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COVID-19 poses a significant hazard as regards decompensation of underlying chronic diseases, specific damage to 

the cardiovascular system, and a high risk of negative health outcomes such as thrombotic events. The coronavirus infection 
pathogenesis is rather complicated and has not been studied yet; this is largely due to peculiar features of the virus and the 
initial state of homeostasis in a patient.  

In this study, our aim was to analyze molecular-genetic markers of homeostasis in patients with the new coronavirus 
infection COVID-19 as a prognostic trigger of developing pro-thrombotic readiness. 

Hospitalized patients with COVID-19 were chosen as study objects. We performed molecular-genetic analysis of basic 
genes significant for homeostasis including several factors such as V (rs6025), II  (rs1799963), I (rs1800790), VII (rs6046), 
XIII A1 (rs5985)), IGN A2 (rs1126643), IGN B3 (rs5918), and PAI-1 (rs1799889). The thrombinemia severity was identified 
by thrombin generation tests using the Ceveron®alpha automated coagulation analyzer with TGA-module. 

Allelic variants of PAI-1, prothrombin (FII), and fibrinogen (FI) determined high thrombinemia as per the thrombin kinet-
ics test (endogenous thrombin potential (AUC), peak thrombin concentration (peak-thrombin), time necessary to reach thrombin 
peak (tPeak), levels of fibrinogen and D-dimer) in COVID-19 patients during the entire hospitalization. We established that 
elevated thrombin generation becoming apparent through elevated levels of endogenous thrombin potential (AUC) might be a 
prognostic indicator of the pro-thrombotic state in patients with genetic polymorphisms of PAI-I and fibrinogen. 

The study results indicate that pro-thrombotic readiness is determined genetically in case COVID-19 patients have al-
lelic variants in PAI-I, prothrombin (factor II) and fibrinogen (factor I) genes. 
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The COVID-19 pandemic created a wide-

scale crisis in public healthcare causing mil-
lions of deaths all over the world. Clinical 
symptoms of the infection vary between mild 
and critical; pneumonia with acute respiratory 
distress syndrome and organ dysfunction is the 
most frequent severe case of the disease. A 
new outbreak of the coronavirus infection, in 
case the disease is severe, poses serious threats 
as regards decompensation of some initial 
chronic diseases, specific lesion of the cardio-
vascular system, a high risk of unfavorable 
outcomes such as thrombotic events [1]. Both 
foreign and Russian studies report high fre-
quency of thrombotic events in hospitalized 

patients with non-critical COVID-19 despite 
conventional thrombotic prophylaxis. The 
coronavirus infection has rather complicated 
pathogenesis that has not yet been studied; it 
largely depends on peculiarities of the virus 
itself and the initial state of a patient’s homeo-
stasis [2]. Anti-inflammatory cytokines are 
known to be able to stimulate expression of 
tissue thromboplastin on immune cells and ac-
tivate coagulation under COVID-19. Inflam-
mation-induced endothelial dysfunction fur-
ther accelerates prothrombotic readiness and 
elevated thrombin generation, inhibits fibri-
nolysis activity by reducing activity of 
urokinase-type plasminogen activator and in-
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creasing release of plasminogen activator in-
hibitor-1 (PAI-1) [3–7]. 

At present, special attention is being paid 
to genetic predisposition to the severe coronavi-
rus infection. Thus, it was shown in some stud-
ies that changes in the gene of angiotensin-
converting enzyme 2 (ACE2) altering the struc-
ture of this receptor could either facilitate or 
complicate penetration into a cell for the virus. 
Some data specifically indicate that functional 
deficiency of the ApoE protein under SARS-
CoV-2 can promote progression of the disease 
and development of some complications; some 
studies discuss influence of HLA1 genes on the 
COVID-19 clinical course [8–11]. 

It is noteworthy that hereditary thrombo-
philia and its role in creating elevated risks of 
the infection caused by the SARS-CoV-2 virus 
have not been given relevant attention. Previ-
ously, some studies reported that hereditary 
high-risk thrombophilias such as factor II 
(prothrombin) mutation, factor V Leiden muta-
tion, as well as allele variants in the PAI-1 gene 
can remain hidden during the whole life but 
such triggers as an injury, sepsis, or pregnancy 
can make them manifest themselves through 
organ disorders, progressing thrombinemia, 
thrombosis in various locations, and multiple 
organ dysfunction syndrome (MODS) in the 
most severe cases [7, 12, 13]. It is noteworthy 
that results of molecular-genetic analysis aimed 
at revealing prothrombotic polymorphisms in 
homeostasis genes can influence intensity and 
duration of anti-thrombotic therapy [7, 14–16]. 

