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To assess the coagulation function in patients with Long-COVID, coagulation and Endothelin-1 as a biological
marker of endothelial damage were determined in 77 patients with COVID-19 (study group) and 68 healthy individ-
uals who did not have coronavirus disease (comparison group). Blood clotting parameters were within normal limits
in both groups. The subjects showed a prolongation of prothrombin time, a decrease in the prothrombin index, and
an increase in the international normalized ratio compared to similar indicators of healthy individuals. In the period
of 3-6 months after the disease, these changes were significantly more pronounced than in the group as a whole.
The activated partial thromboplastin time was generally lower in the convalescents, but in the period of 3-6 months
after COVID-19, on the contrary, it was higher than in the comparison group. Endothelin-1 levels were significantly
higher in those with coronavirus disease, and this difference was even greater in the 3-6 month period. The level
of indicators did not depend on the presence of complaints indicative of Long-COVID. The above changes indicate a
prolonged inflammatory process in patients with Long-COVID, accompanied by endothelial damage, activation of
the “external” pathway of blood coagulation and an increased risk of thrombosis.
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Connection of the publication with planned re-
search works.

The study was carried out as part of the research
work “Clinical and epidemiological features of viral,
bacterial and parasitic infections depending on immu-
nological, genetic and metabolic factors, optimisation of
diagnostic and therapeutic measures”, state registration
number 0121U11571.

Introduction.

The coronavirus disease pandemic, or COVID-19,
caused by SARS-CoV2, has become the greatest public
health threat to society worldwide since the 1918 in-
fluenza pandemic [1]. After the end of the COVID-19
pandemic, the disease tends to acquire the properties
of seasonal acute viral respiratory infections, causing an
increase in morbidity in the autumn and winter [2]. As
of January 2024, about 774 million people have been
infected with COVID-19, and this number is constantly
growing [3]. Pathological symptoms that cannot be ex-
plained by causes other than coronavirus disease can
be observed in 18.5-71.3% of patients even within 24
months after the disease [4, 5]. This condition is defined
as Long-COVID, and one of its most important manifes-
tations, in terms of prognosis for quality of life and abili-
ty to work, is blood coagulation disorders and cardiovas-
cular disease [6-8]. A number of studies have pointed to
endothelial dysfunction as one of the main mechanisms
of COVID-associated coagulopathy [9-11].

The aim of the study.

To determine coagulation and Endothelin-1 as a
biological marker of endothelial damage and to assess
blood coagulation function in patients with COVID-19.

Object and methods of research.

Medical records of 112 people who contracted
COVID-19 during the year were analyzed, and they were
interviewed and examined. Taking into account the in-
clusion and exclusion criteria, 77 convalescents were se-
lected for the study group.

The comparison group consisted of 68 practically
healthy individuals who did not have a confirmed case
of COVID-19.

The study was conducted in accordance with the
principles of the Declaration of Helsinki. Written consent
of each participant was a prerequisite.

Inclusion criteria: anamnestic and laboratory (con-
firmed by PCR case of COVID-19 within the last year).

Exclusion criteria: clinical and anamnestic (history
of blood diseases or coagulation disorders, use of pro-
and anticoagulants, acute inflammatory diseases); lab-
oratory (changes in clinical blood tests indicating acute
illness).

All participants of the study and comparison groups
underwent determination of blood coagulation param-
eters — prothrombin time (PT), prothrombin index (PTI),
international normalized ratio (INR), prothrombin per-
centage by Quick (PQ), activated partial thromboplastin
time (APTT), fibrinogen content. The level of Endothe-
lin-1 (ET-1) was determined by enzyme-linked immu-
nosorbent assay using the Human EDN1(Endothelin-1)
ELISA Kit (manufacturer — FineTest, China).

The Shapiro-Wilk method was used to check the nor-
mal distribution of the study groups. In case of normal
distribution of groups, the comparison of indicators was
performed using the Student’s t test, otherwise, the
nonparametric Mann-Whitney U test was used. To com-
pare linked samples, the Wilcoxon signed-rank test was
used, with generalization using Friedman’s analysis of
variance. The critical significance level for testing statis-
tical hypotheses in this study was 0.05. The correlation
between the indicators was established using Spear-
man’s correlation coefficient. The Stata/SE 18 software
package was used for statistical calculations.

Research results.

The average age of the subjects was 45.0 (34.8-
52.0) years. Women outnumbered men by 1.2 times
(54.5% and 45.5%, respectively). The average age of the
comparison group was 42.0 (34.0-50.0) years, and there
were also 1.2 times more women than men (54.4% and
45.6%, respectively).

Depending on the period after COVID-19, the
subjects were divided into 4 subgroups: subgroup A—up
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to 3 months, B — 3-6 months, C — 6-12 months, D — 12
months and more.

Of the 77 subjects, 65 (84.4%) presented with
complaints that are signs of Long COVID. Among them,
women outnumbered men 1.2 times (36 women, 55.4%;
29 men, 44.6%).

Indicators of blood coagulation function were within
the normal range in both the study and comparison
groups, but some of them were significantly different.
None of the indicators demonstrated a significant
difference between the subjects who complained and
those who did not. PT was 1.06 times higher than in
the comparison group (p<0.001). This indicator was
significantly higher in the study group only in subgroup
B (1.09 times, p<0.001). PTI was lower in the group
of subjects in general by 1.04 times (p=0.004), and by
1.08 times in subgroup B (p=0.007). INR was 1.05 times
higher in the group of subjects as a whole (p=0.012) and
1.09 times higher in subgroup B (p=0.009). The PQ was
not significantly different, neither between the groups
nor in any subgroup. The overall APTT was significantly
lower in the study group by 1.05 times (p=0.004), while
in subgroup B it was higher by 1.07 times (p=0.004). The
level of fibrinogen did not differ significantly in general
and in the subgroups, while in subgroup A the difference
of 1.15 times was on the verge of significance (p=0.059).

ET-1 significantly prevailed in the study group
by 1.4 times (p<0.001), in group B — by 1.5 times
(p<0.001) compared to the comparison group. There
was no significant difference between the levels of this
indicator in other subgroups and between subjects who
complained and those who did not complain (see table).

