AHOTAIISA

Cepsxoea 1. FO. KniHiko-1abopaTopHi MapKepH ypa>keHHSI HEPBOBO1 CUCTEMHU TMPHU
COVID-19 y nmiteii. - KBamidikariiina HayKoBa Ipaiisi Ha mpaBax pyKOIHUCY.

Juceprarist Ha 3100y TTs cTynenst qokropa ¢inocodii (PhD) 3 ramysi 3Hans 22
«Oxopona 3710poB’s» 3a crerianbHicTio 228 «IlemiaTpis». — HamionansHuM MeAMIHMI
yHiBepcureT imeHi O.0. boromonbus MO3 Ykpainu, Kuis, 2024.

3micT aHoTANLIl

Jlana nucepratiiiHa poOoTa mpucBAYeHa IPOOIEeMi PO3BUTKY YPaKEHHS HEPBOBOT
cucteMu y gitedd mpu kopoHaBipycHii iH(ekmii (COVID-19). Menuko-comianbHa
3HAUYHIICTh MpobsieMu  miAKpecntoeThesi  mommupedictio  COVID-19 Tta 1i
YCKJIQJIHEHHSIMU 3 OOKY PI13HUX OpPTaHiB Ta CUCTEM. Y pa)KE€HHS HEPBOBOI CUCTEMU MPHU
COVID-19 3aiimMae npoBijHE MICII€ B CTPYKTYP1 YCKIQJHEHOTO Mepediry y JopoCiIux
Ta AiTed. 3Baxarouu Ha TpUBAIUN nepedir maHaeMii Ta PO3BUTOK YHMCIECHHUX
yckimagaeHs BHacmimok COVID-19, BnpoBamKeHHS MiarHOCTUYHUX MIAXOMIB €
HaraJbHUM [UIsl CBOEYACHOTO BHSIBJICHHS HMOBIPHUX ypaXeHb 3 OOKy HEpBOBOI
CHUCTEMH.

Meroro naHoi poOOTH € MiABUIIEHHS €()EKTUBHOCTI J1arHOCTUKH YpaKEHHS
HEPBOBOI CUCTEMH 1 YCKJIQIHEHOTO TIepebiry nmpu KOpoHaBipycHIN iHDEKIi y aiTel Ha
MIJCTaB1 JOCIIKEHHSI O10MapKepiB Ta aHAJI3y KJIIHIYHUX OKA3HHKIB.

3aBaaHHs AOCTIIKCHHS:

1. BuBuuTH 0COOJMBOCTI KJIIHIYHOT KAPTUHU KOPOHABIPYCHOT 1HQEKIIT y TITEH.

2. BuzHaunTu ycknagHeHHs 3 00Ky HepBoBoi cuctemu npu COVID-19.

3. IlpoBectu mociimkeHHs piBHS HelipoOioMapkepiB (HeHpoH-crienu(ivHOi eHoIa3u
(NSE), mpoteiny S100) Ta Mapkepy MNOWIKOXKeHHsS eHpotemito cyauH (E-
CEJICKTHMHY) B CHPOBATIIl KPOBI JITEH XBOPUX HA KOPOHABIPYCHY 1H(DEKITITO.

4. JlocniauTy TPOTHOCTUYHE 3HAYCHHS PIiBHS OlOMapKepiB IIOAO0 YCKIATHEHOTO
nepediry 3aXxBOpPIOBaHHS Ta PO3BUTKY CUMIITOMIB YPa)K€HHsSI HEPBOBOI CUCTEMH Y
miteit 3 COVID-19.

5. OLIHUTH pOJib €HJIOTENII0 B CTPYKTYpl ypa)K€HHS HEPBOBOI CUCTEMHU Yy IITEH 3
COVID-19 msixoM BU3HAYeHHS 3B’A3Ky E-celekTuHy 3 Mapkepamul ypakKeHHs

uepBoBoi cuctemu (NSE Ta S100).



B minomy, 1o nocnimkenns Oyno 3amyudeHo 945 niteit BikoM Bix 1 micsus qo 18
pPOKIB 3 JabopatopHo miaTBepkeHnM miarHozom COVID-19 meromom IUJIP, sxi
npoxoaunu cramioHapue jdikyBaHHs B KHII «KwuiBchbka Michkka IuTsSYa KIIIHIYHA
iHpexniiina mikapus» (KHIT «KMIKDI»), m. KuiB, Ykpaina. Cepen HuX, 1is
IIPOBEJICHHS KOTOPTHOTO, 00CEepBaIlifHOTO TOCTIHKEHHS, y 88 MallieHTIB B KOMILIEKCI
3arajJbHO-KJIIHIYHUX 0OCTEKEHb B CUPOBATIIl KPOBI BU3HAUaBCs piBeHb MapkepiB NSE,
S100 Ta E-cenextuny. [HdhopmoBana 3roja 6aThKiB Ta aiTei Oyna oTpuMana. Jluzaiix
JTAHOTO JOCHI/DKEHHSI OYB CXBaJICHUH KOMICIEIO 3 MUTaHb O10€TUYHOI €KCIIEPTH3H Ta
€TUKU HAayKOBHUX JOCHIDKEHb Mpu HarlioHaabHOMY MEIUYHOMY YHIBEPCHUTETI IMEH1
0O.0. boromoubLs.

3acTOCOBYBAJIMCh HACTYIHI METOIM JOCIIKEHHS: KIIHIYHI (aHAMHECTUYHUM,
aHaji3 MEIUYHOI JOKYMEHTallil, KJIIHIYHE OOCTEKEHHs); jabopaTopHi (3arajlbHUi
aHaii3 KpoBi, OlOXiMIYHUHM, OaKTEplOJOTIYHUN, IMyHOMEPMEHTHUN  aHami3,
MoJIiMepa3Ha JIAHLUIOrOBa peakuis), 1HCTpyMEHTaJbH1 (peHTreHorpadis TrpyaHOl
KJIITKHM), CTATUCTUYHI METOJIH ISl OOPOOKH OTPUMAaHUX PEe3yJbTaTiB (CTaTUCTUUHHIMA
nakeT «Statistical software EZR v. 1.54»).

Mu peTpocneKTUBHO AOCHinan 945 BumaakiB J1abOpaTOPHO MiIATBEPIKEHOTO
COVID-19 y nmiTeit 3 METOIO JIETaIbHOTO BUBUCHHS OCOOIMBOCTEH KIIIHIYHOT KAPTUHU
Ta CTPYKTYpH yckiagueHb. [itu Oynu rocmitanizoBaHi B niepion 3 yepBHs 2020 poky
no moTuit 2022 poky. 3a yac CIOCTEPEKEHHsS MaHaemii Oyjau BUAICHI HACTYMHI
nepioau: 1 xBuis - 3 yepBHA no auctonan 2020 poky (340 BumnaakiB); 2 XBUJIS - 3
motoro no TpaseHb 2021 poky (191 Bunagox); 3 XBuJis - MepioJ] CEprieHb - TPyJEHb
2021 poky (334 Bunaaku); 4 xBuis — ciueHb - motuid 2022 poky (80 Bumaakip), sKi
CYNPOBOKYBAJIMCh 3POCTAHHIM KUTHKOCTI BUMAIKIB 3aXBOPIOBAHHS 1 aCOI[IIOBAJINCH
3 HIUPKYJISIIEI0 IEBHUX 1ITaMIB KOPOHaBIpyCy. B sSIKOCTI pe3ysbTyl0unX 3MIHHUX MTPU
MPOBEJCHH] IHTEPBAJIBbHOI OIIHKM YaCTOTH MPOSIBY KIIHIYHUX CHUMIITOMIB y JIiTeH
npoTsroM 4 XBWJIb MU BUKOpHUCTaIM mo3HadeHHs W1 s mepioi xBumi, W2- st
napyroi, W3- miist tpetsoi Ta W4 1515 iepiojly 4eTBepTOl XBUIIL.

