TTAOXOVTWV a00evVWV. 223

Avdaloyec onpavTikég petaforéc mapouaidlovtal
otou¢ Blodeiktec mHENC, ol omoieg mapatnpouvTal o€
VOONAEUOUEVOUC IE EUPAVION UTTEPTINKTIKOTNTAC. Ap-
XIKQ, aveupioketal évtovn Bpopfomevia, Tou TPOoKa-
A&ital amo MOAUTIAPAYOVTIKA aiTia, OTTWE KATAOTPO®N
alpomeTaliwv amd katalyida KUTTapoKIVWY, APESH
KUTTapomaBoloyIKn midpacn 0To HUEAS TWV 00TWV
Kal OTTap&n avTIAIUOTIETAAIOKWY avVTICWHUATWY. Emi-
ong, N MPooBoAr Tou TIVEUOVA UTTOPEL va KATAANREEL
O€ KATavAAwon atomeTaliwy f o€ Yeiwon Katakep-
MOTIOUOU PEYAKAPUOKUTTAPWY, AOYw aAAoiwong Twv
TIVEUHIOVIKWV TPIXOEISIKWVY AYYEIWV Kal TENIKA OE ava-
OTOAA TTapaywyn¢ alpomeTaliwv.*® E¢icou olvnBec
elpNUA, amoteAolV ol auvénuéveg TipéC D — dimers,
TTOU KupaivovTtal ekBeTIkd, avdloya pe Tn cofapo-
™NTa TNG vooou. Ta D — dimers cuviotolv Ta TeAIKA
mpoiévta anmoddunong Tou oTabBEPOTTOINUEVOU IVW-
Souc¢ Kal £TOL 0€ KATAOTACELG AUENUEVNG IVWSOAUTIKNAG
SpaoTtnpotnTag Kal miéng, 6mw¢ ocupPaivel oTig -
KTIKEC emmAOKEC TNG COVID-19, mapatnpeital évtovog
OXNUATIOPOC TouC. EmimAéoy, To vwdoyovo gugavilel
TIMEG KOVTA OTA AVWTEPA PUOLIOAOYIKA 6pla, KABWG
anoteAel mpwTeivn o&giag @Aonc, EVW g TTEPITTTWOELC
DIC kat apéowg mptv To Bdvato, PEWvVETAl onua-
VTIKAA121316 TéNoC, e€aiTiag TwV TNKTIKWVY AVWHIAANWY,
ol xpovol mpoBpopufivng kat Hepikng Bpopfomiaoti-
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vNg, MapaTteivovtal o€ KPIoIPEG KaTaoTdoelg.'21°

EmmnpooBeta epyaotnplakd evpripata, yia tn O1d-
yvwon cofapncg Aoipwéng COVID-19, mepthapfBdavouv
TIC AUENUEVEC TINEC TTPWTEIVWV Ofgiag pdaong, omwg C-
avtidpwoag mpwteivng (CRP), apulogidoug A opou kal
PEPPITIVNG, AANA Kal JEIWON HEPIKWY €€ AUTWY, OTTWC
oTNV MEPIMTWON TNE MpoAeukwpativne. H avénon twv
TPWTEIVWV 0o&giag @aong ogeiletal otnv 1oXUPN
&pdon IL-6, IL-1 kat TNF-qa, mou mpokumntouv amé Tnv
Katatyida KUTTapoKIVWY, 0TO NTIAP, VW N MEiwon TG
TTPOAEVUKWHATIVNG, TIPOKUTITEL ATTO TNV KATAVAAWOH
NG WS KN €181KA AUUVTIKR oucia Kal amd To HIKPO
XPOvo nuwng TnG.'*3132 Emiong, £x€L CUOXETIOTEI N pa-
ydaia avénon tng yahaktikAig apudpoyovaong (LDH)
pe Bapld voonon amd SARS-CoV-2, kaBw¢ To CUYKEKPL-
pévo évlupo ekppddletal og OAa oxedOV Ta avBpwmiva
KUTTAPA, LE ATTOTENECHA Ol LIOTIKEC BAAREC, TTOL CUVO-
SelouV TN PAeyHoVH, va 0dnyolV oTnV ameAeuBépwaon
TOU Kal TEMIKA 0TNV TOOOTIKN auénor Tou oTov 0pd.'*
3335000V apopd oTnV avénon Tng eepittivng, o SARS-
CoV-2 emtiBetal dueoca otnv 1-B-alvcida tnc aipo-
opalpivng, emayovtag Tn S1AcTacn Twv ToPPUPIVAY,
ME TEAIKN amdppola TNV anmeAeuBépwon oldrjpou otnv
alpatikg Kukhogopia. Etol, av€dvetal n amelevbé-
PWON TNG PEPPITIVNG TTPWTIOTWE TTPO¢ SECHEVON TNG
UTTEPUETPNG TTOOOTNTAC OO POV Kal SEUTEPEVOVTWG
w¢ amodkplon oéeiag @daong and to Rmap.'+ 16

TéNog, ouxvd a&loloyolvTal Ta TOoOTIKA emimeda
TWV CUOTATIKWY TOU CUOTHHATOC CUUTTANPWUATOC.
XapakTNPEIOTIKA €ival N EAATTWwoN TwV KovPePTACWY,
apxtka tng C3 kat petémeita tng C4, A\Oyw evepyoroi-
NonNC¢ tNE eVAANAKTIKAG 0600 Kal KATAVAAWOHC TOUG.32
ATo Tnv AN, mapatnpeital évrovn avénon Tou ma-
payovta C5 Kal Tou TENKOU TIPOIOGVTOC TOU CUUITAN-
pwuatog, C5b-9, w¢ amotéAecua TNG mMAPATTAVW
gvepyormoinong.?

EmBapuvtikoi mapdyovteg vooouv COVID-19

Me Bdon véeg peNéTeg, MOV OTOXEVOUV OTNV KATA-
vénon TnS KAIVIKAC petapAntotntag the vooou COVID-
19, éxouv SlamoTtwOei avBpwrivol yevetikoi mapdyo-
VTEC, ol omoiol cuBANNoLV evepyd oTNV KATATaéNn TNG
acbBévelac we Baplag popenc. Tétolou eidoug mapd-
YOVTEG ammOoTEAOUV TTOANATIAG aAANAGPoppa yovidia
SIAPOPETIKWV XpWHOOWHATWY, N opdda aipatog katd
ABO kat Rhesus, evw mapdA\nAa éxouv amoca@nvioTei
Ol UNXAVIOWOi, TOGO TNE AVACTOANC TNG AVOCOAOYIKAG
anmokplong anod to SARS-CoV-2, 600 Kat Tng avantuéng
autoavooiag.

lovibia mou Bpickovtal otov 1610 3p21.31 TOU 30UV
XPWHOOWUATOG €X0UV evoxormotnBei yia Suopuevi KAL-
VIKN éKBaon tng acBévelag kal ekGrAwon avamnveu-

OTIKAG aveMApKeLAC. Ta yovidia mou eumAékovTal oTn
Sladikaoia autn, meph\apBdavouv to LZTFLT, Tou €k-
@padetal évtova ota avOpwmiva VEUOVIKA KUTTapa
Kal to yovidlo SLC6A20, To omoio KWSIKOTIOLEl TO PETA-
@opéa mpoAivng 1 (SIT1), mou pe Tn o€lpd Tou aAAnAe-
mdpd ue tov unodoxéa ACE-2. Avtiotolyxn emidpaon
nmapouactdlouv Kat ta yovidia CXCR6, CCRY, CCRT kal
CCR2, Tou KWSIKOTIOIOVV UTTOSOXEIG XNMEIOKIVWV TWV
olkoyevelwv CC kat CXC. Qotdoo, bev apkei éva yovi-
610, yla va kataoTei n voéoog Kpiotun, alAd amartteital
n umapén CUPTAEYUATOC TOAATIAWY yoviSiwv OTo
Xpwuoowpa 3.3

H amoAimompwrteivn E (ApoE) S1aBétel Tpelg KUple
loopopYEG, TIG ApoE2, ApoE3 kat ApoE4, ot omoieg Kw-
S1komoloUvTal Ao Ta AVTIOTOIKA AAANAOOPPA YOVi-
Ola e2, e3 kal e4 Tou Xpwpoowpatog 19. Exel cuoxeTt-
otei 0 opdluyoC YovOTUTIoC e4e4 e auénuévo Kivduvo
ooBapn¢ véonong COVID-19 (yvwotog ridn yia tnv
AelToupyia Twv MmonmpwTeivwy, Pe emakdAoubo tnv
avdantuén kapdlayyelakwyv mabrnoswv), HEow KATEL-
VAGLIOU TIPOPAEYLOVWS WV Kal AVTIPAEYUOVWOWVY Qal-
VOTUTIWV TWV HAKPOPAYWY, ETIITPETOVTAG TNV MAPa-
Tetapévn emfBiwon Tou 100.3

‘Exouv mpaypatomolnBei eNETEC, ol omoieg Katadel-
KvUOUV TNV CUHPETOXN TwV YoviSiwv HLA otn Aoiuwén
amno SARS-CoV-2. EidikéTtepQa, To aAAnAdpop@o HLA-B
46:01 éxel amodelyTel wg uTeLBLVO yla auénuévn evat-
oOnoia Po¢ Tov 16 Kal €XEL AVAYVWPLIOTE WE EYKUPOC
Blodeiktng. Akdun, Ta alnAépopea HLA-A 11:01,
HLA-B51:01 kat HLA-C 14:02 mpodiaBétouv Touc acbe-
veic og cof3apotepn voonon.3%37

Opoiwc, petaAld€eic Twv yovidiwv TLR3, TLR7 kal
IR77 Tou X XPWHOOWHATOC £XOUV TTapatnenOsi oto
3% twv aoBevwv Ue kpiotun voco COVID-19. Mapal-
Aayé¢ oTa CUYKEKPIUEVA Yyovidia odnyouv oe Suohel-
TOUPYIa EPEPUTNC KAL TTPOCAPUOOTIKAG AVOoiag, HECW
MEIWMEVNC ékppaon TLR umodoxéwv Kal amokplong
IFN.3638 EmmA€ov, £xouv HeAeTNOE( kal TOAUOP@IOHOI
Twv yovidiwv twv ACE-2 kat TMPRSS2 (HGNC: 13557
kalt HGNC: 11876 avtioTolxa), Tou EuVOOUV TOV TPOTII-
Ou6 Tou SARS-CoV-2.3637

TéNog, €xouv TpayuatomolnOei peAETeC TOAUUOP-
QIOPWVY YOVISiWV KUTTAPOKIVWY, OTIWE AuTwy TNC IL6,
IL1B kat TNF. MapaAlayécg oto yovidio tng IL6 mpo-
ayouv tnv avénon Twv emmédwv TNS KUTTAPOKIVNC
OTOV 00, eVW MAPAAMNAa maparlayég ota yovidla
Twv IL1B, ILTRN, ILTR1 peylotomololy Tig mbavotnTeg
eppAaviong eAePIKAC Bpdupwong. AkOun, To yovidlo
IL6, og ouvbuacoud pe To yovidio FCGR2A, emdyel TNV
Katalyida KuTTapokIvwy, KataAryovtag oe Papld
niveupovia.’” Metafl dAwy, epeuvivtal LETANNAEELC
TwvV yovidiwv IFITM3 kat TMEM 189 — UBE2VI, o1 omoieg
mBavwe va odnyolv og avemBuuNTn ékBaon Tng
aoBévelac.3°
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IS1aitepo evdla@épov mapouactalel Kal n CUCXETION
TwV opddwv aipatog ABO pe tn cofapotnta Tng vo-
oou. ArtoteAéopata epeuVwV amodeIKVUOLV TO Xaun-
AoTEPO Kivduvo BvnoiudTnTac Kat TIg Alydtepeg moba-
vOTNTEC POAuvong atopwy opddag aipatog O, o€
avtiBeon pe toug aoBeveic opadag aiparog A, ou
Slatpéxouv ueyaAUTtepo Kivbuvo poAuvonc. Ta eupi-
pata autd, BaciCovtal T6oo oTnV UMTAPEN TOU CaKXA-
pou N-akeTtulo-yoAaktolapivn oTnV EMEAVEID TWV
£pUOPOKUTTAPWY OPAdAC A, Le aTTOTENEGUA TN TTPOO-
Seon Tou SARS-CoV-2 péow €I8IKWV TTPWTEIVWY TTOU
PEPEL, 000 Kal oTNV IS16TNTA TWV AVTICWHATWY avTL-
A va mapepfaivouv otn clvdeon avApeoa oTnV LKA
nmpwteivn S kat otov urmodoxéa ACE-2.3940 Emiong, €xel
amodelyOei 611 avtiowpata avti-A opddag aipatog O
(I9G) dacahiouv peyahutepou Babuou mpootacia,
o€ oxéon Ye avtiowpata opddag aipatog B (IgM). Té-
Aog, €xouv eVTOTTIOTE( 4 TTOAUHOP@IOUOL TOU Yyovidiou
ABH (rs495828, rs8176740, rs8176746, rs12683493) oe
dtopa opadag aipatoc SlapopeTikic TNG O, ol omoiol
puBuilouv TNV avénuévn SpactnploTnTa Tou UTToSO-
xéa ACE-2.3° A€iCel va onpelwBei 6T1 OAa Ta mapamdvw
Sedopéva agpopolv Rh+ tumoug aipatog, evw n ou-
oxétion Baputntag véoou — opddac AB, xprlel mepal-
Tépw Slepeivnonc.®

Mehétec oe Papéwg maoxovteg aoBeveic £xouv Ka-
Tadeiéel pelwpéva emimeda IFN otnv Kuk\ogopia, ye-
yovog mou ennpeddlel Tnv maboyévela t¢ vooou COVID-
19. 'Exouv avayvwploTel PnXaviopoi, Toug omoioug
xpnotpornolei o SARS-CoV-2, mpog amo@uyn Tng mpwl-
MNG avOOOAOYIKNG ammdKplong Kat éKkplong IFN, e amw-
TEPO OKOTO TNV av&non TN emMPBiwong Kal Tou ToANa-
TIAQCLAOUOU Tou. APXIKE, pn SOUIKEC IIKEC TTPWTEIVEC,
OmMwc¢ Nsp14 kat nsp16, TPoKaAoUV TNV TPOTIOToINoN
TOU 1IKoU RNA, e amoTéAeopa o 106G va kabioTtatal pn
avayvwpiolpog amd unmodoxeic PRRs, Tou avixveuouv
oTolxeia maboydvwv kat odnyouv o mapaywyn IFN,
aMa kat amnd mpwreiveg IFITT, ol omoieg emayovtat amd
IFN, avaoté N\ouv tnVv uKr avtiypaen Kal gpumodiouv
™ HeTdgpaon. Emmiéov, n mpwteivn nsp16 cupmio-
Koroleital pe Tnv nsp10 kat peBUAIvEL To 5° dkpo Tou
kou MRNA, pe otox0 TN pipnon tou MRNA tou &evi-
oTH, Evw TTApAdAANAg, ot douikée mpwTeiveg N kat M
ouvdéovTal Kal kataoTéN\ouv TN dpdon Ttou RIG-1, o
omoiog cuykataAéyetal otoug PRR urmodoyxeic.*!

EmmpdoBeTol mapAayovTeg TTOU CUMUETEXOUV OTNV
avaoTtoAr} amokptong IFN, amotehoUv ol MPWTEIveES
nsp8 Kat nsp9, ot omoieg epmodiouv tn petafifaon
HEUBPAVIKWY TTPWTEIVWY, peTtady autwv kat IFN, og
poAuopéva kuTtapa. NMAnbwpa mMpwTeivwy Tou 10U
(nsp1, nsp3, nsp5, nsp6, nsp9, nsp13, nsp14, nsp15, N,
M, orf3b, orf6, orfob) éxouv Tn duvatdtnta va amotpé-
Youv tnVv ékkpion IFN, péow mapéuPBaong og 0do0¢
oxnuatiopou Tng, 6mwg RLR-MAVS, TRAF3, TBK1, IRF3.
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'Etol, 0 SARS-CoV-2 emtuyxavel Tnv mapepmodion tng
mapaywyng IFN, ota mpwipa otddla tng acBévelag, Pe
amoté\eopa TNV Kabuotepnuévn avoooandkplon,
mou odnyei o€ Bapid voonon COVID-19.42Téhog, n IFN
mapouctalel paydaia avénon katd ta TeEAKA otadla
™N¢ vooou, kabwe Th1 kuTtapa ameAeuBepwvouy e-
ydAa mood IFN-y, n omoia mpooeAKUEl pakpopdya
Tumou 1, mpodyovtag Tnv 1oTIKA BAARN, o€ cuvduacoud
JE T HOAUOPEVA KUTTAPQ, TTIOU EKKPIVOUV UTTEPUETPA
IFN-I-1Il, evteivovTtag TI¢ avemBuunTeg 1) kal Bavatn-
POpeC emmiokég Tng COVID-19.42

Meléteg katadelkviouv OTIL aoBeveic pe cofapn
/kat pakpd véco COVID-19 (long COVID-19), epgdvi-
oav autoavooia katd tn SlapKela TNG aoBévelag. '+
Epyaotnplakd euprjpata mpoaodlopi{ouv tnv mapou-
oia autoavtiowpatwv ANA, ANCA kat APL o€ Bapéwg
TTAOXOVTEG A0BEVEIC, yeyovog mou emPBeBatwvel To ma-
pamdvw Bewpnua.®? Exel amodetytei, 6Tt 0 SARS-CoV-
2 S10Bétel emTomouc, mou mpooopolalouv avBpwrmiva
TEeMTiOla, UE ATTOTENECUA VA TTAPATNPEITAl auTOdvOoon
avtidépaon, oQeINOUEVN O AVTIOWUATA EVaAVTl TWV
AVTIOTOIXWV LKWV avTlyovwy, Katdotaon yvwoTt wg
MOpPLaKN piunon. Ot Sopikég MpwTeiveg Tou 10U S Kal E,
PEPOUV OLONOYEC TIEPIOXEC LIE AVOPWITIVEG TIPWTEIVE,
EVW TAUTOXPOVA N SouIKA TeMTidia Kat aAAnAouyieg
orf3a, orf7a, orf7b, orf8 kai orf9b pipovvTal poplakd
TIC MpwTeiveg Bepuikol ook 60 kal 90, evepyorol-
WVTAG TNV autodvoon amokplon.*42 Moptakn Hipnon
TTAPOUGCLIACOUV TTEPIOXEG TOU 1OV UE TIC TTPWTEIVES
DAB1, AIFM kat SURF1 tou cupmAéyuatog preBot-
zinger TOU €YKEPANKOU OTENEXOUG, 0ONywvTaG OE
AVATIVEUOTIKN AVETTAPKELQ, OTIWC EMIONC Kal pia Béon
Sldomaonc Twv TUNUATwy S1 Kat S2, Tng mpwteivng S,
n omoia epavilel Slaotavpoupevn avtidpaon e éva
mentidlo Tn¢ a umopovddag Tng mpwteivng ENaC-q,
SlatapdooovTag Tnv opoldoTAoN TWV AEPAywywv. le-
VIKOTEPQ, MANBWPA HEAETWVY €xel UTTOOEIEEL TNV pO-
plakf pipnon tou SARS-CoV-2 pe 33 Sla@opeTikda
8uepn Kat 9uepn avOpwmiva mentidla, 20 amd Ta
oroia TapaTNEOUVTAL UOVO OTO CUYKEKPIEVO OTENE-
XOG KOpovoioU.*?