At present, available and frequently ap-
plied laboratory tests do not give an opportunity 
to objectively and reliably predict a risk and 
severity of thrombinemia under COVID-19 in 
genetically predisposed patients and, conse-
quently, to select an optimal anti-thrombotic 
prevention therapy.  

In this study, our aim was to analyze mo-
lecular-genetic markers of homeostasis in pa-
tients with the new coronavirus infection 
COVID-19 as a prognostic trigger of develop-
ing prothrombotic readiness. 

Materials and methods. A prospective 
clinical and laboratory study was accomplished 
during the COVID-19 pandemic (April 2020 – 

May 2021) in the Regional Center for Anti-
Thrombotic Therapy of the E.E. Volosevich’s 
First Municipal Clinical Hospital (Arkhangelsk). 
One hundred patients with average to severe and 
severe COVID-19 participated in it. 

We applied several criteria to include pa-
tients into the study: they had PCR-confirmed 
COVID-19; they were hospitalized in a spe-
cialized COVID-19 unit; they gave their vol-
untary informed consent to participate in the 
study; their age was above 18 years. Exclusion 
criteria were as follows: refusal to take part in 
the study; a patient being younger than 
18 years. The study design was approved by 
the Local Ethics Committee of the Northern 
State Medical University (the Meeting Report 
No. 2/20 dated April 23, 2020). 

Laboratory tests were accomplished in the 
Regional Center for Anti-Thrombotic Therapy 
of the E.E. Volosevich’s First Municipal 
Clinical Hospital (Arkhangelsk). Plasma sam-
ples were taken three times: first, when a pa-
tient was admitted to an in-patient hospital 
prior to application of any anti-thrombotic 
therapy; second, on the 3rd – 5th day of hospi-
talization when an anti-thrombotic therapy 
with low-molecular-weight heparin (LMWH) 
was being applied; third, on the 9th – 10th day 
of hospitalization under the ongoing anti-
thrombotic therapy with LMWH.  

Prothrombotic status was estimated by mo-
lecular-genetic analysis of venous blood taken 
from the ulnar vein by venipuncture into a vacu-
tainer with ETDA (ethylendiaminetetraacetic 
acid), a sample volume being 4.5 ml. We ana-
lyzed samples of genome DNA extracted from 
peripheral blood leucocytes. Genotyping of 
polymorphisms and homeostasis mutations was 
performed by using the polymerase chain reac-
tion (PCR) with subsequent restriction analysis 
of its product.  

To analyze coagulation indicators (vacu-
tainers with sodium citrate), the obtained blood 
samples were centrifuged under 3000 rpm for 
15 minutes. According to the temporary me-
thodical guidelines, version 11, that were valid 
at the moment this study was being accom-
plished, we identified prothrombin time (PT), 
D-dimer, activated partial thromboplastin time 
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(APTT) and fibrinogen with Sysmex CS-2000i 
blood hemostasis analyzer (Sysmex, Japan) 
during 30 minutes since the moment blood was 
taken into a vacutainers1.  

In addition, to estimate intensity of 
thrombinemia, we identified thrombin kinetics 
indicators using Ceveron® alpha fully auto-
mated coagulation analyzer with TGA-module 
and reagents produced by Ceveron TGA High 
(Technoclone GmbH, Austria). We measured 
and analyzed lag-time (tLag), time necessary 
to reach thrombin peak (tPeak), peak thrombin 
level (Peak), and endogenous thrombin poten-
tial (AUC).  

Statistical analysis was performed using 
SPSS Statistics, version 20.0, and MedCalc 
software package. Quantitative variables are 
given as Me (median) and 25, 75 percentiles; 
qualitative data are given as relative frequency 
and 95 % confidence interval for a fraction. 
Quantitative data in dependent samples were 
compared with the unpaired two-samples Wil-
coxon test. The critical level of statistical sig-
nificance (р) was taken as equal to 0.05. We 
applied correlation analysis techniques (the 
Pearson’s linear correlation coefficient and 
Spearman’s rank correlation coefficient) and 
regression analysis techniques (multiple linear 
regression and multiple logistic regression). 

