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ABSTRACT

Background: This study aimed to detect two genetic polymorphisms, correlate each genotype of
polymorphism with biomarker serum levels, and identify which genetic variation could increase
susceptibility or be associated with the severity and mortality of Covid-19 infection by examining
the following genetic polymorphisms: rs1801133 MTHFR, and rs1799889 SERPINE-1 (PAI-1).
Methods: In this study, a total of 102 patients with COVID-19 (mean age 52.66+18.82) and 92
apparently healthy controls (mean age 37.88+14.19) were included. The single nucleotide
polymorphisms (SNPs) in MTHFR (rs1801133) and SERPIN1 (rs1799889) were analyzed using
ARMS-PCR and sequencing techniques. The levels of homocysteine (Hcy) and plasminogen
activator inhibitor 1 (PAI-1) proteins were quantified using an ELISA. Results: Our findings suggest
that MTHFR rs1801133 CT and TT genotypes are associated with increased COVID-19 risk and
mortality. CT genotype is linked to higher susceptibility (OR = 1.56, p = 0.0009), and both CT and
TT genotypes are linked to more severe illness (OR = 1.66, p = 0.018 and OR = 4.10, p<0.001,
respectively). PAI-1rs1799889 4G/5G genotype correlates with COVID-19 risk and severity (OR =
2,p=0.03 and OR = 2.7, p =0.04, respectively). In a subgroup, CT/TT genotypes have elevated Hcy
levels compared to CC genotype (p = 0.00016). Also, 4G/5G and 5G/5G genotypes have lower PAI-
1 levels than 4G/4G genotype. Conclusion: A significant association was found between gene
variations in MTHFR and SERPINE1 genes and COVID-19 infection susceptibility and severity.

Introduction

by reverse transcription polymerase chain reaction

The pandemic of Coronavirus Disease
2019 (COVID-19), also known as SARS-CoV-2,
has been declared a global public health emergency.
In January 2020, the disease first appeared in China
[1]. Although SARS-CoV-2 shows similar trans-
mission patterns and pathogenesis, COVID-19
distributions, and outcomes differ significantly
between countries despite the same mode of
transmission [2]. COVID-19 is primarily screened
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(RT-PCR) [3], while in some European centers
using computed tomography imaging (CT) [4,5].
Despite the well-defined clinical and
imaging features of COVID-19, there are still gaps
in our understanding of chronic systemic diseases. It
is well known that COVID-19 has the potential to
cause severe thrombotic complications, including
pulmonary and renal microangiopathy, deep vein
thrombosis (DVT), pulmonary embolism (PE),
arterial and venous thromboembolism, acute
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ischemic stroke, venous and arterial catheter
thrombosis, as well as disseminated intravascular
coagulation (DIC) syndrome. It is believed that
acute thrombophilic conditions occur due to
activation of inflammatory pathways or due to
endotheliitis that triggers thrombogenesis [6]. A
correlation has also been found between severity of
the disease and thrombotic complications [7].

There is a limited amount of data available
on how certain prothrombotic risk factors may
contribute to the severity of COVID-19. The
Methylenetetrahydrofolate reductase (MTHFR)
gene is located on chromosome 1 at 1p36.6 and is
responsible for encoding the 5,10-methylene-
tetrahydrofolate reductase enzyme. Polymorphisms
of the MTHFR gene have been reported to increase
the risk of developing DVT via homocysteine
metabolism. Several common MTHFR alleles lead
to MTHFR enzyme deficiency, such as C677T
rs1801133. As COVID-19 causes a hyper-
inflammatory response in the body, procoagulant
factors are elevated in the blood and anticoagulant
factors are decreased, promoting blood clots.
Furthermore, the SARS-CoV-2 virus causes
vascular inflammation and further increases clotting
risk by directly damaging endothelial cells [8,9].

