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Abstract

Introduction. The coronavirus induced disease 2019 (COVID-19), caused by the severe acute
respiratory coronavirus 2 (SARS-CoV-2), which was identified in patients in China in 2019, was
pronounced a pandemic in March 2020. It resulted in more than 7 million deaths worldwide. As
hypercoagulation emerged as its key pathological hallmark, the objective of this study was to
investigate if a polymorphism within the VKORC1 gene, which plays a role in the vitamin K-de-
pendent blood coagulation pathway, contributed to the survival from thrombosis in individuals
who developed some form of it during their COVID-19.

Methods. This was an observational, case-control study. Characterization of the VKORCI1
-1639G>A (rs9923231) polymorphism-associated genotypes was carried out in cases (N=16),
volunteers who developed some form of thromboembolism during COVID-19, but who survived
from it, and controls (N=32), volunteers who did not develop any form of thromboembolism
during COVID-19, by using polymerase chain reaction restriction fragment length polymorphism
method, followed by Sanger sequencing of the VKORC1 gene promoter-specific, polymerase
chain reaction-amplified products.

Results. Our preliminary data indicate that the variant or A allele, which is associated with
intermediate or low blood coagulability, is more frequently present within the VKORC1 gene
of individuals who developed some form of thromboembolism during their COVID-19, but who
survived from it, than the wild-type or G allele, which is associated with standard or high blood
coagulability.

Conclusion. These results warrant further studies into the role of the VKORC1 promoter-asso-
ciated polymorphism in the COVID-19-associated coagulopathy, as the specific VKORC1 ge-
notypes could become genetic biomarkers for prediction of a thrombotic state during COVID-19,
and possibly, other thrombosis-associated diseases and disorders.

Keywords: COVID-19, Hypercoagulability, Thrombosis, Venous thromboembolism, Vitamin K
epoxide reductase
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INTRODUCTION

The coronavirus induced disease 2019 (CO-
VID-19), caused by the severe acute respi-
ratory coronavirus 2 (SARS-CoV-2), which
was identified in patients in China in 2019
[1], was pronounced a pandemic in March
2020. It resulted in more than 776 million
confirmed cases [2] and 7 million deaths
worldwide [3]. Early during the pandemic,
it was recognized that COVID-19’s patho-
physiology was not restricted to the lungs,
as it could progress to a systemic disease
and affect other organs. In addition, hyper-
coagulation termed COVID-19-associated
coagulopathy (CAC) has emerged as its key
pathological hallmark, exhibiting either as
venous thromboembolism (pulmonary em-
bolism and deep vein thrombosis), or ar-
terial thromboembolism (ischemic stroke,
systemic arterial embolism, acute coronary
syndrome, limb artery thrombosis, mesen-
teric artery thrombosis, etc.) [4]. Various
systematic reviews and meta-analyses re-
ported high prevalence of venous thrombo-
embolism: 28%, 22.7% and 24.1% among
the intensive care units’ (ICU) patients,
and 10%, 7.9% and 7.7% among general
wards’ patients, respectively [5] [6] [7].
However, a sensitivity analysis showed that
the prevalence of venous thromboemboli-
sm was probably lower, i.e., 15.7% in ICU
patients. Furthermore, a reported ove-
rall prevalence of arterial thromboembo-
lism in patients diagnosed with COVID-19
was 1-5%, i.e., lower than that of venous
thromboembolism [8].

Biomarkers measured in hospitalized CO-
VID-19 patients were used to estimate
the severity of COVID-19 pathogenesis
and predict the course of the disease: bi-
omarkers of the inflammatory and immune
system activation were interleukin (IL)-6
and C-reactive protein (CRP), whilst bio-
markers of coagulation, and the consequent
thrombosis risk, were platelet count, acti-
vated partial thromboplastin time (aPTT),
prothrombin time, D-dimer, fibrinogen, von
Willebrand (vWF) factor activity, vWF anti-
gen, lupus anticoagulant, etc. It was esta-

