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crneriansHicTIO 091 — bionoris. KuiBcbkuil HalioHansHUN yHIBEpcUTET iMeH1 Tapaca
IlleBuenka, Kuis, 2024.

[linroToBka 3aiiicHioBanach Ha Kadeapi O10xiMmii HaBYaIbHO-HAYKOBOTO
neHTpy «IHcTUTYT GiloJorii Ta MeauIHI» KUIBCHKOrO HaIllOHATIBHOTO YHIBEPCUTETY
iMeHi Tapaca IlleBuenka MiHicTepcTBa OCBITH 1 HAYKH Y KpaiHHU.

3axBoproBaHHSI Ha KOpoHaBipycHY xBopoOy 2019 (coronavirus disease 2019,
COVID-19) Bunukiio Hanpukinii 2019 poky Ta cnpuuunuio cnaitax manaemii XXI
cromitrsa. Ctpimke posnosctomkeHHss COVID-19 BukiMkae 3aHETNOKOEHHS Cepell
HACEJICHHS, TOMY 1110 PO3BUTOK TMO1H Micys 1H(IKYBaHHS BiJIPI3HIETHCS BiJl 3BUYHUX
JUISl HaC PECHipaTOpPHUX 3aXBOPIOBaHb. [H(PIKyBaHHS KOPOHABIPYCOM, LIO0 BUKIMKAE
BOXKHUI TOCTpPHUI pecrmipatopHUil cuHApOM-2 (severe acute respiratory syndrome-
related coronavirus-2, SARS-CoV-2) Moke mpU3BECTH J0 PO3BUTKY MICISTOCTPOrO
iH(ekiiHoro cunapomy, Bigomoro sk TpuBauid COVID-19. Jlrogu 3 TpuBaium
COVID-19 yacto ckapkaTbCs Ha TOCTIHY BTOMY, HE3AYKaHHS MICIsS (PI3UYHUX
HABAHTAKEHb TA PI3HOMAHITHI KOTHITUBHI Ta BET€TaTUBHI TUCHYHKIIII.

Opnak OioJOTiYHI TIPOIIECH, TOB'SI3aHI 3 PO3BUTKOM 1 30€pEKEHHSIM IHX
CUMIITOMIB, 3QJIMIIAIOTHCS HE3po3yMinumu. [lepeBaxaroul rimoTe3u MOJ0 CTIMKUX
cumnTomiB joBrorpuBanioro COVID-19 Oynu 3By»eHI 10 IMYHHOI AMCPEryssiuii i3
3aJy4eHHSIM ayTOAHTHUTLI, MOUIMPEHOTO YPa)KEHHS OpraHiB, BIPYCHOI MEPCHCTEHLI]
Ta YyTBOpEeHHSIM (DIOpUHOITHUX MIKPOTPOMOIB (1110 3aXOIUIIOIOTh YHCIEHHI MOJIEKYJIU
3amajieHHs) TOpsJl 13 TIIepaKTUBAIIEXD TPOMOOIUTIB. Takox 3'BISETHCS BCE OLIbIIIE
JI0Ka31B TOTO, IO ayTOAHTHUTLIA MOXKYTh OyTH IpPHYETHI A0 TPUBAIUX CHUMITOMIB
cuMnTOMIB y oci0 13 3arspkHuM nepebirom COVID-19. Kpim Toro, Hebesneka

COVID-19 Takox mojsirae B TOMy, L0 MpH Nepediry XBOpoOH mif 4ac CUCTEMHOI



3arajbHOI BIAMOBIII MOXKIUBUN PO3BUTOK MOPYILIEHb 3rOPTaHHs KPOBi. SIK HaCHiAOK,
nucOamaHCc CUCTEMHU TeMOCTa3y MPHU3BOAMTH O TPOMOOTHYHHMX YCKIIAJHEHb YXKE B
MTOCTKOBIAHOMY MEPioi.