E€ehiktikA Mopeia tov SARS-CoV-2 katd tn
Sl1dpkela tng mavdnpuiag

Ot mavdnpieg ukng mpoéheuong ouxva xapaktnpio-
vTal anmd TV ueavion mMoAVApIOUwWY TapaAAaywv
TOU aPXIKOU LIKOU OTEAEXOUC, Ol OTTIOIEC TTPOKUTITOUV
anmod TNV APOUGia TTOAATIAWY CUYXPOVWE UETAANG-
&ewv TOU YeVETIKOU TOUG UAIKOU. TO @aIVOUEVO aUTO
ouvavtdrtal Kupiwg oe RNA 100¢, 6mwg otov SARS-
CoV-2.8 Zupewva pe tov lMaykdéouio Opyavioud
Yyeiag (MOY), o1 éw¢ TWPA avayvwpIioIUeS TTApaNAayEC
Tou SARS-CoV-2 ta&lvopolvTal o€ TPEIC KATNYOPIEC,
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oTI¢ mapalayéc evdiagépovTog (VOI), oTic mapaiha-
yéc avnouyiag (VOCQ) kat oTig mapaiayég urmd Slepev-
vnon (VUM). Xtnv mpwtn opdada avhkouv ol
maparlayéc Adpda kat Mi, otn deutepn ol mapaAla-
véc AN@q, Brta, Mpa, AéAta kat Ouikpov, v 01N
Tpitn cuumephapBavovtal ot mapaliayég EPiiov,
‘Hta, Nwta kat Kama.**# Fevikotepa, o avénuévoc pub-
MOC avTiypa®n¢ Tou 100 cUPAAel otn dnuioupyia
VEWV LKWV OTEAEXWV, AOYW EVOWUATWONG TTOAATTAWY
peTaAd€ewv oTnv mpwteivn akida. Etol, peylotomol-
€TAl N ATTOTEAECUATIKOTNTA TNG METAS00NC, O TPOTII-
OMOC TwV KUTTApWV, N maboyévela TnG vdoou Kal n
Slaguyn Tou 10V amd Tn XUUIKI aVOoIaKN amokplon.*?

O xapaktnpiopog VOC ogeiletal otnv amodedel-
YHEvN auénuévn HETaSOTIKOTNTA, OTNV €VTOVN aVOCO-
Slapuyr Kal otnv MPOKAnon BapUtepng CUUTTWHA-
TOAOYIOG TWV TIEVTE OTENEXWV, CUYKPITIKA [UE TOV «AypPLO
TUmo», SARS-CoV-2, mou evtomiotnke otn fouxdv tng
Kivag oTig apyég tou 2020.# XT1a GUYKEKPIUEVA OTENEXN,
ol petaMa&elg evromiCovtal Kupiwg otnv mpwteivn S
KAl TTIO OUYKEKPIEVA otV Teploxry S€opieuong umo-
Soxéa (RBD), mou edpdletal otnv umopovada S1 1ng
TPWTEIVNG.** To Tunpa RBD avayvwpilel kat Seopevel
OAKXapA KAl TIPWTEIVEC, UIa €K TWV OTTOIWV ATTOTENEL O
TPWTEIVIKOG urodoxéag ACE2, pe amotéheopa va Sia-
Spapatilel e€€xovta poho otnv UKA petadoon.* Me-
TAAMAEELG OTO TUAPA AuTO, odnyouV o€ auénuévn po-
Auopatikétnta, Kabw¢ emiong Kal o loxupn
avooodiapuyry, dedopévou o011 To 40% Twv e€oudeTE-
PWTIKWV aVTICWHUATWY Katd tou SARS-CoV-2, oto-
¥eLouv Tnv meptoxr) RBD.* H povdada RBD amoteleital
and pia C-tepuaTikn meploxry ouvdeong umodoxéa
(CTD) kat pia N-teppatikiy meptoxr) (NTD), pe tnv te-
Aeutaia va amacyoAei 18laitepa TIG MEAETES, KABWG e-
TaMA&Eelc oe autr oxetiovTal e LK avooodlaguyn,
yeyovog mou xprilel mepaitépw Slepelivnon. 445

Q¢ n mo Siadedopévn HeTAMNAEN TS MPWTEIVNG S
npoodiopiletal n D614G, mou o@eileTal o€ AVTIKATA-
otaon Tou apvo&éwg Asp614 amod Gly kat €xel evtort-
otei og mAvw amod 1o 99% Twv mepimtwoewv COVID-19
Aoipwéng, €wg 1o 2022484 H petdMaén autn dev ep-
paviletal otaBepd o€ kKAmola TIEPLOXH, AANA eMbPd o€
moANamAd onueia ¢ mpwteivng akidag, avéavovtag
TNV éKQPact| TNG Kat HeTafdilovtag tn Slapopewaon
NG RBD meploxric.* Kat’ autév tov TpoTto, HEYIOTOTION-
€iTal N HOAUCHATIKSTNTA, N TTPOGBOAR TTOAWV Kalt Sia-
POPETIKWV TUTTWV KUTTAPWY OpYyAavwv (T.X. TveUoVQ,
ATTATOC, TIAXEOC EVTEPOU) KAl N AVOEKTIKOTNTA OE TTPW-
teohuTIKn Sidomaon.* H D614G mpoodidel 4-9 gpopég
MEYOAUTEPN MOAUCHATIKOTNTA OTA LIKA OTEAEXN TTOU
™ @€pouv, aNd Oev éxel Bpedei cuoxéTion TNG e dia-
(puUyn Tou 100 amd TNV AVOOCIAKK ATTOKPIoN. 444

Mia akoun ocuvAOng petaAhaén amotelei n P681,
TTOU TTapaTtneEital ota apvo&éa 680-689 tng S1 meplo-

XN¢, Ta omoia euBuvovTtal yia tn Sidomacn ¢ eoupi-
VNG, KATA TNV mapaywyn VEwV tkwv cwpatidiwv. Etot,
napatnpeital avénuévn didomaon @oupivng Kal kat’
ETIEKTAON €VTOVN HOAUOMATIKOTNTA. AANEC LETAANAA-
&elg mov €xouv evtomioTei oTnv umopovada S1 eivat ot
H49Y, Q239K, N439K, L452R, T478I, E484D, G476S kal
1570D. ‘Ocov agpopd TI¢ HETANNAEEIC oTNnV S2 uTToHO-
vada, evromifovtal oe MOAD PIKpOTEPO PBabud oe
oxéon ue autéc NG S1. Mapadeiypata autwy amote-
Aouv ol petalhd€elg T716l, DI50N, S982A kal
D1118H.44

Mepvwvtag otic mapariayéc VOC, n AA@a amotehei
TO TIPWTOEUPAVI{OUEVO OTENEXOG TTAPAANAYNG, TTOU
evtomiotnke oto Hvwpévo Baoilelo 1o ZentéuPplo
Tou 2020. Xapaktnpiletal and tnv mapouasia 9 petal-
Aa€ewv otnv mpwteivn S (69-70del, 144del, N501Y,
A570D, D614G, P681H, T716l, S982A, D1118H), mou
avédvouv TNV KN peTadoTikdTNTa, Tov Kivduvo vo-
onA&iag kal To TooooTo BvnoluoTnTaC. Mo cuyKeKpPL-
péva, ol petalhaéelc otic Béoeic Q493N kal Q498Y
npoodidouv auvénuévn Séopevon otov SARS-CoV-2
pe tov urmodoxéa ACE2. Ot petaAdelc H69del kat
V70del otnv NTD mepioxri euBUvVovTaL YIa TN HEIWMUEVN
ATTOTEAECUATIKOTNTA TNE Slaguyng Tou 1ov amd Tnv
OVOOOMOYIKA OTTOKPION TwV EO0USETEPWTIKWY AVTI-
OWMATWY, o€ avTiBeon pe TNV petd\haén P681H, mou
TPOKAAE( avTiotaon otnv IFN.4346

>tnv napaihayn Bita, mou mpwtosupaviotnke otn
Notia A@pikn To ZemtéuPplo Tou 2020, £xouv avayvw-
plotei avtiotolxa 9 peTaldéelg otnv S mpwTeivn
(L18F, D80A, D215G, 241-243del, K417N, E484K,
N501Y, D614G, A701V). Meta&u autwv, ot LETAANAEELC
otov Topéa RBD (K417N, E484K, N501Y) odnyouv otn
Slaguyry and TNV avoooMOYIKN amoKplon Kal €vi-
oxUoLV £wc¢ Kal 19 popéEC Tn ouyyévela Pe Tov urtodo-
xéa ACE2.4346

H mapaAayn Faupa aviyveutnke otnv Bpalihia kat
v lanwvia (oe ta&idiwteg and tnv Bpaldinia) To No-
éuPpto Tou 2020 kal dlabétel 12 peTaANAEELC oTNV
mpwTteivn akida (L18F, T20N, P26S, D138Y, R190S,
K417N/T, E484K, N501Y, D614G, H655Y, T1027],
V1176F), HEPIKEG €K TWV OTTOlWV TTapatneouvTal Kal
otnVv mponyouuevn mapallayr. O CUYKEKPIUEVOC
TUTTOG €XEL OUCKETIOTEL E ONUAVTIKEG EMIMTWOELG OTO
pUBUO peTadoTikdTNTAC KAl EMavatoipwéng, kabwg
emiong mapouaotadel avtiotaon os Bepaneieg povo-
KAWVIKWV QVTICWUATWV. 4346

H mapalhayry AéAta, mou Siayvwotnke otny Ivéia
Tov OKTWpLo Tou 2020 Kal EMEKTABNKE TTAYKOOUIWG
¢w¢ Tov lovvio Tou 2021, S1aBétel 11 petalaéelg otnv
S mpwrteivn (T19R, T951, G142D, 156del, 157del, R158G,
L452R, T478K, D614G, P681R, D950N). Qotdo0, Sev me-
pAauBavel petaMA&elg oTic Béoelc 501 kal 484 Tng me-
ploxri¢ RBD, mou oxetiCovtal pe Stagpuyr Tou 1ov amd Tn
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Spdon e€0UdETEPWTIKWV AVTICWHATWY. [MoTevETAL OTI
ol L452R kat T478K guBlvovTal v PHEPEL YIa TNV MEL-
WHEVN ATTOTEAEOUATIKOTNTA TWV EUBOAIWV EVavTl TWV
otelexwv SARS-CoV-2 mapalayng Aérta, evwr n P681R
evteivel Tn Sidomaon TG S1 o€ S2, e anmotéheopa Tn
MEYIOTN MOAUGUATIKOTNTA TWV UKWV CWUATIOIWV. 434647

TéNog, n mapalayr) Oulkpov eVTIOTHOTNKE APXIKA
otn Mmotooudva tng Apptknc to Noéuf3plo tou 2021
Kal €KTOTE amoTeAEl To Kupiapxo oTtéAexog SleBvwe.®
MepapPBavel mavw amo 30 petaraéelc, petall autwv
28 uTOKATAOTACEIG, 1 eloaywyn Kal 3 Slaypagég aplt-
vo&Ewv. 44648 H mapalhayr] QaiveTal va TIPOEKUYPE ATTO
Vv €€€NIEN Tou 10U Og avoooKaTeoTAAUEVA dToua,
S1a6étovTag KovEG LETANNAEELC e TTPONYOUEVA OTE-
Aéxn Kat KaTopOWVOVTAG VA KATAKTHOEL TTAEOVEKTIKN
KAVOTNTA PETAS0ONG KAl avooodlaPuyRc. 447 EIbI-
KOTEPQ, N HeETANNa&N N501Y, Tou aveupiokeTal Kal ota
otehéxn AN@a, Brita kat Mapa, odnyei o BeAtiwpévn
ouvdeon tou topéa RBD pe tov umodoxéa ACE2, evw
mapdMnAa ot petaAaéeic K417N kat E484A, ou evto-
miovtal oTI¢ mapalhayéc Brta kai Fapa, mpoodidouv
oToV 16 IKavoTnTa S1aguynRg amo TNV Avoolakr) amnd-
vTnon.#4 Evdlagépov mapouotdlel To yeyovog OTL n
Tautéxpovn TPIMAN peTaANaén «K417N — E484A -
N501Y » mpokahei SOUIKEC LETARBOAEC OTNV TTPWTEIVN
S, TOAU peyaAUTEPEG MO AUTEG TTOU SnuioupyoLv ol
OUYKEKPIUEVEG UETANNAEELG LEUOVWUEVQ, UE ATTOTENE-
OMa N TTapoucia Kal Twv TPV METOAAEEWY va evi-
OXVEl O€ péyloto Babuod tnv avocodlapuyn Kat TNV
METASOTIKOTNTA TOU 10U.%
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Mépav Twv petaraewv otnv S mpwTeivn Tng mma-
palayric Opikpov, £xouv amooa@nVvIoTel LETAAAEELS
otnv meploxr) ORF1ab kat oti¢ mpwrteiveg M, E, N kau
nsps Tou SARS-CoV-2. Ot petaANa&elg P323L kat A105-
107 oti¢ mpwteiveg nsp12 Kal nsp6 avtiotolya, Spouv
apvNTIKA TIPO¢ TNV eMBiwon TOU IIKOU OTEAEXOUG,
KaBwe N TPWTN MEIWVEL TNV aKpiBela TS avTlypa®nc
Kal TNG PETAYPAQPRC, evw N SeVTePn emnpedlel apvn-
TIKA TNV ATTOTEAECUATIKOTNTA TNG ATTOKPLONG TNG EY-
@UTNC avooiag Kal TwV T AEUPOKUTTAPWV.4

MapoAo mou n mapalhayr OUIKpov €xEl CUCXETIOTEL
pE VPNAOTEPO TTOCOOTO PETASOTIKOTNTAC, MEYIOTO Kiv-
Suvo emavapoAuvong Kat eVvTovoTePn IKAVOTNTA AVOo-
0081aPUYNG, CUYKPITIKA E T TTIPOTEPA OTENEXN, XAPO-
Ktnpiletal amd HEIWHPEVN MOAUCHOATIKOTNTA TWV
TIVEUOVWY, N o110l CUVASEL UE NTTIOTEPN CUUTTTWA-
Toloyia. B4 AToTENéOUATA EPEUVWV KATASEIKVUOULV Xa-
MNAGTEPO PUBUG avTlypapnc Tou SARS-CoV-2 mapah-
Aayrc OuIKpov, 0Ta TIVEUHOVIKA KUTTAPQ, YEYOVOC TTOU
SIKaloNoyei Tov TTEPIOPICUO TOU 1oV OTO AVWTEPO AVa-
TIVEUOTIKO, O€ avTiOeoN e TIC TOAAIOTEPEC TTAPOANAYEC,
ol oToieg emekTeivovTav Kal Snuioupyovoav BAAREC
oTo Katwtepo.”* Maivetal Aowmdy, &Tt 0 16¢ MpooTabei
va €MPIWOEL KAl PECW AANAYWVY TOU YEVETIKOU TOU UAL-
KOU TPOTIOTIOLEL TNV TTAB0YOVIKOTNTA TOU Kal TIEPLopICel
™ 6pAcn TOU OTO AVWTEPO AVATIVEUOTIKO oUOTNUA.Y

ARAwoN ZUYKPOUONG ZUUPEPOVTIWV
‘O)ot ol cuyypageic dnAwvouv umevBuva o1t dev
UTTAPXEL CUYKPOUGN CUUQPEPOVTWV.
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MAOOOYZIOAOTIA BAPIAX NOZOY COVID-19: TIPOAIAOEXIKOI TTAPATONTEZ KAI EZEAIZH

Summary
\ &

Pathophysiology of severe COVID-19 infection: predisposing factors
and evolution

loannis Chonianakis*', Eleutheria Giachanou', Maria Anna Kyriazidi?, Sotiris Varlamis’,
Asimoula Kavvada?, Christos Tenis’, Maria Chatzidimitriou®

'International Hellenic University

2Aristotle University of Thessaloniki

*Corresponding author

An extremely contagious virus SARS-CoV-2 emerged two years ago causing COVID-19 in-
fection and resulting to the current pandemic, the most challenging public health crisis we
have ever faced. The virus is transmitted through the respiratory tract, mostly by inhalation
of aerosols, and although its virulence was initially focused mainly on the lower respiratory
system, now through evolutionary mechanisms and mutations of the viral genome, it has
been confined to the upper respiratory system. The COVID-19 disease presents a very wide
spectrum of severity, ranging from subclinical infection (asymptomatic), mild symptomes, to
critical cases, not rarely fatal. The severity of the disease depends on the immune response
of the host. In critical cases, hyperinflammation and hyperreaction processes of the innate
and adaptive immune systems are observed, ultimately resulting in Cytokine Storm Syn-
drome and cases of hypercoagulation. Severely ill patients may develop acute lymphopenia,
eosinopenia and neutrophilia, and/or rapidly increased levels of D-dimers. Characteristic
complications of the disease are pneumonia and Acute Respiratory Distress Syndrome
(ARDS), which represent severe and life-threatening conditions. This review will explain the
precise mechanisms concerning the pathophysiology of the severe COVID-19 infection.
Firstly, we will analyze the excessive immune response and the extensive inflammation that
follows during the emergent condition known as Cytokine Storm Syndrome. Furthermore,
we will research complications related to hypercoagulation and thrombus formation, with
particular reference to the development of pulmonary embolism and the aggressive acti-
vation of the complement system. In addition, references will be made to predisposing fac-
tors, such as genetic mutations and blood groups, which have been associated with the
aggravated symptomatology of the infection, as well as to mechanisms of inhibition of the
immune response disposed to SARS-CoV-2, data that need further clarification. Finally, the
evolutionary course of the virus from the beginning of the pandemic until today will be ex-
plained by grouping the strains of variants of concern (VOC) and mentioning the differences
between them, both at the genetic level and the properties that each emerging mutation
provides.

Key words

y_____ COVID-19, SARS-CoV-2, ARDS, Cytokine Storm,

hypercoagulation, mutations
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Review

Vaborbactam: perspective of a new B-lactamase inhibitor in the anti-
microbial chemotherapy
I

Eirini Amargianitaki’, Vasiliki Koumaki', Athanassios Tsakris', Joseph Papaparaskevas’
'Department of Microbiology, Medical School, National and Kapodistrian University of Athens

255

Summary

Infections due to carbapenem-resistant Enterobacterales, Pseudomonas aeruginosa, and Acine-
tobacter baumannii constitute a global public health threat and are associated with high mor-
bidity and mortality rates. Resistance is mainly due to the production of various types of car-
bapenemases. Vaborbactam is a novel boronic acid-based -lactamase inhibitor with high
potency against class A carbapenemases, including KPC variants. Combined with meropenem,
it almost fully restores its activity against KPC carbapenemase-producing Enterobacterales.
However, it has limited activity against carbapenem-resistant Pseudomonas aeruginosa and
Acinetobacter baumannii. Clinical efficacy and safety of the combination were evaluated in
two clinical trials, TANGO I and Il: it was proved to be non-inferior compared to other therapeutic
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options. It was also found safe, having few serious adverse effects, especially in terms of neph-
rotoxicity. Based on available in vitro and in vivo data it appears to retain a low propensity for
resistance selection. Vaborbactam exhibits pharmacokinetic properties similar to those of
meropenem. Meropenem-vaborbactam has been approved for use in adults with complicated
urinary tract and intrabdominal infections, hospital-acquired and ventilator-associated pneu-
monia, as well as infections due to aerobic Gram-negative organisms in adults with limited
treatment options. Studies regarding its use in real-life settings show promising clinical cure
rates and lower rates of adverse effects, even when it comes to cases of very fragile patients.

Key words
y_q__ carbapenem resistant organisms, Klebsiella pneumoniae
carbapenemase, vaborbactam, meropenem-vaborbactam

Introduction

Carbapenem-resistant organisms constitute an urgent
health threat as they have spread worldwide and
cause infections with increased morbidity and mor-
tality."? Notably, in 2017, the WHO deemed carba-
penem-resistant Enterobacterales (CRE), carbapenem-
resistant Pseudomonas aeruginosa (CRPA), and
carbapenem-resistant Acinetobacter baumannii (CRAB)
as the three critical pathogens demanding new anti-
microbial options.?

The main mechanism leading to carbapenem re-
sistance in Gram-negative pathogens is the produc-
tion of carbapenemases. Less often, it is due to the
loss of outer membrane proteins and the presence of
efflux pumps.* The most significant carbapenemases
are Klebsiella pneumoniae carbapenemases (KPCs),
class B or metallo-B-lactamases (MBLs), and class D or
OXA-type carbapenemases.® The development of new
combinations based on a B-lactam molecule and a
novel 3-lactamase inhibitor active on carbapenemases
is one of the promising strategies in the treatment of
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infections due to carbapenem-resistant organisms.®

Recently meropenem-vaborbactam joined ceftazi-
dime-avibactam in the group of B-lactam/fB-lacta-
mase inhibitor combinations available for the
treatment of CRE infections.

