AHOTALISA

JImumpuwun O.A. CTtaH TOIEPaHTHOCTI 10 (hi3MIHOTO HABAHTAXKCHHS 1 SKICTh
KUTTS JITEH MIKIILHOTO BiKY, siki mepeHecan COVID-19, Ta migxogu A0 KOpekIii
BUSIBJICHHX TTOpYIIIeHb. — KBamiikariiiiHa HayKoBa Iparls Ha MpaBax PyKOIIHCY.

Hucepramis Ha 3700yTTS CTyneHs gokTopa (imocodii 3 ramysi 3HaHb 22
«OxopoHa 310poB’s1» 3a crienianbHicTIO 228 «Ilemiarpisy. — HamioHansHUN MeAUIHUN
yHiBepcuret imeHi O.0. boromonbist MO3 Vipainu, Kuis, 2024.

3MmicT aHOTaAMil

Jana jgucepramiiiHa poOoTa MNpuCBIYeHA MNpoOJiemMi  BiAJAJIEHHX 1
nosroctpokoBux HachuiakiB COVID-19 'y nmited, mo MOXYTb MPOSBIATHCS
MOPYIICHHSIMU CTaHy ToOJIepaHTHOCTI 70 ¢i3uuHoro HaBaHtaxkeHHs (TDOH), sxocrti
xuTTs (S1K), po3sutkom noct-COVID-19, 3MiHaMu MarHi€Boro crarycy Ta BILTUBATH
Ha (YHKI[IOHAJILHUNA CTaH JUXaJIbHOI, CEpLEBO-CYJAMHHOI, HEPBOBOI CHCTEM.
BaxnuBuM MeIMKO-COIIaJIbHUM 3aB/IaHHSM Cy4acHOI Meaiarpii € BYacHa JI1arHOCTUKA
BKa3aHUX 3MIH Ta po3poOKa BIAMOBIIHUX JIIKYBaJIbHO-PEAOUTITAIMHUX 3aXO/IB IS
MOKpAIIEHHsI CTaHy 370pOB’s JiTel, siki nepenecnu COVID-19.

Metoto pgaHoi poOOTH € YAOCKOHAJCHHS MJIarHOCTUKM Ta OINTUMI3aIlis
JKyBaJbHO-pEa0LTITAIIMHAX 3aXO0IB JIITSAM IIKUIHHOTO BiKY, siki mepeneciu COVID-
19, Ha OCHOBI KIJIHIKO-IHCTPYMEHTAJIbHUX Ta OIOXIMIYHUX TTOKa3HHUKIB, OI[IHKU
(YHKI10OHATBHUX PE3EPBIB CEPLIEBO-CYAMHHOI CUCTEMU MPH (DI3UYHOMY HaBAHTAXKEHHI
Ta PIBHA AKOCTI )KUTTSA B miepiofi Oubine 12 tuxHiB micass COVID-19.

3aBIaHHsa JOCIIIKEHHS:

1. Hagatu KiIiHIYHY XapakTEpUCTHUKY CTaHy 370POB’Sl Ta OLIHUTU PE3yJbTaTH
npodbu Pyd’e y nmiTeld MKIIBHOTO BIKY B IepioAl Oiabiiie 12 THKHIB IMCHS
KOPOHaBIPYCHOI XBOPOOH.

2. DBusHauMTH TOKa3HMKU MAaKCHUMAJIbHOTO CIIOKMBAHHS KHCHIO Ta
MI1OKapaiaJibHI pe3epBH OpraHi3mMy JITeH MIKIILHOTO BiKY B nepioi Ouibiie 12 THxKHIB
nicisgs COVID-19 3a pesynbraramu BeJ10eproMeTpuyHoi MpooHu.

3. JIoCmiIuTH OKa3HUKH SIKOCT1 KUTTS ITeH MIKUTLHOTO BIKY B Mepioji OijbIne

12 tuxkuiB micags COVID-19.



4. O1iHUTH PIBEHb MArHiIO B CUPOBATIII KPOB1 Y AiTEH MKIJIHHOTO BIKY B MEP1O/i
Oinpiie 12 THXKHIB Micisg KOPOHABIPYCHOI XBOPOOH 3 YpaxXyBaHHSIM CTYIIEHIO TSKKOCTI
COVID-19, crany TonepadnTHOCTI 10 (i3HUYHOTO HAaBAaHTAXCHHSI.

5. Po3pobutu pekomeHalli moa0 MoKpameHHs: TOJIEPAaHTHOCT1 A0 (Pi3HIHOTO
HABaHTAXCHHS 1 IKOCTI1 KUTTS JIITEH MIKUIBHOTO BiKY, siki nepereciu COVID-19.

VY nocnipkeHHi B3sd yuacTh 155 niteit BikoM Bij 6 10 18 pokis. Cepen Hux 120
nitelt, siki nepeHecan COVID-19 (ocHoBHa rpyma), Ta 35 NpakTUYHO 3A0POBUX JITEH,
aki Ha COVID-19 ne xBopinu (rpyma KOHTpodro). Po3monin aiTeil 0oCHOBHOT rpynu
BiIOyBaBCsl 3 YypaxyBaHHSIM TsKKocTi mnepeHeceHoro COVID-19. [litu, ski
nepexsopiin Ha COVID-19 nerkoro crynensi, chopmyBanu I rpyny (n=49). II rpyna
BKIItouana jiteid, ski mnepeHeciu COVID-19 cepenHboro crymeHsi TSKKOCTI
(cympoBoKyBaBcsi THEBMOHI€0, Sp0:>94%) (n=40), III rpyma — nmitu, sKi
nepexBopiin Ha COVID-19 3 TskkuM nepediroM (MHEBMOHISA 3 O3HAKAMU JIUXAJbHO1
HegocrtatHocTti (JIH), Sp0,<94%) (n=31).

Ju3aitH TaHOTO JOCIIIKEHHSI OyB CXBaJICHUM KOMICIEIO 3 TTUTaHb 010€TUYHOT
EKCIIePTH3W Ta €THKHM HAyKOBHX JOCIIDKCHh NMpu HarioHAIBHOMY MEIUIHOMY
yHiBepcuteTi iMeH1 O.0. boromorbIis.

3acTOCOBYBAIMCSl HACTYMHI METOAU JOCIIJKEHHS: 3araJibHOKJIIHIUHI (aHami3
JTaHUX aHaMHe3y, 00’ €EKTUBHOTO OOCTEKEHHS, OIlIHKA CKApT Ta BUSBJICHHS CHMIITOMIB
noct-COVID-19, npoba Pyd’e), incrpymentansHi (enexkrpokapaiorpadis (EKT),
Benoeprometpisa (BEM)), ankeryBanns (ominka 5K 3a anketoro PedsQL 4.0., ominka
HaciiakiB nepeneceHoro COVID-19 3a ponomororo onuryBansuuka «Long-COVID
Paediatric Survey», oliHka piBHS BTOMHM 3a IIKajiol0 BToMu Yanaep), paboparopHi
(3aranbpHUI aHaMi3 KpoBl, O10XIMIYHHMI aHaJI3 KPOBI Ta BUZHAYEHHS PIBHS MArHiio B
CUPOBATIIl KpOB1), cTarucTuyHi (ctaructuuHi naketu MedStat, EZR).

[lepuiuii eran BUKOHAHHS JUCEPTALITHOTO JTOCIIKEHHS mependayaB aHai3
CTaHy 370pOB’s, OMIHKY pe3ynbTaTiB BEM, nokasnukiB SIK Ta piBHS Marhiio B
cupoBaril KpoBi y mited B mepiomi Ouibiie 12 twxkuiB micnss COVID-19 piznoro
CTYTICHSI TSXKKOCTI Ta MOPIBHSHHS OTPUMAHUX PE3YJIbTATIB 3 TPYMOI0 KOHTPOJIIO.