Po3ymiHHS MexaHi3MiB 3MiH y CHCTeMI T€MOCTa3zy MICii TMEepEeHEeCeHOTro
KOPOHABIPYCHOT'O 3aXBOPIOBaHHS MOKe OyTH KOPUCHUM Ta HAJacTh MOXMJIMBOCTI
MNOTEHIITHOTO BUKOPHUCTAHHS OTPUMAHHUX PE3YyJbTaTIB SIK OCHOBHU [JIi PO3POOKH
aJITOPUTMY HOBHX TEpaNeBTHUHUX MiAXOMAIB y Oe3nocepeanboMy jgikyBanHi COVID-
19, mo nepenbayaTvMe I1HTEHCHUBHY Tepamiio Ui 3arno0iraHHsS TPOMOOTHYHHUX
YCKJIaTHEHb BXKE B IIOCTKOBIAHOMY MEPIOIL.

Metor nuceprauniinoi po6otu Oyino mnpoaHanizyBaTh (YHKIIOHYBAaHHS
CHUCTEMH T'eMOCTa3y y Jitojie, siki nepexsopian Ha COVID-19 ta maroTh B KpOBOTOIII
pi3HY KOHIIEHTpalio aHTU-KOBITHUX aHTHUTILIL.

VY BecTyni [0 AucepTraniifHoi poOOTHM BU3HAYEHO METY Ta 3aBJaHHS JIaHOTO
JTOCIIDKEHHSI, OOIPYHTOBAHO aKTyalbHICTh OOpaHOi TEMH, OXapaKTepHU30BAHO
npeaMeT Ta 00’€KT JOCTIKEHHS, epeIiueH0 METOAM, KI BUKOPUCTOBYBAJIUCH IS
JOCSITHEHHsI MeTH po0oTu. OKpiM I1BOTO, Y JaHOMY PO3/IiJIi pPOOOTH OKPECICHO
aCTeKTH JOCIIIHKEeHHS, 1110 BU3HAYAIOTh HOT0 HayKOBY HOBHU3HY, @ TAKOX 3a3HAYCHO
OCHOBH1 pe3yJbTaTH pPOOOTH Ta TMEPCHEKTUBHI HANPSIMKUA iX MOPaKTUYHOIO
BUKOpHUCTaHHA. HaBeneHo gaHi mogo ampooOarlii pe3yibTariB, OTPUMAaHUX B XOJi
pobOTH Ta BHIIJICHO OCOOMCTHI BHECOK 3700yBaua y MpPEACTaBICHUX HAayKOBUX
nparsix.

[lepmuit po3ain poOOTH MICTUTH OTJIST aKTyalbHOIO HAayKOBOTO JOPOOKY,
IPUCBSIUYEHOTO TeMAaTHIll JTOCIIKeHHs. Tak, y HbOMY PO3IJISIHYTI PO3JIad CUCTEMHU
remMocrasy, ski BuHHKaloTh Yy maroreHesi COVID-19, omnucano roctpuit
pecnipaTopHuii auctpec-cuHapoM min  yac mepebiry COVID-19, nerambHO
oXapakTepuzoBaHO (YHKI[IOHYBaHHS cuctremu remoctrasy npu COVID-19.
Po3rnssiHyTO pe3ysibTaTé AOCIHIKEHb, K1 XapaKTepU3yHOTh JUHAMIKY 3MiH aHTHUTLI
10 SARS-CoV-2 nig yac indikyBaHHs gaHUM BipycoMm Ta oxyxanHs Big COVID-19,
a TaKOXX €KCIIEPUMEHTIB, Y AKHUX BUBUYAJIUCh T€MATOJIOTIYHI Ta O10XIMIYHI TOKA3HUKH

y manieHTiB micis ogyxanus Big COVID-19.



Hpyruii po3nin poOOTH NPUCBIYEHUN XapaKTEpUCTHUIl AOCHIAHUX TPy
JIOHOPIB, JETAJILHOMY OTMHUCY METOJOJIOTIH MPOBEICHHS JOCIHIIKEHb Ta MaTepiaiis,
110 OyJIM BUKOPUCTAHI.

