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ABSTRACT

COVID-19 has invaded human community worldwide threatening public health and the world economy. The
confounder data about the pathogenesis of the disease progression has aroused prognostic theories concerning the
implications of demographic data and the genetic variability of the disease prognosis. A total of 120 participants;
68 males and 52 females, aged from 15 to 82 years, among them 90 COVID-19-infected patients, and 30 COVID-
19-free participants were enrolled in the current study. Blood samples were drawn from 120 participants and then
analyzed for D-dimer levels using fluorescence immunoassay. The 120 DNA extracted samples were amplified by
PCR using Factor V-specific primers. The PCR products were sequenced and examined for putative mutations in
the Factor V gene. A significantly high mutation rate in Factor V (rs6687813) 82%, p< 0.001 was demonstrated
in the study population. The mutations were significantly correlated with extremely high D-dimer levels of 2975
ng/ml versus 986 ng/ml in the wild type (r=0.228, p<0.012). Hospitalized COVID-19 patients expressed
significantly higher levels of D-dimer compared to non-hospitalized patients 3353 ng/ml vs 513 ng/ml p<0.001,
respectively. The age had an odds rate of 1.12 on the acquisition of COVID-19 infection as the ages above 35 were
more vulnerable to acquiring the infection than younger ages (r=0.21, p<0.022). In conclusion, the study provides
robust evidence about the direct association between the FVL mutation and elevated levels of D-dimer in COVID-
19 patients and the implementation of the FVVL mutation test as a prognostic marker is recommended for COVID-
19 patients.
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INTRODUCTION

The emergence of Corona Virus Disease (COVID-19)
in late 2019, has prone millions of people to the threat of
acquiring a series of respiratory infections such as severe
acute respiratory syndrome and consequentially
developing devastating pathological conditions 1.
Systematic  multi-organ  failure  combined  with

*Corresponding author: Walid Aburayyan
Walid.aburayyan@bau.edu.jo

Received: 16/05/2024  Accepted: 12/12/2024.
DOI: https://doi.org/10.35516/jjps.v18i4.2652

thrombophilia disorders were concomitantly reported in
COVID-19 hospitalized patients 2. The escalation in the
coagulation byproducts as fibrin breakdown product D-
dimer in COVID-19 patients is drastically correlated with
increments in mortality and morbidity rates * 4. Moreover,
escalated levels of D-dimer have been significantly
associated with a high probability of hospitalization,
admission to the intensive care unit (ICU), and
consequently, higher prevalence in mortality rates by
COVID-19 %6, COVID-19-infected patients are vulnerable
to developing several disorders in the coagulopathy of the
blood vessels or through an over-reactivity of the immune
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system against the viral infection 7.

Additionally, COVID-19 patients imposed
hyperimmunological responses including cytokines storm
and  disseminated coagulopathy 8.
Rationally, several scientists sought about the massive
immune response encountered by COVID-19 patients °.
The imputed values have highlighted the prognostic
implication of genetic mutations in coagulation factors as
Factor 111 (also known as tissue factor), fibrinogen alpha
chain (FGA), fibrinogen gamma chain (FGG), and factor
V on the pertinent implications. Nevertheless, the
fundamental mechanisms underlying this association are
not entirely understood .

During the COVID-19 pandemic, a drastic concern
was appointed toward the D-dimer levels which were
unprecedently elevated in severe infections 'l This
plausible feat was adopted as a clinical monitor for the
evaluation of disease progression in hospitalized patients
12,13 Moreover, the clinical findings in D-dimer levels
imposed the criteria for the discharge of COVID-19
patients or admission to the intensive care unit 4. So far,
D-dimer levels have been significantly higher in COVID-
19 patients with severe illness compared to those with mild
illness %°. Moreover, in 2020, a retrospective study
augmented the correlation between COVID-19 patients
and the incidence of mortality in elevated D-dimer
findings . In the studies of the Genome-Wide Association
(GWAS), a significant correlation has been shown
between the single nucleotide mutations (SNPs) of the
coagulation genes of fibrinogen, Alpha fibrinogen
Gamma, MTHFR, KLKB1, KNG1, FII, FV, FVIII, FXI
and the high D-dimer levels 7.

