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PE3IOME

AkKTyanbHicTb. [10CTKOBIOHWIN CUHAPOM Y AiTel XapakTepu3yeTbCs MynbTUCUCTEMHUMM
MOPYLLUEHHSIMM Ta MOXE CyNpOBOXKYBaTUCS TPUBANO eHA0TEMIANbHOK ANCHYHKLIE,
aKTuBaLi€eto KoarynsauinHoro kackagy 1 cyokniHiYH1M kapgiansHum ctpecom. NT-proBNP
i D-gumep po3rnagalTbesa SK YYTNUBI MapKepyu cepLeBO-CYAVMHHOMO 3anyyvyeHHs nicns
SARS-CoV-2, npoTte ix B3aEMO3B'sI30K 3 rymoparbHOK iMyHHO BignoBigawo y Aiten
3anunWaeTbCcsl HEAOCTAaTHLO BUBYEHNM.

MeTta po60Tu — OLiHNTK B3aEMO3B’A30K Mix piBHem IgG no SARS-CoV-2 Ta nokasHu-
kamy D-gumepy n NT-proBNP sik nabopaTtopHMMu Mapkepamu cepLeBO-CyaANHHUX 3MiH
y AiTen 3 NOCTKOBIAHNM CUHOPOMOM.

Marepianu Ta metoau. MpoBeaeHO OQHOLIEHTPOBE BigKPUTE MPOCMNEKTUBHE KOrOPTHE
pocnigxeHHs 3a yvacTio 110 giten Bikom 5-12 pokiB: 80 nauieHTiB 3 KMiHIYHO Bepu-
hikoBaHUM MOCTKOBIAHUM cuHapomoM Ta 30 AiTelt KOHTPONbHOI rpynu 6e3 aHamHesy
SARS-CoV-2. PisHi IgG no SARS-CoV-2, NT-proBNP i D-aumepy Bu3Ha4ann MeTofom
iMmyHOobepMeHTHOro aHanidy. CTaTUCTUYHWUIA aHarni3 BKIOYaB OLHKY po3Mnoginy AaHuX,
MiXTPyroBi NOPIBHAHHSA Ta kopensuiiHui aHani3 (SPSS v.26, Statistica v.13).
Pesynbratu. Y gitent i3 NOCTKOBIOHMM CMHAPOMOM BUSIBMIEHO AOCTOBIPHO BWLL PiBHI
D-gumepy Ta NT-proBNP nopiBHsAHO 3 KOHTpOnbHOW rpynot (MegiaHa = 91 npotu
1,24 wr/mn Ta 4,95 npotn 0,45 Hr/mn BignosigHo). BcTtaHoBNEHO NOMipHWIA MO3u-
TUBHUI KOpPensuiiH1iA 3B’A30K M piBHAMKM IgG Tta D-gumepy (r = 0,55; p < 0,001),
Todi fK CTaTUCTUYHO 3HadyLloi acouiauii mix IgG Ta NT-proBNP He BusiBneHo. Mix
NT-proBNP Ta D-gnmepom ifgeHTUdIKOBaHO AyXe CUMbHUI NO3UTUBHUIN KOPENSaLUiiHNA
3B’A30K (r = 0,88; p < 0,001). CtateBux BigMIHHOCTEN 3a >XOOHUM i3 OOCNIAKYBaHUX
MapKepiB He BCTaHOBIEHO.

BucHoBku. lNoeaHaHe nigsuweHHsa D-gumepy ta NT-proBNP i ix cunbHa B3aemosanex-
HIiCTb BigoOpaxatoTb €anHUIN NaTogI3IoNOoriYyHWIN Kackag eHaoTenianbHoOi AncdyHKuii
Ta KapAianbHOro CTpecy y AiTei 3 NOCTKOBIAHMM CMHOPOMOM, ToAi sik IgG acouitoeTbes
nepeBaXHO 3 KoarynsauinHUMn 3aMiHamMu.

JlamueBa O.B., Hepenbcbka C.M. Kopensuis Mix iMyHHOW BigMOBigA0 Ta KapgioBacKynsipHUMK - 3MiHamu

y naiten nicna SARS-CoV-2:

3HaveHHs IgG, NT-proBNP Tta D-gumepy. BicHuk Xapkigcbko2o Hauyio-
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ABSTRACT

Background. Post-COVID syndrome in children is characterized by a multisystem
course and may be accompanied by persistent cardiovascular involvement. Alterations
in markers of endothelial activation, coagulation, and cardiac stress, particularly
NT-proBNP and D-dimer, may reflect subclinical cardiovascular damage following
SARS-CoV-2 infection. However, the relationship between these markers and humoral
immune response in pediatric patients remains insufficiently studied.

Purpose - to assess the association between IgG levels to SARS-CoV-2 and D-dimer
and NT-proBNP concentrations as laboratory markers of cardiovascular involvement
in children with post-COVID syndrome.

Materials and Methods. A single-center open prospective cohort study included
110 children aged 5-12 years. The main group consisted of 80 patients with clinically
verified post-COVID syndrome, while 30 children without a history of SARS-CoV-2 infection
formed the control group. Serum levels of IgG to SARS-CoV-2, NT-proBNP, and D-dimer
were measured using enzyme-linked immunosorbent assay. Statistical analysis included
intergroup comparisons and correlation analysis (SPSS v.26, Statistica v.13).

Results. Children with post-COVID syndrome demonstrated significantly higher levels
of D-dimer and NT-proBNP compared with controls (median = 91 vs 1.24 ng/mL and
4.95 vs 0.45 ng/mL, respectively). A moderate positive correlation was found between
IgG and D-dimer (r = 0.55; p < 0.001), while no significant association was observed
between IgG and NT-proBNP. A very strong positive correlation was identified between
NT-proBNP and D-dimer (r = 0.88; p < 0.001). No sex-related differences were detected
for any of the studied markers.

Conclusions. The combined elevation of D-dimer and NT-proBNP and their strong
association reflect a unified pathophysiological cascade of endothelial dysfunction and
subclinical cardiac stress in children with post-COVID syndrome, whereas IgG levels are
primarily associated with coagulation abnormalities.

Liamtseva OV, Nedelska SM. Correlation between immune response and cardiovascular alterations in children
after SARS-CoV-2 Infection: the role of IgG, NT-proBNP, and D-Dimer. The Journal of V.N. Karazin Kharkiv National
University. Series Medicine. 2026;34(1(58)):7-22. DOI: https://doi.org/10.26565/2313-6693-2026-58-01

BCTYN

SARS-CoV-2 iHdekuUiss, nonpy nepeBaxHO merkui
nepebir y AiTen, acouiloeTbCA 3 PU3MKOM PO3BUTKY
TpUBanux MOCTIHEKLiINHNX 3MiH, BiAOMMX K nocTko-  of
BigHi [1, 2, 3]. 3a gaHMMK MeTaaHani3iB Ta NoNyNALIMHNX
ornsgie, 15-40% Aaiten nicns roctpoi dasn iHdekuii
NPOOOBXYOThb Big4yBaTU CUMMTOMM, IO 30epiraloTbes
noHag 4—12 TVXHIB i XapakTepusyrTbCa MyNbTUCUCTEM-
HICTIO MPOSIBIB: acTeHi€l0, roNoBHMM Oonem, Taxikapaieto,
3HWKEHHSIM TONEePaHTHOCTI A0 (hi3NYHOro HaBaHTAXXEHHS,
po3nagamun CHy N KOTHITUBHUMUW nopyLueHHamu [3, 4, 5].
YactuHa AdiTerd AEeMOHCTpye NposiBW, WO HaragylTb
NOCTBIPYCHUI CUHAPOM, TOAj 5K iHLWi MaloTb O3HaKW Kapai-
anbHUX, CyOVHHMX abo MIKpPOLMPKYNATOPHUX po3nagis,
HexapaKTePHUX ANS KNacUYHOI peKOHBanecLeHLii.

[MaToreHe3 NOCTKOBIAHOIO CUHAPOMY Yy AiTEN PO3rns-
JaeTbCsl AK GaraToakTopHWI Mpouec, Lo BKIYaE
eHpoTenianbHy AUCKYHKLtO,
NOpYLUEHHST MIKPOLMPKYNALUIT Ta TpuBany HU3bKOpIiBHEBY
akTuBauito 3ananeHHs [6, 7, 8, 9]. ImyHonorivyHi mexa-
Hi3Mn SARS-CoV-2 cnpuyunHsioTb OUCPErynsuio LuTo-
KIHOBOrO Mpodinto, akTMBaLilo KoarynsuinHux Kackagis
Ta 3MiHW Y OYHKLIOHYBaHHI €HAOTENIt0, O NiATBEPAXEHO
Yy YUCMEHHUX eKCnepuMEeHTanbHUX | KMiHIYHUX [ocni-
mkeHHax [10, 13, 14, 15]. MaTtomopdonoriyHi cnocrte-
PEXEHHS BKa3yloTb Ha YpaXeHHs CyaMHHOro pycna,
MiKpoTpomMb03u Ta eHpoTenianbHy AMCHYHKLiI0 HaBiTb
npn nerkomy nepebiry COVID-19 [15, 16], wo moxe
NOSICHIOBaTV TpUBAny rinepkoarynsuito Ta 3aMiHM CyAUHHOT
PeakTUBHOCTI Y YaCTUHU NaUEHTIB AUTAYOrO BIKY.

iIMyHHY MepcucTeHLito,

INTRODUCTION

SARS-CoV-2 infection, despite its predominantly
mild course in children, is associated with the risk
developing persistent post-infectious changes
collectively referred to as post-COVID syndrome [1, 2, 3].
According to meta-analyses and population-based
reviews, 15-40% of children continue to experience
symptoms beyond 4-12 weeks after the acute phase
of infection. These manifestations are characterized
by multisystem involvement and include fatigue,
headache, tachycardia, reduced exercise tolerance,
sleep disturbances, and cognitive impairment [3, 4, 5].
Some children present with features resembling a post-
viral syndrome, whereas others exhibit signs of cardiac,
vascular, or microcirculatory dysfunction that are not
typical of classical convalescence.

The pathogenesis of post-COVID syndrome in children
is considered multifactorial, involving immune persistence,
endothelial dysfunction, microcirculatory disturbances,
and sustained low-grade inflammatory activation [6, 7, 8, 9].
The immunological effects of SARS-CoV-2 contribute
to cytokine profile dysregulation, activation of coagulation
cascades, and alterations in endothelial function,
as demonstrated in numerous experimental and clinical
studies [10, 13, 14, 15]. Pathomorphological observations
indicate  vascular  involvement, microthrombosis,
and endothelial dysfunction even in cases of mild
COVID-19 [15, 16], which may explain the persistence
of hypercoagulability and altered vascular reactivity
in a subset of pediatric patients.

OpuwuriHanbHi gocnigpKeHHs

8 Original research


https://doi.org/10.26565/2313-6693-2026-58-01
mailto:e.lyamtseva96@gmail.com

BicHuKk XapkiBCbKOro HaLjioHanbLHOro yHiBepcuteTy iMeHi B.H. KapasiHa.

Cepia MeguumHa. 2026. T. 34. Ne 1(58). C. 7-22
The Journal of V.N. Karazin Kharkiv National University.
Series Medicine. 2026;34(1(58)):7-22

ISSN 2313-2396 (Online)
ISSN 2313-6693 (Print)

CyavHHI Ta KoarynsuinHi NOpyLUEHHS CTaHOBMATb
BaXNMBY CKnagoBy MOCTKOBiAHOro kackagy. [liosu-
WweHun piBeHb D-gvmepy onuMcaHO $§IK 4acTy O3HaKy
COVID-19 — acoujoBaHoi koarynonarii y giTel, a B Okpe-
MUX JOCTIIKEHHAX BUSIBITEHO OT0 NEPCUCTEHLLiKO MPOTArOM
Kinbkox MmicauiB nicns iHdpekuii. Lle Bignosigae koHuenuii
SARS-CoV-2 — iHgykoBaHoOi eHpoTenionartii, ska cynpo-
BOOXKYETBCS MOPYLUEHHAM MIKpOLMPKYnsAUil Ta TpuBanum
GibpuHoniTMyHMM gucbanaHcom [7, 11, 12, 13].