Tperiit po3min BKIOYAE pe3yabTaTH JOCTIDKEHb Ta iX OOroBOpeHHS 1
CKJIAJIA€ThCS 13 YOTUPHOX Os0KiB. KOXXHMIT OJOK MPHUCBAYCHHN BUBYEHHIO IMEBHOI
JAHKU CHUCTEeMY TemocTasy. Tak, y mepuiomMy OJIOLi TPOBOJAMTHCS aHANI3 KIHOUOBHUX
napaMeTpiB CUCTEMH 3CiIaHHs IJIa3MU KPOBI Y Jojiei, mo nepexsopism Ha COVID-
19 1 maroTh pi3HY KOHIIEHTparito aHTU-KOBITHUX aHTUTII B KpoBi. Po3rismaroTecs
HACTYIIHI MapaMeTpu: AaKTUBOBAaHUM YacTKOBHM TpOMOOIUIACTUHOBUM  yac,
TPOMOIHOBHI 4Yac, JOCTIIKYIOTHCS KOHIEHTpallli Ta aKTUBHICTh TaKUX MapaMeTpiB,
ak aHtutpom6Oin III, mporein C, TakoX NPOBOJUTHCS aHaII3 KOHIICHTpAIli
TpaHCMEMOPAHHOTO pPeLenTopy TpoMOiHYy — TpomOoMoaymiHy. B apyromy oo
HaBeJIeHa OIlIHKa BMICTY MOJIEKYJ (piOpMHOTEHOBOTO IMOXOJ/KEHHS B ILIa3Mi KPOBI
JFOJIEN MICIS IEPEHECEeH0T KOPOHABIPYCHOI XBOPOOU Ta MAlOTh Pi3HY KOHIIEHTPAIIIO
aHTU-KOBITHUX aHTUTLT B KpOBi. JleTaIbHO AOCTIKYIOTHCS TapamMeTpu CUCTEMU
remMocTasy, sKi 0e3mocepeH0 BILUTUBAIOTh HA NepeTBOpPeHHs (piOpuHOTEeHy B (hiOpUH
y mpucytHocTi aHTH-SARS-CoV-2 IgG B kposi. Takoxx HamaHo pe3yiabTaTH
KUIBKICHOTO Ta SIKICHOTO aHaji3iB BMICTY pPO3YMHHUX (HIOPUH-MOHOMEPHUX
KOMIUICKCIB, SIKI OyJd OTpHMaHl 3 IJJa3MU KpOBI JOHOPIB, Ta JOCHIIKCHHS
KOHIIeHTpaIii Mapkepa ¢iOpuHonizy D-mumepy. B tperbomy Omomi aHami3yeTbes
(GYHKLIOHYBaHHS MPOTPOMOIHOBOI CKJIQOBOI CHUCTEMH 3CIJaHHSA KPOBI JIIOAEH, SIKI
nepexsopian Ha COVID-19 ta matoth pi3Hy KoHeHTpalito antu-SARS-CoV-2 IgG.
[TpoBeneHO BHU3HAYEHHS TMOKAa3HHKA 30BHIIIHHOIO KacKady 3TOpTaHHS IUIa3MH -
MPOTPOMOIHOBOTO 4Yacy, po3paxoBaHE MIKHAPOJHE HOPMaTi30BaHE BiAHOIICHHS,
JOCTIPKEHO TMOTEHLIWHY aKTUBHICTh Ta BMICT MPOTPOMOIHY B JOCTIIKYBaHUX
rpymnax. HaBejeHa oliHka Ta XapakTepuCTHKa SKICHOTO Cckjiaay (pakiii Bitamin K-
3QJISKHUX OUIKIB TIa3MM KPOBI YCIX JOCHIIHUX TpyIl. BmicTroM dyeTBepTOro 0JIOKY €
pe3yabTaTH  JOCHI[DKEHHS  (QIOpIHONITUYHOI  JaHKH  CHCTEMH  TeMOCTa3y.
[IpoananizoBaHO TOTEHIIMHY AaKTUBHICTh Ta KIJIbKICHUW BMICT IUIa3MIHOTEHY B