Mechanism of action

Vaborbactam is a novel cyclic boronic acid-based 3-
lactamase inhibitor. The boron atom of vaborbactam
forms a covalent bond with the catalytic serine side
chain of B-lactamases, mimicking 3-lactam hydrolysis
and inhibiting the activity of the enzymes. While the
bond is reversible, the rate of dissociation of the com-
plex varies depending on the enzyme. The most
stable complex forms between vaborbactam and
enzymes KPC-2 and KPC-3.7 Using a series of Escheri-
chia coli strains expressing different types of B-lacta-
mases, vaborbactam was found to be a potent
inhibitor of KPC carbapenemases and other class A
carbapenemases, such as SME and NMC. However, it
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did not appear to inactivate SHV and TEM B-lacta-
mases, making meropenem the most proper option
for a combination. It exhibited no activity against
metallo-B-lactamases (MBLs) and class D carbapen-
emases.? It is also inactive against mammalian serine
proteases.’ Vaborbactam uses porins OmpK35 and
OmpK36 to cross the outer membrane in Klebsiella
pneumoniae, but OmpK36 appears to play a more sig-
nificant role.?
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vaborbactam

© meropenem

Figure 1 ‘ Chemical structure of vaborbactam.?

Spectrum of activity

Given its B-lactamase inhibition profile, vaborbactam
restores the activity of meropenem against carba-
penem-resistant Enterobacterales that produce KPC
and other class A carbapenemases. As for carba-
peneme-resistant Pseudomonas aeruginosa and Acine-
tobacter baumannii, the activity of meropenem-va-
borbactam is similar to that of meropenem alone,
since resistance is mostly mediated by different mech-
anisms.'>18

Regarding Gram-positive organisms, vaborbactam
does not improve the activity of meropenem.'
Against anaerobes, it does not potentiate the activity
of biapenem, therefore it is not expected to potenti-
ate the activity of meropenem either."

Epidemiological studies

The degree to which vaborbactam restores the activ-
ity of meropenem against carbapenem-resistant
Gram-negative bacteria has been explored in various
in vitro studies. In a 2016 study, 315 carbapenemase-
producing Enterobacterales strains were examined.
Most were K. pneumoniae producing KPC- 2 or KPC-3.
When combined with increasing doses of vaborbac-
tam, up to 32 pg/ml, the activity of meropenem at a
concentration of 2 pg/ml was restored against 98.1%
of strains.’? Earlier, 131 out of 133 KPC-producing En-
terobacterales strains (98,5 %) were inhibited in the
presence of meropenem-vaborbactam at a concen-

tration of 1/8 ug/ml."* Similarly, in other studies me-
ropenem-vaborbactam was active against 99-100%
of KPC-producing Enterobacterales strains.*'¢ In all
studies involving P. aeruginosa and A. baumannii
strains, as well as Enterobacterales strains that pro-
duced MBLs or OXA-48 carbapenemases, vaborbac-
tam did not improve the activity of meropenem.'3'416
In the cases of KPC-producing Enterobacterales where
vaborbactam failed to restore the activity of mero-
penem, defects of porins OmpK35, OmpK36 were de-
tected.’®' In a study comparing the activity of
meropenem-vaborbactam against CRE to other anti-
biotics, it was 99,2% effective against KPC-producers.
Compared to other antibiotics, only tigecycline could
produce similar results. A KPC-producing Citrobacter
freundii strain was non-susceptible to meropenem-va-
borbactam due to defects in OmpF and OmpC, the
outer membrane proteins that are homologous to
OmpK35 and OmpK36."”

Experimental infections

In a neutropenic mouse thigh infection model using
carbapenem-resistant K. pneumoniae, E. coli, or Entero-
bacter cloacae strains, the use of meropenem alone
had the same results as leaving the mice untreated.
The addition of various doses of vaborbactam in-
creased bacterial killing in a dose-dependent manner.
Similar results were obtained in a mouse lung infec-
tion model.'®

As for neutropenic mouse thigh infections caused
by P. aeruginosa or A. baumannii, the activity of mero-
penem-vaborbactam was found to be similar to that
of meropenem alone, as meropenem resistance is
largely mediated by mechanisms other than KPC pro-
duction (e.g. outer membrane impermeability, up-
regulation of efflux pumps, hyperproduction of class
C B-lactamases, MBLs, class D carbapenemases).'

Clinical studies

The clinical efficacy and safety of meropenem-vabor-
bactam were evaluated in two phase 3 clinical
studies.?0?"

The TANGO | (Targeting Antibiotic Non-Susceptible
Gram-Negative Organisms) was a multicenter, double-
blind, randomized, phase 3 study comparing the use
of meropenem-vaborbactam (M/V, 2 g/2 g over a 3-
hour intravenous infusion every 8 hours) to piperacil-
lin-tazobactam (TZP, 4 g/0.5g over a 30-minute intra-
venous infusion every 8 hours) in adult patients with
complicated urinary tract infections (cUTIs) including
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Untreated Control at the Start of Treatment
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Figure 2

acute pyelonephritis. If patients met certain clinical
criteria for oral stepdown therapy, after a minimum
of 15 doses of study drug, they switched to levoflox-
acin 500 mg oral tablets once a day. Total treatment
duration was 10 days. The primary endpoint for FDA
was overall success, a combination of clinical cure and
microbiological eradication at the end of intravenous
treatment (EOIVT), whereas for EMA primary endpoint
was microbiological eradication at test-of-cure visit
(TOC, 7 days after the end of treatment). A total of
545 patients were randomized and received at least
one dose of study drug, and 374 of them (microbio-
logical modified intent to treat population - mMITT,
192 vs 182) had a positive urine culture (>100.000
cfu/ml) or had the same pathogen in both urine and
blood cultures. AImost all pathogens were susceptible
to meropenem. Overall success was achieved in a high
proportion of patients in both groups (M/V 98.4% vs
TZP 94%). Microbiological eradication at test-of-cure
visit was achieved in 66.7% for M/V, and in 57.7% for
TZP. The difference met the established non-inferiority
margin. Among patients in both groups, the number
experiencing any adverse effect was similar. Mero-
penem-vaborbactam appeared to be well-tolerated,
with headache being the most common adverse ef-
fect (8.8%).2°

TANGO Il was a randomized, open-label phase 3
clinical in patients with cUTI, including acute pyelo-
nephritis, hospital-acquired pneumonia or ventilator-
associated pneumonia, bloodstream infection, or com-
plicated intraabdominal infection, due to known or
suspected CRE. Patients were randomized 2:1 to re-
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Activity in a neutropenic mouse thigh infection model.!®

ceive meropenem-vaborbactam (2 g/ 2g over 3-hour
IV infusion, every 8 hours) or best available treatment
(BAT). BAT included monotherapy or combination
therapy of a carbapenem, aminoglycoside, colistin,
tigecycline, or ceftazidime-avibactam (monotherapy
only). Among the 75 patients who received the study
drugs, 47 had a confirmed infection with a CRE isolate
(mCRE-MITT population). The most common pa-
thogen was KPC-producing K. pneumoniae. The pri-
mary endpoint was clinical cure, defined as complete
resolution of signs and symptoms. Meropenem-va-
borbactam was associated with higher rates of clinical
cure both at the end of treatment (65.6% vs 33.3%)
and at TOC (59.4% vs 26.7%). In the subgroup of pa-
tients with cUTI/AP overall success was higher for me-
ropenem-vaborbactam (75% vs 50%). As for drug-re-
lated adverse effects, they occurred in a lower rate in
the meropenem-vaborbactam group (24.4% vs 44%).
The most common ones were diarrhea, anemia, hy-
pokalemia. In the BAT group, they included sepsis/sep-
tic shock, diarrhea, anemia, hypotension, and acute
renal failure. Not surprisingly, fewer renal-related ad-
verse effects were noticed in the M/V group, consider-
ing that BAT regimens usually contained aminogly-
cosides and colistin.?!

TANGOKIDS, an open label, dose-finding, phar-
macokinetics, safety, and tolerability study of a single
dose infusion of meropenem-vaborbactam in pedi-
atric subjects from birth to less than 18 years of age
with serious bacterial infections, is ongoing (Clinical-
Trials.gov Identifier: NCT02687906).22
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Pharmacokinetic properties

According to data from preclinical studies and phase
1 studies, its pharmacokinetic properties are similar
to those of B-lactams, that is high maximum serum
concentration (Cmax) and area under the curve (AUC),
short half-life time, and low volume of distribution. Ex-
posure to vaborbactam, as defined by Cmax and AUC,
increased proportionately with dose, and no accumu-
lation was observed following multiple doses in
healthy adults. The average plasma protein binding
was found to be 33%, and its clearance is mainly renal,
with almost 90% of vaborbactam excreted un-
changed in urine.?® All pharmacokinetic properties
were similar when meropenem and vaborbactam
were given together, implying no drug-to-drug inter-
actions, and the combination was well tolerated.?

The combination has also been studied in subjects
with chronic renal impairment receiving a single dose
of 1 g/1 g over a 3-hour intravenous infusion, in a
phase 1, open-label study. The plasma clearance of
both meropenem and vaborbactam decreased in a
similar manner with decreasing renal function, in-
creasing exposure to the drugs and indicating the
need of dose adjustment in patients with renal impair-
ment. Both meropenem and vaborbactam were re-
moved by hemodialysis. The combination was well
tolerated regardless of the degree of decrease in renal
function.?

The penetration of vaborbactam in the epithelial
lining fluid of healthy adults has also been evaluated.
Both meropenem and vaborbactam achieved and
maintained over time similar concentrations, with
penetration of 63% and 53% respectively.?

Pharmacokinetic/pharmacodynamic
evaluation

Meropenem exhibits time-dependent activity, and
the concentration of the drug needs to be maintained
above the MIC value for a prolonged amount of time
to achieve bactericidal activity (%f T>MIC of 40%).2”
An in vitro study using a hollow-fiber model was
conducted in order to estimate the exposure to me-
ropenem-vaborbactam that would bring about bac-
terial killing and would prevent the development of
resistance. A total of 17 K. pneumoniae, E. coli, E. cloa-
cae strains that combined KPC production with other
possible resistance mechanisms, such as porin loss or
other B-lactamases, were studied using high inocu-
lum and concentrations of meropenem-vaborbactam
based on dose regimens of phase 1 and phase 3 trials.
When the lowest dose was used, development of re-

sistance in a K. pneumoniae strain was observed (an
MIC value of >32mg/l was developed while the initial
value was 1 mg/l). However, when exposure was ad-
justed to resemble that of phase 3 trials, the free 24-h
AUC value was ~550 mg x h/l, and bacterial killing was
achieved, even against strains with a MIC value of 16
mg/l. Also, the combination suppressed any devel-
opment of resistance.®

A second study using the same CRE strains evalu-
ated the PK/PD parameter that would best describe
the activity of meropenem-vaborbactam. Using the
hollow-fiber model, authors concluded that it is best
described by the free 24-h AUC/MIC ratio. A ratio
value of 24 or more leads to both bactericidal activity
and suppression of resistance development. The dose
regimen of 2 g/2 g given over a 3-hour intravenous in-
fusion, every 8 hours results in bacterial killing and
suppression of resistance development against En-
terobacterales strains with MIC values of up to 8 mg/I.°

Resistance mechanisms

So far, resistance to meropenem-vaborbactam in KPC-
producing Enterobacterales is associated with per-
meability disorders due to porin mutations, along
with increased B-lactamase expression and increased
efflux pump production.3®

In vitro experiments highlight the effect of porins
OmpK35, OmpK36 on the activity of vaborbactam. In
particular, inactivation of OmpK35 reduces the activ-
ity of vaborbactam, but much less than inactivation
of OmpK36. A variant of OmpK36 frequently found in
clinical strains of K. pneumoniae carries a duplication
of glycine (G) and aspartic acid (D) at positions 134
and 135 of the protein (GD repeat), and the porin in
this case has a narrower inner channel. In the experi-
ment, the strain carrying the GD repeat mutation had
a higher meropenem MIC value and vaborbactam
showed lower activity against it compared to a strain
whose sole difference was the absence of the repeat.?

The AcrAB-TolC efflux pump is a common mechan-
ism of resistance to many antibiotics, but it does not
seem to contribute to resistance to meropenem-va-
borbactam. A mutation in the ramR gene causes
down-regulation of the porin OmpK35 and increased
expression of the pump, but does not affect the in
vitro activity of meropenem-vaborbactam. However,
increased expression of the pump combined with in-
activation of the porins OmpK35, OmpK36 causes an
increase in the MIC value of meropenem-vaborbac-
tam.@

Another in vitro study of meropenem-vaborbactam
activity against carbapenem-resistant Enterobacterales
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Figure 3

highlighted the IS5 addition to the ompK36 promoter
as a mutation leading to reduced susceptibility. This
mutation results in reduced expression of OmpK36
porin.3

Reduced susceptibility to meropenem-vaborbac-
tam due to loss of the KvrA protein has also been de-
scribed in KPC-3 -producing K. pneumoniae strains.
KvrA acts as a transcription factor. This loss, caused by
mutations in the kvrA gene, ultimately results in re-
duced expression of the OmpK35 and OmpK36 porins
and reduced meropenem-vaborbactam activity.??

Regarding KPC, there is no report of a mutation
conferring reduced susceptibility or resistance to me-
ropenem-vaborbactam. In a recent study, the effect
of two mutations conferring resistance to ceftazi-
dime-avibactam on the activity of meropenem-va-
borbactam was investigated. The most common mu-
tations reported cause the D179Y amino acid substi-
tution in KPC-2 and KPC-3, and the L169P substitution
in KPC-2. Both mutations confer resistance to ceftazi-
dime-avibactam but lead to loss of resistance to car-
bapenems and susceptibility to meropenem-vabor-
bactam. In P. aeruginosa strains engineered to express
the KPC-2 mutations, the ability of vaborbactam to
enhance the activity of ceftazidime, cefepime, and
piperacillin was reduced less than twofold, compared
to avibactam, whose activity was reduced from 8 to
32 times for D179Y, and from 4 to 16 times for L169P,
depending on the antibiotic.>

Another study aimed at defining the concentration
of meropenem and vaborbactam that would not allow
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Relationship between 24-h AUC/MIC and resistance suppression in K. pneumoniae strains.?

the emergence of strains with reduced susceptibility
due to mutations. Eighteen KPC-producing K. pneu-
moniae strains with varying degrees of susceptibility
to meropenem and meropenem-vaborbactam were
used. Meropenem and vaborbactam, at 8 ug/ml each,
reduced the incidence of mutations to <1 x 10 in
77.8% of strains (14/18), and in all strains when mero-
penem was increased to 16 ug/ml. Mutations detected
at low concentrations of meropenem-vaborbactam
mainly involved OmpK36 inactivation and blakpc copy
number increase. It is noted that no mutations were
found in the coding region of blakec. Mutations in
OmpK36 were associated with the greatest increase
in meropenem-vaborbactam MIC values, while blakpc
copy humber increase is significant when combined
with a partially functional OmpK36.34

No resistant isolates were identified during the
TANGO Il clinical trial. The microbiological analysis re-
vealed only one isolate with a fourfold MIC increase,
from 0.25 to 1 mg/I, that remained in the susceptibility
range.”’

Susceptibility testing

Both EUCAST and CLSI have set susceptibility and re-
sistance breakpoints for meropenem-vaborbactam
(ata dose of 2g/2g every 8 hours in a 3-hour infusion)
with a fixed concentration of vaborbactam of 8 mg/I.
EUCAST has set the breakpoints for susceptibility and
resistance at MIC values of less than or equal to 8 mg/I
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and greater than 8 mg/I, respectively, for both Entero-
bacterales and P. aeruginosa,® while CLSI has set them
at an MIC value less than or equal to 4 mg/l and
greater than 8 mg/I only for Enterobacterales.® Sus-
ceptibility can be tested using the method of broth
microdilution, with a fixed concentration of vaborbac-
tam of 8 mg/I. Gradient diffusion tests (Etest, bioMe-
rieux or MIC Test Strips, Liofilchem) are also available,
as well as testing in semi-automated commercial sys-
tems (e. g. Microscan, Beckman Coulter).?” Disk dif-
fusion can be used for susceptibility testing according
to both CLSI and EUCAST 3536

Data from the clinical use

In August 2017, FDA approved the use of meropenem-
vaborbactam for the treatment of adults with com-
plicated UTI, including pyelonephritis.3® EMA then ap-
proved its use in adults with complicated UTI, including
pyelonephritis, complicated intra-abdominal infection,
hospital-acquired pneumonia (HAP), and ventilator-
associated pneumonia (VAP), bacteremia associated
with the above infections, and infections due to
aerobic Gram-negative bacteria in adults with limited
treatment options.*® Since then, data from the clinical
use of meropenem-vaborbactam have appeared in
the literature, providing important information as
they come from patients who are mainly elderly, criti-
cally ill, more severely immunosuppressed, and more
likely to have vital organ damage, for example renal
failure.

In 2020, Shields et al. published an observational
study of 20 critically ill patients with carbapenem-re-
sistant Enterobacterales infections treated for >48
hours with meropenem-vaborbactam. The dose they
received was 2g/2g intravenously every 8 hours, with
adjustment in case of impaired renal function. Infec-
tions included bacteremia (n=8), pneumonia (n=6,
VAP 5/6), tracheobronchitis (n=2, ventilator-associ-
ated 1/2), skin and soft tissue infections (n=2), pyelo-
nephritis (n =1), and peritonitis with intra-abdominal
abscess (n=1). The main pathogen was Klebsiella
pneumoniae (n=14), followed by Klebsiella oxytoca
(n=2), Escherichia coli (n=2), Enterobacter cloacae
(n=1), and Citrobacter freundii (n=1). Eighteen strains
produced KPC enzymes, including one K. pneumoniae
strain that produced KPC-31, resistant to ceftazidime-
avibactam but sensitive to carbapenems. Two strains
did not produce KPC (one E. coli carrying blacmy and
one K. oxytoca carrying blacmy, blaacc and blapua). In
80% of patients the combination was administered as
monotherapy. Clinical success was noted in 65% of
patients, and more specifically in 63% in the case of

bacteremia and in 67% of pneumonia. APACHE-II
score was higher where no clinical success was ob-
served. Microbiological failure within 90 days oc-
curred in 6 of 20 patients. Notably, one failure
involved a patient with bacteremia due to a KPC-31-
producing K. pneumoniae strain, with resistance to
ceftazidime-avibactam and a meropenem-vaborbac-
tam MIC of 0.12 pg/ml. On day 12 of meropenem-va-
borbactam treatment, the patient developed an
abdominal wall abscess, from which a K. pneumoniae
strain with a meropenem-vaborbactam MIC of 8
pg/ml was isolated. WGS analysis revealed an IS5 in-
sertion in the promoter of the OmpK36 gene that was
not present initially, while the blakpc gene remained
unchanged. This was the first report of a treatment-
emergent non-susceptible strain. Regarding adverse
effects, one patient developed eosinophilia.*°

A retrospective study by Alosaimy et al. included
40 patients from 7 US centers who had received me-
ropenem-vaborbactam for more than 72 hours for in-
fections due to multidrug resistant Gram-negative
pathogens. Infections included pneumonia (13/40),
urinary tract infection (8/40), intra-abdominal infec-
tion (5/40) and skin and soft tissue infections (5/40).
Clinical success was noted in 70% of patients. Failure
was due to persistence of symptoms, relapse, and
death. Only 5 patients were screened for devel-
opment of resistance to meropenem-vaborbactam,
none developing. One patient developed Stevens-
Johnson syndrome/toxic epidermal necrolysis 3 days
after initiation of meropenem-vaborbactam therapy.*

A multicenter retrospective study of patients
treated with ceftazidime-avibactam or meropenem-
vaborbactam for >72 hours was published in 2020.
Of the 131 patients included, 105 had received cef-
tazidime-avibactam and 26 meropenem-vaborbac-
tam. The main pathogen was K. pneumoniae. Clinical
success was similar, at 61.9% in the ceftazidime-avi-
bactam group and 69.2% in the meropenem-vabor-
bactam group (P=0.49). The most common adverse
effect was nephrotoxicity, with a rate of 29.2% for cef-
tazidime-avibactam and 14.3% for meropenem-va-
borbactam. The difference was not statistically sig-
nificant, while it is noted that the majority of patients
receiving ceftazidime-avibactam were also receiving
any of the following in combination: colistin, tigecyc-
line, quinolone, aminoglycoside. Regarding the de-
velopment of resistance, 3 patients receiving ceftazi-
dime-avibactam monotherapy developed resistant
strains. No cases of emergence of resistance to mero-
penem-vaborbactam were noted.*?

