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The article presents the results of the analysis of the dynamics of the main indicators of the
blood coagulation system and cytokines (IL-6, D-dimers, C-reactive protein and procalcitonin)
on the background of thromboprophylaxis in patients with COVID-19. The aim of our study
was to determine the dynamics of the main indicators of the blood coagulation system and
cytokines in the setting of thromboprophylaxis. The study was conducted at the Department of
Infectious and Pediatric Infectious Diseases, Parasitology, Phthisiology and Pulmonology of
the Kharkiv National Medical University and at the Municipal Non-Profit Enterprise "Kharkiv
Regional Infectious Diseases Hospital" of the Kharkiv Regional Council, in 2020-2024 with
compliance of the existing recommendations of bioethical norms and rules. All patients singed
informed consent. We examined 179 patients aged 20—88 years (average age of [58.75+13.82]
years) with COVID-19. The diagnosis of COVID-19 was confirmed by enzyme-linked im-
munosorbent assay and polymerase chain reaction. Medical and statistical calculations were
performed using the SPSS 25.0 software package. The mean value and standard square devia-
tion were calculated. The probability of differences was determined using the Mann-Whitney
U-test with a threshold value of statistical significance of p=0.05. According to the results of
the study, a significant (p<0.001) dynamic of restoration of D-Dimers’ levels was noted against
the background of the applied therapy (on days 9-10, a decrease of 166.3 Fibrinogen Equivalent
Unit (FEU), ng/ml, and on days 12-15 — of 376.7 FEU, ng/ml) and procalcitonin (on days 6—7
the content was by 0.04 ng/ml, p=0.006; on days 10-11 — 0.01 ng/ml, p<0.001; on days 12—-15 —
also 0.01 ng/ml, p=0.027).
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Introduction

Since the end of 2019, COVID-19 has
reached the levels of a large-scale pan-
demic in a rather short period of time, with
quite threatening levels of morbidity and
mortality [1-9], which, according to many
studies, reach more than 10.0% [4].

The World Health Organization defines
COVID-19 as a severe acute respiratory
syndrome caused by coronavirus type 2
(SARS-CoV-2) [6; 7; 9; 10], which has in-
fected more than 100 million people world-
wide and caused more than 2.5 million
deaths.

The overwhelming majority of COVID-
19 infected patients report predominantly
respiratory system involvement, but a cer-
tain cohort of patients also indicates the de-
velopment of systemic involvement with
resistant fever, acute lung injury, and se-
vere acute respiratory syndrome with
shock and the development of multiple or-
gan failure [2; 4; 11-14]. In addition, in
most cases, there is also a disorder of the
blood coagulation system with the deve-
lopment of diffuse intravascular coagula-
tion and large-caliber vascular thrombo-
sis [3].

Given this situation, the diagnosis of
clinical and laboratory criteria for throm-
botic risk stratification is a priority for clini-
cal trials to optimize thromboprophylaxis
[15].

Thus, according to Coomes E.A. et al.
[12], it is extremely promising to study the
dysregulation of the humoral immune re-
sponse in patients with COVID-19, which
manifests itself as a cytokine response syn-
drome with a predominance of InterLeu-
kin-6 (IL-6) production and activity, in
view of optimizing immunostabilizing the-
rapeutic tactics, especially in patients with
severe and extremely severe infection. The
immune response in this case can manifest
itself in the form of a cytokine storm: in the
vast majority of patients, there is a signifi-
cant increase in the levels of IL-6, IL-17A,
and tumor necrosis factor-a [4].

In addition to these cytokines, increased
levels of D-dimers [1] and other indicators
of the blood coagulation system are deter-
mined: C-Reactive Protein (CRP), ProCal-
ciTonin (PCT). These changes determine
the high risk of developing thrombosis,
which requires appropriate thrombopro-
phylaxis [6; 15-18] under close monitoring
of the dynamics of blood coagulation sys-
tem parameters.

Therefore, given the significant risks of
blood coagulation disorders with the devel-
opment of thrombotic complications and
cytokine response syndrome, determining
the dynamics of the main indicators of the
blood coagulation system and cytokines is
of clinical relevance in the treatment of
COVID-19.