Okpemy yBary npuvBepTarTb CEpLEBO-CYAUHHI 3MiHU
y giten nicna SARS-CoV-2. [JoBegeHo, WO HaBiTb
3a BiACYTHOCTi MaHiheCTHOro MynbTUCUCTEMHOTO 3anarib-
Horo cuHgpomy (M3C) abo multisystem inflammatory
syndrome (MIS-C) moxyTb peecTpyBaTuCs NiABULLEHI
piBHi NT-proBNP, amiHn npoBigHOCTi iMnynbCiB Big CUHY-
COBOIO BYy351a, 3HWKEHHS NOKa3HMKIB AiacToniYHOI yHKLIT
abo TPaH3UTOPHI MOPYLIEHHS CUCTOSMIYHOI  (PyHKLUT
miokapga [17, 18, 19, 20, 31]. MigBuweHHA HaTpiny-
pPEeETUYHMX NEenTUAIB y LbOMY KOHTEKCTi pO3rnsgaeTbes
SIK Mapkep cyOkniHiYHOro KapgiansHoro cTpecy, noe’s3a-
HOro 3 eHAoTeNianbHOW ANCAYHKLIE, MikpOTpOMbO3amu
abo 3ananbHMMK 3mMiHamK B cepueBomMy M'a3i [18, 20].

Baxnueo, WO HasiBHi AaHi, BKIOYHO 3 YKPaiHCbKMMU
OOCTiIKEHHAMN, NiATBEPAXYIOTb: Yy AiTe 3 MNOCTKO-
BiOHUM CMHOPOMOM riabopaTtopHi 3MiHM MOXyTb 36epi-
ratmcst Npyu MiHiManbHUXx abo HecneumndivyHNX KIiHIYHNX
ckaprax [27, 28, 29]. Lle nigkpecntoe HeobXigHiCTb gocni-
PKeHHs nabopaTopHux OioMapkepiB Sk iHCTPyMEHTIB
PaHHbOro BUSBMEHHS CYOKMNiHIYHMX MOPYLUEHb.

Monpwn 3pocTatoydy KinbKiCTb poBIT, NUTaAHHA CniBBIA-
HOLLEHHS MK iIMYHHOK BigNOBIAA4, KoarynauinHUMu
3MiHaMu Ta kapgianbHuMK Giomapkepamu B AiTel 3anu-
LWATbCA HEeAOCTaTHbO BMBYEHUMW. 30Kpema, mnpak-
TUYHO BIACYTHI KOMMNMEKCHI negiaTpuydHi AOCRIAXEHHS,
sKi 6 ogHoyacHo ouiHoBanu piBHi IgG no SARS-CoV-2,
D-gnmepy Ta NT-proBNP gns Bu3HaveHHs iX B3aemo-
3B’A3KYy Ta MOTEHLiMHOI NaTogisionoriYyHoi ocCi «iMyHHa
nepcucTeHuis — eHgoTenianbHa OUCKHYHKUIA — Kapgi-
anbHUN CTpec».

MeTa po60TM — OLHUTN B3AEMO3B’A30K MiX piBHEM
IgG no SARS-Cov-2 Ta piBHem D-gimepy Ta NT-proBNP
AK  cneumdivHMMKM  Mapkepamu  ypaXKeHHsi cepLeBo-
CYAVHHOI cUCTEMU Yy AiTer 3 NOCTKOBIAHUM CUHOPOMOM.

MATEPIAAU TA METOAU AOCAIAXEHHSA

3rigHo 3 An3aHoOM, JOCHiMKEHHSI BUKOHAHO SIK OQHO-
LEHTPOBE MNPOCMNEKTUBHE KOFOPTHE  CrOCTEPEXEHHS
Ha 6a3i KomyHanbHOro HekoMepLiHOro nignpuemcraa
«Micbka gutada nikapHs Ne 5» 3anopisbkoi Micbkoi pagu.

o Bubipkn yBiMwno 110 nauieHTiB, skux Oyno
po3nogineHo Ha [ABi rpynu 3anexHo Big piBHA 1gG
0o SARS-CoV-2: rpyna 1 — nauieHTu 3 MOCTKOBIAHWM
cvHapomowm; rpyna 2 (koHTpornbHa) — 30 nauieHTis, siKi
He Manu NoCTKOBIZAHOTO CUHAPOMY.

KpuTtepismu gnsa BkntodeHHs Oynu: Bik Big 5 Oo
12 pokiB; nigTBepmkeHni cuHapom nicnss COVID-19 nig
yac rocnitanisauii 4o KoMyHanbHOro HekomepuilnHOro
nignpuemctea «Micbka gutava nikapHs Ne 5» 3ano-
Pi3bKOI MICbKOi pagm, L0 BUHUKAE MK 4 i 12 TMXKHAMU
nicna  3agokymeHtoBaHoi  iHdekuii  SARS-CoV-2,
NiATBEPAKEHOT MOMiMepasHO NaHLroBo peakuieto

Vascular and coagulation abnormalities constitute
a key component of the post-COVID cascade. Elevated
D-dimer levels have been described as a common feature
of COVID-19 — associated coagulopathy in children, and
several studies have reported their persistence for months
following the acute infection. These findings are consistent
with the concept of SARS-CoV-2 —induced endotheliopathy,
characterized by microcirculatory impairment and sustained
fibrinolytic imbalance [7, 11, 12, 13].

Particular attention has been drawn to cardiovascular
alterations in children after SARS-CoV-2 infection.
Evidence indicates that even in the absence of clinically
manifest multisystem inflammatory syndrome (MIS-C),
elevated NT-proBNP levels, abnormalities in sinoatrial
impulse  conduction, reduced diastolic function
parameters, or transient impairment of myocardial systolic
function may be detected [17, 18, 19, 20, 31]. In this
context, increased natriuretic peptide levels are regarded
as markers of subclinical cardiac stress associated with
endothelial dysfunction, microthrombosis, or inflammatory
changes within the myocardium [18, 20].

Importantly, available evidence, including data
from Ukrainian studies, indicates that laboratory
abnormalities may persist in children with post-COVID
syndrome despite minimal or nonspecific clinical
complaints [27, 28, 29]. This underscores the importance
of investigating laboratory biomarkers as tools for the
early detection of subclinical dysfunction.

Despite the growing body of literature, the relationship
between immune response, coagulation abnormalities,
and cardiac biomarkers in children remains insufficiently
explored. In particular, there is a marked lack
of comprehensive pediatric studies that simultaneously
assess IgG antibodies to SARS-CoV-2, D-dimer, and
NT-proBNP in order to determine their interrelationships
and to evaluate the potential pathophysiological axis of
«immune persistence — endothelial dysfunction — cardiac
stress».

Objective — was to assess the relationship between
IgG levels to SARS-CoV-2 and the concentrations
of D-dimer and NT-proBNP as specific biomarkers
of cardiovascular system involvement in children with
post-COVID syndrome.

MATERIALS AND METHODS OF RESEARCH

According to the study design, the investigation was
conducted as a single-center prospective cohort study
at the Municipal Non-Profit Enterprise «City Children’s
Hospital No. 5» of the Zaporizhzhia City Council.

A total of 110 patients were included in the study and
were divided into two groups based on their IgG levels
to SARS-CoV-2: Group 1 consisted of patients with post-
COVID syndrome; Group 2 (control group) comprised
30 patients without post-COVID syndrome.

The inclusion criteria were as follows: age between
5 and 12 years; confirmed post-COVID syndrome during
hospitalization at the Municipal Non-Profit Enterprise
«City Children’s Hospital No 5» of the Zaporizhzhia
City Council, developing between 4 and 12 weeks
after documented SARS-CoV-2 infection confirmed
by polymerase chainreaction (PCR)during the acute phase
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(MNP) y nepioa roctporo 3axsoptoBaHHss Ha COVID-19
3a ocTaHHi 4-12 TwxHiB abo HasBHicTio aHTuUTIn IgG
po S-6inka SARS-CoV-2 BignoBigHO [0 cTaHgapTty
World Health Organization (WHO), a came pesynbratiB
KiNbKiCHOro TecTy B nmepepaxyHky Ha BAU/mn (Binding
Antibody Unit); Ta HapaHHA iHopmoBaHOi 3rogu
Ha yvacTb y gocnigkeHHi. [itn, ski yBiilWNM OO0 OCHO-
BHOI rpynu, Gynu rocnitaniaoBaHi 3 IMXOMaHKO, CUMI-
TOMaMM iHTOKCUKALIT Ta YpaKeHHsIM OpraHiB Ta cuctem
3 pi3HMM CTyneHeM TsbkkocTi. MNepebyBaHHA giten Oyrno
Ha 0asi BiaaineHHs aHecTesionorii, iHTeHCUBHOI Tepanii
Ta xpoHiyHoro gianidy (BAIT ta X[1), negiatpnyHoro Biaai-
neHHsa Ne 1 Ta negiatpuyHoro BigaineHHsa Ne 2.

[o KpuTepiiB BUKMOYEHHSA Hanexanu: BiK OUTUHKU
< 5 abo > 12 pokiB; AEKOMMEHCOBaHI XPOHIiYHi 3aXBOpHo-
BaHHS, BigMoBa 0aTbKiB Bif y4acTi y 4OCMIOKEHH.

YciMm yyacHukam npoBOAUNM KMiHIYHE OMNUTYBaHHS,
306ip aHamHe3y, BUMIPIOBaHHS 4acTOTU CepLeBuX CKOpO-
YeHb Ta apTepianbHOrO TUCKY, a TaKOX peecTpyBanu
enekTpokapgiorpamy Ans BUSIBNEHHS MOPYLUEHb PUTMY
Ta nposigHocTi. JlabopaTopHi OOCNimXEHHS BKMYanm
BM3Ha4eHHs piBHIB IgG o S- 6inka SARS-CoV-2 metogom
iMyHocbepmeHTHOro aHanidy (BAU/mr), OUiHKY KOHUEH-
Tpauii D-gumepy (Hr/mn) (VioVendor. Human D-dimer
ELISA, Czech Republic. Elabscience) metogom ELISA,
a Takox BusHadeHHs NT-proBNP (Human NT-proBNP
(N-Terminal Pro Brain Natriuretic Peptide), ELISA Kit,
USA) metogom ELISA (Hr/mn). [ocnigxeHHs BUKOHaHO
3 BUKOPWCTaHHAM anapara NOBHOMMALLKOBOrO iMyHodep-
MEHTHOro aHanisatopa Sirio-S (Seac, Italy).

CraTtucTnyHy o6pobKy BUKOHYBanm 3 BUKOPUCTAHHAM
SPSS v.26, Statistica v.13 Ta MOBHOro cepegosuLia
Python. HopmaneHicTb po3noginy nepesipsanu 3a kpute-
piem Lanipo—Yinka, npyu ubOMy BCi OCHOBHi MOKa3HMKK
Manu HeHopmarnbHWIA PO3MOAIM, WO 3yMOBMWIIO 3aCTOCY-
BaHHA HenapameTpuyHWX MeTogiB aHanidy. [ns nopis-
HSHHS rpyn BMKOpPUCTOBYBanu Kputepin MaHHa—BiTHI
Ta t- kpuTepin Benkbya B pasi HepiBHOCTI gncnepcin. Kope-
NAUiHI 3B’3KM OLiHIOBanu 3a koediuieHToMm MipcoHa abo
CnipMeHa, 3anexHo Bif XapakTepy posnoginy; gopat-
KOBO OyayBanu NiHilHy perpecito Ta BignoBigHi rpadiyHi
Bidyanisauii. Yci pesynsratu npeacTtaBneHo y BuUrmsAgi
MefiaH, MKKBapTUIbHUX iHTepBaniB, CepeaHix 3Ha4YeHb
Ta CTaH4apTHUX BiAXWUMNEHb BiANOBIAHO 4O BUMOr cTaTuc-
TUYHOrO oopMreHHs. PiBeHb CTaTUCTUYHOI 3Hauy-
wocTi BcTaHoBmnoBanu sk p < 0,05. MpadivHi maTepianu
(rictorpamu, box-plot, KopensauinHi giarpamu Ta Tennosi
kapTu) ctBopeHo y Python i3 BukopucTaHHsam Gibniotek
matplotlib i seaborn.

