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A B S T R A C T   

Background: Coagulation dysfunction represents a serious complication in patients during the COVID-19 infec-
tion, while fulminant thrombotic complications emerge as critical issues in individuals with severe COVID-19. In 
addition to a severe clinical presentation, comorbidities and age significantly contribute to the development of 
thrombotic complications in this disease. However, there is very little data on association of congenital 
thrombophilia and thrombotic events in the setting of COVID-19. Our study aimed to evaluate the risk of COVID- 
19 associated thrombosis in patients with congenital thrombophilia. 
Methods: This prospective, case-control study included patients with confirmed COVID-19 infection, followed 6 
months post-confirmation. The final outcome was a symptomatic thrombotic event. In total, 90 COVID-19 pa-
tients, 30 with known congenital thrombophilia and 60 patients without thrombophilia within the period July 
2020–November 2021, were included in the study. Evaluation of hemostatic parameters including FVIII activity 
and D-dimer was performed for all patients at 1 month, 3 months and 6 months post-COVID-19 diagnosis. 
Results: Symptomatic thrombotic events were observed in 7 out of 30 (23 %) COVID-19 patients with throm-
bophilia, and 12 out of 60 (20 %) without thrombophilia, P = 0.715. In addition, the two patient groups had 
comparable localization of thrombotic events, time to thrombotic event, effect of antithrombotic treatment and 
changes in FVIII activity, while D-dimer level were significantly increased in patients without thrombophilia. 
Conclusion: Our findings suggest that patients with congenital thrombophilia, irrespective of their age, a mild 
clinical picture and absence of comorbidities, should receive anticoagulant prophylaxis, adjusted based on the 
specific genetic defect.   

1. Introduction 

Coagulation dysfunction represents a serious complication in pa-
tients with COVID-19 infection and can lead to fulminant thrombotic 
complications which adds to the morbidity in this patient population 

[1]. Based on previous studies, several changes towards the pro-
thrombotic phenotype can be explained by the profound inflammatory 
response, as well as by hypoxia [2–6]. Activation of the coagulation 
system caused by the presence of a novel coronavirus may result in 
numerous vascular complications such as venous thromboembolism 
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(VTE) and arterial thrombosis, with significant implications on the 
clinical outcome for COVID-19 patients [7]. Thromboembolism signifi-
cantly increases the odds of mortality in COVID-19, being as high as 74 
% [8]. It should be emphasized that the severity of the clinical picture, as 
well as comorbidities, significantly contribute to the development of 
thrombotic complications. In relation to the clinical presentation, many 
patients with acute respiratory distress syndrome (ARDS) secondary to 
COVID-19, develop life-threatening thrombotic complications despite 
anticoagulation [9]. Additionally, increasing age is associated with a 
higher prevalence of VTE and pulmonary embolism, while increased 
body-mass index was only shown to be associated with increased 
prevalence of pulmonary embolism [10]. 

Thrombophilia has been hypothesized to contribute to thrombotic 
risk, however this hypothesis is based almost entirely on individual case 
reports [11–13]. To date, the largest published cohort study included 13 
patients with congenital thrombophilia, and the majority of patients 
with severe thrombophilia did not develop symptomatic thrombotic 
events during COVID-19, including those with previous thrombosis. A 
possible explanation for the low incidence of thrombosis in COVID-19 
patients with thrombophilia may relate to the fact that these patients 
were in fact treated with anticoagulants prior to the infection, or at the 
very early stages of disease [14]. 

Our study aimed to primarily evaluate the risk of thrombosis among 
COVID-19 patients with known congenital thrombophilia, and to 

compare their results to COVID-19 patients without thrombophilia. The 
secondary goal was to evaluate the effect of anticoagulant therapy in the 
prevention of thrombosis in these patients. 

2. Materials and methods 

Institutional approval for the study was granted by the Local 
Research Ethics Committee in accordance with the internationally 
accepted ethical standards. Each patient signed the informed consent 
form. 

