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Pedepar:

1. Incepranifina po60Ta IpUCBIYeHa KOMIIJIEKCHOMY BUBUEHHIO KJIiHiIKO-TIATOT€HETUYHUX 0COOJIMBOCTE Iepeodiry
COVID-19 y gitei1, a TakoK po3po0OLii iAX0iB 10 KOPEKLii iMyHOMETaboliYHIX 3MiH i OLiHIIi €(eKTUBHOCTI
BaKLUMHaLii. Y gocaimKeHHi 6pany y4acTb TpY Ipynu: OiTu 3 nigreepmxkeHum COVID-19 (rpyna 1, n=68), gitu, siKi
oTpuManu BakuuHauiio npotu COVID-19 (rpymna 2, n=31), Ta KOHTPOJIbHA IpyMa AiTel 6e3 o3HaK iHdekuii (n=28).
CrioctepeskeHHsI TPOBOAUIIOCH TIPOTSITOM 6 MiCSIIiB, 110 JO3BOJIUJIO 3i6paTy AeTasbHi KJiHi4YHi, 1a60paToOpHi Ta
imyHotoriuHi gani. OcHoBHMMU cumniTomamu COVID-19 y giTeit 6ym: 3MiHa CMaKOBUMX BiI4yTTiB, KalleJb, Oi/Ib y
ropJi, 3a1IIKa, a TAKOXX M'I30Bi Ta cyrsi060Bi 601i. Haiibinbi TprBaJnM CUMITOMOM 3a/IMIIAACS 3MiHa CMAKOBUX

BiZJ4YTTIB, 5IKa criocTepiranacs y 64,71% nitey Ha IOYaTKy JOCIiIKEHHS 1 3MEHIINACh 10 8,82% Ha 18-My THXKHI.