mia3Mi  KpoBi JgoHOpiB, mo mepeHecm COVID-19 ta MamTh MawTh pi3HYy



KOHIIeHTpalito aHTU-KoBiIHHMX aHTUTIT B KpoBl. BCTaHOBIEHO NOTEHIINHY
aKTUBHICTh Ta KUIBKICHUM BMICT TKaHMHOTO aKTHBAaTOpa IUIa3MIHOTEHY (tissue
plasminogen activator, tPA), a Takoxx BMICT 1HTIOITOPY aKTHBaTOpa IJIa3MIHOTECHY
nepmoro tuny (plasminogen activator inhibitor-1, PAI-1). BumipsiHo iHri0iTOpHMIA
MOTEHIIIAJT O-aHTUILIa3MIHY, BUBHAYEHO 3arajbHy aKTUBHICTH KJIIOUOBHUX 1HT101TOPIB
poTeas, 30KpemMa 0o-MaKpOTJIOOYJIiHY Ta 0lj-aHTUTPUIICHUHY .

YeTBepTHil po3ait UCEPTALINHOTO AOCTIKEHHS — 3aKIIOUEHHS — Y3arajibHIOE

OTPUMAaHI1 Pe3yJbTaTH, HABOJUTH MOKJIIMBOCTI IXHHOT'O 3aCTOCYBAHHS Ta MIAKPECIIOE
ixHI0O HOBU3HY. HaBeneHO MOXJIHMBOCTI MPAaKTHYHOTO 3aCTOCYBaHHS pe3yJbTATiB
TUCEPTAIIITHOTO TOCHIPKEHHS Ta 0XapaKTepHU30BaHO iX HOBU3HY.
Pesynbrarom poOoTu € mpoBeieHa BceOlyHA OI[IHKA CTaHy CHUCTEMH I'eéMOCTasy, 110
BKJIIOYAE aHaJI3 KUIBKICHOTO Ta SKICHOTO CKJIaAy, aKTUBHOCTI OCHOBHUX (PaKTOpIB
CHUCTEMH reMocTtasdy y jrojen, ski nepexpopiiu Ha COVID-19 Ta ki MarwTh pi3Hy
KOHIICHTpaIlit0 aHTU-KOBITHMX aHTUTII B KPOBI.

OTpuMaHi pe3yabTaTH 03BOJSIOTH 3pOOUTH BHUCHOBOK IPO TEBHUN BILIUB
nupkyaordux y kpoorolll IgG npotu SARS-CoV-2 Ha QyHKIIIOHYBaHHS CUCTEMH
reMocrasy, M0 MOXe OYTH NOTEHLIHHOI 3arpo30I0 MOSBU/PO3BUTKY TOCTPHUX
KOPOHAPHUX CHUHAPOMIB Ta MOPYIIEHb MO3KOBOrO KpoBooOiry. Pesynbrartu
EKCTIIEPUMEHTIB MIJATBEP/KYIOTh HEOOXIIHICT, oTpuMaHHs (Ppakmii IgG  Ta
JOCTIPKEHHS iX MOTEHUIWHOrO BIUIMBY Ha (DYHKI[IOHYBAaHHS CHCTEMHU I'€MOCTa3y Ha
MOJICIBHUX CUCTEMAaX In Vitro Ta in vivo.

