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ABSTRACT

SARS-CoV-2 had a pertinent implication on people’s daily lives and medical procedures during the pandemic
or even after it. COVID-19 infections varied in the clinical aspect from mortality to asymptomatic episodes. The
symptoms included fever, cough, difficulty breathing, loss of mobility, and chest pain. On the other hand, the
patients who passed away from COVID-19 showed multiple organ failure, respiratory dysfunction, and disseminated
coagulations throughout the body. D-dimer is a biomarker implemented in blood clotting and is commonly elevated

Iég)\/n]]gmg hematol in patients with thrombotic complications. This review sheds light on the correlation between gene mutations in
coagulat-ion’ cmatology, the coagulopathy cascade among COVID-19 patients with high D-dimer levels. The elevated D-dimer levels are

significantly associated with mutations in genes involved in the coagulopathy cascade. The findings suggest that
these mutations may play an important role in developing thrombotic problems in COVID-19 patients. As a result,
understanding the genetic basis of thrombotic development in COVID-19 could lead to new ways of avoiding and
treating thrombotic problems.

D-dimer, fibrinogen
immunothrombosis.

INTRODUCTION previous outbreaks, such as SARS and MERS. They consist
of four distinct subcategories: alpha, beta, gamma, and delta.
COVID-19 is a member of betacoronavirus isolated from

animals such as pigs and birds [2]. COVID-19 virus has a

COVID-19
SARS-CoV-2, the virus that causes COVID-19, also

widely dominated as coronavirus, was ubiquitously spread
in late 2019 and caused a global epidemic in 2021-2022.
Governments confronted the viral outbreak with ordered
worldwide country-level lockdowns [1].

Coronaviruses are a large group of RNA viruses in
the Coronaviridae family. These viruses are notable for their
impact on human health, generating a variety of respiratory
infections, such as the current COVID-19 pandemic, and
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globular shape with a diameter that ranges between 60 and 140
nm. RNA and phosphorylated nucleocapsid are located in the
center of the virus and are surrounded consequently by envelop
E protein, spike S protein, and membrane M protein [3]. A high
mutation rate in the COVID-19 encoding system is responsible
for the variation in S protein structure, which provokes various
versions ofthe virus that vary in terms of infection aggressiveness
and host response as symptoms and incubation duration [4].
According to recent data, SARS-CoV-2 is primarily transmitted
from person to person. Indeed, the transmission of COVID-19
was reported to be either through direct contact with an infected
patient within a conversational distance (1 meter or less) or by
aerosols during coughing or sneezing [5,6]. Also, contact with
surfaces that are contaminated with the infectious particles and
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then having direct contact with the eyes, nose, and/or mouth
implications could be one of the transmitted routes [5].
COVID-19 infection among mammals is associated
with the occurrence of several symptoms that can be classified
based on their levels of severity ranging from asymptomatic to
severe symptoms [7,8]. Fever, cough, tiredness, and loss of taste
or smell can be normal symptoms. However, severe symptoms
sought in COVID-19 patients include breathing difficulty or
shortness, loss of mobility, and/or chest pain [9]. COVID-19
patients with chronic disorders showed a higher tendency to
accuse severe infections that may eventually lead to death. It is
worth mentioning that COVID-19 patients have a historically
high risk of morbidity, which is primarily caused by pneumonia
and shortness of breath [10,11]. According to the World Health
Organization’s (WHO) latest statistics, 6.817 million deaths
were reported from the beginning of the pandemic until the
end of January 2023 [12]. In addition, the fatality rate changed
during the pandemic from 2.1% in January 2022, reaching its
peak at 9.6% in April 2020, and a decline to 8% recorded in
January 2023 [12]. This fate was extremely clear for COVID-19
patients who suffer from cardiovascular diseases (CVD) as
they have a fourfold higher risk of death [13]. The majority
of fatalities associated with COVID-19 were found to have
atrial fibrillation, venous thromboembolism (VTE), and heart
failure diagnoses, suggesting that there is an increased risk of
cardiovascular consequences after infection with COVID-19
[14]. A further study showed that COVID-19 can endow
myocardial injury arrhythmia, acute coronary syndrome, and
VTE [15]. These data imply that COVID-19 infection affects
the coagulation path for infected patients whether they were
already diagnosed by one or more or have acquired the disease
post-COVID-19 infection through different means of infection.