When determining the correlation between ET-1 and
blood coagulation function, a weak positive correlation
was observed with fibrinogen levels in the study group
(r=0.289, p=0.013). In the comparison group, the
correlation was not determined with any indicator.

When determining the significance of the dynamics
of blood coagulation function and ET-1 in subgroups A

— D using the Wilcoxon test, with generalization using
Friedman’s analysis of variance, no significant changes
were found.

Discussion of research results.

Indicators of blood coagulation function determined
in this study reflect different stages of coagulation.
Thus, PT depends on the concentration of factors VII,
X, V, prothrombin, and prolongs with their deficiency.
PTI, INR, and PQ, which are derived from PTT, also
reflect changes in the «external» pathway of blood
coagulation. The APTT is prolonged in case of deficiency
of precalcitrin (Fletcher factor), high molecular weight
kininogen (Fitzgerald factor), factors VIII, IX, X, XI, XlI,
which are components of the «internal» pathway of
blood coagulation. Fibrinogen is the first factor of blood
coagulation and determines the activity of the «general»
pathway of clot formation [12, 13].

According to reviews, systemic inflammation and
coagulation disorders are interdependent. Thus,
chronic inflammation provokes a hemostatic imbalance
towards a prothrombotic state by activating the
extrinsic coagulation pathway by increasing tissue factor
expression, which is stimulated by proinflammatory
cytokines. In turn, activated coagulation factors can
support the inflammatory response [14]. The spike
protein of SARS-CoV2 virus also has the properties
of a proinflammatory agent and can directly affect
the properties of fibrinogen and platelets, provoking
hypercoagulability [15]. In addition, endothelial damage
and associated dysregulation of blood coagulation have
been identified as an important factor in coagulation
disorders in acute COVID [16]. Endothelial cells play
a crucial role in maintaining the balance between
pro- and anticoagulant factors. Intact endothelial cells
express substances on their surface that prevent blood
clots from forming and platelet activation. Damaged
ones, on the contrary, become the basis for platelet
adhesion, formation of procoagulant complexes, and
clotting [17]. Other studies have shown that biological

Table — Indicators of blood coagulation function and Endothelin-1, median
(25th percentile — 75th percentile)

Groups Complaints Subgroups of the study
Indicator Study Comparison Exists Absent A B C D
(n=77) (n=68) (n=65) (n=12) (n=13) (n=50) (n=6) (n=8)
13,7 13,8 14,5 14,1 13,2 13,4
PT, sec (12,9-14,7) 12,9 (13,1-15,1) 13,3 (13,0-16,4) | (13,0-15,2) | (12,8-13,6) | (12,7-14,5)
pe0,001 | 1231400 | T 705050 | (12,8146) | Y1) o) p<0,001 p=0,579 p=0,872
96,4 94,5 92,7 93,8 99,4 98,6
PTI, % (90,0-100,8) 100 (87,3-101,2) 97,6 (81,3-101,6) | (87,3-101,2) | (97,7-100,2) | (92,3-103,4)
p=0,006 | 0021095 | TSy 147" | (86,8-1014) | T 195 p=0,007 p=0,699 p=0,559
1,05 1,08 1,11 1,09 1,01 1,02
INR (0,99-1,14) 1,00 (0,99-1,19) 1,03 (0,09-1,32) | (0,99-1,19) | (0,99-1,03) | (0,96-1,12)
p=0,012 | (093-112) | " 0T0 g | (099-122) | To_3%s p=0,009 p=0,874 p=0,846
90,7 86,9 82,1 84,3 100,4 97,1
PQ, % (75,7-102,9) 26,1 (70-104,2) 1014 | (62 9.105,3) | (70-104,2) | (93,9-105,0) | (81,4-112,0)
p=0.654 | (780-104,0) | * "5 10g | (803-110,6) | T T 707 p=0,663 p=0,352 p=0,264
33,0 34,5 36,6 37,2 32,3 32,1
APTT, sec (30,2-35,8) 34,7 (32,8-38,9) 34,9 (31,6-39,2) | (31,9-39,4) | (23,0-35,4) | (29,6-36,1)
p=0,005 | 326381 | loegs | (328-37.8) | Tly 437 p=0,004 p=0,070 p=0,195
o 2,68 2,47 3,3 2,60 3,03 3,15
F'/‘:_""°ge“' (240334) | 423'?37 s2) | 230:260) | 321'::’2270) (2,94-3,53) | (2,42-2,71) | (2,56-3,45) | (2,70-3,73)
8 p=0,504 4373, p.=0.084 13472 p=0,059 p=0,061 p=0,642 p=0,986
4,33 3,77 3,77 4,59 4,20 6,87
ET-1, pg/mlL | (290-642) | 831'_1f 1) | 3131366) | 2%4'?5725) (2,56-7,35) | (3,16-6,37) | (0,54-5,88) | (4,38-13,93)
p<0,001 8%, p.=0.722 12573, p=0,073 p<0,001 p=0,874 p=0,117

Notes: p — significance level when assessing the difference with the comparison group, p, — significance level when assessing the difference
between subjects who had complaints and those who did not.
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markers of endothelial damage, such as endothelin-1
and angiopoietin-2, can be detected in elevated
concentrations within 8 months after COVID-19 [18]. A
characteristic feature of coagulation disorders in acute
COVID-19 and Long-COVID is the formation of fibrin
microclots resistant to fibrinolysis [19]. Changes in
clinical blood tests, integrative indicators of nonspecific
and inflammatory reactivity, indicate a prolonged
inflammatory process associated with circulating
immune complexes in patients with Long-COVID [20].

The results partially confirm the data of the above
studies. Thus, the prolongation of PT simultaneously
with a decrease in PTI and INR may indicate a moderate
deficiency of coagulation factors of the «extrinsic»
coagulation pathway due to its prolonged activation in
convalescents. These changes are most pronounced in
those who had been ill 3-6 months before the study.
During the same period, there was also a prolongation
of the APTT in the study group, which also indicates a
relative deficiency of factors of the «internal» pathway
of blood coagulation. But, in general, the level of APTT
is lower in the recuperators than in the comparison
group, which indicates the prevalence of activation of
the «external» coagulation pathway over the «internal»
one.