Ananizyroun 4 xBuiai  mepebiry COVID-19, mnepiog Tperhoi XBHII

SaXBOp}OBaHOCTi BHUOABCsA HaﬁTH)K‘IHM, 3 TOYKH 30Ppy 4aCTOTH YCKIAAHCHUX BI/IHaI[KiB,



CyNyTHBOI MATOJIOTIi, KJIHIYHOI CUMOTOMATHUKH Ta PiBHA JieTaabHOCTI. L{s XBuis
BiOyBajach Ha Tl UUpPKyJsnii Bapianty genbra SARS-CoV2 1 acomiroBanach 3i
3HAYHUM TIIJBUINEHHSM TIOKa3HHWKIB Tocmitamizamii B Ykpaini. Illogo BikoBoi
CTPYKTYpH, TOPIBHIOIOYH 3 TMOMEPEAHIMU XBWIAMH, M1 4ac 4-1 XBWJIl 1CTOTHO
3MEHIIIMIACH YacTKa JITeH MiTITKOBOTO BiKY, (7,5% npotu 24,7% min vac 1-i; 15,8%-
2-1Ta 14,7% 3-1 xBwib), p<0,05 Ta 3pocia yactoTa naiieHTiB B Billi Bia 1 10 12 micsii
(50% min yac 4-i xBwmi npotH 25%, 21,6% Ta 21,8% nonepennix cnanaxis), p <0,05.

[Tpu BuBueHHi KiiHIYHOT KapTuHU XBopux Ha COVID-19 npoTsirom yoTnprox
XBUJIb, BCTAHOBJICHO ITPOTPECUBHE 30UIbIIIEHHS 3araIbHOIHTOKCUKAI[IMHUX CUMIITOMIB
Ta BUSBIICHA JOCTOBIpHA BIAMIHHICTh IIUX CUMITOMIB MiJ yac 1 XBWIIi B MOPIBHSHHI 3
irmmmu (p<0,05). CriocTepiraaochk TakoXx 301IBIICHHS YaCTOTH CUMIITOMIB YPaXKCHHS
BEPXHIX JIUXAJIbHUX NUIAXIB, BUSABJICHA JOCTOBIPHA BIAMIHHICTH PHHITY Imija dac 1
XBHJII B TIOPiBHSIHHI 3 TpboMa iHIMHU XBHIsME (p<0,05) Ta xamwiro mig yac 1 XBuii B
nopiBHsaHHI 3 3 Ta 4 xBuismu (p<0,05). Takox crocTepiraaochk MOCTynoBe 3pOCTaHHS
YacCTOTH TAaCTPOIHTECTUHAIBHUX MPOABIB y AITed mpoTsaroM 4 XxBwib. Bussiena
CTaTUCTUYHO 3HAYMMA BIAMIHHICTh YacTOTH MposiBY Aiapei mig yac | XBuil B
nopiBHsHHI 3 3 Ta 4 xBuwisamu (p<0,05) Ta mixk 2 ta 4 xpuisimu (p<0,05), a Takoxx 0010
B )KMBOTI MX 1 XBHJICIO B TOpiBHAHHI 3 3 Ta 4 xBuisimu (p<0,05).

[Ipu iHTEepBaNbHINA OILIHII YACTOTH MPOSBY TAaKUX CUMITOMIB K JIMXOMAHKA,
caOKICTh, 3HMKEHHS alleTUTY Ta PUHIT, METOJIOM MHOKWHHUX MOPIBHSIHDb BHUSIBICHO
CTaTHUCTUYHO 3HAUYMMY BIAMIHHICTH M rpynamu: W1-W2; W1-W3; ta W1-W4. Ilin
yac TMeprioi XBWJIl CIOCTEpirajach JOCTOBIPHO HMYXKYa YacTOTa TMPOSIBY JaHUX
CUMIITOMIB, B MOpIBHSIHHI 3 HacTynmHuMH xBwiIssMH, p<0,001. IIporsrom 4 XxBuIib
CIIOCTEpPIrajgoch MiABHUINEHHS YacToTu MposiBy miapei, p<0,05 Ta Gomto B KUBOTI,
p<0,05 B aunamimi. HaiiGiapIma gacTora rooBHOTO OOJIIO CIIOCTEpirajiach I yac
W2 ta W3 — 33,7% Ta 31,9% BignosigHo. CTaTUCTUYHO 3HAYMMa BIJIMIHHICTD
BUsBIIeHa MK rpynamu: W1-W2 nHa piBai 3Haunmocti p=0,003 ta W1-W3 Ha piBHi
sHauumocTi p<0,001. Ilpu iHTepBaJIbHIN OIIHIII YacTOTH KAl CIOCTEpIraiu
CTaTUCTUYHO 3HAYMMeE 3MeHIeHHs YacToTH mijx yac W2 (54,7%) B nopiBusanHI 3 W3
(81,6%) ta W4 (80%), p<0,001. Takoxx BHsIBJIIEHA BIAMIHHICTh Ha PiBHI 3HAYMMOCTI

p<0,001 mix xBuiasimu W1-W3. byna BusiBieHa CTaTUCTUYHO 3HAYMMA BIIMIHHICTh



yacToTH nposiBy 3aauiiku, p=0,009 nns W3 B nopiBusaHI 3 W1 Ta 6omr0 B ropii,
p=0,027 nnss W3 B mOpiBHSHHI 3 IHIIMMH CIIajaXaMu.

AHani3yloun KUTbKICTh Ta 4acToTy yckiaaHenux Bumanakie COVID-19 cepen
rOCHITaII30BaHUX TMEAIaTpUYHUX TAII€HTIB, MM BIAMITWIHA, 10 3a I[UMH
XapaKTEPUCTHKAMHU JIOMIHyBaia TPETS XBWIA 3axBoproBanHs (p<0,05), mig gac sikoi
crioctepiranock 79 (23,7%) Bunasxkis, npotu 7 (2,06%) 3 nepmoi (p<0,05), 19 (9,9%)
apyroi ta 9 (11,3%) yerBepToi xBuii (p<0,05).

YcknaaHeHHs Oynu MpeACTaBleH! AMXATbHOI0 HEAOCTAaTHICTIO 1-2 cTymeHs,
TpOoMOO30M TIPaBOi BHYTPIIIHKOI SPEMHOI BEHHU, MYJIHTUCUCTEMHHM 3alallbHUM
cuaapomoM. Cepen 3a3HayeHHMX CTaHIB IpeBalioBalia AMXajbHa HEIOCTATHICTH Ha
piBHI 1-2 cTymeHIo, yacToTa sKOi OyJia MaKCUMaJIbHOIO came MiJ 4ac TPeThOl XBUIII
(21,8% mpotu 1,2%, 8,4% Tta 8,75% inmux cnanaxis, p<0,05).