Results and discussion. First, we analyzed 
severity of the new coronavirus infection. The 
analysis revealed that the median age of patients 
participating in the research was 63 [31; 85] 
years, women accounted for 60 % of them, and 
the 4th degree severity of the coronavirus pneu-
monia was identified in 56 % of the analyzed 
cases (Figure 1). Hospitalized patients with 
community-acquired pneumonia had the dis-
eases with 4th degree of severity (SD) according 
to CT data; hospital-acquired pneumonia devel-
oped in one third of the patients and the 4th SD 
prevailed among them as well. 

Actual clinical practice clearly indicates 
that laboratory diagnostics of prothrombotic 

readiness (thrombinemia) has a crucial role 
both in pathogenesis and intensive therapy of 
the new coronavirus infection COVID-19. At 
present, several laboratory markers are rec-
ommended by scientific societies as laboratory 
indicators of COVID-19-associated coagulo-
pathy and inflammation [17, 18]. We should 
remember that recommended conventional or 
routine hemostasiological tests such as 
prothrombin time, activated partial throm-
boplastin time, levels of D-dimer and fibrino-
gen are not able to identify the actual 
prothrombin readiness under the new coro-
navirus infection or to predict severity of a 
prothrombotic state in a given patient. Table 1 
provides the results of routine laboratory ho-
meostasis indicators in COVID-19 patients 
analyzed in dynamics.  

D-dimer levels were established to grow 
statistically significantly by the 4th hospitaliza-
tion day despite the applied anti-thrombotic 
therapy with LMWH; fibrinogen and ferritin 
levels went down only by the 10th day of ther-
apy (Figures 2 and 3). It should be noted that 
the aforementioned laboratory tests are labora-
tory markers for diagnosing both hyper-
coagulation and systemic inflammation [19, 
20] and that routine clotting tests (APTT, INR) 
did not have any diagnostic significance to 
identify thrombinemia. 

 

 

Figure 1. Degree of severity of the coronavirus 
infection according to lung computer  

tomography  
__________________________ 
 
1 Profilaktika, diagnostika i lechenie novoi koronavirusnoi infektsii (COVID-19): Vremennye metodicheskie rekomen-

datsii. Versiya 11 (07.05.2021); utv. Zamestitelem Ministra zdravookhraneniya Rossiiskoi Federatsii E.G. Kamkinym [Preven-
tion, diagnostics and treatment of the new coronavirus infection (COVID-19): Temporary methodical guidelines. Version 11 
(May 07, 2021); approved by the Deputy to the RF Minister of Public Healthcare Е.G. Kamkin]. RF Public Healthcare Ministry. 
Available at: http://nasci.ru/?id=40123&download=1 (March 30, 2022) (in Russian). 
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T a b l e  1   
Routine coagulogram indicators in COVID-19 taken in dynamics (Me [Q1–Q3]) 

Hospitalization day Indicator 1st  4th  10th  
Platelets, × 109/l 246 [85–407] 287 [70–615] 319 [179–500]* 

APTT, sec 34.7 [30–47] 36.8 [30–49] 34.2 [23–79] 
Fibrinogen, g/l 5.4 [2.3–6.8] 5.8 [3.2–6.5] 4.4 [2.8–7.2]** 

D-dimer, mg/ml 1.16 [0.2–7.0] 1.6 [0.3–5.5]* 1.2 [0.1–4.2]** 
INR, units 1.02 [0.8–1.0] 1.1 [0.9–1.1] 1.2 [1.0–1.2] 

N o t e: *р < 0.05 means the difference from the 1st day is statistically significant; **р < 0.05 means the dif-
ference from the 4th day is statistically significant.  

 

 
Figure 2. Levels of D-dimer (mg/l) and fibrinogen (g/l) taken in dynamics during hospitalization:  

the 1st, 4th, and the 10th day (n = 100) 

   

Figure 3. Levels of ferritin (ng/ml) and CRP (mg/l) taken in dynamics during hospitalization:  
the 1st, 4th, and the 10th day (n = 100) 

We put forward a hypothesis that a heredi-
tary genetically determined thrombophilic state 
could precede clinical signs of thrombinemia in 
some COVID-19 patients. This state involved 
an elevated risk of developing prothrombotic 
readiness against carriage of polymorphisms in 
fibrinogen, prothrombin and PAI-1 genes and 
its occurrence was associated with regulation of 
thrombin kinetics (generation). Given that, we 

believed it relevant to perform a molecular-
genetic examination of COVID-19 patients to 
identify the occurrence of genetic polymor-
phisms in homeostasis indicating a genetically 
determined thrombophilic state. 