IHIWi ckapry, Taki K KallleJib i PUHIT, TpuBanu 0o 9 TVKHIB, a 6i71b y TOPJIi Ta 334UILIKA 3HUKAJIU Yepe3 6 TYDKHIB.
M’s130Bi Ta cyr710608Bi 6011 MPUMHUHSIINCS TaKOX IIiCs 6 TVDKHIB, 11O CBiTYMIIO PO IOCTYIIOBE 3racaHHs 3aI1ajlbHOro
npouecy. ITix gyac roctporo nepiogy COVID-19 y niteii ciocTepirajioch CyTTeBe MiIBULLIEHHS PiBHIB ITpO3araabHUAX
LUTOKIHIB: 171-6 (y 46,9 pa3y), OHII-o (y 43,2 pasy), In-1(y 39,9 pasy) ta IOH-o (y 8,7 pa3y) NOpiBHSIHO 3 KOHTPOJILHOIO
rpynop. Mapkepu 3anajaeHHs TaKOX MaJjiv 3Ha4HI BixuyieHHs: piBeHb D-numepy 3pocras y 12 pasiB, HEONITEPUHY —
B 11,8 pasy, CPB -y 4,6 pa3y. Kpim Toro, y mitTeil BinzHauasocs 3HWKeHHs piBHIB BiTaminy D3 (19,35 + 3,29 Hmob /1)
Ta OUHKY (7,91 + 2,26 MKMOJIb /1), 1110 6YJI0 3HAYHO HIKYMM 32 [I0Ka3HUKMA KOHTPOJIbHOI rpynu. [licsis 3aBeplieHHs
nikyBaHHS y giteit i3 COVID-19 6ys10 3adikcoBaHO 3HMKEHHS PiBHIB LIUTOKIHIB: [71-6 3HU3uBCA y 14,3 pasy, OHII-o -y
49,2 pasy, IOH-o - B 11,2 pagy. [TokazHuku Bitaminy D3 Ta uuHKy mocsriu ¢isiosioriyHux HOPM i He Manu
CTAaTUCTUYHO 3HAUyLIMX BiIIMiHHOCTEH BiJ, KOHTPOJIbHOI rpynu yepes 6 Mmicsuis. PiBHI iMyHOr100y1iHiB TaKOX
3Husunucs: IgM -y 2,7 pasy, IgE - y 10,6 pasy, IgA -y 3,3 pasy. [loka3HuKY 3anajeHHs, TaKi K [IPOKaJIbLIUTOHIH,
CPB, HeonTepuH, 3MEHIIMIINCS 0 PePEPEHTHUX BEJIMYUH, IO CBiJYNATh PO €PEKTUBHICTb JiKyBaHHSL.
JocninkeHHs epeKTUBHOCTI BaKIIMHalil TPOEMOHCTPYBAJIO, 0 Y BAKLIMHOBAHUX [IiTeil yepe3 6 MiCsIiB mics
BBeJIeHHs1 BakHU piBeHb IgG no SARS-CoV-2 cknagas 315,67 + 74,91 BAU /MJ1, 1[0 CTAaTUCTUYHO He Bifipi3HsIoCs
Bif] aHAJIOTIYHOTO MOKa3HUKaA y HiTeil, ki nepeHecau COVID-19 (344,71 + 87,62 BAU /M, p=0,11). Lle ninTBepmKye
eeKTUBHICTb BakuMHalii y GopMyBaHHI TPUBAIOro NpOTUiHPEKIINHOro 3aXUCTy. Y BAaKLIMHOBAHUX [iTel TaKOX
CIIOCTEPIrasocs 3HM>KEHH PiBHIB LIUTOKIHIB Ta MapKepiB 3alajieHHs 40 KOHTPOJIbHUX 3HA4Y€Hb, 110 BKa3ye Ha iXHIO
6esneyHicTb. EnekTpoHHa MiKpOCKOMist c1130BOi 060JI0HKU Ha30o(papruHreanpbHoOi 30HU y giteit 3 COVID-19 BusiBuia
O3HaKM Pi3HUX CTaJi 3alajeHHs, BKIYal4y ajbTepallilo, IOPyLIEeHH MIKpOLUPKYJIALl, eKCyAaliio Ta
npoutidepanito. Li pesysnpTaTi NifTBEPIKYIOTh POJIb JIOKAJIBHOTO 3anajeHHs y natoreHesi COVID-19. Bniepiue
IeTaJIbHO OMKCAHO CTPYKTYPHI 3MiHU CJIM30BOi OO0JIOHKHY, SIKi BiloOpakaloTh MEXaHi3MU ypaKE€HHS Ha
MiKPOCKOIIIYHOMY PiBHi, 10 JOMOBHIOE Cy4acCHi ysIBJIEHHS IIPO NIAaTOr€He3 KOPOHABIPYCHOI iH(eKLii y iTei.
MarematuyHi Mojiei, po3po0bJieHi B MeXXax IOCIIiIKEeHHs, JO3BOJIUIIN [IPOTHO3YBAaTH PU3MK PO3BUTKY YCKIIaAHEHb
3aJI€KHO Bif, piBHIB MapKepiB 3anajieHHs Ta MiKpOeJIEMEHTIB. byJIo BCTaHOBJIEHO, 110 HU3bKUY pPiBeHb BiTaminy D3
NIOB'SI3aHUH i3 Gi/IbII TPUBAJIMM NEPEOIrOM XBOPOOH, a BUCOKI PiBHI D-guMepy Ta HEONTEPUHY KOPEJIOIOTS i3
IiIBUIIEHUM PU3UKOM YCKJIaJHEeHb. Taki Moziesli MOXYTb OyTH BUKOPUCTAHI 17151 pO3POOKU iHAMBIIyalbHUX CXEM
JIiKyBaHHS Ta IPOQiIaKTUKU YCKIIAHEHB, 110 € 0COOJINBO BaXJIUBUM Y NefiaTpyuyHil npakruii. OKpim
BUIII€3a3HAYEHUX BUCHOBKIB, TOCJII)KEHHSI I03BOJIUJIO BUSIBUTH 3B’I30K MiXX piBHEM iMyHOTI00YJIiHIB Ta
TPUBAJIICTIO KJIiHIYHUX IIPOABIB Y AiTel. 30KpeMa, MiABuileHn piBeHb IgG y BAKIMHOBAHUX JITEN CBIYUTH IIPO
dbopmyBaHH# CTiFIKOTo iMyHHOTO 3axucty npotu COVID-19. Ile ninTBepaKye BaXXIMBICTh BaKIMHALIi] SIK HaZliiHOTO
IHCTPYMEHTY 3HMKEHHS 3aXBOPIOBAHOCTI CepeJl JUTAYOro HacesieHHs. [IpakTiyHe 3HaYeHHs JOCiIKEHHS [10JIsrae
y Po3po6ui onTumizoBaHoi cxemu JlikyBaHHa COVID-19 y ziTe i3 BKIIOYEHHSIM BiTaMiHHO-MiHEPaJILHOTO
KoMIuiekcy (Bitamin D3, Bitamin C, uuHK) 3 8-r0 nHs Teparii. Lle 103B0MI0 HOpMai3yBaTy 3anaibHi Ta
MeTaboJIiyHi OKa3HUKY Y 6inbuiocTi aiteil. Takox goBefieHO eeKTUBHICTD BaKlyHallii y pOpMyBaHHi CTiIKOTo
iMYHHOTO 3aXMCTY, 10 € KJII040BUM 14 npodinaktuku COVID-19 y nepiatpuyHii nonyssauii. JJocaimkeHHs
HiATBEPAWIIO 3HAYYIIICTh KOPEKLil iMyHOMETab0IiYHIX 3MiH [J1s1 PAHHBOI 1iarHOCTUKY, MOHITOPUHTY NIEPEOIry
3aXBOPIOBAHHS Ta POTHO3YBaHHS Pe3yJIbTaTiB JiKyBaHHS. lle cripuse migsuimeHHI0 e(peKTUBHOCTI Tepariii,
3MEHIIEHHIO PM3UKY YCKIJIAJIHEHD i 320€3MeYEHHIO 3a6€3[1€YEHHIO KPAIOro IMPOTrHO3Y 171 IiTeH, SIKi IepeHecIn
COVID-19. Knroyosi cnosa: COVID-19, SARS-CoV-2, nepebir, CymyTHS NaTOJIOris, KJIiHIKO-1ab0paTopHe
OOCTEXXEHHSI, MapKePHU 3alajleHHs, iMyHOMeTabo0Ili4Hi 3MiHM, BiTaMiHHO-MiHepaJIbHUI TOMEOCTa3,

uToMOpQOJIOoTriyHe NOCTiIKeHHS, JiKyBaHHS, BaKIMHALis, TiTH.