A retrospective study of 15 patients with CRE infec-
tions was the first to include bone and joint infections
(5, 33.3%), other than primary bacteremia (3, 20%),
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complicated intra-abdominal infections (2, 13.3%),
pneumonia (2, 13.3%), urinary tract infections (2,
13.3%), and soft tissue infection with secondary bac-
teremia (1, 6.7%). Bacteria isolated were K. pneu-
moniae (10, 66.7%), E. coli (3, 20%), Klebsiella aerogenes
(1, 6.7%), Citrobacter koseri (1, 6.7%). Fourteen patients
had received antibiotic therapy prior to initiation of
meropenem-vaborbactam. The mean time to initi-
ation of meropenem-vaborbactam treatment was 73
hours. The outcome was positive for 9 patients (60%),
negative for 5 (33.3%), and uncertain for 1 patient
(6.7%). For both cases the mean time to initiation of
treatment was similar. One patient developed recur-
rent bacteremia from a meropenem-vaborbactam-
susceptible strain within 30 days of the end of
treatment. Three out of 5 cases of bone and joint in-
fections had a positive clinical outcome. Regarding
the patients with a negative response, 3 (60%) were
found to have inadequate source control, 1 died of an
infection-related cause, and 1 of another cause before
the end of treatment. Repeat cultures within 3 days of
starting treatment were obtained in 6 patients, of
whom 4 (66.7%) had a positive microbiological re-
sponse. As for adverse effects, one patient developed
C. difficile diarrhea on day 2 of meropenem-vaborbac-
tam therapy, although other broad-spectrum anti-
biotics had already been used.*®

Few case reports about the successful use of mero-
penem-vaborbactam have also been published. Jor-
gensen et al. presented the case of a young HIV
patient with a complex clinical history and bacteremia
due to carbapenem-resistant Serratia marcescens and
Enterobacter aerogenes. The patient was initially
treated with ceftazidime-avibactam, which failed to
clear the bacteremia. Subsequently, the infection was
treated successfully with meropenem-vaborbactam
plus source control.** Another case report describes
the case of a liver transplant recipient who developed
bacteremia and a liver abscess due to KPC-producing
K. pneumoniae (KPC-Kp) strain. After initial monother-
apy with ceftazidime-avibactam, the strain developed
de novo resistance, and treatment was changed to col-
istin plus gentamicin. Due to renal failure, mero-
penem-vaborbactam was used as salvage therapy.
Renal function improved and bacteremia was cleared,
allowing retransplantation.*® In the case of a woman
with septic thrombosis and bacteremia due to KPC-
Kp, meropenem-vaborbactam was successfully com-
bined with fosfomycin, after failing to treat her, first
with ceftazidime-avibactam, and then with colistin
plus fosfomycin.* Most recently, a case report about
the use of meropenem-vaborbactam in a thoracic
aorta graft infection due to a ceftazidime-avibactam-
resistant KPC-Kp strain has been published. The infec-
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tion was treated successfully with the combination of
meropenem-vaborbactam with tigecycline. Tigecyc-
line was then discontinued, and the patient showed
no sign of recurrence until dying of another cause.*”

Treatment of infections due to carbapenem-
resistant Gram-negative bacteria

Treatment of infections with carbapenem-resistant
Gram-negative bacteria is challenging and requires a
multifactorial strategy. Given the need for early
initiation of treatment, it is important to identify
patients at increased risk for such infections based
on their individual history, and at the same time to
have knowledge of the local epidemiology of resistance
mechanisms. The use of phenotypic and molecular
techniques to identify resistance mechanisms can
also contribute to applying the appropriate therapy.*
Before the novel 3-lactam/B-lactamase inhibitor com-
binations became available, treatment of infections
due to carbapenem-resistant Gram-negative bacteria
relied on the use of colistin (except for intrinsically re-
sistant bacteria), as monotherapy or in combination
with tigecycline, fosfomycin, high doses of carba-
penems, and sulbactam, depending on the pathogen
and the site of infection.*

When it comes to less severe Enterobacterales in-
fections, the use of older antibiotics is preferred.*>°
In uncomplicated cystitis, quinolones, trimethoprim-
sulfamethoxazole, aminoglycosides, nitrofurantoin,
remain good options. However, in case of resistance
or failure, the use of novel -lactam/p-lactamase in-
hibitor combinations, that is meropenem-vaborbac-
tam, ceftazidime-avibactam, and imipenem-relebac-
tam, is recommended. If these are also ineffective,
cefiderocol, a novel siderophore cephalosporin, may
be used.* In severe infections, both complicated uri-
nary tract infections and non-urinary tract infections,
administration of meropenem-vaborbactam or cef-
tazidime-avibactam or imipenem-relebactam is rec-
ommended.* Alternatively, cefiderocol can be used
in case of resistance to the available combinations.*>°

If metallo-B-lactamase production is detected, the
use of cefiderocol is recommended. A combination of
ceftazidime-avibactam with aztreonam can also be
used.*°n case of OXA-48 production, the first choice
is ceftazidime-avibactam and, alternatively, cefidero-
col.#®

Given the fact that vaborbactam does not restore
the activity of meropenem against carbapenem-re-
sistant P. aeruginosa and carbapenem-resistant A.
baumannii, meropenem-vaborbactam has no place
in the treatment of such infections. As for P. aeruginosa,
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the first choice for severe infections is ceftolozane/ta-
zobactam,*>*° while for milder infections the use of
older antipseudomonal antibiotics, such as amino-
glycosides, is recommended.® For severe A. baumannii
infections, the European Society for Clinical Microbi-
ology and Infection currently recommends a com-
bination of colistin, aminoglycoside, tigecycline, sul-
bactam.*®

Conclusion

The addition of vaborbactam to meropenem restores
the activity of the latter against Gram-negative bacteria
producing class A B-lactamases, as it is highly active
against KPC, as shown by large surveillance studies. It
is important to emphasize that the combination is
not effective against class B and class D carbapen-
emases, nor does it improve the activity of meropenem
against multidrug-resistant P. aeruginosa and A. bau-
mannii. The results of clinical studies highlight its effi-
cacy in urinary tract infections, as well as other serious
infections caused by Gram-negative bacteria. At the
same time, it is characterized as safe, with a low oc-
currence of serious adverse effects, while it can be

used safely in cases of reduced renal function. Based
on the so far scarce data after its introduction in
clinical practice, it appears to be effective even in
complicated cases of patients, and less toxic than the
regimens used until now. The so far low frequency of
resistance development both in vitro and in vivo is
significant. Therefore, meropenem-vaborbactam con-
stitutes a promising solution in the treatment of
serious infections caused by multidrug-resistant Gram-
negative bacteria. However, it is necessary to follow a
strict surveillance strategy to ensure its appropriate
use in order to minimize the chance of resistance. At
the same time, it is vital to continue the search for
agents that will fill the gap regarding metallo-f3-lac-
tamases and multidrug-resistant P. aeruginosa and A.
baumannii, and maintain an armamentarium against
the non-stop evolution of bacteria and their ability to
develop resistance to available antibiotics.

Acknowledgements
This work was part of the Thesis in the Postgradu-

ate M.Sc. Program “Molecular Medical Biopathology”.

Conflict of interest
All authors declare no conflict of interest.

TOMOZ 67 @ TEYXOZ 4, OktwRploc-Aekéupplog 2022

263



E. AMARGIANITAKI, V. KOUMAKI, A. TSAKRIS, J. PAPAPARASKEVAS

MepiAnyn
&

Vaborbactam: perspective of a new -lactamase inhibitor in the anti-
microbial chemotherapy

Eiprivn Apapylavitakn*', Baocihikiy Kovpdkn', ABavaciog Toakpnic', lwong Mamanapaokevdg!
'EpyacTtripio MikpoBioAoyiag, latpiknr ZxoAn, EOviki kait Karodiotpiakd Mavemotnuio ABnvayv, Abriva, EMdda
*YmevBuvoc aAnAoypagiag

Ot Mopwéelg mou oeilovtal og avOeKTIKA OTIC KapBamevéueg Enterobacterales, Pseudomonas
aeruginosa kal Acinetobacter baumannii amoteA\oUV TAYKOOUiwG armelir yia tn dnudola vyeia
Kat ouvdéovtal pe uPNAA TOCOOTA voonpATNTAG Kal BvntdTnTag. H avtoxn ogeiletal Kupiwg
otnv napaywyn dtagoépwv TUnwv kapRanevepacwv. H BapmopBaktdun ival évag véog ava-
OTOAEAG B-AAKTAUACWY, XNHIKA TIPOEPXOUEVOG aTtd TO BoPOoVIKO 0&U Kal Ue UPNAR LoXL évavTl
Twv KapPamnevepaowy Ta&nc A, cupnephapBavouévng tng KPC. e cuvduaopuo e Tn Pepo-
TEVEUN, amokaBlotd oxedov mApw¢ TN SpacTikdTNTA TNG évavtl Enterobacterales mou ma-
pdyouv kapBamnevepdon KPC. Qotooo, éxel meploplopévn SpAcon EvavTl TwV AVOEKTIKWVY OTIG
kapRamnevéueg Pseudomonas aeruginosa kol Acinetobacter baumannii. H kA\vikr) amoteAeopa-
TIKOTNTA Kal N ao@AAEla Tou cuvduac oL a&loAoynonkav og SU0o KAIVIKEG dokIpEC, TIc TANGO
[ katll, 6rou anmodeixOnke OTI gival UN-KATWTEPOC O€ CUYKPLON UE ANNEC BEPATIEVTIKEC ETTIAO-
YEG. Exel AMiyeg oo apég avemOBUUNTEC evEPYELEC, £10IKA OO0V a@opd T veppoTtoikotnTa. Dai-
veTal va dlatnpeei xaunAn tdon yia avantuén avtoxnc. Epgavilel @apuakoKivnTIKEG IBIOTNTEC
TTAPOUOIEC UE AUTEC TNG MEPOTIEVEUNG. Exel EYKPIOEL yla Xprion o€ EVANKEG UE ETTITTAEYUEVEC
OUPONOIPWEELG KAl EVOOKOINOKEG AOIUWEELG, VOOOKOMELOKK TIVEUHOVIA KAl TIVEUOVIO OXETI-
(buevn e avamveuoTtnPa, KaBwGE Kal AoIMWEEIC AOYyw agpdPBiwv Gram-apvnTIKWV OPYAVICUWV
0¢€ EVAAIKEG UE TTEPLOPIOUEVEG BEPATTEVTIKECG EMAOYEG. MENETEC XPrIONG OE TPAYUATIKEG OUV-
Onkeg Seixvouv UTTOCXOUEVA TTOCOOTA {aoNG KAl XOUNAGTEPA TTOCOOTA AVEMBUUNTWY EVEP-
YEIWV, AKOWN Kal O€ TEPIMTWOELC BeBapupévwy aoBevwv.
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A comprehensive review of monkeypox (mpox) on the occasion of the
ongoing multicountry outbreak of the disease
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Summary

The ongoing recent outbreak of mpox, extending to both endemic and non endemic regions,
has emerged as a growing international public health threat. The purpose of this review is to
highlight the basics of the disease. Mpox is a zoonotic infectious disease, caused by MPV, a
DNA virus in the genus Orthopoxvirus. There are two possible means of mpox transmission:
animal-to-human and human-to-human transmission. In this epidemic, mpox is predominantly
affecting men who have sex with men. The early symptoms and signs of mpox are nonspecific
but the subsequent evolution of the skin lesions is characteristic. The preferred diagnostic
method for mpox is Polymerase Chain Reaction (PCR) testing of samples from skin lesions. The
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management of mpox includes supportive care and pain relief medication. There is no treat-
ment approved specifically for mpox. However, there is evidence that antiviral agents that are
effective against variola virus are also effective against MPV. There are several simple precau-

tions in order to avoid mpox, including vaccination.

Key words
y.,__ y

mpox, outbreak, epidemic

Introduction

The 2022 outbreak of monkeypox (recently renamed
as “mpox”") extending to both endemic and non-en-
demic regions is an issue that has alerted the inter-
national scientific society, while the World Health
Organisation (WHO) declares the spread of the dis-
ease a“public health emergency of international con-
cern”. In the shadow of COVID19 pandemic, mpox
virus has been considered by some as the next great
viral threat.

Mpox virus was first identified in 1958 by Danish vi-
rologist Preben von Magnus in monkeys kept for re-
search? but was first identified in humans, specifically
in a 9-month-old boy, in 1970 in the Democratic Re-
public of Congo.? The virus is endemic in the tropical
rainforest regions across Central and West Africa,
where sporadic outbreaks have occurred over the
past 50 years. Cases that happen outside endemic
countries are related to international travel to en-
demic regions. Since May 2022, multiple cases of
mpox have been reported worldwide from non-en-
demic countries and most of them are associated with
trips to countries in Europe and North America, rather
than African endemic countries.* Besides, reported
mpox cases have involved mainly, but not exclusively,
men who have sex with men (MSM).>
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Mpox case numbers have grown up progressively.
So, although cases decreased significantly after Sep-
tember 2022, it is critical for healthcare professionals
worldwide to stay up-to-date and be well informed
on mpox, since they might encounter this condition
in their practice. The purpose of this review is to shed
light to the basics of mpox, including its clinical pres-
entation, management and prophylaxis.

Virology

Mpox virus (MPV, MPXV, or hMPXYV) is the cause of
mpox in both humans and animals. MPV is a zoonotic
(transmitted to humans from animals) , double-
stranded DNA virus, belonging to the Poxviridae
family, the Chordopoxvirinae subfamily, and the genus
Orthopoxvirus.® Regarding the species that are con-
tained in the Orthopoxvirus genus, we should high-
light the other 3 species that cause infection in
humans: variola virus (VARV), the cause of smallpox,
cowpox virus (CPX), the cause of cowpox and vaccinia
virus (VACV), which is the source of the modern small-
pox vaccine.® Two distinct genetic clades of the mpox
virus are described: Clade |, formerly the Congo Basin
(Central African) Clade, and Clade II, formerly the West
African clade.” The latter consists of two subclades:
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Clade lla and Clade llIb.” In comparison with Clade II,
Clade | has been associated with a more severe form
of the disease with higher mortality and more evident
human-human transmission.® All publicly available
MPV genomes from the 2022 mpox outbreak to date
belong to Clade II, subclade IIb.8

On electron microscopy, MPV appears large as its
size ranges from 200 to 250 nanometers.'® MPV has
the same morphological characteristics as other or-
thopoxviruses: a linear double-stranded DNA genome
surrounded by a lipoprotein outer membrane in an
oval or brick-shaped appearance.’”® MPV genome is
about 197 kb and contains about 190 nonoverlapping
ORFs >180 nt long."

Despite the fact that MPV is a DNA virus —which
means that MPV would express its genome in the nu-
cleus of eukaryotic cells- its life cycle takes place in
the cytoplasm of infected cells.”> MPV genome en-
codes all the proteins that are required for viral DNA
replication, including the RNA polymerase system,
using the host ribosomes.'®

Transmission path

There are two possible means of mpox transmission:
animal-to-human transmission and human-to-human
transmission (Figure 1).

Regarding the former, mpox is known to be a zoo-
nosis: a disease that is transmitted from animals to
humans.® The animal reservoir for mpox disease is
considered to include various species of monkeys and
rodents, namely squirrels, rats and dormice, found in
African regions.® Zoonotic transmission happens via
direct contact with the blood, body fluids, and inocu-
lation from mucocutaneous lesions of an infected ani-
mal.”? The MPV transmission could occur whether the
aforementioned natural viral hosts are alive, i.e. via
bites/scratches or dead, i.e. handling infected car-
casses or consumption of inadequately cooked meat.™

Concerning inter-human transmission, it is attrib-
uted to respiratory exposure to droplets from infected
individuals, which means that prolonged face-to-face
contact increases the risk of transmission.’? In ad-
dition, MPV can be transmitted via close contact with
skin lesions of infected individuals or recently contam-
inated objects such as towels or clothing.'? Also, con-
genital mpox should be considered since MPV can be
transmitted via the placenta from infected mother to
fetus or via close contact with the newborn during
and after birth."

It should be mentioned that the ongoing epidemic
has unique characteristics since the disease is spread-
ing primarily through sexual contact' (via direct con-

tact with groin and genital lesions) and is predomi-
nantly affecting men who have sex with men.' Ho-
wever, it is insufficient to classify mpox as a sexually
transmitted disease. In the current epidemic outbreak,
the reproduction number RO for MPV is estimated to
be 2,44. with high variability among European coun-
tries and possibly affected by major cluster events of
human to human transmission.® This high RO indicates
that the MPV may persist in the human population.
Like other Sexually Transmitted Diseases, e.g. syphilis
or warts, MPOX probably not transmitted by semen,
but in the vast majority of cases the transmission took
place through sexual contact.

Clinical presentation

The time between exposure to mpox virus and ap-
pearance of the first clinical features (“incubation
period”) has been estimated at 6 to 13 days (range
from 5 to 21 days).'? The early symptoms and signs of
mpox are nonspecific, with fever, chills, fatigue,
swollen lymph nodes and muscle pains being the
most common.'® Within 1 to 5 days after the first clin-
ical features, skin lesions make their initial appear-
ance.” The latter, characteristically, appear on the face
before appearing on the trunk then elsewhere across
the patient’s body.'” Very often they appear in the
genital area and the anus (Figures 2a, 2b). The evolu-
tion of the skin lesions progresses through four
stages: macules (lesions with a flat base), papules
(slightly raised firm lesions), vesicles (lesions filled with
clear fluid), pustules (lesions filled with yellowish
fluid), and scabs.'” (Figure 3). Patients could suffer with
pain. Also, they usually have itchy skin in the healing
stage of skin lesions.

First on the list of differential diagnosis stands
smallpox, since many clinical features of the latter are
similar to mpox. Key points for clinicians to distinguish
mpox is early lymphadenopathy that usually appears
at the same time with the onset of the fever (which is
typically absent in smallpox infection) and slower
maturation of skin lesions'® (monkeypox lesions tend
to be similar in size and present at the same evolution
stage). Except for smallpox, differential diagnosis of
mpox includes: chickenpox, generalized vaccinia, dis-
seminated zoster, eczema herpeticum, disseminated
herpes simplex, syphilis, yaws, scabies, rickettsialpox,
measles, bacterial skin infections and drug-associated
eruption.®

Mpox is usually a self-limited disease and its dura-
tion is estimated at 2 to 4 weeks."? The severity of ill-
ness can be determined by many factors such as the
initial health of the individual i.e. immunocompro-
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Path of mpox transmission

~A—4

Animal to human Human to human
1.Via bites or scratches from infected animals 1.Via respiratory doplets
2.Handling or comsuming infected animal preducts 2.Direct skin-to-skin contact with lesions
3. Direct skin-to-skin contact with lesions 3.Indirect contact with contaminated fomites
4_Congenital mpox
Figure 1 Pathways of mpox transmission.
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Figure 2 Skin lesions in the genital area (a) and the anus (b).
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Figure 3 ‘ Evolution of the skin lesions due to mpox infection.

mised patients are disproportionately severely af-
fected in comparison with non-immunocompromised
patients, but also the clade of mpox virus. Concerning
the latter, clade | has been associated with a more se-
vere form of the disease and higher mortality.® Fatality
rate for clade Il is less than 1% and on the other hand
fatality rate for clade | is estimated up to 11% in un-
vaccinated kids.? Patients suffering with mpox might
experience complications such as mouth lesions lead-
ing to deteriorated nutrition, secondary bacterial in-
fections of the skin lesions, pneumonitis, conjunctivitis
or keratitis and hardly ever sepsis and septic shock.
On the contrary, the existence of asymptomatic mpox
infection is not impossible.’”® The asymptomatic pa-
tients don’t know about their status and can transmit
the disease to their healthy close contacts.

Diagnosis

Diagno]s of mpox is made on the basis of phenotypic
methods, namely medical signs and reported symp-
toms, and genetic methods. Among diagnostic
laboratory tests the golden standard is Polymerase
Chain Reaction (PCR), given its high sensitivity and
specificity.?° Clinicians should take samples from skin
lesions, namely the roof or fluid from vesicles and pus-
tules, and dry crusts, keep them in a dry, sterile tube
and send them to a laboratory. PCR blood tests are

usually inconclusive since MPV stays in blood only a
short time.

Clinical management

Patients with mild mpox usually recover without med-
ical intervention. However, sometimes they need sup-
portive care or/and pain relief medication.?’ Regarding
the first, supportive care includes maintenance of
adequate fluid balance, hemodynamic support, sup-
plemental oxygen, treatment of bacterial superinfec-
tions of skin lesions.?’ Regarding the second, clinicians
should consider acetaminophen, NSAIDs and topical
steroids and anesthetics such as lidocaine.