Y narientiB 3 COVID-19, sxi Oynu mija HAaIlIUM CIIOCTEPEKEHHSIM, MU TPOBENN
OI[IHKY pe3yJbTaTiB JAa0OpATOPHUX Ta IHCTPYMEHTAIBHUX JOCIIKEHb. Mu
BCTAHOBWJIM, 110 HAWBHUILI MOKAa3HUKU PIBHS MPOKAJBLUUTOHIHY CIOCTEPITaIUCh y
narieHTiB mya vac 4 xBwn (memiana 0,242; MKI 0,22-0,721), B mopiBHSHHI 3
HomepeIHIMH TpboMa XBHIIIMH 3axBoproBanHs (W3 - meniana 0,1 (MKI 0,066-0,206),
W2 - meniana 0,053 (MKI 0,036-0,067) Ta W1 - meniana 0,041 (MKI 0,027-0,064),
p<0,05. HaitBumii nokaszuuku [[-auMepy My BiAMiYaiu y XBOPHUX IiJT 4ac APYroi XBUII
3axBoproBaHHs (Memiana 7,75; MKI 2,95-9,6) B mopiBHsAHHI 3 3-10 Ta 4-10 XBUJISIMH
(meniana 1,76; MKI 0,74-5,25) ta (meniana 2,32; MKI 0,96-4) Bignoeinno, p<0,05.

3a pe3ynapTaTaMu 1HCTPYMEHTAIBHUX OOCTEXKEHb, PEHTIEHOJIOT1UHI 3MIHU TIPU
JTOCJIIIPKEHH] OpraHiB IpyAHOI KIITKUA Oysu BusBieH1 y 289 (85%) mawieHTiB mij yac
nepoi xBuil, 156 (81,7%) - npyroi, 209 (64%) - tpetboi Ta 44 (55%) - yerBeproi
XBWJIl. JIJi OILIHKK 9acTOTHU PEHTICHOJOTIYHUX 3MIH BUKOPUCTAIM METOJ KyTOBOTO
neperBopeHHsa Dimepa Ta aHai3 Tabnuib crpskeHocTl. [lpu nmepmmx ABOX XBUIISLX
4acTOTa PEHTICHOJIOTTYHUX 3MiH Oyja BHILOK B TMOPIBHAHHI 3 3 Ta 4 XBWIAMHU
(p<0,001).

Ockinbku TpeTst xBwig 3axBoproBaHocti COVID-19, mo acomitoBanace 3
MOMIMPEHHAM BapianTy Jlenbra, XapakTepuszyBajlach TSKYMM TEpeOIroM, BHIIOIO

4acTOTOK YyckiaaHeHux BunaakiB (p<0,001), Ta OLIBIIOK YACTKOK MAIIEHTIB 3



cynyTHbOIO mnarojoriero (p=0,0005), My BHUPIIIMIA TPOBECTH OIIHKY 3aJEKHOCTI
YCKIIQHEHOTO Mepediry KOpoHaBipyCHOT iHGEKIIIT y AiTeH Bia XBUII1 3aXBOPIOBAHOCTI,
MOPIBHIOKOYH 3 XBUJIIO 3 IBOMa nonepeaHiMu xBuisimu COVID-19. Mu Bukopucrtaiu
MeToJl oOyI0BH MOJIeeH JIOTICTUYHOI perpecii 1 B SKOCTI pe3yJIbTYH401 3MIHHOT
MIPOTHO3YBAJIM MEpioa TPeThoi XBUIi, 3MiHHA « Wave»n: W=1 (331 xBopuii, 3 XBHJIA),
W=0 (530 namientu, 1,2 xBuii). AHamni3 npoBoauBcs mis 14 pakTopiB puU3MKY: BIK,
cTaTh, mepedir KopoHaBipycHOi iH]ekmii (OpoHXIT, MHEBMOHIsS, TocTpa 1H(EKIisa
IUXaJbHUX NUIAXIB), HAasABHICTh (DOHOBOI/XPOHIYHOI MATOJOTIi, HEBPOJIOTIUHI
YCKJIAJIHCHHS, JICHb 3aXBOPIOBaHHA, KIIBKICTh JIDKKO fHIB, cyaomu, CPB,
npokaneluToHiH, [[-numep, kpeatunin, [ITI, pentrenonoriuni 3minu. CrnoyaTky 3
BUKOPUCTAHHSM METOAY MOOYJ0BH OJHO(MAKTOPHUX MOJIENEH JOTICTUYHOI perpecii
MU  TpOaHaTI3yBali KOXHY (aKTOpHY O3HaKy, BHU3HAUMIU KOEQILIEHTH
MIPOTHO3YBaHHA 3aJIEKHOCTI IMepediry KOpOHaBIPYCHOI 1H(EKUIi y IITeld BiA XBHIII
3aXBOPIOBAHHS, PIBEHb 3HAYMMOCTI BIAMIHHOCTI KoedimieHTy moxem Big 0 Ta
MMOKAa3HUK BIJIHOIIEHHS 1IaHCIB, (95% J11).

Ha gpyromy erami asamizy, 3 BHUKOPUCTAHHSIM METOAY MOOYJAOBH
OararoakTOpHUX MOJIEIeH JIOTICTUYHOI perpecii, OyJio IpoOBEIEHO BiIOIP O3HAK
3HQYMMO TIOB’SI3aHUX 3 JIaHOK XBUJEK 3axBoproBaHocTti Ha COVID-19. [ns
BUJIIJICHHS! MIHIMaJIbHOTO HA0OPY 3HAYMMUX O3HAK Bukopucrtano kputepit AIC. bymno
BUJIJICHO 4 3HAYMMUX O3HAKW: Tiepedir, piBeHb J[-muMepy, MPOKAIBIUTOHIH Ta
PEHTIeHOJIOTIYHI 3MIHM Ta NoOyAoBaHO OaraToakTOpHY MOJENb MPOTHO3YBAHHS
3B’SI3Ky HaBEJCHUX O3HAaK 3 MepioJioM 3 XBUJIl 3aXBOPIOBAHOCTI, MOJIENb a/ICKBaTHA
(Xi-kBagpat=73,7 ipu 6 crynensx ceoooau, p<0,0001). 3a pe3ynbTaToM IPOBEACHUX
pO3paxyHKiB, OyJO BHU3HAUYEHO HAWOLIBII 3HA4YMMI B3a€MONOB’si3aHl (DPaKTOpH, IIO
BILJIMBAJIM HA pU3UK BUHUKHEHHS YCKIAQAHEHb Y JiTeH - J[-aumep, MpOKaIbIMTOHIH Ta
pentrenosoriyni 3miau (AUC= 0,895 (95% /1 0,81-0,98)).

Jlist BUOOpY ONMTUMAIBLHOTO TIOPOTY OararohakTOpHOI MOJIEl MPOTHO3YBaHHS
PHUBHUKY YCKJIQHEHOT0 nepediry KopoHaBipyCHOI 1H(EKIIIT y IiTeH mig yac 3 XBUJIl MU
BUKOPHUCTAJIM METOJ MOOYJOBM KpHUBHUX ONEpalliHMX XapakTepucTuk. I[lmoma miag
KPUBOIO OIEpaIiiiHux xapakrepuctuk Oararodakropuoi moxaeni, AUC= 0,895 (95%

A1 0,81-0,98), craructuuno 3uauumo (P<0,05) nepeuirye 0,5, 1m0 € CBiTYCHHIM



aJIeKBATHOCTI MOOYJ0BU Mojiell. SIKICTh MOJEI OIliHEeHA SIK JyKe 100pa, OCKUIbKU
AUC>0,8.