Martepianu 3a pesyibTaTaMd BUKOHAHHX JOCHIKEHb OMyOJikoBaHO B 12
HAyKOBUX MPAISIX, 3 HUX: 3 CTATTl Y 3aKOPJIOHHUX (paXOBHX MEPIOTUYHUX BUIAHHSX,
10 BXOJISITh O MDDKHAPOJIHUX HaykoMeTpuuHuXx 0a3 Scopus Ta Web of Science (Q2—
Q3). 3nuiificHeHo ampoOari0 pe3yiabTaTiB y paMKax HAyKOBHX KOHGEpeHLid 3
onyOJIIKyBaHHIM 9 Te3 JOoMoBieH.

Kntouosi  cnosa: COVID-19, 1IgG, @¢i6punom3, cucrtema reMocrasy,
Gbi0puHOIeH, TUTA3MIHOTEH, IMPOTCONITHYHA AaKTUBHICTH, IJIa3Ma KpOBi, aHTHTINIA,

cepuHoBi nporeazu, SARS-CoV-2.



ABSTRACT

Krenytska D.I. People’s features of hemostatic system functioning with
different concentrations of anti-Covid antibodies. - Manuscript.

Dissertation for the degree of Doctor of Philosophy in the specialty 091 -
Biology. Taras Shevchenko National University of Kyiv, Kyiv, 2024.

The preparation was carried out at the Department of Biochemistry of the
Educational and Scientific Center "Institute of Biology and Medicine" of the Taras
Shevchenko National University of Kyiv, Ministry of Education and Science of
Ukraine.

The coronavirus disease 2019 (COVID-19) emerged in late 2019 and caused
the outbreak of the pandemic of the 21st century. The rapid spread of COVID-19 is a
cause for concern among the population, as the course of events after infection differs
from the usual respiratory diseases. Infection with the coronavirus that causes severe
acute respiratory syndrome-2 (SARS-CoV-2) can lead to the development of a post-
acute infectious syndrome known as prolonged COVID-19. People with prolonged
COVID-19 often complain of persistent fatigue, malaise after exercise, and various
cognitive and autonomic dysfunctions.

However, the biological processes associated with the development and
persistence of these symptoms remain unclear. The prevailing hypotheses for the
persistent symptoms of long-term COVID-19 have been narrowed to immune
dysregulation involving autoantibodies, widespread organ damage, viral persistence,
and fibrinoid microthrombus formation (trapping numerous inflammatory molecules)
along with platelet hyperactivation. There is also growing evidence that
autoantibodies may be involved in the prolonged symptoms of symptoms in
individuals with prolonged COVID-19. In addition, the danger of COVID-19 is that
during the course of the disease, during a systemic inflammatory response, blood
clotting disorders may develop. As a result, the imbalance of the hemostatic system

leads to thrombotic complications in the post-COVID period.



Understanding the mechanisms of changes in the hemostatic system after
coronavirus disease can be useful and will provide opportunities for the potential use
of the results as a basis for developing an algorithm for new therapeutic approaches
in the direct treatment of COVID-19, which will include intensive care to prevent
thrombotic complications in the post-COVID period.

The purpose of the dissertation was to analyze the functioning of the

hemostatic system in people who have contracted COVID-19 and have different
concentrations of anti-SARS-CoV-2 antibodies in their bloodstream.
The introduction to the dissertation defines the purpose and objectives of this study,
substantiates the relevance of the chosen topic, characterizes the subject and object of
the study, and lists the methods used to achieve the goal of the work. In addition, this
section of the paper outlines the aspects of the study that determine its scientific
novelty, as well as the main results of the work and promising areas of their practical
use. The data on the testing of the results obtained in the course of the work are
presented and the personal contribution of the applicant in the presented scientific
papers is highlighted.

The first section of the paper provides an overview of the current scientific
literature on the subject matter of the study. Thus, it discusses the disorders of the
hemostatic system that occur in the pathogenesis of COVID-19, describes acute
respiratory distress syndrome during COVID-19, and describes in detail the
functioning of the hemostatic system in COVID-19. The results of studies
characterizing the dynamics of changes in antibodies to SARS-CoV-2 during
infection with this virus and recovery from COVID-19, as well as experiments that
studied hematological and biochemical parameters in patients after recovery from
COVID-19 are reviewed.