Regarding antiviral therapy, there is no treatment
approved specifically for mpox. However, there is ev-
idence that antiviral agents that are effective against
variola virus are also effective against mpox virus.?'
Those are tecovirimat, cidofovir and brincidofovir, a
prodrug of cidofovir, conjugated with a lipid mole-
cule.

Tecovirimat. Clinicians should consider tecovirimat
as the treatment of choice. Tecovirimat, also known
as TPOXX or ST-246, is an inhibitor of the orthopoxvi-
rus VP37 envelope wrapping protein, preventing rep-
lication and dissemination of the virus into the host.?
In mid-July 2018, the United States Food and Drug Ad-
ministration (FDA) approved TPOXX as the first drug
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with an indication for treatment of smallpox in adults
and children,?®* and in January 2022, the European
Medicines Agency, also, approved TPOXX for treat-
ment of smallpox and cowpox.* TPOXX is not ap-
proved as a treatment for other orthopoxvirus
infections including mpox since there is no data on its
efficacy in humans. But, a non-research expanded ac-
cess Investigational New Drug protocol (EA-IND), held
by CDC, permits clinicians to use TPOXX to treat
mpox.2 Also, since September 2022, there has been
an ongoing clinical trial, named STOMP.?6 The latter is
arandomized, placebo-controlled, double-blind study
to evaluate the effectiveness of tecovirimat for the
treatment of people with laboratory-confirmed or
presumptive mpox disease.?® Tecovirimat is available
as oral capsules (each capsule contains 200mg
TPOXX) and injection vials.?> Based on EA-IND proto-
col, the recommended dose is calculated based on
the patient’'s weight.?> For instance, for patients
weighing from 40 kg to < 120 kg, the recommended
oral dose is 600 mg (3 capsules) every 12 hours.?> The
standard duration of therapy is 14 days.?® The most
frequently reported adverse reactions of TPOXX were
headache, nausea, abdominal pain and vomiting, if
TPOXX was taken orally, and pain, swelling, erythema
and extravasation at infusion site and headache, if
TPOXX was taken IV.2

Cidofovir / Brincidofovir. In the mid 1996, FDA ap-
proved the cidofovir, also known as Vistide, as a treat-
ment option for CMV retinitis in patients with acquired
immunodeficiency syndrome (AIDS).27 Cidofovir
seems to be effective against orthopoxviruses in vitro
and animal studies but there is no data on its effec-
tiveness in human mpox. Brincidofovir, also known
as CMX001 or Tembexa, is a prodrug of cidofovir. In
mid-June 2021, CMX001 was approved by the FDA
for the treatment of human smallpox disease in both
adults and children, including neonates.?®

Except for antiviral agents, vaccinia immune glob-
ulin (VIGIV) is another potential treatment of mpox.
DFA approved VIGIV for the treatment of complica-
tions due to vaccinia vaccination.? Lately, CDC holds
an expanded access IND protocol that allows the use
of VIGIV for the treatment of orthopoxviruses (includ-
ing mpox) in an outbreak.3°

Prevention and immunization
According to CDC, individuals should be aware of sev-
eral simple precautions to reduce their chances of

contracting mpox virus.?'
Those are the following:
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1. Avoiding close contact with animals that are able
to harbor mpox (rodents and primates) and with
individuals who are diagnosed with mpox or
have a rash that looks like mpox. Also, avoiding
objects that were used by the latter.

2. Having proper hand hygiene.

3. Getting vaccinated

Since the ongoing epidemic is spreading primarily
through sexual contact among men who have sex
with men (MSM), the latter should adapt some
aspects of their sex life, apart the aforementioned pro-
tective measures.?> MSM should take a temporary
break from sex activities until two weeks after their
second dose have passed, limit their number of sex
partners, use condoms in order to lower the risk of di-
rect contact with groin and genital lesions etc. There
can be no doubt raising public awareness and educa-
tional interventions should be of high priority.

There are two available vaccines against mpox:
Modified Vaccinia Ankara (MVA) vaccine, known as
JYNNEOS in USA, IMVANEX in Europe, and IMVAMUNE
in Canada and ACAM2000 vaccine. The first is a third-
generation vaccine and contains an attenuated strain
of the vaccinia virus. In August 2022, the FDA issued
an emergency use authorization for this vaccine to be
injected intradermally in individuals aged 18 years
and older who are at high risk for mpox infection.?
The first dose gives some protection against mpox,
but in order to provide stronger protection, the vac-
cine should be administered as two doses given four
weeks apart.?* The safety profile of this vaccine seems
to be excellent. It can be used individuals with immu-
nocompromising conditions.>* The second is licensed
by FDA to be used against smallpox but it can be used
under an expanded-access investigational new drug
(IND) application through the CDC.>* The adverse ef-
fects associated with ACAM2000 vaccine seems to be
more than the adverse effects of MVA vaccine, includ-
ing myopericarditis/pericarditis. ACAM2000 is contra-
indicated in immunocompromised individuals.

Conclusion

Nowadays, since we live in a globalized world, we
should not ignore neglected tropical diseases. Mpox
has been declared as a public health emergency. In-
dividuals all over the world, especially health profes-
sionals and high-risk populations, should be con-
cerned and well informed about the current situation,
placing emphasis on the preventive measurements,
in order to impede the increase of mpox burden.



A COMPREHENSIVE REVIEW OF MONKEYPOX (MPOX) ON THE OCCASION OF THE ONGOING
MULTICOUNTRY OUTBREAK OF THE DISEASE

MepiAnyn

Noipwén amod 16 TG evloyldg Twv mMONKwWV (monkeypox, mpox):
avackomnnon tng BipAoypagiag pe apoppur tn cuvexi{Opevn,
moAvebvikn é§apon Tng vocou

Mavaywtng Toupdong', Bacilelog Mamapi{og?, Mewpyia Bpuwvn*'

'EpyaoTtripio MikpofioAoyiag, latpikri ZxoAr, EOvikd kai Kamodiotpiakd Mavemotruio ABnvwv.
2Movada Eidikwv Nowwéewy, 1n Mavemotnuiakn Aspuatodoyikn KAvikri, Noookoueio Agpuatikwy
kat Appodioiwv Noonudtwv «A. Zuyypogr, Abriva.

*YmevBuvoc aAMndoypagiag

H ¢€apon NG Aoipwéng mpox, 1000 o€ eVONUIKEG OO0 Kal O N EVONUIKEG TIEPIOXEC, ava-
SelkvUETAl WG pia EEEMlOCOEVN AmEIAR yia TV SNUAOCIA LYEIQ TTAYKOOMIWG. 2KOTé TG TTal-
pouCaC avaokOTNoNG ATTOTEAEL N UTTOYPAUMION TWV BACIKWY ONUEIWV OXETIKA PE TN
Noipwén. H véooc mpox gival {wovdoog, n omoia mpokaleital anod tov 16 MPV, évav DNA 16
TTOU avAKEeL 0To Yévog Orthopoxvirus. Yrdpyxouv d0o mBavoi odoi petadoong: amd (wa oTov
avBpwro kat amoé AvBpwro o€ AvBpwTo. TN Twptvr eMONUia, N vooog e€amwOnkKe Kupiwg
o€ avOpeg o KAavouv oe pe Avopec. Ta TTPWIKA CUUTITWHATA Kal onueia Tng vooou dev
givat e161kd aAAd n emakoAoudn avdantuén deppatikwy BAapwv eival xapaktnptotikr. H dia-
yVwoTIKA HéBodoc mou mpoTipdTal gival n aAvoidwtr avtidpaon moAupepdonc (PCR) oe Sei-
yuata deppatikwv BAaBwv. H Siaxeipion tng vooou mepAapuBAavel umooTnpIKTIKA Oepaneia
Kal avaAynTikh aywyn. Agv undpxel €101kn Oepareia yia tnv vooo mpox. Evtoutolg, umdp-
XOUV €VOEIEEIG TTWG AVTIKEG OUCIEG TTOU €ival ATTOTEAECUATIKEG €vAVTL TOU 10U TNG EVAOYIAG
gival amoTeAeOUATIKEG Kal Yia Tov 16 MPV. Yridpyxouv apKkeTd amAd pétpa mpoAnyng tng
vOOOU MpPOoX, cuUTTEPIAAUBaVoUEVOU TOU EUBOAIAGHOU.

Né€eic kAaibia
y____ mpox, éCapo, emonuio
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Multi-locus sequence typing (MLST) of clinical isolates of methicillin-
resistant Staphylococcus aureus (MRSA) from systemic infections in
two hospitals in Quito-Ecuador

I

Doménica Andrade’, Tatiana Lara?, Marcelo Grijalva'-2

'Grupo de Investigacién en Sanidad Humana y Animal - GISAH, Departamento de Ciencias de la Vida y la Agri-
cultura, Universidad de las Fuerzas Armadas ESPE, Sangolqui,Ecuador.

2Centro de Nanociencia y Nanotecnologia, Universidad de las Fuerzas Armadas ESPE, Sangolqui, Ecuador.

Summary

Methicillin-resistant Staphylococcus aureus (MRSA) infections are currently a serious clinical and
epidemiological problem. This opportunistic pathogen has been commonly associated with
hospital infections. However, community variants of high infectivity have recently appeared
and have raised concerns due to their virulence. In this research, twenty-six clinical isolates from
blood cultures belonging to patients from two reference hospitals in Ecuador, were analyzed
using Multilocus Sequence Typing (MLST). PCR assays were standardized and optimized for the
housekeeping MLST genes (arcC, arok, glpF, gmk, pta, tpiA, and ygil) and for the cyclic sequencing
reaction required in the Sanger sequencing method, along with necessary purification proce-
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dures. The isolates’ allelic variants and their sequence types (ST) were analyzed using the
PubMLST database. Eight previously undetermined sequence types (UST) were obtained, along
with two alleles with point mutations. The analysis of these data using Maximum Parsimony
Trees and Minimum SpanningTrees (MSTree) showed no closer phylogenetic associations for
the isolates studied and the most commonly reported clones, demonstrating the emergence of
new variants in Ecuador, presumably community-type ones. The present study may contribute
to timely clinical and epidemiological surveillance of MRSA infections at a local level.

Key words
y___.- Staphylococcus aureus, Antibiotic resistance,
Multilocus sequence typing

1. Introduction

Methicillin-resistant Staphylococcus aureus (MRSA) is
an opportunistic Gram-positive pathogen with the
ability to invade tissues and cause a wide range of in-
fections, including serious ones such as osteomyelitis,
endocarditis, necrotizing pneumonia, and bactere-
mia.”® Particularly, MRSA bacteremia represents a
challenge, as it can evolve into metastatic infections
and life-threatening complications, with higher mor-
bidity and mortality rates.**

The World Health Organization,® has included MRSA
among high-priority microorganisms, with a 64%
higher probability of death in patients carrying these
strains compared to those infected by non-resistant
strains. Moreover, MRSA infections are currently con-
sidered the leading cause of morbidity and mortality
among antibiotic-resistant pathogens.”®

MRSA resistance to methicillin and cefoxitin is con-
ferred by the acquisition of mecA gene within the
Staphylococcal Cassette Chromosome (SCCmec).! The
mecA gene encodes an alternative penicillin-binding
protein (PBP2a) which avoids the 3-lactam antibiotics
binding to the bacterial cell wall, thereby preventing
the cell membrane collapse.®°

MRSA spreads by direct or indirect contact and has
increased its presence significantly in hospitals and
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communities. Hospital and community-acquired
MRSA strains (HA and CA, respectively) have different
types of SCCmec cassettes and express different
genes that may be associated with the strain’s virulent
phenotype and spread success.””'3> Some strains are
even known to be restricted to a geographical area,
while others have pandemic spread.” In Ecuador,
thereis a limited number of studies related to HA and
CA MRSA strains and even fewer related to their evo-
lution, epidemiology, and virulence.'*'® Therefore, ef-
forts are needed to address these gaps and improve
diagnostic, treatment, and surveillance strategies for
MRSA bacterial infections and their complications."”

Molecular typing has proven to be an important
tool for monitoring the distribution, dissemination,
and evolution of bacterial strains and their clones.’® In
this way, the Multi-Locus Sequence Typing (MLST)
technique is widely used for its unambiguous capacity
for bacterial strain characterization based on internal
sequencing of certain housekeeping genes. Using
MLST, housekeeping gene sequences for every isolate
can be assigned to defined alleles. The set of genes
for each isolate generates a specific allelic profile
known as Sequence Type (ST)." The MLST technique
provides easy reproducibility and interpretation,
while allowing the acquisition of significant amounts
of data and high discriminatory power.?



MULTI-LOCUS SEQUENCE TYPING (MLST) OF CLINICAL ISOLATES OF METHICILLIN-RESISTANT Staphylococcus aureus (MRSA)
FROM SYSTEMIC INFECTIONS IN TWO HOSPITALS IN QUITO-ECUADOR

The aim of the study was to characterize a collec-
tion of MRSA isolates from blood cultures of patients
with bacteremia. Patients belonged to intensive care
units of two tertiary care hospitals in Quito. We used
the MLST typing tool with a seven-gene panel and the
Sanger sequencing technique. We analyzed the iso-
lates’ evolutionary relationships and their association
to specific clonal complexes.

2. Materials and methods

1. Recovery of Clinical Isolates
The collection was obtained from blood cultures of
ICU patients belonging to two tertiary-care hospitals,
the Eugenio Espejo (HEE) Hospital from the Ministry
of Health of Ecuador and the Carlos Andrade Marin
(HCAM) Hospital, the largest health facility of the Ec-
uadorian Institute of Social Security (IESS). The hospi-
tals serve different populations in Quito and are
referral facilities for different provinces in the country.
The initial collection included fifty-three MRSA iso-
lates that were cryopreserved in our laboratory at Uni-
versidad de las Fuerzas Armadas ESPE. For isolates
recovery, cryovials were placed at room temperature
for one hour and then incubated at 36°C for 15 mi-
nutes. Each isolate was then inoculated to separate
nutrient broth (Merck), nutrient agar (Merck), TSA
(Beckton, Dickinson, and Company), and 5% blood
agar (Beckton, Dickinson, and Company).2"?? The cul-
tures were incubated at 36°C for 20 hours. Later, Gram
staining was performed on those dishes with growth.
The presence of Gram-positive cocci was verified
using the optical microscope. Gram-positive cocci iso-
lates were cryopreserved in BHI (Liofilchem) supple-
mented with 20% glycerol and stored in cryovials
(CryoBank Mixed, COPAN Diagnostics Inc.) at -80°C.23

2. Molecular Characterization

A multiplex PCR assay was applied to the recovered
isolates to confirm S. aureus identity (nuc and 165 rRNA
genes) and their methicillin-resistant or methicillin-
susceptible antimicrobial (MRSA or MSSA) profiles
(mecA gene). For this purpose, DNA extraction proto-
cols and multiplex nuc, 16S rRNA, and mecA PCR pro-
tocols previously reported by Noboa, 2020%* were
used. The PCR products were visualized by electro-
phoresis on 2% agarose gels (Invitrogen).

3. MLST technique
2.1.1. End-point PCR
The GoTaq Flexi Polymerase kit (Promega) was used
for the end-point PCR (final reaction volume of 15

pL),% following the Enright et al. procedure for 7 MLST
housekeeping genes (arcC, arok, glpF, gmk, pta, tpiA,
and ygil).?® The thermocycler program parameters
were taken from Saunders and Holmes,?” and used
with slight modifications. The presence of the ampli-
fied genes was verified by electrophoresis on ultra-
pure agarose gels (Invitrogen) at 2%.

Amplicons were subjected to a purification process
with the PureLink Quick PCR Purification Kit (Thermo
Fisher Scientific).?® The purified DNA was stored at 4°C
or -20° for short or long-term storage, respectively.

2.1.2. Sanger sequencing
The cyclic sequencing reaction was performed with
the BigDye Terminator v3.1 Cycle Sequencing Kit
(Applied Biosystems, 2016).2° The forward primer was
used for almost all housekeeping genes reactions, ex-
cept for the pta and yqiL genes where forward and re-
verse sequencing was necessary. Sequencing reaction
components and the program used were standard-
ized following the manufacturer’s instructions.? For
the purification of cyclic PCR products, we used a Se-
phadex G-50 method described by Chen and Yung.*°
The sequencing electrophoresis was performed
using the 3130 Genetic Analyzer (Applied Biosystems)
with a 36cm capillary array (Applied Biosystems, CA).
Raw fluorescence data were analyzed using the
Sequencer Analysis Software v 5.1 (Applied Biosys-
tems, 2003, USA).

4, Bioinformatic Analysis

2.4.1 Sequence curation

Software packages Geneious Prime v 10.1.2,3" and
SnapGene 5.3.2 (GSL Biotech, IL) were employed to
perform sequence curation and analysis.

2.4.2 Identification of allelic numbers and sequence
types

The allelic numbers for each locus were obtained
using the University of Oxford Pub-MLST database
(available on the site https://pubmlst.org/bigsdb?db=
pubmilst_saureus_seqdef). Alleles obtained for each
locus were downloaded and analyzed using the Ge-
neious Prime 2020.0.4 software.The alignment with
the sequences of the isolate in question was per-
formed using the MUSCLE ALIGNMENT tool.3? The
threshold to choose the best allelic number was equal
to or greater than 98.2% (identity assignment). And fi-
nally, the combination of the 7 allelic numbers for
each isolate was used to obtain its sequence type
using the same database.

2.4.3 Phylogenetic analysis
Sequence alignments for each gene and for the con-
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catenation of the 7 loci were performed with the Clus-
talW algorithm from the “Align” tool in MEGA-X.33 The
evolutionary history was inferred using the UPGMA
method to obtain the optimal tree for each gene and
for the concatenated sequences of all genes.3** Evo-
lutionary distances were computed using the p-dis-
tance method,*® and were expressed as the number
of base differences per site. Central STs sequences be-
longing to the most frequently found clonal com-
plexes in the PubMLST database were used for
comparison through a Minimum Spanning Tree,?
which was built using the online software Phyloviz
(http://www.phyloviz.net/).>”

3. Results and Discussion

Although 53 isolates were initially available, their pres-
ervation at different temperatures for extended
periods had an impact on the efficiency of culture re-
storation. The maintenance of bacteria at tempera-
tures below 4°C for extended periods, induces the
accumulation of mutations that disrupt the cell’s tran-
scription and translation.?® This is reflected in changes
in the thickness of the cell wall and reduction of
enzyme activity, but above all, an increase in mem-
brane permeability caused by dehydration and cell
shrinkage.®

For S.aureus identification, we targeted the 76SrRNA
gene, which allows the identification of the minor
subunit component of ribosomes in prokaryotes,*
along with the nuc gene that has long been used for
the identification of Staphylococcus aureus, as this en-
codes a thermonuclease characteristic of this species.?’
Also, a region of the mecA gene was amplified as it
encodes the PBP2a protein, which grants methicillin
resistance.*' Isolates that did not amplify any gene of
interest, were removed from the study. Regarding the
presence of mecA gene, we observed no amplification
for the nuc gene in five isolates. Hoegh et al.*? pre-
viously described that the absence of the nuc gene in
these cases might be caused by partial deletions of
the gene, resulting in a nuc-negative PCR. These iso-
lates were also discarded for next processing. Later,
we successfully amplified the seven housekeeping
genes for the 26 remaining isolates that showed the
MRSA ARM pattern.

Our study successfully assigned an allelic variant for
each gene sequence, but no sequence type (ST) could
be obtained for any isolate. The new allelic combina-
tions were called undetermined sequences (UST). In
this way, the isolates were pooled into 8 USTs with a
preponderance of UST-1 and UST-4 (Table 1). It has
been reported that in South American isolates, the
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predominantly circulating sequence types are ST-1,
ST-5,and ST-8.% In Ecuador, ST-8 (related to USA300),
ST-45, ST-30, ST-5, and ST-22 have been reported
along with epidemic clones such as the Brazilian (ST-
239-MRSA-Ill), pediatric (ST-5-MRSA-IV), and the New
York/Japan (ST-5-MRSA-II) ones.’® Nevertheless, other
studies carried out in LATAM showed the appearance
of new allele combinations. Monteiro et al.,** discov-
ered 9 new STs in Brazil, while ST-8 predominates in
Chile, but new allele combinations were also found.*
Even though two Argentine studies found a predom-
inance of ST-5 and ST-30, they also described several
non-typeable strains.*

The epidemiology of S. aureus reveals that only a
few STs tend to predominate in studies worldwide.®
New clones and ST could appear, however, due to
adaptation and also with new studies being con-
ducted, particularly in our region, where large-scale
MLST studies are still scarce.