Prognostic factors for the severity of COVID-19 infections

The severity of symptoms is attributed to several
factors, such as ethnicity, age, gender, medical status, and
lifestyle.

Ethnicity

A meta-analysis of the mortality cases was registered
in all pandemic countries around the world; the data have
revealed that death rates vary according to several factors, such
as ethnicity. Indeed, the death rate per ethnicity varies among
different ethnicities, where it ranked from highest to lowest
as follows: White, Hispanic, and Black for all age categories.
Data also revealed that Europe had the highest death rate
[16]. Contrarily, recent studies found that Black people had a
threefold higher mortality rate from COVID-19 than others. In
addition, Hispanic individuals were almost twice as likely to die
from COVID-19 compared to non-Hispanic white individuals
[17,18]. Moreover, a study shows that Middle Eastern and North
African individuals may be at a higher risk of serious disease
and mortality from COVID-19 than other populations [19].
Socioeconomic status also plays a role in COVID-19 outcomes.
In this context, it was previously reported that the case fatality
rate was 5.0% for high-income nations compared to 2.8% for
low-income nations [20]. Black and Hispanic populations are
more likely to be essential workers and have less access to

resources such as paid leave and remote work options, which
puts them at higher risk of exposure to the virus. These groups
of populations are also more likely to live in poverty and lack
resources such as transportation, which can limit their access to
healthcare and COVID-19 testing.

AGE

The Centre for Disease Control and Prevention claims
that the COVID-19 death rate is the highest among people aged
85 and older. Indeed, reports revealed 1,130 deaths per 100,000
individuals in this age group. This is followed by those aged
65-84 years, with a death rate of approximately 460 deaths per
100,000 individuals. The death rate for the group aged 55-64
years is approximately 140 deaths per 100,000 individuals.
These data show that the death rate decreases as age decreases,
but severe illness and death can still occur in younger people,
especially those with underlying health conditions [21].

Gender

The death rate of COVID-19 has been observed to
differ between males and females. Data show that males have a
higher death rate than [22]. For example, a study in the United
States found that the death rate for male COVID-19 patients
was 1.9 times higher than that for female patients [23]. A
further study from Jordan shows the death rate is increased in
males compared to that in females [24]. Differences in immune
response, underlying health conditions, and behavioral factors
such as smoking could be explanations. Further research is
needed to fully understand the relationship between gender
and the death rate of COVID-19 and to develop strategies to
mitigate the risks for male patients [25].

IMMUNOLOGY OF COVID-19

Innate immunity: the first line of defense against COVID-19

The body response during COVID-19 infection
is initiated by inducing endocytosis of the virus through
angiotensin-converting enzyme 2 (ACE2) receptors that are
allocated on the surface of epithelial and endothelial cells of
the alveoli in the pleural tissue [26,27]. During the COVID-19
virus invasion, the innate immune system acts as the first line
of defense against this infection. The Spike (S) protein of the
virus binds firmly with ACE2 of epithelial and endothelial
cells. In that manner, the viral pathogen-associated molecular
patterns (PAMPs) of COVID-19 alert the endosomal pattern
recognition receptors (PRRs), such as toll-like receptors, to
trigger the immune system to activate the downstream cascades.
Consequently, intracellular cascade activates the expression of
specific transcription factors like nuclear factor-kappa B and
interferon regulatory factors (IRFs) [28]. This cascade motivates
the manufacturing of interferons type I (IFNs) and the pro-
inflammatory cytokines IFNs urge the antiviral immune state
in infected cells that assist in limiting the viral replication and
induces apoptosis to preserve the host from viral distribution.
Nevertheless, multiple proteins of COVID-19, such as open
reading frame 6 and (ORF3b), have a protective mechanism
towards antiviral type I IFN (IFN-I) manufacturing and
signaling [28-30]. Consequently, for the temporal suppression
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of the immune response, an utmost over-activation of
immune responses eventually leads to hyperinflammation and
consequently organ damage. Therefore, the delay in the IFN-I
reaction and ubiquitous viral replication in the host cells induce
an over-production of IFN-I that could exacerbate hyperactive
inflammation combined with a progression of the fatal disease.
IFNs stimulate the antiviral immune state in infected cells that
limits viral replication and induces apoptosis to protect the host
from viral distribution [31].

