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Summary

A global health epidemic emerged due to the Coronavirus disease 2019
outbreak (COVID-19), caused by the novel severe acute respiratory syndrome
Coronavirus 2 (SARS-CoV-2). A high mortality rate and poor prognosis are
associated with severe COVID-19 cases due to hypercoagulability and
progressive hyperinflammation.

This study investigates genetic markers and protein levels as potential
COVID-19 severity indicators in lIragi patients. It involves 102 patients (aged
52.66+18.82 years) and 92 healthy controls (ages 37.88+14.19 years). Patients
are categorized as non-severe (45) or severe (57) based on hospital/ICU
admission for respiratory failure or not.

In the course of the study, specimens were gathered from several Iraqi
healthcare facilities, specifically Al-Diwaniyah Teaching Hospital, Marjan
Medical City, Al-Hussein Teaching Hospital, and Al-Hamza Hospital during
(Dec 2021- May 2022) including Covid-19 positive patients and a healthy control
group. The identified polymorphisms in four single nucleotide polymorphisms
(SNPs) are as follows: Methylenetetrahydrofolate reductase gene (MTHFR)
rs1801133 C677T (p. Ala222Val), Angiotensinogen gene (AGT) rs699 T>C (p.
Met268Thr), angiotensin-converting enzyme 2 gene (ACE2) rs2106809 T>C,
and serpin family E member 1 (SERPINE1) rs1799889 4G/5G polymorphism.

The polymorphisms are detected using the ARMS analysis (AS-PCR) and
tetra amplification refractory mutation system (T-ARMS-PCR) methods, along
with sequencing techniques, the genotyping involved using three primers for AS-
PCR and four primers for T-ARMS-PCR to detect the polymorphisms.
Subsequently, Sanger sequencing is conducted on the target DNA. Changes in
serum concentrations of four biomarkers (homocysteine, angiotensinogen,
angiotensin 1-7, and plasminogen activator inhibitor-1) are determined using
ELISA analysis to detect specific antibodies in human serum. In silico tools were

employed to examine the impact of SNPs on protein structure and function.



Additionally, it is noted that SNPs located in introns may influence splicing, gene
regulation, and promoter activity.

The study results indicate that the mean age of COVID-19 cases is
significantly increased compared to HC (52.66+18.84 vs. 37.88+14.19, p <0.05),
female and male distribution in patients and healthy groups did not differ
significantly (p=0.99). The patient data comprises 58.6% males and 47.1%
females, while healthy individuals included 52.9% males and 41.3% females.
Eight laboratory parameters, including hemoglobin level, platelets, white blood
cell (WBC) count, neutrophils, lymphocytes, D-dimer test, neutrophil-to-
lymphocyte ratio (NLR), and platelet-to-lymphocyte ratio (PLR), were also
determined for Covid-19 cases. Among the parameters compared with the
reference ranges, five exceeded them; WBC count (13.5x109/L +5.5), D.D
(1.37+1), NUE (10.88+4.35), NLR (11+9), and PLR (307.96+271.76).
Lymphocytes were also measured; they were significantly decreased (1.55+0.96).
Based on allelic discrimination, the CT and TT genotypes of the MTHFR gene
(rs1801133) are associated with an increased risk of Covid-19 infection and
higher severity. In the AGT gene (rs699), the TC genotype is a statistically
significant risk factor for Covid-19 infection, but no impact on disease severity is
observed. The genotype variation of the ACE2 gene (rs2106809) on the X-
chromosome does not affect the risk or severity of infection in females. However,
in males, the C allele is associated with an increased risk and severity of Covid-
19. The 4G/5G genotype of the SERPINE1 gene (rs1799889) is linked to a higher
risk and worsening severity of infection. Significantly higher levels of
homocysteine in patients (16.17 nmol/l) than in HC (4.46 nmol/l). Similarly,
homocysteine levels are significantly higher in death and severe cases compared
to non-severe cases (12.5 and 10.4 vs. 3.2, respectively). Patients exhibited a
notable disparity in serum angiotensinogen levels compared to the HC group
(69.9 vs. 86.07 ng/L). However, no significant differences are observed between

severe and non-severe patients. The average Ang 1-7 level in Covid-19 patients



was notably lower compared to the control subjects (70.77 vs. 91.38 ng/L).
Furthermore, serum Ang 1-7 levels in deceased and severe cases were
significantly lower than those observed in non-severe cases (60.6 and 75.2 vs.
109.44 ng/L, respectively). The PAI-1 levels in patients were significantly higher
than in healthy controls (6.5 vs. 3.56 ng/ml). Additionally, both dead and severe
cases had significantly higher PAI-1 levels than non-severe cases (13.2 and 8.36
vs. 3.43 ng/ml), respectively. Significant associations were observed between
biomarkers levels (Hcy, Ang 1-7, and PAI-1) and genotypes/alleles of three
polymorphisms (rs1801133, rs2106809, and 1799889). However, AGT levels did
not show significance in genotypes related to rs699.

Multiple web servers are utilized to verify the polymorphisms in the study
and display their in-silico results. The rs1801133 p.A222V poly-morphism of
MTHFR shows decreased protein stability and potential disease implications.
Conversely, the AGT rs699 p.M268T polymorphism demonstrated a benign
decrease in protein stability without causing disease. Additionally, the rs2106809
in ACE2-intron and rs1799889 in SERPINEL promoter were found to modulate
transcriptional activity by affecting the presence or absence of transcription
factors.

In conclusion, the polymorphisms in MTHFR, ACE2, and SERPINE-1,
along with the biomarker levels of Hcy, Ang 1-7, and PAI-1, show promise as
potential biomarkers that warranted further validation in studies investigating

their association with Covid-19 severity.
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Chapter One Introduction

1. Introduction

Since December 2019, in Wuhan, Hubei Province, China, a noticeable
increase is observed in the number of pneumonia patients and has rapidly
spread across China, which has drawn international attention(Wang C. et al.,
2020). After the pathogen for this pneumonia was identified and isolated, it was
originally referred to as the 2019 novel coronavirus (2019-nCoV ), The World
Health Organization (WHO) subsequently dubbed it severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), the coronavirus has caused a
pandemic of an acute respiratory disease called “coronavirus disease 2019~
(COVID-19)(Zheng Y-Y. et al., 2020).

Avirus known as COVID-19 was originally classified as part of the same
virus family as the severe acute respiratory syndrome coronavirus 1 (SARS-
CoV-1) and the Middle East respiratory coronavirus syndrome (MERS-CoVs),
these two coronavirus-based respiratory syndromes have affected over 10,000
people in the last two decades around the world, with mortality rates of 11%
and 35%, respectively (Organization 2003; Leung et al., 2004; De Wit et al.,
2016).

The main symptoms of COVID-19 at the time of illness onset are fever,
fatigue, coughing, myalgia, and dyspnea(Wang D. et al., 2020), and according
to the WHO, COVID-19 has an incubation period of (1-14) days(WHO 2020).
On February 24, 2020, Iraq reported its first COVID-19 patient, an Iranian
student in Al-Najaf Al-Ashraf province who had traveled from Iran, on
February 25, there were four cases reported from the same family in the
province of Kirkuk, the number of confirmed COVID-19 infections and deaths
increased to 4,469 by May 24, 2020, among those affected by the virus, 160
people died, and 2,738 recovered(Dawood and Dawood, 2021). As an RNA
virus, SARS-CoV-2 can infect both animals and humans, coronavirus infection
causes respiratory, gastrointestinal, and neurological symptoms, COVID-19

has the potential to cause pulmonary and systemic inflammation, potentially
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leading to multi-organ dysfunction may be associated with direct virus invasion
via angiotensin-converting enzyme 2 (ACE2) binding(Zhou P. et al., 2020a),
Cardio-renal inflammation, endothelial dysfunction (Guzik et al., 2020), and
thrombotic microvascular angiopathy (Varga et al., 2020).

The COVID-19 causes excessive inflammation, endothelial cell
activation and injury, platelet activation, and hypercoagulability, which
predisposes patients to thrombotic and thromboembolic events, COVID-19
patients are prothrombotic or thrombophilic, with elevated levels of several
thrombotic biomarkers related to disease severity and prognosis(Gorog et al.,
2022). The presence of thrombosis and elevated levels of coagulation markers
are important prognostic factors in COVID-19 patients(Tang et al., 2020).

Early in the pandemic, hospitalized COVID-19 patients were frequently
found to have abnormal levels of coagulant biomarkers activated partial
thromboplastin time (aPTT), D-dimer, and fibrinogen are some examples, and
suggested that these biomarkers be routinely measured(Bonaventura et al.,
2021). A high homocysteine level (Hcy), an amino acid that plays a significant
role in coagulation, appears to be related to COVID-19's severity(Abu-Farha et
al., 2020). The Hcy has previously been shown to have a role in numerous
metabolic and inflammatory processes, and different groups with distinct ethnic
predominances have varying prevalence of MTHFR gene variants and MTHFR
activity which is clearly connected to prothrombotic events as a result of
increased homocysteine metabolism(Liew and Gupta, 2015).

As genetic predisposition is identified as a factor in the progression and
infection of SARS-CoV-2, polymorphisms in renin-angiotensin-aldosterone
system (RAAS)-related genes have been proposed to be involved with risk
factors for COVID-19(Devaux et al., 2020). The ACE2 a transmembrane
glycoprotein, is a key renin-angiotensin system (RAAS) component. The new
SARS coronavirus 2 uses ACE2 as its entrance receptor SARS-CoV-2. Gue and

Gorog propose that the decrease in angiotensin-converting enzyme 2 (ACE2)
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activity seen in COVID-19 could potentially result in heightened vascular
permeability, elevated tissue factor expression, activation of the extrinsic
coagulation pathway, as well as an upsurge in plasminogen activator inhibitor
1 levels and a reduction in fibrinolysis. Importantly, prior research had already
hinted at a connection between the ACE2 pathway and thrombotic events(Gue
and Gorog, 2020; Zhang et al., 2020). The ACE2 is downregulated, resulting in
a rise in angiotensin-11 levels and a decrease in 1-7 angiotensin, which are
connected to pro-apoptotic characteristics, inflammation, and fibrosis, all of
which are the core of COVID-19 pathobiology(Sriram et al., 2020).

Angiotensinogen (AGT) protein is a vital part of the RAAS system that
efficiently controls blood pressure and other cardiovascular functions. High
blood pressure (BP) is well acknowledged as a substantial risk factor for arterial
stroke (Wajngarten and Silva, 2019). Studies data suggests that COVID-19 may
be an important modifier of the onset, characteristics and outcome of acute
ischemic stroke(Perry et al., 2021). Ischemic stroke occurs due to the blockage
of blood vessels, often caused by thrombosis, subsequently resulting in tissue
ischemia, inflammation, and cell death.

The COVID-19 patients are found to have higher plasma D-dimer levels
in many studies, which is linked with severity, thrombosis, and mortality, such
as high amounts of active plasminogen activator inhibitor 1 (PAI-1) in COVID-
19 patients may inhibit plasmin breakdown of crosslinked fibrin and D-dimer
release(Campbell et al.,, 2021). The PAI-1 regulates fibrinolytic action,
impaired fibrinolysis is suggested in COVID-19 patients, which could increase
thrombotic risk (Zuo et al., 2021). High levels of active PAI-1 may induce
thrombosis in COVID-19 patients due to simultaneous stimulation of
coagulation and inhibition of fibrinolysis (Campbell et al., 2021). Endothelial
dysfunction, RAAS activation through the production of procoagulant
plasminogen activator inhibitor (PAI-1), and hyperimmune response via

activated platelets seem to be important factors to thrombogenesis in COVID-
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19(Ahmed et al., 2020). Thrombotic consequences are common in COVID-19,
and they contribute considerably to death and morbidity(Hanff et al., 2020).
Genetic variations can influence individual differences in traits, including
disease susceptibility and response to medications, and understanding how
these variations affect gene expression and protein function can help pinpoint
causal factors(Jin Yu. et al., 2018). Modern genetics research included as one
of their primary objectives the discovery of SNPs that are linked to an increased
risk of developing chronic diseases. It is hypothesized that genetic variants in
various populations may alter the course of COVID-19 reassortment and
classify the levels of severity vulnerability of patients to the virus(Kwok A. et
al., 2021).

1.1. Aim of the Study

This study aims to detect of some genetic polymorphisms, correlate of
each SNP with biomarker serum level, and determine the effect of each SNP
on structure and function of protein by in silico analysis to identify which could
increase susceptibility or have associated with severity and mortality of Covid-
19 infection. The specific objectives were as follows:

1) The study explored the relationship between laboratory features and the
severity of COVID-109.

2) The study involved examining the following genetic polymorphisms:
rs2106809 ACE2, rs699 AGT, rs1801133 MTHFR, and rs1799889
SERPINE-1, to estimate their relationships with interindividual variations
in severity and mortality rates of COVID-19 among samples of lIraqgi
patients, employing both in vitro and in silico analyses.

3) The study assessed the concentrations of biomarkers (Angiotensinogen,
homocysteine, Angiotensin-(1-7), and Plasminogen activator inhibitor-1)
associated with the identified genetic variants in patients and compared

them with the control group using ELISA Kkits.
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2. Review of Literature
2.1. The family of Coronaviridae

The family Coronaviridae is defined a monogeneric family of RNA-
containing pathogens that has been associated to a variety of illnesses in both
laboratory and domestic animals as well as respiratory disorders in humans.
The family was given its name to describe the unique fringe of crownlike
projections that can be seen around the viruses under an electron microscope;
these extensions are club-shaped rather than sharp or pointed, as is the case
with myxoviruses. Coronaviruses have a diameter ranging from 80 to 160 nm
and contain vital lipids(Monto, 1989; Liu et al., 2021). Animals from all over
the world can be infected by members of this family, which was previously
known as the myxovirus group despite the fact that it had several anomalous
traits(Mclntosh, 1974; Lehtinen et al., 2022).

2.2. Taxonomy

In 1968, electron microscopy revealed the coronavirus to have a crown-
like shape, for this reason, it was renamed to the coronavirus(Cunningham et
al., 1968; Chinedu et al., 2022). Coronaviridae viruses have large enveloped
single-stranded RNA genomes ranging from 25 to 32 kb. This family was
classified by the International Committee on Virus Taxonomy(Adams et al.,
2017).

The subfamilies Letovirinae and Orthocoronavirinae are identified,
orthocoronaviridae is further subdivided into four genera based on
phylogenetic studies and comparative genome studies: Alphacoronavirus
(CoV), Betacoronavirus (CoV), Gammacoronavirus (CoV), and
Deltacoronavirus (CoV), Currently, there are 17 a-CoV species, 12 B-CoV
species, 2 y-CoV species, and 7 6-CoV species(Chen B. et al., 2020). While
Letovirinae includes the Alphaletovirus genus(Kielian et al., 2018). Alpha- and
Beta-coronaviruses impact mammals, while Gamma-coronaviruses lead to
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avian diseases. In contrast, Delta-coronaviruses, on the other hand, have limited

mammalian infection and primarily target birds(Li F. 2016; Cui J. et al. , 2019).

2.3. Human Coronaviruses

There are numerous human Coronaviruses identified to date, including
HCoVs, including HCoV-NL63 and HCoV-229E, as well as SARS-CoVs and
MERS-CoVss. The SARS-CoV and MERS-CoVs viruses are the most frequent
human infections that cause pneumonia in humans that may be deadly(Drosten
et al., 2003; Yin and Wunderink, 2018). There are seven human-infecting
CoVs, including SARS-CoV-2. More than 50 years after the first isolation of a
prototype murine coronavirus, numerous animal species, including humans,
have been infected by coronaviruses, with only the common cold as its only
known human disease, coronaviruses were thought to be nearly extinct, though
it was not widely known until 2003, this virus eventually came to be identified
as a cause of severe acute respiratory syndrome (SARS)(Weiss and Navas-
Martin, 2005).

The SARS-CoV infections can cause a wide range of illnesses in
humans, mostly in the respiratory and digestive tracts. Diseases like the
common cold can be mild or very bad. They range in severity from mild to very
bad, from pneumonia to renal disease, to bronchitis to the central nervous
systems of mammals(Wevers and van der Hoek, 2009).

Coronaviruses are a kind of enveloped positive-strand RNA virus that
may infect humans and other animals(Masters, 2006; Frye et al., 2022). In the
past, it was believed that these viruses were the primary cause of respiratory
and gastrointestinal diseases in domestic animals and that they were also
responsible for around 15% of all cases of the common cold(Perlman and
Netland, 2009) then, a few years later, with Middle East respiratory disease
(MERS) in Saudi Arabia in June 2012, more than 2260 human cases of
confirmed MERS-CoV infection(Zumla et al., 2015; Bleibtreu et al., 2020).
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Each time, the virus was classified using information gleaned from a
sequence-based family classification(Van Boheemen et al., 2012). SARS-
CoV-2 has currently undergone genome sequencing analysis, and the results
showed 96.2% overall genome sequence identity with Bat CoV RaTG13,
indicating that Bat CoV and human SARS-CoV-2 may have a common
ancestor(Zhou P. et al., 2020a).

2.4. Transmission Mode of SARS-CoV-2

A virus that originated in animals has evolved into primarily from one
human to another human transmission mechanism(Ye Z. et al. 2020). It is
possible to spread coronavirus by inhaling aerosols from virus-infected
surfaces, as well as by sneezing, coughing, or talking(Zingade et al., 2021). It
IS possible to become infected with SARS-CoV-2 by touching an infected
surface, inhaling a droplet, or by infecting the nose, mouth, or eye with the virus
(Khatod et al., 2020). The COVID-19 infection and transmission to infants is
considered to be low at this time , due to the fact that women who are pregnant
with SARS-CoV-2 infections are not at a greater risk of contracting COVID-
19 and transmitting it to their children, which typically occurs in the third
trimester of pregnancy(Dashraath et al., 2020). Most reported series have had
difficulty determining the virus particle dose required to cause a true infection
with COVID-19 in the patient(Wiersinga et al., 2020).

There are two types of COVID-19 transmission: direct transmission and
indirect transmission. As part of the direct transmission mode, (1) aerosols are
produced during surgical and dental procedures and/or in the form of
respiratory droplets; (2) feces, saliva, urine, semen, and tears serve as
transmission vehicles; and (3) mothers and children are carriers. There are
several indirect transmission mechanisms that can occur at work, including
fomites (e.g., furniture, fixtures) and objects used on an infected person (e.g.,
stethoscopes, thermometers)(Karia et al., 2020).
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2.5. Genome Structure

Around 79 % of the "SARS-COV-2" genome sequence is shared with
the SARS-CoV and approximately 50 % with MERS-CoVs(Li X. et al., 2020;
Lu R. et al., 2020; Sheikhshahrokh et al., 2020) as in figure (2-1).

SARS-CoV (27.9 kb)

| T *2) 8b Ty

MERS-CoV (30.1 kb)

===

SARS-CoV-2 (29.9 kb)

- JamEMr6- T 8 '
\._IEH_M_ m

Figure (2-1)Genomes structures of SARS-CoV, MERS-CoVs and SARS-CoV-
2(Li X. et al., 2020).