YacroTra NOCTKOBITHOTO CTaHy y aiTel, siki nepenecaun COVID-19, ctanosuna

38,3% (95% JII 29,8-47,3). Haituacrime (71,0% (95% I 53,3-85.,9)) noct-COVID-



19 BusnauaBcs y aiteit 3 Tspkkum COVID-19 B anamuesi. Meniana (Me [QI; QIII])
TpuBanocTi cuMntomiB ocT-COVID-19 cranosuna 5 [4; 7] micsamiB. CriocTepiraBes
MO3UTUBHUIN CUJIBHUM DPAHTOBUNA KOPETSALINHUN 3B'S30K MK CTYMEHEM TSKKOCTI
COVID-19 1 TtpuBamictio cumnromiB noct-COVID-19 (r=0,726, p<0,001).
Haityactimumu kiniHiuauMEy nposiBamu noct-COVID-19 cepen aiTeit 3 OCTKOBIAHUM
cunapomoMm Oynu  TpuBOoXHICTE (39,1%, 95% I 25,3-53,9), mninBuiieHa
BTOMITIOBaHICTh (34,8%, 95% JII 21,5-49,4), nopymenus cny (32,6%, 95% I 19,7-
47,1), nenpecusHi poszmamu (30,4%, 95% JI 17,8-44,8), mopyiieHHs KOHIICHTPAIIii
yBaru (28,3%, 95% JI1 16,0-42,4).

Amnauni3 pe3ynbrariB mpodu Pyd’e y aiTelt ocHOBHOI rpynu B niepioai Oisibiie 12
TrokHIB Ticiass COVID-19 ta nopiBHSHHS 3 TOKa3HUKaMU 0 KOPOHABIPYCHOT XBOPOOH
II0Ka3aB CTATUCTUYHO JOCTOBIPHE IOTIPIIEHHS CepeIHbOro 3HadeHHs (X+SD) inekcy
Pyd’e Bracaigok nepenecenoro COVID-19 (7,7+1,4 y.o.- o COVID-19; 10,5+1,3 y.o.
- micna COVID-19, p<0,001). Takoxk y niTeil OCHOBHOI rpynu OyJI0O BHU3HAYEHO
nocToBipHO Tipii 3HadeHHs Menianu Me [QI; QIII] 6aniB 3a mkamoro BTomu Yanaep
(12[10; 16]), B nopiBHSIHHI 3 AITEMHU 3 Tpyniu KoHTpouto (7 [6; 8], p<0,001) Ta cuibHUM
MO3UTUBHUIA PAHTOBHUM KOPEJSIINHUI 3B'SI30K MK JJAHUMU 3HAYEHHSMHU 1 CTyIIEHEM
TspKKocTi meperecenoro COVID-19 (r=0,777, p<0,05).

Hocmimxenns piBHs TOH 3rigno 3 pesynpraramu BEM y niteit B mepioai
oinbmie 12 tuxkniB micns COVID-19 nokasano, mo cepense 3HaueHHs (X£SD) VO, max
B OCHOBHIH Ipymi ctaHOBHIO 26,86+6,69 Mi/Kr/xB, B rpymm KoHTporo — 38,29+5,54
MI/kr/xB (p<0,001), o cBiAYUTH Npo HeraTuBHUM BIUIMB niepeHeceHoro COVID-19
Ha piBeHb T®H y giteit. JlocToBipHO HaliHW»K4Mii piBeHb TOH BU3HAUaBCs y XJIOIIIIB
ta mgidar I rpymm (19,19£2,86 mu/kr/xB 1 18,98+2,37 MuI/Kr/XB, BiAMOBIJIHO).
Pesynbratn xsmonuiB y I Ta Il rpym Oynu mocroBipHO ripuii (31,79+4,85 Miu/Kr/xB 1
26,04+3,03 Ma/Kr/XB, BIAMOBIHO) B MTOPIBHSHHI 3 KOHTPOJIBHOIO rpymoto (40,42+3,44
mi/kr/xB, p<0,01). ¥V aiguarok II ta Il rpyn (25,59+3,56 mn/kr/xB 1 18,98+2,37
MJI/KT/XB, BIONOBIAHO) 3HAYEHHS VO; max OyM HUXKYI, HI)K B KOHTPOJIbHIM TpyIii
(36,04£6,49 mn/kr/xB), pote nmoka3zuuku [ rpymu (33,71+4,73 Ma/Kr/xB) 10CTOBIPHO
HE BIAPIZHSUIUCH BiA rpynu KoHTpodto (p=0,47). Takum ynHOM, OyJ0 BU3HAUYEHO, 11O

COVID-19 BnnuBae Ha piBenb TOH y XJIOMUKKIB HE3aJM€KHO BiJl CTYHEHIO TSKKOCTI



nepeneceHoi SARS-CoV-2 indexkmii (p<0,01). ¥ aiByarok kopoHaBipycHa XBOpoOa
3anumiana mo cobi Hachigkd y BUDIAAlL 3HMKeHOT TOH nepeBakHO y BUIAIKy
HAs;BHOCTI MTHEBMOHIT B aHaMmHe31, ToOTO micist neperneceHoro COVID-19 cepennboro
CTYTEHS 1 3 TSHKKUM Mepedirom.

AHaJi3 TOKa3HUKIB TeMOAMHAMIYHOTO 3a0e3MedeHHs (P13MUHOT0 HaBaHTAKEHHS
Ta MIOKapAiaJIbHUX pe3epBiB y niTel B mepioal ouibmie 12 TwxHiB micias COVID-19
MOoKa3as, 10 HaWripii 3HadeHHs crioctepiranucsa y 11 ta Il rpymi, To6TO y nmiteit 3
MTHEBMOHI€I0 B aHaMHE31, 3 TOCTOBIPHO 3HAYMMOIO BiIMIHHICTIO BiJl TPYIIH KOHTPOJIIIO
(p<0,01).

VY nmiteid, siki mamu noct-COVID-19, Bu3HayaBcsl CTaTUCTUYHO JOCTOBIPHO
Huxunid piBeHb TOH, Hik y miteil 6e3 mocTkoBigHOro cuHapomy (21,87+5,263
MII/KT/XB tipotu 29,96+5,513 mur/kr/xB (p<0,001), 1m0 miaATBEpAKY€ETHCS HETAaTUBHUM,
PAHTOBUM, KOPEJSLIMHUM 3B’ SI3KOM cepeiHboi cuin (r=-0,562, p<0,001).

Amnaniz nokasuukiB K nitei B nepioai Ounbine 12 TwxkHiB micas COVID-19
BUSIBUB CTATUCTUYHO JIOCTOBIPHO HIKUMM piBeHb K miteid, sxi nepenecau COVID-
19, MmOpiBHSAHO 3 MPAKTUYHO 3A0pOBUMHU JiTbMH (72,61+£6,69 mporu 86,55+5,1,
p<0,001). V niteis, sixi Mmanu noct-COVID-19, Bu3HayaBcsi CTaTUCTUYHO JOCTOBIPHO
Hwxunid piBeHb K (70,71£7,329), nix y aitell 0e3 MOCTKOBIAHOTO CHHAPOMY
(73,78+£6,014), p=0,014.