Immunothrombosis is a process in which the innate
immune system’s interaction with the coagulation process
is thought to be dysregulated, resulting in localized and/
or systemic coagulopathy [32]. The detection of PAMPs and
damage-associated molecular patterns (DAMPs) by monocytes
expressing PRRs leads to an increase in tissue factor (TF)
expression. The extrinsic pathway of coagulation is then
activated by TF activation [33], and neutrophil extracellular
traps (NETs), which are made of histones that have been
acetylated and neutrophil-derived DNA, are also released by
active neutrophils. Although NETs are efficient in capturing
and eliminating invasive microorganisms, they can also
trigger a strong procoagulant response. The complicated
pathophysiology seen in severe cases of COVID-19 is a result
of the complex interaction between the immune system and
coagulation pathways [33]. However, NETs can solely bind
to TF to activate the extrinsic coagulation pathway leading
to disseminated coagulation in the cardiovascular system.
Moreover, the coagulation process is not only dependent on the
activation of the extrinsic pathway; factor XII activation can
encourage the activation of the intrinsic coagulation pathway.
Frequently, in COVID-19, NETs have been seen aggregating
with platelets and they may contribute to the severity of the
disease [1,34,35].

Adaptive immunity

During COVID-19 infection, the host’s adaptive
immunity is ultimately responsible for the virus elimination,
B-cell will be activated through different signaling pathways
to produce antibodies that neutralize the viral cells and
additionally, cytotoxic T-cells will be activated to execute the
humeral infected cells [36]. In general, blood lymphopenia is a
key indicator of COVID-19 infection; it reduces the number of
CD4 + T-cells, CD8 + T-cells, and B-cells [37]. Lymphopenia
may occur due to the drop in IFN-I in the innate immune
response or due to direct COVID-19 infection of T-cells [38].
However, other factors that contribute to lymphopenia include
lymphocyte apoptosis and pyroptosis, lymphocyte sequestration
in the lungs, bone marrow hematopoiesis, and virus-induced
tissue damage of lymphatic organs [39-41]. COVID-19 directly
affects the spleen and lymph nodes by causing splenic white
pulp atrophy and lymph node structural disruption, implying
that direct COVID-19 cytotoxicity in lymphatic organs may
hamper the adaptive immune response in COVID-19 infections
[42-44].

Cytokines storm

In many clinical studies that evolved during the
pandemic, it was clearly observed that infected patients’

blood analysis inflammatory mediators are at elevated
levels, including each cytokine and chemokine [45]. In
other words, COVID-19 causes inflammatory disorders in
pleural tissue, especially in chemokines levels concomitant
with lymphocytopenia and high level of C reactive protein
in severely ill patients [26]. This observation can be sought
through computerized tomography scans of patients’ lungs, as
it revealed a disseminated intrapleural hematoma [37,46]. An
interesting finding is that IL-6 is highly correlated to COVID-19
fatality; IL-6 undergoes an amplification cascade that
eventually leads to acute respiratory distress syndrome [47,48].
Infected host cells bind with COVID-19 receptors through
angiotensin-converting enzyme II (ACE2) that will eventually
activate the NF-kB pathway, which triggers IL-6 production
[26]. Combined with IL-6 production, a positive feedback loop
is activated in the nonimmune cells, thus transducing the effect
for IL-6 production. In severe cases, a noticeable increase of
CCR6 + Thl17 cells and a strong killing ability of CD8 + T
cells can be seen in the lungs when using lung scans. At the
same time, levels of IL-10 remain unchanged. Notably, both
NK cells and CD8 + T cells show signs of weakness in their
normal function. In terms of organs, there is a connection
between COVID-19 patients’ spleen activity and lymph nodes.
This results in the destruction of CD169 + macrophages in
both spleens and lymph nodes, causing harm to both lymphoid
and splenic tissues. CD169 + macrophages also play a role in
increasing levels of Fas, which triggers activation-induced cell
death of IL-6 and IL-10 [46].