PE3YABTATU

Y pocnigpkeHHs Oyno BkroveHo 110 giter Bikowm
5-12 pokiB, 3 Aknx 80 nauieHTiB CTAHOBUNN OCHOBHY rpyny
3 KMiHIYHO BCTAQHOBMEHUM MOCTKOBIAHUM CUHOPOMOM,
a 30 piten 6e3 aHamHesa wopo SARS-CoV-2 iHdekuil
Ha MOMEHT JOCHIAKEHHS YBIALWNN A0 KOHTPOSLHOI Fpynu.
Cepeq aiten ocHoBHOI rpynun 6yno 37 xnonyukis (46,3%)
Ta 43 piBunHkM (53,7%). OuiHoBanu Tpu kno4voBi nabo-
paTopHi Mapkepu nMocTkoBigHoro ctaHy: IgG go S-6inka
SARS-CoV-2, NT- proBNP ta D-gumep. [Insa Bcix nokas-
HWKIB SIK B OCHOBHIIN rpyni, Tak i B ctaTeBux nigrpynax
OCHOBHOI Tpynu, po3nogin 3HayeHb BiOPI3HABCA Bif

of COVID-19 within the preceding 4-12 weeks, or the
presence of IgG antibodies to the SARS-CoV-2 S-protein
in accordance with World Health Organization (WHO)
standards, specifically quantitative test results expressed
in BAU/mL (Binding Antibody Units); and provision
of informed consent for participation in the study.

Children included in the main group were hospitalized
with fever, symptoms of intoxication, and multisystem
involvement of varying severity. Hospitalization occurred
in the Department of Anesthesiology, Intensive Care and
Chronic Dialysis, as well as in Pediatric Department No. 1
and Pediatric Department No 2.

The exclusion criteria were age < 5 or > 12 years;
decompensated chronic diseases; and refusal of parental
consent for participation in the study.

All participants underwent a clinical interview, medical
history assessment, measurement of heart rate and blood
pressure, and electrocardiographic recording to detect
rhythm and conduction abnormalities.

Laboratory investigations included determination
of IgG antibodies to the SARS-CoV-2 S-protein using
an enzyme-linked immunosorbent assay (ELISA),
with results expressed in BAU/mL; measurement
of D-dimer levels (ng/mL) using ELISA (VioVendor
Human D-dimer ELISA, Czech Republic; Elabscience);
and assessment of NT-proBNP concentrations (Human
NT-proBNP [N-Terminal Pro Brain Natriuretic Peptide]
ELISA Kit, USA) by ELISA (ng/mL).

All assays were performed using the Sirio-S full-plate
immunoassay analyzer (Seac, ltaly).

Statistical analysis was performed using SPSS
version 26, Statistica version 13, and the Python
programming environment. Normality of distribution
was assessed using the Shapiro-Wilk test; as the
main variables demonstrated non-normal distributions,
nonparametric methods were applied. Group comparisons
were conducted using the Mann-Whitney U test and
Welch’s t-test in cases of unequal variances. Correlation
analyses were performed using Pearson’s or Spearman’s
correlation coefficients, depending on data distribution.
Linear regression models and corresponding graphical
visualizations were additionally constructed. Results are
presented as medians with interquartile ranges, as well
as means with standard deviations, in accordance with
statistical reporting standards. Statistical significance
was defined as p < 0.05. Graphical representations
(histograms, box plots, correlation scatter plots, and
heatmaps) were generated in Python using the matplotlib
and seaborn libraries.

RESULTS

A total of 110 children aged 5-12 years were included
inthe study. Ofthese, 80 patients comprised the main group
with clinically established post-COVID syndrome, while
30 children without a history of SARS-CoV-2 infection
at the time of assessment were assigned to the control
group. Among the children in the main group, there
were 37 boys (46.3%) and 43 girls (53.7%). Three key
laboratory markers of the post-COVID condition were
evaluated: 1gG antibodies to the SARS-CoV-2 S-protein,
NT-proBNP, and D-dimer. For all parameters, both in the
main group and in the sex-based subgroups of the main
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HopManbHoro (p < 0,001 3a Tectom Lanipo-Yinka), Tomy
NP1 NOPIBHSHHSIX BUKOPUCTOBYBANM NEPEBAXHO KPUTEPIN
MaHHa-BiTHi, JonoBHeHuN t-TecTom Bernbua.

KniHiyHa KapTMHa NOCTKOBIgHOMO CUHAPOMY Yy AiTen
5-12 poki., siKi yBIMILLNM 4O OCHOBHOI rpynu, Mana Myrib-
TUCUCTEMHUI XapakTep | XapakTepudyBanacsi nepea-
XaHHAM aCTeHiYHUX, HelpoBereTaTMBHMX Ta 3anarbHuX
cumnTomiB. HanuacTiwummn ckapramy 6ynu 3aranbHa
cnabkicTb, ska Bia3Hadvanacs y 91,3% naujieHTis, Ta nuxo-
MaHka — y 96,3% paiten, Wo cBiguMTb Npo 36epexeHHs
CMCTEMHOI 3ananbHOi peakuii y BiAHOBHOMY nepiogi nicns
SARS-CoV-2-iHdekuii.

3 6oky HepBOoBOI cuctemy y OGinbLIOCTI NauieHTiB
OCHOBHOI rpynu peecTpyBanuncs nopyLueHHs cHy (72,5%)
Ta 3HWXKEHHS KOHUeHTpauii yBaru (63,8%), a ronosHui
6inb cnocTepirasca y 57,5% giten. Lli cumntomn Hepigko
noegHyBanucst Mk coboto Ta Manu TpuBanuin nepeoir,
O BKa3ye Ha 3anyyeHHs LEHTpanbHUX PerynsaTopHux
mexaHiamie. Cepef pecnipaTopHMX MPOSBIB Y 3HAYHOI
YacTuHuM diTen Bia3HadvaBcs kawernb Yy 55,0%, a BiguyTTs
yTpyaHeHoro amxaHHs —y 61,3% nauieHTiB. MacTpoiHTec-
TUHanbHI cuMATOMK ByNKn NpeacTaBneHi abaomiHanbHUM
bonem (68,8%) Ta HygoTot (46,3%), WO NiATBEPOKYE
MYNBLTUCUCTEMHICTb NMOCTKOBIQHOMO CUHOPOMY.

Y GinbLUOCTi AiTen cnocTepiranocs NOEAHaHHSA TPbOX
i BinbLue KNiHIYHMX CUMNTOMIB, L0 dbOpMyBarno nonicumn-
TOMHMI nepebir nocTkoBigHOro cuHapomy. BusBneHa
KniHiYHa KapTMHa CTBOPOE NiAr'pYHTA ANng iHTepnpertadii
BMSIBNIEHUX 3MiH nabopaTtopHux MapkepiB Ta nopanb-
LLIOrO aHarisy ixHix B3aEMO3B’'A3KiB 3 iIMyHHUMU 11 KapAio-
BaCKyMSAPHUMY NOKa3HUKaMU.

B ocHoBHil rpyni piBHi IgG go SARS-CoV-2 xapakTe-
pu3yBanucs 3Ha4Hol BapiabenbHicTio Ta Bigobpaxanu
nepeHeceHy iHdekuilo 1 opMyBaHHA rymMoparbHOl
Bignos.igi. Mpwu ananisi 3a ctarTio piBHi IgG BGynu nopid-
HUMW Y XnonyukiB i giB4atok. CepegHe 3Ha4YEHHA CTaHO-
Buno 6,95 BAU/Mn y xnonuukis i 6,72 BAU/mn y giB4aTtok,
megiaHn — 8,64 ta 8,95 BAU/mn BignosigHo, MixkBap-
TUNbHI AianasoHn — 5,70-9,27 Tta 3,14-9,29 BAU/mn.
3a kputepieM MaHHa—BiTHIi CTaTUCTUYHO 3HAYYLUMX
BiAMiHHOCTeW He BusABMneHo (p = 0,87); pesynbratu t-tecty
Benbua 6ynu yarogxeHnmu (p = 0,79), Wwo cBig4mTb Npo
BiACYTHICTb CTaTeBOro AMMopai3amy rymoparnbsHoi Bigno-
Biai y OiTen nepegnybepraTHOro BiKY.

Y koHTponbHin rpyni (n = 30), wWo Bknoyana fiten
6e3 nigTBepaxkeHoi SARS-CoV-2 iHdekuii, piBeHb
IgG po SARS-CoV-2 3anuvuaBcs HU3bKMM Ta OAHO-
pioHum. CepeaHe 3HayeHHs ctaHoBuno 0,426 BAU/mn,
megiaHa — 0,394 BAU/mn, gianasoH — 0,071-0,854 BAU/mn,
wo Bignoeigae MiHiMansHUM (OOHOBUM TUTpaM, Xapak-
TEPHUM [Ana cepoHeraTMBHOi nonynsuii. CtaHgapTHe
BioxuneHHss cknagano 0,227 BAU/mMn. 3a kputepiem
Wanipo—Yinka p = 0,051, wo BKasye Ha po3nogin,
6nn3bKn O HOPMarbHOTO.

PiseHb D-gnmepy y Aiten OCHOBHOI rpynu, ski nepe-
Hecnu SARS-CoV-2 Ta mManu KniHiYHi O3HaKW MOCTKO-
BIJHOTO CUHAPOMY, XapakTepuayBaBCH 3HAYHOK MiXiH-
OuBigyanbHo BapiabenbHicTio. 3HayYeHHs KonmBanucs
B Mexax 1,24—-160,0 Hr/mn 3 BUpaxxeHow npaBobiYHO
acMMeTpIielo  po3nodiny Ta HasIBHICTIO  MOOAMHOKMUX
BUCOKMNX 3Ha4yeHb noHag 100 Hr/mn.

Mepiana ctaHoBuna 6nmsbko 91 Hr/mMn, WO CBIiAYUTL
npo nigBuLWeEHUN piBeHb D-gumepy y 3Ha4yHOI 4acTuHU

cohort, the distribution of values deviated from normality
(p <0.001 according to the Shapiro—Wilk test). Accordingly,
group comparisons were primarily performed using the
Mann—Whitney U test, supplemented by Welch'’s t-test.

The clinical presentation of post-COVID syndrome
in children aged 5-12 years in the main group was
multisystemic in nature and characterized predominantly
by asthenic, neurovegetative, and inflammatory
symptoms. The most common complaints were general
weakness, reported in 91.3% of patients, and fever,
observed in 96.3% of children, indicating persistence
of a systemic inflammatory response during the
convalescent period following SARS-CoV-2 infection.

Neurological manifestations were common among
patients in the main group. Sleep disturbances were
reported in 72.5% of children, impaired concentration
in 63.8%, and headache in 57.5%. These symptoms
frequently co-occurred and tended to persist over time,
suggesting involvement of central regulatory mechanisms.

Respiratory symptoms were also prevalent: cough was
observed in 55.0% of children, and shortness of breath
in 61.3% of patients. Gastrointestinal manifestations
included abdominal pain in 68.8% and nausea in 46.3%,
further supporting the multisystem nature of post-COVID
syndrome.

In the majority of cases, three or more clinical
symptoms were present simultaneously, resulting
in a polysymptomatic course of the condition. This
clinical profile provides a framework for interpreting the
observed laboratory alterations and for further analysis
of their associations with immune and cardiovascular
parameters.