Haiinkunii pisenp 10K BusHauaBcs y mited, sxi nepeneciu COVID-19 3
TSKKUM MepeOiroM 3 JOCTOBIPHUM 3HMKEHHSIM 3arajbHOro Oainy 3a mkaino PedsQL
4.0. (65,68+5,46) B mopiBHAHHI 3 TpyImor0 aiTei, ski nepenecian COVID-19 3 nerkum
nepedirom, cepeiHiM CTyIIEHEM TSKKOCTI Ta Tpynoro 3n0poBux aiteit (p<0,01). Hitu,
ak1 nepexBopiiu Ha COVID-19 cepenHboro cryneHs TsSKKOCTI, TOOTO 3 MHEBMOHIEIO
6e3 o3nak JIH, Manu HIKYl MOKa3HUKH 3arajibHOrO Oanmy 3a mkanoro PedsQL 4.0.
(73,1445,40), vix y rpyni koHTpono (p<0,05), 110 TakoX CTaTUCTUYHO JOCTOBIPHO
BifpizHsucs Bia 3HaueHs I, II1 rpymu (p<0,05). Haitsumii nokasauku XK cepen aiteid,
ski nepenecnn COVID-19, cnocrepiranucs y | rpyni (3araibHuil 6ai 3a HIKagoro
PedsQL 4.0. - 76,55+4,64), mo Oyau N1O0CTOBIPHO BHUIIll B MOPIBHIHHI 3 pe3yibTaTaMu

nitent 111 rpynm, Ta TOCTOBIPHO HUXKYI, HIXK y TpyIii KOHTpOo:ro (p<0,05).



Kopensiiiinuii anasi3 B3aeMo3B 3Ky Mik cTtyneHeMm TsokkocTi COVID-19 Ta
SIK (3aranpauM Oanom 3a mkanoro PedsQL 4.0.) moka3aB q0CTOBipHMIA, HETATHBHUH,
PAHTOBUI KOPESIIiHU 3B’ 130K cepenuboi cuiu (r=-0,615, p<0,001), mo BimoOpakae
noripiieHHs piBHA SI0K npu 301IbIIeHH] CTYTIEHS TSYKKOCTI KOPOHABIPYCHOT XBOPOOH.

Taxox, pe3yapTraTi A0CTiKeHHS mokasanu, mo COVID-19 3 nerkum nepedirom
Ta CEPEIHIM CTYIIEHEM TSKKOCTI YMHHUTH BIUIMB Ha MICUXOCOIiaibHy KOMIOHEHTY SI0K
B OUIBbIIM Mipi, HIX Ha (GI3UYHY 1i CKJIAJOBY, IO MiATBEPIKYBAIOCS JOCTOBIPHO
HIDKYIAM 3HAYEHHSM ITiJICYMKOBOI OIIIHKY TICUXOCOIIaJILHOTO 3/I0POB’sI B IOPIBHSHHI 3
OLIIHKOIO cTany ¢i13udHoro 3a0poB’s y aiteit I ta Il rpym (p<0,002). ¥V rpymi pitei, siki
nepenecin COVID-19 3 TsxkkuM nepedirom, 1Mo CynpoBOKYBaBCsS MTHEBMOHIEIO 3
o3nakamu JIH, Takoi pi3HMII BCTAaHOBJIEHO HE OyJI0, 110 CBIAYUTH NMPO HETaTUBHUMA
BB COVID-19 3 TsxkumM nepedirom Ha Bci koMroHeHTH S0K mite.

OniHKa Mar"i€eBoro crarycy aited B nepioi Ouibiie 12 tuxHiB micnss COVID-
19 nokazana, 1mo aedinuT Marxiro Oyso BusBiaeHo y 95 miteit (79,2%, 95% 1 71,4%-
86,0%) ocHoBHO1 rpynu, Ta y 35 miteit rpynu koutposnto (34,3%, 95% I 19,2%-
51,2%), p<0,001. Meniana (Me [QI-QIII]) piBHs MarHito B CHpOBATLl KPOBI Yy JITEH,
ki neperecan COVID-19, cranosuna 0,82 mmons/i [0,77-0,85], 1 Oyia cTaTUCTUIHO
BIPOT1AHO HIXKUYOIO, HIXK Y TpyIl KoHTposto — 0,87 mmons/1 [0,85-0,9], p<0,001.

Haiinvkunii piBeHb MEIIaHU PIBHS MarHit0 B CHPOBATII KPOBi OyI10 3a(hiKCOBAHO
y mired I rpymm (0,75 mmons/n [0,72-0,82]), cmocrtepiranach TEHIEHINS [0
3poctanHa mnoka3HukiB B rpym II (0,81 mmons/n [0,78-0,84]), a B I rpymi Oyio
BIIMIYCHO HAMBUIIE 3HAYCHHS cepen aiTe, ki nepenecan COVID-19 (0,85 Mmoms/n
[0,82-0,86]), (p<0,01). Takoxx Oy70 BU3HAYEHO HETATUBHUM, CIA0OKUN KOpENSIiHHUN
3B'I30K MK pIBHEM MarHito Ta cryneneM Tskkocti COVID-19 (r=-0,464, p<0,001).

VY nireir 3 moct-COVID-19 Bu3HayaBcsi CTaTUCTUYHO JOCTOBIPHUN HIDKYUHN
piBenb marHito (0,795 mmons/n [0,72-0,84]) mopiBHSIHO 3 IIThbMU 0€3 TTOCTKOBITHOTO
cunaapomy (0,84 mmomnw/n [0,79-0,85], p=0,005). Meniana piBHS MarHil0 y JiTeH 3
Hu3bkUM piBHeM T®OH, cranoBwia 0,8 MMomnw/a [0,74;0,84] 1 Oyna HMXXUYOIO, HIK Y
nitei 3 3an0BUIbHUM cTaHoM TOH (0,85 mmons/n [0,82;0,86], p<0,001), 110 CBIIYUTH

PO BIUIMB MAarHito Ha MOKa3HUKH VO, ma Ta cran TDOH y mitelt, sxi mepeHecn



COVID-19, 1 miaTBepaXy€eTbCsS MO3UTHUBHUM, CIA0KHMM PAHTOBHUM KOPEJSIIHHUM
3B’SI3KOM Mik nanumu 3HadeHHsmH (1=0,437, p<0,001).

Jpyruit etan mociikeHHs nepeadadyaB BUBUEHHS €()EKTUBHOCTI JIKYBaJIbHO-
peabumiTamiiHux 3axoniB (Moaudikalli crnocoOy XUTTA, (Pi3MUYHOI aKTUBHOCTI Ta
MPU3HAYCHHS MAarHid-KajJi€BOTO KOMIUIEKCY MpH JabOparopHO MMiATBEPIHKCHOMY
nediluTi Mardio) B KOPEKIii cTany 30poB’s faiTeH, ki nepeHecaun COVID-19, a came
BIUIUB Ha JUHAMIKY KIIHIYHUX TposiBiB noct-COVID-19, pesynpraté 3a MIKaiIo0
BromMu Yannep, npodbu Pyd’e, mokazHUkd VO; max, 3araJbHOrO Oally 3a HIKAJIOI0
PedsQL 4.0., piBenp Martiro B cupoBariii KpoBi. J[o 11b0r0o etamy gociaipKeHHs Oyi1o
BKJItOoueHo 35 miteit: I/n rpyna — 22 nutunu 3 HU3bKUM piBHeM TOH Ta 3HM>KEHUM
pPIBHEM MarHito B CUPOBATIIl KPOBi (cepesl HUX 12 niTei 3 KIIHIYHUMHU MTPOSBAMHU MOCT-
COVID-19); 1I/a rpyna - 13 nmiteit 3 Hu3zbkum piBHeM TDOH Ta HOpManbHUM piBHEM
MarHiro B CUpPOBATIIi KPOBI (cepea HUX 5 niTel 3 KiaiHiuHuME nposisamu noct-COVID-
19). CniocrepexxenHs 3a AiTbMU TpuBasio 60 AHIB (2 MicsI).