Several studies have linked the
methylenetetrahydrofolate reductase gene
(MTHFR) to increased plasma homocysteine levels,
which were correlated to myocardial infarction (MI)
[10]. Recent studies hypothesize that, besides
serological and clinical biomarkers that correlate
clearly with severe clinical course of COVID-19
infection [11,12], homocysteine (Hcy) is also an
important prognostic indicator [13,14]. In different
populations with different ethnic predominances,
MTHFR gene mutations and MTHFR activity are
prevalent at different rates. HCY plays an important
role in several metabolic and inflammatory
processes [15]. Although the recent Omicron surge
has decreased mortality, disparities in age and sex
persist, with AMI-associated mortality being greater
among young adults [16]. Itis unclear if the MTHFR
rs1801133 variant is associated with COVID-19
susceptibility or severity.

The gene known as Serpin Family E
Member 1 (SERPINEL1), which produces the
plasminogen activator inhibitor-1 (PAI-1) protein,
can be found on chromosome 7 at 7921.3-022.
Variations in the SERPINE1 gene can affect the
activity of the PAI-1 protein has been linked with an

increased risk of various health conditions, such as
cardiovascular disease, stroke, and arterial and
venous thrombosis have been linked to variant
(rs1799889 -675 4G/5G) polymorphism [17-19]. In
this genetic variant, there is an insertion or deletion
of a guanine (G) base in the promoter region of the
gene, leading to its commonly known name as the
PAI-1 4G/5G variant. The presence of the 4G allele
has been associated with elevated levels of PAI-1,
which can disrupt fibrinolysis and contribute to the
occurrence of thrombosis. A study has explored the
4G/5G gene polymorphism and identified an
association with post-SARS-COV-1 osteonecrosis,
which arises as a consequence of thrombotic events
[19].

These genetic variants can affect the
regulation of coagulation and fibrinolysis, therefore
affecting the risk of thrombosis and associated
conditions. These variants may affect an individual's
risk of disease, although other factors such as age,
sex, lifestyle, and medical history can also affect
their risk. A genetic test for these variants could be
recommended if there is a history of thrombosis in
the family or if other factors increase the risk of
thrombosis [20-22].

The aim of this study was to examine the
role of specific polymorphisms in MTHFR
(rs1801133) and SERPINE1 (rs1799889) in the
development and severity of COVID-19.

Material and methods

Subjects' selection

In this study, a total of 102 patients were
enrolled between February 2022 and June 2022.
This group included 57 individuals who were
hospitalized and 45 who were not, all of whom had
tested positive for SARS-COV?2 through PCR tests
on nasopharyngeal swabs or lower respiratory tract
samples. The study also included 92 healthy
individuals as controls, who were selected based on
their similar ethnic and regional backgrounds with
patients. Individuals who were under 16 years old,
had respiratory diseases, or had undergone
chemotherapy within the past 3 months were
excluded based on the study's exclusion criteria.

The WHO has established clinical criteria
for assessing the severity of COVID-19 based on
signs and symptoms. Severe cases are those that
require hospitalization and present clinical
indications of pneumonia, or other severe
respiratory distress symptoms. On the other hand,
non-severe cases are those that do not require
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hospitalization and have no risk factors for
developing severe illness [23]. The classification of
COVID-19 severity was established according to the
subsequent criteria:

1. Non-severe: Distinguished by mild
clinical symptoms such as fever and cough, coupled
with an absence of pneumonia upon lung CT scan.

2. Severe: Evidenced by the presence of
respiratory distress (respiratory rate exceeding
30/min), resting oxygen saturation of 90% or below,
and requiring mechanical ventilation due to
respiratory failure. This category also encompasses
conditions of shock and non-pulmonary organ
failure, potentially leading to admission to an
intensive care unit (ICU) [24]. The Participants were
selected from Al Diwaniyah teaching hospital, Al-
Hussein teaching hospital, and Marjan medical city
located in the Provinces of the Middle Euphrates in
Iraq.