The genome is composed of the following elements: 5" UTR, replicase
(ORF1a/ORF1b), four structural genes, 3" UTR, and a poly (A) tail. The
ecological diversity of coronaviruses is characterized by their high rates of
genetic recombination and mutation(Cui J. et al., 2019). The SARS-CoV-2 is
characterized by a single-stranded, positive-sense RNA structure. Its genome
consists of 14 distinct open reading frames (ORFs), which collectively code for
27 proteins. Among these proteins, there are four major structural ones: Spike
(S), Envelope (E), Membrane (M), and Nucleocapsid (N)(Nelson et al., 2020;
Wu A. et al., 2020) as in figure (2-2). Interspersed between these structural
genes are ORFs responsible for encoding non-structural proteins, such as

papain-like protease, 3-chymotrypsin-like protease, RNA-dependent RNA
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polymerase, and helicase. Additionally, the SARS-CoV-2 genome contains
accessory proteins, the functions of which during infection are still not fully
understood(Chan, J.F. et al., 2020).

When a cell is infected ORFs 1a and 1b are translated into two large
polyproteins, pplaand pplab, of approximately 490 and 790 kDa, respectively.
The ppla and pplab polyproteins are found in a viral genomic region and both
encoded by the ORFla and ORF1lab genes, respectively. ppla occupied by
about two-thirds of the virus first 20 kilobases to its 5' end, and they encode
non-structural proteins (nsps), such as NSP1 to NSP11, while pplab
polyproteins correspond to NSP12 to NSP16, while encode the remaining 10
kb of structural proteins, ORF3a, ORF3d, ORF6, ORF7a, ORF7b, ORFS8,
ORF9b, ORF14, and ORF10 genes were added to the structural genes.

In coronaviruses the S protein enables the virus's recognition of the
receptor on the surface of the host cell and the subsequent fusion of the
membrane(Li, 2016; Zhang Q. et al., 2021). The E and M proteins played a key
role in the development of the viral envelope, virus packaging, and viral particle
budding(Neuman et al., 2011; Schoeman and Fielding, 2019). The N protein is
a multifunctional protein with a variety of functions in the viral life
cycle(Chang et al., 2014; McBride et al., 2014).

The RNA translation is aided by a 5' cap and a 3' poly (A) at both ends
of the genome(Fehr and Perlman, 2015). Through a leader sequence containing
numerous loop structures, the genome virus 5' terminus aids in RNA replication
and transcription. The 3'-end is necessary for viral RNA replication and
expression, whereas accessory proteins contribute to viral pathogenesis but are
not required for replication mechanisms(Zhao et al., 2012). When a genome is
replicated, it produces multiple copies of itself; when it is transcribed, it
produces the mRNA that encodes the viral structural and accessory
proteins(Enjuanes et al., 2006). Genome replication in coronaviruses is a

continuous synthesis process that employs a full-length complementary
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negative-strand RNA as the template for the formation of progeny virus
genomes, similar to that of other positive-strand RNA viruses(Sola et al.,
2011).

According to bioinformatics analysis, the SARS-CoV genome contains
11 genes encoding 14 proteins located in (29.757 kb). The SARS-CoV-2
genome, which was published in March 2020 on the Gene Bank database, is
approximately 29.903 kb in length and encodes for ten proteins organized
similarly to the MERS genome, while the MERS genome contains eleven
proteins organized similarly to the SARS genome (29.903 kb)(Hassanin et al.,
2021).

A)

Spike Glycoprotein

Ribonucleoprotein

Envelope

Membrane protein

1ab 3a EM 7a8 N

B)
5’UTR _*-" I '.'l'.'l'm_ b
3b p6 7b  9b orfl4

Figure (2-2) the SARS-CoV-2 genome. Figures A and B showed the SARS-CoV-2
genome organization (Wuhan from NCBI, accession number NC 045512.2), as well
as the virus's structural proteins ,components that include open-reading frames
(ORFs)(Wu A. et al., 2020).

2.5.1. Spike Protein
In SARS-CoV-2, the S protein is a transmembrane fusion protein

composed of two subunits called S1 and S2, S protein is a structural
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glycoprotein(Mittal et al., 2020). It is between 180 and 200 kDa in size and has
a homotrimer structure(Huang Y. et al., 2020), and contains between 1273 and
1800 amino acids in total(Yesudhas et al., 2021). Like SARS-CoV, SARS-
CoV-2 has an N-terminal and a C-terminal domain, as well as two major
subunits (S1 and S2), a viral entry process is mediated by this protein(Li F. ,
2016 ; Huang Y. et al., 2020).

The N-terminus contains the signal peptide(1-13), while the S1 and S2
subunits are responsible for membrane binding and fusion, with the S1 subunit
(14-685 residues) and the S2 subunit (686-1273 residues) respectively, the
virus infects the host and is recognized by the ACE-2 receptor(Huang Y. et al.,
2020), by cleaving the protein into S1 and S2 subunits and fusing it to the
membrane target cell, assisting the proteases in activating the S
protein(Bertram et al., 2013; Hoffmann et al., 2020). When the virus enters the
target cell, the S1 subunit binds to the sugar and ACE2 receptors(Huang X. et
al., 2015), while the S2 subunit undergoes conformational and fusion state
changes(Millet and Whittaker, 2015). The SARS-CoV-2 S protein of C-
terminal subunit called S2 that facilitates fusion between the virus and host, and
an N-terminal subunit called S1 that interacts with receptor-binding domain
(RBD) of Angiotensin converting enzyme2(Walls et al., 2020; Wrapp et al.,
2020). The spike protein may be involved in pathogenesis via the endoplasmic

reticulum'’s stress response(Liu D. et al. 2021).

2.5.2. Membrane Protein

Among all of the proteins in coronaviruses, the M protein is the most
prevalent(Alsaadi and Jones, 2019). The M protein, which is 25-30 kDa in size,
is abundant in the virion. The N-terminus of the M protein contains an
ectodomain, while the C-terminus contains an endo-domain, it determines the

virion's appearance(Nal et al., 2005; Arndt et al., 2010).
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The M protein is present in the virion as a dimer and is involved in
maintaining the curvature of the membrane and nucleocapsid binding. The
coronavirus M protein is a critical component of virus assembly, converting
cellular membranes into workshops where viral and host components work
together to create new virus particles(Neuman et al., 2011). The M protein is
the virus's most abundant structural protein and is thought to be the core
coordinator of coronavirus assembly because it interacts with all of the other
key coronaviral structural proteins(Schoeman and Fielding, 2019).

In addition to stabilizing the nucleocapsid (the N protein-RNA complex),
binding of M to N aids in the completion of viral assembly(Escors et al., 2001).
As a result, the SARS-CoV-2 M protein is critical for maintaining the virus's
morphology and for stabilizing the positions of other structural proteins and the
coronavirus's size(Cao Y. et al., 2022). The M proteins of the coronavirus
envelope are the most important. Structure proteins interact with each other and
played a critical role during viral assembly. In the endoplasmic reticulum-—
Golgi intercellular compartment (ERGIC) Coronaviruses mature, but the
mechanisms by which M proteins are transported from the ER to the budding

site remain a mystery(Perrier et al., 2019).

2.5.3. Envelope Protein

Virion maturation, assembly, and egress are all aided by the
multifunctional E protein(Sarkar and Saha, 2020). The E protein is the smallest
and has the fewest copies of all the membrane proteins identified in the mature
virus's lipid envelope(Ruch and Machamer, 2012; Schoeman and Fielding,
2019). It is, nonetheless, necessary for the pathogenesis of other human
coronaviruses(Almazan et al., 2013). Despite the fact that the E protein
encoded by sgRNA has a low copy number in mature viruses, it is one of the
most widely produced transcripts(Brant et al., 2021). Despite its short size

(between 76 and 109 amino acids depending on the CoV), E protein contains
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multiple active motifs. The addition or deletion of E protein in different CoVs
has resulted in viruses with distinct behaviors and altered virus—host
interactions, such as the activation of stress and unfolded protein responses, or
changes in cellular ion concentrations caused by E protein's ion channel
activity. All of these actions have a significant impact on the pathogenesis of
CoV/(Nieto-Torres et al., 2014). The E protein also played a role in causing
membrane curvature and preventing M protein aggregation. Virions are
assembled and transported to the cell surface in vesicles, where they are

discharged by exocytosis(Malik, 2020).

2.5.4. Nucleocapsid Protein

Nucleocapsid protein (N protein) is the primary antigen of the virus for
development of sensitive diagnostic assays of COVID-19(Khan W.H. et al.,
2022). The coronavirus nucleocapsid (N) is a structural protein that forms
complexes with genomic RNA, interacts with the viral membrane protein
during virion formation, and aids virus transcription and assembly
efficiency(McBride et al., 2014). The nucleocapsid (N) protein of the severe
acute respiratory syndrome coronavirus (SARS-CoV) is the most abundant
protein in virus-infected cells and It's a protein with a lot of different functions.
The N protein of SARS-CoV-2 is a 45.6 kDa phosphoprotein that consists of
an N-terminal domain (NTD) and a C-terminal domain (CTD)(Chang et al.,
2014; Ya Peng et al., 2020).

Two RNA-binding domains are joined by a central spacer that contains
a serine- and arginine-rich (SR) region in the coronavirus nucleocapsid (N)
protein(Koetzner et al., 2022). Unmodified N protein forms a structured
oligomer suited for nucleocapsid assembly, whereas phosphorylated N protein
creates a liquid-like compartment suitable for viral genome processing, the
coronavirus nucleocapsid (N) protein has two main functions: it compacts the

RNA genome in the virion and regulates viral gene transcription(Carlson et al.,
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2020). One study's findings demonstrated that the viral proteins of SARS-CoV-
2, including ORF6, ORF8, and nucleocapsid proteins, have the potential to act
as inhibitors of the type | interferon signaling pathway, which is a crucial
component of the host's innate immune system's antiviral response(L1i, J.-Y. et
al., 2020).

2.6. Life Cycle of SARS-CoV2

2.6.1. Coronavirus’s Primary Reservoirs and Hosts

It is critical to understand the source of infection and its spread in order
to design preventive methods for infection containment. In the case of SARS-
CoV, researchers first concentrated on raccoon dogs and palm civets as
potential infection reservoirs. However, only samples isolated from civets in
the food market were positive for viral RNA, implying that the civet palm may
serve as a secondary host(Kan et al., 2005). A molecular analysis of samples
obtained from healthy Hongkong residents in 2001 revealed a 2.5% prevalence
of antibodies against the SARS Coronavirus. According to these findings, the
SARS-coronavirus circulated in humans before the 2003 outbreak(Zheng B.J.
et al., 2004).

Later on, anti-SARS-CoV antibodies are discovered in Rhinolophus
bats, implicating the bats as a source of viral replication(Shi and Hu, 2008).
Coronavirus, which causes Middle East respiratory syndrome (MERS), was
detected the Kingdom of Saudi Arabia for the first time in 2012(Memish et al.,
2013).

The MERS-coronavirus is also associated with beta-coronavirus and
camels as a source of infection or primary host(Paden et al., 2018). However,
numerous observations, combined with the virus's sequence identity, have
called attention to the virus's potential zoonotic origin, after SARS-CoV,
MERS-CoVs, and Ebola virus, the SARS-CoV-2 infection may be another

significant example of the One Health idea, as there is excellent overlap in
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human, animal, and environmental health (Hemida, 2019). Numerous
investigations indicated that bats are a common reservoir for SARS-CoV-2
since viruses obtained from Chinese horseshoe bats exhibited close similarities
to SARS-CoV sequences(Fan Y. et al.,, 2019). There are around 200
coronaviruses found in diverse bat species (Chen L. et al., 2014).

In 2003, the SARS-primary CoV's bat reservoirs were identified (Guan
Y. et al. 2003). Meanwhile, numerous bat species, including Taphozous
perforatus, Rhinopoma hardwickii, and Pipistrellus kuhlii, were thought to
represent the MERS-forebears (Lau et al., 2018). The spread of SARS-CoV-2
may have started in what is known as Huanan Seafood Market located in

Wuhan, South China, a live-animal market(Tiwari et al., 2020).

2.6.2. Entry of Virus

The coronaviruses employ the spike (S) protein to help them enter target
cells, the surface unit of the S protein, S1, must bind to a cellular receptor in
order for the virus to attach to the surface of target cells(Hoffmann et al., 2020).
The receptor-binding domain (RBD) in the S1 subunit of spike protein binds
to ACE2, which is expressed on the surface of epithelial cells in the respiratory
and gastrointestinal systems, to start the SARS-CoV-2 life cycle(Zhou P. et al.,
2020a). This virus is infecting the host when it fuses directly with the
membrane of the cell, causing it to become infected and/or endocytosis using
the spike protein's S2 subunit(Bestle et al., 2020; Hoffmann et al., 2020).

The heptad repeats parts of the transmembrane S2 domain, as well as the
fusion peptide, improve the fusing of viral and cellular membranes after
considerable conformational rearrangements(Tortorici and Veesler 2019;
Letko et al., 2020). Shortly after the 2002—2003 SARS-CoV outbreak, ACE2
was discovered to be the functional receptor that permits SARS- CoV
infection(Li W. et al. 2003). The ACE2, a cell surface receptor for SARS-CoV-

2, is genetically and structurally similar to SARS-CoV's S proteins (76% amino
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acid identity)(Walls et al., 2020). The SARS- CoV-2 RBD was found to have
a similar or greater affinity for ACE2 as the SARS- CoV RBD(Lan et al., 2020;
Shang J. et al., 2020). A transmembrane protease, serine 2 (TMPRSS2) is
required by the virus at the time of entry into the host in order to separate the
virus's S-spike and attach to the cell membrane efficiently, S1 and S2 of the
Coronavirus S-spike are separated by these serine proteases(Wrapp et al.,
2020).

A common misunderstanding is that SARS-CoV-2 only attaches to
ACE2, however, attachment to only this receptor would prevent the virion from
delivering the RNA into the cell, as viral entry requires attachment to both the
ACE?2 receptor (S1-part of spike) and the membrane (S2-part of spike), thus
human serine proteases are critical in altering the configuration of the S-spike
in order for the virus to attach successfully(Monkemidiller et al., 2020).

The spike protein is generated as an inactive precursor, and repeated
cleavages by cellular proteases cause conformational changes in the S2 subunit,
allowing the spike protein to become functional and ready for membrane
fusion(Chakraborty and Bhattacharjya, 2020).

The TMPRSS2 and lysosomal proteases have been determined to be
required for virus entry (Ou et al., 2020). SARS-CoV-2 to enter host cells, viral
spike proteins must attach to the host receptor protein ACE2 and be primed by
the host serine protease, cell surface transmembrane protease serine 2
(TMPRSS2)(Shang J. et al. 2020; Hoffmann et al., 2020). In both pulmonary
and non-pulmonary organs, SARS-CoV-2 viral RNA and viral replication
events were found. Look for changes in viral load and cytopathic consequences
across organ systems, between people, and within the same patient to do this.
The presence of host factors like ACE2, TMPRSS2, and AR has also been
linked to infection sites (Wang et al., 2021).

Transcribing the genome upon entry, the coronavirus genome is released

into the host cell cytoplasm, initiating a complicated program of viral gene
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expression that is highly controlled in space and time. ORFla and ORF1b are
translated from genomic RNA to generate two polyproteins, ppla and pplab.
The latter occurs as a result of a designed —1 ribosomal frameshift at the
ORF1a—ORF1b overlap(Perlman and Netland, 2009). According to ribosome
profiling, SARS-CoV-2 is capable of frameshifting between ORFla and
ORF1b with a 45-70% efficiency(Finkel et al., 2021), which is comparable to
the efficiency found for mouse hepatitis virus (MHV)(Irigoyen et al., 2016).

Assembly and translation occur following viral RNA synthesis, which
generates both genomic and sub-genomic RNAs. Sub-genomic RNAs function
as messenger RNAs for accessory and structural genes located downstream of
replicase polyproteins. Negative strand intermediates are used to synthesize
both genomic and sub-genomic RNAs. Finally, coronaviruses are unique in
their ability to recombine via homologous and nonhomologous
recombination(Malik, 2020).

2.7. Immune Response of the Host to COVID 19

Once the virus gains entry into the target cell, the host immune system
recognizes the entire virus or specific epitopes on its surface, eliciting an innate
or adaptive immune response. The virus is initially recognized by pathogen
recognition receptors (PRRs) on immune cells, primarily Toll-like receptors 3,
7, and 8, which results in increased interferon (IFN) production. The non-
structural proteins of SARS-CoV and MERS-CoVs impair the function of host
innate immune cells, thereby impairing overall cytokine production(Le Bon
and Tough 2002; Hu W. et al., 2012). Pathogenesis of COVID-19 is complex,
and virulence and pathogenicity are also related to the activation of the NOD-
like receptor family, pyrin domain containing 3 (NLRP3) inflammasome by the
virus. A pro-inflammatory cytokine examples include interleukin (IL-1 and IL-
18) is released by macrophages, epithelial cells, and possibly endothelial cells
when the inflammasome is activated. They are responsible for the pathogenic
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inflammation that leads to COVID-19 symptoms(Deftereos et al., 2020;
Shneider et al., 2020).

Dendritic cells, as part of their normal patrolling function, have a strong
ability to phagocytose dying and apoptotic cells, such as those infected with
SARS-CoV-2. They also enhance their migration to draining lymph nodes by
upregulating chemokine receptors. In these lymph nodes, they activate naive B
and T cells, leading to the production of antiviral antibodies and effector T cells.
These effector T cells, both CD4+ and CD8+, can then return to inflamed
tissues to inhibit virus replication by releasing antiviral cytokines like IFN-y
and inducing antigen-specific cell death(Piconese et al., 2014).

The SARS-CoV-2 virus proteins specifically target several innate immunes
signaling proteins. Nsp13, Nsp15, and open reading frame (ORF)9b all target
the interferon (IFN) pathway, whereas Nspl13 and Orf9c all target the NF-B
pathway. SARS-CoV-2 Orf6 impedes the nuclear export of NUP98-RAEL, an
interferon-inducible mMRNA complex. The SARS-CoV-2 Orf3b and Orf9c are
replication-canonical. As previously stated, these findings will aid in the
discovery of antivirals against SARS-CoV-2. Remdesivir is one of the antiviral
medications available. It is a nucleoside analog RNA-dependent RNA
polymerase (RdRP) inhibitor indicated to treat COVID-19 infections(Gordon
et al., 2020).

The COVID-19 is frequently associated with lymphopenia, particularly in
more severe cases, characterized by a decrease in both CD8+ and CD4+ T cells
(Liu J. et al., 2020; Oja et al., 2020). The CD4+ and CD8+ T cells played a
critical role, CD4+ T cells activate B cells to promote the production of virus-
specific antibody, while CD8+ T cells can kill viral infected cells(Yuki et al.,
2020).