AHaJi3 TUHAMIKU KJIIHIYHUX TPOSIBIB MTOCTKOBIIHOTO CTaHy MOKa3as, 110 Ha 30
JIEHb CIIOCTEPEKEHHS JKOJAHA JUTHHA HE BiaMivana cumnToMu noct-COVID-19.
Bu3znauaBcsi MO3WTHBHUM BIUIMB MPU3HAYCHUX JIIKYBaJIbHO-peabLIITAlITHUX 3aXO0/1iB
Ha 3MIHU BIJYYTTS BTOMJIIOBAHOCTI, COHJIMBOCTI Y JIIT€W B JIKyBAJIbHUX Tpymax, 110
MTBEPKYBATIOCS CTAaTUCTUYHO JIOCTOBIPHUM 3HMIKEHHSIM KIJTBKOCTI OaliB 3a
mkanow BromMu Yanmep Ha 60-i MeHb JIIKYBaHHS TOPIBHSHO 3 pe3yiabTaTaMH TpU
nepBUHHOMY aHketyBaHHI (p<0,001).

Takoxk, Bigmidyanach TO3WTHBHA jauHamika piBHa TOH y gmiteir B 000x
JiKyBaJbHUX Tpynax. 3okpema, meniana (Me, [QI; QIII]) 3nauensb 1HAEKCY Pyd’e y
nitedt I/n rpynu o nikyBanss cranoBuia 11 [10,2; 11,5] y.o., Ha 60-i1 geHb JIIKyBaHHS
-9,65[9,5; 10,5] y.o., (p<0,001). Pe3ynasraTu y II/1 rpymi no mikyBanns - 11 [10; 11,3]
y.0., uepe3 2 MicsIli BUKOHAHHS JIIKyBaJbHO-peadimiTaniiHux 3axois - 10 [9,5; 10,2]
y.0., (p<0,001). By;i0 BCTAaHOBJIEHO CTATUCTUYHO JOCTOBIPHE MOKPAIIEHHS CEPETHBOTO
3HaueHHSI VO; max y aiTed I/ ta 1I/n rpynu Ha 60-i nens nmikyBanHs (27,14+4,89
MII/KT/XB 1 26,54+6,52 MJII/KI/XB, BIANOBIAHO), MOPIBHAHO 3 pe3yjbTaraMu NpU
nepBUHHOMY oOcTexeHH1 (24,43+4,15 mur/kr/xB 1 23,88+5,05 Mur/Kr/XB, BIAMOBIIHO),

p<0,001.



[Ipu3Haueni Meroau Kopekiiii AiTsaM, siki nepeneciu COVID-19, Takox manu
MMO3UTHUBHUN BIUIUB Ha piBeHb S0K, 1110 MiATBEPIKYBATIOCS CTATUCTUYHO JTOCTOBIPHUM
MOKPAIICHHAM 3arajibHOTO Oay 3a anketoro PedsQL 4.0. y aireit I/n1 Ta [I/n rpym wepes
2 MicAIll BUKOHAHHS JIIKyBaJbHO-peadimiTaniiaux 3axoais (p<0,001).

Bigmiganocs moctoBipae nmokpamenus meaianu (Me, [QI; QIII]) piBHst marHiro
B qitei I/nm rpymm depe3 2 wmicsi crocrepexkenns (0,83 mmonw/a [0,81; 0,86]), B
MOPIBHSHHI 3 pe3ynbraramu o JikyBanHs (0,79 mmons/n [0,75; 0,81]), p<0,001.

HaykoBa HOBH3HA OTPUMAHMX Pe3yJIbTATIB

Brniepiie npoBefieHO KOMIUIEKCHE KIIIHIKO-IHCTpyMEHTaJIbHE Ta JlabopaTopHE
00CTEeXXEHHSI CTaHy 30poB’s AiTel B mepioai Ouibmie 12 twxkHiB micass COVID-19 3
OI[IHKOIO (DYHKI[IOHATBHOTO CTaHy CEpIIEBO-CYAUHHOI CHUCTEMHU 3a pe3yJbTaramu
BesoeproMeTpii 3a mporokosioM PWC 170 3 aHamizoM MakCHMajdbHOTO CIOKMBAaHHS
KUCHIO (VO3 pmax), TIOKAa3HUKIB TE€MOIMHAMIYHOTO 3a0e3medeHHs  (i3UYHOTO
HABaHTAXKEHHS Ta MIOKaplaibHUX PE3€PBIB, PIBHS SAKOCTI KUTTS Ta MarHi€BOro
crarycy. Busznauennii HeratuBHuii BIuiB COVID-19 Ha crtaH cepueBo-CyauHHOI
CUCTEMHU, aJanTallliHI MOXKJIMBOCTI OPraHi3My, a TAKOXK PIBEHb SIKOCTI KUTTS JITEH B
nepioni ounbire 12 trwkHIB micas COVID-19.

JIOMOBHEHO HAyKOB1 JaHlI LIOJ0 3MIH PIBHS TOJEPAHTHOCTI A0 (HI3UYHOTO
HaBaHTAXXCHHS, SIKOCT1 )KUTTSA AiTel B mepiol Oiabie 12 trkHIB micass COVID-19 Ta
0COOJMBOCTEHN PO3BUTKY KIHIYHUX TPosBiB nMocT-COVID-19 3anmexHo BiJ CTymeHs
TSKKOCTI MIEPEHECEHOT KOPOHABIPYCHOT XBOPOOH.

Brnepiie noseneno, mo nepenecenuit COVID-19 nerkoro i cepeHboro CTymneHs
TSDKKOCTI HETaTUBHO BIUIMBAE€ Ha TICHUXOCOIAJIbHY CKIJIAQJOBY SIKOCT1 >KUTTS JiTeH
CTaTHUCTUYHO JIOCTOBIPHO B OLIBIITN Mipi, HIXK Ha 11 (pi3uuHy OoLiHKYy. BcTaHoBieHo, 1o
BILJIUB KOPOHABIPYCHOT XBOPOOH 3 TSXKKHM IMEPEOIrOM XapaKTepU3YEThCS 3HAYHUM
MOTIPIICHHSM MOKa3HUKIB K MCUXOCOIIaNbHOI, TaK 1 (PI3UYHOI KOMIIOHEHTH SKOCTI
KUTTS JITCH, 110 BUBYAI0CS B repioai Oinpire 12 TrxHiB micias COVID-19.

OTpumaHi HOBI JaHl HIOAO pIBHS MarHil0 B CHpOBATIll KpPOBI IiTEH, SKi
NepEeHEeCIM KOPOHABIPYCHY XBOpOOy, 10 BHM3HAYaBCS B mepiofl Ouibiie 12 THXKHIB

miciss COVID-19, Ta #ioro 3B's130K 31 CTylEHEM TSKKOCTI KOPOHABIPYCHOI XBOpOOH,



noct-COVID-19, cranoM TosepaHTHOCTI 10 ()13UYHOTO HABAHTAXKEHHS, PIBHEM SKOCTI
KUTTSL.

BrockoHaneHo miaxoau 0 JIKyBaJIbHO-peaOUTITAlIMHUX 3aXOIB AITAM, SKI
neperecin COVID-19. Bnepiie Oyno qoBeneHo eheKTUBHICTh 3aCTOCYBaHHS MarHiii-
KaJIi€EBOTO KOMIUJIEKCY Y BiJTHOBIIEHHI CTaHy 370pOB’s, KOPEKIli KIIHIYHUX IPOsSBIB
noct-COVID-19, nokpainieHHsi piBHS TOJEPAHTHOCTI 10 (I3MYHOTO HABAHTAKEHHS
(3poctanHst cepenHboro 3HaueHHS VO; max Ha 2,69+1,02 MII/KI/XB) 1 SIKOCTI >KUTTS
nitedt B mepiozi 6umbme 12 tuxHiB micas COVID-19.

IIpakTHYHA 3HAYUMICTh OTPUMAHUX Pe3yJbTATIiB.