Factor V is indispensable in the hematological
coagulation cascade 8. It mediates the conversion of
prothrombin to thrombin and stables fibrin clots. D-dimer
is a byproduct formed as a consequence of the degradation
of fibrin protein *°. D-dimer monitoring is a useful tool for
diagnosing Deep Vein Thrombosis (DVT) 2. In infected
patients with COVID-19, elevated D-dimer levels have

intravascular
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been noticed in clinically severe patients encountering
complications in the respiratory system or the
cardiovascular system 2. An estimated 10-fold probability
of developing a threat of thrombus formation by activating
Factor Va and Vllla has been noticed in Factor V Leiden
(FVL) mutant patients. The prevalence of FVL mutation
in patients with an idiopathic case of stroke is estimated to
be around 12 % 22. A significant correlation between FVL
mutation and unexplained venous thrombosis was
demonstrated. The prevalence of FVL heterozygous
patients showed a higher 10% risk of developing
thrombosis. Meanwhile, the incidence of the FVL
heterozygous mutation in the general population is 4.8%
2 Consequently, COVID-19 patients with FVL
heterozygous mutation are porn to the threat of
coagulopathy during the infection.

In the current study, we will explore the D-dimer level
in a population of COVID-19-positive patients and
investigate the correlation of mutations in FVL with the
levels of D-dimer in the patients and the effect of the
demographic data on D-dimer levels.

MATERIAL AND METHOD

Study Sample

In the current study, 120 volunteers participated, 68
males and 52 females, aged from 15 to 82 years, 90
patients were previously diagnosed with COVID-19
infection and confirmed by Rt-PCR and 30 volunteers
were COVID-19-free. The inclusion criteria for the study
was a COVID-19-positive patient, hospitalized and
admitted less than two days before blood collection. The
patients on anticoagulant medications or cancer patients
were excluded from the study. Blood samples were
collected during three months from May to August 2022.
A consent form was distributed to the volunteers and
kindly requested to fill in their personal information.
Blood samples of around 2.5 ml were phlebotomized in
EDTA vacuum tubes from all participants from two
distinct sites; The Hospital of Gardens and the
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Laboratories of Consulting Medical group in the city of
Amman, Jordan. A consent form was filled by each
participant and the clinical data was extracted from the
clinical records of the patient files. Blood samples were
stored at -20 °C until the collection process was completed.
The Institutional Review Board (IRB) of Al-Balga
Applied University has approved the current study under
the approval number (26-3-1781). The approval is inserted
in the Appendix A.

DNA Extraction

The blood samples were phlebotomized from the 120
patients and were processed for DNA extraction using (All
Gene, South Korea) kit. The protocol of DNA extraction
was implemented and performed according to the vendor's
instructions in accordance with 24, The extracted DNA was
utilized for PCR amplification. DNA extracts were stored
at -20 °C for 15 days until the whole DNA extraction
process for all samples was finished.

3.2.2 Quality control of DNA extraction

The amount, purity, and integrity of the DNA extracts
were estimated by measuring the concentration of DNA at
260 nm by using NanoDrop™ One (Thermo Fisher

Scientific, USA). Additionally, to ensure DNA purity and
roll out the presence of contaminants the ratio of
absorbance at 230/260 and 260/280 was calculated
according to %,

Utilizing a 1% agarose gel electrophoresis (Invitrogen,
USA) the quality and the integrity of the extracted DNA
was examined. After loading the 5 pl of extracted DNA
and 1p of the loading buffer (Thermo, USA) in coombs the
electrophoresis was run using a power pack at 100 volts
for one hour (Bio-Rad, USA). Later on, the gel was stained
in ethidium bromide for 15 minutes and then visualized
under UV light 2,

3.2.4 Primer Design

The primer design for the target mutation sites of the
Factor V gene has been performed using the official NCBI
website for primer design
(https://www.ncbi.nlm.nih.gov/tools/primer-blast/). In
particular, the primers for Factor V (Table 1) were used for
the amplification of a target region of 113 nucleotides to
seek an SNP rs6687813. The primers were ordered and
purchased by Macrogen Company, (South Korea) and the
purity was confirmed by HPLC certificate.