The emergence of new allelic variant combinations
involves an evolutionary process that allows the bac-
terium to adapt to epigenetic variables in order to sur-
vive.* This fact, along with the low number of isolates
reported in the database from the South American
area (393 in total, 1 from Ecuador), could support the
appearance not only of new STs, but also of different
clonal complexes and allele variation rates. Large-
scale MRSA MLST analysis from different hospital and
community sources will be needed to better under-
stand the variety of STs circulating in the country.

The Table 1 shows the allelic variability among the
seven genes studied. ArcC, aroE, gmk and yqil genes
presented greater variability, with 4 allelic possibilities
each. The glpF, pta and tpiA genes had only 2 allelic
variants, with the glpF gene being the most conserved
since only one isolate had a different allele. In the re-
search of Enright et al.,?® the most diverse gene frag-
ments corresponded to arcC and aroE and the most
uniform were those of glpF. In the same way, the anal-
ysis carried out by Polveiro et al.,*” demonstrated that
aroE, gmk and yqil were the genes with the highest
diversity, showing polymorphic sites of 2.93%, 2.15%,
and 2.90%, respectively, while glpF, pta and tpiA re-
mained the ones with the lowest mutation rates, with
1.07%, 1.26% and 1.74%, respectively.

The allelic assignment of MLST genes revealed two
isolates with one different point mutation each. The
mutations were found in isolates X8 and R1, in aroE
and pta genes, respectively (Figure. 1), and thus these
two isolates were considered as single-locus variants
(SLVs) of UST-1 with a 99.99% of similarity. Polymor-
phisms in metabolic genes of S. aureus are unex-
pectedly common and are generated by the adapta-
tion of the bacterium to its environment to survive
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Table 1

Allelic profiles of MLST genes (arcC, aroE, glpF, gmk, pta, tpiA, and yqiL) obtained for the 26 isolates
analyzed. ST: Sequence Type; UST: Undetermined Sequence Type.

Strain arcC aroE gilpF gmk pta tpiA yqiL ST
A11 892 974 933 78 4 819 989 UST-1
A17 892 974 933 78 4 819 989 UST-1

B5 892 974 933 78 4 819 989 UST-1
B7 892 974 933 78 4 819 989 UST-1
B8 892 974 933 78 4 819 989 UST-1
B9 892 974 933 78 4 819 989 UST-1
R5 892 974 933 78 4 819 989 UST-1
R9 892 974 933 78 4 819 989 UST-1
R10 838 974 933 78 4 819 989 UST-1
X9 892 974 933 78 4 819 989 UST-1
X10 892 974 933 78 4 819 989 UST-1
New
agg!; : SLV-1
R1 892 974 933 78 gl 819 989 of
similarit
i UST-1
y with
allele4
New
allele :
99% SLV -2
X8 892 similarit 933 78 4 819 989 of
y with UST-1
allele
974
A19 620 974 933 78 4 819 989 UST-2
A13 620 974 933 542 4 819 989 UST-3
A12 838 377 933 8 899 815 992 UST-4
A14 838 377 933 8 899 815 992 UST-4
A15 838 377 933 8 899 815 992 UST-4
B6 838 377 933 8 899 815 992 UST-4
B11 838 377 933 8 899 815 992 UST-4
R2 838 377 933 8 899 815 992 UST-4
R8 838 377 933 8 899 815 992 UST-4
A16 838 971 933 8 4 819 989 UST-5
A18 838 971 933 8 899 815 992 UST-6
R6 22 716 14 470 899 819 747 UST-7
B10 838 971 933 8 899 815 483 UST-8
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stress, maintain its pathogenicity or adapt its growth.
Furthermore, considering that the stored samples un-
derwent several procedures from the sampling to the
cryopreservation and the time elapsed from sampling
to genotyping, point mutations in the bacterial ge-
netic material might be expected.*84°

Mutations were confirmed by repeating both am-
plification and sequencing, including forward and re-
verse primers for each gene. Each mutation was trans-
lated to determine if it was synonymous or non-syn-
onymous. Translated mutations present a variation in
the encoded amino acid, which gives rise to altered
proteins. Despite that, the BLAST analysis of the aroE
gene mutation yielded 99.77% similarity to the iden-
tified shikimate dehydrogenase protein. In the case
of the mutation found in the pta gene, a 99,97% sim-
ilarity with the acetyltransferase phosphate protein
was obtained.

As expected in each case, the alignments were
analogous to the relevant metabolic proteins. It is im-
portant to consider the potential implications these
mutations could have. They could affect the survival
rate and the rate of extracellular acidification during
host infection, also affecting the ability of the bacteria
to form biofilms.50>"

The evolutionary relationships of each gene are ev-
idenced in individual phylogenetic trees (Figure. 2, A-
F), where isolates are grouped based on the alleles
that were assigned by the database. The same analysis
was conducted for the set of isolates using the con-
catenated MLST sequences (Figure. 2, G), where a
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range of taxa was observed, suggesting the existence
of many independent evolutionary events arising
within the evolutionary history of each strain.>? It is
also remarkable that isolates provided by the same fa-
cility, are not related to each other in our trees,
strengthening the argument that the isolates studied
belong to CA-MRSA and are evolving individually. In
their study, Floridia et al.,** conclude that intraspecific
evolutionary stories can be modeled by the isolate’s
lifestyle, which conditions their horizontal gene trans-
fer possibilities, genome alterations, and selection of
accessory genes. In turn, the pattern of bifurcations
leads to the emergence of different taxa, grouped
based on the USTs identified for each isolate. Al-
though in this work the selected isolates could not be
cataloged within specific clonal groups, cluster forma-
tion can be observed (Figure 2).

In the Minimum Spanning Tree (Figure.3), no close
clonal relationship between our study isolates and the
previously reported STs was found. Furthermore, the
values of divergency presented in Table 2, show that
ST-5 and ST-8 are the closest STs to the study group,
USTs from 1 to 3, including the samples with mutations,
are closely related to ST-8, while USTs from 4-8 have
better correlation with ST-5. Interestingly, most of the
isolates could not be grouped into specific clonal com-
plexes (CC). Arévalo,> suggests that the divergence
within isolates may be related to a spread of hospital
strains (HA-MRSA) at the community level (CA-MRSA),
where they acquire new genetic characteristics, in-
cluding greater genetic variability. An increased prev-
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Figure 2

Maximum Parsimony Trees obtained for A) arcC gene; B) aroEgene; C) gmkgene; D) pta gene; E)

tpiAgene; F) yqiL gene and G) concatenated sequences of the 26 isolates. The percentage of replicate
trees in which the associated taxa clustered together in the bootstrap test (500 replicates) are shown next

to the branches.

alence of CA-MRSA could generate a greater number
of potentially multi-resistant and virulent variants. Data
from studies in Brazil, Ecuador, Venezuela, and Colom-
bia rate the CA-MRSA isolates at 27%.>°

One of the most notable characteristics of MRSA
clones in recent decades has been the spread of com-
munity strains over hospital strains, as well as the ac-
quisition of new resistant genes and virulence factors

to improve their regulatory systems.*® Lakhundi and
Zhang agreed that HA-MRSA is primarily distributed
in two clonal complexes around the world, whereas
CA-MRSA is more dispersed between CC and has only
afew genetic similarities. They also stated that due to
the rapid evolution of MRSA adaptation, new strains
may emerge. Furthermore, new clonal complexes may
emerge as a result of genetic variation and recombi-
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nation combined with strain demographic pressure,
which can promote the replacement of successful
strains with emerging new ones (a phenomenon
called clonal replacement).>”

4. Conclusions

Molecular typing of MRSA isolates determined the
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presence of eight new sequence types. No defined
clonal complexes were found, nor was a significant re-
lationship with previously described clones in the re-
gion demonstrated. These findings, as well as the
variability of strain clonal complexes, could be attrib-
uted to CA-MRSA origin.

The existence of new allelic variants was evidenced
by the identification of non-synonymous mutations
in the aroE and pta gene alleles. New variants, as well
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Figure 3 Minimum Spanning Tree (MSTree) generated by goeBURST A) MStree of 26 MRSA
isolates of the present study; B) MST of 26 MRSA isolates of the present study

compared to clonal complexes central clone.

isolates in this study and the central STs are highlighted.

- Estimates of Evolutionary Divergence between Sequences. The closest divergences between the
Table 2

ST1

STS

ST8

ST15

ST22

ST30

ST45

ST93

ST97

ST121

UST1

UST2

UST3 UST4 USTS UST6 USTI§ USI7 Rl X8

ST1
STS
ST8
ST15
ST22
ST30
ST45
ST93
ST97
ST121
UST1
UST2
UST3
UST4
USTS
UST6
USTS
UST7
R1
X8

0.0000
0.0028
0.0045
0.0031
0.0083
0.0101
0.0087
00128
0.0038
0,0094
0.0146
0.0156
0.0170
0.0132
0.0149
00128
0.0132
0.0146
0.0149
0.0149

0.0000
0.0052
0.0045
0.0076
0.0094
0.0080
0.0115
0.0066
0,0087
00153
0.0163
0.0149
0.0104
0,0121
0,0101
0.0104
0.0139
0.0156
0.0156

0.0000
0.0056
0.0087
0.0083
0.0090
0.0104
0,0028
0,0076
0,0101
0,0111
0,0125
0.0156
00132
00153
0.0156
0.0149
0.0104
0,0104

0.0000
0.0094
0.0104
0.0090
0.0132
0,0062
0,0097
0.0156
0.0167
0,0180
0.0149
0.0160
00146
0.0149
0,0170
0.0160
0.0160

0.0000
0.0101
0.0094
0.0135
0,0073
0.0094
00187
00198
00198
0.0180
0,0170
0,0177
0.0180
0.0187
0.0191
00191

0.0000
0.0056
0.0090
0,0090
0.0049
0.0184
00174
0,0167
0.0198
0.0187
00194
0.0198
0.0191
0,0187
0.0187

0.0000
0.0094
0.0097
0.0056
0.0191
0.0194
0.0187
0.0184
00174
0.0180
0.0184
0.0198
0.0194
0.0194

0.0000
0.0118
0.0066
0.0198
0.0208
0.0201
0.0212
0,0201
0,0208
0.0212
0.0212
0.0201
0.0201

0.0000
0.0083
0.0128
0.0139
0.0153
0.0170
0.0153
00167
0.0170
0.0149
0.0132
0.0132

0,0000
00177
0.0187
0.0180
0.0191
0.0180
00187
0.0191
0.0184
0.0180
0.0180

0.0000
0,0010
0.0024
0.0056
0.0031
0,0052
0.0056
0.0049
0.0003
0.0003

0.0000
0.0014
0.0066
0.0042
0.0062
0.0066
0.0059
0.0014
0.0014

0.0000
0.0052
0.0028
0.0049
0.0052
0.0052
0.0028
0.0028

0.0000
0.0024
0.0003
0.0007
0.0042
0.0059
0.0059

0.0000
0.0021
0.0024
0.0045
0.0035
0.0035

0.0000
0.0003
0.0038
0.0056
0.0056

0.0000
0.0042
0.0059
0.0059

0.0000
0.0052
0.0052

0.0000
0.0007 0.0000

as new sequence types found in this study, should be
reported to the PubMLST database.

The present study may contribute to timely clinical
and epidemiological surveillance of MRSA infections
atalocal level. Nevertheless, it has limitations in terms
of the number of isolates, and new larger-scale NGS-
based investigations should follow as they can pro-
vide larger amplicon sizes. This might result in fewer
differences in sequence coverage among alleles and
an increased likelihood of higher numbers of muta-
tions identified within each gene.
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Multi-locus sequence typing (MLST) of clinical isolates of methicillin-
resistant Staphylococcus aureus (MRSA) from systemic infections in
two hospitals in Quito-Ecuador
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Ot howwéelg ano Staphylococcus aureus avOekTikoug otn HEBIKINivn (MRSA) amotehouv
ofuepa éva coBapd KAIVIKO Kal eMONUIOAOYIKO TTPOBANUA. AUTO TO €UKAIPLAKO TTaBoydvo
evtomiCetal ouvNBWC e VOOOKOUEIAKES AoIPWEELS. QoTOOO, TPOoPATA EUPAvIOTNKAV TTA-
PAANaYEG OTNV KOWVOTNTA UYNARG LOAUCHATIKOTNTAG KAl £XOLV EYEIPEL AVNOUXieG AOYw TNG
AOLLOYOVOU SUVAULKAG TOUG. 2TNV TTAPOUCA UEAETN, £IKOOL £€L KAIVIKA QTTOUOVWHEVA OTEAEXN
amd KAANEPYELEC aipaTog TTou avikav o€ acBeveic and Vo VoooKouEia avapopdc oTov
lonuepvo, avaluBnkav pe tn xprion Multilocus Sequence Typing (MLST). Ot poplakég ava-
AUoelg pe PCR tumomrotriBnkav kat BeAtiotomoribnkav yia ta yovidia MLST (arcC, arok, glpF,
gmk, pta, tpiA, yqil) kat yla Tnv avtidpaon KUKAIKAG aAAnAouxiag mou amaiteital otn péBodo
npoadloplopol alnAouxiag katd Sanger, padi pe Ti¢ amapaitnteg Siadikaoieg kabapiopo.
Ot aMnASpop@eg mapalayEg, KabBwg Kat ot Tumol aAAnAouyiag Toug (sequence types, ST)
avaAuOnkav xpnotpomolwvtag tn Bdon dedopévwv PUbMLST. AmopovwBnkav oKTw Tpo-
288 NYOUUEVWE 1N KaBoplopévol Tumot aAAnAouvyiag (undetermined ST, UST), padi pe Vo aA\n-
AOUOP@PA UE ONUEIOKEG LETANNAEELC. H avAAuon auTwy Twv dedopévwy XPNCIUOTTOIWVTAC
Maximum Parsimony Trees kat Minimum SpanningTrees (MSTree) ev €6¢e1€e 0TeEVEC PUNO-
YEVETIKEG CUOXETIOEIG Y10 TA OTENEXN TTOU HEAETHONKAV KA TOUG TTLO CUXVA AVAPEPOUEVOUG
KAWVOUC, amoSEIKVUOVTAG TNV EPPAVION VEWV TTapaAlaywv otov Ekovadop, mbavwg Tomou
NC KovoTtNTac. H mapovoa PeNETN urmopei va cUPPBANEL 0TV €yKalpn KAIVIKE Kal SN UIO-
Aoyikn emtApnon Twv Aopwéewv andé MRSA og Tomiko emninedo.

Né€eic kKAeibia
y o Staphylococcus aureus, Avroyn ota. avufiotixa,
Toromoinan aliniovyios woidarhov tomwv
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AEATION EAANHNIKHZ MIKPOBIOAOTIKHZ ETAIPEIAZ

Odnyiec mpo¢g Toug oUYYPAYEIC

Fevika oTolxeia - ZKomog Tou meplodikov
To AeAtiov EAMAnvikric MikpofioAoyiknc Etaipeiac sival
n emionun tpnviaia ékdoon tng ENANvIkA¢ Mikpo-
Bloloyikng Etatpeiag, pe okomd Tn ouvexr ekmai-
bevon Twv BlomaBoloywyv, KAvikwv MikpoBlolo-
ywv, aAAdG Kat KABe mMOoTAOVA TTOU AoXOAEITAL HE
TNV £PYACTNPLAKN Kal KAIVIKA 1ATPIKH.

Kupta embiwén eival n dnuocisuon peretwy otnv
EMNvIKA A TNV AyYAIKA YAWOGOA TTOU apopoUV GAOUG
Tou¢ Topeic TG KAvikng MikpoBioloyiag (Baktn-
plohoyia, Mapacttohoyia, Mukntoloyia, loAoyia),
0oAAG kat Tig Aotmég e€e1dikevoelg TG latpiknig Blo-
naBoloyiag (Epyaotnplakn Aiatoloyia-Alpodoacia,
latpikri Bloxnueia kat Avoooloyia).

MNpdéoBacn oo mePLodikod

H mpooBaon oto meplodikod yivetal pe NAEKTPOVIKO
TPOTIO, 0€ OAA TA PEAN TNG EAANVIKAC Mikpof3loho-
YIKNA¢ Etaipiag, péow tng 1otooelidag tou meplodi-
koU NG EAMnviknc MikpoBiohoyiknc Etaipiag
(https://acta.hms.org.gr/).

Awadikaoia utofoAng mpog dnupooisuon

Ta apBpa vmofdAlovTal ATTOKAEIOTIKA UECW TNG
NAEKTPOVIKAC TTAATPOPUAS 0TO www.hms.org.gr
(Meprodikd/HAektpovikr Yool ApBpwv). Xelpo-
ypaga mou mapaAapBdvovtal pe 1o taxudpopeio,
ave€dptnta NG UTAPENG 1 OXL NAEKTPOVIKOU ap-
xeiou, 6ev Ba Aappdvovtal urt’ dSYiv. To uToaiAo-
pevo apBpo Ba mpémel va cuvodeleTal amod ETi-
oTtoAn-6rAwaon Tou ureUBuvVou cuyypagéa TTou va
BePalwvel 6T1 6AoL ol cuyypageic éxouv Slafdoel
Kal GUPPWVOULV pE TNV UTTOBOAN Tou XelpoypdPou
KOl 0TI TO ApBpo 1} éva ONUAVTIKO HEPOC AuToU Sev
€xel dnuooteuBei ) umoBAnOei yia dnuoocisuon Ka-
mmou aA\ov. Emiong Ba mpémnel va avagépetal kabe
oUYKPOUGH CUUPEPOVTWY OAWV TWV CUYYPAPEWV.
Katd tnv mapaiafn, 1o dpbpo eréyxetal yia tnv
TTANPOTNTA KAl OTN CUVEXELD ATTOOTENNETAL ATTAVTN-
TIKO NAEKTPOVIKO UVUUA 0TOV UTTEUOLVO Yia 0AAN-

Aoypagia cuyypagéa.

Eidn apBpwv mpo¢ dnuocisuon

AnuootebovTal ol TTapaKATwW Katnyopieg apBpwv:

Epeuvntikég epyaoieg: MNepiéxouv amoteAéopata
EPYAOTNPIOKWY, EMSNUIOAOYIKWY 1 KAIVIKWV UENE-
TWV TPOOTITIKOU 1 avadpOouIKoU XapaKTHPa TToU
dnuootevovTal yia mpwtn @opd. H éktaon Tou Kel-
pévou xwpic TN BiBAoypagia Sev mpémnel va umep-
Baivel Tic 5.000 Aé€elc.

Bpayxeieg Snuooigvuoelg: Exouv tnv yevikr doun
TWV EPEUVNTIKWY EPYACLWY, OUWG EXOUV UIKPOTEPO
péyeBoc éwg 1.800 Aé€eig kat £we 15 BIBAIoYpaPIKEC
avapopEc. Apopouv pelétec mou Sev Sikalohoyolv
TNV éKTAON UIag AR POUG EPEVVNTIKAC Epyaciac. H
2 UVTAKTIKA Emtpomn, petd amd mpdtacn Twv eKA-
oTOTE KPITWY, dlatnpei To SiKkaiwua va oUCTHOEL
OTOUG OUYYPAQPEIC VO LETATPEPOUV [Ia AR PN EPEV-
vNTIKA gpyaocia og Bpaxeia dnpooisuon, epdcoy,
Katd TNV Kpion touc, Sev Sikatoloyeital n EKtaon
mou €xel 600¢i. Ot ouyypageic umopouv emiong va
urtoBaN\ouv epyacieg mou €xouv e€apXng Tn Hopen
Bpaxeiwv dnuooctevoswv.

Evdla@pépouceg mepIMTWOoEelg: ATTOTEAOUV VEEC I
TTOAU OTIAVIEC TIEPITITWOELC VOO UATWY, OTTIAVIEC EK-
ONAWOELC, epapuoyn VEWV SIaYVWOTIKWY KPITNPiwv
1N véwv BepameuTikwv neBddwv. H éktaon Tou Kupiwg
KEIUEVOUL va unv umtepPaivel Tic 1.500 Aé€eig kat n Pi-
BAoypagia va punv untepPaivel TG 15 TOPATTOUTTEG.