blished that the most severe clinical stage
of CAC is characterized with high D-dimer
and fibrinogen concentrations, prolonged
prothrombin time and reduced platelet co-
unt, accompanied with high incidence of
venous thromboembolism [9]. However,
the reported incidence of thrombosis was
different in different racial/ethnic groups,
with a significant disparity in the inciden-
ce of thrombotic events between African
Americans, Caucasians and Asians [10]. It
was suggested that an inherent antithrom-
botic state in the Asian population, termed
“East Asian Paradox” [11], was responsi-
ble for a significantly lower thrombosis rate
of 1.86% in the examined 5,807 patients
from the Japanese population [12] compa-
red with a substantially higher thrombosis
rate of 40.8% in the examined 184 patients
from the European population [13].

One of the genetic factors, which contribu-
te to the “East Asian Paradox”, is the vari-
ant sequence within the vitamin K epoxide
reductase complex subunit 1 (VKORC1)
gene, which encodes the enzyme vitamin K
epoxide reductase (VKOR) - the molecular
target of warfarin, the most commonly pres-
cribed oral anticoagulant drug worldwide.
VKOR regulates the synthesis of the redu-
ced form of vitamin K and, thus, indirectly
controls the levels of the vitamin K-depen-
dent procoagulant factors (II, VII, IX, X)
and anticoagulant factors (proteins C and
S). VKORC1 is one of four genes whose va-
riations in sequence give rise to large inter-
individual variability to sensitivity to war-
farin [14] [15] [16]. A variant sequence in
the promoter region of the VKORC1 gene
(-1639G>A, 1rs9923231) is significantly
associated with an individual's response to
warfarin, with carriers of the variant or A
allele, who are prevalent in East Asian popu-
lations, requiring reduced therapeutic doses
of warfarin. Because the consequence of the
presence of the variant or A allele in an indi-
vidual is a phenotype of an enhanced endo-
genous anticoagulation, it was hypothesized
that its presence could be, at least in part,
responsible for the low incidence of CAC in
East Asian populations [17].
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In order to investigate if the VKORC1
-1639G>A polymorphism-associated ge-
notypes/alleles may influence a survival
from CAC, we examined them in 16 cases
- individuals who developed some form of
thromboembolism during their COVID-19
and survived from it, and 32 controls - in-
dividuals who did not develop any form of
thromboembolism during their COVID-19.

METHODS

Patients and study design

This study was an observational, case-con-
trol study. For the case group of volunteers,
inclusion criteria were age = 18 years, history
of COVID-19 diagnosis, and development of
a thromboembolic event (either venous or
arterial thromboembolism) during the cour-
se of COVID-19. Exclusion criterion was ina-
bility to provide written, informed consent.
The cases were matched with volunteers
who did not develop a thromboembolic event
during their COVID-19. Two controls were
randomly selected for each case, individually
matched by biological sex and age (within
4 years age-range). The recruitment of vo-
lunteers took place after they were infection
free, from January 2022 until January 2024.
The study followed the ethical guidelines of
the Declaration of Helsinki (2013) and was
approved by the Bioethical Committee of
the Sarajevo Medical School on the 23 No-
vember 2021 (SMS-23112021). In addition,
written, informed consent was obtained from
all volunteers in the study.

Human, genomic DNA extraction

and characterization of the VKORC1
-1639G>A (rs9923231) polymorphism-
associated genotypes

Approximately 3ml of whole blood was obta-
ined from all volunteers in ethylenediami-
netetraacetic acid (EDTA)-containing tubes.
Genomic DNA extraction and characteriza-
tion of the VKORC1 -1639G>A (rs9923231)
polymorphism-associated genotypes was
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described in a protocol deposited on Proto-
cols.io (https://www.protocols.io/) which
can be accessed through the following digital
object identifier (DOI): dx.doi.org/10.17504/
protocols.io.j8nlko8mdv5r/v1 [18].

Statistical methods

Descriptive statistics was used to summa-
rize the results of the study (Table 1). In
addition, a Chi-squared test was used to
compare allele frequencies between cases
and controls. Statistical significance (p) was
set at 0.05.