Table 1: The sequence of primers utilized in DNA amplification

Primer Sequence (5'->3") Primer Length | Tm | Product size (bp)
Forward | GCAGTTGTTACACCTTGCAGA 21 59.05
Factor V 113
Reverse | TTCCTTCAGGCAAAGGCTCA 20 59.52

3.2.5 Amplification Reaction

Using a Rotor-Gene machine (QIAGEN, Model 6
Plex) (Hilden, Germany), a Master mix Solution of 2xPCR
(iNtRON Biotechnology, South Korea) was used for
performing a conventional PCR reaction. The procedure of
a PCR program was implemented as follows: two minutes
of initial denaturation at 94° C, thirty-two denaturation
cycles at 94° C for twenty sec., annealing at 56° C for
twenty sec., and elongation at 72° C for one min., with final
elongation at 72° C for ten min. The reaction tube consisted
of 1.25 pl of forward and reverse primers, 12.5 uM of the

2x buffer, 2 pl of DNA, and 9 pl of H,0 to achieve a total
volume of 25 pl.

3.2.6 Purification of PCR Products

The protocol of PCR product purification ensures a
useful procedure to remove the byproduct contamination
of PCR reaction ingredients such as dNTPs, primers,
enzymes, and salts. The protocol of the company (Qiagen,
Germany) was implemented in executing the PCR run. 50
pl of PB Buffer was added to 10 pl of the PCR sample to
explicitly eliminate the residual mineral oil and kerosene.
Later on, an amount of ten microliters of 3 M sodium
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acetate were added to the PCR product and the mixture
was inverted ten times until a yellow color was developed.
The mixture was placed in a QIAquick spin column
(Qiagen, Germany) in a provided 2 ml collection tube. The
tubes were centrifuged at 13,000 rpm for 45 seconds and
the flow-through was discarded. For DNA precipitation,
750 pl of PE Buffer (Hydrochloride and isopropanol) was
pipetted to the QIAGEN quick column and then
centrifuged at 13500 rounds per minute for 75 sec. and the
flow was removed. Finally, DNA was eluted into a 1.5 ml
Eppendorf tube by pipetting 100 pl of elution buffer and
centrifuged at 130000 rpm for one minute. The samples
were stored at -80C for the next step.

3.2.7 DNA Sequencing

The following protocol was conducted during the DNA
sequencing process by the Macrogen Company (South
Korea). In the Sequencing Kit of BigDye Terminator
version 3.1 (Thermofisher, USA), 120 PCR products were
examined for the mutations in the nucleotide sequence as
SNPs. The BigDye Terminator v3.1 mix, which contains a
reaction buffer, Tag DNA polymerase, and fluorescently
labeled dideoxynucleosides, was mixed with purified PCR
products. This produced a collection of DNA fragments
with different fluorescent colors and lengths. The
sequences of the genes were exported GC using software
and saved as a Word document.

3.3.1 D-dimer

The vendor's instructions were followed in measuring
the D-dimer level (Qdaisat, 2019). Ten microliters of
human whole blood were transferred to a prefilled tube
with a D-dimer detection buffer and the mixture was
pipetted on a nitrocellulose matrix mixed for ten times.
Finally, 75 pl of a sample was pipetted out onto the
cartridge and measured after incubation for 10 minutes at
25C. The cartridge was read and measured using
iChromaTM Il (Boditech Company, South Korea).

3.4 Statistical Analysis

The Statistical Package for the Social Sciences (SPSS)
program Version 26 was used to study the statistical

- 1074 -

Walid Aburayyan et al.

parameters of the generated data. The independent
variables were tested for the normal distribution using the
Kolmogorov-Smirnov test. Results were subjected to
independent T-tests to reject the null hypothesis between
the independent variables of gender, and the dependent
variable of D-dimer level, whereas, the Weche t-test was
performed to study the statistical difference among the
independent variables of Covid-19 incidence, mutation of
Factor V, and the dependent variableD-dimer. One-way
ANOVA followed by a post hoc test was implemented to
clarify the significant difference among the different age
groups in relevance to D-dimer levels. A Bivariate
analysis; of the two-tailed significance Pearson
Correlation test was conducted to study possible
correlation between the ordinal variables. The Chai square
test was conducted to test the cross-tabbing of the
independent variables. The charts and figures in this study
were created using Excel as well.