Avaokomioegig: Avallovtal cuyxpova laTpikd
B¢pata, ota omoia mapouactalovtal ol TPOCPATES
€€eN&elc 1 avagEpovTal To CUPTIEPACHATA OEIPAC
EPEUVNTIKWY UEAETWV TWV OLYYPAPEwV. Ot avaoKo-
TINOEIG YPAPOVTAL aTTd £vav R TTEPLOCOTEPOUG OLY-
ypageic, avaloya pe tn Bspatoloyia touc. H éktaon
TOU KUPIWC KEIPEVOU va pnv umepBaivel Tic 10.000
Aé€elc kat n BiBAoypagia T 100 mapamouméc.

Emotolég mpog tnv Z0vtaén: MNepiéxouv Kpioeig
1 TTAPATNPEAOELC VIO ONUOCIEVMEVES UENETEC KATT. H
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€KTOor TouG va pnv umiepBaivel Ti¢ 500 Aé€elc kat n
BiBAoypagia Tic 5 avagopéc.

ApOBpa tn¢ Zuvtagng: Zuvtopa apBpa oxoAla-
OMOU N Kpiong emikalpwy Bepdtwy, Ta omoia ypd-
@ovTal HETA amd TMPOOKANCN TNG OUVTAKTIKNG
EMTPOTNAG. H éKktaon Toug va pnv umepPaivel Tig
1.000 Aé€eic kai n BiBAloypagia Tic 10 avagpopéc.

Oplopog ouyypagéa apOpovu

Q¢ ouyypagéac evog apBpou opiletal éva dtopo
TTIOU €XEl CUVEIOPEPEL OTOV OXESIA0UO 1) OTNV EKTE-
AEON TNC CUYKEKPIUEVNG €PEUVAC TTOU TTAPOUGIALEL
To ApBpo, cUHPwva Ue TIC 0dnyiec TS AleBvouc
Emtponn ¢ Zuvtaktwy latpikwv Meptodikwv (ICMJE):
[http://www.icmje.org/ethical_1author.html]. To me-
p1odIkO Bewpei GAOLC TOUC CLYYPAPEIC, aveédptnTa
TNC OEIPAC TOUC, WC PEPOVTEC €[OOV TNV TTAN PN EV-
Buvn evéc dpbpovu, cupmepapBavouévou Kat Tou
OPIOUOU TOU TITAOU Kal TNG OEIPAC TWV UTTOAOITIWV
OLYYPAPEWV. ATOHA TTOU TIAPEXWPENOAV TTIPOG XPrion
EYKATAOTACEIC 1] EEOTTAIOUO, KAWVIKA 1) TIPOTUTIA OTE-
Aéxn, avoAwolpa i avtidpaotrpla, édwoav olko-
VOUIKN BonBeta péow dnuootag f IBIWTIKAS Xpna-
T080TNONG, I} CUUMMARPWOAV EPWTNMATOASYLA, SV
pmmopoUv va BewpnBouv o1t MANPoULV Ta KplTthpla
Tou ouyypagéa. Emiong Ta kpttrpla autd dgv mAn-
pouLv dtoua mou oxoAiacav, 1 St1opbwaoav ) mapei-
Xav oUPBoUAEG kKatd Tn Stadikacia TG CLYYPAPNS
pépoug 11 6Aou Tou apBpou. Autd ta dtoud pro-
poUuV va avagpepBouv oto KEPAAAIO TWV EVUXAPL-
otiwv. Opdadec epyaciag umopei va avagepBouv wg
OUYYPAPEIC, EQOCOV ONA TA PEAN TTOU ATTOTEAOUV
TNV odda MANPOUV Ta KPITHPLA TTOU ava@épOnkav
Mo mavw. TéNog, avagépetal pntd 6Tl o TITAOG Tou
ouyypagéa Sev umopei va amodoBei «TIUAC EveKeV»
Aoyw B€onc. Tuxov Slapwvieg Tou avakOPouy oxe-
TIKA E TNV ATTOVOUI TOU TiTAOU TOU OUYYpaQPEd 1
TNV O€lPd TWV Cuyypapéwyv o< éva dpbpo, Ba on-
Maivouv autéuata tnv avaoTtoAr Tng Stadikaciag
Kpiong, éw¢ 6Tou autd AuBouy, ite amd To cUvolo
TWV ouyypa@éwy, n amd tnv appodia emrtpornn fBiI-
onOIKAG Kat deovtoloyiag Tou IPUHATOC TTIPOENEL-
ong tou apBpou.

EvxapioTtieg

Ta dtopa 0To KEPANALO TWV EUXAPIOTIWV Ba TPETEL
Va €XOUV EYKPIVEL TNV OUPUETOXT TOUG O€ auTo. lNa
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UAIKO TToU €xel dnuooleuBei pe omolodrimote AANo
TPOTIO KAl UTTOKELTAL O€ TIEPIOPIOUO TIVEUUATIKAG
1dlokTnoiag kat Sikawpdtwy (copyright) Ba mpémel
va avagepBei avaAuTikd o TPoTo¢ YE TOV OToio
auTé anokTABONKE Kal Twg 600nkKe n ddela. Kabe ol-
KOVOUIKN BorBela, ite dnuoota ite 1S1WTIKA Ba
TIPETIEL VA AVAPEPETAL PNTA.

2UYKPOUOT CUUPEPOVTWV

‘O)ol ol cuyypageic Ba Tpémel va avapépouv 6To
apBpo kabe mBavr) CLYKPOUCN CUUPEPOVTWY, OXE-
TIKA HE TNV LUTTO dNPOGieLON PEAETN, CUPPWVA UE
TI¢ 00nyiec TNG AleBvolg Emtporn¢ ZuvTtakTtwy la-
TPIKWV Meplodikwv (ICMJE):
[http://www.icmje.org/ethical_4conflicts.html]. Oa
TIPETIEL VA ava@épeTtal kKaBe xpnuatoddtnon mou
Ba umopouvoe va oSNy oe&l 1} va UTTOVONOEL KATEV-
Buvopevn e€aywyr) CUUTEPACUATWY, OTIWG ETTIONG
KAOe olkovopiKr 5paoTnEIOTNTA TTOU UITOPEL va EXEL
oX€0N & TNV LEAETN (TT.X. KL OXL TIEPLOPIOTIKA, TIPO-
NYOUUEVN KATOXN METOXWV N} CUPUETOXN O€ AlOIKN-
TIKA ZupBoUAia i ANPn XxpnHatodOTNoNG YIa ORINIEG
amod Taipia Tng omoiag Ta mpoidvTa eEAéyxovtal oTnV
OUYKEKPIMEVN MEAETN, KATL). H un Umtapén olykpou-
ONC CUMPEPOVTWY Ba TIPETIEL ETTIONC VA AVAQEPETAL.
ESW onuelwveTal 6Ti ol AeMTOUEPELEC TNC CUYKPOU-
oNG CUPPEPOVTWY Ogv dnuoctevovtal padi he To
apBpo, al\d mapapévouv oTnV ZUVTAKTIKA Emi-
TpOTH UTTG AuoTNEN EXEMUBELa. 1o Apbpo dnpo-
OleVETAL Hla YEVIKOAOYN ppdon, T.X. «O cuyypapéag
X.X éMafe evioyuon ané tnv etaipia Y.W. yia epsuvnti-
KoUG OKOToUC, Ij yia oMIAIEG O€ oUVESPIA K.ATL». ATTo-
Tuxia TNG CUMUOPYWONG PE auTth TV odnyia Ba
odnyei o€ emoTtpoPr Tou dPOPOoU yla CUUTARPWON,
TPV TNV EMOTNMOVLIKH KPion. X€ TEPIMTWON TTOU €K
TWV VOTEPWY ATTOKAAUPOEi CUYKPOUON CUUPEPS-
vTwv Tou dev SNAWONKE, N CUVTAKTIKI EMITPOTIH
Slatnpei To Sikaiwua va To avagépel o€ eMOUEVO
TEUXOG UE TNV Hop@r| «O cuyypapéac X.X. bev dniwaoe
mOavr) CUYKPOUON CUUPEPOVTWY, OXETIKA UE TO dp-
6po Z.Z. kai tnv etaipia Y.W.».

Odnyie¢ ouvtagng apOpwv

lMNa tn ovvtaén twv dpbpwv To MEPLOSIKO aKOAOU-
Bei Tic umodeielc Tng Alebvolg Emtponn¢ Zuvta-
KTwv latpikwv Meplodikwv (ICMJE):



[http://www.icmje.org/urm_main.html]. Amotuyia
TWV OUYYPAPEWVY VA CUMHOPPWBOOULV PE TIC 0ONnyieg
MTopEil va onuaivel emotpo®r Tou dpbpou, mptv
TNV Kpion, yia d16pObwon kat ek véou umrooAn. To
XELPOYPAPO, E TNV XPriON NAEKTPOVIKOU UTTONOY!L-
0TI Kal AoYIoMIKOU eme€epyaoiag KeIUEVoU, SAKTU-
Aoypageital og popormoinon peyéboug oehidag A4
(212 x 297 mm) ue meplBwpLa eKATEPWOEV TOUAA-
Xlotov 2,5 cm, og SImA6 didotnua Kal Je ouvexn
apiBunon oelpwv oTto aplotePo TePIBWpPLo (Mevou:
Adta&n oehibag/ApiOunon ypapuwv/Zuvexdpuevn
apiBunon).

Ol gpeuvnTIKEG Epyaoieg, ol Bpaxeieg Snpoactev-
OEIC KAl Ol EVOLaPEPOVOEC TTEPIMTWOELG O TTPETTEL
va éxouv TnV idla Kovr) dopn Kal va mephapdavouv
Ta €§AG TUAMATA, O €éva eviaio apyeio Kelpévou
(word, text, rj dAANo): Tn oeAida TiTAoU, TNV EAANVIKA
mepIANYN pe TIg Aé€elg KAeISLd, TNV ayyAIKR TTepi-
ANWn He TIc Aé€elc kKAe1d1d ota ayyAikd, To Kupiwg
Keipevo, Ti¢ euxaplotieg, Tn Sr\Awon clykpouong
OUUEEPOVTWY, TN SAwon ddslag amoé Tnv apuodia
Emtpomn BionBikng ri/kat tov EOO (spdoov amal-
TeiTal, oVHPWVA PE TNV Keipevn vopoBeoia, yia
EPEVVNTIKEG epyaoieg mapeufatikol tomou), T PI-
BAloypaia, Toug mivakeg Kat TIg AeCAVTEG TWV EIKO-
vwv. O1 eikéveg Ba mpémetl va umofdA\ovtal o€
Eexwplotd apxeia, ocuuPwva Pe TIC odnyiec mou
akoAouBouv.

H oelida tithou amotelei TNV mpwtn oeAida Tou
apBpovu kat mepthapBavet: (a) tov Titho Tou apbpov,
oToV oTToi0 S&V EMTPEMOVTAL CUVTUNOEIC AéEEWY,
(B) Ta ovépata Twv cuyypa@Eéwy (MARPEC dvopa Kal
ETWVUHO), (Y) TO EpYaAOTR P10 f TNV KAVIKH KAl TO VO-
OOKOE(O 1} TO (dpupa amd To omoio TTPoEpXETaL N
epyaoia, (6) Tnv mAnpen dievbuvon tou unelBuvou
yla tnv aAAnAoypagia cuyypa@éa, cuprmephaupa-
VOUEVOU €VOC aplBUOU TNAEPWVOU Kal [IAC EVEP-
yoU¢ S1evBuvong nAeKTPOVIKAG aAAnAoypagiag
(e-mail) kat (€) BpaxL TiTho Ot peyalutepo amd 40
ypduuata pe ta dtaotipata. OAeC ol mapamavw
mAnpo@opiec Ba mpénel va avagépovtal otnv EA-
ANVIKA YAWooa Kal 0Tn GUVEXELQ Kal TNV AyYAIKH
yAwooa.

H mepiAnyn Ba mpémel va éxel éktaon 250-400
AEEEIC (EKTOC Ao TIC EVOLAPEPOUOEC TIEPITITWOEIC

mou Ba €xel éktaon €wg 250 Aé€elg), otnv EAANVIKNA
Kal tnv AyyAikni YAwooa kat Ba mpémel va xwpiletat
o€ 4 mapaypdgouc (Zkomog, YAIko-MéBodog, Amo-
TeNéopaTta, Zupmepdopata). Kadtw amod tnv mepi-
Anyn Ba mpénel va avagépovtal ol AéEelg KAe1d1a
(3-6) otnv EAAnVIKA Kat Tnv AyyAikr YAwooa, mou
TIPETEL VA avTIoTOLXoUV aTou¢ SleBveic 6poug Tou
Index Medicus kal va amodidovtal ota EAAnviKa
oVuuewva ue o IATPOTEK (MeSH-Hellas-Bloiatpikn
Opoloyia).

To Kupiwg Keipevo Ba mpémel va xwpiletal ota
TuAuata: Eloaywyn, YAIkO kat pé6odol, Amotelé-
opata, Zu{ATNon, eKTOC amod TIC eVvOIAPEPOUDEC TTE-
PIMTWOELC TTOU Ba TTPETEL va armoTeAouvTal amod Ta
TuRpata: Elsaywyn, Nepypagn mepintwong, Xxo-
Ao | ZudATtnon. X1o YAké kal MéBodol meptypd-
(QPETAL AEMTOUEPWC O TPOTIOC EMAOYNC TOU UAIKOU 1
Twv aoBevwy, KaBwg Kal ol pébodol mou ePappod-
oOnkav, WoTe n épeuva va umopei va avamapayOei
amd epeuvNTEC TTOU EMOUUOVV TNV EPAPUOYN TNC.
> € TIEPITTWOEIC EPEVVWV TTOU APOPOULV OE avBpw-
moug, mpémel va dieukpviletal 0TI TnPndnke n Ala-
Krpuén tou EAcivki (1975) kat Ba mpémel va avagpé-
PETAL €AV N UEANETN €Xel AAPeL éykplon amod tnv
avtiotolxn Emtpornr BionBikrg kat Asovtoloyiac.
YT1a anmoteAéopata Ba mpémel va avagépovTal ava-
AUTIKA TO AMOTENECUATA UE LOPPN KEIPEVOU 1 TII-
VAKwV (600 TTIo0 CUVOTTTIKA YiveTal, Xwpic emavalig-
PeLg). 2tn oulATnon Umopei va yivel ouykplon Ue
TO AMTOTEAECHATA AANWVY EPYACIWV KAl VA avagé-
povTal Ta CuPMEPAoUATA, Ta Omoia TTPOKUTTTOUV
ané Ta anoteAéopata NG PeAETNC. AvAloya pe To
péyeBoc Tou dpBpou pmopei va yivel sUVTUNON TWV
KEQAAQiWV TWV ATTOTEAECUATWY Kal TG oulTNONC
o€ éva Kepahaio (AmoteAéopata-Xulritnon).

Ot evxapiotieg Ba mpémel va ameuBuvovtal o€
ATOMA UE OUOIACTIKN CUMBOARA 0TNV TIPAYUATOTOI-
non tn¢ £pEuvag, OTIWE TTPOAVAPEPONKE TTIO TTAVW.

H dnAwon cuyKpouong CUNPEPOVTWY Ba mpé-
TTEL VA €ival avaAuTIKR yia OAOUC TOUC CUYYPAPEIG.

H dnAwon éykpiong amd tnv apuodia Emrtponn
Bion01kA¢ 1} Tov EOD (yia peléteg mou autd amal-
TE(TAl CUPPWVA PE TNV KElUEVN vouoBeaia, T.X. PeE-
Aétec mapepBatikol TUTIOU, e A0BEVEIC, MENETEC
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a00evwv-papTUpwWY, KAL) Ba mpémnel va mephap-
Bavel Tov aplBud mpwTtokSGANOU Kal TNV NUEPOUNVIa
éykplonc. KaBiotatal cagég ott dev pmopei va dn-
pooleuBel peAéTn yia TNV omoia ot cuyypageic (n-
TNoav avadpouIKA €yKplon Yla epyaciec mou nén
gixav yivel. O1 emONUIONOYIKEC MENETEC, Ol EPYAOIEC
€ANEYXOU TNG MIKPOPIOKAG AVTOXNG, Ol CUYKPIOEIG £p-
yaotnplaknig pebodoloyiag Kal ol TapOUCIACELC TTE-
PIOTATIKWY ATTOTEAOVV (6N EPELVNTIKWY EQYACIWV
mou Sev amaltolv mapdpola EyKplon.

>1n BiPAoypagia akohouBeital To SieBvéC ov-
otnua Vancouver. Emeldi n avamapaywyn twv dp-
Bpwv amod TIC IoTooENIOEC aveLpeonC Sev PETAPEPEL
armoAUTA OAA TA TUTTOYPAPIKA OTOLXE(a (1., €101KA
YPAUMATA) Ol CUYYPAYEIC yia va e€ac@alicouV TV
opBn anddoon Twv avagopwv Ba Tpémel va ava-
TPEXOUV OTO TUTTWEVO KEIUEVO, EITE O€ EVTUTIN, EITE
o€ nAekTpoVIKA popen (apxeia .pdf). ONot ot cuy-
YPAQEIg evdC apBpou Bewpouvtal amd Kovou UTTED-
Buvol yla tnv owoTn avamapaywyr Twv BiAioypa-
PIKWV ava@opwv Tou dpBpou Kal N CUVTAKTIKA
opdda tou meploSIKoU Sev EAEYXEL TNV TUTTOYPAPLKH
akpifela Touc. Koéotog §16pbwong Adboucg avago-
PAg Tou TuXOV (ntNBei amd TPITo ATOMO UETA TNV
TENIKI) EKTUTIWON TOU TEVXOUC TOU TTEPLOBIKOU, ETTI-
Bapuvel €€ ohokApou Toug ocuyypageic. H apib-
MNoN TWV ava@opwv OTO KeiPeVo yiveTal Pe TNV
OE1PA TTOU AVAPEPOVTAL OTO KEIEVO, UE apafLkoug
aplOpoUC, we ekBETEC, HETA Ta onueia oTiéng (m.x.:
N CUYKEKPIPEVN TTApATHPNON €XEL avapepOel apxIkd
amd Toug Jones kat cuv.# kat €xel empPePalwdei kat
amd AMEC HeENETECS7812),

ApBpa neplodikwv dnuoactevpéva: Npdgovtal Ta
EMWVUHA TWV CUYYPAPEWY KAl TA aPXIKA TOU OVO-
MOTOC XWpIC TeAEig, 0TNV OUVEXELD TO TTEPLOOIKO
OTNV CUVTETUNUEVN TOU HoP®N UE TTAAYIA YPAUMATA,
OTNV OUVEXELD TO £TOC, 0 ApIBOC TOHOU (XWwpig Tov
aplBuod tevyoug o aPEvOeoN) Kal ot GeNOEC (T.X.
Klotz SA, Penn CC, Negvesky GJ, Butrus SI. Fungal
and parasitic infections of the eye. Clin Microbiol Rev
2000; 13:662-685). Otav ol cCuyypPaYE(G eival mepPLo-
obtepol and €€, avaypdgovtal Ta mpwTa £€L ovo-
pota Kat akoAouBei n AéEn “et al.” ue mAayla ypdap-
MaTa, 1} «Kal OUV.» yIa ENANVIKO dpBpo (m.x. Garcia
HH, Herrera G, Gilman RH, Tsang VC, Pilcher JB, Diaz
JF et al. Discrepancies between cerebral computed

VOL. 67 @ |SSUE 4, October-December 2022

tomography and western blot in the diagnosis of
neurocysticercosis. Am J Trop Med Hyg 1994; 50:152-
157). X& nepintwon avag@opdg oVoudTwy ouyypa-
PEWV OTO KEIPEVO, avaypA@ETAL UOVO TO ETTWVUUO
Touc. Eav ol ouyypageic gival 00, peTall Twv enw-
vUPwv TormoBeteital N Aé€n “and” ) «kaw (yla eNAn-
VIKA dnuoaicuon). Av 1o dpbpo sival avunoypago,
0Tt 840N TWV OVOUATWY TWV CUYYPAPEWV avapE-
petat”Anonymous”n «Avwvupog» (Yia EN\nvikr 6n-
pooiguon). Na ta NAeKTpovIKA TIEPIOSIKA TTou Sev
éxouv oeNldoroinon, ) 6mou autd emiong gival e@i-
KTO, META TNV CUVTOPOYPAPIA TOU TITAOU TOU TTEPIO-
O1koU Ba mpémel va avagépetal o kwdikog DOI (Di-
gital Object Identifier) (m.x. Kalil AC. Is cefepime safe
for clinical use? A Bayesian viewpoint. J Antimicrob
Chemother 2011, doi: 10.1093/jac/ dkr 138).