Availability of data and materials

The dataset generated and analyzed during
the current study was deposited in the Har-
vard Dataverse repository, which can be ac-
cessed through the following digital object
identifier (DOI): https://doi.org/10.7910/
DVN/JCCWCO [19]. In addition, this dataset
was deposited in a database associated with
clinical variations titled ClinvVar (https://
www.ncbi.nlm.nih.gov/clinvar/). The results
are public and can be accessed through the
accession numbers: SCV004807478 and
SCV004812937 [20]. In addition, details of
individual human, genomic DNA samples,
which were generated in this study, were
also deposited on the National Centre for
Biotechnology Information data platform
within a BioProject database (https://www.
ncbi.nlm.nih.gov/bioproject/). They can be
accessed through the accession number:
PRINA1095829 [21]. Human, genomic DNA
sample material, which was generated in
this study, is available on request from the
corresponding author.

RESULTS

In this study, an association between the
VKORC1 -1639G>A (rs9923231) polymor-
phism-associated genotypes and survival
from COVID-19-associated thrombosis was
examined. In the case group, 13 volunteers
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(81%) had venous thromboembolism and
3 volunteers (19%) had arterial throm-
boembolism. In this group, 3 volunteers
(19%) had the wild-type, VKORC1-GG or
the most thrombogenic VKORC1 genoty-
pe, 7 volunteers (44%) had VKORC1-AG
or the VKORC1 genotype with an interme-
diate thrombogenic effect, and 6 volun-
teers (37%) had VKORC1-AA or the least
thrombogenic VKORC1 genotype. In the
case group, the wild-type, G allele frequ-
ency was 0.41 or 41%, while the variant or
A allele frequency was 0.59 or 59% (Table
1, Fig. 1). In contrast, in the control gro-
up, 11 volunteers (34%) had the wild-ty-
pe, VKORC1-GG genotype, 14 volunteers
(44%) had VKORC1-AG genotype, and 7
volunteers (22%) had VKORC1-AA genoty-
pe. In the control group, the wild-type, G
allele frequency was 0.56 or 56%, while
the variant A allele frequency was 0.44 or
44% (Table 1, Fig. 1). In order to establish
whether a statistically significant differen-
ce exists between cases and controls, with
regard to allele frequencies, a Chi-squared
test was performed. With a degree of free-
dom of 1, a value of 2.0625 was obtained
(p=0.1510).

DISCUSSION

Multiple patient characteristics (e.g. age, bi-
ological sex, race, existing medical condition,
prescribed pharmacological agents, different
biomarkers, etc.) were previously studied

in order to understand which determining
factors affect patients’ outcomes following
COVID-19 diagnosis. We examined an asso-
ciation between a genetic factor with an
established effect on blood coagulation, the
VKORC1 -1639G>A polymorphism, and sur-
vival from a thromboembolism in COVID-19.
A trend towards a decrease in the frequency
of the wild-type or G allele (0.41) and an
increase in the frequency of the variant or A
allele (0.59), in cases - individuals who de-
veloped a thromboembolic event during their
COVID-19, but who survived it, was detec-
ted. In controls - individuals who did not de-

Table 1. Clinical, demographic and the VKORCI -16396>A
(rs9923231) polymorphism-associated genotype characteri-
stics of the study's volunteers.

Survived cases Controls
Human volunteers Human volunteers
with thromboem-  without throm-
bolic event during boembolic event

Demographic
and genetic
characteristics
of human volun-

teers COVID-19 during COVID-19
N=16 N=32

Age in years

(Mean £ SD; Ran- 55, 14. 31.74 55£13; 29-77

ge in years)
Biological sex

(N, % M; N, % F)
VKORC1-GG

(N, %)
VKORC1-AG

(N, %)
VKORC1-AA

(N, %)

G allele frequency
(%)

A allele frequency
(%)

9, 56%; 7, 44% 18, 56%; 14, 44%

3, 19% 11, 34%
7, 44% 14, 44%
6, 37 % 7, 22%
41% 56%

59% 44%

F = female biological sex; N = number of human volunteers;
M = male biological sex; SD = standard deviation; VKORC1-
GG = homozygous, wild-type genotype; VKORC1-AG =
heterozygous, variant genotype; VKORC1-AA = homozygous,
variant genotype.