DNA extraction and genotyping assay

EDTA-containing tubes were used to
collect blood samples from all participants.
Genomic DNA was then extracted from the samples
using a kit (GENEAID, Taiwan) in accordance with
the instructions provided by the manufacturer. The
purity and concentration of DNA were measured
using absorbance measurements with the NanoDrop
spectrophotometer 2000 (Thermo Scientific). The
genotyping of MTHFR (rs1801133) and SERPINE1
(rs1799889) polymorphisms was performed using
the ARMS-PCR technique, also known as the allele-
specific polymerase chain reaction (AS-PCR)
method can be performed using the primers listed in
Table (1).

Polymerase Chain Reaction (PCR)

The following PCR reaction was
conducted using a total volume of 25 pl: 5 pL of
genomic DNA, 2 puL of each primer (10 pM) in the
first reaction wild and common while in a second
mutant and common, and 12.5 pL of GoTaq® G2
Green Master Mix (Promega, USA) and 3.5 pL
ddH20. Table (2) summarizes the PCR conditions
of this study.

DNA sequencing technique

To confirm the accuracy and validity of
genotyping information obtained from the AS-PCR
method, the PCR product was shipped to Macrogen,
a South Korean company, for Sanger sequencing.
The resulting sequences were then analyzed using
MEGA (V.11) software to identify any SNPs of
present investigation.

Enzyme-linked immunosorbent assays (ELISA)
measurements

The levels of Homocysteine and PAI-1 in
the serum samples were determined using ELISA
assay Kits obtained from the bioassay technology
laboratory (BT-lab company, China) to measure the
level of each genotype with increased or decreased
protein levels to impact risk of Covid-19 and
severity, a sample of the patient’s peripheral blood
was taken and Samples were collected in tubes
containing SST-Gel/clot activator and were allowed
to clot for a designated period of time. the
appropriate amount of time at room temperature
under sterile conditions by a laboratory technician
and then centrifuging the sample for 10-15 min at a
speed of 1500 rounds per minute (rpm) to determine
the biomarkers in this study.

Ethical consideration

Prior to sample collection, the study
received verbal and written consent from patients
after obtaining approval from a local ethics
committee at the College of Science, University of
Babylon. The committee reviewed and endorsed the
study protocol, subject information, and consent
form, following the regulations of the Ministry of
Health in Iraq.

Study sample size

The study's sample size was determined by
utilizing Raosoft online software, which considered
typical reports and an acceptable margin of error
ranging from 4-8%. With a margin of error of 6%,
the recommended sample size was 194 individuals.

Statistical analysis

Statistical analysis involved presenting
categorical data as numbers (percentage) and
continuous variables as either mean or standard
deviation (SD) or median and inter-quartile range
(IQR) using SPSS 27.0 software package. Logistic
regression analyses were performed to assess the
odds ratios (ORs) and 95% confidence intervals
(Cls) under different genetic models, aiming to
explore the association between the studied
polymorphisms and the risk of COVID-19 infection
as well as disease severity. A p-value of less than
0.05 was considered statistically significant.

Results

Characteristics that vary between patients and
controls

The analysis involved 102 confirmed
COVID-19 patients, comprising 48 males (47%)
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and 54 females (53%). Additionally, 92 apparently
healthy individuals were part of the study, with 54
males (58.7%) and 38 females (41.3%). Age data for
patients and controls were presented as mean + SD
values, indicating patients' mean age as 52.66+18.82
and controls' mean age as 37.88+14.19. The median
age (IQR) for patients was 53 (36-69), while for
healthy individuals, it was 31 (24-43) as shown in
Table (3).

The study additionally scrutinized the
demographic descriptors of COVID-19 patients
categorized by disease severity, with a summary
provided in Table (4). The findings indicated no
notable gender distribution disparities between
severe and non-severe cases (p = 0.31). However, a
statistically significant age discrepancy was
identified in our study (p-value<0.05).