ApBpa meplodikwv umo dnuocisuon: Agopd
apBpa mmou €xouv yivel amodeKTA Kal EKKPEUEL N Te-
Akr} dnuooicvor Touc. AkolouBeital n mponyou-
MEVN odnyia Kal UETA TNV ouviopoypa®ia Tou
mePLoSIKoL avaypdgetal “in press” r «umo dnuoaoi-
evony. Eav katd tnv didpkela tng Stadikaciag Kpi-
on¢ 1o apBpo TeAIkA dnuooisuBei, ol cuyypaPEic
gival umrevBuvol yla TNV avavéwaon TN avagopdc Ue
Ta oTOLXElD TOU TTEPLOBIKOU (TEVXOC, OeNideC 1} voU-
pepo DOI).

2 UyypOuUa: ava@EPOVTAL TO OVOIA TOU OUYYPQ-
@€0, 0 TITAOG, 0 ApBPOG TNG £kdooNG (av UTTAPYXOLV
TTEPIOOOTEPEC Ao Wia), 0 eKOTNC, 0 TOTOC £KSO-
oNG, To €10¢ Kal 0l 0eAideC TNC avapopdd. Na ta Ke-
@dahala BiBAiwv avaeépetal emmAéoV UETA TO
ovopa tou ekddTN Kat o Tithog Tou BiAiou (m.x. Grif-
fiths WD. Old world cutaneous leishmaniasis. In: Pe-
ters W, Killick-Kendrick R (eds). The leishmaniases in
biology and medicine. Vol. ll. London, Academic
Press, 1987:617-636).

Epyaoisc unid pop@ry avakolvwoewy o€ GUVESPLA
(Mpo@opIkéC i avnpeTnUéVEC), Sev TephauavovTal
otnv BiBAoypagia, ald umopei va mapatiBevral
o€ mapévOeon oTo Keipevo, epooov Sev €xouv ma-
PéNBel mAvw amod Svo €tn amd TNV mMapouciacn
TOUG, AVa@EPOVTAG TO OVOUA TOU TIPWTOU CUYYPQA-
@£0, To OLVEDPIO Kal TNV 0eNiBA TOU TOHOU TTPAKTI-
Kwv (m.x. Juncosa B et al, XVII Lancefield Internatio-
nal Symposium on Streptococci & Streptococcal
Diseases, Porto Heli, Greece, 2008, pp63 ). Mg na-
POUOIO TPOTO Ba TIPETEL va avaypd@ovTal Kal ol




AVAPOPEC O LIOTOOENIDEC, dTToU emIMAéoV Ba TIPETTEL
VA AVOQEPETAL KAl N NUEPOUNVIa TNE TEAEUTAIAC
EMIOKEPNC Kal EAéyXOU ammd TOUC CUYYPAPEIC (T.X.
http://www.mednet.gr/whonet, teAevtaia emi-
okePn, 1n Mdiou 2013).

O pwTtoypagieg, Ta oxApata, ta Staypdppata
K.ATT. ovopddovTal we EIKOVEC (EpOooV gival GwTo-
Ypa@ieq) | ypagpnuata (epoocov ivat oxédia), ava-
(PEPOVTAL OTA CNEIQ TOU KEIWEVOU OTTOU AVTIOTOL-
XoUV Kal aplBuouvtal pe apafikols aplBpoug
(ekdva 1, eikdva 2, K.0.K.). YToBaA\ovtal nAektpo-
VIKA w¢ aveEdptnta apyeia eikovwv (JPEG, TIFF, EPS,
KAL) oTnv uPnAoTEPN Suvatr avdiuon (to Aiydtepo
300 dpi ylo aoTIPpOUAUPEG 1) EYXPWESG PUTOYPAPIES
kal 600 dpi yla ypa@nuata mou TePIEXOUV oxEdLa
Kal ypdupata) Kal Oxl EVOWHATWHEVA OTO apXEio
Kelévou tou ApBpou. H tehikn amodoyri mpoimo-
Bétel Tov ENeyX0 TOUG amd TeXVIKN Armoyn. Ma EIKOVES
IOV O€V TTANPOVV TIG TEXVIKECG TTPOSLaypa@éc (nteital
N €K véou umtoBoAr| Toug amd Toug ouyypageic, . Ot
AeCAvteg TwV EIKOVWY Ba TPETTEL va YpA@ovTal ONEC
padi og EexwploTr) oeNiba 0To Keipevo Tou apbpou.

‘O)ol o1l MVAKEG avagEPOVTal OTA ONEIN TOU KEL-
Hévou OTIoU avTIOTOIKOUV Kal aplOpouvTal IE OLVE-
XOpEVOUC apafikolg aplBuoug (mivakag 1, mivakag
2, K.0.K.). Ot mrivakeg daktuhoypagouvTal o€ SImAd
Sldotnpa kat og Eexwplotr oehida o kabévag. H
ékTaon kaBe mivaka KaAov gival va pnv urrepPaivel
TN pia oghida. ONol ol TTivaKeC TTPETTEL VA €XOUV Ae-
CAvTeg, ol omoiec ypdgovTtal 0TO AVW HEPOC TNG
avTtioTtolxng oeAidac. Tuxov eme€nynoeig avapépo-
VTAl E TTAPATIOUTTEG OTO TEAOG TOU TTiVAKA.

3TNV ovopatoAoyia Kal oTIC MOVASEC pETpnong,
Ol PAPUOKEVUTIKEG OUCIEG AVAPEPOVTAL E TNV XN-
MIKN] Kalt OXL TNV EUTTOPIKH ovopacia toug. Ot pova-
6&¢ TwV Sl1aPoOpwWV PeEYEBWY avapEépovTal e TOUC
016V TapadekToUg CUUPBOAIGHOUC Kal OXL HIE TIG
EMNVIKEC ovopaoieg Touc. Na mapddetyua, ypdge-
Tat kutTapa/pl kat éx1 KuTTapa K.k.x. H ovopatoho-
yia Twv Baktnpiwy gival auth mou avag@épeTal oTo:
Approved lists of Bacterial names (Skerman VBD,
McGowan V, Sneath PHA, ed. American Society for
Microbiology (1989) kat oto International Journal
of Systematic and Evolutionary Microbiology. Ta
OVOMOTA TWV WV Oa TTPETTIEL VA EiVAL TA EYKEKPIUEVA

aro T S1EBvr eMTPOTN Yia TNV TAIVOUNoN TWV WV
(ICTV), onw¢ avagepovtal oto Virus Taxonomy:
Classification and nomenclature of viruses, Seventh
report of the international Committee on Taxo-
nomy of Viruses (van Regenmortel et al, ed. Acade-
mic Press, San Diego, Calif, 2000).

Ot avaoKomnioelg akoAouBouv TIC iBleg Tponyou-
MEVEC YEVIKEC 0ONYieC EKTOC TNC KEPAAAlOTTOINONC
mou gival avahoyn tou B€uatog (§ev akohouBeital
OnA. n kepahatomoinon «eloaywyry, VAIKS Kal péBo-
601, anoteAéopata culritnony).

O1 emoToAég mpog TNV XUvtaén Kal Ta apbpa
™ ZUvTagng akoAouBouv TIC TTPONYOULIEVEC YEVIKEC
0odnyieg, eKTOC TOL YEYOVOTOC OTI BV €XOLV TIEPIANYN
1 Kepalalomoinon (umofdAlovTal o€ i eviaia Ta-
paypago).

Awadikacia kpiong

‘O\ec ol epyacieg mou ummofBaAovTal KpivovTal ano
ToUNdxloTov évav e€wTePIkd KpITh Kal anmd tnv
opada ocuvtaéng tou mePlodikoU. Ot KPITEC UmopE(
va anmoteAoVV PéENN TNG ZUVTAKTIKAG EmTponng n
va gival aM\ol, kol yia 1o Béua, EmMOTAUOVEC.
KatapaMetal kdBe Sduvatr mpoomndbeia n Kpion
yta tnv amodoxr, TNV Tpomomnoinon 1 tTnv andpptyn
Mia urtoPAnBeioag epyaciac va oAoKANPWVETAL O
€UAOYO XPOVIKO SldoTtnua (Tpelg £wg TéooepiceOo-
padeg) amd TNV nuepopnvia ummofoAng tng. OAn n
aAAnAoypagia mpayuatomnoleital péow TNG NAe-
KTPOVIKNG SlevBuvong (email) Tou urelBuvou ouy-
YPa@éa, yU autd Tov AdYo €vag evepyO AoyapLaopdC
nAekTpovikoU Taxudpopeiou eival amoAiTwg ana-
paitnToC. Y& MepPIMTwon mMou ol KPItég {NTHoouV
SlopBwoelg i mpoTeivouv aAhayég, To TENIKO Slop-
Bwuévo Keipevo uMOBANETAI €K VEOU ard ToV UTTED-
Buvo ouyypagéa, os SidoTnua TPV £RSouddwv
anod TNV EMOTPOYPN TOU YIA TPOTIOTIOINON KAl CUVO-
Oeuodpuevo and emoTtohr otnv omoia Ba avagépovtal
onueio Mpo¢ onueio O6AeC ol aANayéC OTO KEIUEVO,
KaBw¢ Kkal n arttoAoynuévn amodoxn 1 améppiPn
TWV TTPOTACEWYV TWV KPITWV. MeTA TNV TENIKN aro-
boxn, N MeENETN amooTéNNETAL OTO TUTTOYPAPEio. Ot
OLYYPAQEIC, epbdoov To emMmBUPOLY, duvavtal va Ad-
Bouv Tumoypa@ikd Sokipia yia éleyxo. Ta dokiuia
TIPETTEL VA ETTIOTPEPOVTAL OTO TuTTOypPAPEiIO OE TPEIC
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TO TTOAU NEPEC UE TNV XPHON NAEKTPOVIKOU TAXU-
Spopuegiou. Epdoov ol cuyypageic embupoly avatura,
Ba mpénel va amooTteilouv emMoToAr mou Ba SnAw-
VOUV ToV aplBud avatumwy mou emMBOUUOUV. H oXeTIKn
damdvn Papuvel €€ OAOKAHPOU TOUC CUYYPAPEIC.
Aev gmitpémetal aAhayr Tou Kelpévou oto otdadlo
TWV TUTTOYPAPIKWV SOKIMiWwY Xwpic Tnv ddela Tng
Yuvtaénc.

ARAwon adelag ékdboaong

Metd tnv oploTtikr amodoxn Tou apBpou mpog dn-
pooiguon, o urtelBuvoc ocuyypagéac Ba mpémel va
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CUUTIANPWOEL KAl VA UTTOYPAYEL TNV ETTIOTOAR avd-
Beonc¢ tng ddetag ékdoong mou umopei va Bpet otnv
1otooeAida tng EAAnvikric MikpofioAoyikn¢ Etal-
piac. H cupumAnpwuévn @oéppa Ba mpémel va Tayu-
OpounBei (Katd mPOTiUNoN UE CUCTNUEVN ETTIOCTOAN
N urnpeoia Tayuuetagopdc) otnv dievBuvon «Xu-
VTaKTIKA Emttpornn, AgAtio EN\nviKA¢ Mikpof3ioho-
YIkN¢ Etaipeiag, ASCENT IKE, MixahakomoUAou 29,
115 28, ABryvar. ZnuelwveTal 6w OTI HOVO UETA TV
mapaAafn Tng emoTtoAnC Ba Eekivdel n dladikacia
EVOWHATWONG TOU ApBpou 0TO EMOPEVO TEUXOG KAl
n oTtolxeloBétnon Tou.



JOURNAL OF THE HELLENIC MICROBIOLOGICAL SOCIETY

Instructions to authors

General features — Scope of the Journal
The Journal of the Hellenic Society for Microbiology
(Journal of HMS) is the official Journal of the Hellenic
Society for Microbiology, aiming at the constant
education of Biopathologists, Clinical Microbiologists,
as well as of every scientist involved in Laboratory
and Clinical Medicine. The Journal of the Hellenic
Society for Microbiology is a quarterly peer-reviewed
journal, cited in Scopus® database.

Its main objective is the publication of studies in
Greek and/or English language, which are relevant
to all fields of Clinical Microbiology (Bacteriology,
Parasitology, Mycology, Virology) and to the other
subspecialties of Medical Biopathology (Laboratory
Haematology- Blood Donation, Medical Biochemistry
and Immunology). In addition, Journal of HMS is an
appropriate forum for the publication of information
related to the role of the laboratory in both the
management of infectious diseases and the eluci-
dation of the epidemiology of infections. Manuscripts
which present the results of original scientific inve-
stigations are encouraged. Finally, Journal of HMS
welcomes submission of manuscripts which describe
novel molecular methods for use in the diagnosis
or elucidation of infections. The Journal does not
charge page or article processing or any other fees
to the authors. All articles are available over the
Internet after publications as Open Access.

Access to the Journal

All members of the Hellenic Society for Microbiol-
ogy can access the journal through the HMS web-
site (https://acta.hms.org.gr/).

Submission procedure for publication

Submit your manuscript through our online system
www.hms.org.gr (Journal/Submission). Manuscripts
received by post, regardless of whether compleme-

nted with an electronic file or not, will not be taken
into consideration.

Submitted manuscripts must be accompanied
by a relevant personal statement of the author con-
firming that all authors involved have read the ma-
nuscript and agree with its submission, and that
neither the article nor a substantial part of it have
been published or submitted for publication else-
where. In addition, any conflict of interest among
all authors has to be mentioned. Upon its receipt,
the manuscript will be checked for its integrity; a
reply e-mail will then be sent to the author in ch-
arge of the correspondence.

Types of papers for publication
The following types of articles are published in the
journal:

Original articles: contain the results of prospec-
tive or retrospective laboratory, epidemiological or
clinical studies which are published for the first
time. The length of the text -excluding literature-
should not exceed 5,000 words, four to five tables
or figures and 35 bibliographical references.

Short communication: generally share the same
structure as research papers, but their length is
smaller and does not exceed 1,800 words, two ta-
bles or figures and 15 bibliographical references.
They relate to studies that do not justify the scope
of a full research paper. The Editorial Board reserves
the right to ask the authors to convert a research
paper into a short-form paper, upon a relevant pro-
posal by the respective referees, when they consi-
der that the topic does not justify the original
length. The authors may submit their work in the
form of short papers from the outset.

Case reports: include new or very rare cases of di-
seases, rare occurrences and the implementation of
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new diagnostics criteria or new therapeutic meth-
ods. The length of the text should not exceed 1,500
words two tables or figures and 15 bibliographical
references.

Review articles: modern medical issues are ana-
lyzed, where the latest developments are presented
or the conclusions of series of research studies by
the authors are listed. Review articles are written by
one or more authors, according to their theme.The
main text should not exceed 10,000 words, inclu-
ding up to 100 references.

Letters to the Editors: contain opinions or com-
ments on published studies, etc. Their length sh-
ould be no more than 500 words, including up to 5
references.

Editorial articles: brief articles commenting on
or assessing contemporary issues, published upon
invitation by the Editorial Board. Their length sh-
ould not exceed 1,000 words and 10 references.

Defining the author of an article

The author of an article is defined as the person who
has assisted in designing and/ or carrying out a spe-
cific research presented in the article, according to
the guidelines of the International Committee of
Medical Journal Editors (ICMJE)
[http://www.icmje.org/ethical_1author.html].

The journal considers all authors, irrespective of the
order of appearance, as equally bearing full respon-
sibility of an article, including its title and order of
appearance of other authors. Any individuals who
offered specific equipment or facilities, clinical or
reference strains, consumables or reagents, finan-
cial assistance through public or private financing,
or who completed questionnaires, do not meet the
criteria of an author and cannot be defined as such.
Moreover, individuals who commented, edited or
advised during the writing process of the article
cannot be included as authors. Rather, these indi-
viduals can be mentioned in the Acknowledgements
section. Working groups can be included as auth-
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ors, provided that all group members fulfill the cri-
teria mentioned above. Finally, it is explicitly stated
that no individual can be included as an author ho-
noris causa, because of a position that he/she holds.
Any disputes that arise with regard to the inclusion
of an individual as an author or to the authors’'order
of appearance in an article, will automatically trig-
ger the suspension of the evaluation process until
these disputes are resolved, either by all authors or
by the competent bioethics and ethics committee
of the institution of origin of the article.
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and it should be divided into four paragraphs (Aim
of the study, Materials and Methodology, Results,
Conclusions). Three to six key words are listed
below the abstract both in Greek and/or English (as
mentioned above), which must correspond to the
international terms of Index Medicus and be attribu-
table to Greek according to IATROTEK (MeSH-Hel-
las-Biomedical Terminology).

The main body of the text, for the Research pa-
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the conclusions stemming from these results will
also be mentioned. According to the length of the
article, the Results and Discussion sections can be
merged into a single section (Results-Discussion).

The Acknowledgements section has to be ad-
dressed to individuals with substantial contribution
to the realization of the research, as mentioned
above.
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bers. For book chapters, the title of the book must
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sis. In: Peters W, Killick-Kendrick R (eds). The leish-
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Academic Press, 1987:617-636).

Works in the form of notices at conferences (either
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Photographs, figures, diagrams, etc. are defined
as images (in case of photos) or graphs (in case of
drawings) and they are listed in the corresponding
points of the text and numbered in Arabic numerals
(Figure 1, Figure 2, etc.). They are submitted in elec-
tronic format as individual image files (JPEG, TIFF,
EPS, etc.) in the highest possible resolution (at least
300 dpi for black and white or color photos and 600
dpi for graphs containing drawings and letters) and
not as attachments to the text file of the article.
Their final admission requires approval after tech-
nical control. When images do not meet the specifi-
cations, the authors will be requested to resubmit
them. Image captions should be written together
on a separate page in the text.

All tables are listed in the corresponding points
of the text and numbered in continuous Arabic nu-
merals (Table 1, Table 2, etc.). The tables must be
typed using double-spacing, at the end of the ma-
nuscript, after the references, in the same file. Each
table should fit in one page. All tables must be ac-
companied by captions, which are written in the
upper part of the corresponding page. Any clarifica-
tions are listed as references at the end of the table.

As far as nomenclature and units of measure-

ment are concerned, pharmaceutical substances
are mentioned by their chemical rather than by
their brand name. The various units of measurement
are referred to according to the internationally ac-
ceptable standards. The nomenclature of bacteria
can be found in: Approved lists of Bacterial names
(Skerman VBD, McGowan V, Sneath PHA, ed. Ame-
rican Society for Microbiology (1989) and in the
International Journal of Systematic and Evolutionary
Microbiology. The nomenclature of viruses has to
be approved by the International Committee on
Taxonomy of Viruses (ICTV), as referred to in Virus
Taxonomy: Classification and nomenclature of vi-
ruses, Seventh report of the international Commit-
tee on Taxonomy of Viruses (van Regenmortel et
al, ed. Academic Press, San Diego, Calif, 2000).

Reviews follow the same general guidelines ex-
cept for their structure, which should be analogous
to the subject (i.e. the “introduction, materials and
methodology, results, discussion” structure is not
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Letters to the editors and Editorial articles con-
form to the general guidelines laid out above, apart
from the fact that they have no abstract and no
individual sections (instead, they are submitted in
a single paragraph).

Evaluation process

All submitted manuscripts are evaluated by at least
one external reviewer, as well as by the Editorial
Board. The reviewers may be members of the Edito-
rial Board or other scientists who are experts on the
respective subject. Every effort is made so as to co-
mplete the evaluation process within a reasonable
time (three to four weeks) from the date of its sub-
mission, regardless of whether the paper is accepted
or rejected, or has to be modified. All correspon-
dence takes place via the e-mail of the author in ch-
arge and therefore an active e-mail account is
necessary. In case that the reviewers request correc-
tions or suggest modifications, the final amended
version will be resubmitted by the author in charge,
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within three weeks from its return and accompanied
by a relevant letter stating all modifications made in
the text point by point, as well as the reasoned acce-
ptance or rejection of the reviewers’ proposals. Fol-
lowing its final acceptance, the manuscript is sent for
printing. If they wish, the authors may receive pri-
nting proofs for checking. The proofs have to be re-
sent to the printing office by e-mail within three days
at the most. If the authors wish to receive reprints,
they should send a letter stating the number of de-
sired copies. The relevant expense is borne entirely
by the authors. Extensive changes cannot be perfor-
med while in the process of proof reading without
prior permission by the Editorial Board.
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