HactynmuuMm eramom pgociikeHHST OyJio MpOBEAEHHS 1IMyHO(EpMEHTHOTO
aHaiizy 3 MeToro Bu3HaueHHs piBHs OlomapkepiB NSE, S100 ta E-cenexktuny B
cupoBaTii kposi y 88 martieHTiB 3 COVID-19. [Ins anamni3zy pe3ynbTatiB JOCTIKEHHS
OlomMapKkepiB Mal€EHTH OYyJIM PO3MOAUICH] Ha JIBl TPYIH 3a epeOiroM 3aXBOPIOBAHHS .
OCHOBHA IpyTia, 710 sIKO1 yBiduM 42 maiieHTH 3 yckiaanenum nepedirom COVID-19
Ta KOHTPOJbHA Ipyna - 46 Malli€HTIB 3 HEYCKIAJHEHUM MepediroM 3axXBOPIOBAHHS.
Mix marieHTamM TPyIl JOCHIIHKEHHS CYTTEBOI PI3HHMII 3a TEHJACPHOIO Ta BIKOBOIO
XapaKTEePUCTHKOIO HE criocTepiranock. CepeiHiii BiK MAIi€HTIB OCHOBHOI IPYITH CKJIaB
5,5+1,17 pokiB, KOHTpOJIbHOI — 5,3+0,97 pokiB. Po3MexyBaHHS MaIlieHTIB HA MATPYIIH
3a BIKOBUM (DAKTOPOM HE MPOBOAUIIOCH, OCKIIIBKH, 33 TAHUMHU, HASIBHUMH B JIITEpaTypi,
JOCHIKyBaHl OloMapKepyd HE MaroTh CYTTEBOI 3aJIEKHOCTI BiJ BIKY B AUTAYIN
TOTTYJISIIII.

KiliHIYHI CUMOTOMH B KOHTPOJIBHIA Ta OCHOBHIW rpynax OyJid OJHAKOBI Ta B
OUIBIIOCTI BUIMAJKIB 3HAYMMO HE BIAPIZHSUIMCH. 3aralbHOIHTOKCHKAIIHI CUMIITOMU
(luxomaHka, CNaOKICTh, 3HUKEHHS aleTUTy) CHOCTEPIrajuch y BCIX TAllI€HTIB.
JIoCcTOBIpHOT Pi3HULI MK Tpynamu IIOJ0 CUMOTOMIB PHUHITY, Jlapei, 3aJUIIKH Ta
60110 B )kMBOTI He crioctepiranock. Karmens (p=0,009) Ta cumnromu 3 60Ky HEPBOBOI
cucteMu, a came rojouuii Ou1b (p<0,001), mianris (p=0,002) ta arem3is/aHocMis
(p=0,002) ta cymomu (p=0,008) mepeBaxkasii y MAaIli€eHTIB OCHOBHOI TpyIHd B
MOPIBHSHHI 3 TPYIIOI0 KOHTPOJTIO.

B cTpykTypl yckinagHeHoro mepediry y AiTeli OCHOBHOI I'pylu IepeBaKaiu
pecnipaTopHl YCKJIaJHEHHs, sKI croctepiraiuch B 29 (69%) Bunaakax y BHUIIISAL
OakTepialbHUX MHEBMOHIM Ta CTEHO3YHOYOTro JIapuHTOTpaxeity. ¥ 1 marieHnta OyB
THIHHUN TyO0OTUT (2,4%). TakoX MM J1arHOCTYBaJIM YCKJIAJHEHHS 3 OOKYy HEpPBOBOI
cucTeMu: eHIedaonario 3 CyIoMHUM cuHipoMoM Yy 4 (9,5%) miteit ta ypaxenns |
ta [X nap yepenno-mo3koBUX HepBIB Y 8 (19,1%) narieHTiB.

JInst  CTaTUCTUYHOIO aHajidy aOCOJIIOTHMX 3HauyeHb piBHSA MapkepiB E-
cenektuny, S100 Ta NSE B rpynax gociimkenss y narieHTiB 3 COVID-19 mu nposenu

PO3paxyHOK IHTEPBAJIbHOI OLIIHKK OloMapKepiB. 3a JaHUMHU PO3PAXYHKIB, Y MaIlI€HTIB



OCHOBHOI1 I'PYIH CIIOCTEPITAINChH JOCTOBIPHO BHUIlll 3HaueHHs 6iomapkepiB NSE ta E-
CEJIEKTHHY, B MOPIBHIHHI 3 KOHTPOJbHOIO rpynoto (p=0,04 nns NSE ta p=0,03 ans E-
CEJIGKTHHY BIIMOBIAHO). J[OCTOBipHOI Pi3HUII MIX 3HaYeHHsAMH Oiomapkepy S100
KOHTPOJIBHOT Ta OCHOBHOI Tpyn BUsiBJIeHO He Oyio p=0,5.

Pisenr NSE, S100 ta E-cenexTtuHy B JOCTIIKyBaHUX KOrOpTax BapilOBaB B
ITUPOKUX MeKaX. MU MPUITYCTUIIA ICHYBaHHS 3aJI€KHOCTI MK piBHEM Oi0oMapKepiB Ta
PU3UKOM MOSIBU KJIIHIYHUX CHUMIOTOMIB 3 OOKYy HEPBOBOI CHCTEMH 1 YCKJIAIHEHOTO
nepediry. s mepeBipku gaHOT TIMOTE3W MU BHKOPUCTAIN METOJ] MOOYI0BU KPUBUX
oneparriiiaux xapakrepuctuk (ROC-kpupa). 11 BHOOPY ONTHMAaILHOTO IIOPOTOBOTO
3naueHHs mapkepiB NSE, S100 Ta E-cenexkTHHy BHKOPHUCTAaHO METOJ PO3PAXYHKY
Youden Index.

VY narrieHTiB 3 HEYCKJIaJHEHUM Tiepedirom cepeaniil pisenb NSE B nepiiuii 1eHb
craiioHapHoro JjikyBanHs OyB 12,1£1,2 mkr/m, S100 ctanoBuB 164+8,2 ur/n ta E-
cenektuny -12,02+1,7 ar/miu. Y mami€eHTiB 3 yCKIaJHEHUM TepediromMm cepeHi piBHI
OlomMapKkepiB CTaHOBWJIM BiANoOBiAHO: 16,9+1,5 mkr/mn, 165,9+6,9 ur/n ta 15,04+1,9
HI/MJI. 3a pe3yiabTaTaMu MOOYJOBU KPUBHUX ONEPALIMHUX XapaKTEPUCTUK, BUZHAYEHO
IPOTHOCTUYHE 3HAYCHHSI MapKepiB MI0JI0 PU3UKY PO3BUTKY YCKIAIHEHOTO MEepediry
Ta BUHUKHEHHSI CUMIITOMIB 3 00Ky HepBoBoi cuctemu npu COVID-19 y mireit. [ns
mapkepy NSE mnoporoBumu 3Ha4eHHSMHU JUIsl TPOTHO3YBAHHS PHU3UKY PO3BUTKY
CUMIITOMIB 3 OOKYy HEPBOBOi CHUCTEMHU Ta YCKIATHEHOTO mepediry € 15,626 mkr/mn
(ayTuBicTsh - 65,8%, cnenmdivnicts — 81,6%) Ta 16,477 mkr/n (ayTauBicTs - 64,3%,
cnenudiunicth — 87%) BinnosigHo. s mapkepy S100 mporHOCTUYHUME € 3HAYCHHSI
156,268 wur/nm (uymmBicte - 92,9%, crnenudiunicts — 67,4%) nns BUHUKHEHHS
CUMIITOMIB 3 0OKy HepBOBOi cuctemu Ta 176,861 Hr/n (uyrtnmBicte - 81,2%,
cnenudiunicts — 83,9%) nns pusuky po3BUTKY yckiagHeHoro nepediry COVID-19.
st E-cenekTuHy MOpPOTOBUMH 3HAYCHHSAMU JJISI TTPOTHO3YBAHHS PHU3UKY PO3BUTKY
CUMITOMIB 3 OOKY HEpPBOBOi CHCTEMHU Ta yckiagHeHoro mepediry € 13,827 ur/mn
(ayTauBicTs - 73,8%, cnenudiunicts — 71,7%) ta 17,616 ar/ma (uytausicts - 68,8%,
crieuudiunicth — 71,4%) BiamoBiIHO.