HEMATOLOGY: COAGULATION CASCADE

Hemostasis is the cascade and events of forming blood
coagulations due to sudden injury in the vessels or tissues.
Along with this process, there are several clinical symptoms
and laboratory evidence for the clots formed, thus increasing
the risk of CVD [49]. As shown in Figure 1, fibrinogen and
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Figure 1. Fibrinogen degradation [11].
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D-dimer are considered the first indicators utilized depending
on the type of CVD being investigated. When an internal injury
occurs, fibrinogen undergoes a polymerization process where the
thrombin enzyme in the plasma catalyzes the process to convert
fibrinogen into fibrin. Fibrin is a cross-linked protein structurally
more complex than fibrinogen. The enzyme that works against
forming clots is called plasmin. It works to disassemble these
clots into several byproducts that vary in size and are then called
fibrin degradation products (FDP), and one of these products is
the D-dimer. Fibrinogen or factor I is a type of protein secreted
by the liver. Its function is to normalize the clotting process in
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the bloodstream [50]. When the fibrinogen concentrations are
lowered in the blood, it can be an indicator of abnormal clotting
activity, which means that the body is forming clots over normal
rates [51]. Measuring fibrinogen’s usually used to detect and
treat possible bleeding clotting risks that cause CVDs such as
disseminated intravascular coagulation and arterial disease [52].
Figure 2 shows the two coagulation pathways;
extrinsic and intrinsic. The extrinsic pathway takes place outside
the blood and the intrinsic inside it. Each protein in these two
pathways is important to proceed in the process of fragmenting
produced clots. Any slight change due to genetic mutation will
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affect the whole process making the individual vulnerable to
one CVD, in the worst cases may be morbidity [53]

D-DIMER

D-dimer is formed due to the degradation of cross-
linked fibrin [54]. It is a small fragment generated when the
fibrin clot is broken down by plasmin, a protein that helps
dissolve clots. High D-dimer levels in the blood indicate that
the coagulation system is activated and that the fibrin clot
is degrading. Thus, D-dimer testing can help diagnose deep
vein thrombosis (DVT) [55]. Elevated D-dimer levels have
been seen in a considerable proportion of COVID-19 patients.
This elevation is assumed to be due to coagulation system
activation, a common feature of the disease. The coagulopathy
observed in COVID-19 patients is caused by the virus’s ability
to directly affect the blood vessels and the immune system’s
over-reactive response to the virus, leading to increased
clotting activity and higher levels of D-dimer [56,57]. The
relationship between D-dimer and COVID-19 is particularly
important in severe cases where elevated levels of D-dimer
can contribute to the development of VTE and other clotting
disorders. Moreover, elevated D-dimer levels have also been
linked to an increase in hospitalization risk, ICU admission,
and death in COVID-19 patients, highlighting the importance
of monitoring D-dimer levels in these individuals [58].

Genetic mutations affecting D-dimer functionality

The normal coagulation pathway will be harmed if
the genetic substance responsible for coagulation proteins is
changed. Fibrinogen is coded by mainly three genes for each
component. These genes can be found in a region of ~50 kb
on chromosome 4q28—q31. In genome-wide association study,
single nucleotide polymorphisms (SNPs) that strongly affect
D-dimers are mainly found in fibrinogen gamma, fibrinogen
alpha, and factor V, and other genes such as MTHFR, KLKBI,
KNG1,F2,F8,and F11 also take place in the process [59]. Three
recommended SNPs-ID responsible for D-dimer elevated levels
are shown in Table 1. However, other SNPs such as AC093117.1
and Z99572.1 play a role in type 2 diabetes and end-stage
coagulation and coagulants, factors I and V, respectively.