Patients with confirmed COVID-19 infection related to nasopharyn-
geal swab SARS-CoV-2 reverse transcriptase-polymerase chain reaction 
(RT-PCR) test were prospectively recruited and followed for 6 months 
post-COVID-19 infection. Inclusion criteria were: all patients older than 
18 years of age, with known thrombophilia, who tested positive for 
SARS-CoV-2. Patients with COVID-19 infection without thrombophilia 
who were referred to the COVID hospital with symptoms of COVID 
infection, and who were confirmed positive for SARS-CoV-2 were 
included as a control group. The study took place in the period from July 
2020 to November 2021. The data related to the period of hospitaliza-
tion were obtained from the health information system of the Clinical 
Hospital Center “Bezanijska Kosa” (Heliant, v7.3, r48602) or from the 
patient discharge list and medical records. Participant data included 
demographic data: age, gender, BMI, comorbidities, previous 

Table 1 
Clinical and biological characteristics of patients with COVID-19 carrying congenital thrombophilia.  

Congenital 
thrombophilia 

Gene Gene variant Age Sex Age of the 
1st event 

Recurrent 
VTE 

AC status 
before COVID 

COVID related VTE 

Antithrombin 
deficiency (8) 

SERPINC1 Type II HBS (4)       

P1 
c.391 C>T, p.Leu99 (131)Phe (AT Budapest 

3), homozygous 34 Female 14 Yes VKA, long life 
During COVID-19, 2 

months after 
P2 

p.Leu99(131)Phe (AT Budapest 3), 
heterozygous (3) 

44 Male 12 No No During COVID-19 
P3 49 Female 32 Yes VKA, long life  
P4 63 Female 53 No No   

Type I (4)       
P5 Deletion of exon 3 41 Female No No No  

P6 c.1019-1022TGGAdel, p.Leu308(340) 
LeufsX5, heterozygous (1) 

41 Female No No No  

P7 
c.548Cdel, p.Ser151(183)SerfsX100, 

heterozygous/c.1601G>A p.R534Q (1) 26 Female 19 Yes VKA, long life  

P8 
c.415-416AAdel, p.Lys139(171)ValfsX16, 

heterozygous (1) 
28 Female 21 Yes VKA, long life  

Protein S deficiency 
(4) 

PROS1 Missing       
Activity        
P1 (35%)  46 Male 27 No No  
P2 (13%)  33 Female No No No  
P3 (39%)  58 Female 38 Yes VKA, long life  
P4 (12%)  61 Male 55 No Aspirin  

FV Leiden (12) 

F5 c.1601G>A p.R534Q       
P1 Heterozygous 41 Female No No No 3 months after 
P2 Heterozygous 40 Male No No No During COVID-19 
P3 Heterozygous 33 Female No No No  
P4 Heterozygous 48 Female No No No 5 months after 
P5 Heterozygous 34 Female No No No  
P6 Heterozygous 36 Female No No No  
P7 Heterozygous 63 Female #32 #Yes #VKA, long life  
P8 Homozygous 47 Female No No No  
P9 Homozygous 36 Female No No No  
P10 Heterozygous 35 Female No No No  
P11 Heterozygous 49 Male No No No 3 months after 
P12 Heterozygous 37 Female No No No  

Prothrombin (3) 

F2 c.*97G>A       
P1 Heterozygous 24 Male No No No 3 months after 
P2 Heterozygous 24 Female No No No  
P3 Heterozygous 22 Female No No No  

Prothrombin 
Belgrade (2) 

F2* c.1787G>A       
P1 Heterozygous 45 Female 31 Yes VKA, long life  
P2 Heterozygous 41 Female 27 Yes VKA, long life  

FVLeiden/ 
prothrombin (1) 

F5/F2 c.1601G>A p.R534Q/c.*97G>A       
P1 Heterozygous 40 Female No No No  

# one patient from FV Leiden group was on long time VKA due to the recurrent thrombosis. 
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thrombosis, anticoagulant status prior to COVID-19 and during the 
COVID-19 treatment, as well as clinical presentation of COVID-19 
infection. 

Thrombotic events developed during the acute COVID-19 infection, 
or in the following next 6 months, were defined as COVID-19 related 
thrombosis. In all suspected thrombotic events color Doppler or 
computed tomography (CT scan) were performed with the results used 
for the differentiation of the type and location of thrombotic events. 