Po3po06iieHi pekoMeH il 1010 KOMILUIEKCHOTO 0OCTEKEHHS Ta BUBYUCHHS CTaHy
3nopoB’st  mitedd, sAki mnepenecan COVID-19 i3 3acrtocyBaHHSM  KIIIHIKO-
1HCTPYMEHTAJIbHUX (BU3HAYCHHS MOCTKOBIHUX MIPOSIBIB, IIPOBEJICHHS
(yHKIIOHATBHUX P00 3 PI3MYHUM HABaHTAKEHHSM, BEJIOEProMeTpii), 1a00paTOpHUX
(BU3HAYEHHSI PIBHS MAar”ilo B CHPOBATIl KPOB1) METOMIB JOCIHIKEHHS, a TaKOX
BU3HAYEHHS PIBHS SIKOCTI XUTTA 3a aHkeToro PedsQL 4.0., 3 Meror po3poOku
MepCOHaI30BaHO1 CTpAaTerii JIIKyBaJIbHO-peadTITAlIMHIX 3aXO0/IiB.

3anponoHOBaHO Ta BIPOBAIKEHO B MPAKTUKY OXOPOHH 370POB’S JIIKYBAJIbHO-
peaOumiTamiiini  3axonu JiTaM, ski  nepedHecan COVID-19, mo BxiatodaroTh
Mor(diKaIito criocoOy KUTTS, (PI3UYHY aKTUBHICTH Ta IPU3HAYCHHS MarHiii-Kaai€BOTo
KOMIUTIEKCY (TIpY HAsSBHOCTI BIJTOBIJIHMX TOKa3aHb) 3 METOI0 KOPEKIlli BUSBICHHUX
MOPYILIEHb CTaHy 3A0pOB’sA, KIIHIYHUX MposiBiB mocT-COVID-19, mnoxparnieHHs
MOKA3HUKIB TOJIEPAHTHOCTI /10 (DI3MYHOTO HABAHTAXKEHHS 1 PIBHS SKOCTI KHUTTSL.

BucHoBku

VY nuceprailii HaBeIEHO BUPIIICHHS aKTyaJlbHOTO 3aBJIaHHS Cy4YacHOi meaiarpii,
AKe ToNiArae y BUsBICHHI HachifkiB mnepeHeceHoro COVID-19 Tta oOTsmxmuBOTO
BIUIUBY KOPOHABIPYCHOI XBOpOOM Ha CTaH TOJIEPAHTHOCTI 0  (HI3UYHOTO
HABAaHTAXKEHHS, PIBEHb SKOCTI KUTTS, MAarHIEBUW CTATyC AITEH, sIKI MEPEXBOPUIN HA
COVID-19, Ta B 00rpyHTOBaHOMY BUOOP1 METO/IIB KOPEKIIii BUSIBICHUX MMOPYLIEHB, IO
NOJIATaloTh y MoAudiKalii cnocoly KUTTS, (i3UUHIA aKTUBHOCTI, MPU3HAYEHHS 32

MMOKa3aMH MarHii-KaJlieBOro KOMILIEKCY.



1. JloBeneHo, 1110 KOpOHaBIpyCHA XBOPOOa HETaTUBHO BILJIMBAE HA CTaH 310POB S
nitedt 1 B mepioai Ourbmie 12 TwkHIB micas COVID-19. ¥V miteit, siki mepeHecan
COVID-19, Bigmidanmcsi CTaTHCTHYHO JOCTOBIPHO TIpIi MOKA3HWKHU 3a IIKAJIOIO
Bromu Yanaep (Me [QI-QIII] =12 [10; 16]), vix y 3mopoBux miteit (Me [QI-QIII] =7
[6; 8]), p<0,001. Bu3HayeHO CTAaTHUCTUYHO JOCTOBIPHY JMHAMIKY MOTipIICHHS
pesyabTariB npodu Pyd’e y mitert micnia COVID-19 (10,5+1,3 y.0.) B MOpiBHSHHI 3
noka3HuKamu 10 3axBoptoBanHg Ha COVID-19 (7,7£1,4 y.o), p<0,001.

2. Bcranosneno, mo 38,3% (95% I 29,8-47,3) niteld, siki TMepeHECTH
KOpOHaBIpYyCHY 1H(]eKIi10, Manu Ki1iHIYHI mposiu nocT-COVID-19. Cepen kimiHIYHUX
MPOSIBIB NMOCTKOBIIHOIO CTaHy HaluacTille peecTpyBavcs TPUBOXKHICTH (y 39,1%,
95% JI 25,3-53,9), minBumena BTomitoBaHicTh (y 34,8%, 95% JI 21,5-49,4),
nopyuieHHs cuy (y 32,6%, 95% 1 19,7-47,1), nenpecusni poznaau (y 30,4%, 95% I
17,8-44,8), nopyiieHHs koHIeHTpallli yBaru (y 28,3%, 95% I 16,0-42,4). Busisneno,
110 pu3uK po3BUTKY nocT-COVID-19 3anexuth BiJ CTYNEHIO TSHKKOCTI IEPEHECEHOT
KOpOHaBipycHOi XBopoOu. [TocTkoBIIHUI cTaH BUSBIISABCS y 71% miTeid, siki mepeneciu
COVID-19 3 TsxkuM nepedirom, o AOCTOBIPHO BUILE B MOPIBHSHHI 3 JITbMHU, SKI
nepedecin COVID-19 3 nerkum mnepeOiroM Ta CEpPEIHbOrO CTYIMEHS TSHKKOCTI
(p<0,001).

3. JloBeneHo, 1o y aitel, sxi xpopian Ha COVID-19, Bigmiyaaucs CTaTUCTHYHO
JOCTOBIPHO HIDKY1 TMOKAa3HUKA MaKCUMAaJIbHOTO CHOXKUBAHHSI KHUCHIO (VO: max) B
nepiofi Outbiie 12 THKHIB Micis KOPOHABIPYCHO1 XBOPOOU, B IOPIBHSHHI 3 IITbMH, SIKI
Ha COVID-19 ne xBopimm (26,86+6,69 mi/kr/xB mnpotu 38,29+5,54 MII/KI/XB,
p<0,001). Huzwpkuit pisenb TOH BusnauaBcs y 65,0% nitedt B nepioai Ouibiie 12
tixHIB miciass COVID-19 (95% I 56,2-73,3) Ta Tinbku y 2,9% npakTUyHO 310POBUX
niteit (95% Al 0,0-11,2), p<0,001. Bcranosneno, mo piBens 3min TOH 3anexas Bif
cTtyneHio TsokkocTi mepeHeceHoro COVID-19. 3okpema, HaWHMKYI CTATUCTUYHO
noctoBipHi (p<0,05) 3HaueHHS VO max, CEPIIEBOTO Ta CYIAWHHOTO KOMIIOHEHTIB
reMoJMHaMIYHOro 3a0e3neueHHs (I3UYHOTO  HaBaHTAXEHHS, MiOKapAladbHUX
pe3epBiB cocTepiranucs y aiteH, ski nepenecan COVID-19 3 Tsxkkum niepebirom. Y

niter, ki Mamm noct-COVID-19, Bu3zHayaBcsl AOCTOBIPHO HIbKUni piBeHb TOH



(21,87+5,26 mn/kr/xB), HDK y AiTeld 0€3 MOCTKOBIAHOTO cUHApOMY (29,96+5,51
Mi/kr/xB), p<0,001.