The values of the endothelial damage marker, ET-1,
were significantly higher in the convalescents than in the
comparison group, and this difference was even greater
in those who had been ill 3-6 months earlier.

DOI 10.29254/2077-4214-2024-3-174-180-186
YAK 616.98:578.834:616.151-008.815
Ceimaiino B. C., Yemuu M. A.

Conclusions.

Prolonged prothrombin time, decreased prothrombin
index, and increased international normalized ratio
were indicative of a long-term impairment of blood
coagulation in subjects with COVID-19 compared to
similar indicators in healthy individuals. In the period
of 3-6 months after the disease, these changes were
significantly more pronounced than in the group as a
whole. The activated partial thromboplastin time was
generally lower in the convalescents, on the contrary, in
the period of 3-6 months after the disease, it was higher
than in the comparison group.

The concentration of endothelin-1 was significantly
higher in those who had had coronavirus disease, and
this difference was even more significant in the period of
3-6 months. Endothelin-1 levels did not depend on the
presence of complaints suggestive of Long-COVID.

Changes in blood coagulation function and
endothelin-1 indicate a prolonged inflammatory process
in patients with Long-COVID, accompanied by endothelial
damage, activation of the «external» pathway of blood
coagulation and an increased risk of thrombosis.

Prospects for further research.

In order to predict the impact of Long-COVID on the
development of pathological changes associated with
impaired blood coagulation, it is planned to determine
the relationship between endothelin-1 concentration
and the presence of diseases that occurred after COVID-
19.

NMOKA3HUKU 3rOPTAZIbHOI ®YHKL|II KPOBI,
KOHUEHTPALLIA EHAOTE/NIHY-1 TA LONG-COVID

CymMmcbKui aepkaBHuii yHiBepcutet (M. Cymu, YKpaiHa)
v.svitailo@med.sumdu.edu.ua

3 mMemoto ouyiHKU PyHKUii 320pmaHHA Kposi 8 ocib 3 Long-COVID 6yno nposedeHo 8U3HAYEHHA MOKA3HUKI8
Koaeynayii ma EHOomeniHy-1 Ak 6ionoziyHo20 MapKepy ypaxeHHA eHOomenito y 77 ocib, AKi nepexsopinu Ha
COVID-19 (docnidmcysaHa epyrna) ma 68 npakmu4HO 300po8ux ocCib, AKi He X80pinu HA KOPOHABIPYCHY X80pobYy
(epyna nopieHAHHA). [TOKA3HUKU 320pMAHHA Kposi Byau y Mexcax 3a2aabHONMpUliHAMHUX Hopm 8 0b6ox 2pynax. Y
00cnidxcys8aHux crnocmepieanoce nodosueHHs NPompombiHo8020 Yacy, 3MeHWeHHA nPompombiHo8020 iHOeKcy
ma 36inbwWeHHA Mi¥HAPOOHO20 HOPMAi3080HO20 8IOHOWEHHA 8iOHOCHO AHAM02IYHUX MOKA3HUKI8 300posux ocib.
Y nepiod 3-6 micayie nicsaa xeopobu yi 3miHU 6yau 00CMOBiPHO 8UPA3HIWUMU, HIXC Y 2pyni y yinomy. AKmusosaHuli
yacmkosuli mpombonaacmuHosull Yac 3a2as10Mm bys8 HUXYUM y peKoH8anecuyeHmis, ase y nepiod 3-6 micauyis nicas
COVID-19 Hasnaku, bys suuwyum, Hixc 'y 2pyni nopisHAHHA. [IoKa3HUKU eHoomeniHy-1 6yau cymmeso suwii y mux,
Xmo nepexsopie Ha KOPOHABIPYCHY X80p0obY, Npu ybomy y nepiod 3-6 micayis usa pisHuusa byna we binobworo. PiseHb
MOKA3HUKI8 He 3anexas 8i0 HassHocMi ckape, AKi csiduuau npo Long-COVID. Buwie3aszHaveHi 3miHU csid4ame
npo mpusanutli 3ananeHuli npoyec y nayieHmis 3 Long-COVID, w0 cyrnpo8oOXyemMoca ypaxeHHAM eHOomerntito,
aKMUBAYIEID «308HIIHLO20» WAAXY 320PMAHHA KPO8I Ma nid8uWeHUM pU3UKOM mpPomb0oymaeopeHHS.

Knwouoei cnoea: COVID-19, Long-COVID, koazynauyia, eHoomeniH, 3anasneHHs, 300p08’a, 320pmasbHa (yHKYisA
Kposi.

38’a30K ny6niKauii 3 n1aHOBUMM HAyKOBO-J0CNIA-
HUMM poboTamu.

JocnipKeHHa 6yn0 BUKOHAHO B MeXKax HayKoBO-40-
cnigHoi poboTtn «KniHiko-enigemionoriyHi ocobamBocTi
nepebiry BipycHMX, BaKTepiabHUX Ta NapasUTapHUX iH-
beKLUin B 3aneKHOCTI Bif, iIMyHONOMYHMX, TeHETUYHMX Ta
MeTaboniuHnX  aKkTopiB, ONTMMI3aLIA AiarHOCTUYHUX

182

Ta NiKyBaJIbHUX 3ax04iB», HOMepP AeprKaBHOI peecTpalLtii
0121U11571.

Bctyn.

