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Introduction. The increase in the number of patients with post-acute sequelae of COVID-19, including athletes, requires improved diagnostic methods for the
long-term effects of this disease. The study of changes in the blood-clotting and immune regulation in a limited but homogeneous group of athletes (intense
physical activity and careful health monitoring) with post-acute sequelae of COVID-19 can contribute to identification of reliable diagnostic and prognostic
biomarkers of this condition.

Objective. A comparative analysis of the cytokine profile and hemostasis system features as promising prognostic markers for the diagnosis of post-acute
sequelae of COVID-19 in athletes.

Materials and methods. 60 athletes (24 men and 36 women, average age 20.8 + 1.86 years) were examined. All participants were divided into two groups:
group 1 — 40 athletes who had suffered from coronavirus infection; group 2 (control) — 20 athletes who had not had COVID-19. The athletes specialized in
various sports: figure skating, rhythmic gymnastics, athletics, rugby, and wrestling. To assess the residual effects of COVID-19, biochemical parameters were
studied in all participants: alanine aminotransferase activity, aspartate aminotransferase, C-reactive protein level, troponin-I level; hemostasis parameters:
prothrombin time (PT), prothrombin index (PTI), activated partial thromboplastin time (aPTT), international normalized ratio (INR), D-dimer; immune status
indicators: interleukins-6, -8, -10 (IL-6, -8, -10, respectively), tumor necrosis factor-a (TNF-a). Statistical data processing was carried out using the Statistica 10
software.

Results. Anincrease in clotting time was revealed in terms of aPTT, prothrombin time, international normalized ratio, and a decrease in the prothrombin index
(p < 0.05). Statistically significant differences in the functional state of the immune system were also found: an increase of IL-8 from 2.5 to 7.42 times [3.08;
9.96] pg/mL and IL-10 from 2 to 5.08 times [2.93; 6.66] pg/mL compared to similar indicators in athletes who had not suffered from COVID-19 — 3.05 [1.86;
8.15] pg/mL and 2.53 [1.0; 5.68] pg/mL (p < 0.05) in the group of athletes who had undergone COVID-19. A direct correlation was established between an
increase in IL-8 levels and an increase in PT (r, = 0.355; p < 0.05) and INR (r, = 0.420; p < 0.05) in athletes who had undergone a coronavirus infection. At the
same time, a negative association was found between an increase in IL-8 levels and a decrease in PTI (r, = -0.323; p < 0.05).

Conclusions. Higher levels of activating cytokines and lower values of parameters of the anti-inflammatory immune system indicate residual dysregulatory
phenomena in the immune system in post-acute sequelae of COVID-19. The revealed relationships between the coagulation profile and the components of
the immune response allow these relationships to be considered as possible diagnostic markers of residual phenomena after coronavirus infection. The data
obtained confirm the validity of IL-8 and IL-10 indicators as potential markers of residual disorders after COVID-19 in athletes. However, these findings should
be verified on larger samples, where the observed ratios may show a different dynamics.
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MOTEHLUUAJIbHO 3HAYUMBIE MAPKEPbI PE3VOYAJIbHbIX HAPYLLEHUA CUCTEMbl UMMYHUTETA
M CBEPTbIBAHNA KPOBW Y CIMTOPTCMEHOB, NMEPEBOJIEBLLNX COVID-19
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BBepeHue. YBennyerve 4ncna naumMeHToB C NOCTKOBMAHBIM CYHLPOMOM, B TOM 4YMCAe CPeAy CMOPTCMEHOB, TPebyeT yCOBEPLUEHCTBOBaHNS METOA0B
OVNArHOCTUKM JONrOCPOYHbIX MOCNEACTBUN AAaHHOrO 3abonesaHns. VccnegoBaHne M3MEHeHU B CUCTEME CBEPTLIBAHMSA KPOBW 1 UIMMYHHOWN perynsumm
Y OrPaHU4YEHHON MO YNCNEHHOCTH, HO OAHOPOAHON MO KIIIOHYEBLIM XaPaKTEPVCTVIKAM rpynmbl COPTCMEHOB (MHTEHCUBHbIE (hU3NYeCKre Harpy3kun v Tia-
TeNbHbIN MOHUTOPWHI 340P0BbS) C MOCTKOBUAHBIM CUHAPOMOM MOXKET MOMOYb BbISIBUTL HaAEXHbIE ANarHOCTUYECKME W MPOrHOCTUHECKME O1OMapKepbI
3TOr0 COCTOSAHMSA.