4. IlokazaHo, 1m0 y mitei, ski xBopimn Ha COVID-19, Binmivanucs 10CTOBIpHO
ripu nokazauku S0K B nepioai 6inbiie 12 TwkHiB nmicnss COVID-19, B nopiBHSAHHI 3
TITHMH, SIKI HE MaJIi KOpoHaBipycHoi XxBopoOu. Tak, y aiteit, axi nepenecaun COVID-
19, cepenHe 3HaueHHS OajiB MiJACYMKOBOI OIIHKHA CTaHy (i3UYHOTO 3JI0POB’S
CTaHOBHJIO 76,6448,62; OIIIHKH IICUXOCOIIAILHOTO 310pOB’s - 68,57+7,67; 3aranpHOTO
Oaiy 3a mkanoro PedsQL 4.0 - 72,61+6,69, 1110 10CTOBIpHO HUXYE, HIXK y JITEH, K1 HA
COVID-19 ne xBopinu (p<0,001). Bctanosneno, 1o y aiteH, siki Maiau noct-COVID-
19, piBens 0K OyB cTaTHCTUYHO JOCTOBIPHO HMKYMM, HIXK Y JIITEN 0€3 MOCTKOBITHOTO
cuHapoMy (3aranpHuil 6an 3a mkanoro PedQL 4.0. 70,71+7,33 nmportu 73,78+6,01,
p=0,014).

5. OTpuMaHO HOBI JaHi, IIOJAO MAarHi€BOTO CTaTrycy MITEH, SKi NEpPEeHECHH
COVID-19, mo BuzHauaBcs B mepiomi Outbmie 12 TwkuiB micass COVID-19.
BcraHnoBiieHo, 1110 4acToTa rinomMarHieMii cepesi AiTei, ki XBOpiIn Ha KOPOHABIPYCHY
XBOpoOy, Oyna B 2,3 pa3u OuIbIIO0, HIX ceper aiteld, siki Ha COVID-19 e xBopuiu
(79,2%, (95% Al 71,4%-86,0%) npotu 34,3%, (95% Il 19,2%-51,2%), p<0,001).
Meniana piBHS MarHir0 B CHpOBATIl KpoBl y aiTeil, aki nepeneciu COVID-19, 6yna
CTAaTUCTUYHO JJOCTOBIPHO HIXKYOI0, HIK Y TPYIIl TPaKTUYHO 310poBux aiteit (p<0,001).
VY obcrexxenux, sxi Manu moct-COVID-19, Bu3HauaBcs CTaTHCTUYHO JIOCTOBIPHO
HWKYUW pIBEHb MarHito B cupoBatii kposi (0,79 mmons/n [0,72-0,84]), HiX y miTei
0e3 noctroBigHOro cuHApoMy (0,84 mmons/n [0,79-0,85]), p<0,001.

6. 3acTocyBaHHS qU(epeHIIIHOBaHUX JIIKYBaJIbHO-peaOUTITAI[IHHUX 3aX0/I1B, 110
BKJIFOYAIOTh MOAM(IKALID CNOCO0y KUTTA, (PI3UYHY AKTUBHICTh Ta MPU3HAYEHHS
MarHii-KaaeBOTo KOMILICKCY 3a MOKa3aHHIMU, TTPU3BOIUIIO /10 TO3UTUBHOI TUHAMIKH
3MiH KJIiHIYHUX TposiBiB MocT-COVID-19, cratucTuyHO AOCTOBIPHOTO MOKPAILIEHHS
caMornouyTTsa 3a mkanow Bromu Yamgep (p<0,001), crany TOH 3a pesynbraramu
npobu Pyd’e (p<0,001) Ta 3HaueHHIMU VO3 max (p<0,001), piBHs XK 3a ankeroro
PedsQL 4.0. (p<0,001).

Kniwouosi cnosa: oimu, xopownasipycha xeopoba, COVID-19, SARS-CoV-2,

NOCMKOBIOHUL CUHOPOM, CHMYNIHb MSANCKOCMI, NHEBMOHIS, CMAH Cepyedo-CYOUHHOL



cucmemu,  1aOOPAMOPHO-IHCMPYMEHMAIbHA — OIA2HOCIUKA,  8eloepeoMempisl,
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Lay Summary of Thesis

The dissertation is devoted to the problem of long-term consequences of
COVID-19 in children, which can be manifested by impaired tolerance to physical
activity (TPA), quality of life (QoL), post-COVID-19 development, changes in
magnesium status, and affect the functional state of the respiratory, cardiovascular, and
nervous systems. An important medical and social task of modern pediatrics is the
timely diagnosis of these changes and the development of appropriate treatment and
rehabilitation measures for health status improvement of children suffered from
COVID-19.

The purpose of the research is to improve the diagnosis and optimize treatment
and rehabilitation measures for school-age children who have had COVID-19, based
on clinical, instrumental, and biochemical parameters, assessment of functional
reserves of the cardiovascular system during exercise, and the level of quality of life in
the period of more than 12 weeks after COVID-19.

The objectives of the research are as follows:

1. To provide a clinical characterization of the health status and evaluate the
results of the Ruffier test in school-age children in the period of more than 12 weeks
after coronavirus disease;

2. Determine the indicators of maximum oxygen consumption and myocardial
reserves of school-age children in the period of more than 12 weeks after COVID-19

according to the results of the cycle ergometer test;



3. To study the quality of life of school-age children in the period of more than
12 weeks after COVID-19;

4. To evaluate the level of magnesium in the blood serum of school-age children
in the period of more than 12 weeks after coronavirus disease, taking into account the
severity of COVID-19, and the condition of tolerance to physical activity.

5. To develop recommendations for improving tolerance to physical activity and
quality of life of school-age children after COVID-19.

A total of 155 children aged 6 to 18 years participated in the study. Among them
were 120 children who had COVID-19 (the main group) and 35 practically healthy
children who had not been ill with COVID-19 (the control group). The distribution of
children in the intervention group was based on the severity of transferred COVID-19.
Children with mild COVID-19 formed I group (n=49). II group included children who
had moderate COVID-19 (accompanied by pneumonia, SpO,>94%) (n=40), and II1
group included children who had severe COVID-19 (pneumonia with signs of
respiratory failure (RF), Sp0,<94%) (n=31).

This research design was approved by the Commission on Bioethical Expertise
and Scientific Research Ethics of Bogomolets National Medical University (Kyiv,
Ukraine).

The following research methods were used: clinical (analysis of anamnesis data,
objective examination, assessment of complaints and detection of post-COVID-19
symptoms, Ruffier test), instrumental (electrocardiography (ECG), cycle ergometer
test (CET)), questionnaire (assessment of QoL using the PedsQL 4.0. questionnaire,
assessment of the consequences of transferred COVID-19 using the «Long-COVID
Paediatric Survey» questionnaire, assessment of fatigue level by the Chalder Fatigue
Scale), laboratory (complete blood count, biochemical blood count, and determination
of serum magnesium level), statistical (MedStat, EZR statistical packages).

The first stage of the dissertation study involved analyzing the health status,
assessing the results of CET, QoL indicators, and serum magnesium levels in children
in periods more than 12 weeks after COVID-19 of varying severity, and comparing the

results with the control group.



The incidence of post-COVID-19 in children after COVID-19 was 38.3% (95%
CI 29.8-47.3). Most often (71.0% (95% CI 53.3-85.9)), post-COVID-19 was detected
in children with a history of severe COVID-19. The median (Me [QI; QIII]) duration
of post-COVID-19 symptoms was 5 [4; 7] months. There was a positive strong rank
correlation between the severity of COVID-19 and the duration of post-COVID-19
symptoms (r=0.726, p<0.001). The most frequent clinical manifestations of post-
COVID-19 among children with post-COVID-19 syndrome were anxiety (39.1%, 95%
CI25.3-53.9), fatigue (34.8%, 95% CI 21, 5-49.4), sleep disturbances (32.6%, 95% CI
19.7-47.1), depressive disorders (30.4%, 95% CI 17.8-44.8), impaired concentration
(28.3%, 95% CI 16.0-42.4), and headache (21.7%, 95% CI 10.9-35.0).

