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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-α (TNF-α). Statistical data processing was carried out using the Statistica 10 

software.

Results. An increase 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
s
 = 0.355; p < 0.05) and INR (r

s
 = 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
s
 = –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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И СВЕРТЫВАНИЯ КРОВИ У СПОРТСМЕНОВ, ПЕРЕБОЛЕВШИХ COVID-19
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Введение. Увеличение числа пациентов с постковидным синдромом, в том числе среди спортсменов, требует усовершенствования методов 

диагностики долгосрочных последствий данного заболевания. Исследование изменений в системе свертывания крови и иммунной регуляции 

у ограниченной по численности, но однородной по ключевым характеристикам группы спортсменов (интенсивные физические нагрузки и тща-

тельный мониторинг здоровья) с постковидным синдромом может помочь выявить надежные диагностические и прогностические биомаркеры 

этого состояния.

Цель. Сравнительный анализ особенностей цитокинового профиля и системы гемостаза как перспективных прогностических маркеров диагно-

стики постковидного синдрома у спортсменов.

Материалы и методы. Выполнено обследование 60 спортсменов (24 мужчины и 36 женщин, средний возраст 20,80 ± 1,86 года). Все участники 

были распределены на 2 группы: группа 1 — 40 атлетов, перенесших коронавирусную инфекцию; группа 2 (контроль) — 20 атлетов, не болевших 

COVID-19. Спортсмены специализировались в различных видах спорта: фигурное катание, художественная гимнастика, легкая атлетика, регби 

и спортивная борьба. Для оценки резидуальных явлений COVID-19 у всех участников исследовали биохимические показатели: активность аланин-
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аминотрансферазы, аспартатаминотрансферазы, уровень С-реактивного белка, уровень тропонина-I; показатели гемостаза: протромбиновое 

время (ПТВ), протромбиновый индекс (ПТИ), активированное частичное тромбопластиновое время (АЧТВ), международное нормализованное от-

ношение (МНО), D-димер; показатели иммунного статуса: интерлейкины-6, -8, -10 (ИЛ-6, -8, -10 соответственно), фактор некроза опухолей-α 

(ФНО-α). Статистическая обработка данных проводилась с помощью программного обеспечения Statistica 10.

Результаты. Выявлено повышение времени свертывания по показателям АЧТВ, протромбинового времени, международного нормализованного 

отношения и снижение протромбинового индекса (p < 0,05). Также были обнаружены статистически значимые различия в функциональном со-

стоянии иммунной системы повышение ИЛ-8 в 2,5 раза до 7,42 [3,08; 9,96] пг/мл и ИЛ-10 в 2 раза до уровня 5,08 [2,93; 6,66] пг/мл в группе атлетов, 

переболевших COVID-19, по сравнению с аналогичными показателями у не болевших COVID-19 спортсменов — 3,05 [1,86; 8,15] пг/мл и 2,53 [1,0; 

5,68] пг/мл (р ≤ 0,05). Установлена прямая корреляционная связь между повышением уровня ИЛ-8 и повышением ПТВ (r
s
 = 0,355; p < 0,05) и МНО 

(r
s
 = 0,420; p < 0,05) у спортсменов, переболевших коронавирусной инфекцией. В то же время отрицательная ассоциация была выявлена между 

повышением уровня ИЛ-8 и снижением ПТИ (r
s
 = -0,323; p < 0,05).

Выводы. Более высокие уровни активирующих цитокинов и низкие значения параметров в противовоспалительном звене иммунитета указыва-

ют на остаточные дизрегуляторные явления в иммунной системе при постковидном синдроме. Выявленные взаимосвязи между показателями 

коагулограммы и компонентами иммунного ответа позволяют рассматривать их как возможные диагностические маркеры остаточных явлений 

после перенесенной коронавирусной инфекции. Полученные данные подтверждают состоятельность показателей ИЛ-8 и ИЛ-10 в качестве по-

тенциальных маркеров резидуальных нарушений после COVID-19 у спортсменов. Однако стоит учитывать, что объемы выборок были небольшими 

и при увеличении количества наблюдений соотношения могут измениться.
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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-α), 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.

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 (aPTT), international normalized ratio (INR), D-dimer; 
immune status indicators — interleukins-6, -8, -10 (IL-6, -8, 
-10, respectively), tumor necrosis factor-α (TNF-α). 

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

2
 

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

s 
) 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 1.11 [1.08; 1.16], a decrease in PTI 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 fitness 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-α 
parameters, probably because the study included the ath-
letes without significant cardiorespiratory disorders. No 
comparative analysis was performed for the highly sensi-
tive troponin-I 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 

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 
COVID-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

s
 = 0.355; p < 0.05) and INR (r

s
 = 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

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

IL-8 than IL-10, identifying an imbalance in the regulatory 
link of the immune response.

In the course of the correlation analysis, a direct mod-
erate relationship was established between an increase in 
IL-8 levels and an increase in PTV and INR, as well as a 
negative correlation between an increase in IL-8 levels and 
a decrease in PTI, which partially confirms the validity of 
IL-8 and IL-10 indicators as potential markers of residual 
disorders after COVID-19 in athletes. The associations be-
tween the parameters of the coagulation hemostasis sys-
tem and the immune profile allow us to consider their ratios 
as diagnostic criteria for residual effects in athletes who 
have undergone COVID-19.
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