MaHaemis KopoHaBipycHoi xBopobu abo COVID-19,
AKa cnpuunHeHa SARS-CoV2, ctana Hanbinbluoto 3arpo-
3010 CycniNbCTBy Yy chepi OXOPOHM 340P0OB’A Y BCbOMY CBITi
nicna naHaemii rpuny 1918 poky [1]. Micna 3aBeplueHHA
naHaemii COVID-19 xBopoba Mmae TeHAEHL0 A0 HabyTTA
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B/IaCTUBOCTEN CE30HHWMX FOCTPUX BIPYCHUX pecnipaTop-
HUX iHPEKUiN, CNPUYMHAIOYM NiABULLEHHA 3aXBOpPHOBaA-
HOCTi B OCiHHbO-3MMOBMI nepiog, [2]. CTaHOM Ha CiYeHb
2024 poky, 6n13bKo 774 minbiioHiB ocib nepexsopinv Ha
COVID-19, i ua undpa nocTiliHo 3pocTae [3]. MaTonoriyHi
CUMMTOMM, AAKi HE MOXKHA NOACHUTU IHLUMMUM MPUYUHAMM,
HiXX KOPOHaBIPYCHO XBOPOHOID, MOXKYTb CMOCTEPIraTUCh
y 18,5-71,3% naLieHTiB HaBiTb NpoTArom 24 micauis nicns
3axBoptoBaHHA [4, 5]. Llei cTtaH BM3Ha4yaeTbca AK Long-
COVID, Ta 04HVMM 3 HANBAKAMBILLMX AOT0 BUABIB, 3 TOYKM
30py MPOrHO3Y LLOAO AKOCTI XKUTTA Ta 36epeKeHHA npa-
Le34aTHOCTi, € MOPYLWEeHHA 3ropTabHOT GYHKLIT KpoBi Ta
3aXBOPIOBAHHA cepLeBO-CyANHHOI cucTemn [6-8]. Huska
OOCNiAXKeHb BKA3ye Ha eHAoTeniaNbHy AUCPYHKL, AK
OAMH 3 OCHOBHMX MexaHi3miB po3BuTKy COVID-acouiiio-
BaHoi Koarynonarii [9-11].

Merta gocnigKeHHs.

BM3HAuYeHHA NOKa3HMKIB Koarynauii Ta EHgoTeniHy-1
AK 6i0N0rYHOro MapKepy ypaxeHHA eHAoTeNito Ta OLjiH-
Ka OYHKLUII 3ropTaHHA KpoBi B ocib, AKi nepexsopinn Ha
COVID-19.

06’eKT i meTOAM JOCNigyKEHHA.

byno npoaHanizoBaHo MeauyHi Kaptu 112 ocib, Aki
nepexsopinn Ha COVID-19 npoTArom pokKy, a TaKoX Mpo-
BeAeHO iX ONUTYBaHHA Ta ornag. Bpaxosytouu Kputepii
3a/ly4eHHA Ta BUJIYYEHHA A0 rPynu JOCAiAXKYBaHMX Byn0
BifibpaHO 77 peKOHBANECLEHTIB.

lpyny NOpiBHAHHA CKNanu 68 MPaKTUYHO 340POBUX
ocib, Aki He manu niaTeepaxeHoro sunagxry COVID-19.

JocnigeHHn 6yno NpoBeaeHo 3 ypaxyBaHHAM MPUH-
umnis leNbCiHCbKOI AeKnapaLii. MMcbMOBa 3rofa KOXHOro
y4yacHuKa 6yna 060B’A3K0BOK YMOBOHO.

KpuTepii 3any4eHHA: aHaMHeCTMYHI Ta nabopaTopHi
(nigTBeparkeHnii metogom MNP Bunagok COVID-19 npo-
TATOM OCTaHHbOFO POKY).

KpuTepii BUNYyYEHHSA: KNiHIKO-aHaMHECTUYHi (XxBopo-
61 KpoBi abo po3naam Koarynauji B aHaMHe3i, BXXMBaHHSA
Npo- Ta AHTMKOAry/AHTIB, FOCTPi 3amasbHi 3aXBOPHOBaH-
Hs); nabopaTopHi (3MiHM KNiHIYHOro aHanisy Kposi, AKi
CBiAYaTb MPO rocTpe 3aXBOPIOBaAHHSA).

Ycim y4yacHVMKam rpynu AOCAigKeHHA Ta MOPIBHAH-
HA Bys10 NpoBeAeHO BM3HAYEHHSA MOKA3HWKIB 3ropTaHHA
KpoBi — npoTpombiHosuin yac (MNTY), npoTpombiHOBMIA
iHaekc (MTI), mikHapogHe HOpMani3oBaHe BigHOLWEHHA
(MHB), BigcoTok npoTpombiHy 3a Keikom (KBIK), akTnBo-
BaHWMI YaCcTKOBUI TpomboniacTMHOBKIA yac (AYTYH), BmicT
dibpuHoreHy. byno BusHa4yeHo piBeHb EHaoTeniHy-1 (ET-
1) meToaom iMyHOpEepMEHTHOrO aHani3y 3 BUKOPUCTAH-
HAM TecT — cuctem Human EDN1(Endothelin-1) ELISA Kit
(npobHUK — FineTest, Kutai).

[na nepesipKkM HOPMaNbHOCTI PO3NOAiNy rpyn Ao-
CnigyKeHHA BUKopucToByBaBcA MmeTog, Lanipo-Yinka. 3a
HOPMa/IbHOrO PO3MOAINY TPyn MOPIBHAHHA MOKA3HMKIB
34iMCHIOBANOCL 3a AOMNOMOrot Metoay t — KpuTepito
CTbloAeHTa, Y iHWOMY BUNAAKy BUKOPUCTOBYBABCA Hena-
pameTpuyHuin Kputepih U MaHHa — YiTHi. na nopiBHAH-
HA 3B’A3aHMX BUBIPOK 3acTOCOBYBABCA OAHOBUOIPKOBMIA
KpuTepilt BiNKOKCOHa, 3 y3arabHEHHAM 3a LOMOMOroH0
amcnepcinHoro aHanisy ®piagmaHa. KpumuyHuli piseHb
3Ha4Yywocmi npu nepesipyi cmamucmu4yHux 2inomes
y 0aHomy OocnioxeHHi npulimanu 0,05. KopenauyiliHuli
38A30K MiX¢ MOKA3HUKAMU 8CMAHO06/t08a8CA 30 00Mo-
Moeor KoeghiyieHmy Kopensayii CnipmeHa. [as cmamuc-
MUYHUX PO3PAXYHKI8 8uKopuUCMOBY8ascA npo2pamHuli
rnakem Stata/SE 18.

Pe3ynbratv aocnigeHHs.

CepepHiit Bik gocnigskysaHux ctaHosuB 45,0 (34,8-
52,0) pokis. XiHkn (54,5%) nepeBarkaau 4YosnoOBIKiB
(45,5%) y 1,2 pasa. CepeaHili Bik 0Cib 3 rpynu NopiBHAHHSA
6ys 42,0 (34,0-50,0) pokiB, cepen, H1UX TaKoXK By/0 KiHOK
y 1,2 pa3sa binblue Hixk yonosikis (54,4% Ta 45,6% Bigno-
BigHO).