Lenb. CpaBHUTENbHBIN aHaM3 0COBEHHOCTEN LIMTOKMHOBOIO MPOMUASA 1 CUCTEMbI reMocTada Kak NepCreKTUBHbIX MPOrHOCTUHECKX MapKepOoB AviarHo-
CTUKM MOCTKOBWAHOIO CUHAPOMA Y CMOPTCMEHOB.

MaTepuanbl u meToabl. BoinonHeHo ob6cnenosaHme 60 CMOPTCMEHOB (24 My>4nHbI 1 36 »KeHLLWH, cpeaHuin Bo3pacT 20,80 + 1,86 roga). Bce y4acTHMKM
6bInn pacnpeneneHsl Ha 2 rpynnbl: rpynna 1 — 40 aTneToB, NepeHecLnX KOPOHaBMPYCHYIO MHAEKUMIO; rpynna 2 (KoHTponb) — 20 atneTos, He 601eBLUMX
COVID-19. CnopTcMeHbl cneunanv3npoBanncb B pasnm4Hbix Buaax cnopra: uUrypHoe KataHue, XyAoKecTBeHHas N’MMHacTUKa, lerkas atnetunka, perov
1 cnopTueHas 6opsba. [ns oLeHKn pesuayanbHbix geeHnin COVID-19 y Bcex y4acTHUKOB MCCneoBanm GUOXMMNYECcKe Nokasartenm: akTMBHOCTb anaHnH-
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ammHoTpaHcdepasbl, acnapTataMMHoTpaHcdepassl, ypoBeHs C-peakTBHOrO 6eflka, ypoBeHb TPOMOHMHA-I; nokasaTenn remocTasa: NpOTPOMOVHOBOE
Bpems (MTB), NnpoTPOMOBMHOBbIN MHAEKC (TTW), akTMBMPOBaHHOE YacTU4YHOE TPOoMOBoMNNacTUHoBoe BpeMsi (AYTB), MexxayHapoaHOe HOPManM30BaHHoOe OT-
HoweHwe (MHO), D-oumep; nokasaTtenv MMMYHHOro cTaTyca: MHTepnenkuHbl-6, -8, -10 (LJ1-6, -8, -10 cCOOTBETCTBEHHO), (hakTop HeKpo3a ornyxonemn-o
(PHO-a). CTaTucTMHeckas 06paboTka faHHbIX NPOBOAMIACH C MOMOLLLIO MPOrpaMmHoro obecneveqns Statistica 10.

Pe3ynbTratbl. BbisiBNIeHO NOBbILIEHVE BPEMEHW CBEPTbIBaHNUS Mo nokasatenam A4TB, NpoTpoOMBMHOBOMO BPeMEHN, MexXXayHapOAHOro HOPMAasIM30BaHHOrO
OTHOLLEHUSI N CHUXKEHWE MPOTPOMBMHOBOMO MHAekca (p < 0,05). Takxke bl 0OHaPYXeHb! CTaTUCTUHECKM 3HAYUMblE Pa3M4ns B PyHKLMOHANBHOM CO-
CTOSAHUM UMMYHHOW c1cTeMbl noBblwerve VJ1-8 B 2,5 pasa fo 7,42 [3,08; 9,96] nr/mn n UJ1-10 B 2 pasa o yposHs 5,08 [2,93; 6,66] nr/mn B rpynne atneTos,
nepebonesLLnx COVID-19, No cpaBHeEHWO C aHaNorMyHbIMU NokasatensMn y He 6onesLumnx COVID-19 cnoptemeros — 3,05 [1,86; 8,15] nr/mn 1 2,53 [1,0;
5,68] nr/mn (p < 0,05). YcTaHoBNEHa NpsAMas KOpPenaUMOHHas CBA3b MeX[1y nosbieHnem yposHs V1f1-8 u nosbiwernem MTB (r, = 0,355; p < 0,05) n MHO
(r, = 0,420; p < 0,05) y cnopTcMeHOB, NepeboeBLUMX KOPOHaBMPYCHOM UHMEKLMeNn. B To xe Bpems oTpuuatesibHasa accouypauns Gbina BoidBreHa Mexay
noBblLeHneM yposHs AJ1-8 n cHxernem MTU (= -0,323; p < 0,05).