It remains unknown whether the T-cell response played a role in disease
pathogenesis, infection recovery, or both. Additionally, studies have focused

on various aspects of the T-cell response or on patients at various stages of
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infection, resulting in a lack of clarity regarding the big picture. T-cell
responses in critically ill patients are frequently robust and comparable to or
superior to those in non-critically ill patients(Thieme et al., 2020). In severe
cases, when compared to moderate cases, more CD4+ and CD8+ T-cell
responses were found, both in breadth and magnitude, CD8+ T cells, however,
accounted for a bigger proportion of T-cell responses to SARS-CoV-2
structural proteins in mild cases than in severe cases, implying that the CD8+
T-cell response may be beneficial, whereas the CD4+ T-cell response may
contribute to pathogenesis(Yanchun Peng et al., 2020). The SARS-CoV-2
infects human T-cell lines via a new pathway via the CD147 spike protein
found on the surface of T cells ,the transmembrane protein, as a novel pathway
for SARS-CoV-2 entrance(Wang X. et al., 2020).

The CD147 (a.k.a. basigin or EMMPRIN) is expressed in a wide variety
of organs and cells and is involved in cell proliferation, apoptosis, tumor cell
migration, metastasis, and differentiation, particularly under hypoxic settings.
A second CD147 isoform, designated CD147 1g0-1gl-lg2, has also been
identified. Preventing SARS-CoV-2 spike binding and infection with
meplazumab, a CD147 protein blocker, may be helpful in the treatment of
COVID-19(Ulrich and Pillat, 2020). Notably, multiple investigations have
showed that patients who are more critically ill create larger amounts of
antibody, particularly 1gG, to S or N than do individuals with milder
infections(Hashem et al., 2020; Rijkers et al., 2020). Antibody levels and
severity of infection have been found to be related in a similar manner for
infections caused by other viruses, including SARS-CoV-1 and MERS-
CoVs(Lee etal., 2006; Choe et al., 2017). This is most likely because increased
antigen exposure, in combination with larger or more persistent viral loads,
generates a stronger antibody response. However, antibody reactions may
potentially contribute to the etiology of COVID-19. Despite the fact that

neutralizing antibodies are likely adequate to prevent infection or influence
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disease course if administered early after infection, the significance of
neutralizing antibodies in pathogenesis remains unclear(Moss, 2022).
Infections caused by SARS-CoV-2 may or may not be prevented by
SARS-CoV-2-specific T cells. In light of the fact that viruses change under
immunological pressure, it is crucial to remain vigilant for strains of SARS-
CoV-2 that are able to evade infection-induced or vaccine-induced humoral or
cellular immunity. It remains unclear whether immunity to other Coronaviruses
had an effect on COVID-19 results and whether exposure to SARS-CoV-2
could elicit an immune response when the virus wasn't reproduced clearly. Due
to the brief period of contact with the pathogen, the duration of both humoral

and T-cell immunity after infection is difficult to predict(Forthal, 2021).

2.8. Clinical Picture

2.8.1. Signs and Symptoms

The SARS-CoV-2 infection can have a wide range of clinical
consequences, some persons infected with SARS-CoV2 remain asymptomatic,
while others develop mild to moderate COVID-19 pneumonia, this can result
in some individuals requiring extensive care and, in severe situations, death,
particularly in elderly persons(Struyf et al., 2021). COVID-19 is most
frequently accompanied with a sudden onset of fever, coughing, and
dyspnea(Jiang et al., 2020). One or more of the following can occur as
complications: acute respiratory distress syndrome (ARDS), pneumonia, renal
failure with infection opportunistic problems such as bacterial superinfections
and major hazard such as coagulation abnormalities and thromboembolic
events, sepsis, or death(LIlitjos et al., 2020; Yang X. et al., 2020).

Long COVID-19 is a term that refers to persons who have recovered
from the acute phase of COVID-19 but continue to experience enduring
consequences of the infection, have had the predicted clinical picture for a

much longer period of time than expected, or have developed new symptoms
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and signs. Two distinct manifestations of this illness have been observed: (a)
a severe form associated with thromboembolic consequences, such as: and (b)
a nonspecific type, which is frequently accentuated by weariness and
dyspnea(Greenhalgh et al., 2020).

When it comes to cardiovascular disease risk factors, arterial
hypertension (50 %), high cholesterol (28 %), and type 2 diabetes mellitus were
the most common conditions (22%). Other Asthma (14.4%), sleep
apnoea/hypopnea (8.5%), and other comorbidities were found. Chronic
obstructive pulmonary disease (COPD) syndrome (6%), heart failure (6%),
and chronic kidney disease (6%)(Rosales-Castillo et al., 2021).

In the cohorts studied, the prevalence of protracted COVID-19 varied
between 4.7 and 80 %, and the most common clinical symptoms were chest
pain (reported by up to 89% of patients), fatigue, dyspnea, coughing, and
sputum production. Temporal criteria for defining protracted COVID-19
differed significantly between three and twenty-four weeks following the acute
phase and/or hospital discharge. Advanced age, female sex, a large number of
comorbidities and poor clinical condition, hospitalization, and oxygen
supplementation during the acute phase were all considered to be associated
with prolonged COVID-19 survival Nevertheless, none of the research
examined the duration of persistent signs/symptoms(Cabrera Martimbianco et
al., 2021).

2.8.2. Epidemiology

The COVID-19 virus is isolated in Wuhan, China, when the first cases
were discovered, towards the end of 2019, the infection spread to the majority
of countries. Positive infections have been reported in excess of 300 million
people. On the World Health Organization and European Centre for Disease
Prevention and Control websites, you can access the most recent
cases(Mclntosh et al., 2021).

21




Chapter Two Literature Review

The SARS-CoV-2 spread to other provinces of China in mid-January
2020, owing to the Spring Festival travel season. SARS-CoV-2 was spread by
international travelers from China to other countries. It was transmitted from
the source of infection to other countries via travel; the first case was confirmed
in Thailand on 13 January 2020, followed by another in Japan; by the end of
January, there were 2106 infected cases, with infection present in more than 20
countries(World Health Organization, 2020).

Coronaviruses appear to have a significant role in the history of the
twenty-first century. This century has seen the isolation of five of the seven
human coronaviruses. Regrettably, the last three of them entered lives amid
fears of pandemic, breakout, or death. SARS CoV-2, the most recent human
coronavirus to originate from Wuhan, China, and its clinical manifestation,
Coronavirus disease (COVID-19), have lately gained a considerable foothold
in daily practice. Initially, reports indicated that it was caused by bats, in
epidemiology, an epidemic curve of infection is a statistical chart used to depict
the commencement of a coronavirus outbreak. There are three phases in an
epidemic curve: rising, plateauing, and falling. Phase of growth This period is
influenced by a variety of factors, including country demographics, age
distribution, health system preparedness for an epidemic, implementation of
some preventive measures, country response time to a pandemic, and society's
reaction to new implementing policies. Distinct countries can exhibit markedly
different curve patterns, complicating any attempt to predict a country's
pandemic trend. However, it appears that this period is normally between three
and four weeks for COVID-19, during Plateau phase: Disease incidence is
steady during this phase. COVID-19, according to daily nation reports, takes
two to three weeks to complete while Decreasing phase: which indicates that
disease activity could be observed at extremely low levels two or three weeks
later(Bulut and Kato 2020; Tashiro and Shaw 2020;Guthrie et al., 2021;)
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Symptoms typically disappear within 1-2 weeks in most COVID-19
cases, SARS-CoV-2 infection can result in five distinct outcomes:
asymptomatic infection (1.2%), mild to moderate illness (80.9%), severe
infection (13.8%), critical infection (4.7%), and death (2.3 % in all reported
cases)(Team E., 2020). Human CoVs continue to pose a serious threat to global
health. However, humans have lacked sufficient experience in previous battles
against SARS and MERS, following the outbreak of COVID-19 in China,
SARS-CoV-2 gained global attention as a significant pathogen associated with

respiratory tract infection(Jin Y. et al., 2020).

2.9. Markers of COVID-19 Infection and Severe Progression

Many of biomarkers identify abnormalities between the severe cases and
compared to mild/moderate such as hematologic, biochemical, inflammatory,
coagulation, and immune biomarker, furthermore, homocysteine  and
Angiotensin Il levels are significantly elevated in COVID-19 patients who had

severe disease according to a recent study(Ponti and Ruini 2020).

2.9.1. Hematologic Biomarkers

Patients with COVID-19 are stratified based on a number of hematologic
biomarkers, including a count of white blood cells, lymphocytes, neutrophils,
neutrophil to lymphocyte ratio (NLR), platelets, eosinophils, and hemoglobin.
Patients with severe COVID-19 infections, as in studies Yang Y. et al. (2020)
and Chen N. et al. (2020), had lymphopenia rates of 80% and 25%,
respectively. These findings suggest a correlation between lymphopenia and
infection severity.

According to Qin C. et al. (2020) an analysis of 450 patients infected
with COVID-19 and markers associated with immune dysregulation revealed
that severe cases had lower lymphocyte counts, higher leukocyte counts, higher

NLR counts, as well as lower monocyte, eosinophil, and basophil percentages
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in comparison with mild cases. Henry B. et al. (2020) conducted a meta-
analysis of 21 studies that included 3377 COVID-19 positive patients. The
study found that patients with severe or fatal diseases had significantly higher
WBC and lower lymphocyte and platelet counts than those with mild or non-
severe diseases.

The COVID-19 patients with mild-moderate disease had both low levels
of helper T cells and suppressor T cells, with higher levels of helper T cells
being associated with severe disease. A higher percentage of naive helper T
cells was observed in severe cases, while a lower percentage of memory helper
T cells was observed. In addition, those with COVID-19 have a lower level of
regulatory T cells, which are more clearly damaged when the disease is
severe(Cossarizza et al., 2020).

It is essential that cytotoxic lymphocytes, such as cytotoxic T
lymphocytes (CTLs) and natural Killer cells (NKs), are present in order to
control viral infection, and its functional exhaustion correlates with an increase
in disease severity(Zhang C. et al., 2019). In confirmed cases of COVID-19,
laboratory examinations revealed abnormally low mean lymphocyte
counts(Luo et al., 2020). In study showed 66 % of 32 COVID-19 patients
studied, the eosinophil count decreased, positive correlation exists between
eosinophil and lymphocyte counts (r =0.305, p.001)(Yun etal., 2020). Among
140 COVID-19 patients, 52.9% had eosinopenia (0.02 109/L) and in both mild
(r=0.449, p.001) and severe (r =0.486, p.001) cases of COVID-19, eosinophil
count was positively correlated with lymphocyte count(Zhang J. et al., 2020).
In order to determine the sensitivity and specificity of the eosinophil count in
COVID-19, further research is required, including larger patient cohorts(Li Q.
et al., 2020).

While platelets count Numerous studies have demonstrated a correlation
between low PLT levels and the severity of COVID-19, making the PLT count

a valuable prognostic indicator for COVID-19 patients. In a recent meta-
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analysis, Bashash et al. (2020)found that thrombocytopenia significantly
increases the risk of disease progression and suggested that daily monitoring of
platelet count can accurately reflect the outcome of COVID-19 patients.

Lippi (2020) found in a meta-analysis on 1779 patients noticed that a
decrease in the PLT count is linked to an increased mortality rate. Platelets in
the lungs may be activated by damaged lung tissue or pulmonary endothelial
cells, causing them to aggregate and form microthrombi, thereby increasing
platelet consumption(Xu P. et al., 2020).

Both CD4+,CD8+, and WBCs are affected by lymphocytopenia in
patients with severe disease(Tan M. et al., 2020). There is also a marked
decrease in monocytes, and an apparent increase in neutrophils and NLR. It is
possible to diagnose and identify critically ill patients using these simple

parameters(Henry B. et al., 2020).

2.9.2. Biochemical Biomarkers

Three large studies evaluating the primary laboratory changes in patients
suffering from severe or fatal COVID-19 examined the differences between
survivors and non-survivors. A significant difference was observed between
survivors and non-survivors in terms of total bilirubin levels, CK, serum
ferritin, white blood cell count, and interleukin-6, the presence of creatinine
(CREA), cystatin C (cysC), Direct bilirubin (DBIL), cholinesterase (CHE) and
lactate dehydrogenase (LDH), alonag with serum urea could be used to
distinguish severe COVID-19 cases from mild COVID-19 cases. There may be
some significance in the early diagnosis of severe COVID-19 and the
differentiation of it from mild COVID-19 based on serum biomarkers including
urea, CREA, and CysC, all of which reflect glomerular filtration function(Ruan
et al., 2020; Xiang et al., 2020; Yang X. et al., 2020; Zhou F. et al., 2020).
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In the majority of severe cases, infection-related biomarkers
(procalcitonin, serum ferritin, and CRP) and inflammatory cytokines (IL-2R,
IL-6, IL-8, IL-10, and TNF) were elevated(Chuan Qin et al., 2020).

According to study found elevated LDH, a marker of lung tissue damage,
Is one of the most common biochemical abnormalities in COVID-19 patients
admitted to the hospital(Lippi and Plebani, 2020). Numerous studies have
demonstrated that patients with mild infection have LDH levels within the
reference ranges, in contrast to patients in critical condition(Fan Z. et al., 2020).

Also identified as a significant predictor of COVID-19 patient mortality
is liver function. Recent research found significant elevations in liver enzymes
alanine aminotransferase (ALT) and aspartate aminotransferase (AST) are
associated with significant alterations in renal function parameters (blood urea
nitrogen, creatinine) and coagulation markers associated with worse outcomes
in COVID-19 patients(Krishnan et al., 2022).

2.9.3. Immunity and Inflammatory Biomarkers

Infection with SARS-CoV-2 can cause a "cytokine storm,"” which is the
massive release of pro-inflammatory cytokines that contribute to acute lung
injury and poor prognosis(Rokni et al., 2020; Cao X. et al., 2020). The majority
of parenchymal lesions in vital organs are caused by an increase in
inflammatory markers and defects in coagulation processes. When severe
COVID-19 patients were first infected, the CRP marker was significantly
elevated, even before CT scans revealed critical findings. Importantly, CRP is
linked to the development of disease and is a predictor of severe COVID-
19(Tan C. et al., 2020). A rapid increase in C-reactive protein (CRP) levels
precedes respiratory deterioration and intubation, whereas CRP levels plateau
in stable patients. Increasing CRP levels during the first 48 hours of admission
to hospital are a more sensitive predictor of respiratory decline than initial CRP
levels(Mueller et al., 2020).
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Interleukin-six (IL-6) and serum ferritin concentrations were
significantly higher in non-survivors compared to survivors (WMD: 4.6 pg/ml
and 760.2 ng/ml, respectively) and in those with severe disease compared to
those without severe disease (WMD: 1.7 pg/ml and 408 ng/ml
respectively)(Henry B. et al., 2020). IL-6 levels were elevated in both mild and
severe patients, irrespective of comorbidities. Regardless of disease severity or
the presence of co-morbidities, the Erythrocyte Sedimentation Rate (ESR) and
C-Reactive Protein (CRP) levels were increased. Diabetic patients and patients
who developed ARDS possessed elevated levels of D-dimer and LDH. The
procalcitonin levels of severely and critically ill patients were elevated to
varying degrees(lwamura et al., 2021). Some of the previously mentioned
parameters appear to be associated not only with disease severity but also with
mortality(Ruan et al., 2020).

2.9.4. Coagulation Biomarkers

Coagulation abnormalities are associated with a poor prognosis.
COVID-19 non-survivor patients have significantly elevated D-dimer and FDP
levels(Tang et al., 2020). D-dimer levels appear to be frequently elevated in
COVID-19 patients (36-43 %)(Lippi and Favaloro, 2020). It is reported that
coagulation abnormalities like disseminated intravascular coagulation (DIC),
as well as elevated D-dimer and FDP, are common in COVID-19, but these are
rarely seen in other coronavirus infection(Cao and Li, 2020).

Patients with COVID-19 have higher rates of systemic thrombotic
complications. It's becoming clear that SARS-CoV-2 immuno-thrombotic
responses in the lung microvasculature may played a role in advancing the
illness, COVID-19 pneumonia is characterized by fibrin deposition in the
lungs, elevated D-dimer levels, and thrombosis rates ranging from 5 % to 30 %
despite thromboprophylaxis(Cui et al., 2020; Rali et al., 2021).
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Prothrombin time is linked to disease severity in some large-scale
studies, however. In a retrospective analysis of 296 COVID-19 patients (of
whom 17 died), the non-survivors' D-dimer and thrombin time were higher and
their (aPTT) was lower than those of the survivors(Wang et al., 2020).

Tang (2020) examined 207 non-survivor COVID-19 patients and found
that non-survivors had significantly higher D-dimer and FDP levels and longer
PT at admission than survivors. The COVID-19 patients have a rapid
progression to death and a limited ability to benefit from mechanical
ventilation, according to this evidence. In some cases, mechanical ventilation
protocols for patients with ARDS may actually worsen their condition. On the
other hand, full anti coagulation therapy may explain the quick and positive
response of some patients(Ponti and Tomasi 2020).

As early as the pandemic began, coagulant biomarkers such as
fibrinogen, D-dimer, and aPTT were frequently observed in COVID-19
patients hospitalized for treatment, and these biomarkers are recommended to
be routinely measured because in large scale studies D-dimer and PT have been

linked to severe disease and mortality(Bonaventura et al., 2021).

2.10. Clinical and Pathological Investigation of COVID-19

Patients

The COVID-19 is arespiratory illness that can result in mild to moderate
disease in 80% of cases, severe disease in 15% of cases, and critical illness in
5% of cases. The overall case fatality rate is 0.5-2.8 %, but rates in
octogenarians are much higher (3.7-14.8 %)(Team E.E. , 2020). SARS-CoV-
2 infection symptoms can range from asymptomatic and mild to pneumonia
and life-threatening complications such as acute respiratory distress syndrome
(ARDS), septic shock, and multiorgan failure, with the final outcome being
death for those who contract the disease(Zhu et al., 2020;Wang et al., 2020).
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Notably, approximately 11% of individuals with modest symptoms experience
a rapid deterioration, leading to severe presentations such as respiratory failure,
multiorgan failure, or death. Patients with COVID-19 have been found to have
host risk factors that are linked to critical illness and mortality, although early
symptoms of disease progression have been documented infrequently(Chen et
al., 2020). In COVID-19, there is still a lot don't know about how cytokines,
pulmonary inflammation, and the links between an abnormal immune response
and immunopathology in the lung work. This is important for how treat
COVID-19 in the clinic(Li S. et al., 2020).

Pulmonary bilateral widespread alveolar destruction with cellular fibro
myxoid exudates were found in the first report of pathology results from a
severe COVID-19(Xu X. et al., 2020). According to Carsana et al. (2020) and
colleagues, who studied the lungs of 38 COVID-19-deceased patients, diffuse
alveolar destruction in the early or middle phases, together with fibrin thrombi
in tiny artery arteries, are the most common pathological findings. Other
autoptic studies with less instances also demonstrate thrombotic events
occurred in association with COVID-19(Fox et al., 2020; Wichmann et al.,
2020). Reported in individuals with COVID-19 may enhance the risk of venous
thrombosis and pulmonary embolism in critically sick COVID-19 patients
receiving deep sedation and neuromuscular blockers for Acute Respiratory
Distress Syndrome (ARDS)(Helms et al., 2020; Klok et al., 2020).