The aim of the study is to determine the
dynamics of the main indicators of the
blood coagulation system and cytokines in
the context of thromboprophylaxis.

Materials and Methods

The study was conducted at the Depart-
ment of Infectious and Pediatric Infectious
Diseases, Parasitology, Phthisiology and
Pulmonology of Kharkiv National Medical
University and at the Municipal Non-Profit
Enterprise "Kharkiv Regional Infectious
Diseases Hospital™ of the Kharkiv Regio-
nal Council, in 2020-2024, in accordance
with existing international and national bio-
ethical standards and regulations. All pa-
tients signed the informed consent.

179 patients with COVID-19 (53.63%
women and 46.37% men) aged 20-88
years (average age was [58.75+13.82]
years) were examined.

The diagnosis of COVID-19 was con-
firmed by Enzyme-Linked ImmunoSor-
bent Assay (ELISA) and Polymerase Chain
Reaction (PCR). The patient’s examination
program included biochemical blood test
of IL-6, D-Dimer, ProCalciTonin (PCT)
and C-Reactive Protein (CRP).

The medical and statistical calculation
of the results was performed using IBM
SPSS 25.0 for Windows (USA).

IHekuinHi Ta napasuTapHi xBopoou

Infectious and Parasitic Diseases



MeaumumHa cborogHi i 3aBTpa

93(2)2024

Medicine Today and Tomorrow

ISSN print 2414-4495, ISSN online 2710-1444, https://msz.knmu.edu.ua, msz.journal@knmu.edu.ua

The distribution of the obtained quanti-
tative features was assessed visually by the
graphical method and using the Kolmogo-
rov-Smirnov and Lillifors and Shapiro-
Wilk criteria. The evaluation of the data re-
vealed significant differences from the nor-
mal distribution, so nonparametric statis-
tics were used for further calculations.

To characterize the central tendency and
variability of quantitative features (con-
tinuous or interval), the mean value (M)
and standard square deviation (SD) were
determined.

The probability of differences in the ob-
tained features was determined using the
Mann-Whitney U-test. The threshold value
of the statistical significance of the calcu-
lated traits was taken as 0.05 (p=0.05).

Results and Discussion

First of all, we studied the dynamics of
IL-6 levels in the examined patients with

COVID-19 coronavirus infection on the
517" days after hospitalization compared
to the values obtained on admission to the
clinic (Table 1).

Good dynamics and a decrease in I1L-6
levels by 0.56 pg/ml (from [24.56+22.9]
pg/ml to [24.00+26.2] pg/ml) were noted,
but the difference in the obtained values
was not significant (Table 1). Positive dy-
namics of IL-6 levels on the background of
the treatment confirmed the effectiveness
of the therapy of the examined patients and
indicated a decrease in the risk of cytokine
storm and the development of disseminated
intravascular coagulation syndrome and
significant respiratory failure.

At the same time, the levels of D-Dimer
initially indicated a probable increase in
their quantitative values, and then had
a significant tendency to their active de-
crease (Tables 2-6).

Table 1. Dynamics levels of IL-6 of the examined patients with acute respiratory disease,
obtained on admission to the clinic and on the 5""-7" days of hospitalization (M=+SD)

Indices Admissions to the clinic 5-7 days P
IL-6. pa/ml 24.56+22.9 24.00+26.2 0.712
P dynamics 056

Notes: p — significance of the difference between the levels obtained on admission to the
clinic and on the 57" days of hospitalization.

Table 2. Dynamics of D-Dimer levels in the examined patients with acute kidney injury,
obtained on admission to the clinic and on the 2"-3" days of hospitalization (M+SD)

Indices Admissions to the clinic 2-3 days p
. 873.3x1776.4 1120.86+2167.0 0.040
D-Dimer, FEU, ng/ml dynamics 1247 56

Notes: FEU (here and further) — Fibrinogen Equivalent Unit, reference values of D-dimer;
p — significance of the difference between the levels obtained on admission to the
clinic and on the 2"9-3" days of hospitalization.
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Table 3. Dynamics of D-Dimer levels in the examined patients with acute kidney injury,
obtained on days 2"-3" days and 5"-6™ days of hospitalization (M=SD)

Indices 2-3 days 5-6 days p
. 1120.86+2167.0 1056.9+1685.3 0.444
D-Dimer, FEU, ng/ml dynamics 63.96

Notes: significance of the difference between the levels obtained on days 2-3 and 5-6 of
hospitalization.