A) FACTOR III

The F3 locus, also known as TF or thromboplastin,
which is located 46.0 kb upstream from the start of transcription
in the hypothesized regulatory region of F3, has been discovered
as a source of inherited thrombophilia, a condition characterized
by an increased tendency to form blood clots [60]. Factor III is
a major component of the coagulation cascade and the primary
activator of the extrinsic pathway. Factor 111, also known as TF or
thromboplastin, is normally present in low levels in subendothelial
tissue, but it is exposed to circulating blood upon vascular injury

Table 1. Description of main genes affecting DD and fibrinogen.
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[61], and concomitantly factor VII (FVII) is activated when TF
forms a complex with FVII to become its active form, FVIIa.
Subsequently, factor X (FX) is activated by this complex, known
as TF-FVIla, by cleaving it to its active form, FXa [62], to form
the prothrombinase complex. Later on, the active factor Xa (FXa)
joins with factor Va (FVa), a cofactor, and calcium ions (Ca2+) to
activate the pathway. The prothrombinase complex is essential for
converting prothrombin (factor II) to thrombin (factor Ila) via a
restricted proteolysis process [63]. The serine protease thrombin
plays several purposes in the coagulation cascade. To generate
an insoluble fibrin clot, it breaks down fibrinogen (factor I) into
fibrin monomers Liu and Cao, [64]. In addition, thrombin leads to
platelet activation and improves coagulation by activating factors
such as factors V, VIII, and XIII [65]. The TF mechanism initiates
the coagulation cascade and leads to the production of a stable
fibrin clot in response to vascular damage. The dysregulation of
this process, which is closely regulated and involves a number of
proteases, cofactors, and their interactions, can have important
clinical complications for thrombotic diseases [66]. F3 influences
D-dimer levels by triggering the extrinsic pathway, leading to
coagulation alterations and fibrinolysis, ultimately affecting the
quantity of shed D-dimer fragments. There is a growing curiosity
about the involvement of TFs in initiating hemostasis and its impact
on arterial and venous thrombosis, inflammation, and the growth
and spread of tumors [67]. Also, in [68], a study showed that
individuals with F3 gene mutations had significantly higher levels
of D-dimer compared to those without the mutations (p < 0.001).
The mean D-dimer levels in the group with F3 gene mutations
were found to be 2.0 ng/ml, while the mean D-dimer levels in the
group without the mutations were found to be 1.5 ng/ml.

B) Factor V Leiden (FVL)

The formation of blood clots depends greatly on
factor V, a crucial component of the coagulation cascade. In
the coagulation cascade, factor V activates and interacts with
other factors to produce thrombin and fibrin [69]. In the normal
coagulation process, factor V is converted from the inactive
form (factor V) to the active form (factor Va) by the action
of thrombin, which is produced by the activation of factor X.
Once active, factor Va works as a cofactor for the enzyme factor
Xa, boosting its ability to convert prothrombin to thrombin.
Then, fibrinogen is converted into fibrin monomers by the
action of thrombin [70], activated protein C (APC), a natural
anticoagulant, controls factor V as well. APC inactivates factor
Va by cleaving it at certain locations, preventing excessive clot
formation. This regulatory system aids in regulating the ratio of
clotting to clot disintegration [71]. FVL is a genetic mutation
that causes an arginine residue at position 506 of the factor V
protein to be replaced with a glutamine residue. This mutation
makes activated protein C, a critical regulator of the coagulation
system, resistant to inactivation. As a result, people with the
FVL mutation are more likely to develop thrombosis or the
formation of blood clots [72]. A study conducted by [73] looked
at the relationship between FVL and D-dimer levels in a large
population-based cohort. The results showed that individuals
with the FVL mutation had significantly higher levels of D-dimer
compared to individuals without the mutation. This suggests that
the FVL mutation may be associated with an increased risk of

VTE and elevated D-dimer levels. A study conducted by [74,75]
evaluated the relationship between FVL and D-dimer levels in
patients with DVT. The results showed that individuals with the
FVL mutation had higher D-dimer levels than those without the
mutation. This further supports the association between the FVL
mutation and elevated levels of D-dimer.