Association between MTHFR and SERPINE1
genetic variation, risk and severity of COVID-19
The results presented in Table (5) indicate
significant associations for the MTHFR rs1801133
polymorphism in individuals with COVID-19
infection. Particularly, the T allele's relative risk was
found to be significantly different compared to the
C allele, with an odds ratio of 1.76 (95% CI: 1.15—
2.69, p = 0.008). Moreover, both heterozygotes and
mutant genotypes displayed odds ratios of 1.93
(95% CI: 1.04-3.6, p = 0.03) and 2.58 (95% CI:
1.07-6.22, p = 0.034), respectively. The distribution
of the genotypes and allelic frequencies of
SERPINEL rs1799889 (4G/5G) were analyzed the
4G/5G genotype frequency in the patients with
COVID-19 disease was compared to the control
subjects (OR = 2; 95% CI = 1.06 - 3.94; p < 0.05).
Our findings indicated that in the
codominant model, genotypes CT and TT of
rs1801133 were associated with an increased risk of
COVID-19 development (OR 2.6, 95% CI 1.06-
6.38, p = 0.03 and OR 9.4, 95% CI 2.3-38.5, p =
0.0001, respectively). Similarly, in the context of the
dominant genetic model for genotypes CT+TT vs.
CC, rs1801133 was found to be a risk factor for
COVID-19 (OR 3.53; 95% CI 1.51-8.28, p = 0.003),
as well as in the recessive model TT vs. CT+CC (OR

5.46; 95% CI 1.48-20.16, p = 0.01). Additionally,
our statistical analysis demonstrated a significant
difference in the association of the C and T alleles
in rs1801133 (MTHFR) with the severity of
symptoms (p< 0.001, OR = 2.88 (1.6-5.21). While
the SERPINE1 rs1799889 4G/5G polymorphism,
the 4G/5G genotype was more likely to appear in
patients in the codominant and over-dominant
models as risk factor to increase severity of disease
(4G/5G OR=2.72, 95% CI=1.02-7.25, p=0.04
and 4G/4G+5G/5G vs. 4G/5G OR=4.37, 95%
CI=1.87-10.22, p=0.001). In the recessive
inheritance model, meanwhile, the 5G/5G genotype
was more frequent among severe cases (59.6%) than
non-severe (35.5%) and had protective effect in
patients with non-severe (OR=0.19, 95%
CI=0.07-0.51, p=0.001), as presented in Table
(6).

To ascertain the sequence arrangement of
rs1801133 bands seen in Figures (1 and 2), DNA
samples were PCR-amplified, followed by
separation via 2% agarose gel electrophoresis.
Sanger sequencing was then employed. A subset of
samples underwent random selection, showcasing
bands on agarose gel electrophoresis. These samples
were subsequently subjected to sequencing
procedures, depicted in Figures (3 and 4).

Associations of SNPs with serum levels of Hcy
and PAI-1

To assess whether the MTHFR-SNP,
rs1801133, we measured mean the production of
homocysteine in-vivo in the three genotypes CC,
CT, and TT. The results showed carriers with TT
and CT genotypes displayed significantly higher
serum levels of Hcy as compared to the wild CC
genotype mean + SD (11.3 +4.6,8.6+6.1,3.9+1.8
nmol/mL, respectively) p< 0.001, as in Figure (5).
In relation to the SERPINE1 (4G/5G; rs1799889),
there was a significant difference in PAI-1 serum
levels with genotypes (p<0.05), the 5G/5G genotype
exhibited decreased levels of PAI-1(3.22+0.7
ng/ml) compared to 4G/5G and 4G/4G (6.73+4.19
and 5.94+1.16 ng/ml, respectively) as shown in
Figure (6).
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Table 1. Primer sequences for the SNPs of interest (rs1801133 and rs1799889) were designed using an online