Figure 1. Allele frequencies at the

VKORC1 -1639 locus in survived cases

and controls. 1.00
Allele frequencies for the wild-type, 0.90
VKORC1 -1639G (G) allele, and the Iy 0.80
variant, VKORC1 -1639A (A) allele were 5 .
calculated and compared between sur- 3 0.70
vived cases (N=16), volunteers who de- 3| 0.60
veloped a thromboembolic event during ¢ | 0.50
their COVID-19, and controls (N=32), @ | 040
volunteers who had no thromboembolic g 0.30
event during their COVID-19 disease. < 0.20
In the survived cases, the wild-type or :

G allele frequency was 0.41 or 41%, 0.10
while the variant or A allele frequency 0.00
was 0.59 or 59%. In the controls, the

wild-type or G allele frequency was 0.56

or 56%, while the variant or A allele

Controls

Survived cases

G

frequency was 0.44 or 44%.
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velop a thromboembolic event during their
COVID-19, we detected the opposite trend:
the wild-type or G allele at 0.56 and the vari-
ant or A allele at 0.44. Although these diffe-
rences in allele frequencies between cases
and controls were not statistically significant
(p=0.1510), the results of this study indicate
that having the A allele during a thromboem-
bolic event in COVID-19 contributed, at least
in part, to survival from it (Fig. 2).

To our knowledge, this is the first study on this
topic and its results warrant further investi-
gations of the G/A alleles within the VKORC1
gene promoter in individuals who survived a
thromboembolic event in COVID-19, as the
knowledge of the intrinsic VKORC1 polymor-
phism effects on blood coagulability could im-
prove prediction of thrombosis, monitoring,
treatment and overall clinical outcomes for
future patients. As data and samples, which
have been generated through this study, will
be made available to other researchers, we
hope that this study will contribute to future
research on this topic.

Limitations of the study are small sample
size and unavailability of detailed information
on the volunteers who were analyzed (e.g.
date of their COVID-19 disease, which would
indicate an infection with a specific SARS-
CoV-2 variant, pharmacological agents that
were prescribed/administered to them du-
ring their thrombosis and/or after it, and the
presence of any comorbidities). However, in

Figure 2. A hypothesized effect of the VKORC1
-16396>A polymorphism on survival from
COVID-19-associated thromboembolism.
Our results indicate that individuals with
the variant or A allele within the VKORC1
-1639 locus, giving rise to the VKORC1-
AG and VKORC1-AA genotypes, survived

a thromboembolic event during CO-
VID-19, compared with individuals with
the wild-type or G allele, giving rise to the
VKORC1-GG genotype. Image created with
BioRender.com.

60

the control group of volunteers, the obtained
allele frequencies (G: 0.56; A: 0.44) were
similar to the average allele frequencies re-
ported for the population of the Americas (G:
0.586; A: 0.414) [16], suggesting that the
results of this study could have implications
for a wider, global populations and their he-
alth outcomes.

CONCLUSION

In conclusion, our preliminary results indica-
te that, in the individuals who develop CO-
VID-19-associated thrombosis, the presence
of the variant or A allele within the VKORC1
gene promoter, at least in part, offers a
better chance of survival, due to its associa-
tion with an intermediate or low blood coa-
gulation. Our results also suggest that indivi-
duals with the wild-type or G allele within the
VKORC1 gene promoter, due to its associati-
on with high or standard blood coagulation,
should be carefully monitored for early signs
of thromboembolic events and/or pre-empti-
vely treated when necessary.

Acknowledgement: The authors are gra-
teful to all volunteers who took part in this
study and the funders, the Ministry for Sci-
ence, Higher Education and Youth of Canton
Sarajevo, Bosnia and Herzegovina.

Declaration of Patient Consent: Written,
informed consent was obtained from all vo-
lunteers in the study.