Additionally, only a few mononuclear interstitial inflammatory
infiltrates were found in cardiac tissue, indicating that SARS-CoV-2 may have
no direct effect on the heart(Xu Z. et al., 2020). Massive mucus discharge was
found in both lungs in COVID-19 fatality cases, which was not reported in
SARS or MERS cases(Liu X. et al., 2020).
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2.10.1. Direct Effect of SARS-CoV-2 on the Cerebrovascular Events

A hospital network in New York City, the rate of ischemic stroke
admission increased sevenfold when compared to a typical flu season, implying
a fundamental link between SARS-CoV-2 and cerebrovascular events(Merkler
et al., 2020).

The COVID-19 virus is associated with a higher frequency of
neurological manifestations, cerebrovascular events have been reported to
occur in approximately 3% of patients in the majority of studies conducted
worldwide(Mishra et al., 2020). The CoroNerve Study Group in the United
Kingdom reported a staggering 62% rate of cerebrovascular events in
hospitalized COVID-19 patients in the largest collection of neurologic
complications(Varatharaj et al., 2020). Strokes that occur in the context of
COVID-19 may be more common in some people than others, based on these
findings. Ischemic stroke was observed in 2.3% of 214 patients hospitalized
with COVID-19 in a preliminary study from Wuhan, China(Mao et al., 2020).
Ischemic stroke was found in 0.9% of 3556 patients with COVID-19 who were
hospitalized in New York City(Yaghi et al., 2020).

An increased risk of thrombotic events, including severe cerebrovascular
events, has been found in young patients who have COVID-19(Oxley et al.,
2020). Studies describing neurological involvement have reported headaches,
dizziness, impaired vision, decreased consciousness, agitation, ataxia, and
seizures in patients with COVID-19(Kalinsky et al., 2020).

Patients with "COVID-19" diagnoses often suffer a lobar stroke, were
more likely to have a cryptogenic cause, and had poorer outcomes(Dhamoon et
al., 2021). Cerebrovascular disease risk factors other than the usual suspects
have been identified in the context of COVID-19 infection. These include
hypercoagulability as a result of infection-induced systemic inflammation or a
cytokine storm, as well as endothelial inflammation specific to COVID-19

infection(Benussi et al., 2020).
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2.10.2 Direct Effect of SARS-CoV-2 on the Liver

The virus may directly infect liver cells in COVID-19 patients, resulting
in liver damage. The research previously conducted on SARS-CoV, which
causes SARS, and MERS-CoVs, which causes Middle East respiratory
syndrome, revealed that these viruses also affect the liver(Guan W. et al.,
2020).

The SARS-CoV patients showed 70% decreased lymphocytes, 25%
diarrhea, and 66% elevated liver enzymes in their plasma, according to
Greenough et al. (2005) . In these patients, special attention should be paid to
liver enzyme elevations and liver lesions. In deceased SARS patients, liver cells
expressing the SARS-CoV protein were discovered. This suggested that liver
cells could be infected directly by viruses. Additionally, autopsy findings in
SARS patients revealed a high number of mitotic liver cells, balloon
degeneration of hepatocytes, mild inflammation, moderate lymphocyte
infiltration, steatosis, and central lobular necrosis, all of which were associated
with obvious apoptosis(Guo et al., 2008).

It is found that approximately 2% — 10% of COVID-19 patients had
positive SARS-CoV-2 RNA in feces and blood, which was associated with
diarrhea, abdominal pain, nausea, and vomiting, suggesting the virus may infect
liver cells during early phases of infection(Yeo et al., 2020).The coronavirus
that causes SARS uses ACE2 as a receptor on host cells. Numerous studies one
of it (Wang D. et al., 2020), have demonstrated that SARS-CoV-2 can also bind
to the ACE2 receptor, allowing it to replicate in cells. Additionally, while ACE2
expression was low in liver cells (2.6% of total cells), it was highly specific in
bile duct cells (59.7%), which is comparable to the expression level of SARS-
CoV and SARS-CoV-2 in the lung's major targeted cells (type Il alveolar
cells)(Zhang H. et al., 2020).

As a result, the novel coronavirus doesn't necessarily infect liver cells, but

rather, it causes bile-duct dysfunction by binding to bile duct cells, which
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played a critical role in liver regeneration and immune response, as a result,
surmise that COVID-19-induced bile duct cell damage could lead to liver
injury(Chenlu Huang et al., 2020).

A cytokine storm caused by the virus's excessive immune response may
also be one of the ways in which liver damage is caused(Cao X. et al., 2020).
Patients with a more severe course of disease may be more at risk for COVID-
19-associated liver injury than those with a milder injury. COVID-19
multisystem manifestations like ARDS, coagulopathy, and multiorgan failure
may have an impact on the liver's ability to produce albumin, acute phase
reactants, and coagulation factors(Varga et al., 2020; Xie and Chen, 2020).
Numerous studies published in the last few months have revealed a possible
role for the liver in COVID-19 infection and pathology(Nardo et al., 2021).

2.10.3. Direct Effect of SARS-CoV-2 on Coagulation Disorder and
Thromboembolic Disease

Thrombogenic events, which include ischemic stroke, pulmonary
embolism, deep vein thrombosis, mesenteric ischemia, and acute coronary
syndrome, are significant complications of certain pathological conditions,
including hypertension, atherosclerosis, and diabetes mellitus(Willoughby et
al., 2002). In SARS-CoV-2 patients, coagulopathy has been observed.
Coagulation abnormalities, including disseminated intravascular coagulopathy
(DIC) and sepsis-induced coagulopathy, have been observed in patients with
COVID-19 (SIC)(Connors and Levy, 2020). Coagulation disorders are
common in COVID-19, and the severity of these disorders is inversely
proportional to the severity of the disease. It is believed that endothelial
dysfunction, specifically pulmonary fibrinous microthrombi in alveolar
capillaries, is responsible for the imbalance between pro- and anticoagulant
mechanisms that occurs when a viral disease is triggered by inflammatory

responses(Subramaniam and Scharrer, 2018; Jun Zhang et al., 2020). Patients
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with a history of coagulation issues are more concerned than other patients
about the potential risks of COVID-19(Kirchberger et al., 2021).

In COVID-19 patients with vascular damage are more likely to develop
thrombosis, microvascular thrombosis, and hemorrhage(McGonagle et al.,
2020), because coagulopathy was common in COVID-19 patients, these
systems have values. In COVID-19 patients, dynamic monitoring of
coagulation system parameters may be essential for preventing the
development of thrombus or death due to DIC. COVID-19 patients with
thrombotic disease showed higher coagulation parameters than non-thrombotic
patients, thrombotic disease was more common in "COVID-19"
patients(Bikdeli et al., 2020; Jin X. et al., 2020) as in figure (2-3).

Increased fibrinogen and D-dimer levels are frequently observed.
Anticoagulation at a prophylactic dose does not prevent venous thrombosis,
intensive care unit (ICU) patients in particular. While bleeding is less common,
it is possible, and pulmonary microvascular thrombosis has been documented,
the risk of developing arterial thrombotic diseases appears to be increased. Vein
embolism can be challenging to diagnose due to the fact that many of the
symptoms of pulmonary embolism are similar to those of COVID-19(Zanza et
al., 2021).

Researchers are now attempting to mitigate the disease's consequences
on a global scale. In general, abnormal blood coagulation can be regarded as a
prognostic factor in patients with COVID-19. Due to the severity of this
disease, coagulation indicators such as fibrinogen degradation products,
lymphocytes, d-dimer, and accumulated platelets may fluctuate in patients; as
a result, examining these factors can be used to initiate treatment promptly(Liu
Y. et al., 2020). Currently, most studies focus on use D-dimers solely as a
marker of disease progression(Pryzdial et al., 2020; Tang et al., 2020).The D-
dimer is a byproduct of the clotting and breakdown of blood that can be

quantified through blood sample analysis. When a blood clot starts to dissolve,
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D-dimer is released. However, D-dimers have a high sensitivity but a low
specificity for pulmonary embolism and deep vein thrombosis detection in low-
risk populations(Ryu et al., 2019).

D-dimer levels above 1000 ng/ml are associated with a 20 higher
mortality risk than those at lower D-dimer levels(Zhou et al., 2020a).
Additionally, as numerous studies have demonstrated, severe SARS-CoV-2
infection is frequently complicated by coagulopathy, and thromboembolic

events are observed in several patients (Huang C. et al., 2020).
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Figure (2-3) Pathophysiological mechanism related to “coronavirus disease 2019”
(COVID-19)-associated with thrombosis and coagulopathy(Bikdeli et al., 2020).

2.11. The Role of Host Genetics in the Severity and Progression
of COVID-19

The genetic makeup of an individual has an impact on his or her
susceptibility to and response to a virus. The risk of SARS-CoV-2 infection and
the severity of COVID-19 are both influenced by environmental, clinical, and
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social factors, in addition, the genetic makeup of the host may be important.
Identifying host-specific genetic factors may shed light on therapeutically
relevant biological mechanisms, as well as on the causal relationships between
modifiable environmental risk factors for SARS-CoV-2 infection and
outcome(COVID-19 Host Genetics Initiative 2021).

A large proportion of COVID-19 cases, its severity, and its mortality can
be explained by genetic variations. In addition, there have been regional
differences in the frequency of some clinical manifestations of COVID-19.
Wauhan patients had higher rates of fever and dyspnea than those from other
parts of China (91.7 % and 21.1 %,) (78.1% and 3.80 % ) respectively(Park et
al., 2020).

In 2020, the COVID-19 Host Genetics Initiative conduct the largest
genome-wide association study (GWAS) for COVID-19 to date. The primary
objective of this GWAS is to gain a better understanding of influence of host
genetics in pandemic susceptibility and severity. The summary dataset for the
COVID-19 GWAS to statistical and counted (14,134 cases and 1284,876
controls with European ancestry), these findings were validated by the
COVID-19 Host Genetics Initiative (COVID-19 Host Genetics Initiative
2020).

Wang and Fang's (2020) study of Chinese patients provides genetic
insight into the phenotypic differences between COVID-19 patient groups and
identifies genes and variants that may aid in directing targeted efforts to contain
the outbreak. There was a wide range of disease severity and symptom
presentation among patients during the outbreak of COVID-19. One in five
laboratory-confirmed cases was mild (non-pneumonia or mild pneumonia),
while one in five went on to a severe or critical stage with a high risk of
respiratory failure(Fu et al., 2020).

Notably, prior research has established the critical role of genetic

background in determining host responses in a variety of common viruses as
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examples, HIV (Fellay et al., 2009), HBV(An et al., 2018), HCV(Rau et al.,
2012), influenza (Schulert et al., 2016), SARS-CoV( Lin M. etal., 2003 ; Ching
et al., 2010).These studies shed light on several genes involved in interferon
production, the viral replication pathway, and numerous postconditions,
indicating that genetic factors may also contribute significantly to the
interindividual clinical variability observed among SARS-CoV-2 infection
patients.

An initial genetic study of COVID-19 disease severity in China, by
analyzing the association between genetic variants present in patients' genomes
and disease progression, they registered 332 hospitalized patients from
Shenzhen City's designated infectious disease hospital(Cai et al., 2020).

The patients exhibit a variety of clinical and laboratory characteristics
and were classified as asymptomatic, mild, moderate, severe, or critical cases
using Chinese Center for Disease Control and Prevention criteria(Wu and
McGoogan 2020). Currently, there is a worldwide outbreak of COVID-19 that
poses a significant threat to all researchers investigating the role of human
genetics in the face of a novel infectious disease will identify rare pathogenic
mutations that result in SARS-CoV-2 infection and a severe clinical outcome.
This will provide unprecedented insights into disease pathogenesis in nature,
undoubtedly opening up new therapeutic options(Casanova et al., 2020). The
Coronaviruses occur on a regular basis, and understand the genetic mechanisms
underlying the development of COVID-19 is critical not only for containing
the current pandemic, but also for preventing future outbreaks(Carter-Timofte
et al., 2020).

The identification of genetic variants associated with individuals'
variable susceptibility to COVID-19 infection and the severity of adverse
complications may eventually help open new avenues, including innovative
personalized treatments, risk stratification, and protection prioritization,

assisting current biomedical research efforts to combat the virus, and also
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guiding current genetics and genomics research toward a cure, thus, additional
experiments are being conducted in several laboratories to examine the effect
of polymorphisms in different genes on COVID-19 severity in a larger patient
population(Abdollahzadeh et al., 2021).

2.11.1. The ACE2 Gene and COVID-19 Disease

The ACE2 acts as a negative regulator of the human body's Renin
Angiotensin System (RAS). Angiotensin converting enzyme 2 (ACE2)
converts Angiotensin (Ang) | to Angiotensin (Ang) (1-9) and disrupts
Angiotensin (Ang) Il to Angiotensin (Ang) (1-7) by ACE2 as in figure (2-4).
Ang Il induces inflammation, promotes fibrosis, and causes vasoconstriction,
whereas Ang (1-7) is a vasodilator peptide with anti-proliferative and
apoptotic properties(Hamming et al., 2007), and because of the importance of
ACE2 in cardiovascular disease and the use of ACE inhibitors to treat
hypertension and heart failure, there has been a surge of interest in the function
and expression of ACE2 in various human organs(Singh et al., 2021). The
ACE2 protein is found in the mucosa of the oral and nasal passages, the
nasopharynx, the lungs, the skin, the lymphatic system, the liver, the stomach,
the small intestine, the colon, the kidney, the brain, and the heart, as well as in
vascular endothelial and smooth muscle cells(Harmer et al., 2002; Hamming et
al., 2004).

Angiotensin Il stimulates the synthesis of thrombin and inhibits
fibrinolysis, the level of COVID-19 in the cases of severe COVID-19 was
strongly correlated with the viral load and lung dysfunction in these
patients(Miesbach, 2020). For the proper functioning of the heart, ACE2 is
required, angiotensin Il (Ang Il) increases blood pressure, myocardial
hypertrophy, and fibrosis in mice, but recombinant human ACE2 reverses these

effects(Zhong et al., 2010). Angiotensin converting enzyme 2 in the human
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genome, ACE2 occupies 39.98 kilobases (kb) of space on chromosome Xp22.

There are a total of 18 exons and 20 introns(Vickers et al., 2002).
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Figure (2-4) A schematic diagram of the major metabolic pathways that regulate the
levels of Ang Il and Ang 1-7 in the renin—angiotensin system that are controlled by
ACE and ACE2 enzymes(Peiré and Moncada, 2020).

It is a membrane-bound glycoprotein of type I with an 805 amino acid
catalytic domain(Tipnis et al., 2000). Similar to the 2002 pandemic-causing
severe acute respiratory syndrome coronavirus-1 (SARS-CoV-1), An infection
with SARS-CoV-2 begins when the virus's S-protein binds to the ACE2
receptor, allowing it to enter the host's cells(Kuba et al., 2005; Walls et al.,
2020). SARS-CoV-2 has a 10 times greater affinity for the ACE2 receptor than
SARS-CoV-1(Wrapp et al., 2020). According to studies, the cell-virus
interaction is mediated by the transmembrane glycoprotein spike (S), which is
present on the viral surface in the form of trimers (ACE2, also called
hACE2)(Yan et al., 2020). This receptor is predominantly expressed in the
lungs, but also in other organs such as the heart, kidneys, and intestines to a
lesser extent(Bavishi et al., 2020). Low levels of ACE2 in the lungs have been
found in children, and this group is described as having a low death rate as well
(Bunyavanich et al., 2020).
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In terms of ACE2 expression, human beings are not equal(Bosso et al.,
2020). At the moment, researchers are examining potential genetic variants that
could facilitate or complicate virus-host interactions(Othman et al., 2020).
Experimental evidence showed that changing the high number of codons in this
gene alters how well the virus interacts with cells (Chan K.K. et al., 2020).
There are over 2000 polymorphisms in the region 5' upstream of ACE2, as well
as in exonic regions and introns regions within the ACE2 locus, based on many
analysis of the polymorphisms present (Khayat et al., 2020). As a result, ACE2
has a dual function in COVID-19: Initially, it acts as a receptor for SARS-CoV-
2 entry; however, when SARS-CoV-2 infection occurs, ACE2 expression is
decreased, resulting in an increase in Ang Il and decrease Ang 1-7, to enter host
cells, SARS-CoV-2 utilizes ACE2 as a receptor(Gonzalez-Rayas et al., 2020)
as in figure (2-5).

Increased ACE2 expression due to upregulation enhances SARS-CoV-2
binding sites, thereby increasing susceptibility to COVID-19 infection.
Additionally, it is demonstrated that Ang Il infusion induces aberrant
inflammatory and thrombotic responses in the microcirculation. Ang I
accelerates carotid artery thrombosis in hypertensive rats via the AT1 receptor
(Kaminska et al., 2005). Prothrombogenic activity is not limited to large
arteries. As well, microvascular thrombosis is accelerated in arterioles and less
so venules following Ang Il infusions(Senchenkova et al., 2019). Numerous
results showed that single-nucleotide polymorphisms (SNPs) in the ACE2
(Xp22.2) gene could influence its expression and also the high affinity of
SARS-CoV-2, affecting susceptibility to infection with SARS-CoV-2 and
COVID-19 severity(Hou et al., 2020).

According to a study, eighty-one thousand genomes were analyzed to
determine major mutations in ACE2, possibly linked to pulmonary and
cardiovascular injury (Hou et al., 2020a). Thus, those ACE2 variants are

promising candidates for genetic association studies aimed at elucidating the
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genetic basis of susceptibility to SARS-CoV-2 risk and the severity of COVID-

19 (Mohlendick et al., 2021).
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Figure (2-5) illustrates how SARS-CoV-2 infection leads to RAAS overactivation.
The angiotensin converting enzyme (ACE) triggers the conversion of angiotensin
I (Ang 1) into angiotensin Il (Ang Il), causing increased vasoconstriction,
inflammation, fibrosis, and lung injury. Conversely, angiotensin converting
enzyme 2 (ACE 2) deactivates Ang | by generating angiotensin 1-7 (Ang 1-7),
which binds to the Mas G-protein-coupled receptor, countering the effects of Ang
I. However, SARS-CoV-2 reduces ACE2 expression, intensifying RAAS activity
and leading to increased lung injury and edema (Gonzalez-Rayas et al., 2020).

2.11.2. The AGT Gene and COVID-19 Disease

The AGT gene on chromosome 1g42.2 encodes angiotensinogen, a
peptide hormone(Corvol and Jeunemaitre, 1997). AGT in humans contains 485
amino acids, including a signal peptide of 33 amino acids(Wu C. et al., 2011).
The

regulation(Kumar et al., 2005). Renin is primarily released by juxtaglomerular

renin-angiotensin system  (RAS) is critical for blood pressure
cells in response to a decrease in blood pressure. It acts on angiotensinogen
(AGT), cleaving off the decapeptide angiotensin-1 (Ang 1). Angiotensin-
converting enzyme (ACE) is then used to convert the latter to angiotensin-II
(Ang I1), an octapeptide. Ang Il is a potent vasopressor that constricts the

smooth muscle of the arteries(Skeggs et al., 1976).
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D-dimer levels may play a role in the assessment of Primary Pulmonary
hypertension patients(Shitrit et al., 2002). The renin-angiotensin—aldosterone
(RAAS) system, a metabolic cascade that regulates blood pressure and
circulating blood volume, has been implicated in the pathogenesis of severe
lung injury and organ failure in COVID-19 patients. The angiotensin I-
converting enzyme (ACEL), Angiotensin converting enzyme 2 (ACE2), and
angiotensinogen (AGT) during SARS-CoV-2 entry, these factors are vital,
sodium and water retention with an increase in blood pressure, and promotion
of fibrotic and inflammatory phenomena, culminating in a cytokine
storm(Cafiero et al., 2021).