Results

A significant difference p< 0.001 in D-dimer levels
among the 120 participants was demonstrated as the mean
level for D-dimer in the study population was 2643 ng/ml
(Table 2); the D-dimer levels ranged between 145 ng/ml
and 16949 ng/ml (Appendix B). D-dimer levels were
significantly higher in COVID-19 patients than in the
COVID-19-free participants as the mean levels were 3353
ng/ml versus 513 ng/ml p>0.001, respectively (Table 2).
Nevertheless of gender, no significant distinction in D-
dimer levels among females and males, the D-dimer levels
were relatively similar in both genders p=0.243.
Remarkably, there was a significantly high prevalence of
Factor V mutation in comparison with the wild type among
the study population (82.6% vs. 16.5%, p<0.001),
respectively. A positive correlation was noticed between
the mutations in Factor V and the high levels of D-dimer
levels 2975 ng/ml whereas the wild-type patients reported
mean D-dimer levels of 986 ng/ml, p<0.001 (Table 2). The
mutation of Factor V has conferred high D-dimer levels
r=0.228, p=0.012. Significantly, 86% of the high D-dimer
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levels showed a mutant in Factor V p<0.001, whereas,
around 80% of the normal D-dimer readings (less than 500
ng/ml) demonstrated a wild-type sequence of Factor V
(Figure 1). Additionally, there was a significant escalation
in mean D-dimer levels in concordance with the age

(r=0.21, p<0.022) and the incidence of the COVID-19
infection (r=0.378, p<0.001) of the study population
(Table 3). Moreover, there was no noteworthy association
found between the mutation of Factor V and the prevalence
of COVID-19 infection in the study population (Table 3).

Table 2: The levels of D-dimer according to the demographic variables

Frequency | Percent | D Dimer | p-Value
Wild type | 20 16.5 986
Factor V - <0.001
Mutation 100 82.6 2975
Male 68 56.2 2655 0.243
Gender
Female 52 43.0 2628
<20 12 9.9 1363 0.716
<40 40 33.1 2799
Age <60 29 24.0 2869
<80 28 23.1 2670
>80 11 9.1 2809
Covid-19 Negative 30 24.8 513
" <0.001
Positive 90 74.4 3353
. <500 ng/ml | 31 25.1 126 <0.001
D-dimer level
>500 ng/ml | 89 74.9 3464
Total 120 100 2643

Bold*= Significant

Sequencing analysis of Factor V

The resulting gel showed clear and distinct DNA bands
(Supplement Figure 1), with no evidence of degradation
observed, indicating that the DNA extraction process was
successful with high throughput. For the 230/260 and
260/280 ratios, all DNA samples met the quality approval
requirements; the ratios were greater than 1.8 and less than
2.4 (The recorded measurements of DNA samples were
summarized In Appendix C).

Table 1, Supplements 2 summarizes sequencing data
for PCR products that were analyzed for SNPs in Factor
V. Variations in the SNPs for every factor in the patient
were found in the data. An A variant with A/C was found
for the Factor V SNP (rs6687813) in place of the wild-type
C allele. The GWAS Catalog was utilized to conduct
additional analysis on the particular variants found in the
sequencing data for every factor. (Figure Supplement (2))
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Figure 1: The distribution of D-dimer levels in relevance to Factor V Mutation
High D-dimer > 500 ng/ml, Normal D-dimer < 500 ng/ml

Table 3: The correlation between the D-dimer levels and the demographic variables of the current study

Age Gender | Covid-19 | D Dimer | Factor V
Pearson Correlation | 1
Age ) -
Sig. (2-tailed)
Pearson Correlation | -0.057 | 1
Gender - -
Sig. (2-tailed) 0.538
. Pearson Correlation | 0.080 | -0.117 | 1
Covid-19 - -
Sig. (2-tailed) 0.383 | 0.205
. Pearson Correlation | .210° | -0.004 | .378™ 1
D Dimer - -
Sig. (2-tailed) 0.022 | 0.965 0.000
Pearson Correlation | 0.019 | 0.120 -0.052 228" 1
Factor V - -
Sig. (2-tailed) 0.841 | 0.190 | 0.575 0.012

Bold= statistically significant, *= p<0.05, ***=p<0.001
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DISCUSSION