During the follow-up period, the laboratory evaluation of hemostatic 
parameters included FVIII activity and D-dimer at 1 month, 3 months, 
and 6 months post-COVID-19 infection. Specifically, whole blood was 
collected into two Vacutainer citrate tubes (Vacutest; Kima, containing 
1/10 volume sodium citrate stock solution at 0.129 mmol/L) using 
sterile, atraumatic venipuncture. Two samples were taken for each pa-
tient and prepared using the standard method to obtain platelet poor 
plasma, with aliquots stored at − 80 ◦C until testing. Factor VIII:C was 
measured using the 1-stage clotting assay with IL test reagents (Instru-
mentation Laboratory, Milan, Italy), and analyses were performed using 
IL ACL 6000 coagulometers (Instrumental Laboratory Milano), with 
levels above 1.5 IU/mL considered as increased [15]. D-dimer was 
measured using the Innovance D-dimer (Siemens Healthcare Di-
agnostics), immunoturbidimetric assay for the quantitative determina-
tion of cross-linked fibrin degradation products (D-dimer) in human 
plasma using BCS Siemens coagulometer, with results expressed in mg/L 
FEU (fibrinogen equivalent units). The cut-off value used for discrimi-
nation of VTE was 0.5 mg/L FEU for patients under 50 years of age, 
while in patients older than 50 years of age adjusted D-dimer level was 
used. 

Results of the hemostatic parameters and data related to patients 
with thrombophilia (genetic results and anamnestic data related to the 
thrombotic or anticoagulant status) were collected from the laboratory 
information system and thrombophilia registry. 

2.1. Statistical analyses 

Description of the data was performed using median and inter-
quartile range (IQR) (for non-Gaussian data distribution) and mean and 
standard deviation (SD) (for Gaussian data distribution). Differences 
between groups were measured using the Mann-Whitney U test and 
Independent samples t-Test. Kaplan-Meier test was used for determina-
tion of time-to-thrombotic event estimation. Correlation between pa-
rameters was performed using the Spearman's rho test. The statistical 
analysis was performed using the Statistical Package for Social Sciences 
21.0 for Windows (SPSS Inc., Chicago, Illinois, USA). 

3. Results 

3.1. Patients with congenital thrombophilia 

Clinical and biological characteristics of 30 patients with COVID-19 
and congenital thrombophilia are shown in Table 1, and included 8 
patients with Antithrombin (AT) deficiency. The mutations on the 
SERPINC1 gene that cause two types of AT deficiency, were present in an 
equal number in the heterozygous variant, except for one carrier of the 
homozygous Type II HBS deficiency. Four patients had Protein S (PS) 
deficiency, with the diagnosis made on the basis of functional and 
antigenic PS assays, without the corresponding genetic results. The 
prothrombotic mutations on the F5 and F2 genes were noted in 18 pa-
tients, with 12 patients being carriers of the Factor V (FV) Leiden mu-
tation (c.1601G > A p.R534Q), 2 of which were homozygous. Three 
patients were carriers of the c.*97G > A heterozygous prothrombin gene 
mutation, with a further two being carriers of the c.1787G>A (Belgrade 
mutation), with one patient being a carrier of both heterozygous pro-
thrombotic mutations, while one a carrier of the AT deficiency Type I 
and FV Leiden mutation (c.548Cdel, p.Ser151(183)SerfsX100, hetero-
zygous/c.1601G>A p.R534Q). In patients with congenital Ta
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thrombophilia 7 were asymptomatic carriers, while recurrent VTE was 
observed in 8 patients, all of whom were placed on long-term vitamin K 
antagonists (VKA). 

3.2. Case-control analysis of patients with congenital thrombophilia 

Clinical features of the 30 COVID-19 patients with thrombophilia 
and 60 patients without thrombophilia are shown in Table 2. The 
following parameters were significantly different between the two 
groups: age, comorbid diseases, previous thrombosis, the need for hos-
pitalization, respiratory support and anticoagulant status prior to the 
COVID-19 infection. During the follow-up period, thrombotic events 
were observed in 7 out of 30 (23 %) patients with thrombophilia and 12 
out 60 (20 %) without thrombophilia, P = 0.715. A similar distribution 
of thrombosis location, time to thrombotic event, and changes in FVIII 
activity were observed across both groups, while, D-dimer was signifi-
cantly higher in patients without thrombophilia. There was a significant 
correlation between the VTE occurrence and FVIII function across all 
measurements. When it comes to D-dimer, only the measurement at one 
month post infection showed significant correlation with VTE (Table 3, 
Supplemental Data). 