2. The dissertation is devoted to a comprehensive study of the clinical and pathogenetic features of the course of
COVID-19 in children, as well as the development of approaches to correcting immunometabolic changes and
assessing the effectiveness of vaccination. The study involved three groups: children with confirmed COVID-19
(group 1, n=68), children vaccinated against COVID-19 (group 2, n=31), and a control group of children without
signs of infection (n=28). Observations were conducted over six months, enabling the collection of detailed clinical,
laboratory, and immunological data. The main symptoms of COVID-19 in children included altered taste
sensations, cough, sore throat, shortness of breath, as well as muscle and joint pain. The most prolonged symptom



was altered taste sensation, which was observed in 64.71% of children at the beginning of the study and decreased
to 8.82% by the 18th week. Other complaints, such as cough and rhinitis, lasted up to 9 weeks, while sore throat
and shortness of breath resolved within 6 weeks. Muscle and joint pain also subsided after 6 weeks, indicating a
gradual resolution of the inflammatory process. During the acute phase of COVID-19 in children, there was a
significant increase in the levels of pro-inflammatory cytokines: IL-6 (by 46.9 times), TNF-o (by 43.2 times), IL-1 (by
39.9 times), and IFN-n (by 8.7 times) compared to the control group. Inflammatory markers also showed significant
deviations: D-dimer levels increased 12-fold, neopterin 11.8-fold, and CRP 4.6-fold. Additionally, children showed
reduced levels of vitamin D3 (19.35 + 3.29 nmol /L) and zinc (7.91 + 2.26 umol /L), which were significantly lower
than those in the control group. After treatment, children with COVID-19 showed a decrease in cytokine levels: IL-
6 decreased by 14.3 times, TNF-o by 49.2 times, and IFN-o by 11.2 times. Vitamin D3 and zinc levels normalized and
did not show statistically significant differences compared to the control group after six months. Immunoglobulin
levels also decreased: IgM by 2.7 times, IgE by 10.6 times, and IgA by 3.3 times. Inflammatory markers such as
procalcitonin, CRP, and neopterin decreased to reference values, confirming the effectiveness of the treatment.
The study of vaccination efficacy demonstrated that in vaccinated children, six months after vaccination, the IgG
level to SARS-CoV-2 was 315.67 + 74.91 BAU /mL, which was statistically indistinguishable from that in children who
had recovered from COVID-19 (344.71 + 87.62 BAU /mL, p=0.11). This confirms the effectiveness of vaccination in
forming long-term protective immunity. Vaccinated children also exhibited reductions in cytokine levels and
inflammatory markers to control values, indicating the safety of vaccination. Electron microscopy of the
nasopharyngeal mucosa in children with COVID-19 revealed signs of various stages of inflammation, including
alteration, microcirculation disorders, exudation, and proliferation. These findings confirm the role of localized
inflammation in the pathogenesis of COVID-19. For the first time, detailed structural changes in the mucosa were
described, reflecting the mechanisms of damage at the microscopic level, complementing modern understandings
of the pathogenesis of COVID-19 in children. Mathematical models developed within the study allowed for the
prediction of the risk of complications depending on the levels of inflammatory markers and trace elements. It was
established that low vitamin D3 levels were associated with a more prolonged disease course, while elevated levels
of D-dimer and neopterin correlated with an increased risk of complications. In addition to the above findings, the
study identified a relationship between immunoglobulin levels and the duration of clinical manifestations in
children. In particular, elevated IgG levels in vaccinated children indicate the formation of stable immune
protection against COVID-19. This highlights the importance of vaccination as a reliable tool for reducing
morbidity in the pediatric population. Proposed mathematical models can be used to individualize therapeutic
interventions based on clinical and laboratory parameters. The practical significance of the study lies in the
development of an optimized treatment regimen for COVID-19 in children, incorporating a vitamin-mineral
complex (vitamin D3, vitamin C, zinc) starting from the 8th day of therapy. This approach normalized inflammatory
and metabolic indicators in most children. The efficacy of vaccination in forming stable immune protection has
also been proven, which is crucial for preventing COVID-19 in the pediatric population. The study confirmed the
significance of correcting immunometabolic changes for early diagnosis, monitoring disease progression, and
predicting treatment outcomes. This contributes to improving the effectiveness of therapy, reducing the risk of
complications, and ensuring a better prognosis for children who have had COVID-19.
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