tool
Polymorphisms Primers sequences (5°-3”) Product size
MTHFR/rs1801133
Wild Reverse Primer GAAGGTGTCTGCGGGAGC 266 bp
Mutant Reverse Primer GAAGGTGTCTGCGGGAGT
Common Forward Primer AGTTCTGGACCTGAGAGGAG
SERPINE1/rs1799889
Wild Reverse Primer TCCGATGATACACGGCTGAAT
Mutant Reverse Primer CCGATGATACACGGCTGAAC 255 bp
Common Forward Primer GTCTGTGTCTGGAGGAAGAG
Abbreviations: bp: bases pair, rs: reference number
Table 2. The PCR cycling conditions used in the experiment.
Step Temperature (°C) Time
Initial Denaturation 95 4 min
Denaturation 95 30 sec
rs1801133 58
Annealing 45 sec
rs1799889 59
Extension 72 1 min
Final Extension 72 5 min
Cycle Number 34
Abbreviations: °C: Celsius (°C), rs: reference number
Table 1. The demographic characteristics of 102 patients with COVID-19
Characteristics Total patient n (102) | Severe group n (57) Non-severe group n | p-value
(45)
Age, median (IQR), year | 53(36-69) year 67(60-75) year 37 (28-42) year p<0.05*
Gender Male/48(47.1%) Male/33(68.8%) Male/15(31.3%) p>0.05
Female/56(52.9%) Female/24(44.4%) Female/30(55.6%)
Table 2. Clinical attributes of the investigated COVID-19 subjects
Characteristics Total patient n (102) Severe group n (57) Non-severe group n | p-value
(45)
Oxygen support 47(46%) 0 47(82.4%) --
Vaccination status 41(40.1%) 29(64.4%) 12(21%) P<0.05*
Comorbidity: 49(48%) 32(68.3%) 17(34.6%) P<0.05*
= Hypertension 14(13.7%) 11(78.5%) 3(21.42%) P<0.05*
= Diabetes Meletus 15(30.6%) 9(60%) 6(40%) P<0.05*
= Cardiovascular diseases 9(18.3%) 4(44.4%) 5(55.5%) p>0.05
= Kidney diseases 6(12.2%) 5(83.3%) 1(16%) P<0.05*
Abbreviations: P: probability, *: significant at the 0.05 level, IQR: Interquartile range
Table 5. The genotypes and alleles frequency were assessed in both the control and case groups
Polymorphism Genotypes Control, n(%) Patients, n(%) OR (95%Cl) P
cce® 49(53.3) 36(35.2) 1.00 (Ref.) -
CT 33(35.8) 47(46.1) 1.93(1.04-3.6) 0.03*
MTHFR TT 10(10.9) 19(18.7) 2.58(1.07-6.22) 0.034*
rs1801133 Allele frequency
c® 131(71.1) 119(58.3) 1.00 (Ref.) -
T 53 (28.9) 85 (41.7) 1.76 (1.15-2.69) | 0.008*
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4G/4G® 39(42.4) 29(28.4) 1.00 (Ref.) -
SERPINE1 4G/5G 31(33.6) 47(46.1) 2 (1.05-3.94) 0.03*
rs1799889 5G/5G 22(24) 26(25.5) 1.58 (0.75-3.34) 0.22
Allele frequency
4G® 109(59.2) 105(51.5) 1.00(Ref.) -
5G 75 (40.8) 99(48.5) 1.37 (0.91-2.04) 0.12

Abbreviations: P: probability, *: significant at the 0.05 level, OR: odd ratio, ®: reference.

Table 6. The association between MTHFR and SERPINE1 genotypes and the severity of COVID-19 disease was
examined using five different inheritance models