Angiotensinogen (AGT) is the major precursor responsible for
hypertension and hypertension-related conditions. Angiotensin-converting
enzyme converts angiotensin | into angiotensin I (ACE). Angiotensin Il played
a critical role in the development of hypertension and hypertension-related
conditions via multiple pathways(Lu H. et al., 2016). Along with its direct
effects on blood pressure, Ang Il stimulates the adrenal cortex, resulting in the
release of the sodium-retaining hormone aldosterone. With increasing disease
COVID-19 severity the serum angiotensinogen concentration increased. In
spite of the fact that the RAS is well established as being a critical component
of the response to COVID-19 infection, other pathways such as the kallikrein-
kinin system (KKS), plasminogen activation, and complement activation all
influence the systemic response to the infection(Tepasse et al., 2022).

It is possible for anyone to become infected with SARS-CoV-2, the
disease's outcome and severity vary by individual and country and are
determined by a dual interaction between the virus and the infected host, the
importance of host genetic polymorphisms (particularly those of the RAS
system) and other confounding factors such as age, gender, lifestyle and habits
have been demonstrated in numerous studies. Those with underlying

pathologies or comorbidities (diabetes, hypertension, and cardiovascular
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diseases) may be more susceptible to infection and pathogenicity(Braga et al.,
2020; El-Arif et al., 2021). Variations in the expression and function of RAS
elements, such as those caused by genetic variants, can affect susceptibility to
COVID-19 pathogenesis, because of this, the COVID-19 virus may be

associated with a gene variant(Kouhpayeh et al., 2021).

2.11.3. The MTHFR Gene and COVID-19 Disease

In the blood, homocysteine is produced by the breakdown of the amino
acid methionine (a building block of protein). High homocysteine levels (also
referred to as hyper-homocysteinemia) may irritate the blood vessels.
Homocysteine levels that are too high indicate an increased risk for (1)
atherosclerosis, which could lead to a heart attack and/or stroke, and (2) venous
thrombosis, also known as blood clots in the veins. Elevated homocysteine
levels are associated with blood clots in the arteries and veins; common genetic
variants in MTHFR may be responsible for elevated homocysteine levels(Moll
and Varga, 2015).

Methylene Tetrahydrofolate Reductase (MTHFR; OMIM:607093) is a
regulatory enzyme of folate and homocysteine metabolism that has been
identified as a disease progression predictor(Ponti and Pastorino, et al., 2021).
The human MTHFR gene is 20 kb in length, located at 1p36.3 (OMIM
607093), and has 11 exons(Rai et al., 2012). As 5,10-methylenetetrahydrofolate
reductase (MTHFR) plays an important role in the one-carbon-methionine
pathway, which regulates DNA repair, neurotransmitter function, and
membrane transport in the absence of enough folate intake, MTHFR activity is
reduced, which reduces 5-methyltetrahydrofolate (5-MTHF) levels and
consequently methionine synthase activity, leading to toxic amounts of
homocysteine(Yafei et al., 2012).

Serum levels of H-Hcy may serve as a biomarker for adverse outcomes

and higher mortality in COVID-19 disease instead of genetic testing for
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MTHFR polymorphism. The antiviral properties of omega-3 polyunsaturated
fatty acids, selenium, zinc, and iron, as well as B vitamins A, C, D, and E, have
been demonstrated(Zhang and Liu 2020).

Acute respiratory distress syndrome (ARDS) and multiple organ failure
can result from SARS-CoV-2. Venous thromboembolism has been observed in
severe patients, most likely as a result of a combination of endothelial injury,
stasis, and hypercoagulability in an inflammatory state(Bilaloglu et al., 2020).
Homocysteine accumulates systemically in genetic variants that significantly
impair MTHFR function, this can result in abnormal clotting(Undas et al.,
2005). In order to understand mortality, clinical, epidemiological, and
laboratory markers must be identified, particularly those related to the
potentially modifiable damage to the microvasculature. A severe clinical course
of COVID-19 infection is associated with serological and clinical
biomarkers(Van Der Made et al., 2020).

In recent years, the level of homocysteine has been hypothesized to be
an important prognostic indicator(Ponti G. et al., 2020). Homocysteine played
an important role in metabolic and inflammatory processes, and the frequency
of MTHFR gene mutations and MTHFR activity varies across populations
based on racial predominance(Liew and Gupta, 2015). Homocysteine has been
identified as a significant predictor of disease progression in 273 mild cases of
COVID-19 in Shanghai; lung CT scans revealed disease progression in 72 of
these patients(Ponti and Pastorino, et al., 2021).

The 273 patients at admission were measured for more than 40
parameters, but the monocyte-to-lymphocyte ratio (MLR), age, and
homocysteine were only significant predictors of disease progression,
according to chest CT changes from COVID-19 patients at the first week for
severe pneumonia(Yang Z. et al., 2020).

The pathogenic relationship between COVID-19 infection and Hcy

metabolism has been elucidated by a number of studies. Recent reports indicate
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that regulatory pathways directly associated with Hcy activate the angiotensin
Il type I receptor(Li T. et al., 2018). The findings by Ponti et al. (2021) indicate
that Hcy is a marker for predicting the outcome of hospitalized COVID-19
patients. Plasma Hcy levels correlate significantly both as a continuous value
and as a dichotomous value, with the optimal cutoff being 16 mol/L. A
correlation between MTHFR genetic polymorphisms and an increase in
COVID-19 infection incidence and severity will aid in predicting population-
based risk factors and developing diagnostic and therapeutic interventions for
patients who may benefit from vitamins B and Folic acid supplements(Ponti G.
et al., 2020). In large studies, plasma Hcy levels, and MTHFR gene sequencing
may be established as standard indicators of COVID-19 infection(Fouda et al.,
2022).

2.11.4. The SERPINEL1 Gene and COVID-19 Disease

Serpin family E member 1 (SERPINEL), which encodes plasminogen
activator inhibitor 1 (PAI-1), is the most potent inhibitor of uridylyl phosphate
adenosine (uPA) and tissue plasminogen activator (tPA)(Huang J. et al.,
2012). Plasminogen activator inhibitor-1 (PAI-1), a serine protease inhibitor
(SERPINEL), is involved in blood clotting. It is linked to cardiovascular disease
and resides on seventh chromosome 7921.3—g22(Hayashida et al., 2010). One
of the main functions of PAI-1, a serine protease inhibitor, is to regulate clot
decomposition in the body by inhibiting the activity of tissue plasminogen
activator (tPA) and the enzyme urokinase (uPA)(Rockway et al., 2002;
Kruithof, 2008) The PAI-1 presents its binding loop as a "pseudo-substrate™ to
the protease; the loop is subsequently cleaved and forms a covalent complex
with the protease(Antalis et al., 2011).

Fibrinolysis is a tightly controlled process in which the protease plasmin
degrades and remodels a fibrin-rich thrombus(Longstaff and Kolev, 2015).

Numerous biological processes, including atherosclerosis, thrombosis, fibrosis,
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cancer, inflammation, ageing, apoptosis, and infection, involve the fibrinolytic
system. Prior to COVID-19, the role of fibrinolytic system components has
been extensively studied in a number of other pathological conditions(Flevaris
and Vaughan, 2017).

This process is regulated by plasminogen activators and inhibitors, with
the end result being the conversion of plasminogen to plasmin, which supports
fibrinolysis. The interaction of plasminogen activators (tPA and uPA) and their
main inhibitor, plasminogen activator inhibitor-1 (PAI-1), was critical in
regulating fibrinolytic activity(Longstaff and Kolev, 2015). However, the
primary An important fibrinolytic inhibitor in ARDS pathogenesis is
plasminogen activator inhibitor 1 (PAI-1), whose levels are elevated in the
SARS-CoV strain epidemic in 2002 and 2003 and acute injury lungs
(ALI)(Gralinski et al., 2013). Pro-coagulation factors, such as von Willebrand
factor and plasminogen activator inhibitor-1(PAI-1), played crucial roles in the
inflammation and coagulation dysfunction associated with COVID-19,
indicating that these soluble mediators may serve as biomarkers of endothelial
activation and endotheliosis(Zhang Jun et al., 2020).

Plasminogen activator inhibitor 1 (PAI-1) and tissue plasminogen
activator (t-PA) levels in plasma concentrations are essential for the regulation
of the fibrinolytic system. Plasmin is produced by the activation of its inactive
precursor, plasminogen, and is the primary defense against fibrosis in the body.
As previously discussed, COVID-19a is associated with poor outcomes due to
elevated d-dimer levels, which are fibrin breakdown products(Hayiroglu et al.,
2020). Patients with critical illnesses tend to have elevated levels of PAI-1 and
t-PA, according to prior research(Zuo et al., 2021). In COVID-19 associated
coagulopathy, fibrinolytic parameters, including PAI-1 and t-PA, are also
significantly dysregulated. Increased PAI-1 activity and inhibition of
endogenous fibrinolysis may be responsible for the increase in thrombosis in
COVID-19(Agirbasli, 2022). In the case of D-dimer formation in COVID-19,
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the question is how much plasmin-generating capacity each form of uPA
possesses in the affected organs. Obviously, this depends on their respective
sensitivity to PAI-1's inhibitory effect. PAI-1 levels are elevated in COVID-
19(Zuo et al., 2021). A recent study predicted mortality with 100 percent
accuracy by plasma PAI-1 levels above 640 ng/mL in patients who progressed
from Acute lung injury (ALI) to acute respiratory distress
syndrome(ARDS)(Prabhakaran et al., 2003). Similar pathology of fibrin
depositions in the lungs has been identified in COVID-19(Yao et al., 2020),
ARDS patients who need intensive care and ventilation may benefit from PAI-

1 values as a prognostic indicator(Whyte et al., 2020).
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3. Subjects, Materials, and Methods
3.1. Subjects

In this part of the study, the subjects were divided into two categories:

1) Control Group

This group consisted of (92) apparently healthy individuals, (54) males
and (38) females between the ages of 18 and 65, None of them had contracted
coronavirus disease at the time when the samples were collected. During direct
communications with patients and control persons, all information about both
groups of patients and the control were recorded in a questionnaire form, which
included name, age, sex, employment type, linked disease, and symptoms,
(Appendix 1).

2) Patients Group

This group consisted of (102), physician-diagnosed patients who
experienced various symptoms, including fever, dry cough, headache, loss of
smell and taste, and occasionally vomiting and/or diarrhea, between December
2021 and May 2022.

They are (48) males and (54) females between the ages of (18-80), with
the diagnosis confirmed by a nasopharyngeal or oropharyngeal swab for PCR
or a blood sample for biomarker and CT scan in some cases, as per the WHO-
established protocol for the detection of coronavirus using different tests.

all samples were collected from different places and hospitals in Iraq
(Al-Diwaniyah Teaching Hospital, Marjan Medical City, Al-Hussein Teaching
Hospital, Al-Hamza Teaching Hospital, and many special laboratories) while
the control (92 blood samples) was collected from people with negative
COVID-109 tests.

The patient groups were categorized into two distinct subgroups: severe
(consisting of 57 cases) and non-severe (comprising 45 cases), using specific

criteria based on hospitalization duration and the worsening of symptoms.
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Unfortunately, within these groups, there were instances of patient mortality
observed in the severe category, while the non-severe category had fewer cases

exhibiting severe symptoms. The classification of COVID-19 severity was

defined as follows:

= Non-severe: Non-severe: Patients with mild symptoms, no pneumonia

on lung CT.

= Severe: Patients with severe symptoms including respiratory distress,

O2Sat at/below 90%, and the need for mechanical ventilation, often

leading to ICU admission(WHO, 2020a).

3.2. Materials

This part includes the materials, equipment, chemicals, and Kits, and also

the companies and countries involved in the study.

3.2.1. Equipment

An overview of the equipment used and its sources in table (3-1).

Table (3-1) Includes all study equipment required for the study

No.  Name “Company Origin
1. | Centrifuge Hattich Germany
2. | Cool box Eskimo India
3. | EDTA tube (2 ml) Shanghai Ningbo China
4. | Electronic Balance Huma Scale huma Germany
5. | ELISA reader PKL/PARAMEDICAL | ltalia
6. | Gel electrophoresis apparatus | Bio-Rad USA

and power supply
7. | Gel tube (6 ml) V-TUBE Korea
8. Incubator Hettich Germany
9. | Micropipette (different sizes) Slamed Japan
10. | Microwave oven SAMSUNG Korea
11. | Nanodrop Thermos fisher USA
12. | Refrigerator Beko Japan
13. | Thermal cycler (PCR) Bio-Rad USA
14. | UV Transilluminator Major science Taiwan
15. | Vortex Huma Twist Germany
16. | Water bath Memmert Germany
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3.2.2. Kits
Listed below is a list of the kits used in this study in Table (3-2).

Table (3-2) kits used in the study

No. Kits Company Origin
1. Kit DNA extraction Geneaid Taiwan
2. Kit ELISA assays (N=4) BT-LAB China
3. Master mix Promega USA

3.2.3. Reagents and Chemicals
This study used the chemicals and reagents presented in table (3-3) and

their sources.

Table (3-3): Chemicals list used in this study.

No. Chemical Company Origin

1. | Absolute ethanol Fluka Germany

2. | Agarose Pronadisa Conda Spain

3. DNA ladder marker Bioneer South Korea
4. Ethidium Bromide Biobasic Canada

5. Nuclease Free Water Bioneer South Korea
6. | Isopropanol Fluka Germany

7. Loading dye Geneaid Taiwan

8. Primers Bioneer South Korea
9. | TBE buffer (10x) Transgen biotech China

10. | Proteinase K Transgen biotech China

3.3. Collection Samples and Types

3.3.1. EDTA Tube
Blood samples (5ml) were obtained from 105 patients with positive

COVID-19 results.
3.3.2. Sodium Citrate Tube

Collect from each patient 2ml of blood put into sodium citrate tube to

obtain plasma that used for D-Dimer test.
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3.3.3. Serum Sampling

Each patient with a positive COVID-19 test was provided a serum
sample along with a blood sample, in addition to each COVID-19 negative test
with no symptoms, serum and blood samples were provided.

3.3.4. Study Design
The study utilized a case-control design to compare patients with a

specific disease or outcome of interest (cases) to those without the disease or
outcome (controls). The final results were obtained through a series of steps

outlined in Figure (3-1).
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Figure (3-1) depicted an experimental study design involving genotyping and ELISA
measurements of blood and serum samples from both healthy individuals and patients.
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3.3.5. Ethical Approval and Participants' Consent

This study was approved by the Council of the Department of Biology/
College of the Science/ University of Babylon under number (B220102, date
Jan 17, 2022), each individual participating in the study was taken consented

him/her or the consent of his family for severe cases.

3.4. Methods

Blood samples and serum samples were collected in EDTA and GEL
tubes respectively, from 194 participants; 102 positive COVID-19 test patients
and 92 negative COVID-19 tests.

3.4.1. Genomic DNA Extraction

Using DNA Extraction Mini Kit supplied by Geneaid/Taiwan, the
extracted DNA from whole blood in accordance with the manufacturer's
instructions:

1. Sample Preparation; A clean 1.5-milliliter tube was filled with 20
microliters of Proteinase K, after which the Proteinase K was mixed with
200 microliters of whole blood.

2. Cell Lysis; Introduce 200 ul of lysis buffer (GSB Buffer) and vigorously
shake to mix. Incubate at 60°C for 5 minutes, gently inverting the tube
every 2 minutes.

3. DNA Binding; Added 200 ul of absolute ethanol to the sample lysate and
shake vigorously for 10 seconds. If there's any precipitate, disperse it with
a pipette. Placed a GS Column into a 2 ml Collection Tube. Transfer the
entire mixture (including precipitate) to the GS Column. Centrifuge at
12,000 rpm for 1 minute. If the mixture doesn't pass through the GS
Column membrane, extend centrifugation. Dispose of the 2 ml Collection
Tube with flow-through, then move the GS Column to a new 2 ml

Collection Tube.
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4. Washing; Added 400 ul of W1 Buffer onto the GS Column. Centrifuge at
12,000 rpm for 1 minute, and then remove the flow-through. Return the GS
Column to the 2 ml Collection Tube. Added 600 ul of Wash Buffer (W2)
to the GS Column. Centrifuge at 12,000 rpm for 1 minute, and again
remove the flow-through. Placed the GS Column back in the 2 ml
Collection Tube. Centrifuge for 3 minutes at 12,000 rpm to desiccate the
column matrix.

5. Elution; The binding column tube was transferred to a fresh 1.5 ml tube
for elution. Following this, 200 ul of pre-heated Elution buffer (EL) was
added, and a minimum of 5 minutes was allowed for full absorption of the
EL at room temperature (15-25°C). For elution, centrifugation at 10,000
rpm for 1 minute was performed, yielding an approximate eluent volume
of (180-200) ul when using 200 ul of Elution buffer. Subsequently, the
collection tube was discarded, and the Eppendorf tube containing eluted

DNA was securely capped and stored at -20°C.

3.4.2. DNA Quantity and Purity

The efficiency of subsequent reactions depends critically on the nucleic
acid concentration of the specimen. nucleic acid quantification was done with
using a nanodrop device that only requires 1 pl of sample to quantify and
measure optical density (OD) at 260 nm and 280 nm. The Nanodrop is a reliable
machine that can calculate g/ml and purity from OD measurements as in
Appendix (2). In general, a ratio of A260/A280 between 1.7 and 1.9 indicates
pure DNA(Lucena-Aguilar et al., 2016).
3.4.3. Primer Preparations
3.4.3.1. Primer Design

Several genotyping methods are used for the molecular diagnosis of
polymorphisms in this study, two genotyping methods using in this study and

the both methods were faster and less expensive technologies such Allele

52




Chapter Three Material and Methods

specific-PCR (AS-PCR) and Tetra-ARMS-PCR (T-ARMS-PCR). In design
allele specific primers in present study used two websites Web-based Allele-
Specific Primer (WASP) and BatchPrimer3, WASP is a tool for designing
allele-specific (AS) primers that were applied in this work, in order to enhance
the resultant AS primers, as a result, WASP introduces one deliberate
"mismatch™ at the penultimate base of AS primers (second-to-last) to create
various destabilizing effects(Wangkumhang et al., 2007), while BatchPrimer3
Is a comprehensive web-based primer design application that uses the Primer3
core software as its primary primer design engine to build various PCR primers
included (including allele-specific primers, tetra-primers for tetra-primer
ARMS PCR and single-base extension primers)(You F. et al. 2008) .