3anexkHo Big, TepmiHy nicna nepeHeceHoro COVID-19
[OCNiAXKyBaHi 6ynv po3nogineHi Ha 4 nigrpynu: niarpyna
A — po 3 micauis, B —3-6 micauis, C—6-12 micauis, D—12
micauis Ta 6inbLue.

3 77 pocnigxKyBaHux 65 (84,4%) HapaBanu cKapru,
AKi € 03HaKamu Long-COVID. Cepep, HUX *iHKM y 1,2 pasa
nepesakanun 4onoBikiB (36 iHOK, 55,4%; 29 4onoBiKis,
44,6%).

MoKa3HWKK 3ropTanbHOI GyHKLT KPOBI Bynn y Merkax
HOPMWM AK Y TpynNi JOCNIAKYBAHMX, TaK i Y rpyni NOPiBHAH-
HA, ane AesKi 3 HUX LOCTOBIPHO BigpisHAAMCL. KoaHui
NOKAa3HMK He AEMOHCTPYBAB AOCTOBIPHOI PI3HULL MiXK
OOCNIAXKYBaHUMM, AKI HAZJABa/IM CKApPrv Ta TUMU, XTO He
cKapxkmeca. MNTY 3aranom y 1,06 pasa nepesuLLyBaBs Bia-
NoBiIAHWIM MOKasHMK Yy rpyni nopisHaAHHA (p=0,000). Lewn
NMOKa3HWK 6yB JOCTOBIPHO BULLMIA Y Fpyni 4OCNiAXKYBAHMX
nvuwe y nigrpyni B (y 1,09 pasa, p=0,000). MNTI 6yB HUKYe
y rpyni gocnigxysaHux y uinomy y 1,04 pasa (p=0,004), Ta
y 1,08 pasa —y niarpyni B (p=0,007). MHB 6yB 6inbLue y
1,05 pasa y rpyni gocnigxyBaHux y uinomy (p=0,012) Tay
1,09 pasay nigrpyni B (p=0,009). KBIK mocToBipHO He Big-
Pi3HABCA, @ Hi MiXK rpynamu, a Hi y xoaHin nigrpyni. AYTY
3arajiom y rpyni gocnigKeHHs byB AOCTOBIPHO HUMKUMIA
y 1,05 pasa (p=0,004), BogHouac, y niarpyni B — suwuit
y 1,07 pa3a (p=0,004). PieHb ¢ibpuHOreHy He maB Ao-
CTOBIPHOI pi3HMLi B LinoOMmy, Ta y nigrpynax, sBogHoyac, y
niarpyni A pisHuya y 1,15 pasa 6yna Ha mexi piBHA 4o-
cToBipHocTi (p=0,059).

ET-1 poctoBipHO nepeBaKaBs Yy rpyni AOCAIAXKEHHA Y
1,4 pasa (p<0,001), y rpyni B —y 1,5 pasa (p<0,001) Bia-
HOCHO rpynu NopiBHAHHA. He cnoctepiranocb A0CTOBIp-
HOI Pi3HWULi MiXK PIBHAMM UbOro NOKa3HWKA Y iHWKUX Mig-
rpynax Ta mix gOCNigKyBaHUMM, AKI HaJaBaNM CKapru Ta
TUMU, XTO HE CKap*KMBCA (anB. Tabauuio).

Mpw BU3HauyeHHi KopenAauji mixk ET-1 Ta nokasHMKamu
3ropTanbHoi GYHKLiT KpoBi cnocTepirasca cnabuit nosu-
TUBHUI B3aEMO3B’I30K LbOro MOKasHMKa 3 piBHem oi-
6puHoreHy y rpyni gocnigxysaHux (r=0,289, p=0,013). Y
rpyni NOPiBHAHHA KOpenAauia He BU3HA4Yanachb i3 *KOAHUM
NOKa3HUKOM.

Mpy BM3HAYEHHI 3HAYYLLOCTI AMHAMIKM MOKA3HUKIB
3ropTanbHoi GyHKLUii Kposi Ta ET-1 y niarpynax A —D 3 3a-
CTOCYBaHHAM KpUTepito BifIKOKCOHa, 3 y3arasbHEHHAM 3a
[0MOMOroL0 AucnepciiHoro aHanisy dpiamaHa He BUAB-
JIEHO JOCTOBIPHMX 3MiH.

O6roBopeHHs pe3ynbraTiB JOCNIAKEHHS.

MoKa3HWKKM 3ropTanbHOI OYHKLIT KpoBi, AKi BU3Haua-
JIUCb Y IaHOMY AOCNiAMKEHHI, BifobparKatoTb pi3Hi eTanu
koarynauii. Tak, MTY 3anexnTb Bif, KOHUEHTpaL,i pakTo-
pis VI, X, V, npoTpombiHy, Ta NOAOBKYETbCA MpK ix Aedi-
unTi. MTI, MHB, Ta KBIK aki € noxigHumu Big, MTY, Takox
Bigo6paxkKaloTb 3MiHU «30BHILUHBOrO» LWAAXY 3rOPTaHHA
KpoBi. AHTY nogoBXKyeTbcA Npu AediunTi NpekanikpeiHy
(dbakTop ®netyepa), BUCOKOMONEKYAAPHOrO KiHiHOTEHY
(dakTop diturkepanbaa), daktopis VI, IX, X, XI, XIl, saki
€ CKNAaJ0BUMM «BHYTPILIHbOrO» LUAAXY 3rOPTAaHHA KPOBI.
®ibpuHoreH € | pakTopom 3ropTaHHA KPOBI Ta BU3HAYAE
AKTMBHICTb «3araibHOro» LWAAXY MNPOLLeCcy YTBOPEHHA
3rycTtka [12, 13].
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Tabnuusa — NoKasHUKK 3ropTanbHOi GYHKLiT KpoBi Ta EHpoTeniH-1, mediaHa
(25 npoyeHmune — 75 npoyeHMusnvo)