The second section of the paper is devoted to the characterization of donor
research groups, a detailed description of research methodologies and materials used.
The third section includes the results of the research and their discussion and consists
of four blocks. Each blocks is devoted to the study of a specific link in the hemostatic

system. Thus, the first block analyzes the key parameters of the plasma coagulation



system in people with COVID-19 and different concentrations of anti-SARS-Cov-2
antibodies in the blood. The following parameters are considered: activated partial
thromboplastin time, thrombin time, concentrations and activity of such parameters
as antithrombin III, protein C, and the concentration of the transmembrane thrombin
receptor thrombomodulin are also analyzed. The second block provides an
assessment of the content of fibrinogen-derived molecules in the blood plasma of
people after coronavirus disease and with different concentrations of anti-SARS-
CoV-2 antibodies in the blood. The parameters of the hemostatic system that directly
affect the conversion of fibrinogen to fibrin in the presence of anti-SARS-CoV-2 IgG
in the blood are studied in detail. The results of quantitative and qualitative analyses
of the content of soluble fibrin-monomer complexes obtained from donor plasma and
the study of the concentration of the fibrinolysis marker D-dimer are also presented.
The third block analyzes the functioning of the prothrombin component of the blood
coagulation system of people who have had COVID-19 and have different
concentrations of anti-SARS-CoV-2 IgG.

The index of the external cascade of plasma coagulation - prothrombin time -
was determined, the international normalized ratio was calculated, and the potential
activity and content of prothrombin in the study groups were investigated. The
qualitative composition of the fraction of vitamin K-dependent plasma proteins in all
study groups was evaluated and characterized. The fourth block contains the results
of the study of the fibrinolytic link of the hemostatic system. We analyzed the
potential activity and quantitative content of plasminogen in the blood plasma of
donors who have undergone COVID-19 and have different concentrations of anti-
SARS-CoV-2 antibodies in the blood. The potential activity and quantitative content
of tissue plasminogen activator (tPA), as well as the content of plasminogen activator
inhibitor type 1 (PAI-1) were determined. The inhibitory potential of a,-antiplasmin
was measured, and the total activity of key protease inhibitors, including o;-
macroglobulin and a;-antitrypsin, was determined.

The fourth chapter of the dissertation - the conclusion - summarizes the results

obtained, provides opportunities for their application and emphasizes their novelty.



The possibilities of practical application of the results of the dissertation research are
presented and their novelty is characterized.

The result of the work is a comprehensive assessment of the hemostatic

system, including an analysis of the quantitative and qualitative composition, activity
of the main factors of the hemostatic system in people who have had COVID-19 and
who have different concentrations of anti-SARS-CoV-2 antibodies in the blood.
The obtained results allow us to conclude that circulating IgG against SARS-CoV-2
has a certain effect on the functioning of the hemostatic system, which may be a
potential threat to the onset/development of acute coronary syndromes and
cerebrovascular disorders. The results of the experiments confirm the need to obtain
IgG fractions and study their potential impact on the functioning of the hemostatic
system.

The obtained results allow us to conclude that circulating IgG against SARS-
CoV-2 has a certain effect on the functioning of the hemostatic system, which may be
a potential threat to the onset/development of acute coronary syndromes and
cerebrovascular disorders. The results of the experiments confirm the need to obtain
IgG fractions and study their potential impact on the functioning of the hemostatic
system in in vitro and in vivo model systems.

Materials based on the results of the research were published in 12 scientific
papers, including: 3 articles in foreign professional periodicals included in the
international scientometric databases Scopus and Web of Science (Q2-Q3). The
results were presented at scientific conferences with the publication of 9 abstracts.

Key words: COVID-19, IgG, fibrinolysis, hemostasis system, fibrinogen,
plasminogen, proteolytic activity, blood plasma, antibodies, serine proteases, SARS-

CoV-2.
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