C) Fibrinogen alpha chain

Fibrinogen is a glycoprotein that is essential for the
process of blood clotting. It is composed of three chains: alpha,
beta, and gamma. The alpha chain of fibrinogen has been the
focus of recent research due to its role in the development
of DVT, a condition that results from the formation of blood
clots in the deep veins of the legs [76]. The fibrinogen chain
is essential in the coagulation cascade, which is initiated by
vascular damage. The activation of clotting factors, particularly
factor Xa, results in the production of thrombin as a part of the
cascade. As a serine protease, thrombin breaks down certain
peptide connections in fibrinogen, releasing the fibrinopeptides
A and B [77]. This cleavage exposes binding sites on fibrinogen,
allowing individual fibrinogen molecules to join and produce
fibrin monomers. The subsequent polymerization of these
monomers, assisted by factor XIlIa, results in the formation of a
network of lengthy fibrin strands [79]. The fibrin network serves
as the structure that supports a blood clot. Cross-linking, which is
also made possible by factor XIlIa, stabilizes the clot by forming
a stable three-dimensional clot. This process involves the
integration of numerous clotting factors, enzymes, and cofactors
[80]. Genetic variations in the alpha chain of fibrinogen can
affect its function and contribute to the risk of developing DVT.
For example, the FGA gene has been identified as a risk factor
for DVT. This gene encodes the alpha chain of fibrinogen and
variants of this gene have been associated with increased levels
of fibrinogen, leading to a greater risk of DVT [81]. In addition,
this research has indicated that elevated levels of fibrinogen,
specifically the alpha chain, can result in a higher risk of DVT
and other thromboembolic events. The alpha chain of fibrinogen
has been shown to play a crucial role in the formation and
stability of clots, and the presence of genetic variations in this
gene may result in increased clotting and a higher risk of DVT
[82]. In general, the research indicated that the alpha chain of
fibrinogen plays an important role in the development of DVT.
In addition, genetic variations in this gene can affect its function
and contribute to an increased risk of DVT.

COVID-19 impacting effects on the coagulation cascade

Researchers have studied the relationship between
D-dimer values and tried to correlate it to COVID-19 infection;
all studies have a consensus that D-dimer levels are high during
COVID-19 infection. For example, a study conducted on 191
patients and approximately 28% death rates of the population
traced laboratory markers for both survival and non-survival
patients and concluded that D-dimer levels are surprisingly
high for fatalities. In such a case and after recognizing that
D-dimer levels are raised due to COVID-19 infection, one may
be concerned about whether COVID-19 infection may cause
one or more of the D-dimer mutations [83]. As shown in Figure
3, COVID-19 is a systemic, hypercoagulable disease. The
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Figure 3. Molecular link between key genes in coagulation and COVID-19.

fibrinogen, the source of D-dimer, is secreted in the liver as a
response to high IL-1 and IL-6, and when a coagulation activity
takes place, increasing fibrinogen levels and thus D-dimer levels,
both values are good indicators for coagulation activity related to
COVID-19 [84]. COVID-19 morbidities were first justified due
to pneumonia and shortness of breath; however, it is important to
investigate the role of thrombosis in such cases [85].

CONCLUSION

COVID-19 has been observed to exacerbate
changes in coagulopathy through various mechanisms. These
mechanisms include the activation of both the extrinsic and
intrinsic pathways via factor III, factor V, and FGA|FGG. In
addition, genetic variations can result in the predicted elevation
of D-dimer levels, particularly in elderly individuals and those
with age-related influences. Further investigation is needed to
fully understand the correlation between D-dimer levels and
COVID-19.
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