pynn Ckapru Migrpynu gocnifxyBaHnx
[MoKasHWK  |gocnigskeHHs| NOpiBHAHHA HasBHi BigcyTHi A B C D
(n=77) (n=68) (n=65) (n=12) (n=13) (n=50) (n=6) (n=8)
13,7 13,8 14,5 14,1 13,2 13,4
NTY, cek (12,9-14,7) 12,9 (13,1-15,1) 13,3 (13,0-16,4) | (13,0-15,2) | (12,8-13,6) | (12,7-14,5)
pe0,001 | 1231400 | T 70505 | (12,8146) | 1) ey p<0,001 p=0,579 p=0,872
96,4 94,5 92,7 93,8 99,4 98,6
nTi, % (90,0-100,8) 100 (87,3-101,2) 97,6 (81,3-101,6) | (87,3-101,2) | (97,7-100,2) | (92,3-103,4)
p=0,006 | 021095 | T 'Sy 147 " | (86,8-1014) | T 198 p=0,007 p=0,699 p=0,559
1,05 1,08 1,11 1,09 1,01 1,02
MHB (0,99-1,14) 1,00 (0,99-1,19) 1,03 (0,09-1,32) | (0,99-1,19) | (0,99-1,03) | (0,96-1,12)
p=0,012 | (093112) | "5 76g | (099-122) | o o07%s p=0,009 p=0,874 p=0,846
90,7 86,9 82,1 84,3 100,4 97,1
KBIK, % (75,7-102,9) 96,1 (70-104,2) 1014 1 67 9.105,3) | (70-104,2) | (93,9-105,0) | (81,4-112,0)
p=0.654 | (780-104,0) | ' "o50g | (80.3-110,6) | T N1 507 p=0,663 p=0,352 p=0,264
33,0 34,5 36,6 37,2 32,3 32,1
AYTY,cek | (30,2-35,8) 34,7 (32,8-38,9) 34,9 (31,6-39,2) | (31,9-39,4) | (23,0-35,4) | (29,6-36,1)
p=0,005 | (326-381) | © lngs | (328-378) | T 15437 p=0,004 p=0,070 0=0,195
- 2,68 2,47 3,3 2,60 3,03 3,15
3;6"'”“"'“' (240334) | 423'?37 42 | 230260) | 321'_52270) (2,94-3,53) | (2,42-2,71) | (2,56-3,45) | (2,70-3,73)
0=0,504 433, p.=0.084 312, p=0,059 p=0,061 0=0,642 p=0,986
4,33 3,77 3,77 4,59 4,20 6,87
ET-1, pe/mL | (290-642) | ) 831'_11?12) (31313,66) | 23;;?5725) (2,56-7,35) | (3,16-6,37) | (0,54-5,88) | (4,38-13,93)
p<0,001 814, 0.=0.722 1245, p=0,073 p<0,001 p=0,874 0=0,117

MpumiTkK: p — piBeHb 3HAYYLLOCTI NP OLIHIOBAHHI PI3HUL 3 rPYNOKO NOPIBHAHHA, P, — PIBEHb 3HAYYLLOCTI NPX OLIHIOBAHHI PI3HWLI Mix AoCAi-

AXKYBAHUMM, AKI Masn CKapru Ta TMMU, XTO HE CKap»KMBCA.

3a AaHUMK OMNAAIB, CUCTEMHE 3aMasieHHA Ta Mnopy-
WeHHA Koarynauii B3aemosanexkHi. Tak, XpoHiuHe 3ana-
JIEHHA MPOBOKYE NOPYLUEHHA reMOCTaTUYHOro 6anaHcy y
6iK NPOTPOMBOTUYHOIO CTaHY LUAAXOM aKTMBALLT 30BHiLU-
HbOTO LUAAXY KOArynALii 38 paxyHOK NigBULLLEHHA eKkcnpe-
cii TKAaHMHHOrO daKTopPYy, KA CTUMYJIOETLCA NpPO3anaib-
HUMW UMTOKIHAMW. Y CBOK Yepry, akTMBOBaHi dakTopm
Koarynauii MoxKyTb NiATPMMYBATU 3anabHy peakuito [14].
Spike-npoteiH Bipycy SARS-CoV2 TakoX Ma€ B/1aCTUBOCTI
Npo3anasbHOro areHTa Ta MOXKe HanpAMy BMJMBaTK Ha
BaacTMBOCTi GibpuHOreHy Ta TPOMBOLMTIB, NPOBOKYHOUM
rinepkoarynauito [15]. Takox, BaxkaMBum GakTopom no-
pyLweHHA Koarynauii npu roctpomy COVID BcTaHOBAEHO
YPaXKeHHA eHAOoTenito Ta noe’A3aHe i3 UMM NopyLUeHHsA
perynauji 3ropTaHHs Kposi [16]. EHgoTenianbHi KNiTMHM
BiZirpaloTb BMpillanbHy Posb Y NiATPUMYBaHHI BanaHcy
MiK NPO- Ta NPOTUKOArYNAHTHUMW PaKTopamu. HeyLiko-
OKeHi KNiTUHW eHA0TENi0 eKCNPecytoTb Ha CBOI NOBepX-
Hi PEYOBMHMU, AKi NEePELUKOAKAIOTb YTBOPEHHIO KPOB AHMX
3ryCTKiB Ta aKTUBaALLl TPOMBOLUMTIB. YILKOAMKEHI, HAaBNaKM,
CTaloTb OCHOBOW A/1A aAresii TPomMboumTiB, YTBOPEHHSA
NPOKOArynsHTHUX KOMMEKCiB Ta 3ropTaHHA [17]. 3a ga-
HUMM IHLWINX JOCNiAXKeHb, BioNOriYHI MapKepu ypaxKeHHsA
eHpaoTenito, AK eHaoTeniH-1 Ta aHrionoeTnH-2, MOXyTb
BM3HAYaTMCb Y NiABULLLEHNX KOHLIEHTpaLiaX npoTtarom 8
micauis nicna COVID-19 [18]. XapakTepHoto ocobausicTto
nopyLweHb Koarynauii npm roctpomy COVID-19 ta Long-
COVID € yTBOpEHHA MIKpPO3rycTkiB QibpuHY, CTIMKUX A0
¢dibpuHonizy [19]. 3MiHK KAiHIYHOrO aHani3y KpoBi, iHTe-
rpaTMBHI NOKa3HMKKN HecreuMdivyHOI Ta 3ananbHOI peak-
TUBHOCTI, CBiAYaTb NPO TPUBANMI 3anasibHWUI MPOLEC,
acoLiMoBaHUI 3 LIMPKYAOYMMK IMYHHUMU KOMMIEKCa-
MW y naujieHTiB 3 Long-COVID [20].