Table 4. Dynamics of D-Dimer levels in the examined patients with acute respiratory failure,
obtained on the 5"-6" days and 7""-8" days of hospitalization (M=SD)

Indices 5-6 days 7-8 days p
D-Dimer, FEU, ng/ml| 1056.911_685.3 998.9+1324.1 0.113
dynamics -58.0

Notes: p — significance of the difference between the levels obtained on days 5-6 and 7-8
of hospitalization.

Table 5. Dynamics of D-Dimer levels in the examined patients with acute respiratory failure,
obtained on the 7"-8" days and 9"-10" days of hospitalization (M+SD)

Indices 7-8 days 9-10 days p
. 998.9+1324.1 832.6+1048.4 <0.001
D-Dimer, FEU, ng/ml dynamics 1663

Notes: p — significance of the difference between the levels obtained on days 7-8 and 9-10

of hospitalization.

Table 6. Dynamics of D-Dimer levels in the examined patients with acute care

received on 9"-10" days and 12"-15" days of hospitalization (M=SD)

Indices 9-10 days 12-15 days p
. 832.6+1048.4 455.9+530.6 <0.001
D-Dimer, FEU, ng/ml dynamics 3767

Notes: p — significance of the difference between the levels obtained on days 9-10 and 12—

15 of hospitalization.

Thus, the obtained levels of D-Dimer in
patients with COVID-19 on the 2"4-3"
days of hospitalization compared with the
values obtained on admission to the clinic
showed a significant (p=0.040) tendency to
increase (most likely in response to

COVID-19 infection) from [1120.86+
+2167.0] FEU to [873.3+1776.4] FEU,
ng/ml, indicating a dynamics of +247.56
FEU, ng/ml (Table 2).

Subsequently (on days 5-6 from the
start of hospitalization), the levels of D-Di-
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mer in patients with COVID-19 compared
with day 2-3 of hospitalization tended to
decrease significantly (p=0.444) in respon-
se to the treatment (from [1120.86+2167.0]
FEU to [1056.9+1685.3] FEU, ng/ml), in-
dicating a decrease of -63.96 FEU, ng/ml
(Table 3).

Subsequently (7—8 days after hospitali-
zation), compared with 5-6 days after hos-
pitalization, the levels of D-Dimer in pa-
tients with coronavirus infection COVID-19
significantly (p=0.113) determined a ten-
dency to decrease against the background
of the treatment (from [1056.9+1685.3] to
[998.9+1324.1] FEU, ng/ml), indicating
a decrease of 58.0 FEU, ng/ml (Table 4).

Subsequently (on days 9-10 of hospital-
ization), the levels of D-Dimer in patients
with COVID-19 compared with days 7-8
from the beginning of hospitalization sho-
wed an even greater significant trend to-
ward a decrease in response to treatment
(from [998.9+1324.1] FEU to [832.6+
+1048.4] FEU, ng/ml; p<0.001), indicating
a decrease of 166.3 FEU, ng/ml (Table 5).

Subsequently (on days 12-15 from the
beginning of hospitalization), significant

decreases in the quantitative levels of D-
Dimer of the examined patients with coro-
navirus infection COVID-19 on the back-
ground of the applied treatment were noted
compared with days 9-10 of hospitaliza-
tion from [832.6+£1048.4] FEU to [455.9+
+530.6] FEU, ng/ml (p<0.001) with a de-
crease of 376.7 FEU, ng/ml (Table 6).

Thus, against the background of the ap-
plied treatment, there was a gradual de-
crease in one of the markers of the severity
of lung tissue damage, indicating its effec-
tiveness and feasibility and reducing the
risk of developing severe viral pneumonia
and activation of the blood coagulation sys-
tem.