BbiBopbl. Bosiee BbICOKME YPOBHW aKTVBUPYIOLLMX LMTOKNHOB Y HU3KME 3HaYeHVs MapaMeTpoB B MPOTVBOBOCNANNTENBHOM 3BEHE MMMYHUTETA yKa3dblBa-
tOT Ha OCTaTOYHble AN3PEryNATOPHbIE SABNEHUS B UMMYHHOW CUCTEME MPWU MOCTKOBUAHOM CUHAPOME. BbISBNEHHbIE B3aMMOCBA3N MeXAy NoKasarensaMmn
KoarynorpamMmmbl 1 KOMAOHEHTaMV IMMYHHOMO OTBETa NO3BOMAKOT paccMaTpuBaTh MX Kak BO3MOXHbIE AMarHOCTUYECKME MapKepbl OCTaTOYHbIX ABNEHMN
nocne NepeHeCceHHoN KOPOHaBMPYCHON MHMeKLMN. [TonyYeHHbIe AaHHble NOATBEPKAAOT COCTOATENBHOCTL Nokadatenen MJ1-8 n NJ1-10 B kayecTBe no-
TeHUMasbHbIX MapKepOB peanayabHbix HapyLweruii nocne COVID-19 y cnoptcmeHoB. OfHaKo CTOUT y4UTbIBATbE, HTO 06BbEMbI BbIOOPOK Obl HEGONBLLMMU
1 MPUY YBENNHEHUN KONMHYECTBA HABMIOAEHW COOTHOLLEHWS MOTYT M3MEHUTLCS.

KnioueBble cnosa: CMNOPTCMEHbI; AMarHoCcTunKa,; NOCTKOBWUAHbBIV CUHOPOM; LINTOKUHbI; Koarynorpamma

Ansa untnposanusa: Edumos N.B., Tapacosa M.C., XXonunHckuin A.B., Mapactaes C.A. MNoTeHUmansHO 3Ha4Mble MapKepbl pe3nayanbHbiX HapyLLeHni
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INTRODUCTION

The term “post-acute sequelae of COVID-19” (PASC) was
proposed in February 2020 to describe the residual mani-
festations detected in individuals with a history of SARS-
CoV-2 infection. Further, in October 2020, this syndrome
received a separate ICD-10 code: U09.9 — post COVID-19
condition, unspecified.

During the development of PASC, symptoms that can-
not be explained by an alternative diagnosis appear, on av-
erage, three months after the onset of the disease. At the
moment, the literature proposes no model for the diagnosis
of PASC for both the general population, whose degree of
motor inertia has increased significantly over the years of
the pandemic, and athletes, whose share in the global pop-
ulation is extremely insignificant [1]. However, although the
positive effect of regular physical activity on the body’s re-
sistance to infectious agents is generally recognized, which
is essential during periods of epidemiological outbreaks,
the effects of excessive physical exertion, characteristic of
high-performance sports, are not that unambiguous. Thus,
the so-called “open window effect” occurs during certain
stages of one-year training, expressed in an increase in the
body’s susceptibility to infectious diseases after significant
physical exertion [2].

The PASC clinical manifestations are highly diverse: a
total of 55 long-term symptoms associated with COVID-19

have been described. Most of them correspond to clini-
cal symptoms or syndromes of the central nervous system
and the mental health, respiratory, cardiovascular, immune,
digestive systems, etc. A meta-analysis of studies (n = 15),
which included characterization of the PASC signs, showed
that up to 80% of patients who have suffered COVID-19
experience long-term consequences in the form of mono-
symptoms and their associations [3]. However, other values
were obtained for the cohort of athletes. Thus, the study
[4] examining the long-term effects of the disease among
11,518 athletes of various skill levels found that the inci-
dence of PASC persistent symptoms was only 8.3%. The
tendency towards a milder (often asymptomatic) course of
COVID-19 in a cohort of athletes with a lower probability of
complications, including viral pneumonia, than in the gen-
eral population, can be considered as a probable cause of
such pronounced differences.