In the main group, IgG levels
to SARS-CoV-2 demonstrated considerable variability,
reflecting prior infection and the development of a humoral
immune response. Sex-based analysis showed
comparable IgG levels in boys and girls. The mean values
were 6.95 BAU/mL in boys and 6.72 BAU/mL in girls; the
median values were 8.64 and 8.95 BAU/mL, respectively,
with interquartile ranges of 5.70-9.27 BAU/mL in boys
and 3.14-9.29 BAU/mL in girls. No statistically significant
differences were identified using the Mann—Whitney U test
(p = 0.87), and the results were consistent with Welch’s
t-test (p = 0.79), indicating the absence of sex-related
differences in the humoral immune response among
prepubertal children.

In the control group (n = 30), which included children
without confirmed SARS-CoV-2 infection, 1gG levels
remained low and relatively homogeneous. The mean
value was 0.426 BAU/mL, the median was 0.394 BAU/mL,
and the range was 0.071-0.854 BAU/mL, corresponding
to minimal background titers typical of a seronegative
population. The standard deviation was 0.227 BAU/mL.
According to the Shapiro-Wilk test (p = 0.051), the
distribution in the control group was close to normal.

D-dimer levels in children of the main group who had
recovered from SARS-CoV-2 infection and presented with
clinical manifestations of post-COVID-19 syndrome were
characterized by marked interindividual variability. The
values ranged from 1.24 to 160.0 ng/mL, with pronounced
right-skewness and the presence of isolated elevated
measurements exceeding 100 ng/mL.
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nauieHTiB, BOAHOYAC y YacTWHW LiTel peecTpyBanucs
HM3bKi 3Ha4eHHs (1-10 Hr/Mn), siki MOXyTb Bigobpaxartu
Pi3HMI CTYNiHb akTMBaUii KoarynsuiHoro kackagy abo
reTepOoreHHICTb NOCTKOBIAHOIO CTaHy.

licTorpama posnoginy D-aumepy (puc. 1) AemMoHcTpye
aCUMETPUYHNIA OAHOBEPLUMHHWIA PO3MOAiN 3 OCHOBHOM
KOHLIEHTpaLiel0 3HayYeHb Y HWXHbO-CepeaHboMYy Aiana-
30Hi Ta AOBrMM NpaBoBIiYHUM «XBOCTOM», chopMoBaHUM
NMOOAVMHOKUMW BUCOKMMMW MOKa3HMKamu, Wo Bigobpaxae
reTeporeHHIiCTb KoarynsauiiHoi Bignosigi y giten i3 noct-
KOBiZAHUM CYHLPOMOM.
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The median D-dimer level was approximately
91 ng/mL, indicating elevated concentrations
in a substantial proportion of patients. At the same
time, a subset of children demonstrated low values
(1-10 ng/mL), which may reflect varying degrees
of coagulation cascade activation or heterogeneity of the
post-COVID condition.

The histogram of D-dimer distribution (Fig. 1)
demonstrates an asymmetric unimodal pattern, with the
majority of values concentrated in the lower-to-middle
range and a long right-sided tail formed by isolated
high measurements. This distribution reflects the
heterogeneity of the coagulation response in children with
post-COVID-19 syndrome.

o

20 60

T

80

100 120 160

D-gumep, Hr/mn / D-dimer, ng/ml

Puc. 1. lictorpama posnoginy D-gumepy y nauieHTiB OCHOBHOI rpynu
Fig. 1. Histogram of D-dimer distribution of patients in the main group

Box-plot (puc. 2) Bipobpaxae LIMPOKMIA MiKKBap-
TUMbHUIA PO3MaXx i HAsIBHICTb AEKiNbKOX BUCOKUX BUKUAIB,
BKITIOYHO 3 MakcumanbHUM 3HadeHHsM 160,0 Hr/mn,
LLO CBiAYUTbL MPO CYTTEBY rETEPOrEHHICTb CTYNEHS aKTu-
BaLil KoarynsauiiHoi cuctemMu y fiTen i3 NOoCTKOBIOHUM
CYHLPOMOM.
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The box-plot (Fig. 2) demonstrates a wide
interquartile range and the presence of several high
outliers, including a maximum value of 160.0 ng/mL,
indicating substantial heterogeneity in the degree
of coagulation system activation among children with
post-COVID-19 syndrome.

OcHoeHa rpyna / Main group

Pwuc.2. Box-plot po3noginy [-anumepy 0CHOBHOI rpymnu
Fig.2. Box-plot of the D-dimer distribution of the main group

Y KOHTPOMbHIA rpyni cepegHe 3HaveHHa D-gu-
mMepy ctaHoBuno 1,99 Hr/mn, megiaHa — 1,24 Hr/mn,
mexi — 1,14-3,76 Hr/mn, wo Bignosigae disionorivHomy

In the control group, the mean D-dimer level was
1.99 ng/mL, the median was 1.24 ng/mL, and the range
was 1.14-3.76 ng/mL, corresponding to the physiological
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JianasoHy ansa autadvoro Biky. CTaHAapTHE BiOXWMMNEHHA
popisHioBano 0,94 Hr/mn. 3a kputepiem LUanipo—Yinka
p = 0,0016, Tomy po3nogin BBaxanu HeHopMarbHUM,
Lo 6yno NoB’sA3aHO 3 HasIBHICTIO HEBENUKOI rpynu Oiten
i3 gewo niaBuweHnMn 3HavyeHHsaMu. OCHOBHa 4acTuHa
nokasHukiB nepebyesana B pgianasoHi 1,1-1,5 Hr/mn,
Wo BignoBigae HopManbHUM abo GNM3bKMM OO HOPMMU
piBHaM D-gmmepy, ToAi Sk OKpema rpyna 3HayeHb
2,5-3,8 Hr/mn BigoGpaxana disionoriyHi - Bapiauii.
Takox cnif, 3a3Ha4YnTM BY3bKUIN MDKKBAPTUITbHUIA pO3MaXx
HaBKOJ0 HOpMaribHKX 3HaveHb (~1,2—1,5 Hr/mn) Ta kinbka
BULLIMX 3HAYEHb 0e3 ABHMX NaTONOriYHNX BUKMAIB.
MopiBHAHHA  piBHIB  D-gnMepy MK  OCHOBHOMO
Ta KOHTPONBbHOK rpynamu rfokasano BKpan 3HadyLly
pisHuuto. 3a t-kputepiem Benb4a cepegHii  piBeHb
D-gvmepy B OCHOBHIM rpyni (npubnusHo 62,1 Hr/mm)
OyB OOCTOBIPHO BULLMM, HiX Yy KoHTponi (1,99 Hr/mm;
p = 5,65 x 107'8). Pesynbrat HenapaMeTpuyHOro Tecty
MaHHa—BiTHi ©6ynu ysrogpxeHumu (p = 6,51 x 1078),
Wo nigTBEpPOXYE HaSABHICTb ICTOTHOI rinepkoaryns-
LiiHOT aKTUBHOCTI caMe Yy KOropTi AiTen 3 NOCTKOBIOHUM
cuHapomom. Box-plot nopiBHSAHHS (pyc. 3) AeMOHCTpYE,
LLIO B OCHOBHIl rpyni MiXXKBapTUnbHUI Aianas3oH D-aumepy
nepebysae npubnusHo B iHTepsani 10-100 Hr/mn, Togi
SIK Y KOHTPOMbHi — B Mexax 1,2—2,5 Hr/mn, 6e3 Bukuais
Ta 3 MiHiManbHo BapiabenbHicTio. HagiTb MiHiManbHO
nigsuLeHi pisHi D-aumepy B 340poBuUX AiTeN He nepe-
KpuBanu 3Ha4YeHHs, XapakTepHi 4 MOCTKOBIQHOIO CTaHy.

range for children. The standard deviation was 0.94 ng/mL.
According to the Shapiro—Wilk test (p = 0.0016), the
distribution was non-normal, which was attributable
to a small subgroup of children with slightly elevated
values. The majority of measurements were concentrated
within the 1.1-1.5 ng/mL interval, corresponding to normal
or near-normal D-dimer levels, whereas a smaller
subset of values (2.5-3.8 ng/mL) reflected physiological
variability. A narrow interquartile range around normal
values (~1.2-1.5 ng/mL) and the absence of distinct
pathological outliers should also be noted.

Comparison of D-dimer levels between the main and
control groups demonstrated an extremely significant
difference. According to Welch’s t-test, the mean D-dimer
level in the main group (approximately 62.1 ng/mL) was
significantly higher than in the control group (1.99 ng/mL;
p = 5.65 x 107'®). The results of the nonparametric
Mann—Whitney U test were consistent (p = 6.51 x 10°8),
confirming the presence of marked hypercoagulable
activity specifically in the cohort of children with post-
COVID-19 syndrome. The comparative box-plot (Fig. 3)
demonstrates that the interquartile range of D-dimer in the
main group was approximately 10-100 ng/mL, whereas
in the control group it ranged from 1.2 to 2.5 ng/mL,
without outliers and with minimal variability. Even
minimally elevated D-dimer levels in healthy children
did not overlap with the values characteristic of the post-
COVID condition.
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Puc. 3. Box-plot nopiBHHSI NokasHukiB [1-4umepy OCHOBHOI rpynu Ta rpynu KOHTPOIo
Fig. 3. Box-plot comparison of D-dimer indicators of the main group and the control group

PiBHi NT-proBNP y nauieHTiB OCHOBHOI rpynu Takox
Manu LWWPOKUA [iana3oH | Big3Ha4Yanucs 3Ha4yHoK
MiXiHOUBIAyanbHOW BapiabenbHicTio, WO Bigobpaxae
Pi3HUA CTYNiHb CepueBO-CYAMHHOI PeakTUBHOCTI Micns
nepeHeceHoi SARS-CoV-2 iHdekuii. [llicns Bukmo-
YEHHs1 MPOMycKiB y aHani3 BkM4eHO 86 AiTelt BikOM
5-12 pokiB. 3Ha4yeHHss NT-proBNP BapitoBanu B mexax
0,012-9,18 Hr/mMn 3 BUpaxeHow npaBobGiYHOW acume-
Tpieto posnoginy. binbwicTe AiTer mManu NoKasHUKK
B iHTepBani 4,5-5,5 Hr/mn, To4i SK y HEBEMNWKOI YacTUHU
(<5%) peecTpyBanmca $§K [OyXe HWU3bKi 3HAYEHHS
(<0,1 Hr/mn), Tak i nigBuWeHi piBHI nNoHag 8 Hr/mn.
CepenHe 3Ha4YeHHs CTaHOBWIIO 412 Hr/Mn,
mMegiaHa — 4,95 Hr/mn, cTaHgapTHe BIOXWMNEHHA —
npubnuaHo 2,12 Hr/mMn, MiKKBapTUNbHUA Aiana3oH —
3,15-5,31 Hr/mn.