Polymorphism Genetic models Severe, n (%) Non-severe, n (%) OR (95%Cl) p
Codominant
cce 13(22.8) 23(51.1) 1.00(Ref.) -
CT 28(49.2) 19(42.2) 2.6(1.06-6.38) 0.03*
T 16(28) 3(6.7) 9.43(2.3-38.58) p<0.01*
Dominant
cce 13(22.8) 23(51.1) 1.00(Ref.) -
CT+TT 44(77.2) 22(48.9) 3.53(1.51-8.28) 0.003*
Recessive
MTHFR CC+CT® 41(71.9) 42(93.3) 1.00(Ref.) -
rs1801133 T 16(28.1) 3(6.7) 5.46(1.48-20.16) 0.01*
Over-dominant
TT+CC® 29(50.8) 26(57.8) 1.00(Ref.) -
CT 28(49.2) 19(42.2) 1.32(0.6-2.9) 0.48
Allele
ce® 54(47.3) 60(52.7) 1.00 -
T 65(72.2) 25(27.8) 2.88(1.6-5.21) p<0.001*
Codominant
4G/4G® 15(26.3) 14(31.1) 1.00 (Ref.) -
4G/5G 35(61.4) 12(26.6) 2.72 (1.02-7.25) 0.04*
5G/5G 7(12.2) 19(42.2) 0.34 (0.015-1.57)  0.06
Dominant 4G/4G®
4G/5G+5G/5G 15(26.3) 14(31.1) 1.00 (Ref.) -
42(73.6) 31(68.8) 1.26 (0.53-2.99) 0.59
Recessive
SERPINE1 4G/AG+4G/5G® 50 (87.7) 26(57.7) 1.00(Ref.) -
rs1799889 5G/5G 7(12.2) 19(42.2) 0.19 (0.07-0.51)  0.001*
Over-dominant
4G/4G+5G/5G® 22(40.4) 33(64.4) 1.00(Ref.) -
4G/5G 35(59.6) 12(35.5) 4.37 (1.87-10.22)  0.001*
Allele
4G® 65(57.1) 40(44.4) 1.00(Ref) - 0.62
5G 49(42.9) 50(55.5) (0.35-1.09) 0.1

Abbreviations: P: probability, *: significant at the 0.05 level, OR: odd ratio, ®: reference

Figure 1. The rs1801133 MTHFR gene's PCR products were exhibited by performing agarose gel
electrophoresis using a 2% concentration
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Figure 2. Sanger sequencing analysis was used to validate the CC, CT, and TT genotypes of the rs1801133
polymorphism
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Figure 3. Agarose gel electrophoresis was performed with a 2% concentration to display the PCR products of
the SERPINEL gene rs1799889
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Figure 2. The genotypes (4G/4G, 4G/5G, and 5G/5G) of the rs1799889 polymorphism were verified using Sanger
sequencmg analysis of DNA

ccccccccccccccccccccccccccccccccc

e

190 210
cccTcac e ccACAGAGAGAGTCT 6GACACG TGGGG ARTTCGE CGGGITT TAACC 6 AB G co o d

4G/5G

j “““ L l“»*‘ AR A

230

ceccctrcacae®ecacacacadPactrcroecacRceroccocc aAdTcacecceTaTATCATC G 6 AR
sllﬁli

At el




Hussein G F and Al Saadi A H ./ Microbes and Infectious Diseases 2024; 5(1): 40-52

47

Figure 5. An ELISA was used to evaluate the serum concentrations of homocysteine across different genotypes

of MTHFR rs1801133
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Figure 6. The levels of PAI-1 in the serum were determined via ELISA, while considering the genotypes of PAI-
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Discussion

The primary objective of our study was to
investigate the potential correlations between the
genetic polymorphisms of MTHFR (rs1801133) and
SERPINEL (rs1799889) with the risk and severity
of COVID-19 infection. Additionally, we sought to
explore the combined effect of these genetic
variations on the serum levels of Hcy and PAI-1.
Our findings revealed that the MTHFR
polymorphism is linked to an increased risk and
heightened severity of COVID-19 disease. On the
other hand, with respect to the SERPINRL genetic
polymorphism, we identified an association with the
risk of COVID-19, and our results indicated that the
SERPINE1 polymorphism was related to the
aggressiveness of the disease.