OTpuMaHi pesynbTaTi YaCTKOBO NIATBEPAMKYIOTb AaHi
BULLLE3a3HAYEHMX AochiaKeHb. TaK, nogosxeHHa MTY
OAHOYACHO i3 3HWMKeHHAM MTI Ta MHB moxe cBigumtn
npo nomipHUn aediunt GaKkTopiB 3ropTaHHA KPOBI «30-
BHILLHbOTO» LWAAXY Koarynsuii 3a paxyHOK Moro TpuBa-
N0i aKTUBAL,i y peKoHBanecLeHTiB. JJOCTOBIPHO Lj 3MiHU
HaMbiNbL BUPaA3HiLLi y TUX, XTO NepexBopis 3a 3-6 micAuiB

00 MoYaTKy AOoCNigXKeHHA. Y uen cammii nepiod Takox
CrnocTepiraeTbca NogoBxeHHA AYTY y rpyni gocnigrKeH-
HS, WO CBiAYMTb TAKOXK MPO BiAHOCHUI AediunT dakTopis
«BHYTPILWHbOrO» WAAXY 3ropTaHHA KPoBi. Ane, 3arasiom y
peKoHBanecLeHTiB piBeHb A4YTY HMKYe, HiX y rpyni no-
PIBHAHHA, WO CBiAYMTb NPO MPEBa/IlOBAHHA aKTUBALLi
«30BHILLUHbOrO» LUAAXY KOArynaLii Hag, « BHYTPILIHIMY.

lMoKa3HMKKN MapKepy ypaxeHHa eHaoTenito, ET-1, y wi-
JIOMY Y PEKOHBA/IECLIEHTIB BYIY 3HAUYHO BULLIE, HiXK Y rpyni
NOPIBHAHHA, TO TOTO X, Y TUX, XTO Nepexsopis 3-6 micauis
TOMY, LA Pi3HMLA AOCTOBIpHO Byna we binbluoto.

BucHoBKMU.

Ha TprBane nopylueHHa 3aropTanbHOi GpyHKLT KPOB,
Yy AOCNigyKyBaHMX, AKi nepexsopinn Ha COVID-19, BKasy-
Ba/I0 MOAOBMKEHHA MPOTPOMBIHOBOrO Yacy, 3MeHLIEeHHA
NPOTPOMBIHOBOrO iHAEKCY Ta 36iNbLLEHHA MiXHapOoAHO-
ro HOPMani3oBaAHOrO BiAHOLIEHHSA Big4HOCHO aHANOMYHMUX
NoKasHMKiB 340poBux ocib. Y nepiog 3-6 micauis nicna
XBOPOOM Ui 3MiHM By OOCTOBIPHO BMPA3HILLMMM, HiXK
y rpyni B winomy. AKTMBOBaHMIA YaCTKOBUIA Tpombonnac-
TUHOBWI Yac 3arasiom ByB HUKUYMM Y PEKOHBANECLLEHTIB,
HaBMakKW y nepiog, 3-6 micAuis nicns xsopobwu, BiH OyB
BULLMM, HiXX Y Tpyni NOPiBHAHHA.

KoHueHTpaLis eHaoTeniHy-1 6yna cyTTeBO BULLA Y TUX,
XTO NePEexBopiB Ha KOPOHaABIPYCHY XBOPOBY, NPU LibOMY Y
nepiog 3-6 micauis ua pisHMUA byna we 3HavHiwoto. Pi-
BeHb eHAOoTeniHy-1 He 3anerKaB Bif, HAABHOCTI CKapr, AKi
csiguman npo Long-COVID.

3MiHM NOKa3HMKIB 3ropTasibHOI GYHKLIT KpoBi Ta eHA0-
TeniHy-1 ceigvaTth NPO TPMBAMIA 3aManbHUI NpoLec y na-
uieHTiB 3 Long-COVID, WO CynpOBOAXKYETLCA YPAKEHHAM
€HO0TeNito, aKTMBALLEID «30BHILIHbOrO» LWAAXY 3ropTaH-
HA KPOBIi Ta NiABULLEHUM PUIMKOM TPOMBOYTBOPEHHS.

MepcneKkTUBM NOAANbLUNX JOCAIAMNKEHD.

3 meToo NporHosysaHHa Bnansy Long-COVID Ha pos-
BMTOK MATONOrMYHMX 3MiH, AKi NMOB’A3aHI 3 MOpPYLUEHHS-
MW 3ropTasibHOI GYHKLii KpOBi, MNAaHYETbCA BU3HAYEHHSA
3B’A3KY KOHUEHTpaLji eHAoTeniHy-1 3 HaABHICTIO 3axBo-
proBaHb, IKi BUHUKAW nicna nepeHeceHoro COVID-19.
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NOKA3HUKU 3rOPTANIbHOT ®YHKLIT KPOBI, KOHLLEHTPALIA EHAOTENIHY-1 TA LONG-COVID

Csitaiino B. C., Yemnu M. [.

Pestome. Mema 00cniOneHHA: BU3HAUYEHHSA MOKa3HUKIB Koarynauil Ta EHgoTeniHy-1 sk 6ionorivHoro mapkepy
ypaKeHHA eHAOoTeNito Ta oujiHKa GpYHKLUIT 3ropTaHHA KPOBi B 0Cib, AKi nepexsopinn Ha COVID-19.