Analysis of hemostatic parameters during the follow up shows that 
patients who developed thrombosis, regardless of the thrombophilia 
status, had a significantly higher level of FVIII compared to patients who 
did not develop thrombosis. In case of D-dimer, the difference was sig-
nificant only at the 1 month post-infection (Table 4, Supplemental 
Data). 

3.3. Use of antithrombotic therapy during COVID-19 infection 

Eleven patients with thrombophilia and 8 without thrombophilia 
received oral anticoagulant therapy, which included VKA (8 with and 
one without thrombophilia), and DOAC (3 with thrombophilia and 5 

without thrombophilia). Patients on VKA therapy were stable, with the 
INR level maintained in the range of 2 to 3. Patients receiving DOAC 
introduced during the COVID-19 infection, 8 patients received Rivar-
oxaban (20 mg per day), and two patients without thrombophilia 
received Apixaban (2 × 2.5 mg per day). From the group that was 
already on VKA treatment, one patient with AT deficiency developed 
acute deep vein thrombosis (DVT) on two occasions. The first event 
occurred during the acute infection, while the second recurrent event 
developed in the period two months after she become PCR negative for 
SARS-CoV-2. 

Hospitalized patients with severe COVID-19 infection received a 
high prophylactic dose of Low Molecular Weight Heparin (LMWH), 
Enoxaparin 40 mg subcutaneously twice daily, while patients with non- 
severe disease received Enoxaparin 40 mg once daily. Eight patients 
with thrombophilia received Enoxaparin once daily, while 18 patients 
without thrombophilia received a high prophylactic dose of LMWH. Two 
patients (one patient with thrombophilia (carrier of FV Leiden mutation) 
and one without thrombophilia) received only one week of Enoxaparin 
prophylaxis, and developed thrombotic events post-COVID-19 infection. 
There were 3 patients without thrombophilia who presented with severe 
COVID-19 and who required respiratory support, that had thrombotic 
events within 1 to 3 months post interruption of anticoagulant therapy. 

An equal number patients from both groups with a mild clinical 
picture received 100 mg Aspirin for one month post COVID-19 diag-
nosis, with one patient with thrombophilia (carrier of the FVLeiden 
mutation) developing a thrombotic event 5 months post-COVID-19 
diagnosis. 

There were 30 young patients with a mild clinical picture (4 with 
thrombophilia and 26 without thrombophilia) that did not receive 
prophylaxis. Thrombotic events developed in 3 patients with thrombo-
philia during acute infection (one patient with heterozygous AT defi-
ciency type II HBS and one patient with heterozygous FV Leiden 
mutation). Both of these patients developed distal vein thrombosis, 

Fig. 1. Time of VTE occurrence depending on thrombophilia presence.  
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while the carrier of prothrombin mutation developed abdominal 
thrombosis (v. portae) 3 months post-COVID-19 infection. Eight patients 
without thrombophilia developed thrombosis, one during acute infec-
tion and 7 at 1 month to 4 months post-infection. 

The timing of thrombotic events in relation to the COVID-19 infec-
tion across the entire cohort is shown in Fig. 1, showing that presence of 
thrombophilia did not have an effect on the timing of the thrombotic 
event, P = 0.819. 

4. Discussion 

To our knowledge, this is the largest case-control study of patients 
with congenital thrombophilia infected with SARS-CoV-2. The main 
finding was that there was an equal incidence of thrombotic events 
among patients with congenital thrombophilia and those without 
thrombophilia related to COVID-19, with the risk for VTE being present 
several months post SARS-CoV-2 infection. Our results confirm previous 
findings that low incidence of thrombosis in thrombophilia patients may 
be related to the fact that these patients were already treated with an-
ticoagulants prior to the COVID-19 infection [14]. Another important 
reason for a comparable incidence of thrombotic events associated with 
COVID-19 could be linked to the younger age, a mild clinical picture and 
lower incidence of comorbidities in the thrombophilia group. Contrary 
to this, in the group without thrombophilia there was a high number of 
patients with comorbidities including cardiac disease, diabetes and hy-
pothyroidism, that could significantly affect the development of a more 
severe clinical presentation. The fact that two patients without throm-
bophilia developed thrombosis one month post discharge is in accor-
dance with previously published study describing high incidence of 
thrombosis in patients with severe clinical presentation [1]. 