The AS-PCR is easy to use, quick, affordable, and trustworthy in
addition does not require advanced equipment or technology(Liu et al. 2012;
Yang et al. 2013). Hence, various natural populations were examined for the
preferred SNP genotype. This method relies on three primers (mutant, wild,
common) and their binding, determined by the base in the targeted region as in
figure (3-2). Details of primer sequences and fragment sizes are outlined in
Table 3-4.

Primer M

Primer W
Wild base

Mutant base
fe———————————————————— |

(:l)llllllllll IDI'iIIIl‘I'

SAMPLE

VAN

PCR1 PCR2
Primer 1 Primer 2

Common primer Common primer

Figure (3-2) Schematic summary of Allele Specific-PCR when designing primers
according to parameters by classified into two reactions, primer M= mutant, primer
W= wild and common primer.
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Table (3-4) The primers sequences of allele-specific PCR were design by WASP

website for the genes in study (AGT, SERPIN1, MTHFR, and ACE2).
(\[e} ‘ Gene/rs Common primer (5° - 3%) ‘ Wild type primer Mutant type primer  Size of product

1. | AGT/rs699 | Forward Reverse Reverse
CTGGCTGATCTCAGCTA AAGACTGGCTGCTC | AAGACTGGCTGCTCC 142 bp
CAC CCTGAT (T allele) CTGAC (C allele)
2 | SERPINEL | Forward Reverse Reverse
/rs1799889 | GTCTGTGTCTGGAGGAA TCCGATGATACACG CCGATGATACACGGC 255 bp
GAG GCTGAAT (4G allele) TGAAC (5G allele)
3. MTHFR/ | Forward Reverse Reverse
rs1801133 [ AGTTCTGGACCTGAGAG GAAGGTGTCTGCGG | GAAGGTGTCTGCGG 266 bp
GAG GAGLC (C allele) GAGT (T allele)
4. ACE2/ Forward Reverse Reverse
rs2106809 | GCTACAACGTGTCCTTG TGATGTAGAAGTGT TGATGTAGAAGTGTG 196 bp
ATT GGAGAACT (T allele) | GAGAACC (C allele)

The T-ARMS-PCR is an acronym that stands for tetra primer-
amplification refractory mutation system-based polymerase chain reaction.
This method is used for genotyping as well as identifying any mutation that
involves single base changes or small deletions. Compared to genotyping
techniques such as allele-specific PCR (AS-PCR), T-ARMS PCR offers a
flexible, fast, and cost-effective method for SNP detection(Gaudet et al., 2009),
However, it does require significant optimization during the initial phases of
the experiment, as noted by Alyethodi et al. (2018). The optimization stage
might be laborious and time-consuming in this method(Zabala et al., 2017).

Tetra-primer PCR was initially introduced by Ye et al. (2001), a method
of amplification in which allele-specific amplification may be done in a single
reaction by Primerl design web service to creates four primers, in addition
BatchPrimer3 was mentioned in AS-PCR. The T-ARMS- PCR based method
involved two SNP-specific inner primers and two outer primers are used in a
single reaction as seen in figure (3-3), with one of the inner primers being
intentionally mismatched at position -2 from the 3' end. In study summarizes

sequences primers designed for profiling of DNA polymorphism in table (3-5).
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Table (3-5) the primers were designed for T-ARAMS-PCR to detected variants in this

study (T/rs699, SERPIN1/rs1799889, MTHFR/rs1801133, and ACE2/2106809).

No. Genelrs Size of Inner primers (5' - 3") Size of product

Outer primers (5° - 3")

product
1. Forward Forward inner (T allele): 194 bp (T allele)
CTGAAGCAGCCGTTTGTGC TGGAAGACTGGCTGCTC
AGT/rs699 | A CCTTAT
Reverse 319 bp Reverse inner (C allele): 168 bp (C allele)
CACCAGGTATGTCCGCAG GCTGTCCACACTGGCTC
GG ACG
2. SERPINEY/ | Forward Reverse inner (5G allele): 145 bp (4G)
rs1799889 | CCATGGTAACCCCTGGTCC GAGAGAGTCTGGACAC
C GTGGTGG
Reverse 315 bp Forward inner (4G alleles): 213 bp (5G)
GCTCTGGACCACCTCCAGG CCGATGATACACGGCTG
A CCT
3. MTHFR/ | Eorward Reverse inner (T allele): 176 bp (T allele)
rs1801133 | GAGGCCAGCCTCTCCTGAC GAAGGTGTCTGCGGGC
T GT
Reverse 213 bp Forward inner (C allele): 139 bp (C allele)
AGTGGGGTGGAGGGAGCT AAAGCTGCGTGATGAT
TA GAAATAGG
4. Forward Reverse inner (T allele): 159 bp (T allele)
TCACAGATCCCAAAACAG TTTTCCATATCTCTATCT
ACE2/ TA GATTGA
rs2106809 | Reverse 312 bp Forward inner (C allele): 196 bp (C allele)
TAGCTACAACGTGTCCTTG TGTAGAAGTGTGGAGA
A CGC

3.4.3.2. Reconstitute PCR Primers

Centrifuge primers to force all of the lyophilized powder to the bottom

of the tube. A 100pmol/ul concentration of lyophilized primer was

reconstituted in free DNase and RNase water, and stored at -20°C until use.

The amount of nuclease water to add is determined by the number of nanomoles

(nmoles) in the oligo primer. This is normally located on the tube itself or on

the priming sheet that comes with the order, to prepare a 10pmol working

primer solution, The sample was resuspended 10ul in 90ul of deionized water

to a final concentration of 10 pmol/ul and vortexed.
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Outer primer Cinner primer=G
—
|
allele
| C 5}
=
Outer primer

stop A =inner primer T

C inner primer= G /stop

Outer primer
=
[ L ————
Tallele X
=
A =inner primer T Outer primer

Figure (3-3) A schematic overview of the ARMS-PCR primer design. Red: exterior
primers; green: inner C-allele-specific primer and T-allele primer in G allele; yellow:
inner T-allele- and C allele in T allele specific primer; stop: inner primer with a second
mismatch.

3.4.4. Amplification of DNA

The target region was amplified using PCR conventional using a specific
primer. The amount of the reaction mixture was completed to 25ul, and this
reaction carried out under sterile conditions.

Two PCR reactions were performed for each sample, including two
allele-specific forward primers for the mutant with a common primer and wild
with a common primer in the second reaction, in order to determine the wild-
type and mutant alleles of this study polymorphisms as in table (3-6). All the
reactions under optimal conditions of PCR by calculation the temperature to

each cycle to get of results as in table (3-7).
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Table (3-6) PCR reaction components for amplification of ACE2, AGT, SERPINEL,
and MTHFR by allele specific-PCR.

Component reaction 1 Quantity(pul)/ Component reaction 2 Quantity(ul)/
concentration concentration
Master mix 12.5 ul Master mix 12.5ul
Common primer 2 ul/ (10pmol) Common primer 2 ul/ (10pmol)
Wild primer 2 pl/ (10pmol) Mutant primer 2 ul/ (10pmol)
DNA template 5ul DNA template 5ul
Nuclease free water 3.5ul Nuclease free water 3.5ul
Total volume 25 ul Total volume 25 ul

Table (3-7) PCR amplification program of allele specific-PCR to ACE2, AGT,
SERPINEL, and MTHFR.

Steps ACE2 AGT  SERPINE1l| MTHFR
Initial denaturation Tm 95°C/3min | 95°C/3min | 95°C/3min | 95°C/3 min
Denaturation Tm 95°C/30sec | 95°C/30sec | 95°C/30 sec 95°C/3sec
Annealing Touchdown | 57°C/45sec | 59°C/45sec | 60 °C/45 sec
PCR (54-59)
°C /45 sec
-1°C/ cycle
Extension 72°Cl45sec | 72°C/30sec | 72°C/30sec | 72°C/45sec
Final extension 72°C/5min | 72°C/5min | 72°C/5min | 72°C/5 min
No. of cycles 33X 34X 34X 34X

X: PCR yield for number cycles.

While T-ARMS-PCR the method were in single reaction by using four
primers with all the components of reaction to amplify the target region contain
the polymorphism as in table (3-88), Optimizing the optimum PCR conditions
for the T-ARMS PCR was a challenging process(Medrano and De Oliveira,
2014), the list conditions of protocol T-ARMS PCR in this study as in table (3-
9).
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PCR Master Mix Composition Taq DNA polymerase is provided at a
concentration of 50 units per milliliter, and it comes supplied with a proprietary
reaction buffer at a pH of 8.5. Additionally, the reaction mixture contains 400
micromolar (uM) of each of the four deoxynucleotide triphosphates (dATP,
dGTP, dCTP, and dTTP), as well as 3 millimolar (mM) of MgCI2.

Table (3-8) PCR reaction components for amplification of ACE2, AGT, SERPINEL,
and MTHFR by T-ARMS PCR.

Component single reaction

Quantity(ul)/ Concentration

Master mix 12.5 ul
Outer primers 1 ul each primer/ (20pmol) =2
1-Forward 20stock primer+80 free
2-Reverse nuclease
Inner primers 1 ul each primer/ (20pmol) =2
1-Wild primer 20stock primer+80 free
2-Mutant primer nuclease
DNA template S5ul
Nuclease free water 3.5ul
Total volume 25 ul

Table (3-9) PCR amplification program of T-ARMS PCR to ACE2, AGT, SERPINEL,
and MTHFR.

Steps ACE2 AGT SERPINE1 MTHFR

Initial denaturation Tm 95°C/3min | 95°C/3 min 95°C/3 min 95°C/3 min

Denaturation Tm 95°C/30 sec | 95°C/30 sec 95°C/30 sec 95°C/30 sec

Annealing Touch down | 62°C/1 min 59°C/1 min Touch down

PCR (55-60) PCR (56-62)

°C /1 min °C /1 min

-1°C/ cycle -1°C/ cycle

Extension 72°C/30sec | 72°C/30 sec 72°C/30 sec 72°C/45 sec

Final extension 72°C/5min 72°C/5min 72°C/5min 72°C/5min
No. of cycles 33X 34X 34X 33X
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3.4.5. Agarose Gel Electrophoresis

When extraction of genomic DNA was done, Agarose gel electrophoresis is
the most efficient method for separating DNA fragments and confirming the
presence and integrity of the extracted DNA(Russell and Sambrook, 2001). The
Solutions used with Agarose gel electrophoresis were as follows:
e 1 X TBE buffer
e Loading dye
e DNA ladder marker

e Gel stain

A- Preparation of 1X TBE Buffer

To make 1X TBE buffer, add 100 ml of 10X TBE stock solution to 900 ml

distilled water.

B- Preparation of Agarose Gel

1. One hundred ml of 1X TBE buffer was placed in a beaker.

2. To the buffer, 1 gm of agarose gel (1% for DNA extraction) or 2 gm of
agarose gel (2% for PCR amplification) was added.

3. Inorder to prevent evaporation, the solution was heated in a microwave until
all the gel particles were dissolved.

4. To make the DNA visible, 3-5 ul of gel stain (Ethidium Bromide) was added
to the agarose.

5. The agarose was thoroughly mixed by stirring.

6. The solution was then cooled to a temperature of 50-60°C.

7. The gel tray was prepared by placing the comb inside it, and the agarose
solution was poured into the tray. The agarose was allowed to solidify at

room temperature for 10-20 minutes.
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8. The comb was carefully removed, and the tray was filled with 1X TBE-

electrophoresis buffer until it reached a level 3-5 mm above the gel surface.

C- DNA Loading

The following DNA samples were loaded into the agarose gel's wells:

1. Seven ul of DNA was added to each well in the gel box.

2. At 75v and 20A, the electricity was turned on for one hour. DNA moves
from the negative cathode to the positive anode (anode).

3. A source of ultraviolet light with a wavelength of 350 nm was used to
examine the gel's bands.

4. Gel imaging was used to visualize stained bands in gel.

5. Analyzing the gel band to find fit size by using the DNA ladder in the first

lane.

3.4.6. Direct DNA Sequencing

The PCR product (20 ul) sent to Macrogen Company, South Korea to
perform PCR product sequencing based on primers in table (3-10). Sequencing
was carried on the 250 samples to confirm the accuracy and correctness of the
genotyping data from the AS-PCR and T-ARMS-PCR methods, the products
were forwarded for Sanger sequencing. The shipped samples for sequencing
were categorized into groups, with 60 samples assigned to each polymorphism.
Within these, 20 samples were designated as controls, another 20 as severe
patients, and the remaining 20 as non-severe patients. The results of sequencing
came as three files included (chromatogram, text file sequence, and PDF file of
picture chromatograms), the technique employed for sequencing, known as
Sanger sequencing, was carried out using an ABI3730XL automated DNA

sequencer, The results were subsequently received via email, followed by data
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analysis using specialized software programs like MEQA11l and Geneious

Prime software to perform alignment analysis and identify genetic variations.

Table (3-10) the primers were designed for sequencing variants included in study

(AGT/rs699, SERPIN1/rs1799889, MTHFR/rs1801133, and ACE2/2106809).

Gene/rs Forward primer (5' - 3")  Reverse primer (5" - 3") Size of
product
1. AGT/rs699 Forward Reverse
AGCAGCCACTTCCCCAC | CACAGCTGACAGGCTAC 545 bp
T AGG
2. SERPINE1/ | Forward Reverse
rs1799889 | TCTGTGTCTGGAGGAAG | CAGCCACGTGATTGTCT 350 bp
AGGA AGG
3. MTHFR/ Forward Reverse
rs1801133 | TGGGAAGAACTCAGCGA | CAGCCTCTCCTGACTGTC 336 bp
ACT ATC
4, ACE2/ Forward Reverse
rs2106809 | TATGGGCCTCATGCTCTC | TTCTCTCACAGATCCCAA 366 bp
TC AACA

3.4.7. Laboratory Methods
3.4.7.1. Hematological Parameters and D-Dimer
Level of Hb, platelet count, neutrophils and total WBC count were

determined using a fully automated hematology analyzer.

3.4.7.2 Homocysteine, ANG 1-7, PAI-1, and Angiotensinogen
A-Kit Content

Using commercially available ELISA Kkits, the levels of homocysteine,
ANG 1-7, PAI-1, and Angiotensinogen were determined in the serum of
COVID-19 patients and healthy controls. The same company all of the Kits,
which were based on the same principles; As a result, the kit components, assay

process, and calculations are all presented together as in table (3-11).
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Table (3-11) Kit content of ELISA.

Components Quantity (96T)

Biotinylated Human Hcy, ANG 1ml x1
1-7, AGT, and PAI-1 antibody
Plate sealer 2 pics
Pre-coated ELISA plate 12 * 8 well strips x1
Standard diluent 3ml x1
Standard solution (24ng/ml) 0.5ml x1
Stop solution éml x1
Streptavidin-HRP 6ml x1
Substrate solution A éml x1
Substrate solution B 6ml x1
User instruction 1
Wash buffer Concentrate (25x) 20ml x1

B-Standard Preparations

Reagent preparation: the following manufacturer's recommendations
were followed while preparing standard solutions: It is recommended that all
reagents be stored at room temperature and all concentrations in table (3-12)

below:

Table (3-12) the standard of concentration to each ELISA used in study based on the
kits.

NO. ELISA name Standard Standard Standard Standard Standard Standard
Concentration No.1 No.2 No.3 No.4 No.5

1. Human AGT 1440ng/L 720ng/L 360ng/L 180ng/L 90ng/L 45ng/L

2. Human Hcy 64nmol/ml 32nmol/ml | 16nmol/ml | 8nmol/ml | 4nmol/ml | 2nmol/ml

3. Human Ang 1-7 960ng/L 480ng/L 240ng/L 120ng/L 60ng/L 30ng/L

4. Human PAI-1 24ng/ml 12ng/ml 6ng/mi 3ng/ml 1.5ng/ml | 0.75ng/mi
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A similar method was used for creating criteria for the four markers
evaluated in this study. As an example, here is a typical Human Hcy procedure:
Standard to create a 32nmol/ml standard stock solution, reconstitute 120ul of
the standard (64nmol/ml) with 120ul of the standard diluent. Ensure that the
standard is moderately agitated for 15 minutes before preparing dilutions.

The standard stock solution (32nmol/ml) should be serially diluted (1:2)
with the standard diluent to create 16nmol/ml, 8nmol/ml, 4nmol/ml, and
2nmol/ml solutions. It is recommended to dilute standard solutions as follows
figure (3-4). Dilute 20ml of wash buffer to 500ml of 1x wash buffer. If crystals

develop in the concentrate, gently mix until the crystals dissolve entirely.

120 ul 120 ul 120 pl 120 ul 120 ul

/\ /\ /\ /\ /\ Zero Standard

LLLE

Standard No.5 | Standard No.4 | Standard No.3 | Standard No.2 | Standard No.l

Standard
Concentration

64nmol/ml 32nmol/ml 16nmol/ml 8nmol/ml 4nmol/ml 2nmol/ml

Figure (3-4): Schematic presentation of standard preparation of hHCY.

C-Assay Technique

1. All reagents, standard solutions, and samples were prepared. It was ensured
that all reagents were at room temperature before use. The experiment was

conducted at room temperature.
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2.

To perform the test, the required size of the strips was determined. The strips

were placed into the frames and kept between 2 and 8 °C.

The standard wells were filled with 50 ul of standard solution. Biotinylated

antibody was avoided in the standard solution as it was already present.

The sample wells received both the specimen and 10 pul of Human antibody,
selected based on the specific kit used for (AGT, Ang 1-7, Hcy, and PAI-
1). Additionally, 50 ul of streptavidin-HRP was inserted into the standard
wells (absolute blanks could not be used). The contents were mixed well

and incubated for 60 minutes at 37 °C after applying a sealer to the plate.

The sealant was removed from the plate, and it was washed five times with

a wash buffer.

Substrate solution A (50 ul) was introduced into each well, followed by the
addition of 50 ul of substrate solution B. Subsequently, the plate was

incubated in darkness at 37 °C for 10 minutes.

Stop solution was added to each well, causing the blue color to quickly turn

yellow.

The optical density (OD value) was calculated by using a 450 nm microplate

reader within 10 minutes after applying the stop solution.

D- Calculation of the Concentration

The absorbance of the standards for each serum marker was recorded in

an EXCEL sheet and then plotted against the concentrations of the standard.

Then, the level of the unknown samples was identified by generating an

equation that fits best the curve as in figure (3-5).
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Figure (3-5): Standard curves of AGT, Ang 1-7, Hcy, and PAI-1.

3.5. In Silico Tools Study

Several web servers and software were used to primers design and predict

impact SNPs in the genes of this study based on present polymorphisms in exon
sites of AGT and MTHFR and polymorphisms in non-coding sites of
SERPINE1 and ACEZ2, in addition to analysis of the sequencing results and
calculate the curve of ELISA concentration as in table (3-12).
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Table (3-13) list of web servers and software used in results of the study.