In addition to routine markers, diagnostic search pro-
grams for the sports contingent were advised to include
an assessment of laboratory parameters of cardiac func-
tion, hormonal status, immune response, and the coagu-
lation system. In most cases, the values of the studied
parameters remain within the reference ranges; however,
long-term deviations are also possible, more often of mi-
nor severity [4].

Data on the immune system parameters and coagu-
lation profile in patients with the post-acute sequelae of
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COVID-19 are heterogeneous. A recent meta-analytical
study [5], which covered 23 publications, showed that pa-
tients with suspected PASC are more likely to have elevated
levels of leukocytes, C-reactive protein (CRP), and D-dimer;
however, the prognostic effect of deviations was assessed
as insignificant. At the same time, the authors [6] proposed
to consider the D-dimer and CRP as some non-cytokine
markers, the values of which increase in patients infected
with SARS-CoV-2. At the same time, more pronounced dif-
ferences in the D-dimer level are associated with concomi-
tant pathology revealed by imaging and functional testing
methods [7].

In addition, after COVID-19, there may be a slight in-
crease in the activity of other components of the blood-
clotting sequence [5], as well as changes in the effector
link of the immune response, namely increased activation
of T cells, as evidenced by the level of the soluble interleu-
kin-2 receptor [8].

The study [9] reported changes in the immunoregula-
tion system, which were multidirectional in some cases.
Thus, it was noted that the levels of interleukin-6 (IL-6), of-
ten considered as the leading indicator of proinflammatory
cytokine activity, were higher in patients with PASC com-
pared to practically healthy patients and individuals without
long-term consequences from COVID-19. The authors in
[10] proposed this cytokine, as well as tumor necrosis fac-
tor alpha (TNF-a), to be considered as potential predictors
of COVID-19 severity in acutely infected patients without
concomitant diseases. It should be noted that IL-6 can be
actively produced in muscle tissue along with other myo-
kines (myostatin, insulin-like growth factor, fibroblast growth
factor, etc.) associated with the level of physical activity [11].
This fact makes it difficult to validate IL-6 levels as a PASC
marker in the athlete cohort due to its significant depen-
dence on the level of training and competitive activity.

At the same time, the interleukin-8 (IL-8) level, which
exhibits proinflammatory activity, is associated with the
COVID-19 severity in the acute period and may be directly
involved in the pathogenetic pathways of the formation of
post-acute sequelae of COVID-19 [12].

One of the main anti-inflammatory cytokines, interleu-
kin-10 (IL-10), has a pleiotropic effect on the immune re-
sponse. The researchers in [13] emphasized that IL-10 is a
predictor of the severity and mortality of patients with acute
infection and residual COVID-19 effects. In this context, IL-
10 can act as an endogenous anti-inflammatory compo-
nent secreted by damaged tissues in response to a hyper-
inflammatory state, which also allows this indicator to be
assumed as a PASC marker.

The growing number of patients with post-acute se-
quelae of COVID-19, including athletes with a high probabil-
ity of latent post-infectious myocardial damage, substanti-
ates the need to optimize approaches to diagnosing the
long-term consequences of COVID-19. Research into the
dynamics of changes in hemostasis and immune regula-
tion in the target group of athletes with PASC, which may
be insignificant in number but fairly homogeneous in terms
of the characteristics taken into account (significant physi-
cal activity and targeted/constant monitoring of health sta-
tus), is likely to contribute to establishing valid diagnostic
and prognostic markers of this condition.
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In this study, we set out to compare the features of the
cytokine profile and the hemostasis system as promising
prognostic markers of post-acute sequelae of COVID-19 in
athletes.

MATERIALS AND METHODS

In total, 60 athletes were examined as part of the research
work. The study included 24 male and 36 female athletes,
with an average age of 20.8 + 1.86 years. All participants
were divided into two groups: group 1 — 40 athletes who
had suffered from coronavirus infection (according to medi-
cal records); group 2 (control) — 20 athletes who had not
suffered from coronavirus infection (according to medical
records). All athletes were at the stages of improvement
and possessed higher sports skills, specializing in various
sports: figure skating (n = 16), rhythmic gymnastics (n = 15),
athletics (n = 10), as well as rugby (n = 10) and wrestling
(n = 9). The study was conducted during the preparatory
period of the training process.