According to the basic aim of our study, 
we performed molecular-genetic analysis of 
basic genes significant for homeostasis in-
cluding several factors determining its coagu-
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lation section (Factor V (rs6025), Factor II 
(rs1799963), Factor I (rs1800790), Factor VII 
(rs6046), Factor XIII A1 (rs5985)); platelet 
section (IGN A2 (rs1126643), IGN B3 
(rs5918)), and fibrinolysis activity (PAI-1 
(rs1799889)). They all were recommended 
for personified pharmacotherapy (Table 2) 
[21]. The accomplished molecular-genetic 
tests revealed the ‘wild-type’ being the most 
frequent genetic polymorphism as per all the 
examined genes significant for homeostasis in 
this patient group. The only differences were 
PAI-1 gene (rs1799889) where heterozygous 
and homozygous polymorphisms prevailed 
(49 % and 34 % of the cases accordingly) 
(Table 2). 

The next stage in the research involved 
analyzing associations between genetic poly-
morphisms of homeostasis factors (FII 20210 
G>A (rs1799963), FV 1691 G>A (rs6025), 
PAI-1 675 5G>4G (rs1799889)) and severity 
of COVID-19-associated coagulopathy by us-

ing recommended routine tests. The analysis 
revealed a statistically significant growth in 
fibrinogen levels by the 4th day (more than 
6.0 g/l; р < 0.001) in carriers of the heterozy-
gous allele variant in PAI-1, factor V and II 
genes. D-dimer levels changed as well but this 
change was not authentic; they tended to grow 
in most patients regardless of a genotype of 
analyzed homeostasis factors (Table 3). 

According to the International Statistical 
Classification of Diseases and Related 
Health Problems, 10th Revision (ICD-10), 
mutations of factor II and V genes are among 
hereditary high-risk thrombophilias. Given 
that, we investigated possible associations 
between genetic polymorphisms of pro-
thrombin FII 20210 G>A and V Leiden G>A 
genes and intensity of thrombinemia in 
COVID-19 patients. Our analysis revealed 
that thrombinemia was more intense in pa-
tients with genetic polymorphisms of the 
said genes (Figure 4). 

T a b l e  2  
Genetic polymorphisms of homeostasis genes in COVID-19 patients (n = 100) 

Analyzed genes Genotype Frequency, % 95 % CI 
103 (G/G) 47.0 41.0; 53.8 
103 (G/T) 40.0 33.7; 46.0 Factor XIII A1 (rs5985) 
103 (T/T) 12.0 10.0; 15.4 
807 (C/C) 43.0 45.0; 59.0 
807 (C/T) 38.0 31.5; 44.0 IGN A2 (rs1126643) 
807 (T/T) 19.0 17.0; 22.4 
1565(Т/Т) 66.0 60.0; 73.0 
1565(Т/С) 26.0 19.0; 31.0 IGN B3 (rs5918) 
1565(С/С) 12.0 10.0; 15.4 
1691 (G/G) 91.0 89.2; 92.8 
1691 (G/A) 6.0 4.2; 7.8 Factor V (rs6025) 
1691 (A/A) 0 - 

20210 (G/G) 93.0 90.6; 94.0 
20210 (G/A) 2.0 1.2; 4.4 Factor II  (rs1799963) 
20210 (A/A) 0 - 
–675 5G/5G 17.0 11.95; 22.51 
–675 4G/5G 49.0 42.2; 56.1 PAI-1 (rs1799889) 
675 4G/4G 34.0 30.8; 40.8 
455 G/G 57.0 51.0; 63.8 

–455 G/A 37.0 30.7; 42.9 Factor I (rs1800790) 
–455 A/A 6.0 3.7; 9.4 
10976 G/G 72.0 65.1; 78.2 
10976 G/A 23.0 17.0; 29.8 Factor (VII rs6046) 
10976 A/A 5.0 3.5; 7.9 
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T a b l e  3  
Thrombinemia intensity depending on allele variants in PAI-1, II and V factor genes 

Hospitalization day 
1st  4th  10th  1st  4th  10th  Genetic polymorphism 

D-dimer, mg/l (Ме) Fibrinogen, g/l (Ме) 
PAI-I675 5G>4G (rs1799889)  