NT-proBNP levels in patients of the main group also
demonstrated a wide range and marked interindividual
variability, reflecting differing degrees of cardiovascular
reactivity following SARS-CoV-2 infection. After exclusion
of missing values, 86 children aged 5-12 years were
included in the analysis. NT-proBNP concentrations
ranged from 0.012 to 9.18 ng/mL, with pronounced right-
skewness of the distribution. The majority of children
had values within the 4.5-5.5 ng/mL interval, whereas
a small proportion (<5%) exhibited either very low levels
(<0.1 ng/mL) or elevated concentrations exceeding
8 ng/mL. The mean NT-proBNP level was 4.12 ng/mL,
the median was 4.95 ng/mL, the standard deviation was
approximately 2.12 ng/mL, and the interquartile range
was 3.15-5.31 ng/mL.
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lictorpama posnoginy NT-proBNP (puc. 4) nokasye
YiTKO BMPaXeHy OCHOBHY MOMyMsLit0 3HAYEHb Y Mexax
4-6 Hr/Mn i3 «XBOCTOMY», WO TArHETbCA 00 BULLIUX
KOHLUEHTpaUin, Ta OKPEMUMWU BUCOKMMU 3HAYEHHSMU
0o 9,18 Hr/mn. Box- plot (puc. 5) AEMOHCTPYE LUMPOKUIA
MDKKBaApTUNbHUI po3max (mpubnusHo 0,5-5,3 Hr/mn),
BEPXHi ByC A0 9,18 Hr/mMn Ta NOOAMHOKI BMKMAW, SKi
MOXYTb MaTV KniHiYHE 3HAYeHHs 9K MNOTEHLiNHI Mapkepu
GinbLL BMpaxeHoro MiokapziansHoro cTpecy. [MigBuLLeHi
piBHi NT-proBNP y yactuHu gitern MOXyTb CBIg4MTM Npo
CyOKniHIYHE HaBaHTaXXEeHHS Ha Miokapa, Lo NiATBEPOXKY-
€TbCA Cy4YaCHVMMW AaHUMU LLIOAO KapAioBaCKYMNsIiPHUX
Hacnigkis COVID-19 Ta MynbTUCMCTEMHOIO 3ananbHOro
CYHOPOMY Y AiTen.
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Pwuc. 4. Tictorpama posnoginy NT-proBNP
Fig. 4. Distribution histogram NT-proBNP

Y koHTponbHin rpyni piseHb NT-proBNP GyB HM3bKkuM
Ta BiOHOCHO opHopigHWM. MepiaHHe 3Ha4YeHHs CTaHo-
Buno 0,45 Hr/mn, gianasoH — 0,09-0,81 Hr/mn, ctah-
paptHe BigxuneHHs — 0,28 Hr/mn, wo Bigobpaxae
WiNbHMI KnacTep isionoriyHnx 3HaveHb 6e3 iCTOTHMX
BioxuneHb. Tect Lanipo—Yinka BusIBUB CTaTUCTUYHO
3HauyLy HeHopMarbHicTb po3noginy (p = 0,015), ogHak
Ui BiOXUNEHHS 3yMOBMEHi Kinbkoma OGinbll BUCOKUMMU
3HayeHHsMK (0,7-0,8 Hr/mn) i He MatoTb KNIHIYHOT 3HaYY-
wocTi. Y uinomy npodine NT-proBNP y KOHTpOmnbHIn
rpyni BignoBigas TUMOBUM HU3bKUM (i3ioNOorivYHUM PiIBHAM
i MiHiManbHi BapiabenbHOCTI.

[Insi ouiHKM B3aEMO3B’A3Ky MiXK N'yMOpPanbHO iMyHHOO
BIANOBIAAK Ta CTAHOM KOoarynsuiiHoi CUCTEMU B OCHOBHIl
rpyni NPoOBEAEHO KOPEnAUIMHWM aHania MK KOHUEeHTpa-
uieto 1IgG po SARS-CoV-2 Ta piBHem D-gumepy. llicns
BUITYYEHHSI KOHTPOSIbHUX 3HaYeHb [0 aHanisy BKITHYEHO
78 naujeHTiB. BCTaHOBMEHO CTaATUCTMYHO 3HaYyLLMIN
NPAMUIA KOPENSLiNHWIA 3B’A30K MiX piBHAMYK IgG Ta D-gu-
mepy (r = 0,55; p = 7,3 x 107). OTpumannin koedilieHT
CBiA4YNTb MPO NOMIPHY MO3UTUBHY KOPEnsiLito, Lo Bigobpa-
)KEHO Ha pPO3CitoBaribHil giarpami 3 NiHiINHOK perpeciiHow
mozenmo (puc. 6): i3 3poctaHHsaM TuTpy IgG cnocTepira-
nocs nponopuivHe nigBuLLEHHS piBHA D-anmepy.

Taknii TN B32EMO3B’A3KY MOXeE BKaldyBaTW Ha MOen-
HaHHS NePCKCTYOYOI aKTVBaLlii rymoparnbHOi iMyHHOI Bigno-
Bifli 3 TPMBANoO CyOKMiHIYHOI aKTMBHICTIO KOArymnsLinHOro
Kackagy y YaCTUHM [iTe i3 NOCTKOBIgHUM CUHOPOMOM.

N5 oUiHK1 NOTEHLINHOTO 3B’A3KY MiXK Mapkepamu KapAi-
anbHOro CTpecy Ta iIHTEHCMBHICTIO rymMoparbHOi BianoBigj
NpoBEAEHO KOPenALiNHWM aHani3 Mk piBHaMn NT-proBNP
Ta 1IgG o SARS-CoV-2 y giteri ocHoBHOI rpynu. llicns
BMKIMIOYEHHSI KOHTPOMBHUX MPOMYCKIB 4O aHarnidy yBinLLn
84 nauieHTn. CTaTUCTUYHO 3HAJyLLOro KopensuiitHoro
3B’s13ky He BusiBrieHo (r = 0; p > 0,05), pesynsratn 6e3

The histogram of NT-proBNP distribution (Fig. 4)
demonstrates a clearly defined main cluster of values
within 4—6 ng/mL, with a right-sided tail extending toward
higher concentrations and isolated elevated values
up to 9.18 ng/mL. The box-plot (Fig. 5) shows a wide
interquartile range (approximately 0.5-5.3 ng/mL),
an upper whisker reaching 9.18 ng/mL, and several
outliers that may have clinical relevance as potential
markers of more pronounced myocardial stress.
Elevated NT-proBNP levels in a subset of children
may indicate subclinical myocardial strain, consistent
with contemporary evidence regarding cardiovascular
sequelae of COVID-19 and multisystem inflammatory
syndrome in pediatric populations.

NT-proBNP (xr/vn /ng/ML)
N ON B O ®
T T

1

Puc. 5. Box-plot NT-proBNP
Fig. 5. Box-plot NT-proBNP

In the control group, NT-proBNP levels were low
and relatively homogeneous. The median value was
0.45 ng/mL, with a range of 0.09-0.81 ng/mL and
a standard deviation of 0.28 ng/mL, reflecting a compact
cluster of physiological values without significant
deviations. The Shapiro-Wilk test demonstrated
statistically significant non-normality of the distribution
(p = 0.015); however, this deviation was attributable
to several relatively higher values (0.7-0.8 ng/mL) and
had no clinical relevance. Overall, the NT-proBNP
profile in the control group corresponded to typical low
physiological levels with minimal variability.

To assess the relationship between humoral immune
response and the state of the coagulation system in the
main group, a correlation analysis was performed
between IgG concentrations to SARS-CoV-2 and D-dimer
levels. After exclusion of control values, 78 patients were
included in the analysis. A statistically significant direct
correlation was identified between IgG and D-dimer
levels (r = 0.55; p = 7.3 x 1077). This coefficient indicates
a moderate positive correlation, as illustrated in the scatter
plot with linear regression model (Fig. 6): increasing
IgG titers were associated with a proportional rise
in D-dimer levels.

This type of association may indicate the coexistence
of persistent humoral immune activation and prolonged
subclinical activation of the coagulation cascade
in a subset of children with post-COVID-19 syndrome.

To evaluate a potential relationship between markers
of cardiac stress and the intensity of the humoral
response, a correlation analysis was performed between
NT-proBNP and IgG levels to SARS-CoV-2 in children
ofthe main group. After exclusion of missing control values,
84 patients were included in the analysis. No statistically
significant correlation was identified (r = 0; p > 0.05), and

OpuwuriHanbHi gocnigpKeHHs

Original research



BicHuk XapkKiBCbKOro HaLioHanbHOro yHiBepcuteTy imeHi B.H.

Cepia MeguumHa. 2026. T. 34. Ne 1(58). C. 7-22
The Journal of V.N. Karazin Kharkiv National University.
Series Medicine. 2026;34(1(58)):7-22

KapasiHa. ISSN 2313-2396 (Online)

ISSN 2313-6693 (Print)

160 —— Trend line
120} R%=0,55; p=7,3x10~7
E
100 =
= ~
g 80 ¥ 5 Bes EW X P X
i= X % ol 7
B >
A 60f X
> X
= Y
% 40 F // X X
x s o
~ P
§ 207 e o ¥
= - X A
< 20t %
[a) X X % g
0 ’S@o}x X X
0.0 25 5.0 7.5 10.0 12/58 1510 17/5
IgG, BAU/ml

Puc. 6. Po3scitoBanbHa giarpama D-gumepy 3 MiHiiHOK perpecinHoo MoAen o nauieHTiB OCHOBHOI rpynu
Fig. 6. D-dimer scattering diagram with linear regression model of core group patients

TeHAeHUii 0 3pocTaHHA abo 3HwkeHHs NT-proBNP npu
3MmiHi TMTpy IgG. Lle cBigunTb, WO CTyNiHb rymoparnsHoi
BiANOBIAl Y AiTen i3 NOCTKOBIAHUM CUHOPOMOM He MOB’S-
3aHWI i3 BUPaXEHICTI0 MapKepiB MiokapaianbHOro cTpecy,
a NT-proBNP, 1iMoBipHO, Bigobpakae iHLi naHKM nocTKo-
BigHOI naTonori.

3Ha4yHO HWMN XapakTep MaB B3aEMO3B'A30K MK
NT-proBNP ta D-gnmepom. [Ins Moro ouiHku npoBeaeHo
KopensuinHui aHania Mk koHueHTpauismu NT- proBNP
Ta piBHeM D-gumepy B AiTen OCHOBHOI rpynu, siki nepe-
Hecnn SARS-CoV-2 iHgekuito Ta Manu KiiHivHi NposiBu
MOCTKOBIOHOrO CcMHAPOMY. [10 po3paxyHKy BKITHOYEHO
66 nauieHTiB NiCrsa BUKMIOYEHHS MPOMYCKiB Ta HEKOPEKTHUX
3Ha4eHb. BCTaHOBNEHO BUPaXXEHU NO3UTUBHUIA NiHIMHUN
KOpensiuinHni 38’30k BMCOKOI cunm Mk NT-proBNP
Ta D-gumepom: r = 0,88; p = 3,29x10 22 Lle cBiguutb,
wo 3poctaHHa NT-proBNP cynpoBogXyeTbcs  Bigno-
BioHMM nigBuweHHam D-gumepy. PoscitoBanbHuii rpadik
3 niHieto perpecii (puc. 7) AEMOHCTPYE YiTKUIA BUCXIAHWUN
TpeHa: OGinblIiCTb CNoCTEpPEeXeHb rpynyTbCs B3OOBX
npsimoi perpecii, npuyomy gianasoH NT-proBNP 3—6 Hr/mn
nepesaxHo Bignosigae piBHSM D-gumepy 80—110 Hr/mn,
a Hu3bki 3HaveHHa NT- proBNP (0,01-0,2 Hr/mn) acouito-
I0TbCSA 3 MiHIManbHUMK piBHaAMK D-gumepy (1— 5 Hr/mn).
OTpumaHi gaHi ceigyaTh NPo TICHWI 3B’A30K MiXK MapKkepom
cybKniHIYHOro CTpecy Miokapga Ta NOKa3HMKOM akTuBauii
Koarynsiuii Ta eHgoTenianbHOro YLLIKOMKEHHS.

[na  KOMNAEKCHOI XapaKTepUCTUKM B3aEMO3B’A3KIB
MDK  OOCRigKYBaHUMW  MapKepamm B OCHOBHIN  rpyni
nobyaoBaHO KOpensuiiHy MaTpuuto, WO BKYana piBHi
IgG po SARS-CoV-2, NT-proBNP Ta D-gnmepy. Bubip-
KOBMM METOAOM MpW BU3HAYEHHI MOKa3HWKIB 4O aHanidy
Oyno BkmoyeHo 62 nauieHTn. KoediuieHTn kopensuii
MipcoHa craHoBunu: ansa napu IgG-NT-proBNP r = 0,47,
onsa 1gG— D-gumep r = 0,58, ans NT-proBNP-D-gumep
r = 0,88. Tennoea kapTa (puc. 8) 4EMOHCTPYE AOMIHYHOYMIA
kopensuinHmin knactep NT-proBNP, D-gumepy Ta noMipHi
no3nTMBHI 38’3kK IgG 3 oboma nokasHvkamu, opmyroun
€AVHY naTtoqisionoriyHy BiCb «iMyHHE HaBaHTaKEHHA —
eHpoTenianbHa peakTUBHICTb — KapAianbHUN CTPECy.