A similar tendency to a gradual decrease
in elevated levels in response to the treat-
ment was noted in relation to acute-phase
Indices in the subjects, determining a de-
crease in the risk of sepsis and septic shock.

Such positive dynamics was noted in re-
lation to the obtained PCT values of pa-
tients' blood, which initially reached a ra-
ther significant excess of reference levels
(Tables 7-13).

Table 7. Dynamics of PCT levels in the examined patients with acute respiratory failure,
obtained on admission to the clinic and on the 2"-3" days of hospitalization (M=SD)

Indices Admissions to the clinic 2-3 days p
0.53+2.40 0.9+1.54 0.699
PCT, ng/ml dynamics -0.04

Notes: p — significance of the difference between the levels obtained on admission to the
clinic and on the 2"9-3" days of hospitalization.

Table 8. Dynamics of PCT levels in the examined patients with acute respiratory failure,
obtained on the 2"-3" days and 4"-5" days of hospitalization (M=SD)

Indices 2-3 days 4-5 days p
0.49+1.54 0.17+0.95 0.699
PCT, ng/m| dynamics -0.32

Notes: p — significance of the difference between the levels obtained on days 2-3 and 4-5

of hospitalization.
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Table 9. Dynamics of PCT levels in the examined patients with acute respiratory failure,
obtained on the 4"-5" days and 6"—7"" days of hospitalization (M+SD)

Indices 4-5 days 67 days p
0.17+0.95 0.13+0.94 0.006
PCT, ng/m| dynamics -0.04

Notes: p — significance of the difference between the levels obtained on days 4-5 and 67

of hospitalization.

Table 10. Dynamics of PCT levels in the examined patients with acute respiratory failure,
obtained on the 67" days and 8"-9" days of hospitalization (M=SD)

Indices 67 days 8-9 days p
0.13+0.94 0.05+0.07 0.236
PCT, ng/ml dynamics -0.08

Notes: p — significance of the difference between the levels obtained on days 6-7 and 8-9

of hospitalization.

Table 11. Dynamics of PCT levels in the examined patients with acute respiratory failure,

obtained on the 8"-9" days and 10""-11" days of hospitalization (M+SD)

Indices 8-9 days 10-11 days p
0.05+0.07 0.04+0.06 <0.001
PCT, ng/ml dynamics -0.01

Notes: significance of the difference between the levels obtained on days 8-9 and 10-11 of

hospitalization.

Table 12. Dynamics of PCT levels in the examined patients with acute respiratory failure, ob-

tained on the 10"-11" days and 12"-15" days of hospitalization (M=SD)

Indices 10-11 days 12-15 days p
0.04+0.06 0.03+0.04 0.027
PCT, ng/ml dynamics -0.01

Notes: significance of the difference between the levels obtained on days 10-11 and 12-15

of hospitalization.

Table 13. Dynamics of PCT levels in the examined patients with acute respiratory failure,

obtained on the 12"-15" and 17"-18" day of hospitalization (M£SD)

Indices 12-15 days 17-18 days p
0.03+0.04 0.09+0.93 0.359
PCT, ng/m| dynamics +0.06

Notes: p — significance of the difference between the levels obtained on days 12-15 and 17—
18 of hospitalization.
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Thus, against the background of the
treatment used among the subjects on the
2nd-3rd days of hospitalization compared
with the indicators noted on admission to
the clinic, a decrease in PCT levels from
[0.53+2.40] ng/ml to [0.49+1.54] ng/ml
was noted, indicating an unlikely (p=
=0.699) dynamics of -0.04 ng/ml (Table 7).

Subsequently (on days 4-5 from the
moment of hospitalization), compared with
the indicators of days 2—3, an even greater
decrease in PCT levels was recorded
among patients under treatment (from
[0.494£1.54] ng/ml to [0.17+0.95] ng/ml),
but the difference was not significant (p=
=0.699) and determined the dynamics of
-0.32 ng/ml (Table 8).

On the 6"-7" days of hospitalization,
compared with the levels of the 45
days, a significant decrease in PCT levels
was determined among the subjects under-
going therapy (from [0.17+0.95] ng/ml to
[0.134£0.94] ng/ml; p=0.006) with a dy-
namics of -0.04 ng/ml (Table 9).