06’ekm i MemoOu 0ocnioreHHA. o rpynu AOCAIAMEHHS YBINWAK 77 peKoHBanecLeHTiB, AKi nepeHecan COVID-
19 npoTArom poky. pyny NOpiBHAHHA CKAaAn 68 NPAKTUYHO 30,0POBUX NIOAEN, AKI HE Mann JAaHMX NPO NepeHece-
Hui COVID-19 B aHamHesi. byno npoBeaeHO ONUTYBAHHSA Ta OMAL BULLLE3a3HAYEHUX OCib, aHaNi3 MeguUUYHUX KapT,
BM3HAYEHHA MOKa3HMKIB Koaryanorpamm 1a pisHa EHgoTeniHy-1y Kposi.

Pe3ynbmamu. CnocTepiranocb AOCTOBIpPHE NiABULLEHHA NPOTPOMBIHOBOIO Yacy Ha 6,2% Ta MiXKHapPOAHOIo HOp-
Ma/li30BaHOro BigHoWeHHA Ha 5,0%, 3HWKEeHHS NPOTPOMbIHOBOrO iHAEKCY Ha 3,6% Ta aKTMBOBAHOIO YaCTKOBOTO
TpombonaacTMHoBOro Yacy Ha 4,9% y rpyni gocniarkeHHs. PiseHb ET-1 6yB BUWMIA y rpyni gochigxKeHHs Ha 39,7%
BiZLHOCHO Trpynu NopiBHAHHA. BiANoBiAHI 3MiHM LIMX MOKa3HMKIB Byn BUpasHilWMmK y nepiog, 3-6 micauis nicns ne-
peHeceHoi xBopobu.

BucHosKu. Ha TpuBane nopylweHHA 3aropTanbHOi yHKLiT KpOBI, Y A0CNiAXKYyBaHUX, AKi nepexsopinm Ha COVID-
19, BKa3yBano NOAOBMXKEHHA NPOTPOMbIHOBOIO Yacy, 3MeHLLEeHH: NPOTPOMbIHOBOrO iHAEKCY Ta 36iNblUEHHA MiXKHa-
pOAHOro HOPMasi30BaHOro BiAHOLWEHHA BifIHOCHO aHa/IONYHUX NOKa3HMKIB 340poBux ocib. Y nepioa 3-6 micauis
nicns xsopobu uj 3miHuM 6ynn AOCTOBIPHO BUPA3HILLIMMMK, HIXK Yy rpyni B LinoMy. AKTUBOBaHMWIA YacTKOBUIM Tpombon-
NAaCTUHOBWIA Yac 3arafiom ByB HMXUYMM Y PEKOHBANECLEeHTIB, HaBNakM y nepio 3-6 micAuis nicna xsopobw, BiH bys
BULLMM, HiX Y TPYNi NOPIBHAHHA.

KoHueHTpaLia eHaoTeniHy-1 6yna cyTTeBO BMLLA Y TUX, XTO MEPEXBOPIB HA KOPOHaBIpPyCHY XBOPOOY, Npu Lbomy
y nepiog, 3-6 micauis uA pisHMUA Byna we 3HaYHiWwo. PiBeHb eHAoTeNiHy-1 He 3an1exKaB Bif HAaABHOCTI CKapr, AKi
cBigumam npo Long-COVID.

3MiHM NOKa3HMKIB 3ropTasibHOI PYHKL,i KPOBi Ta eHAOTeNiHY-1 cBifAYaTb NPO TPMBAAUIA 3anaabHUI NpoLec y na-
LieHTiB 3 Long-COVID, W0 cynpoBOAKYETLCA YPAXKEHHAM €HA0TENI0, aKTUBALLIEI «30BHILLHbOrO» WAAXY 3ropTaHHA
KPOBIi Ta NiABULLEHUM PUSUKOM TPOMBOYTBOPEHHS.

Knwouosi cnosa: COVID-19, Long-COVID, Koarynauis, eHAOTeNiH, 3anafeHHs, 300p0oB’s, 3ropTanbHa GyHKLin
KpOBiI.
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INDICATORS OF BLOOD COAGULATION FUNCTION, CONCENTRATION OF ENDOTHELIN-1 AND LONG-
coviD

Svitailo V. S., Chemych M. D.

Abstract. The aim of the study was to determine coagulation and Endothelin-1 as a biological marker of
endothelial damage and to assess blood coagulation function in patients with COVID-19.

Object and research methods. The study group included 77 convalescents who had suffered from COVID-19
during the year. The comparison group consisted of 68 practically healthy people with no history of COVID-19. The
above-mentioned individuals were interviewed and examined, medical records were analyzed, and coagulation and
Endothelin-1 levels were determined.

Results. There was a significant increase in prothrombin time by 6.2% and international normalized ratio by 5.0%,
a decrease in prothrombin index by 3.6% and activated partial thromboplastin time by 4.9% in the study group. The
level of ET-1 was higher in the study group by 39.7% compared to the comparison group. The respective changes in
these parameters were more pronounced in the period of 3-6 months after the disease.

Conclusions. Prolonged prothrombin time, decreased prothrombin index, and increased international
normalized ratio in subjects with COVID-19 were indicative of a long-term impairment of blood coagulation function
compared with similar indicators in healthy subjects. In the period of 3-6 months after the disease, these changes
were significantly more pronounced than in the group as a whole. The activated partial thromboplastin time was
generally lower in the convalescents, on the contrary, in the period of 3-6 months after the disease, it was higher
than in the comparison group.

The concentration of endothelin-1 was significantly higher in those who had coronavirus disease, and this
difference was even more significant in the period of 3-6 months. Endothelin-1 levels did not depend on the
presence of complaints suggestive of Long-COVID.

Changes in blood coagulation function and endothelin-1 indicate a prolonged inflammatory process in patients
with Long-COVID, accompanied by endothelial damage, activation of the “external” pathway of blood coagulation
and an increased risk of thrombosis.
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The aim was to study the character of patients with myopia and its role in the formation of the internal picture
of the disease.

36 men and 54 women with moderate myopia were examined. We used the «Personal questionnaire of the
Bekhterev Institute» and the "Kettel Test" to study the internal picture of the disease and the patient’s character.

Patients with myopia had such characterological features, as subordination, anxiety, conservatism, restraint,
and high self-control, which influenced the formation of their internal picture of the disease. The structure of all
diagnosed types of attitudes to the disease were sensitive, ergopathic, neurasthenic, paranoid, and euphoric types.
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