JIJis OLIHKH pOJIl €HAOTENII0 B CTPYKTYPl ypaXK€HHsI HEPBOBOI CUCTEMH Y JITEH 3

COVID-19 Mu BupilIMIM NpPOBECTH aHaji3 3B’s3Ky E-cenekTuHy 3 Mapkepamu



ypakeHHs1 HepBoBoi cucteMu NSE Ta S100 nuisxom po3paxyHKy MOKa3HUKA JIIHIHHOT
kopemsuii Ilipcona. Ilpu mpoBeneHHI MOCHiKEHHS Kopendauii OyB BHUSBICHHN
THIAHUN KOPENSALIAHUN 3B’SI30K CEpPEIHbOTO CTyMEHs BupakeHocTi MK E-

cenexkturoM Ta Mapkepamu NSE (r=0,435, p<0,0001) Ta S100 (r=0,525, p<0,0001),

IO CBITYHUTH MPO y4acThb €HAOTENII0 B MaTOreHe31 ypaKeHHS HEPBOBOI CUCTEMHU MpU

COVID-19 y nireii.

HaykoBa HOBHM3HA oJ1ep:KAaHUX Pe3yJIbTATIB

B xoxi BukoHaHHS poOoTH OyJO BHUBUEHO OCOOJMBOCTI KIIIHIYHOI KapTHUHU
COVID-19 y niTe#t BUKIMKAHOTO PI3HUMH CEPOTUIIAMU BIPYCY (XBHJI1) Ta JOCIIIIKEHI
KIIHIYHI 0coOIMBOCTI ypaxeHHs HepBoBoi cuctemu nipu COVID-19 y niteit. Bnepie
BHMBUYCHO JIOLJIBHICTh BUKOPUCTAHHA OlomapkepiB (HeipoH-crienudiuHoi eHolasw,
nporeiny S100 ta E-cenexTuHy) npu KOpoHaBipycCHIM 1H(MEKIi Ta BHU3HAYEHO iX
MPOTHOCTUYHE 3HAUEHHS MIOJ0 PO3BUTKY YpPa)XCHHs HEPBOBOI CHUCTEMH Y MITEH.
Brnepiie nmokazanuili KopensauiiHuil 3B'SI30Kk MK pIBHEM OlOMapKepiB Ta TSKKICTIO
COVID-19 y niTeii i BU3Ha4YeH] iX MOPOrOBi 3HAYEHHS JJIsl TPOTHO3Y MOSBH KIITHIYHIX
CUMIITOMIB Yypa)K€HHSI HEPBOBOI CHUCTEMHM Ta YCKJIaAHEHOTo Tepebiry. Bmepiie
OI[IHEHA POJIb CHJIOTEIII0 B €TIOMATOreHe31 HEBPOJIOTTYHUX YCKIaJHEHh B KOHTEKCTI
KOPOHAaBIPYCHOI 1H(DEKIIi.

IIpakTH4HA 3HAYMMICTDH OJEP:KAHUX Pe3yJIbTATIB

bazyrounces Ha NaHWX OTPUMAHHMX PE3YyJbTATIB JOCIIIKEHHS, 3alPOIIOHOBAHO
3ay9dTH  HehpoH-crienudignoi eHonaszy, mnporeiH S100 Ta E-cemextuH 110
JIarHOCTUYHOTO aJITOPUTMY BEJIEHHS TMAIl€HTIB 3 yckiaaneHuM nepedirom COVID-
19.
3anponoHOBaHWil CcHoci0 JIarHOCTUKH CHpPHUSIE MPOTHO3YBAHHIO PHU3UKY

BUHUKHEHHSI CHUMIOTOMIB 3 OOKy HEpPBOBOi CHUCTEMHM Ta PO3BHUTKY YCKJIaJHEHOTO
nepediry COVID-19 y niteit. IliaBuiienns piBHs E-cenekThHy B CUpPOBATIl KpOBI
ACOIIIOETHCSA TAKOXK 3 YPAXKEHHSIM CYJAMHHOI CTIHKHM MpU OaKTEepiaibHUX, BIPYCHHX
3aXBOPIOBAaHHSIX Ta CENTHYHOMY IIOI, TOMY II€ JO3BOJSE PO3TISLAATH HOTO SIK
KOpPUCHUW OlomMapkep [isi TPOTHOCTUYHOTO 3HAYEHHS YCKJIAJHEHOro Tepediry

1H(DEKIIHHIX 3aXBOPIOBAHD Y JIITEH.



Pesynbpratn nmocmimkeHHs BrpoBamkeHi B pob6oty KHII «KwuiBchka Mickka
ouTSAYa KITiHIYHA 1HQEKIiHa JTiKapHsD». TeopeTHdHl MONOXKEHHS IuCepTaIliiHOl
poOOTH BUKOPHUCTOBYIOTHCSI B HaBYaNbHOMY Ipolieci Ha Kadeapi IUTSIYUX
iHpekniiHaux xBopoO HarionansHoro wmeaudnoro yaiBepcutety imeHi O.0.
boromoubis.

BUCHOBKHA

VY nucepraiiii HaBeJAEHO HOBE BHPIIIEHHS aKTYalbHOTO 3aBJAHHS B AUTSIYIi
iH(peKTooTii, a caMe MIABHUIIEHHS €(PEKTUBHOCTI MIarHOCTUKH YpaKeHHS 3 OOKY
HepBoBoi cucteMu npu COVID-19 y niteit Ha miacTaBi AOCHIKEHHS Ol0MapKepiB Ta
aHaI3y KIIHIYHUX MOKa3HUKIB.

1. Ilpu mpoBeneHH] aHami3y KIiHIYHOI KapTunu xBopux Ha COVID-19 npotsirom
YOTUPHOX XBUJIb, BCTAHOBJICHO MPOTPECUBHE 301JIbIIEHHS
3araJibHOIHTOKCHKAIHHUX cuminToMiB (P<0,05), cuMnTOMIB ypakeHHS BEpPXHIX
auxanbHuX — mumxiB - (p<0,05) Ta  mocTymoBe  3pOCTaHHS ~— YacTOTH
racTPOIHTECTUHAJIBHUX NPOSBIB - J1apei Ta OO0 B JKUBOTI Y JITEH mpoTsArom 4
xBub (p<0,05).