CrateBunn aHania NT-proBNP B ocHOBHiA rpyni
He BUWSBUB CYTTEBUX BIiAMIHHOCTEM MK XMONYMKamu

no trend toward increasing or decreasing NT-proBNP
levels with changes in IgG titers was observed. These
findings suggest that the magnitude of the humoralimmune
response in children with post-COVID-19 syndrome is not
directly associated with the degree of myocardial stress,
and that NT-proBNP likely reflects other components
of post-COVID pathophysiology.

In contrast, the relationship between NT-proBNP
and D-dimer demonstrated a markedly different pattern.
A correlation analysis between NT-proBNP concentrations
and D-dimer levels was conducted in children of the main
group who had recovered from SARS-CoV-2 infection
and exhibited clinical manifestations of post-COVID-19
syndrome. After exclusion of missing and invalid values,
66 patients were included in the analysis. A strong positive
linear correlation of high magnitude was identified between
NT-proBNP and D-dimer (r = 0.88; p = 3.29 x 10%),
indicating that increases in NT-proBNP were accompanied
by proportional elevations in D-dimer levels. The scatter
plot with regression line (Fig. 7) demonstrates a clear
upward trend, with most observations clustered along the
regression line. NT-proBNP values within the range of
3—6 ng/mL predominantly corresponded to D-dimer levels
of 80—-110 ng/mL, whereas low NT-proBNP concentrations
(0.01-0.2 ng/mL) were associated with minimal D-dimer
levels (1-5 ng/mL). These findings indicate a close
relationship between a marker of subclinical myocardial
stress and a marker of coagulation activation and
endothelial injury.

For a comprehensive characterization of the
relationships among the studied biomarkers in the main
group, a correlation matrix was constructed including
IgG to SARS-CoV-2, NT-proBNP, and D-dimer levels.
Using a case-wise inclusion approach, 62 patients were
included in the analysis. Pearson correlation coefficients
were as follows: for the IgG—NT-proBNP pair, r = 0.47;
for IgG-D-dimer, r = 0.58; and for NT-proBNP-D-dimer,
r=0.88.

The heatmap (Fig. 8) demonstrates a dominant
correlation cluster between NT-proBNP and D-dimer,
along with moderate positive associations between IgG
and both markers, forming a unified pathophysiological
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Puc. 7. PoscitoBanbHa giarpama NT-proBNP 3 niHinHoto perpecinHoto Moaenmio (nauieHTiB OCHOBHOI rpynu)
Fig. 7. NT-proBNP scattering diagram with linear regression model (major group patients)

Ta giB4atkamu. CepeaHe 3Ha4YeHHS CTaHOBUMO 3,74 Hr/mn
y xnonuukie (n = 32) ta 3,11 Hr/mn y aiB4aTtok (n = 42),
mMegiaHn — 5,04 ta 4,19 Hr/mn, MiXKKBapTUNbHI giana3oHn —
1,96-5,31T1a0,27-5,22 Hr/mn BignosigHo. PisH1USA He gocsa-
rana ctaTMcTu4yHoi 3HavyLocTi (p = 0,26 3a MaHHa—BiTHi;
p = 0,26 3a t-tectom Benbua), Wo niaTBEPOAXKYE BiACYT-
HICTb CcTaTeBOro ANMOpi3My MapKepiB CepLIEBOro CTpecy
y Aiten nepennybepraTHOro BiKy.

PiBHi D-gnmepy B 060X cTaTeBuX Nigrpynax Takox
Manu  3Ha4Hy  MiXiHOuBigyanbHy — BapiabenbHicTb
i3 NOOAMHOKMMU BUCOKMMU 3HAYEHHAMU noHaz 100 Hr/mn.
Y xnonuukiB (n = 36) cepedHin piBeHb D-gumepy
cTaHoBuB 62,70 Hr/mn, y giByatok (n = 36) — 61,47 Hr/mm;
megiaHn — 87,51 Ta 91,87 Hr/mn, IQR — 15,01- 97,82 Ta
7,82-97,82 Hr/mn BignoBigHo. [lopiBHANbHMI aHani3
HEe BWSABMB [LOCTOBIPHUX TEHAEPHUX BiAMIHHOCTEN
(p = 0,84 3a MaHHa-BiTHi; p = 0,91 3a t-Tectom Benbua).
Y3aranbHio4u, aHania crtateBux BiAMIHHOCTEN MoKasaBs
BiACYTHICTb reHgepHoro aumopdismy y piBHax 1gG,
NT-proBNP Ta D-gumepy B Aitenn Bikom 5-12 pokis
i3 NOCTKOBIOHUM CUHOPOMOM, LU0 Y3romKyeTbcs 3 isio-
noriyHMMKn ocobnueocTaMK NnepeanybepTaTHoro nepioay,
KONnu cTaTeBi TOPMOHU L& HE YMHATb CYyTTEBOIO BMIMBY
Ha IMYHHi, KapgianbHi 4K KoarynsuinHi  MexaHiamu
perynsuii.

Y KOHTPOMbHIV rpyni AiTen, fki He Manu KriHiYHWUX
NposiBiB MOCTKOBIQHOTO CUHAPOMY Ta nabopaTopHuMx
03HaK CUCTEMHOrO 3anarneHHs!, NpoBeAeHO KopensuinHum
aHania mix piBHamu IgG go SARS-CoV-2, D-gumepy
Ta NT- proBNP. bByno BctaHOBMeHO, WO YCi KoedilieHTn
kopensuii NipcoHa nepebysanu B gianasoHi Big 0,02 go
0,08, wWwo cBig4YMTL NPO MPaKTU4HO MOBHY BIACYTHICTb
NiHINHXX B32EMO3B’A3KIB MK AOCHiIAXYBaHUMU Mapke-
pamu. lNMepeBaxHa BiNblWiCTb AiTEN KOHTPOSMbHOI rpynu
mana Huabki 3HaveHHs NT- proBNP (0,09-0,81 Hr/mm)
i D-gumepy (1,14-3,76 Hr/mn), xapaktepHi ansa disio-
NOriYHOro cTaHy 6e3 akTmBauii koarynauiiHoro Kackagy
abo osHak MiokapaiansHoro ctpecy. PiBHi 1gG Takox
nepebyBann B MexXax HU3bKOMO3UTUBHOrO abo rpaHuy-
Horo pianasoHy (0,07-0,85 BAU/mn), wo Bigobpaxae
BiJCYTHICTb aKTMBHOI NOCTIHEKLiNHOT iIMyHHOT Bignosiai,
LLIO XapaKTepHe AN naLieHTiB, AKi He Marnu NoCTKOBIgHOM

axis described as «immune burden - endothelial
reactivity — cardiac stress».

Sex-based analysis of NT-proBNP levels in the main
group did not reveal significant differences between
boys and girls. The mean value was 3.74 ng/mL in boys
(n = 32) and 3.11 ng/mL in girls (n = 42); the median
values were 5.04 and 4.19 ng/mL, respectively, with
interquartile ranges of 1.96-5.31 ng/mL in boys and
0.27-5.22 ng/mL in girls. The difference did not reach
statistical significance (p = 0.26 by the Mann-Whitney
U test; p = 0.26 by Welch'’s t-test), confirming the absence
of sex-related differences in cardiac stress markers
among prepubertal children.

D-dimerlevelsinbothsexsubgroupsalsodemonstrated
marked interindividual variability, with isolated high
values exceeding 100 ng/mL. In boys (n = 36), the mean
D-dimer level was 62.70 ng/mL, whereas in girls (n = 36)
it was 61.47 ng/mL; the median values were 87.51 and
91.87 ng/mL, respectively, with interquartile ranges
of 15.01-97.82 ng/mL in boys and 7.82-97.82 ng/mL
in girls. Comparative analysis did not reveal statistically
significant sex-related differences (p = 0.84 by the
Mann-Whitney U test; p = 0.91 by Welch’s t-test).

Overall, the analysis of sex-based differences
demonstrated the absence of gender dimorphism in IgG,
NT-proBNP, and D-dimer levels among children aged
5—-12 years with post-COVID-19 syndrome. These findings
are consistent with the physiological characteristics of the
prepubertal period, during which sex hormones do not
yet exert a substantial influence on immune, cardiac,
or coagulation regulatory mechanisms.

In the control group of children without clinical
manifestations of post-COVID-19 syndrome or laboratory
signs of systemic inflammation, correlation analysis was
performed between IgG to SARS-CoV-2, D-dimer, and
NT-proBNP levels. All Pearson correlation coefficients
ranged from 0.02 to 0.08, indicating an almost complete
absence of linear relationships among the studied
biomarkers. The vast majority of children in the control
group had low NT-proBNP values (0.09-0.81 ng/mL)
and D-dimer levels (1.14-3.76 ng/mL), consistent with
a physiological state without activation of the coagulation
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cuHApomy. 3 ornsaay Ha obmexeHy BapiabenbHiCTb Nokas-
HUKIB i HAsIBHICTb MPOMYCKIB Y YaCTUHI AaHuX, Ui pe3ynb-
TaTu cnig po3rnsaaaTtu K ONMCOBY XapaKTepuUcTuky disi-
OIOriYHOro CTaHy KOHTPOSbHOI BMBIPKM, L0 NiATBEPOXKYE
cTabinbHUIA remocTas, iHTaKTHICTb eHAOTENito Ta BioCyT-
HiCTb nabopaTopHMX O3HaK KapAianbHOr0 HaBaHTaXEHHS
y 300pOBUX LiTEN.

0.47

NT-proBNP

D-dimer

[s]€] NT-proBNP

cascade or evidence of myocardial stress. IgG levels
were also within the low-positive or borderline range
(0.07-0.85 BAU/mL), reflecting the absence of an active
post-infectious immune response, as expected in children
without post-COVID-19 syndrome.

Given the limited variability of the parameters and
the presence of missing values in a subset of cases,
these findings should be interpreted as a descriptive
characterization of the physiological status of the control
sample, confirming stable hemostasis, intact endothelial
function, and the absence of laboratory indicators
of cardiac burden in healthy children.
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Puc. 8. Kopensuiina matpuusa mix IgG, NT-proBNP T1a D-gumepom nauieHTiB OCHOBHOI rpynu
Fig. 8. Correlation matrix between IgG, NT-proBNP and D-dimer of core group patients

OBrOBOPEHHS

Pesynbtatm  npoBegeHOro  Hamu  AOCHIOKEHHS
OEMOHCTPYIOTb HasBHICTb CYTTEBUX 3MiH KoarynsiuinHmux
Ta kapdianbHux GiomapkepiB y AiTen i3 NOCTKOBIOHWUM
CUHOPOMOM, LLIO Y3rOKYETLCS 3 CYHaCHUMU YSBIIEHHSIMU
Nnpo XxapakTep i naTtoreHe3 MNOCTKOBIAHOIO CUHOPOMY
y nediaTpudHii nonynauii. Y Hawwii KoropTi Big3HavyeHo
3HayHe nigBuweHHs piBHiB D-gumepy Ta NT-proBNP,
pa3oM i3 HasBHICTIO NOMIPHOIT Kopensuii Mk TuTpamu IgG
0o SARS-CoV-2 Ta nokasHukamu KoarynsiliiHoi akTuB-
HOCTi, a TakoX [Oyxe TiCHOro 3B’a3ky Mix NT-proBNP
Ta D-gumepom. OTpumaHi paHi nigkpecniowTb B3ae-
MOMOB’sI3aHiCTb  F'yMOpanbHOi  BigMOBi4i, eHpoTeni-
anbHOi AMCMYHKUIT Ta KapAianbHOro HaBaHTaXKEHHS, K
hopmyloTb XapakTepHuin GionoriyHmin nNpodinb NocTKo-
BiHOro CTaHy B fiTeNn.