On days 8-9 of hospitalization, com-
pared with days 4-5, patients noted an un-
reliable decrease in PCT levels (from
[0.134£0.94] ng/ml to [0.05+0.07] ng/ml;
p=0.236) with a dynamics of -0.08 ng/mi
(Table 10).

This trend was determined further (on
days 10-11 from the moment of hospitali-
zation) and compared with day 8-9 indi-
cated a significant decrease in PCT among
patients (from [0.0520.07] ng/ml to [0.04+
+0.06] ng/ml; p<0.001) with a dynamics of
-0.01 ng/ml (Table 11).

On days 12-15 after hospitalization,
compared with days 10-11, patients noted
an even more significant decrease in PCT
levels (from [0.04+0.06] ng/ml to [0.03+
+0.04] ng/ml; p=0.027) by 0.01 ng/ml (Tab-
le 12).

Subsequently, this trend towards a de-
crease in PCT levels in patients with infec-
tion on the background of prescribed ther-
apy did not persist and on days 17-18 after
hospitalization compared with days 12-15
indicated an unlikely (p=0.359) increase in
these values from [0.034+0.04] ng/ml to
[0.09£0.93] ng/ml with a dynamics of
+0.06 ng/ml (Table 13).

Another acute-phase indicator (CRP) in
response to treatment among COVID-19
infected patients initially showed a trend
towards an increase in quantitative levels
(Table 14), and then to a decrease (Table
15). However, the difference in the values
obtained was not significant.

Table 14. Dynamics of CRP levels in the examined patients with acute kidney disease,
obtained on admission to the clinic and on the 2"-3" days of hospitalization (M=SD)

Indices Admissions to the clinic 2-3 day P
CRP, mg/l 54.6+72.4 58.9+69.9 0.411
dynamics +4.3

Notes: p — significance of the difference between the levels obtained on admission to the

clinic and on days 2—3 of hospitalization.

Table 15. Dynamics of CRP levels in the examined patients with acute respiratory failure,
obtained on the 2"-3" days and 5"-6" days of hospitalization (M+SD)

Indices 2-3 days 5-6 days p
58.9+69.9 50.9+71.9 0.11
CRP, mg/| dynamics -8.0

Notes: p — significance of the difference between the levels obtained on days 2-3 and 5-6

of hospitalization.
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Thus, CRP levels on the 2"9-3" days af-
ter hospitalization compared with the val-
ues obtained on admission to the clinic in-
dicated an unlikely dynamic to increase by
4.3 mg/l (from [54.6+£72.4] mg/l to [58.9+
+69.9] mg/l; p=0.411) (Table 14).

On days 5-6 of hospitalization, com-
pared with the values of days 2—3 from ad-
missions to the clinic, CRP levels showed
an unlikely dynamic to a decrease of 8.0
mg/l (from [58.94£69.9] mg/l to [50.9+71.9]
mg/l; p=0.11) (Table 15).

Our results on changes in the main indi-
ces of the state of the blood coagulation
system and cytokines in patients with
COVID-19 and their positive dynamics on
the background of thromboprophylaxis
were confirmed by the results of other
world studies. For example, a meta-analy-
sis [19] found that elevated PCT values
were associated with an almost 5-fold
higher risk of severe SARS-CoV-2 infec-
tion [OR=4.76; 95% CI 2.74-8.29].

Other studies have found [20] that PCT
increases in patients with severe COVID-
19 infection. Thus, they indicated that the
odds of a more severe course of COVID-
19 disease were higher in individuals with
higher PCT levels (>0.05 ng/ml) compared
to those with low levels (<0.05 ng/ml)
[OR=2.91; 95% CI 1.14-7.42, p=0.025].
After estimating the mean and standard de-
viation based on the sample size, the anal-
ysis of the median and interquartile range
of the pooled effects showed a higher se-
rum PCT concentration in patients with se-
vere disease compared to less severe di-
sease [SMD=0.64; 95% CI 0.02-1.26,
p=0.042].

In turn, Liu Z.M. et al. [21] proved that
patients with elevated PCT have a higher
incidence of severe and critical conditions
(p<0.001) and higher mortality. An associ-
ation between elevated PCT levels and mor-
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Anopycoeuu I.B.