2. Tpers xBunst 3axBoproBaHocTi COVID-19, mo acoritoBaiiack 3 MOIIUPEHHSIM
BapiaHTy /lenpTa, Xapakrepu3yBajach TSHKUYMM IMEpeOIroM Ta BUIIOK YaCTOTOKO
ycKiIaaHeHnx Bunaakis (p<0,05).

3. Haitbinpm 3Haymmi  (akTopu JiS  TPOTHO3YBAHHS PUBUKY BUHUKHECHHS
YCKJIQJHEHOro Tnepediry KopoHaBipycHoi 1H(ekmii y agiteit - Jl-mumep,
POKAIBIUTOHIH Ta peHTrenosoriyni 3miau (AUC= 0,895 (95% A1 0,81-0,98)).

4, VcknagaeHHss 3 Ooky HepBoBoi cucremu npu  COVID-19  Bxirouanm
eHuedanonarito 3 CyIOMHUM CHUHAPOMOM Ta ypaxkeHHd | Ta IX map uepenHo-
MO3KOBHUX HEPBIB.

5. Bcranorneno nporHoctuuHe 3HaueHHs E-cenmektuny, NSE Ta S100 y miteit 3
COVID-19 mono yckimagHeHOTO Tiepebiry 1 CHMIITOMIB YpaKeHHS HEPBOBOI
CUCTEMH.

6. IloporoBe 3HaueHHs E-cenekTuHy I TPOTHO3YBaHHS PHU3WKY BUHUKHEHHS
cuMnTomiB 3 60Ky HepBoBoi cuctemu npu COVID-19 cranosuts 13,827 Hr/min

(aytmuBicte — 73,8%, cnenudivunicte — 71,7%); miisi MPOTHO3YBaHHS PU3UKY



PO3BUTKY yCKiagHeHoro mepebiry — 17,616 ur/mn (uymimBicte — 68,8%,
cnerudivnicts — 71,4%), p<0,05.

7. Tloporose 3nauenHs NSE mis mporHo3yBaHHsI pU3UKYy BUHUKHEHHSI CUMIITOMIB 3
ooky HepBoBoi cuctemu mmpu COVID-19 cranoButh 15,626 Mkr/a (4yT/IMBICTD -
65,8%, cnemudiunicte — 81,6%); ans NOPOrHO3yBaHHS PU3HUKY PO3BHUTKY
yCcKJIaaHeHoro nepediry — 16,477 mkr/n (4ytimusicts - 64,3%, crenudiuHicT —
87%), p<0,05.

8. Iloporose 3nauennsa S100 mist MPOrHO3yBaHHS PU3HKY BUHUKHEHHS CUMITOMIB 3
ooky HepBoBoi cucremMu npu COVID-19 cranoButh 156,268 ur/a (4yTiuBicTh -
92,9%, cnemudiunicte — 67,4%); ans NOPOTHO3YBaHHS PU3HUKY PO3BHUTKY
yckaaaHeHoro nepebdiry — 176,861 ur/n (uytnuBicts - 81,2%, cnenudiyHicTh —
83,9%), p<0,05.

9. BusBienuii 38’130k E-cenextuny 3 mapkepamu NSE (r=0,435, p<0,0001) ta S100
(r=0,525, p<0,0001) cBiguHTH HPO y4YacTh CHJIOTEIII0 B IMATOTCHE31 ypaXKCHHS

HepBoBoi cuctemu nipu COVID-19 y nitei.

Kniouoei cnosa: COVID-19, koponasipycha ingexyis, koporasipycra xeopooa,
SARS-CoV-2, biomapxep, weuipomapkep, NSE, S100, E-cenexmun, MIS-C, odimu,
namoemis, Hepgosa cucmema, OIACHOCMUKA, J1AOOPAMOPHO-IHCMPYMEHMAIbHA

OlazHOCMUKA.
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This dissertation is devoted to the problem of the development of the nervous
system damage in children with coronavirus infection (COVID-19). The medical and
social significance of the problem is emphasized by the prevalence of COVID-19 and
its various organs” and systems™ complications. Damage to the nervous system because
of COVID-19 occupies a leading place in the structure of the complicated course in
adults and children. Considering the long course of the pandemic and the development
of numerous complications due to COVID-19, the implementation of diagnostic
approaches is urgent for the timely detection of probable lesions of the nervous system.

The purpose of the research is to increase the effectiveness of diagnosis of
nervous system damage and complicated course of coronavirus infection in children
based on the study of biomarkers and analysis of the clinical indicators.

The objectives of the research are the follows:

1. Tostudy the peculiarities of the clinical picture of coronavirus infection in children.

2. To determine complications of the nervous system due to COVID-19.

3. To conduct the research on the level of neurobiomarkers (neuron-specific enolase
(NSE), S100 protein) and a marker of vascular endothelium damage (E-selectin) in
the blood serum of children with coronavirus infection.

4. To investigate the prognostic value of the level of biomarkers regarding the
complicated course of the disease and development of the symptoms of nervous
system damage in children with COVID-19.

5. To assess the role of the endothelium in the structure of nervous system damage in
children with COVID-19 by determining the relationship of E-selectin with markers
of nervous system damage (NSE and S100).

In general, the study included 945 children aged 1 month to 18 years with a
laboratory-confirmed diagnosis of COVID-19 by the PCR method who underwent
inpatient treatment at the "Kyiv city children's clinical infectious disease hospital” in
Kyiv, Ukraine. Among them, to conduct a cohort, observational, retrospective study,
we determined the level of NSE, S100 and E-selectin markers in 88 patients in a
complex of general clinical examinations in blood serum. Informed consent of parents

and children was obtained. The design of this study was approved by the Commission



on Bioethical Expertise and Scientific Research Ethics of Bogomolets National
Medical University.

The following research methods were used: clinical (amnestic, analysis of medical
documentation, clinical examination); laboratory (general blood count, biochemical,
bacteriological, enzyme immunoassay, polymerase chain reaction), instrumental (chest
radiography), statistical methods for processing the obtained results (statistical package
"Statistical software EZR v. 1.54").

We retrospectively studied 945 cases of laboratory-confirmed COVID-19 in
children to study in detail the features of the clinical picture and the structure of
complications. Children were hospitalized in the period from June 2020 to February
2022. During the monitoring of the pandemic, the following periods were selected: 1st
wave - from June to November 2020 (340 cases); 2nd wave - from February to May
2021 (191 cases); 3rd wave - the period August - December 2021 (334 cases); 4th wave
- January - February 2022 (80 cases), which were accompanied by an increase in the
number of cases of the disease and were associated with the circulation of certain
strains of the coronavirus. As the resulting variables when conducting an interval
assessment of the frequency of clinical symptoms in children during 4 waves, we used
the designation W1 for the first wave, W2- for the second, W3- for the third and W4
for the period of the fourth wave.

Analyzing the 4 waves of the course of COVID-19, the period of the third wave
of the disease appeared to be the most severe, in terms of the frequency of complicated
cases, concomitant pathology, clinical symptoms and mortality rate. This wave
occurred against the background of the circulation of the SARS-CoV2 delta variant
and was associated with a significant increase in hospitalization rates in Ukraine. As
for the age structure, compared to the previous waves, during the 4th wave the share of
children of teenage age significantly decreased (7,5% against 24,7% during the 1st;
15,8% - the 2nd and 14,7 % of 3rd waves), p<0,05 and an increased frequency of
patients aged 1 to 12 months (50% during the 4th wave against 25%, 21,6% and 21,8%
of previous outbreaks), p <0,05.