The inclusion criteria were age from 18 to 45 years, his-
tory of coronavirus infection, informed voluntary consent of
the subjects. The exclusion criteria were the patient’s re-
fusal to participate in the study.

For residual COVID-19 estimation, a venous sam-
pling was performed in all study participants. Blood draw
was performed in 30 sportsmen in 2023 (19.05.2023-
22.09.2023) and in 30 sportsmen in 2024 (14.06.2024—-
10.07.2024). Venous sampling was performed following an
overnight fast from the peripheral vein with the help of a
vacuum system in tubes with anticoagulant. The following
parameters were evaluated: biochemical — alanine ami-
notransferase (ALT), aspartate aminotransferase (AST),
C-reactive protein (CRP), troponin-I level (highly sensitive
method); hemostasis parameters — prothrombin time (PT),
prothrombin index (PTI), activated partial thromboplastin
time (@PTT), international normalized ratio (INR), D-dimer;
immune status indicators — interleukins-6, -8, -10 (IL-6, -8,
-10, respectively), tumor necrosis factor-a (TNF-c).

The immune parameters were evaluated by enzyme-
linked immunosorbent on a Real R microplate photometer
(Vector-Best, Russia) and tubes with plasma and EDTA Na,
solution (6.7%) with Tween-20. To evaluate the levels of
troponin-I, C-reactive protein, ALT, AST, and coagulation
profile, a Cobas 501c analyzer (Roche, Germany) was used
along with a tube with plasma treated with Kz-ETDA. The
assay was carried out using the following reagent sets:
ALT and AST — “ALT” and “AST” in accordance with IFCC
without pyridoxal phosphate activation, CRP — “CRP4”
Tina-quant C-Reactive Protein IV, troponin-I — “Elecsys
Troponin I” (Roche Diagnostics GmbH, Germany);
aPTT — “Pathromtin SL’, PTB/PTI — “Thromborel S”,
D-dimer — “INNOVATION D-Dimer” (Siemens Healthcare
Diagnostics, Germany).

The STATISTICA 10 software was used for statistical
data processing. The samples were checked for compli-
ance with the normal distribution law by Shapiro-Wilk test
statistics. The variables were represented as the median
(Me) and the interquartile range [Q25; Q75]. In the presence
of a normal distribution, Student’s t-test was calculated
for unrelated samples. When the distribution was different
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from normal, the nonparametric Mann-Whitney U-test was
used for comparative intergroup analysis. Spearman’s rank
correlation coefficient (r,) was used to identify intragroup
correlations. The statistical significance level was assumed
to be 0.05.

RESULTS AND DISCUSSION

During the study, athletes from group 1 showed a statis-
tically significant increase in clotting time: an increase in
aPTT to 36.6 [34.3; 39.9] s, aPTT of 12.2 [11.5; 12.8] s and
INR of 111 [1.08; 1.16], a decrease in PTl of 89.9 [85.6
93.3] % compared with the indicators of athletes from the
second group — 34.9 [32.8; 35.7] s, 11.5[11.1; 11.9] s, 1.06
[1.02; 1.11], 95.9 [88.5; 101,4] % (p < 0.05), respectively. The
relevant data is shown in Fig. 1.

At the same time, the direction of the changes observed
contradicts the literature data that people with a history of
COVID-19 are more likely to have a procoagulant condi-
tion. The affinity of SARS-CoV-2 to angiotensin converting
enzyme 2 (ACE2) receptors expressed on endothelial cells
triggers a cascade of events provoking endothelial dam-
age, which leads to dysregulation of thrombo-inflammatory
reactions characterized by an increased release of von
Willebrand factor, impaired fibrinolysis, and subsequent
hypercoagulation [14]. The group of researchers [15], who
examined the first patients hospitalized in Wuhan, found
elevated levels of aPTT, PTV, and D-dimer. Subsequently, a
tendency to hypercoagulation was also noted in a number
of studies in patients who had suffered from COVID-19 [16-
18]. It is likely that the level of physical activity and fithess of
athletes contributes to a less pronounced effect of SARS-
CoV-2 on the hemostasis system.