According to existing guidelines, the use of LMWH is recommended 
for prophylaxis or treatment COVID-19 induced thrombosis [16–18], 
and 57 % of our patients (27 % with thrombophilia and 30 % without 
thrombophilia) were in fact receiving LMWH. The prophylaxis was 
introduced based on risk stratification and published recommendations 
[16] during admission to the COVID hospital, except for those who were 
already receiving VKA and, as expected there was a low incidence of 
thrombosis was observed in these patients, regardless of the thrombo-
philia status. 

On the other hand, the majority of young patients who had a mild 
clinical picture received Aspirin and did not have thrombotic compli-
cations, while the remainder did not receive any antithrombotic ther-
apy, as per recommendations. In the latter patient group, an equally 
high number of patients developed thrombosis, independent of the 
thrombophilia status. 

Considering that FVIII is an acute phase reactant, there is debate as to 
whether increased FVIII levels in represent an increased inflammatory 
state [19]. We observed significantly higher FVIII levels in patients who 
developed thrombosis, compared to those without thrombosis. An in-
crease in FVIII could in fact suggest hypercoagulability in patients post- 
COVID-19, supported by increase across both patient populations. Our 
results suggest that monitoring of FVIII levels could be a useful tool in 
assessing hypercoagulability and possible thrombotic risk, especially in 
patients with known thrombotic risk factors. Previous studies have 
shown that patients admitted to intensive care, or those with severe 
COVID-19 requiring respiratory support, had increased FVIII levels 
during the acute infection [20–23]. In addition, hospitalized COVID-19 
patients with increased FVIII levels, maintained a significantly higher 
FVIII level, compared to healthy controls 4 months post-discharge [24]. 

Our results related to asymptomatic young carriers of thrombophilia 
presenting with non-severe COVID-19 infection, who have not received 
any antithrombotic therapy, is consistent with recent findings of Mah-
moud et al. Namely, the authors emphasize that inherited thrombophilia 
with endotheliopathy appears to be a plausible mechanism for throm-
bosis in a proportion of noncritical patients with COVID-19, without 
association with COVID-19 severity [25]. With this in mind, it is 

important that all patients with congenital thrombophilia, regardless of 
age, a mild clinical picture or absence of comorbidities, receive adequate 
prophylaxis. The type and duration of anticoagulation therapy and 
secondary thromboprophylaxis should be adjusted based on the specific 
genetic defect that causes thrombophilia. When analyzing thrombotic 
events in relation to the type of thrombophilia and applied prophylaxis, 
AT deficiency is the most severe thrombophilia in the setting of COVID- 
19. In patients with homozygous antithrombin Type II HBS deficiency, 
the risk for VTE is particularly pronounced, even in the presence of mild 
clinical COVID infection and absence of comorbidities [11]. 

The main limitation of our study is small sample size, in addition to 
the selection bias present due to the significant difference between 
investigated and control group in relation to comorbidities and clinical 
presentation of COVID-19 infection, as a possible risk factor for devel-
opment of COVID-19 related thrombosis. Despite limitations, our study 
is the first prospective study representing valuable data related to 
thrombophilia in the setting of COVID-19 infection. 

5. Conclusion 

Our study showed an equal incidence of thrombotic events among 
patients with congenital thrombophilia and those without thrombo-
philia in the setting of COVID-19, and that the risk for VTE may be 
present for several months post-COVID-19 infection. Patients with 
congenital thrombophilia, regardless of the age, and in the setting of a 
mild clinical picture or absence of comorbidities, should receive anti-
coagulant prophylaxis adjusted for the specific genetic defect. Patients 
with homozygous AT deficiency Type II HBS were among those with the 
highest risk for thrombosis related to COVID-19 infection. 
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