3a gaHumu yncneHHux ornsaais, Long COVID y giten
peani3yeTbCs  MEpPEBaXHO  4Yepe3  MYJIbTUCUCTEMHI
MOPYLUEHHS, WO BKIOYAKTb acTeHilo, ronoBHWUA Oinb,
3HWKEHHSI TONEPAHTHOCTI A0 HaBaHTAXEHHS!, KOTHITUBHI
TPYAHOLLi, KapaianbHi Ta MiKpOLMPKYNATOPHI 3MiHn [1, 2,
3, 4, 5]. Hawi pesynsrat y3roaxyTbCs 3 LMW BUCHOB-
KaMu, eMOHCTPYo4Un nabopaTopHi MapKepu, xapakTepHi
Ons NOCTIHEKUINHOro eHgoTenianbHOrO Ta Kapgianb-
Horo gucbanaHcy. 3okpema, cuctematunyHi ornsagn Radtke
et al. Ta Lopez-Leon et al. nokasanu, wo 15-40% giten
MatoTb TpuBani cumntommn nicrna SARS-CoV-2, HaBiTb
nicna nerknx opm iHdeKUii, WO BKa3ye Ha ypaxeHHs,
SKe He 3aBXOWM KOPEemntoe 3 TSKKICTHO rocTpol dasu [2, 4].
Hawi gaHi wopo nigsuweHoro NT-proBNP ta D-gumepy

DISCUSSION

The results of our study demonstrate significant
alterations in coagulation and cardiac biomarkers
in children with post-COVID-19 syndrome, consistent with
current concepts regarding the nature and pathogenesis
of this condition in the pediatric population. In our cohort,
markedly elevated levels of D-dimer and NT-proBNP were
observed, along with a moderate correlation between IgG
titers to SARS-CoV-2 and markers of coagulation activity,
as well as a very strong association between NT-proBNP
and D-dimer.

These findings underscore the interrelationship
between humoral immune response, endothelial
dysfunction, and cardiac burden, which together constitute
a characteristic biological profile of the post-COVID state
in children.

According to numerous reviews, Long COVID
in children is predominantly characterized by multisystem
disturbances, including asthenia, headache, reduced
exercise tolerance, cognitive impairment, and cardiac
and microcirculatory alterations [1, 2, 3, 4, 5]. Our findings
are consistent with these observations, demonstrating
laboratory markers indicative of post-infectious endothelial
and cardiac imbalance. In particular, systematic reviews
by Radtke et al. and Lopez-Leon et al. reported that
15-40% of children experience persistent symptoms
following SARS-CoV-2 infection, even after mild disease,
suggesting that long-term sequelae do not necessarily
correlate with the severity of the acute phase [2, 4]. Our
data showing elevated NT-proBNP and D-dimer levels
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B OKPEMOi YacTuUHW AiTen NiaTBepAXylTb HasBHICTb
CyOKNiHIYHMX 3MiH HaBiTb 3@ BiACYTHOCTI KMiHIYHOT MaHi-
decTauii MIS-C abo roctpux kapgianbHux ycknagHeHb.

MigpBuweHi piBHi D-gumepy y A4iTe  OCHOBHOI
rpynu (MegiaHa = 91 Hr/mn) cyTTeBO Bigpi3HANMCS Big
KOHTponbHOI nonynsuii (MegiaHa 1,24 Hr/mn). Le ysroa-
XKYETbCA 3 OaHUMWU BEMVKUX MYMbTULEHTPOBUX POGIT,
sKi npogemoHcTpyBanu, wo SARS-CoV-2 acouitoeTbes
3 eHAoTenianbHOK akTUBaLi€e, NigBULLIEHHAM MapKepiB
TPOMOOYTBOPEHHS Ta (POPMYBaHHAM MiKPOCYAMHHMX
nopyLueHb y giten [18, 19, 29].

3rinpHo 3 Kaushik S. et al., COVID-19-acouino-
BaHa Koaryronartisi y AiTel, Xoda i MeHLU TsbKKa, HiK
y 0OpOCInUX, BCE X CYMNPOBOOXKYETbCA 3HAYHUM MiaBU-
LweHHAM D-gumepy 1 nopyLueHHsM Mikpouupkynsuii [18].
Hawi pesynbstatn nigTBepaXytoThb Li BUCHOBKM: Y 3HAYHOT
yactuHu giten D-gumep 6yB y aianasoHi 80—-110 Hr/mm,
a B okpemux Bunagkax nepesuyysas 100-160 Hr/mm.
Lle cBigunTb nNpo TpuBarne 3bepexeHHs akTuBaLii gibpu-
HOnMi3y, Wo MoXxe OyTun HacnigKoM HU3bKOPIBHEBOIO 3ana-
NeHHA N eHpoTenianbHOI AUCKYHKLUIT, onncaHol y naro-
MOPdONOoriYHUX gocnigaxkeHHsx [20, 21].

MomipHa nosuTMBHa kopensuis Mk Tutpom IgG
Ta D-gumepom (r = 0,55) nigTBEpOXyE B3aeMO3B’SA30K
MiX IMYHHOK MepcucTeHuielo Ta KoarynsuiitHumu
3pylweHHaMN. Takui 3B’A30K OMNMCaHO i B AOPOCNUX
koroptax PASC, ge HasiBHICTb BUCOKUX TUTPIB aHTUTIN
acoLjleTbCA 3 MapKkepamu eHpoTenianbHoi  akTu-
Bauii [15, 25]. VImoBipHO, iMyHHa nepcucTeHuia Moxe
OyTV OOHWUM i3 KNIOYOBMX MEXaHi3MiB TPMBaNUX Koaryns-
LiHWX 3MiH Yy AiTen.

OpHo4acHo 3 uum, NT-proBNP € Bu3HaHnm mapkepom
MeXxaHiYHOro Ta MeTaboniYHOro HaBaHTaXXeHHS Ha Miokapa,.
Y Hawin KOropTi MOro 3Ha4YeHHS Manu LUMPOKUA PO3KMA
(0,012-9,18 Hr/mn), MpuyYoMy y 3HAYHOI YacTUHWU AiTen
piBHI NepeswLLyBany gi3ionoriyHniA gianasoH KOHTPOMbLHOT
rpynu. lMogibHi TenaeHuii onucaHi B pobotax Patel et al.
Ta Kaushik et al., siki Bka3ytoTb, WO HaBiTb 3a BiACYTHOCTI
SIBHOro MiokapauTy, gitm nicns COVID-19 moxyTe matu
nigsuLLeHi pisHi NT-proBNP [17, 18].

Ocobn1MBO BaXMMBO, L0 HM3Ka YKpPAiHCbKMX AOCHi-
[PKEeHb TakoX MOBiJOMIISIE NPO KapAianbHi 3MiHW y AiTen
3 MOCTKOBIAHVM CUHAPOMOM, BKIHOYHO i3 MOPYLUEHHSAMMU
npoBsigHOCTi Ta nigBueHnMy 6Giomapkepamu cTpecy
Miokapga [27, 28, 26, 31]. BoHM y3rogxytoTbCs 3 HaLIMMU
pesynsTaTaMy Ta MiOAKPECMOTb akTyanbHICTb HaLio-
HanbHUX OaHWX.

BUCHOBKHU

Y piten i3 NOCTKOBIOHUM CUMHAPOMOM BCTaHOBSIEHO
[oCTOoBipHe niaBuweHHs piBHiB D-gumepy Ta NT-proBNP
MOPIBHAHO 3 KOHTPOMbHOK rPyMot, O CBiAYUTL MPO
HasBHICTb labopaTopHUX O3HaK KoarynsuiHoI aKkTu-
BaLil Ta KapAianbHOro HaBaHTaXXEHHsI NiCisA NepeHeceHol
SARS-CoV-2 iHgekKuii.

Posnogin pisHiB D-gumepy 1a NT-proBNP y nauieHTis
OCHOBHOI Tpyny XapakTepu3yBaBCs 3HAYHOK MiKIHOUBI-
OyanbHOI BapiabenbHICTIO Ta aCMMETPIEID, 3 HasBHICTIO
NigBULLEHNX 3Ha4YeHb Y 3HA4YHOI YacTUHW AiTer, ToAi
SIK Y KOHTPOMbHIW rpyni Ui NOKa3HWKN 3anuLianmcst H13b-
KMMU Ta O4HOPIOHUMM.

in a subset of children support the presence of subclinical
alterations, even in the absence of clinically manifest
MIS-C or acute cardiac complications.

Elevated D-dimer levels in the main group
(median = 91 ng/mL) differed substantially from those
in the control population (median = 1.24 ng/mL). These
findings are consistent with large multicenter studies
demonstrating that SARS-CoV-2 infection is associated
with  endothelial activation, increased markers
of thrombogenesis, and the development of microvascular
disturbances in children [18, 19, 29].

According to Kaushik S. et al., COVID-19-associated
coagulopathy in children, although generally less severe
than in adults, is nevertheless accompanied by a significant
increase in D-dimer levels and microcirculatory
disturbances [18]. Our findings corroborate these
observations: in a substantial proportion of children,
D-dimer levels were within the 80-110 ng/mL range, and
in some cases exceeded 100-160 ng/mL. This indicates
persistent activation of fibrinolysis, which may result
from low-grade inflammation and endothelial dysfunction
described in pathomorphological studies [20, 21].

The moderate positive correlation between I1gG
titers and D-dimer levels (r = 0.55) further supports
the relationship between immune persistence and
coagulation abnormalities. A similar association has been
reported in adult PASC cohorts, where high antibody
titers correlate with markers of endothelial activation [15,
25]. These findings suggest that immune persistence
may represent one of the key mechanisms underlying
prolonged coagulation disturbances in children.

At the same time, NT-proBNP is a well-recognized
marker of mechanical and metabolic myocardial stress.
In our cohort, its values demonstrated a wide range
(0.012-9.18 ng/mL), and in a substantial proportion
of children, concentrations exceeded the physiological
range observed in the control group. Similar trends have
been reported by Patel et al. and Kaushik et al., who noted
that even in the absence of overt myocarditis, children
following COVID-19 may exhibit elevated NT-proBNP
levels [17, 18].

Importantly, several Ukrainian studies have also
reported cardiac alterations in children with post-
COVID-19 syndrome, including conduction abnormalities
and elevated biomarkers of myocardial stress [27, 28,
26, 31]. These findings are consistent with our results
and underscore the relevance and clinical significance
of national data in this field.

CONCLUSIONS

Children with post-COVID-19 syndrome demonstrated
significantly elevated levels of D-dimer and NT-proBNP
compared with the control group, indicating the presence
of laboratory signs of coagulation activation and cardiac
stress following SARS-CoV-2 infection.

The distribution of D-dimer and NT-proBNP levels
in patients of the main group was characterized by marked
interindividual variability and skewness, with elevated
values observed in a substantial proportion of children,
whereas in the control group these parameters remained
low and relatively homogeneous.
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BusiBneHo CTaTUCTUYHO 3HauyLLni noau-
TUBHWUM  KOPENAUiNHWUIA  3B’A30K MK  piBHaMU 1gG
0o SARS-CoV-2 ta D-aumepy, WO BKasye Ha acouialito
MK r'ymMOparnbHOK iMyHHOIO BiAMOBIAA Ta MNOKa3HUKaMmn
KoarynsiyinHoi aktuBHoCTi. KopensauinHoro 3B’si3Ky Mixk
IgG Ta NT-proBNP He BCTaHOBMEHO.