O PDES OT alld
SIFT prediction Coding variants
PROVEAN tool Coding variants
PhD-SNP tool Coding variants
MutPred?2 tool Coding variants
I-mutant2.0 tool Coding variants
PolyPhen-2 software Coding variants
TMHMM tool Coding variants
SpliceAid Non-coding variants
WASP tool Allele specific primers
BatchPrimer3 Allele specific primers +ARMS PCR primers
PRIMER1 ARMS-PCR primers
Primer3Plus Sequencing primers
Curve finder ELISA concentration curve
MEQA11 Sequencing analysis
Geneoius prime and Blast alignment | Sequencing alignment
BioEdit Data sequencing analysis
CurveExpert Professional Curve fitting and data analysis

3.6. Statistical Analysis

The current study data was analyzed using the statistical packages for
Social Sciences-version 27 (SPSS-27) with GraphPad prism software, was used
to determine the influence of various factors on study parameters. The T-test
was used to compare means in a statistically significant manner. The Chi-
square test was used to compare percentages in a significant manner (0.05 and
0.01 probability). The odds ratios (ORs) and 95% confidence intervals (95 %
Cls) were utilized to evaluate the potential associations between genetic
variants of the (ACE2, AGT, SERPIN-1, and MTHFR) SNPs genes and severity
COVID-19 disease in addition, levels of proteins (Hcy, AGT, Ang 1-7, and
PAI-1) were measured. If a test's P value was less than 0.05, it was deemed
significant. The Hardy-Weinberg equilibrium (HWE) was used to examine the
allele and genotype frequency distributions.

In addition to the area under the curve (AUC), 95 % confidence interval
(CI), cut-off value, sensitivity, and specificity were calculated using ROC

analysis. The ROC curve for calculated ages, hematological markers, and
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ELISA concentrations. The ROC curve was used to plot sensitivity against 1-
specificity (false-positive rate) for various cut-off values measured in the
diagnostic test. The black curved line in the ROC curve represents the specific
diagnostic test and illustrates the trade-off between sensitivity and specificity
at different cut-off values. For instance, point A on the curve indicates a stricter
cut-off with high specificity (low false-positive rate) but poor sensitivity
(around 40%). On the other hand, point B represents a more lenient cut-off with
better sensitivity (>90%) but lower specificity (approximately 30%,
corresponding to a false-positive rate of 70%).

The AUC (Area Under the Curve) of the ROC curve reflects the overall
accuracy of the test. A test that performs no better than chance would be
indicated by a straight line (shown as a dashed red line) with an AUC of 0.5.
Conversely, a nearly perfect test would have a rectangular configuration

(shown as a dashed blue line) with an AUC approaching 1.0.
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Figure (3-6): The Receiver Operating Characteristic (ROC) curve is an example of a
graphical representation used to evaluate the performance of a diagnostic test.
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Results and Discussion

4. Subject
The participants in this study were one hundred ninety-four individuals
from patients and healthy, one hundred two COVID-19 patients, and ninety-

two apparently healthy individuals as a control group figure (4-1).

Total=194
m Patients m Control

Figure (4-1): Pie Chart showed COVID-19 cases and healthy group distributed
according to the number of participants.

4.1. Age and gender distribution

According to the demographic survey, the age of patients ranges from
(18-85) years with a high number of older patients. According to the data, older
people were more likely to suffer a severe infection. Previous studies also
predicted these results, COVID-19 symptoms and non-recovery were more
common in older patients, and they were more likely to die in hospital(Zhang
J. et al., 2020; Speretta and Leite 2020). The mean+SD age of COVID-19
patients and healthy group (52.66+£18.84 vs. 37.88+£14.19) respectively, as in
figure (4-2), with a median (IQR) was [53(36-69) vs. 31(24-43)] respectively.

In the sense that most COVID-19 cases were 45 years and older in comparison
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to the healthy group most of them <40 years. That is why predicted a significant

level at a (p-value <0.05).

Age distribution
100- p-value<0.05
o
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Figure (4-2): COVID-19 cases and control distributed according to mean+SD age.

Figure (4-3) showed the distribution of the males and females between
patient group and healthy group did not a significant variation (p=0.99), where
collected as patients (54 vs.58.6% and 48 vs.47.1%) of both male and female
are respectively, in addition to heathy male (54 vs. 52.9%) and female (38 vs.
41.3%). It means that men and women had both susceptibility of COVID-19
infection according to the early clinical reports from China, a recent study
showed that both men and women were infected with COVID-19, and further
investigation revealed sex differences in mortality and susceptibility to SARS-
CoV-2 infection(Kopel et al., 2020).
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A study by Levkovich et al. (2021) there seems to be gender variations
in mortality and susceptibility to the illness, despite the fact that gender-
disaggregated data for COVID-19 so far showed an equal number of cases for
men and women. Men may be higher mortality, probably because of
immunological variations between the genders or because of the higher

incidence of smoking among men(Chen et al., 2020).

Covid-19 infection based on sex

E Male
1 Female
100 -
=
>
(@]
o
50—
0
Pateints Control
Groups

Figure (4-3): Covid-19 cases and control distributed according to gender.

The ROC curve was drawn for predicted age which is to increase the risk
of infection COVID-19 between patients compared to control in this study by
calculating the AUC, sensitivity, and specificity to collected data, and the
results found cut off value when age > 44 years old while the AUC was 0.76 at

sensitivity 63% and specificity 89% as in shown in figure (4-4).
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ROC Curve of age
p-value<0.05

Sensitivity

AUC=0.76
cut-off value=44
at sensitivity 63% and specificity 89%
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Figure (4-4): ROC curve analysis of age in COVID-19 patients versus control.

4.2. Severity classification among of COVID-19 patients

The study included 102 COVID-19 patients; SARS-CoV-2 positive for
all of the COVID-19 study participants was determined by RT-PCR. The
participants were categorized into two subgroups, namely severe and non-
severe, based on the severity of their condition as illustrated in Figure (4-5) of
the present study. In many studies categories of COVID-19 cases depends on
who needs ICU and who needs hospitalization as a severe case while non-
severe from mild to moderate who was symptoms not observed deeply or there
were symptoms needed to see the physician but not hospitals admission(Al
Mutair et al., 2022; Flikweert et al.,, 2022). There were 57(55.9%)
severe/critical cases (33 vs. 57.9% - 24 vs. 42.1%) as male and female
respectively, while 45(44.1%) (male 15 vs. 33.3% and female 30 vs. 66.7%) as
non-severe cases with significant difference (p-value<0.01).

In figure (4-6) the meantSD of age non-severe cases 39.24+10.4 and

median (IQR) 38(32-45) compares with severe cases the mean+SD were
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65.72+£12.83 and median (IQR) 69(59-76), therefore; the result of this study
was significance difference (p-value<0.05) between severe and non-severe by
the age distribution. One of the important risk factors to predicted severity of

COVID-19 in this study was older people more likely to severe infection.

Differences between males and females for disease severity
P=0.01
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Figure (4-5): COVID-19 severe and non-severe distributed according to gender.

A study from Spain revealed that older age was associated with a greater
death rate in those data and in all major series(Siso-Almirall et al., 2020).
Another finding revealed three risk variables related to COVID-19 patient
survival: age, gender, and comorbidities(Mi et al., 2020). Recent studies found
that age was significantly related to increase the severity of the disease
(p<0.05)(Fang X. et al., 2020; Kose et al., 2023). According to several studies,
the majority of COVID-19 patients tend to exhibit mild to moderate symptoms,
also severe cases may manifest fewer initial symptoms before progressing to
organ failure(Verity et al., 2020; Blair et al., 2021).
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A recent study from China indicated that none of the mild patients
needed intensive care unit (ICU) care, but 23 (or 77%) of the 30 severe cases
did, cases of severe COVID-19 frequently have high viral loads and
prolonged viral shedding. These findings suggest the possibility that SARS-
CoV-2 viral load might serve as a marker for determining the severity and
prognosis of the disease(Liu Y.Y. et al. 2020).

Among severe patients in present study, 5 died (8.7%) of severe group,
the median age (min-max) was 70(51-83) years. A receiver operating
characteristic (ROC curve) analysis was performed in order to investigate the
role of age in infection, as well as the prognostic ability of clinical
characteristics, as well as some related factors in order to categorize continuous
variables, cut-off values must be determined, followed by plotting the resulting
sensitivities against specificities. In figure (4-7) predicted cut-off value 48
years to measure effect of the age to increase severity of COVID-19 at higher

the specificity 93% and sensitivity 94%.

Age distribution in patients
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Figure (4-6): COVID-19 patients (non-severe vs severe) distributed according to
mean=SD age.
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Figure (4-7): ROC curve analysis of age in COVID-19 severe versus non-severe.

4.3. Comorbidities diseases among COVID-19 patients

According to results of present study, there is a relationship between
preexisting chronic conditions and clinical outcomes and severity of COVID-
19, such as diabetes, hypertension, cardiovascular disease (CVD), malignancy,
and chronic kidney diseases (CKD), figure (4-8) showed 14(13.7%) had
hypertension (HTN), 15(14.76%) of diabetes mellitus (DM), 9(8.82%) of CVD,
6(5.8%) of CKD, 3(2.4%) of malignancy, 2(1.9%), and 53 (51.9%) of without
chronic diseases. The prevalence of chronic diseases between men and women
of patients was not similar as in figure (4-9), HTN and DM in male less than
female while CVVD and CKD in male greater than female. Figure (4-9) exhibited
14 patients had two chronic diseases and 6 patients with three diseases. In the
study, the hypertension status, vaccination status of the cases, and the level of
oxygen support provided to the patients emerged as noteworthy factors when
compared to other variables. The table (4-1) contains all the data of the subjects

that were collected during the study.
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Figure (4-8): COVID-19 cases distributed according to chronic diseases.
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Figure (4-9): COVID-19 cases with chronic disease distributed according to gender.
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Demographic distributions of patients with multiple chronic conditions
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Figure (4-10): COVID-19 cases distributed according to more than chronic diseases in
patients.

Table 4-1. Demographic, and clinical characteristics variables among COVID-19
atients.

adl d C a Olal patle O evere evere group P a C
0 group %
4 0/
Age, median (IQR) - 53(36-69) 37 (28-42) 67(60-75) P<0.001*
Gender - Male/48(47.1%) Male/15(31.3) Male/33(68.8) 0.01*
Female/54(52.9 | Female/30(55.6) | Female/24(44.4)
%)
Death Yes 5(4.9%) 0(0) 5(8.7) 0.7
No 97(94.1%) 45(100) 52(91.3)
Comorbidity Yes 49(48%) 17(37.8) 32(56.1) 0.067
No 53(52%) 28(62.2) 25(43.9)
Hypertension Yes 14(13.7%) 3(6.7) 11(19.3) 0.04*
No 88(86.3%) 42(93.3) 46(80.7)
Diabetes Meletus Yes 15(14.7%) 6(13.4) 9(15.8) 0.02*
No 87(85.3%) 39(86.6) 48(84.2)
Cardiac diseases Yes 9(8.8%) 5(11.2) 4(7.1) 0.4
No 93(91.2%) 40(88.8) 53(92.9)
Kidney diseases Yes 6(5.9%) 1(2.3) 5(8.8) 0.1
No 96(94.1%) 44(97.7) 52(91.2)
Cancer Yes 3(3%) 2(4.5) 1(1.7) 0.4
No 99(97%) 43(95.5) 56(98.3)
Hepatic diseases Yes 2(2%) 0(0) 2(3.5) 0.2
No 100(98%) 45(100) 55(96.5)
Oxygen support Yes 47(46%) 0(0) 47(82.4) P<0.001*
No 55(54%) 45(100) 10(17.6)
Vaccination status Yes 41(40.1%) 29(64.4) 12(21) P<0.001*
No 61(59.9%) 16(35.6) 45(79)

Abbreviations: IQR: Interquartile range, P: probability, *: significant at the 0.05 level.
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4.4. Baseline clinical characteristics

Several hematological parameter changes in COVID-19 patients have
WBCs,

granulocytes, and levels of D-dimer, patient's COVID-19 illness severity may

been observed including, platelets, hemoglobin, neutrophils,
be determined by these markers. All parameters in this study were compared
with the worldwide reference ranges for each parameter based on
(https://www.mayoclinic.org) and determined whether or not the measured

values were within the normal, elevated, or lowered ranges as in table (4-2).

Table 4-2 Baseline characteristics and clinical outcomes of COVID-19 patients at

admission.

Parameters Total patient N Non-severe Severe group
(102) M+SD group N (48) N (56)
White blood 13.5x10%/L 5.5 8.54+3.06 17.41+£3.55 45-11.0 P=0.002*
cell x10°%/L increase
Lymphocytes 1.55+0.96 2.36+0.62 0.92+0.67 1.5- P=0.001*
4.5x10%/L decrease
Neutrophils 10.88+4.35 7.69+2.68 13.39+3.72 2 - 8x10%L | P=0.0032*
increase
Platelet 276.6x10%/L+77.45 254.42+33 294196 150- P=0.31
450x10%/L normal
D-dimer 1.37+1.09 0.51+0.25 2+1 <0.50 P=0.0001*
pug/mL Increase
NLR 1149 3.54+1.95 16.9+7.9 Less than 0.7 | P=0.0034*
or greater Increase
than 3
=abnormal
PLR 307.96+271.76 116.5%£39.98 435+285 Less than 36 | P=0.006*
or greater increase
than 150=
abnormal
Hemoglobin | 13.93+1.49- male Male/14.86+1.16 | Male/13.51+ 1.44 | Male/13.8 to P=0.21
12.74+1.94-female | Female/13.54+1.49 | Female/11.75+2 17.2 normal
Female/ 12.1
to 15.1

Abbreviations: NLR, Neutrophil-Lymphocyte Ratio; PLR; The platelet-lymphocyte ratio, M+SD:
meanz Standard deviation, P: probability, *: significant at the 0.05 level.
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4.4.1. White blood cell count

During viral infection, WBCs, particularly SARS-CoV-2 in present
study, played an important role in maintaining immunological homeostasis. In
this study WBCs showed increase in older ages mostly with some extreme
values to other ages in both the gender with a reference range between the
lowest count (5x10%L) to high count (23x10%L) with a mean+SD of
(13.5+5.5) and a median (IQR) 13.65 (IQR 8.5- 19) at 95% (Cl, 11- 15x10%L),
the comparison of common hematological parameters showed a significant
difference in WBC (p-value=0.01) was observed in severe cases increased
compared with less severity the statistical findings of severe individuals were
an odds ratio (OR) of 2.8 (95% CI: 1.135 to 3.287) and relative risk 1.8 (95%
Cl: 1.135 to 3.287) with mean+£SD was 17.41+3.55 and median (IQR) 18 (14.5-
20) compared with non-severe mean+SD 8.54+3.06 at 95% (CI1:7.62-964). The
cut-off value of WBCs among severe and non-sever predictions was
(11.5x10™/L) at the area under the ROC Curve (AUC) was excellent (0.96) as

shown in figure (4-11) below with a significant difference (p-value=0.001).

WBCs are the most essential immune system cellular component,
mediating innate and adaptive immune responses against viral, bacterial,
fungal, and parasitic infections. Furthermore, they have a beneficial
relationship with inflammatory responses(Tigner et al.,2020). WBCs count was
correlated with mortality COVID-19, and increased levels of WBCs be taken
into account in the treatment of COVID-19(Zhu B. et al. 2021). A study by
Elshazli et al. (2020) demonstrated that raised WBC levels were substantially
related to a higher odds ratio between severe, ICU admission and a high
mortality rate. It has been found that increased WBC counts appear to be the
most significant indicator of a poor outcome(Sobhani et al., 2021). In a study
by Fahmi et al. (2021) in Iraq the patients had higher WBC in laboratory results
and were initially diagnosed among COVID-19 patients.
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Figure (4-11) The ROC curve of WBC count in predicting critical illness of COVID-
19.

4.4.2. Hemoglobin

Anemia is a common symptom of critical illness, and the reason is
frequently complex, influencing mortality. Anemia is frequently caused by a
combination of factors, anemia is thought to be an independent prognostic
factor of coronavirus infection severity in 2019 (COVID-19)(Oh SM. et al.
2021).

In the present study, the mean+SD hemoglobin levels at the time of
admission were 13.93+1.49 (47.1%) for males, with a median value of 14
(interquartile range [IQR]: 13-15), while females exhibited levels of
12.74£1.94 (52.9%), with a median value of 13 (IQR: 12-14). When
considering the severity of cases, the results indicated that non-severe males
had a mean+SD hemoglobin level of 14.86+1.16, whereas non-severe females
had a mean level of 13.54+1.49. In contrast, severe cases among males and

females displayed meanzSD hemoglobin levels of 13.51+1.44 and 11.75+2,
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respectively. Importantly, the difference in hemoglobin levels between severe
and non-severe cases was not statistically significant (p-value>0.05), except for
some of severe cases that exhibited exceptionally low hemoglobin levels. This
observation suggests that the severity of COVID-19 infection may contribute
to anemia in certain critical patients. The accuracy of using the parameter in
this study for predicting the severity of COVID-19 appears to be questionable,
as indicated by the area under the curve (AUC) in figure (4-12), which is less
than 0.5. This suggests that the parameter may not be a reliable predictor of
severity on its own. It's important to note that without considering other factors,
it may not be suitable for predicting the severity of the disease. As highlighted
by Bergamaschi and Gaetano, anemia is a common symptom of COVID-109.
While anemia itself may not directly contribute to mortality, it can have a
significant impact on the quality of life, especially in older and weaker
individuals. Therefore, when assessing the severity of COVID-19, it's crucial
to consider a combination of factors and not rely solely on a single parameter,
as the disease's complexity and impact on individuals can vary

widely(Bergamaschi et al., 2021).
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Figure (4-12) The ROC curve of Hemoglobin count in predicting critical illness
of COVID-109.
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On the other study drop of hemoglobin levels during COVID-19-related
hospitalizations was linked to an increased risk of acute kidney injury (AKI)
and in-hospital death, patients with low hemoglobin levels were more likely to
get therapeutic anticoagulation within two days of hospitalization(Kuno et al.,
2021).

Indeed, there seems to be a connection between anemia and an increased
risk of experiencing severe COVID-19 infection, as suggested by findings from
a meta-analysis. These findings provide valuable insights into the potential
pathophysiological link between anemia and the severity of COVID-19.
Anemia patients typically exhibit lower hemoglobin levels, which may
contribute to their heightened vulnerability to severe forms of the

disease(Hariyanto and Kurniawan, 2020).

4.4.3. Platelets count

The platelet levels of COVID-19 patients in this study were characterized
by a meantSD of 276.63x10"9/L£77.45 and a median (IQR) of 256 (IQR
233.75-290). These findings indicated that there was no significant difference
between patients with severe and non-severe cases, as reflected by a p-value
greater than 0.05.

For severe cases, the mean£SD platelet count was 294+96 with a 95%
confidence interval (Cl) of 250.82-283.28, and a median (IQR) of 254 (235-
282). In contrast, mild to moderate patients had a mean£SD platelet count of
254.42+33.48. However, the platelet count did not prove to be an effective
predictor of illness severity, as evidenced by an area under the curve (AUC) of
less than or equal to 0.5 in figure (4-13).

It's important to note that some severe patients exhibited
thrombocytopenia, characterized by a low platelet count of <150x10"9/L.

Additionally, in certain cases within this study, a high platelet count exceeding

81




Chapter Four Results and Discussion

400x10M9/L may lead to platelet hyperactivity, which represents one of the
pathways contributing to the development of increased blood clot formation.