Our study's findings closely resemble those
of Khidoyatovna et al. with respect to the
association between MTHFR polymorphism and
COVID-19 susceptibility. They demonstrated that
having the C/T genotype in the gene increases the
risk of infection by 1.9 times, which is in line with
our results. Furthermore, the same study revealed

that when analyzing the distribution frequency of
alleles and genotypes in the gene's polymorphism,
there was a significant correlation between the
heterozygous C/T genotype and a 5.6-fold higher
risk of severe COVID-19. This underscores the
potential importance of MTHFR polymorphism in
COVID-19 susceptibility and severity [25] in the
Uzbek population. Furthermore, a recent study on
the Turkish population revealed that the MTHFR
C677T CT genotype and T allele were more
commonly found in the intensive care group than in
other groups, suggesting a potential association with
the severity of COVID-19 disease [26].

A meta-analysis has suggested that this
polymorphism may be associated with the severity
of COVID-19, as the frequency of the T allele has
been found to be correlated with COVID-19
mortality [27]. Another noteworthy finding is that
the T allele of the rs1801133 MTHFR locus has
been strongly linked to cardiovascular disease.
Therefore, the increased prevalence of cardiac
disease among Long Covid-19 patients cannot be
solely attributed to the CC genotype [15]. A
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reduction in enzymatic activity caused by hereditary
enzyme defects, specifically encoded by MTHFR
677 C>T genes, is one factor contributing to
elevated blood homocysteine levels. Certain
research findings suggest an augmented risk of
venous and arterial thrombosis, as well as an
increased likelihood of coronary artery disease
(CAD) and myocardial infarction (MI), in
individuals with unfavorable polymorphisms of
rs1801133 [28-30].

On the other hand, in multiple diseases
found link between C667T and Hcy levels, in study
on the young CAD group, carriers of the T allele for
MTHFR 677C/T (rs1801133) genotype showed a
statistically significant hyperhomocysteinemia [31].
Furthermore, second study found a significant
correlation between moderately increased levels of
Hcy and the MTHFR C677T polymorphism in a
group of Mexican children with Legg—Calvé-
Perthes disease (LCPD) [32].

Our findings were consistent with this body
of evidence, as we observed higher levels of
homocysteine among individuals with the TT and
CT genotypes. similarly, Van Meurs et al. found
that individuals with the mutant homozygous
genotype for the C677 allele had significantly higher
blood homocysteine concentrations compared to the
wild homozygous genotype, while those with the
heterozygous genotype also had significantly higher
homocysteine levels than the wild type [33]. A study
revealed Elevated levels of Hcy can serve as a useful
indicator for assessing the necessity of critical care
upon admission to the emergency department and
also as an indicator of a poor prognosis in COVID-
19 pneumonia [34]. In critically ill patients, the
initial indication of coagulopathy emerges through
heightened D-dimer levels, followed by abnormal
prothrombin and partial thromboplastin times, and
ultimately reduced platelet counts during later
stages. The thrombosis arising from coronavirus
infection can also trigger elevated homocysteine
levels, a Dbyproduct of methionine via
methylenetetrahydrofolate reductase (MTHFR).
Elevated homocysteine levels possess the potential
to activate the coagulation cascade, thereby
resulting in the production of D-dimer. This
cumulative process culminates in the development
of blood clots, which give rise to severe
complications, including  fatal outcomes,
documented in some COVID-19 patients [35,36].

A study conducted by Todua et al.
revealed an association coefficient of 0.557 between

D-dimer levels and homocysteine levels in patients
afflicted with pulmonary arterial thromboembolism
[37].