5G/5G (n = 17) 0.9 1.5 3.2 4.9 4.6 4.0 
4G/5G (n = 49) 1.4 1.5 1.5 5.5 5.0 4.6 
4G/4G (n = 34) 0.9 0.9 0.7 5.3 5.7 4.1 

FV 1691 G>A (rs6025)  
GG (n = 91) 1.3 1.8 1.2 5.4 5.0 4.5 
GA (n = 6) 0.7 0.5 1.1 5.9 6.7 3.7 

FII 20210 G>A (rs1799963)  
GG (n = 93) 0.6 1.5 3.03 5.0 5.15 4.4 
GA (n = 2) 2.6 0.2 0.4 6.0 6.7 4.1 

 

 
         1 – standard; 2 – heterozygous polymorphism                   1 – standard; 2 – heterozygous polymorphism 

Figure 4. Levels of D-dimer and fibrinogen upon admission to hospital in patients with polymorphisms 
of FII 20210 G>A and FV 1691 G>A genes 

We performed regression analysis of in-
dependent thrombinemia predictors and a de-
pendent variable (D-dimer level upon admis-
sion, the 1st day). The analysis revealed that a 
risk of a D-dimer level growing higher than 
0.5 mg/l increased for patients with genetic 
polymorphisms of the PAI-1 gene (the hetero-
zygous allele variant, β 95 % CI: 1.4 [0.6–2.13], 
p = 0.001; the homozygous allele variant,  
β 95 % CI: 2.0 [0.3–1.5], p = 0.008) and the 
heterozygous polymorphism of factor II (pro-
thrombin) gene (Table 4). 

According to multifactor analysis data, ge-
netic polymorphism of the PAI-1 gene and fer-
ritin levels higher than 200 pg/ml had authentic 
influence on an increase in D-dimer levels 
above their reference range (Table 5). 

To achieve objectivity in assessing 
thrombinemia by laboratory tests, we applied 
a thrombin generation (kinetics) test (TGT). It 
shows how much thrombin is generated and 
kinetics of its generation thereby assessing 
the state of prothrombotic readiness [22, 23]. 
The results of the thrombin generation tests 
which we obtained in this study indicated an 
increase in pro-coagulation blood potential in 
COVID-19 patients already upon admission 
to in-patient hospital. Thus, we established 
that all the thrombin kinetics indicators 
changed statistically significantly in patients 
on the 1st day of hospitalization. This indi-
cated significant activation of thrombin and 
occurring thrombinemia, or prothrombotic 
readiness (Table 6).  



N.A. Vorobyeva, A.I. Vorobyeva, A.S. Vorontsova  

Health Risk Analysis. 2023. no. 2 136 

T a b l e  4  
Linear regression (D-dimer and genetic polymorphism) 

D-dimer 
Independent predictors 

β р 95 % CI 
FV (rs6025) wild-type 1.2 0.1 -2.4; 2.27 

-heterozygous polymorphism 0.7 0.2 0.1; 1.1 
-homozygous polymorphism 1.0 0.3 0.31; 1.5 
PAI-1 (rs1799889) wild-type 0.9 0.1 -0.43; 1.2 
- heterozygous polymorphism 1.4 0.001 0.61; 2.13 
- homozygous polymorphism 2.0 0.008 0.31; 1.5 

FII (rs1799963) wild-type 1.0 0.6  
- heterozygous polymorphism 0.3 0.01 0.3; 1.9 

T a b l e  5  
Regression analysis of independent thrombinemia predictors and D-dimer dependent variable 

upon admission (the 1st day) 

Thrombinemia predictors OR  [95 % CI] р 

Genetic polymorphism in PAI-1 gene (rs1799889) 1.2  [0.12.5] 0.005 

Ferritin level higher than 200 pg/ml 2.4 [1.1–5.4] 0.036 

CRP level higher than 5.0 mg/l 0.1 [0.01−0.7] 0.999 

T a b l e  6  
Thrombin generation test indicators in COVID-19 patients at the moment they were included 

into the study and prior to any anti-coagulant therapy  

Analyzed indicator Me  [Q1–Q3] Reference value 
International normalized ratio (Tlag), min 2.46 [1.3–4.2] 7.8–13.6 