JAUHAMIKA KJ/ITHIKO-JIABOPATOPHUX IIOKA3HUKIB XBOPUX 13 COVID-19
HA ®OHI ITPOBEJAEHOT'O JIIKYBAHHSA

B crarTi HagaHo pe3ynbTaTH aHaIi3y IMHAMIKA OCHOBHHMX MOKA3HHUKIB CTAHY 3rOopTabHOI
CHUCTEMHU KpOBI ¥ MUTOKIHIB (iHTEpnelkiny-6, J[-/limepiB, C-peakTHBHOTO OLJIKY Ta MPOKaIb-
IIUTOHIHY) Ha (HOHI 3acTOCOBaHOI TpoMbomnpodimakTuku y xBopux Ha COVID-19. Metoro Ha-
II0TO JOCHIDKEHHsI OyJ10 BU3HAYEHHS JUHAMIKHM OCHOBHMX IMOKA3HHWKIB CTaHy 3rOpPTalbHOI
CHUCTEMH KPOBI i ITUTOKIHIB Ha (oHI TpomOonpodinakTuku. JlocmimkeHHs 0yJio IpoBeIeHO Ha
kadeapi iIHPeKMINHUX 1 IUTIINX 1HGEKIIHHUX XBopoO, mapa3uTtosorii, GTusiaTpii Ta myJabsMo-
HoJtor1i XapKiBChKOT'0 HAIIOHAJILHOTO MEMYHOI'0 YHIBEpCUTETY i Ha 6a3i KomyHanbHOTO He-
KOMEPIIIMHOTO MiMPUEMCTBA «XapKiBChKa o0JacHa iH(eKIiiHa JIikapHi» XapKiBChbKOi 00-
nacHoi paau npotsroM 2020—-2024 pp. 3rigHO 3 iICHYIOUUMH 0106 THYHUMH HOPMaMU Ta MpaBH-
JaMu. Yci NalieHTyd manucaiyd iHGopMoBaHy 3rojly Ha y4acTh y HayKOBOMY JOCIIIKEHHI.
byno obctexxeno 179 xBopux Ha COVID-19 Bikom 20—88 pokiB (cepenHili BiK CKJIaB
[58,75+13,82] pokiB). [Jiarno3 COVID-19 Bu3Havanu nuisixoM iMyHO(EpMEHTHOT'O aHaIli3y Ta
MOJIIMepa3HO1 JIAHIIOTOBO1 peakilii. MeauKo-cTaTUCTUUHUN PO3paxyHOK OyB BUKOHAHHIA 32 J10-
nomororo nakera nporpam IBM SPSS 25.0. byno BupaxyBano cepenne 3HaueHHs (M) ta
cTaHIapTHe kBaApaTuuHe BiaxuieHHs (SD). PesynbTatu npeacrasneni y Burisai: M+SD. Bi-
POT1IHICTh BIIMIHHOCTEH BH3HAYaIHU 3a nonomMoror U-tecty Mana-YiTHI 3 TOpPOTOBOKO BEJIH-
YHHOIO CTaTHCTUYHOI 3HauymocTi p=0,05. 3a pe3ynpTaTamMmu JOCTiIKEeHHS Ha OHI 3aCTOCOBA-
Hoi Tepamnii Oyso kKoHcTaToBaHO BiporinHy (p<0,001) nuHamiky BinHoBNIeHHS piBHIB [I-/limepy
(1a 9—10 o0y 3HmxkeHHs Ha 166,3 Didpunoren-ExsuBanentri Onunuii (PEO), ur/mi, Ha 12—
15— na 376,7 ®EO, Hr/mn) i npokaibUUTOHIHY (Ha 6—7 100y — Ha 0,04 ur/mu, p=0,006; Ha 10—
11 no6y — =na 0,01 ar/mma, p<0,001; Ha 12—15 100y — Takox Ha 0,01 aHr/mn, p=0,027).

Knwuoei cnoea: /I-/flimepu, C-peaxmugnuii 6inox, npoKaibyumoHiH.
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