When studying the clinical picture of patients with COVID-19 during four waves,

a progressive increase in general intoxication symptoms was established, and a



significant difference between these symptoms was found during the 1st wave
compared to the others (p<0,05). There was also an increase in the frequency of upper
respiratory tract symptoms, a significant difference was found in rhinitis during wave
1 compared to the other three waves (p<0,05) and cough during wave 1 compared to
waves 3 and 4 (p<0,05). A gradual increase in the frequency of gastrointestinal
manifestations in children was also observed during 4 waves. A statistically significant
difference in the frequency of diarrhea during 1 wave compared to 3 and 4 waves
(p<0,05) and between 2 and 4 waves (p<0,05), as well as abdominal pain between 1
wave compared to 3 and 4 waves (p<0,05).

During the interval evaluation of the frequency of symptoms such as fever,
weakness, decreased appetite and rhinitis, a statistically significant difference between
the groups was revealed by the method of multiple comparisons: W1-W2; W1-W3;
and W1-W4. During the first wave, a significantly lower frequency of these symptoms
was observed, compared to subsequent waves, p<0,001. During 4 waves, there was an
increase in the frequency of diarrhea, p<0,05 and abdominal pain, p<0,05 in dynamics.
The highest frequency of headache was observed during W2 and W3 — 33,7% and
31,9%, respectively. A statistically significant difference was found between groups:
W1-W?2 at the level of significance p=0,003 and W1-Wa3 at the level of significance
p<0,001. At interval assessment of cough frequency, a statistically significant decrease
in frequency was observed during W2 (54,7%) compared to W3 (81,6%) and W4
(80%), p<0,001. A difference at the significance level of p<0,001 was also found
between waves W1-W3. A statistically significant difference was found in the
frequency of dyspnea, p=0,009 for W3 compared to W1 and sore throat, p=0,027 for
W3 compared to other outbreaks.

Analyzing the number and frequency of complicated cases of COVID-19 among
hospitalized pediatric patients, we noted that these characteristics were dominated by
the third wave of the disease (p<0,05), during which 79 (23,7%) cases were observed,
against 7 (2,06%) from the first (p<0,05), 19 (9,9%) from the second and 9 (11,3%)
from the fourth wave (p<0,05).

Complications were represented by respiratory failure of the 1st-2nd degree,

thrombosis of the right internal jugular vein, multisystem inflammatory syndrome.



Among the mentioned conditions, respiratory insufficiency at the level of 1-2 degree
prevailed, the frequency of which was maximum during the third wave (21,8% against
1,2%, 8,4% and 8,75% of other outbreaks, p<0,05).

In patients with COVID-19 who were under our observation, we evaluated the
results of laboratory and instrumental studies. We found that the highest levels of
procalcitonin were observed in patients during the 4th wave (median 0,242; IQR 0,22-
0,721), in comparison with the previous three waves of the disease (W3 - median 0,1
(IQR 0,066-0,206), W2 - median 0,053 (IQR 0,036-0,067) and W1 - median 0,041
(IQR 0,027-0,064), p<0,05. We noted the highest levels of D-dimer in patients during
the second wave of the disease (median 7,75; IQR 2,95 -9,6) in comparison with the
3rd and 4th waves (median 1,76; IQR 0,74-5,25) and (median 2,32; IQR 0,96-4)
respectively, p<0,05.

According to the results of instrumental examinations, radiological changes
during the examination of the chest organs were detected in 289 (85%) patients during
the first wave, 156 (81,7%) - the second, 209 (64%) - the third, and 44 (55%) - fourth
wave. To estimate the frequency of radiological changes, the method of Fisher's
angular transformation and the analysis of conjugation tables were used. In the first
two waves, the frequency of radiological changes was higher in comparison with the
3rd and 4th waves (p<0,001).

Since the third wave of the incidence of COVID-19, which was associated with
the spread of the Delta variant, was characterized by a more severe course, a higher
frequency of complicated cases (p<0.001), and a larger proportion of patients with
concomitant pathology (p=0.0005), we decided to evaluate the dependence of the
complicated the course of the coronavirus infection in children from the wave of
morbidity, comparing the 3rd wave with the two previous waves of COVID-19. We
used the method of constructing logistic regression models and predicted the period of
the third wave as the resulting variable, the "Wave" variable: W=1 (331 patients, 3
waves), W=0 (530 patients, 1,2 waves). The analysis was carried out for 14 risk factors:
age, gender, course of coronavirus infection (bronchitis, pneumonia, acute respiratory
tract infection), presence of background/chronic pathology, neurological

complications, day of illness, number of bed days, convulsions, CRP, procalcitonin, D-



dimer, creatinine, PTI, radiological changes. First, using the method of building one-
factor logistic regression models, we analyzed each factor characteristic, determined
the coefficients of predicting the dependence of the course of the coronavirus infection
in children on the wave of the disease, the level of significance of the difference of the
coefficient of the model from 0 and the indicator of the odds ratio (95% Cl).

At the second stage of the analysis, using the method of building multivariate
logistic regression models, the selection of signs significantly associated with this wave
of the incidence of COVID-19 was carried out. The AIC criterion was used to select
the minimum set of significant features. We singled out 4 significant signs: course, D-
dimer level, procalcitonin and radiological changes, and constructed a multivariate
model for predicting the relationship of the given signs with the period of the 3rd wave
of morbidity, the model is adequate (Chi-square = 73,7 with 6 degrees of freedom,
p<0,0001). According to the results of the calculations, the most significant interrelated
factors affecting the risk of complications in children were determined - D-dimer,
procalcitonin and radiological changes (AUC= 0.895 (95% CI1 0.81-0.98)).

To choose the optimal threshold of the multifactorial model for predicting the risk
of manifestations of coronavirus infection in children during the 3rd wave, we used the
method of constructing operating characteristic curves. The area under the curve of the
operational characteristics of the multifactor model, AUC= 0,895 (95% CI 0,81-0,98),
is statistically significantly (p<0,05) greater than 0,5, which is evidence of the
adequacy of the model construction. The quality of the model is rated as very good, as
AUC>0,8.

The next stage of the study was to perform an enzyme-linked immunosorbent
assay to determine the level of NSE, S100 and E-selectin biomarkers in the blood serum
of 88 patients with COVID-19. To analyze the results of the biomarker study, patients
were divided into two groups according to the course of the disease: the main group,
which included 42 patients with a complicated course of COVID-19, and a control
group - 46 patients with an uncomplicated course of the disease. There was no
significant difference in gender and age between the patients of the study groups. The
average age of patients in the main group was 5,5+1,17 years, the control group was

5,3+0,97 years. Patients were not divided into subgroups based on the age factor, since,



according to the data available in the literature, the investigated biomarkers do not have
a significant dependence on age in the pediatric population.

Clinical symptoms in the control and main groups were the same and, in most
cases, did not differ significantly. General intoxication symptoms (fever, weakness,
decreased appetite) were observed in all patients. There was no significant difference
between the groups regarding the symptoms of rhinitis, diarrhea, shortness of breath,
and abdominal pain. Cough (p=0,009) and nervous system symptoms, such as
headache (p<0,001), myalgia (p=0,002) and ageusia/anosmia (p=0,002) and
convulsions (p=0,008) were more prevalent in patients in the main group compared to
the control group.