Endogenous prothrombin potential (AUC, nM), nMol/min 4425.1 [3400–5070] 1379.4–1735.9 
Peak thrombin level in a sample (Peak), nMol/min 862.43 [680.4–1040] 98.4–153.7 

Time necessary to reach the peak (tPeak), min 5.87 [4.4–7.5] 16.7–23.2 
 
The final stage in our study involved ana-

lyzing an association between polymorphisms 
of homeostasis genes and the thrombin genera-
tion test as a prognostic trigger indicating a 
risk of developing prothrombotic readiness in 
COVID-19 patients. The correlation analysis 
of the international normalized ratio (Tlag) and 
factor I (fibrinogen) genotypes revealed a 
moderate negative correlation; that is, a het-
erozygous polymorphism of the fibrinogen 
gene is associated with decreasing time of a 
lag in blood clotting. Both heterozygous and 
homozygous polymorphisms in the fibrinogen 
gene were associated with a growing peak 
thrombin level (Peak), which was authentically 

higher than in COVID-19 patients without 
such genetic polymorphisms (Figure 5).  

Both heterozygous and homozygous poly-
morphisms of the PAI-1 gene were associated 
with shorter time necessary to reach the peak 
thrombin level (tPeak); that is, the peak thrombin 
level was reached faster in patients with alterna-
tive polymorphism of the РAI-I gene (Figure 6).  

Correlation analysis of associations be-
tween levels of endogenous thrombin potential 
(AUC) and genotypes of the clotting factor 
genes I, II and PAI-1 indicated that alternative 
polymorphisms of the fibrinogen and PAI-1 
genes were associated with elevated endoge-
nous thrombin potential (Figure 7). 
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Figure 5. Correlation analysis between international normalized ratio (tLag), peak thrombin level  
(Peak thrombin, nmol/l) and factor I clotting genotypes (fibrinogen) 

 
Figure 6. Analysis of correlations between time necessary to reach peak thrombin level (tPeak, min)  

and genetic polymorphisms of the PAI-1 gene: 1 is wild-type, 2 is heterozygous allele variant,  
3 is homozygous allele variant 

 
Figure 7. Analysis of correlations between levels of endogenous thrombin potential (AUC) and 

genotypes of the PAI-1, clotting factors II and I genes: 1 is wild-type, 2 is heterozygous allele variant,  
3 is homozygous allele variant 

Conclusion. Therefore, polymorphisms 
of PAI-1, prothrombin (FII), and fibrinogen 
(FI) genes determined high thrombinemia ac-
cording to thrombin generation test indicators 
(endogenous thrombin potential (AUC), peak 

thrombin level (Peak thrombin), time neces-
sary to reach the peak thrombin level (tPeak),  
fibrinogen and D-dimer levels) in COVID-19 
patients over the whole hospitalization period. 
The study results indicate that prothrombotic 
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readiness is a genetically determined state in 
COVID-19 patients with allele variants in the 
PAI-1, prothrombin (factor II) and fibrinogen 
(factor I) genes. Elevated thrombin generation 
that became apparent through elevated en-
dogenous thrombin potential (AUC) was 
shown to be a possible prognostic sign of 
prothrombotic readiness in patients with ge-
netic polymorphisms of the PAI-1 and fibrino-
gen genes. 

The accomplished pilot study showed that 
molecular-genetic testing aimed at identifying 
hereditary-determined thrombinemia could be 
considered a prognostic marker indicating an 
existing risk of developing prothrombotic 
readiness in patients with average to severe 
and severe COVID-19. The data obtained by 
this prospective clinical investigation prove 
the suggested molecular-genetic thrombinemia 
screening to be useful in treating COVID-19 
patients. A clinician in a ‘red zone’ of a 
COVID-19 hospital is able to rely on an addi-
tional objective indicator that predicts throm-

binemia in COVID-19 patients with acute in-
flammation. 

Screening of genetic polymorphisms in 
medicine dealing with critical conditions is 
vital when a patient is given a pathogenetically 
justified antithrombotic therapy as well as 
within prevention activities. Our study results 
indicate that thrombinemia in COVID-19 pa-
tients is likely to have certain molecular 
mechanisms and that it is advisable to widely 
implement DNA-diagnostics into clinical prac-
tice for assessing severity of prothrombotic 
readiness and predicting its development.  

Following the results of this study, a pat-
ent for invention No. 2789822 was issued on 
February 02, 2023. 
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