Certain gene polymorphisms, particularly
the 4G/5G variant of plasminogen activator inhibitor
type 1 (PAI-1) and the C677T variant of
methylenetetrahydrofolate reductase (MTHFR),
have been reported to be associated with
thrombophilia ~ development.  These  genetic
variations are considered significant determinants
contributing to an elevated risk of thrombotic events
[38,39]. To date, only one study has been conducted
to investigate the potential association between the
plasminogen activator inhibitor-1 (PAI-1) 4G/5G
gene polymorphism and the SARS virus-1, the study
found that this specific genetic variation was
correlated with post-SARS osteonecrosis, which is a
condition caused by blood clotting. The findings
indicate that the PAI-1 -675 4G/5G polymorphism
may have implications in the development of
thrombotic complications in COVID-19 patients
[40]. The PAI-1 rs1799889 4G/5G polymorphism
(specifically the presence of 4G versus 5G) has been
linked to a higher likelihood of developing
conditions such as deep vein thrombosis (DVT),
myocardial infarction (MI), and ischemic stroke
[41,42]. Prior research has demonstrated the
frequent occurrence of coagulopathy in severe
COVID-19 cases. Several biomarkers including D-
dimer, fibrinogen, and platelet count have been
linked to disease severity and mortality [43]. The
fibrinolytic system, governed by plasminogen
activators and inhibitors, operates through the
conversion of plasminogen to plasmin. Key players
in this system encompass tissue plasminogen
activator (TPA), urokinase-type plasminogen
activator (UPA), and their inhibitor PAI-1. Elevated
levels of TPA and PAI-1 have been identified in
COVID-19 patients, particularly those with worse
outcomes [44].

Collectively, these insights from (D-dimer
and PAI-1) imply that distinctive alterations in
coagulation markers within COVID-19 patients
could aid in prognosticating changes within the
fibrinolysis  system and  enhancing  our
comprehension of these modifications [44-46].

Despite numerous studies investigating the
association between hereditary thrombophilia
markers and thrombosis in COVID-19 patients, our
understanding of this relationship  remains
incomplete. In our study, we observed a significant
association between the SERPINE1 genetic
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polymorphism and an elevated risk of COVID-19.
Likewise, the presence of 4G/AG variants in the
PAI-I gene (rs1799889) was found to be more
common among individuals with mild COVID-19
compared to those experiencing extremely severe
COVID-19. It is speculated that individuals with
severe COVID-19 may experience temporary
hyperfibrinolysis, leading to the progression of local
pulmonary infection to sepsis. Therefore, it is
possible that the 4G/4G polymorphisms confer a
protective effect [47].

However, another study reported the case
of an infant born with multiple abnormalities that
could be attributed to the 4G/5G PAI-1
polymorphism inherited from the mother who had
contracted SARS-CoV-2 during pregnancy [48].
According to the study, the presence of the PAI-1 -
675 4G/5G polymorphism was observed in 64.7%
of the SARS CoV-2 positive patients (case group)
who carried at least one mutant allele (either rare
homozygous or heterozygous). Furthermore,
statistical analysis revealed that this particular
polymorphism was a significant risk factor for the
development of the disease. Our results align with a
previous study that discovered a correlation between
the PAI-1 4G/4G genotype and the 4G allele,
increased serum levels of PAI-1, and and elevated
disease activity scores [49]. Despite the presence of
a binding site for an activator of transcription in both
the 4G and 5G alleles, the 5G allele differs in that it
contains an extra binding site for a repressor. As a
result, the transcription rates are reduced, leading to
lower levels of PAI-1 [50,51].

This study has some limitations.
Specifically, we did not have access to data
concerning the entirety of the treatment received by
patients prior to and during their hospitalization.
Furthermore, it would be advantageous to evaluate
laboratory parameters specific to patients.

Conclusions

To conclude, the results of our study
suggest that the genetic polymorphism C667T in
MTHFR is linked to a higher risk of COVID-19, as
well as increased severity of the disease, and
changes in Hcy levels among different genotypes.
Furthermore, we observed a significant association
between the SERPINEl -675 4G/5G genetic
polymorphism, increased disease severity, and a
higher susceptibility to infection. Additionally, this
polymorphism influenced PAI-1 levels, indicating
its potential role in the pathogenesis of the disease.

Furthermore, both polymorphisms may contribute
to the risk of complications resulting from impaired
coagulation activity among patients suffering from
severe COVID-19.
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