Analysis of the Ruffier test results in children of the main group in the period of
more than 12 weeks after COVID-19 and comparison with the indicators before
coronavirus disease showed statistically significant deterioration in the mean value
(X£SD) of the Ruffier index due to COVID-19 (7.7+1.4 units - before COVID-19;
10.5£1.3 units - after COVID-19, p<0.001). Also, children in the main group had
significantly worse values of the median Me [QI; QIII] score by the Chalder Fatigue
Scale (12 [10; 16]) compared to children in the control group (7 [6; 8], p<0.001) and a
strong positive rank correlation between these values and the severity of COVID-19
(r=0.777, p<0.05).

The study of the level of TPA according to the results of CET in children for
more than 12 weeks after COVID-19 showed that the mean value (X£SD) of VO3 max
in the main group was 26.86+6.69 ml/kg/min, in the control group - 38.29+5.54
ml/kg/min (p<0.001), which indicates a negative effect of COVID-19 on the condition
of TPA in children. Significantly lower levels of TPA were determined in boys and girls
of the III group (19.19£2.86 ml/kg/min and 18.984+2.37 ml/kg/min, respectively). The
results of boys in groups I and II were significantly worse (31.79+4.85 ml/kg/min and
26.04+3.03 ml/kg/min, respectively) compared to the control group (40.42+3.44
ml/kg/min, p<0.01). VO, max values were lower in girls of groups Il and III (25.59+3.56
ml/kg/min and 18.98+2.37 ml/kg/min, respectively) than in the control group
(36.04£6.49 ml/kg/min), but the indicators of I group (33.71+4.73 ml/kg/min) did not
differ significantly from the control group (p=0.47). Thus, it was determined that



COVID-19 affects the level of TPA in boys regardless of the severity of SARS-CoV-2
infection (p<0.01). In girls, coronavirus disease left consequences in the form of
reduced TPA mainly in the presence of pneumonia in the anamnesis, that is, after
moderate and severe COVID-19.

Analysis of hemodynamic support of physical exertion and myocardial reserve
parameters in children in the period of more than 12 weeks after COVID-19 showed
that the worst values were observed in groups II and III, i.e. in children with a history
of pneumonia, with a significant difference from the control group (p<0.01).

A statistically significantly lower level of TPA was determined in children with
post-COVID-19 than in children without post-COVID-19 syndrome (21.87+5.263
ml/kg/min vs. 29.96£5.513 ml/kg/min (p<0.001), which is confirmed by a negative,
ranked, correlation of medium strength (r=-0.562, p<0.001).

The analysis of QoL indicators in children in the period of more than 12 weeks
after COVID-19 revealed a statistically significantly lower level of QoL in children
with COVID-19 compared to practically healthy children (72.61+£6.69 vs. 86.55+5.1,
p<0.001). Children with post-COVID-19 had a statistically significantly lower level of
QoL (70.714£7.329) than children without post-COVID-19 syndrome (73.78+6.014),
p=0.014).

The lowest level of QoL was determined in children who had severe COVID-19
with a significant decrease of the total PedsQL 4.0. scale score (65.68+5.46) compared
to the group of children who had mild, moderate COVID-19, and healthy children
(p<0.01). Children with moderate COVID-19, i.e. with pneumonia without signs of RF,
had lower total PedsQL 4.0. scale scores (73.14+5.40) than the control group (p<0.05),
which also statistically significantly differed from the values of groups I and III
(p<0.05). The highest QoL among children with COVID-19 was observed in the I
group (total PedsQL 4.0. scale score - 76.55+4.64), which was significantly higher
compared to the results of children in group III, and significantly lower than in the
control group (p<0.05).

Correlation analysis of the relationship between the severity of COVID-19 and

QoL (total PedsQL 4.0. scale score) showed a significant, negative, rank correlation of



medium strength (r=-0.615, p<0.001), which reflects a deterioration of QoL with
increasing severity of coronavirus disease.

Also, the results of the study showed that mild and moderate severity COVID-
19 affects the psychosocial component of QoL to a greater extent than its physical
component, which was confirmed by a significantly lower value of the Psychosocial
Health Summary Score compared to the Physical Health Summary Score
in children of groups I and II (p<0.002). No such difference was found in the group of
children who had severe COVID-19 accompanied by pneumonia with signs of RF,
which indicates a negative impact of severe COVID-19 on all components of children's
QoL.

Assessment of the magnesium status of children in the period of more than 12
weeks after COVID-19 showed that magnesium deficiency was detected in 95 children
(79.2%, 95% CI 71.4%-86.0%) of the main group and 35 children of the control group
(34.3%, 95% CI 19.2%-51.2%), p<0.001. The median (Me [QI-QIII]) serum
magnesium level in children with COVID-19 was 0.82 mmol/L [0.77-0.85], and was
significantly lower than in the control group - 0.87 mmol/L [0.85-0.9], p<0.001.

The lowest median level of serum magnesium was recorded in children of the
III group (0.75 mmol/L [0.72-0.82]), there was a tendency to increase in the II group
(0.81 mmol/L [0.78-0.84]), and the highest value was noted in the I group among
children who had COVID-19 (0.85 mmol/L [0.82-0.86]), (p<0.01). A negative, weak
correlation between magnesium levels and COVID-19 severity was also found (r=-
0.464, p<0.001).

Children with post-COVID-19 had statistically significant lower magnesium
levels (0.795 mmol/L [0.72-0.84]) compared to children without post-COVID-19
syndrome (0.84 mmol/L [0.79-0.85], p=0.005). The median magnesium level in
children with low TPA was lower and amounted to 0.8 mmol/L [0.74; 0.84] than in
children with satisfactory TPA (0.85 mmol/L [0.82; 0.86], p<0.001), which indicates
the effect of magnesium on VO; max and the state of TPA in children with COVID-19
and 1s confirmed by a positive, weak rank correlation between these values (r=0.437,

p<0.001).



The second stage of the research involved the study of the effectiveness of
lifestyle modification, physical activity, and appointment of a magnesium-potassium
complex in case of laboratory-confirmed magnesium deficiency in correcting the
health status of children who have had COVID-19, namely the impact on the dynamics
of post-COVID-19 clinical manifestations, results of the Chalder Fatigue Scale, Ruffier
test, VO max, total PedsQL 4.0. scale score and serum magnesium level. This stage of
the study included 35 children: I/t group - 22 children with low levels of TPA and low
serum magnesium (including 12 children with clinical manifestations of post-COVID-
19); 11/t group - 13 children with low levels of TPA and normal serum magnesium
(including 5 children with clinical manifestations of post-COVID-19). The children
were followed for 60 days (2 months).

The analysis of the post-COVID-19 clinical manifestations dynamics showed
that on day 30 of the observation, no one from I/t and 11/t groups reported post-COVID-
19 symptoms. The positive effect of the prescribed treatment and rehabilitation
measures on changes in fatigue and drowsiness in children in the treatment groups was
determined, which was confirmed by a significant decrease number of points on the
Chalder Fatigue Scale on day 60 compared to the results of the initial questionnaire
(p<0.001).

Also, there was a positive dynamic of TPA levels in children of both treatment
groups. In particular, the median (Me, [QI; QIII]) of the Ruffier index values in children
of the I/t group before treatment was 11 [10.2; 11.5] units, on day 60 of treatment - 9.65
[9.5; 10.5] units (p<0.001). The results in the II/t group before treatment were 11 [10;
11.3] units, in 2 months of treatment and rehabilitation measures - 10 [9.5; 10.2] units
(p<0.001). A statistically significant improvement in the mean value of VO; pax In
children of I/t and II/t groups on day 60 of treatment (27.14+4.89 ml/kg/min and
26.54+6.52 ml/kg/min, respectively) was found compared to the results at the initial
examination (24.43+4.15 ml/kg/min and 23.884+5.05 ml/kg/min, respectively),
p<0.001.

The prescribed methods of correction for children with COVID-19 also had a
positive effect on the level of QoL, which was determined by a statistically significant

improvement in the total PedsQL 4.0. scale score in children of I/t and II/t groups,



which was determined on day 60 of the treatment and rehabilitation measures
implementation (p<0.001).