The current research has highlighted the indispensable
role of D-dimer as a reliable medical marker for
monitoring the health status of COVID-19 patients.
Specifically, among COVID-19-infected patients with
elevated D-dimer. Statistical analysis revealed an Odds
Ratio of 3.949, p<0.001 of having high D-dimer levels in
COVID-19 patients indicating a higher risk of developing
an intravascular coagulopathy. Substantially, COVID-19
infections have caused an increment in D-dimer levels up
to six-fold higher than the non-infected samples during the
study. Concomitantly, Lippi et al. measured the levels of
D-dimer in a group of healthy populations and they
reported levels less than 500 ng/ml 26. The hallmark of the
current study is the abundance of mutation in Factor V in
the study population around 80% of the study samples
have shown mutation in this Factor V gene and
interestingly 100% of the mutations are associated with
high D-dimer levels (r=0.228, p<0.012). The Odds Ratio
for Factor V mutation and D-dimer levels was 4.37,
p<0.001 which highlights the deleterious implication of
genetic disorders in Factor V gene in increasing the
potential risk of developing a thrombus formation in
COVID-19 patients. Likewise, an exponential increase in
levels of D-dimer in COVID-19 patients with mutant
Factor V samples in comparison with COVID-19 patients
without Factor V mutation %, Likewise, a study published
BY Arsov et al., 2006 conducted on 390 participants has
aroused the potential effect of Factor V mutation on
escalating D-dimer levels 2. FVL is a genetic disorder
emanating from the superseding of arginine residue with a
glutamine residue at position 506 in the factor V protein.
This mutation leads to a hamper in the inactivation of the
coagulation cascade by the activated protein C, which is a
key regulator of the coagulation system. As a consequence,
patients with the FVVL mutation are exposed to a higher risk
of thrombosis, or developing blood clots in their
circulation ?°. The regulation process between factor V and
protein C is dysregulated by FVL mutation and the

tendency for thrombus formation is escalated 10 folds, and
mutant factor V %, The pertinent correlation between
COVID-19 infections and D-dimer levels is ultimately
essential in severe cases, as high levels of D-dimer can be
implemented as a prognostic indicator for early diagnosis
of DVT and other clotting disorders 3.

Further studies evaluated the direct correlation
between FVL mutations and elevations in D-dimer levels
in a large population cohort study has concluded
significantly higher levels of D-dimer in individuals with
FVL mutation than individuals without the mutation .
This endows a robust correlation both increased risk of
VTE incidence, elevated levels of D-dimer, and FVL
mutation 3% 33,

Moreover, The age variable could significantly
prominent the D-dimer levels, in concordance to our study,
an increase of 1.579 for Odds Ratio was established for the
risk of developing high D-dimer. The implications
associated with the emergence of fibrin degradation
products as the D-dimer protein in the events of coagulative
disorders such as pulmonary embolism, DVT, and
myocardial infarction 3. A converge point of age-dependent
factors may indirectly affect D-dimer levels such as kidney
function failure due to geriatric, where the kidney is
responsible for removing the D-dimer from the blood. This
concludes that with increasing age, there may be a slight
tendency for D-dimer levels to rise ®. Regrettably, the
implications of geriatric on D-dimer levels are deleterious
and the conditions aroused by high D-dimer levels could be
treated by several variables, including medical intervention
and lifestyle modification .

In the current study, an internal comparison between
the risk of developing high D-dimer levels in older people
and young patients showed a significant escalation in D-
dimer levels related to the increase in the age of the study
group. There was an ascertainment of around 1.12 odds
ratio in the levels of D-dimer above 500 ng/ml, especially
in the ages between 35 and 60. The infected sample ages
ranged from newborn to elderly people where 33.3% of
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infected samples were under the age of 35 and two-thirds
were above 35 years old; indicating a higher potential to
get infected for mid-aged and above. A study by Statsenko
et al. in 2022 found that older patients were more
susceptible to severe cases of COVID-19 than their
younger peers, with a greater likelihood of being admitted
to the intensive care unit *6. Another study that emphasizes
the same result is conducted by Bruine de Bruin who
summarized higher risks for mortality in older adults in
relevance to a coagulopathy disorder . According to the
World Health Organization (WHO), aging is a substantial
threat factor for the pathogenesis of COVID-19 patients,
with older ages being vulnerable to severe illness
consequences ¥, Numerous studies conducted during the
pandemic demonstrated a direct correlation between age
and the likelihood of contracting COVID-19 severity and
mortality 3% 40,

CONCLUSION

The results of this investigation confirm the link
between the FVL mutation and high D-dimer levels in
COVID-19 patients. Variable demographic factors as age
incorporate a higher threat of developing deleterious
coagulopathy events. Further concise research is crucial to
investigate the underlying mechanisms of D-dimer
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