In the structure of the complicated course in the children of the main group,
respiratory complications prevailed, observed in 29 (69%) cases in the form of bacterial
pneumonia and stenotic laryngotracheitis. One patient had purulent tubotitis (2,4%).
We also diagnosed the nervous system damage: encephalopathy with convulsive
syndrome in 4 (9,5%) children and damage to | and IX pairs of cranial nerves in 8
(19,1%) patients.

For the statistical analysis of the absolute values of the level of E-selectin, S100
and NSE markers in the study groups in patients with COVID-19, we calculated the
interval assessment of biomarkers. According to the calculations, significantly higher
values of NSE and E-selectin biomarkers were observed in patients of the main group,
compared to the control group (p=0,04 for NSE and p=0,03 for E-selectin,
respectively). No significant difference was found between the S100 biomarker values
of the control and main groups (p=0,5).

The level of NSE, S100 and E-selectin in the studied cohorts varied widely. We
assumed the existence of a relationship between the level of biomarkers and the risk of
clinical symptoms from the nervous system and a complicated course. To test this
hypothesis, we used the method of constructing operating characteristic curves (ROC
curve). The Youden Index calculation method was used to select the optimal threshold
value for NSE, S100 and E-selectin markers.

In patients with an uncomplicated course, the average level of NSE on the first
day of inpatient treatment was 12,1+1,2 pg/l, S100 - 164+8,2 ng/l, E-selectin 12,



02+1,7 ng/ml. In patients with a complicated course, the average levels of biomarkers
were, respectively: 16,9+1,5 pg/L, 165,9+6,9 ng/L, and 15,04+1,9 ng/mL. According
to the results of construction of operational characteristics curves, the prognostic value
of markers regarding the risk of developing a complicated course and the occurrence
of symptoms from the nervous system in children with COVID-19 was determined.
For the NSE marker, the threshold values for predicting the risk of developing
symptoms from the nervous system and a complicated course are 15,626 pg/L
(sensitivity — 65,8%, specificity — 81,6%) and 16,477 pg/L (sensitivity — 64,3%,
specificity — 87%) respectively. For the marker S100, the values of 156,268 ng/L
(sensitivity — 92,9%, specificity — 67,4%) for the occurrence of symptoms from the
nervous system and 176,861 ng/L (sensitivity — 81,2%, specificity — 83,9%) are
predictive %) for the risk of developing a complicated course of COVID-19. For E-
selectin, the threshold values for predicting the risk of developing symptoms from the
nervous system and a complicated course are 13,827 ng/ml (sensitivity — 73,8%,
specificity — 71,7%) and 17,616 ng/ml (sensitivity — 68,8% , specificity — 71,4%),
respectively.

To evaluate the role of the endothelium in the structure of the nervous system
damage in children with COVID-19, we decided to analyze the relationship of E-
selectin with the markers of nervous system damage NSE and S100 by calculating the
Pearson linear correlation index. When conducting a correlation study, a linear
correlation of medium degree of severity was found between E-selectin and markers
NSE (r=0,435, p<0,0001) and S100 (r=0,525, p<0,0001), which indicates the
involvement endothelium in the pathogenesis of damage to the nervous system in
children with COVID-19.

The Scientific Novelty of the Research

In the course of the work, the features of the clinical picture of COVID-19 in
children caused by different serotypes of the virus (waves) were studied, and the
clinical features of damage to the nervous system in children with COVID-19 were
investigated. For the first time, the expediency of using biomarkers (neuron-specific

enolase, S100 protein, and E-selectin) in coronavirus infection was studied and their



prognostic value for the development of nervous system damage in children was
determined. For the first time, a correlation between the level of biomarkers and the
severity of COVID-19 in children was shown, and their threshold values for the
prediction of the appearance of clinical symptoms of nervous system damage and a
complicated course were determined. For the first time, the role of the endothelium in
the etiopathogenesis of neurological complications in the context of coronavirus
infection was assessed.

The Practical Significance of the Research

Based on the data obtained from the research results, it is proposed to involve
neuron-specific enolase, protein S100 and E-selectin in the diagnostic algorithm for
managing patients with severe forms of COVID-19.

The proposed method of diagnosis helps to determine the presence of the nervous
system damage in children with COVID-19, as well as to confirm endothelial
dysfunction and permeability of the BBB. An increase in the level of E-selectin in the
blood serum is also associated with damage to the vascular wall in bacterial, viral
diseases, and septic shock, so it allows us to consider them as useful biomarkers for the
diagnostic and prognostic value of the complicated course of infectious diseases in
children.

The results of the study are implemented in the work of the Kyiv City Children's
Clinical Infectious Disease Hospital. The theoretical provisions of the research are used
in the educational process at the Department of Children's Infectious Diseases of

Bogomolets National Medical University.

CONCLUSIONS

The dissertation offers a novel approach to an urgent issue in pediatric
infectology, namely, increasing the effectiveness of diagnosing the nervous system
damage in children with COVID-19 based on the study of biomarkers and analysis of
clinical indicators.

1. When analyzing the clinical picture of patients with COVID-19 during four
waves, a progressive increase in general intoxication symptoms (p<0,05) upper

respiratory tract symptoms (p<0,05) and a gradual increase in the frequency of



gastrointestinal manifestations - diarrhea and abdominal pain in children during 4
waves (p<0,05) was established.

2. The third wave of the incidence of COVID-19, which was associated with the
spread of the Delta variant, characterized by a more severe course and a higher
frequency of complicated cases (p<0,05).

3. The most significant factors for predicting the risk of a complicated course of
coronavirus infection in children are D-dimer, procalcitonin and radiological changes
(AUC=0.895 (95% CI 0.81-0.98)).

4. Nervous system complications of COVID-19 included encephalopathy with
convulsive syndrome and lesions of | and IX pairs of cranial nerves.

5. The prognostic value of E-selectin, NSE and S100 in children with COVID-19
regarding the complicated course and symptoms of damage to the nervous system was
established.

6. The threshold value of E-selectin for predicting the risk of symptoms from the
nervous system in COVID-19 is 13,827 ng/ml (sensitivity — 73,8%, specificity —
71,7%); for predicting the risk of developing a complicated course - 17,616 ng/ml
(sensitivity — 68,8%, specificity — 71,4%), p<0,05.

7. The threshold value of NSE for predicting the risk of symptoms from the
nervous system during COVID-19 is 15,626 ug/L (sensitivity — 65,8%, specificity —
81,6%); for predicting the risk of developing a complicated course — 16,477 g/l
(sensitivity — 64,3%, specificity - 87%), p<0,05.

8. The threshold value of S100 for predicting the risk of symptoms from the
nervous system during COVID-19 is 156,268 ng/l (sensitivity — 92,9%, specificity -
67,4%); for predicting the risk of developing a complicated course - 176,861 ng/l
(sensitivity — 81,2%, specificity — 83,9%), p<0.05.

9. The revealed relationship of E-selectin with the markers NSE (r=0,435,
p<0,0001) and S100 (r=0,525, p<0,0001) indicates the involvement of the endothelium
in the pathogenesis of damage to the nervous system in COVID-19 children.

Keywords: COVID-19, coronavirus infection, coronavirus disease, SARS-CoV-2,
biomarker, neuromarker, NSE, S100, E-selectin, MIS-C, children, pandemic, nervous

system, diagnostics, laboratory-instrumental diagnostics.