There was a significant improvement in the median (Me, [QI; QIII]) level of
magnesium in children of the I/t group after 2 months of observation (0.83 mmol/L
[0.81; 0.86]), compared to the results before treatment (0.79 mmol/L [0.75, 0.81]),
p<0.001.

The Scientific Novelty of the Research

For the first time, a comprehensive clinical, instrumental, and laboratory
examination of children's health status in the period of more than 12 weeks after
COVID-19 was performed, with an assessment of the functional state of the
cardiovascular system based on the results of the cycle ergometer test according to the
protocol PWC 170 with an analysis of maximum oxygen consumption (VO3 max),
indicators of physical activity hemodynamic support and myocardial reserves, quality
of life and magnesium status. The negative impact of COVID-19 on the state of the
cardiovascular system, the adaptive capacity of the body, as well as the level of quality
of life of children in the period of more than 12 weeks after COVID-19 was determined.

The scientific data about changes in the tolerance to physical activity conditions,
quality of life of children in the period of more than 12 weeks after COVID-19, and
the peculiarities of the post-COVID-19 clinical manifestations development depending
on the severity of the coronavirus disease have been supplemented.

For the first time, it was proved that mild and moderate COVID-19 negatively
affects the psychosocial assessment of children's quality of life statistically
significantly more than its physical assessment. It has been established that the impact
of severe coronavirus disease is characterized by a significant deterioration in both the
psychosocial and physical components of children's quality of life, which was studied
in the period of more than 12 weeks after COVID-19.

New data were obtained about the level of magnesium in the blood serum of
children with coronavirus disease, which was determined in the period of more than 12
weeks after COVID-19, and its relationship with the severity of coronavirus disease,

post-COVID-19, the state of tolerance of physical activity, and quality of life.



Approaches to medical and rehabilitation measures for children with COVID-19
have been improved. For the first time, the effectiveness of the magnesium-potassium
complex in restoring health, correcting clinical manifestations of post-COVID-19,
improving tolerance of physical activity (increasing the average VO3 max by 2.69+1.02
ml/kg/min) and quality of life of children in the period of more than 12 weeks after
COVID-19 was proved.

The Practical Significance of the Research.

Recommendations have been developed for a comprehensive examination and
study of the health status of children who have had COVID-19 using clinical and
instrumental (determination of post-COVID-19, functional tests with physical activity,
cycle ergometer test), laboratory (determination of magnesium levels in the blood
serum) research methods, as well as determination of the level of quality of life using
the PedsQL 4.0. questionnaire, in order to develop a personalized strategy for treatment
and rehabilitation measures.

Therapeutic and rehabilitation measures for children with COVID-19, including
lifestyle modification, physical activity, and the administration of magnesium-
potassium complex (if indicated), have been proposed and implemented in healthcare
practice to correct the identified health disorders, clinical manifestations of post-
COVID-19, improve tolerance of physical activity and quality of life.

Conclusions.

The dissertation presents a solution to the urgent task of modern pediatrics,
which is to identify the consequences of COVID-19 and the burdensome impact of
coronavirus disease on the state of tolerance of physical activity, quality of life,
magnesium status of children with COVID-19, and to make a reasonable choice of
methods for correcting the identified disorders, which consist of lifestyle modification,
physical activity, and prescription of magnesium-potassium complex according to
indications.

1. It has been proven that coronavirus disease has a negative impact on children's
health even in the period of more than 12 weeks after COVID-19. Children with
COVID-19 had statistically significantly worse scores on the Chalder Fatigue Scale
(Me [QI-QIII] = 12 [10; 16]) than healthy children (Me [QI-QIII] =7 [6; 8]), p<0.001.



A statistically significant deterioration in the results of the Ruffier test in children after
COVID-19 (10.5£1.3 units) was determined compared to the indicators before
COVID-19 (7.741.4 units), p<0.001.

2. It was found that 38.3% (95% CI 29.8-47.3) of children with coronavirus
infection had clinical manifestations of post-COVID-19. Among the clinical
manifestations of the post-COVID-19 condition, the most commonly reported were
anxiety (39.1%, 95% Cl 25.3-53.9), fatigue (34.8%, 95% CI 21.5-49.4) sleep
disturbance (32.6%, 95% CI 19.7-47.1), depressive disorders (30.4%, 95% CI 17.8-
44.8), impaired concentration (28.3%, 95% CI 16.0-42.4). It was found that the risk of
post-COVID-19 developing depends on the severity of the coronavirus disease. The
post-COVID-19 condition was detected in 71% of children with severe COVID-19,
which is significantly higher compared to children with mild and moderate COVID-19
(p<0.001).

3. It was proved that children with COVID-19 had statistically significantly
lower values of maximum oxygen consumption (VO; max) 1n the period of more than
12 weeks after coronavirus disease compared to children who did not have COVID-19
(26.86%6.69 ml/kg/min vs. 38.29+5.54 ml/kg/min, p<0.001). A low level of TPA was
determined in 65.0% of children in the period of more than 12 weeks after COVID-19
(95% CI156.2-73.3) and only in 2.9% of practically healthy children (95% C1 0.0-11.2),
p<0.001. It was found that the level of TPA changes depended on the severity of
COVID-19. In particular, the lowest statistically significant (p<<0.05) values of VO3 max,
cardiac and vascular components of physical activity hemodynamic support, and
myocardial reserves were observed in children with severe COVID-19. In children who
had post-COVID-19 a significantly lower level of TPA was determined (21.87+5.26
ml/kg/min), than in children without post-COVID-19 syndrome (29.96+5.51
ml/kg/min), p<0.001.

4. It has been shown that children with COVID-19 had significantly worse QoL
in the period of more than 12 weeks after COVID-19 compared to children who did
not have coronavirus disease. Thus, in children who had COVID-19, the mean physical
health summary score was 76.64+8.62; the psychosocial health summary score — was

68.57+£7.67; the total PedsQL 4.0. scale score - 72.61+£6.69, and it was significantly



lower than in children who did not have COVID-19 (p<0.001). It was found that in
children with post-COVID-19 QoL was statistically lower than in children without
post-COVID syndrome (total score on the PedsQL 4.0. scale 70.71£7.33 wvs.
73.78+£6.01, p=0.014).

5. New data were obtained on the magnesium status of children with COVID-
19, which was determined in the period of more than 12 weeks after COVID-19. It was
found that the incidence of hypomagnesemia among children with coronavirus disease
was 2.3 times higher than among children who did not have COVID-19 (79.2%, (95%
CI 71.4%-86.0%) vs. 34.3%, (95% CI 19.2%-51.2%), p<0.001). The median serum
magnesium level in children with COVID-19 was statistically significantly lower than
in the group of practically healthy children (p<<0.001). The subjects with post-COVID-
19 had a statistically significantly lower serum magnesium level (0.79 mmol/L [0.72-
0.84]) than children without post-COVID-19 syndrome (0.84 mmol/L [0.79-0.85]),
p<0.001.

6. The use of differentiated therapeutic and rehabilitation measures, including
lifestyle modification, physical activity, and the administration of magnesium-
potassium complex according to indications, led to positive dynamics of post-COVID-
19 clinical manifestations changes, statistically significant improvement of well-being
according to the Chalder fatigue scale (p<<0.001), the state of TPA according to the
results of the Ruffier test (p<<0.001) and VO, max values (p<0.001), the level of QoL
according to the PedsQL 4.0. questionnaire (p<0,001).

Keywords: children, coronavirus disease, COVID-19, SARS-CoV-2, post-acute-
COVID-19 syndrome, severity, pneumonia, cardiovascular system, laboratory and
instrumental diagnostics, cycle ergometer test, tolerance to physical activity,

myocardial reserves, quality of life, treatment, magnesium.