No statistically significant intergroup difference was
found in the athletes in terms of ALT, AST, D-dimer, TNF-a
parameters, probably because the study included the ath-
letes without significant cardiorespiratory disorders. No
comparative analysis was performed for the highly sensi-
tive troponin-l index due to the low variance of values.-

When considering the functional state of the immune
system, statistically significant differences were obtained
for IL-8 and IL-10 levels, indicating disorders in the form of

H Group 1 H Group 2
100 - 95.5
89.9*
80
60
40 H
20 4
o4
aPTT PT PTI

*p <0.05
Figure prepared by the authors using their own data

Fig. 1. Coagulation profile changes among the study participants
Note: aPTT — activated partial thromboplastin time, PT — prothrombin time,
PTI — prothrombin index, INR — international normalized ratio.

an imbalance of regulatory cytokine activity with the pre-
dominance of pro-inflammatory effects. Thus, athletes with
a history of COVID-19 showed a 2.5-fold increase in IL-8
to 7.42 [3.08; 9.96] pg/mL and IL-10 2-fold to 5.08 [2.93;
6.66] pg/mL compared to similar indicators in athletes
without a history of COVID-19 — 3.05 [1.86; 8.15] pg/mL
and 2.53 [1.0; 5.68] pg/mL (p < 0.05), respectively (Fig. 2),
which indicates a relative lack of activation of the anti-in-
flammatory immune system in athletes who have under-
gone COVID-19.

The data obtained on the level of cytokines in post-
acute sequelae of COVID-19 are consistent with the data
presented in the scientific literature. Thus, the study [19]
found a significant increase in the levels of most regula-
tory chemokines, including IL-8 and IL-10, in patients with
CQOVID-19. The researchers in [20] conducted an analysis
of the cytokine profile in patients with PASC within 2-3
months after COVID-19 and detected high levels of cy-
tokines IL-8 and IL-10. It was shown that their average levels
in those with the decease history were twice higher than
in healthy individuals. In our study, however, no significant
changes in IL-6 levels were found in athletes who had un-
dergone COVID-19 compared to athletes without such a
history, the content of which is directly associated with the
development of post-COVID-19 residual disorders [21]. It is
likely that in the cohort of athletes, taking into account the
level of physical activity, IL.-8 and IL-10 are more correlated
with the development of post-COVID disorders.

In the course of the study, we identified the depend-
ence of coagulative hemostasis parameters and immune
disorders in athletes who had a history of coronavirus infec-
tion (Table 1).

Thus, a weak direct correlation was established be-
tween an increase in IL-8 levels and an increase in PT
(r,=0.355; p < 0.05) and INR (r, = 0.420; p < 0.05). At the
same time, a moderate negative association was found
between an increase in IL-8 levels and a decrease in PTI
(r, = —0.323; p < 0.05). Given that such correlations have
not been found in athletes who have not had COVID-19,
the ratio of IL-8 levels with various coagulation profiles can
probably be considered as a potential marker of residual
COVID-19 effects.

M Group1 M Group 2

pg/mL

IL-8 IL-10

*p <0.05
Figure prepared by the authors using their own data

Fig. 2. Changes in some indicators of immune status among the study
participants
Note: IL-8 — interleukin-8; IL-10 — interleukin-10.

MEOVLIHA OKCTPEMATTBHBIX CUTYALIAI | 2025, TOM 27, Ne 2



ORIGINAL ARTICLE | SPORTS MEDICINE

Table 1. Correlation analysis of the studied indicators in the group of athletes with a history of COVID-19

Variables IL-8 IL-10 aPTT PT PTI INR
IL-8 -0.087 0.112 0.355 -0.323 0.420
IL-10 -0.087 0.136 -0.184 0.214 -0.056
aPTT 0.112 0.136 0.065 0.115 0.099
PT 0.355 -0.184 0.065 -0.920 0.871
PTI -0.323 0.214 0.115 -0.920 -0.770
INR 0.420 -0.056 0.099 0.871 -0.770

Table prepared by the authors using their own data

CONCLUSION

A comparative analysis of the functional state of the coagu-
lative hemostasis system and the immune profile in athletes
who have had coronavirus infection revealed multi-vector
changes in the parameters of the coagulation system in
the form of an increase in blood clotting time according to
the main parameters of the coagulation profile of aPTT, PT,
INR, as well as a decrease in PTI.

Athletes with a history of coronavirus infection are char-
acterized by a relative predominance of pro-inflammatory
cytokine activity over anti-inflammatory activity, which is
manifested by a more pronounced increase in the level of
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