Enhanced
survival after a
thromboembolic
event during
COVID-19

VKORCT-AG, o
VKORCT-AA: S te——,

Antithrombosis °__* C = : c
phenotype

Functional
clotting factors
(FII, FVII, FIX, FX)

Reduced
survival after a
thromboembolic
event during
CoVvID-19

VKORCT-Go: e

Thrombogenic * o D

L]
phenotype —. ‘ ° '—. Q



Sarajevo Medical Journal, Volume 1, Number 2, December 2024

Authors' Contribution: Mirsada Causevic:
Conceptualization, Funding acquisition, In-
vestigation, Project administration, Metho-
dology, Writing - original draft, reviewing
& editing. Amina Sahbaz: Investigation,
Methodology, Validation, Visualization, Wri-
ting - reviewing & editing; Nedim Galijase-
vic: Data curation, Methodology, Resources;
Lamija Sikalo: Data curation, Methodology,
Resources; Slobodan Jankovic: Funding
acquisition, Formal analysis, Methodology,

REFERENCES

1. ZhuN, Zhang D, Wang W, Li X, Yang B, Song J, et al.
A Novel Coronavirus from Patients with Pneumonia
in China, 2019. N Engl J Med. 2020;382(8):727-
33. doi: 10.1056/NEJM0a2001017.

2. World Health Organization (WHO) [homepage on
the internet]. WHO COVID-19 dashboard; 2024
[updated 7 days to 8 September 2024; cited 2024
September 21]. Available from: https://data.who.
int/dashboards/covid19/cases?n=c

3. World Health Organization (WHO) [homepage on
the internet]. WHO COVID-19 dashboard; 2024
[updated 7 days to 8 September 2024; cited 2024
September 2024]. Available from: https://data.
who.int/dashboards/covid19/deaths?n=c

4. Iba T, Warkentin TE, Thachil J, Levi M, Levy JH.
Proposal of the Definition for COVID-19-Associa-
ted Coagulopathy. J Clin Med. 2021;10(2). doi:
10.3390/jcm10020191.

5. Boonyawat K, Chantrathammachart P, Numtha-
vaj P, Nanthatanti N, Phusanti S, Phuphuakrat A,
et al. Incidence of thromboembolism in patients
with COVID-19: a systematic review and meta-
analysis. Thromb J. 2020;18(1):34. doi: 10.1186/
$12959-020-00248-5.

6. Nopp S, Moik F, Jilma B, Pabinger I, Ay C. Risk
of venous thromboembolism in patients with CO-
VID-19: A systematic review and meta-analysis.
Res Pract Thromb Haemost. 2020;4(7):1178-91.
doi: 10.1002/rth2.12439.

7. Mansory EM, Srigunapalan S, Lazo-Langner A. Ve-
nous Thromboembolism in Hospitalized Critical and
Noncritical COVID-19 Patients: A Systematic Re-
view and Meta-analysis. TH Open. 2021;5(3):e286-
€94, doi: 10.1055/s-0041-1730967.

8. Gorog DA, Storey RF, Gurbel PA, Tantry US, Berger
JS, Chan MY, et al. Current and novel biomarkers
of thrombotic risk in COVID-19: a Consensus Sta-
tement from the International COVID-19 Throm-
bosis Biomarkers Colloquium. Nat Rev Cardiol.
2022;19(7):475-95. doi: 10.1038/s41569-021-
00665-7.

9. Leentjens J, van Haaps TF, Wessels PF, Schutgens
REG, Middeldorp S. COVID-19-associated coagu-
lopathy and antithrombotic agents-lessons after 1
year. Lancet Haematol. 2021;8(7):e524-e33. doi:
10.1016/S2352-3026(21)00105-8.

10. Chaudhary R, Bliden KP, Kreutz RP, Jeong YH,
Tantry US, Levy JH, et al. Race-Related dis-
parities in COVID-19 thrombotic outcomes:
Beyond social and economic explanations. ECIi-
nicalMedicine. 2020;29:100647. doi: 10.1016/j.

Writing - reviewing & editing; Edin Begic:
Conceptualization, Funding acquisition, Met-
hodology, Resources.