Mix pisHamn NT-proBNP Ta D-gumepy 3adikco-
BaHO AyXe TICHUA MO3UTUBHWUMA KOPEnsLiNHUA 3B’A30K,
O MigKpecnoe B3aEMO3B’AI30K MK MOKa3HUKaMKN Kapgi-
anbHOrO0 HaBaHTaXEHHs Ta KoarynsauinHoi akTueauil
y 4iTew i3 NOCTKOBIAHUM CUHOPOMOM.

leHpepHux BigmiHHOCTEN Yy piBHAX 1gG, D-gmmepy
Ta NT-proBNP y giten Bikom 5—12 pokis He BUSIBNEHO.

OTpumaHi  pesynstatm  NIATBEPAXYKOTb  AOUiMb-
HicTb BuKopucTaHHst NT-proBNP ta D-gumepy sk nabo-
paToOpHMX MapKepiB 415 MOHITOPUHIY CTaHy AiTen i3 nocT-
KOBiZAHUM CMHLPOMOM.
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A statistically significant positive correlation was
identified between IgG levels to SARS-CoV-2 and D-dimer,
indicating an association between humoral immune
response and coagulation activity. No significant correlation
was found between IgG and NT-proBNP levels.

A very strong positive correlation was identified
between NT-proBNP and D-dimer levels, highlighting
the close relationship between markers of cardiac
stress and coagulation activation in children with
post-COVID-19 syndrome.

No sex-related differences were detected in IgG,
D-dimer, or NT-proBNP levels among children aged
5-12 years.

The obtained results support the clinical utility
of NT-proBNP and D-dimer as laboratory biomarkers
for monitoring the condition of children with post-
COVID-19 syndrome.
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32 CXWMBHICTIO Ta iHLWKXX NIOXOAIB A0 KOHTPOMO 3MilllyBasnbHUX
yYnHHUKIB. Po3mip i cknap BubGipku 80 aiTel OCHOBHOI rpynu Ta
30 piTer rpynu KOHTPOSO penpe3eHTaTUBHUX 3a CTaTTIO Ta BiKOM,
3rigHO 3 KPUTEPISIMU BKIMIOYEHHS Ta BUWKIOYEHHA A0 AOoCHi-
[PKEeHHs1, 0OMeXyloTb TOYHICTb OLHOK i NepeHOCUMICTb pesyrib-
TaTiB 3 ornsgy Ha 0cobnMBOCTI MapLUPYTU3aLlii NaUieHTIB i NpakTuK
HafjaHHA Jgonomorn B YKpaiHi. Y3aranbHIOBaHICTb BWCHOBKIB
obmMexeHa KOHTEKCTOM; NiATBEPMKEHHS noTpebye npocnek-
TUBHWUX MYFbTULEHTPOBUX OOCHIMKEHD, 3 AeTalNlbHUM BUBYEHHSAM
BlLLE3a3HAYeHNX MapKepiB Y NaLiEHTIB AUTSAYOrO BiKY, 3 30BHILU-
HbOK Banigauiero Ta 4OTPMMaHHAM HanexHOoT KMniHIYHOT NpakTuKn
(Good Clinical Practice — GCP).

nepCI'IeKTMBM MOACABLUUX AOCAIAXKEHD

Mopanblue BUBYEHHS ocobnvBocTel nepebiry NocTKOBiAHOIO
CMHOPOMY Y [fiTel 3 AeTanbHUM BU3HAYEHHSIM MapKepiB, SKi
MOXYTb OYyTW OOHMMMW 3 OCHOBHWMM KpWUTEPIiB OLUiHKM nepebiry,
Ta nofanbluMX HacnigkiB KOpOHaBipyCHOI iHdpeKuii, BUKIu-
kaHoi SARS-CoV-2. BusHayeHHsa Takux mapkepis, 9k D-gumep
Ta NT-proBNP, moxe Bknactucs B nobynoBaHuii anroputm
[iarHOCTUKM MOXIMBKX MOPYLUEeHb Y AiTel nicns nepeHeceHol
iHdbekuii. BuBueHHs ocobnuBocTen nepebiry NOCTKOBIZHOMO
CUHOPOMY Ta 3iCTaBMEHHS OTPUMaHWX pe3ynbraTiB Npu BU3Ha-
YeHHi MapkepiB MOPYLUEHHA cucTemu koarynsuii Ta poboTu
KapaioMiouuTiB € OogHMMKM 3 MNpPUYMH  NoJanblUoi  KOpeKwii
MEHeIKMEHTY NaLieHTiB AUTAYOrO BiKY.

KoHAIKT iHTepecis

ABTOpM noganu [0 pepdakuii 3anoBHeHy €auHy dopmy
PO3KPUTTS KOHMNIKTY iHTepeciB MikHapogHoOro KomiTeTy peaak-
TopiB MeanyHux xypHanis «ICMJE» (International Committee
of Medical Journal Editors). ABTopx pykonucy CBiOMO 3acBia-
YyloTb BIACYTHICTb (PaKTUYHOrO abo MOTEHLIAHOrO KOHMIKTY
iHTepeciB LWoao pe3ynesraTiB Liei poboTn 3 hapmaueBTUYHUMU
KOMMaHissM1, BUPOBHMKaMKU BioMeaMYHUX MPUCTPOIB, iHLWMMUK
opraHisauisiMu, 4ui NpogykTu, nocnyru, dgiHaHcoBa NiATPUMKa
MOXyTb ByTV noB’3aHi 3 NpeaMeToM HafaHux maTepianis abo
SIKi CIOHCOpYBanv NpoBeAeHi AOCHiAXEHHS.

AOTPUMOHHS €TUMHUX HOPM

ABTOpPY pyKOMNUCY CBIAOMO 3aCBIAYYHOTb, LLIO AOCTIMKEHHS MPOBOAN-
10Cb 3 BUKOPUCTaHHAM OaHWX MEePBUHHOI MeaNYHOI AOKyMeHTauii
Ta BKIIHOYASO KNiHIYHI CMOCTEPEXEHHS 3a NauieHTaMu, SKi YBILLNU
00 pocnigpkeHHs. JocnigkeHHsi NPOBEAEHO BiAMNOBIOHO A0 €TUYHUX
cTaHgapTiB [enbciHCbKOi Aeknapadii BcecBiTHROI MeanyHoi acouj-
auii Npo eTUYHI MPUHLMNK NPOBEAEHHST HAYKOBUX MEAUYHMX JOCHi-
[PKEHb 3a y4acTIO MIOAVIHU, OVPEKTUBM €BPOMENiCbKOro ToBapucTBa
86/609 npo yyacTb nogent y Meauko-6ionoriYHUX OOCHIgKEHHSIX,
a Takox Hakady MiHictepcTBa oxopoHu 30opoB’s Ykpainu Ne 690 Big
23.09.2009 p. IHdopmoBaHa 3roga Ha y4acTb y AOCHiMKeHHi 6yna
oTpuMaHa Bif GaTbkiB y4acHukiB abo ix odiLiiHMX onikyHIB nicnsi
HadaHHs! IM 3po3yMirnoi, MOBHOI Ta AOCTYMNHOI iHbopMaLlii Mpo MeTy,
[Av3aliH | METOAONNOTi0 AOCHIMKEHHS, OO NMOTEHLVHI PU3VKU, O4iKY-
BaHi nepesary Ta MOXIMBI anstepHaTuBW. Yci 6aTbky abo oiLinHi
OMiKyHW nNiaTBepaMnM OOOPOBIMbHY Y4YacTb LUMSXOM MignNMCaHHs
[OKyMeHTa npo iHhOpMOBaHy 3rofy.

DocnimpxkeHHs cxBaneHe Kowmicieto 3 nuTaHb eTukK Ta BioeTukn
3anopi3bkoro AepXaBHOro MeAMKo-hapMaLleBTUYHOMO YHiBep-
cuteTy MiHicTepcTBa 0XxOpOHM 300pOB’A YKpaiHu (BUTAr 3 NpoTo-
kony Ne 3 Big 22 BepecHsi 2025 p.).

BUKOPUCTAHHS LUTYHHOFO iIHTEAEKTY

ABTOpU pykonucy CBIQOMO Ta BIOKPUTO 3acBiAYylOTb BUMKO-
PUCTaHHA IHCTPYMEHTIB reHepaTVBHOIO LUTYYHOrO iHTENeKTy

aimed at controlling potential confounders. The sample size and
composition — 80 children in the main group and 30 in the control
group, comparable by age and sex according to predefined
inclusion and exclusion criteria—may limit the precision of effect
estimates and the generalizability of the findings. This is particularly
relevant given the specific patterns of patient referral and healthcare
delivery practices in Ukraine. Accordingly, the external validity
of the conclusions remains context dependent. Confirmation
of these findings requires prospective, multicenter studies with
comprehensive assessment of the biomarkers in pediatric
populations, incorporation of external validation cohorts, and strict
adherence to Good Clinical Practice (GCP) standards.

Prospects for further research

Further investigation of the clinical course of post-COVID syndrome
in children with detailed characterization of laboratory markers that
may serve as key criteria for assessing disease trajectory and long-
term outcomes of SARS-CoV-2 infection is warranted. Identification
and validation of biomarkers such as D-dimer and NT-proBNP
may contribute to the development of diagnostic algorithms aimed
at detecting potential cardiovascular and coagulation disturbances
in pediatric patients following COVID-19. Comprehensive evaluation
ofthe dynamics of these markers, together with analysis of coagulation
system abnormalities and cardiomyocyte functional impairment, may
provide a rationale for optimization and individualized adjustment
of management strategies in children with post-COVID syndrome.
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y npoueci nigroToBkM LpbOro pykonucy. BignosigHo o Takco-
HOMII JdeneryBaHHs 3aBOaHb reHepaTMBHOMY LUTYYHOMY iHTe-
nekty «GAIDeT» (Generative Atrtificial Intelligence Delegation
Taxonomy), 2025 p.), 3a MOBHOrO MOACLKOrO Harnsgy 6yno
[eneroBaHo 3aBfAaHHs 3 BUYUTYBAHHSA, peaaryBaHHsi, Ta nepe-
knapy. Ona uboro BukopucTtoByBaBca ChatGPT-5.2 (OpenAl,
Bepcis Big rpyaHs 2025 p.). Yci pesynsrati, oTpuMaHi 3a gono-
MOrOI LbOro iHCTPYMeHTY, Bynu peTenbHO nepeBipeHi, Bigpe-
[aroBaHi Ta 3aTBepOKeHi aBTopamu, siki HeCyTb MOBHY BiAMOBi-
OanbHICTb 3a 3MICT | BUCHOBKM nybnikauii. IHCTpyMeHTu reHepa-
TUBHOTO LUTYYHOTO iHTENEKTY He 3a3HayaloTbCst K aBTOPU Ta He
HecyTb BiANOBIAanbHOCTI 3a KiHUeBi pesynbratu. Lig geknapauis
He NOLUMPIOETHCS Ha BUKOPUCTaHHSA 6a30BUX IHCTPYMEHTIB nepe-
BipKM rpamaTukm, opcporpadii Un opopmMreHHsa nocunaHb.

MepBUHHI AGHi Ta maTepiaAu

ABTOpU pykonucy CBiZOMO 3acBigyytoTb, WO Yy poboTi BUKOPK-
CTaHO pesynbraTi BMAacHUX KMiHIYHWX AOCHigXeHb, Lo Oynu
cucTemaTn3oBaHi Ta npoaHanizoBaHi asTopamu. [1epBUHHI
OaHi BKNioYaloTh y3aranbHEHi MOKasHWKM nauieHTiB, nabopa-
TOPHi pesynsTaTu, NPOTOKOMW Ta OTPUMaHI KiNbKICHI XapakTepu-
ctukn. Bci maTepianu 36epexeHi B apxiBi 4OCNIAHWLBKOT rpynu
Ta MOXyTb OyTW HafaHi 3a OOrpyHTOBaHUM 3anvMToM A0 aBTO-
pa-KopecrnoHAeHTa, 3 ypaxyBaHHAM BUMOr KOHMIAEHUINHOCTI
Ta ETUYHUX HOPM.
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