Financial Support and Sponsorship: This
study was funded by the Ministry for Scien-
ce, Higher Education and Youth of Canton
Sarajevo, Bosnia and Herzegovina (Grant
Number 27-02-11-41245/21).

Conflict of Interest: None.

eclinm.2020.100647.

11. Ki Y], Jeong YH. Thrombosis and Anticoagu-
lation in East Asian Patients With COVID-19:
Another Phenotype of "East Asian Paradox". JACC
Asia. 2022;2(7):908-11. doi: 10.1016/j.jaca-
si.2022.10.006.

12. Horiuchi H, Morishita E, Urano T, Yokoyama K, Que-
stionnaire-survey Joint Team on The C-rt. COVID-
19-Related Thrombosis in Japan: Final Report of
a Questionnaire-Based Survey in 2020. J Atheros-
cler Thromb. 2021;28(4):406-16. doi: 10.5551/
jat.RPTOO1.

13. Klok FA, Kruip M, van der Meer NJM, Arbous MS,
Gommers D, Kant KM, et al. Confirmation of the
high cumulative incidence of thrombotic complica-
tions in critically ill ICU patients with COVID-19:
An updated analysis. Thromb Res. 2020;191:148-
50. doi: 10.1016/j.thromres.2020.04.041.

14. Johnson JA, Caudle KE, Gong L, Whirl-Carrillo M,
Stein CM, Scott SA, et al. Clinical Pharmacogenetics
Implementation Consortium (CPIC) Guideline for
Pharmacogenetics-Guided Warfarin Dosing: 2017
Update. Clin Pharmacol Ther. 2017;102(3):397-
404. doi: 10.1002/cpt.668.

15. U.S. Food and Drug Administration [homepage
from the internet]. Coumadin (warfarin sodium).
2024. [updated May 2017; cited September 2024].
Available  from: https://www.accessdata.fda.
gov/drugsatfda_docs/label/2017/009218s118lbl.
pdf#page=30

16. Ross KA, Bigham AW, Edwards M, Gozdzik A, Sua-
rez-Kurtz G, Parra EJ. Worldwide allele frequency
distribution of four polymorphisms associated
with warfarin dose requirements. J Hum Genet.
2010;55(9):582-9. doi: 10.1038/jhg.2010.73.

17. Janssen R, Walk J. Vitamin K epoxide reductase
complex subunit 1 (VKORC1) gene polymorphism as
determinant of differences in Covid-19-related dise-
ase severity. Med Hypotheses. 2020;144:110218.
doi: 10.1016/j.mehy.2020.110218.

18. Causevic M, Sahbaz A, Begic E. Characterization
of the VKORC1 -1639G>A (rs9923231) polymor-
phism-associated genotypes [Protocol, protocols.
io]. 2024. doi: dx.doi.org/10.17504/protocols.
i0.j8nlko8mdv5r/vi1

19. Causevic M, Sahbaz A, Galijasevic N, Sikalo L, Jan-
kovic S, Begic E. VKORC1 -1639G>A (rs9923231)
polymorphism-associated genotypes and CO-
VID-19 hypercoagulability [Database, Harvard
Dataverse]. 2024. doi: https://doi.org/10.7910/
DVN/JICCWCO

61



Sarajevo Medical Journal, Volume 1, Number 2, December 2024

20.

62

Causevic M, Sahbaz A, Galijasevic N, Sikalo L, Jan-
kovic S, Begic E. VKORC1 -1639G>A (rs9923231)
polymorphism-associated genotypes and CO-
VID-19 hypercoagulability [Database, ClinVar].
2024. Available from: https://www.ncbi.nlm.nih.
gov/clinvar/. Accession numbers: SCV004807478
and SCV004812937.

21. Causevic M, Sahbaz A, Galijasevic N, Sikalo L, Jan-

kovic S, Begic E. VKORC1 -1639G>A (rs9923231)
polymorphism-associated genotypes and CO-
VID-19 hypercoagulability [Database, BioPro-
ject]. 2024. Available from: https://www.ncbi.
nlm.nih.gov/bioproject/. Accession number: PRIJ-
NA1095829.