A study has revealed that the platelet count in COVID-19 patients
changes between mild to severe infections. Patients with mild manifestations
have a normal or a slightly raised platelet count, whereas severe cases COVID-
19 infections have thrombocytopenia <150x109/L(Rohlfing et al., 2021).

The coagulopathy and platelet hyperactivity are characteristics of
COVID-19, and they contribute to the elevated thrombotic risk seen in critical
cases(Portier et al.,, 2021). Platelets played a key role in thrombosis, a
physiological process in which arterial damage results in clot formation.
However, in a pathological condition, this might lead to vascular blockage,

ischemia, and tissue destruction(Lin E. et al., 2009).
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Figure (4-13) The ROC curve of Platelets counts in predicting severity illness of
COVID-19.
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4.4.4. Neutrophil count

During the COVID-19 pandemic, certain granulocyte biomarkers,
including neutrophils, eosinophils, and basophils, were found to be elevated
and could effectively distinguish between individuals with mild and severe
iliness. The study's findings indicated that the neutrophil count in all patients
had a mean£SD of 10.88+4.35, with a 95% confidence interval (Cl) ranging
from 10.02 to 11.7. The median (IQR) value for neutrophils was 10.6 (IQR
6.89-14.45). Notably, when a cut-off value of 8.9x1079/L was applied, it
achieved an area under the curve (AUC) of 0.88, demonstrating strong
predictive power. This cut-off value yielded 86% sensitivity and 80%
specificity in predicting severe cases, and the difference was statistically
significant with a p-value of <0.05, as visualized in figure (4-14).

In severe cases, the meanzSD of neutrophils was 3.39£3.72, with a
median (IQR) of 13.91 (11.21-16). In comparison, non-severe cases had a
mean+SD of 7.69+2.68 and a median (IQR) of 6.9 (6.18-8.41). These findings
underline the potential of neutrophil count as a valuable marker for
distinguishing between severe and non-severe COVID-19 cases

Neutrophils have been the most common leukocytes in circulation and
have long been considered to represent the first line of defense in the immune
system's innate arm. As a key mechanism of COVID-19 immunopathy,
neutrophil recruitment at the site of infection predicts the severity and outcome
of the disease(Rosales, 2018).

The production of neutrophil extracellular traps (NETs) during NETosis,
a controlled type of neutrophil cell death, damage caused by neutrophils
depends on this effector function. Many COVID-19 patients' neutrophils have
abundant NETosis and NET production, resulting in adverse coagulopathy and
immunothrombosis(Liu J. et al., 2020). According to similar results, the
neutrophil count, % neutrophils, and a several parameters increased with
severity of COVID-19(Trofin et al., 2023). According to a recent study,
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COVID-19 patients' neutrophil counts were significantly higher when
compared to controls (p=0.001)(Tiwari et al., 2023).

In recent findings, granulocytes from patients with severe COVID-19
patients had an increase in inflammation and suppressive signatures at the same
time, according to research. Whole blood transcriptomes are very relevant for
COVID-19 because they capture granulocytes, which are important drivers of
disease severity (Aschenbrenner et al., 2021). Another study by Liu J. et al.,
(2020) in COVID-19 patients, an increased neutrophil blood count predicts
poor results. Additionally, Krishnan et al. (2022) revealed that a higher number
of neutrophils predicted disease severity with COVID-19 liver damage patients.
In study found increasing in neutrophils in COVID-19 patients based on the
Bayesian inference analysis for lung damage in addition to immune cell
profiling using transcriptomes indicated elevated neutrophil markers in the lung
and BALF samples of COVID-19 patient (Wang J. et al. 2020). The concludes
in results confirmed all severe cases in both gender high granulocytes or/and
neutrophils was considered a valuable marker in the severity and prognosis of
COVID-19.
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Figure (4-14) The ROC curve of Neutrophiles count in predicting critical illness
of COVID-19.
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4.4.5. D-Dimer values

The D-dimer antigen is a specific biomarker of fibrin breakdown
produced by the serial activity of three enzymes: thrombin, factor Xllla, and
plasmin. D-dimer tests have been shown to be predicting and diagnostic in a
variety of disease conditions, including disseminated intravascular coagulation
(DIC), pulmonary embolism, deep vein thrombosis, and cancer-associated
thrombosis(Chapin and Hajjar, 2015). Recently revealed as a significant
biomarker among COVID-19 infection needed to improve early detection for
severity of COVID-19(Duz et al., 2020).

The results of this study revealed that the mean+SD D-dimer level was
1.37£1 pg/ml, with a 95% confidence interval (CI) ranging from 1128.13 to
1587.21 pug/ml, for all patients, including both severe and non-severe cases. The
median (IQR) D-dimer level was 865.5 (438-2028) ng/mL. Additionally, a cut-
off value of D-dimer at 0.78 pug/mL or 780 ng/mL was established to predict
severe cases, achieving an impressive area under the curve (AUC) of 0.96,
indicating high specificity and sensitivity. This difference was statistically
significant, as denoted by a p-value of <0.05, as depicted in figure (4-15).

Furthermore, for non-severe cases, the mean+SD D-dimer level was
0.51£0.25 pg/ml, with a median (IQR) of 0.43 (0.38-0.55) pg/ml. In contrast,
severe cases exhibited a mean+SD D-dimer level of 2+1 pg/ml, with a median
(IQR) of 1.97 (1.19-2.7) ng/ml. These findings underscore the potential utility
of D-dimer levels as a valuable marker for distinguishing between severe and
non-severe COVID-19 cases.

When compared to non-severe patients, severe patients had higher
average D-dimers levels upon admission, as well as patients who needed
critical care and those who passed away, according to a meta-analysis of 29
randomized studies including 4328 hospitalized COVID-19 patients, the study

found an increased risk of severe illness progression and death among patients
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with SARS-CoV-2 infection who had higher D-dimers levels at the start of their
hospitalization(Nugroho et al., 2021).

In study by Gustian et al. (2021) The d-dimer levels of mild, moderate,
and severe COVID-19 patients varied significantly. The severity of COVID-19
was related to higher D-dimer levels. In the previously published study by
Wang et al, patients needing ICU treatment exhibited comparatively higher D-
dimers (P<0.001) than less severe cases(Wang. D et al., 2020). D-dimer and
blood ferritin levels both rise as a result of COVID-19 infection, making it a
reliable tool for the early identification of COVID-19 infection(Al Meani et al.,
2020). D-dimer and a rise in neutrophil count, the potential of such clinical
indicators to identify severe of COVID-19 has been suggested by the
effectiveness of these abnormalities in predicting disease severity and
progression(Kadhim and Abdullah, 2021).
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Figure (4-15) The ROC curve of D-dimer values to explore its role in predicting
the severity of COVID-19.
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4.4.6. Lymphocytes count

Lymphocytes are white blood cells that are immune cells. The cells that
fight illness and disease are divided up into three primary groups: T cells, B
cells, and natural killer (NK) cells. The T and B cells played important roles in
adaptive immunity. NK cells are a subset of lymphocytes that contribute to
innate immunity(Omman and Kini, 2019). Lymphocytes are critical
components of the immune response to viral infections(Koyasu and Moro,
2012). The lymphocyte number has been studied as a marker. It has been linked
to severe COVID-19, with non-survivors having a notably lower lymphocyte
number than survivors(Ruan et al., 2020). Lymphopenia can be used to predict
poor prognosis in COVID-19. Lymphopenia, defined as a lymphocyte count of
1100 cells/L, is associated with a threefold risk of poor outcome(Huang I. and
Pranata 2020).

The lymphocyte count results in the current study indicated that, for all
patients, the mean=SD was 1.55+£0.96, with a median (IQR) of 1.46 (0.64-2.3)
x1079/L. A more detailed for severe cases, the mean=SD was 0.92+0.67, with
a median (IQR) of 0.71 (0.51-0.93), whereas for non-severe cases, the
mean+SD was 2.36+0.62, with a median (IQR) of 2.31 (2-2.74). This study
identified a clear association between reduced lymphocyte counts and the
presence of severe COVID-19 cases. The study's findings also demonstrated
the accuracy of using lymphocyte count as a marker for predicting disease
severity, as illustrated in the ROC curve in figure (4-16). The cut-off value for
this prediction was determined to be <1.72.

In study from China found lymphocyte count may be an consider
predictor of COVID-19 severity with share others factors. It may also be
beneficial in determining when nucleic acid test findings in COVID-19 patients
will become negative(Li Y. et al., 2021). In work the average absolute
lymphocyte count (ALC) measured at the time of hospital admission in patients

who required ICU admission was lower (0.8+0.11x10% cells/L) than in those
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who did not require ICU admission (1.4+0.15x10° cells/L; P =.01). The ICU
population was also more likely to have lymphocytopenia at the time of hospital
admission (62%) than the non-1CU population (32%; P =0.04)(Wagner et al.,
2020). This result was comparable to what found in present study. A study by
Zahchary lllg et al. (2021) showed that the degree of lymphopenia corresponds
with the severity of COVID-19.

Hence, it appears feasible to utilize Absolute Lymphocyte Count (ALC)
as a prognostic indicator in COVID-19 patients. This approach could assist
healthcare professionals in monitoring individuals who are at a heightened risk
of experiencing severe illness. A study conducted in Irag also revealed that low
lymphocyte counts were linked to longer stays in the Intensive Care Unit (ICU)
among COVID-19 patients, especially those with severe cases(Nafakhi et al.,
2021). The findings of this study, when considered alongside other research,
suggest that lymphopenia has become a recognized risk factor in severe cases
of COVID-19. It shares certain common factors that can be used to predict the

severity of the disease.
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Figure (4-16) The ROC curve of Lymphocytes counts in predicting critical illness of
COVID-19
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4.4.7. Neutrophil to lymphocyte ratio

The NLR is calculated by dividing the number of neutrophils by the
number of lymphocytes. NLR is now routinely employed in practically all
medical fields as a dependable and easily accessible marker of immune
response to numerous pathogenic agents. The typical range of NLR in people
is 1-2; levels more than 3.0 and less than 0.7 are abnormal. NLR may assist
distinguish between severe and non-severe illness(Zahorec, 2021).

The study's analysis of Neutrophil-to-Lymphocyte Ratio (NLR) levels in
predicting severity among COVID-19 patients yielded significant findings. For
all patients, the mean£SD NLR was 11+9, with a median (IQR) of 7.94 (3-
17.9). Notably, in the subgroup of severe cases, the meantSD NLR was
substantially higher at 16.95+7.95, with a median (IQR) of 16.75 (11.64-
21.88), while non-severe cases exhibited a lower mean=SD NLR of 3.54+1.95,
and a median (IQR) of 3.05 (2.42-4.09). These results underscore the marked
difference in NLR levels between severe and non-severe COVID-19 cases,
highlighting the potential utility of NLR as a predictive marker for disease
severity.

Many studies in recent years depend on some ratios to predict and
diagnose many diseases and inflammatory causes of infection such as
neutrophil/lymphocyte and platelet/lymphocyte, clinical significantly seen
tuberculosis(Jeon et al., 2019), tumor disease(Ying et al., 2014) , in addition to
autoimmune diseases such as rheumatoid arthritis(Uslu et al., 2015) and
pulmonary infection(Nam et al., 2018).

A study in turkey suggested these ratios NLR and PLR might be helpful
indicators for identifying individuals who are Sars CoV-2 positive(Seyit et al.,
2021). Another study from China verified NLR is a COVID-19 prognostic
indicator that may be used. Additionally, increased NLR was found to be a
separate predictive biomarker for COVID-19 patients, according to the study's

findings. NLR can improve a clinician's ability to evaluate COVID-19
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patients(Yang A.-P. et al. 2020). Higher NLR levels at admission were
associated with a higher prevalence of these events in patients. The overall rate
of ARDS was 26.4%, which is consistent with reports from 19% to 29.3% in
the past, but it happened to 35.1% of patients who had NLR > 4.94 upon
admission in COVID-19 infection(Wang D. et al. 2020; Huang C. et al. 2020).

In a study conducted by Hongmei Zhang et al. (2020) it was observed
that Neutrophil-to-Lymphocyte Ratio (NLR) proved effective in identifying
and predicting individuals whose COVID-19 conditions were likely to
deteriorate within a span of 4 weeks after the onset of the disease. In
combination with other clinical indicators, NLR can predict severe COVID-19
better than any other clinical indicator(Shang W. et al., 2020).

In study by Yildiz et al. (2021) NLR cut-off value of 5.94 in a
prospective investigation indicated a significant in-hospital death rate for
patients admitted with COVID-19 pneumonia. the result of this study based on
ROC curve output, AUC was (0.938) very good value to use for NLR as an
indicator of COVID-19 severity with a cut-off value of 5.9 at 95% specificity
and 89% sensitivity as illustrated in figure (4-17). Neutrophil to lymphocyte
ratios in COVID-19 patients are useful early markers of inflammation

dysregulation, according to these findings.

4.4.8. Platelets to lymphocyte ratio

The PLR is determined by dividing the number of platelet cells by the
number of lymphocytes, a generalized inflammatory measure, suggests that
platelet count and lymphocyte count interact simultaneously and that
aggregation and inflammatory pathways are reflected. It has been shown that
several acute and chronic proinflammatory diseases cause an increase in this
biomarker(Erre et al., 2019; Liu. L et al., 2020), and it has been linked to a bad
prognosis in individuals with COPD(EI-Gazzar et al., 2020), carcinomas(Tian
et al., 2018), and recently severe COVID-19 cases were related to high PLR
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levels upon admission to the hospital. With a potential predictive function for
assessing the severity of COVID-19 patients, the on-admission PLR level is a

new, affordable, and easily accessible biomarker(Simadibrata et al., 2022).

ROC Curve of NLR ratio
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ALUC=0938
Cut-off value of NLR=5.9
at specificity 95% and sensitivity 89%
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Figure (4-17) A ROC curve showing the association between NLR ratio and
COVID-19 severity.

The outcomes of present study for PLR were meanzSD for total patients
307.96+271.76 and median (IQR) was 182.35 (106.46-426.5), knowing that
based on significant difference between severe and non-severe since mean+SD
and median (IQR) were 453.49+285.09 and 373.61 (274.68-568.62) vs
123.63+£62.44 and 107.92 (90.83-130.89), respectively. In study by Yang, Ai-
Ping, et al.(Yang A-P. et al. 2020) found the PLR and NLR ratio were
significantly higher in 24 severe patients compared with 69 non-severe of
COVID-19. In a study indicated the PLR of patients refers to the level of the
cytokine storm, which may serve as a new monitoring sign in patients with
COVID-19(Qu et al., 2020). According to the findings of a study conducted in
the United States, NLR and PLR can be employed as independent predictive
indicators of disease severity in COVID-19(Chan A. S. and Rout 2020).
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In a study, PLR exhibited a significant difference (p<0.001) including
of 415 laboratory-confirmed COVID-19 patients, indicating that verified
evaluation of PLR may assist identify high-risk people with COVID-19(Huang
S.etal., 2020). A study from South China noticed raised platelet to lymphocyte
ratio (PLR) values are linked to increase severity and mortality(Wu. L et al.
2019). Another study confirmed the PLR are predictors of increased risk of
death, and these results indicate might be an accurate and feasible marker for
identifying older persons at high risk of mortality using COVID-19(Ortega-
Rojas et al., 2022).

The data were all examined, the severe patient group's NLR and PLR
values were found to be higher than the non-asymptomatic group's at
statistically significant levels(Tumer et al., 2022). The area under curve was
0.91 as in figure (4-18) and cut-off value PLR was 203 at sensitivity 82% and
specificity 95%. As a result, the PLR level at the time of admission offers a
novel and easily accessible biomarker with a promising predictive role in
determining COVID-19 patient severity.
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Figure (4-18) The ROC curve of PLR ratio in predicting critical illness of
COVID-19.
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Hematological parameters WBC, neutrophil, lymphocytes, and D-dimer
counts can help predict the worsening progress of COVID-19 patients. In
addition, two markers are NLR and PLR inexpensive and widely available in
all laboratories. Future research should compare these markers' trends with
disease progression. According to the results of further research into laboratory
biomarkers, it will become possible to better manage patients with severe

diseases and pandemics.

4.4.9. Clinical and Laboratory Findings Correlation

The correlation between samples of each dataset was examined using
TWO statistical approaches. Spearman and Pearson correlation coefficients
were used in this study as seen in table (4-3) and table (4-4) respectively. The
correlation results in the present study to assess laboratory findings with
severity of COVID-19. LYM was strongly negatively correlated with NLR,
with a correlation coefficient of -0.820, and with other parameters were
positively strongly correlated. LY M had a significant negative correlation with
all parameters in the study.

PLR was positively correlated with parameters and negatively with LYM
as well mentioned above. Selective correlations demonstrated that D-dimer was
positively correlated with WBC count, neutrophil counts, PLR, and NLR with
the respective correlation of 0.703, 0.645, 0.608, and 0.696, in return was with
LYM negative correlation of -0.701. Finally, WBC and NEUT were also
positively correlated with PLR, NLR, and D-dimer counts both negative with
LYM, in addition positive correlation among it. In similar results found that
there was a strong correlation between D-Dimer, NLR and PLR between
COVID-19 patients (p<0.01)(Ye et al., 2020). A recent study showed negative
correlation between higher D-dimer and lower levels of lymphocyte ton
increased severity of COVID-19(Zhang et al., 2022).
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A study confirmed strong correlation among lymph/monocytes count, D-
dimer, and other biomarkers that have an impact on the inflammatory responses
to SARS-CoV-2 infection(Biamonte et al., 2021).

Table 4-3 An analysis of Spearman's correlation between key laboratory parameters

and clinical characteristics in patients with COVID-19.

Correlations

D-dimer NEUT

Spearman' | NLR Correlation 1.000 | -820" | .899 708 843 722
srho Coefficient
Sig. (2-tailed) . 000 000 000 000 000
N 102 102 102 102 102 102
LYM Correlation -.820™ 1.000 -.863™ -701™ -612" -740™
Coefficient
Sig. (2-tailed) 000 . 000 000 000 000
N 102 102 102 102 102 102
PLR Correlation .899™ -.863" 1.000 6807 6947 7357
Coefficient
Sig. (2-tailed) 000 000 . 000 000 000
N 102 102 102 102 102 102
D-dimer | Correlation 708" -701" 680" 1.000 645" 703"
Coefficient
Sig. (2-tailed) .000 .000 .000 . .000 .000
N 102 102 102 102 102 102
NEUT Correlation .843™ -612™ 694 645" 1.000 6357
Coefficient
Sig. (2-tailed) .000 .000 .000 .000 . .000
N 102 102 102 102 102 102
WBC Correlation 722" - 7407 7357 703" 635" 1.000
Coefficient
Sig. (2-tailed) .000 .000 .000 .000 .000
N 102 102 102 102 102 102

Abbreviations: NLR, Neutrophil-Lymphocyte Ratio; PLR; The platelet-lymphocyte ratio;
WBC, white blood cell; NEUT; Neutrophils; LYM; Lymphocytes ** Correlation is
significant at the 0.01 level (2-tailed).
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Table 4-4 Pearson correlations between important clinical features and laboratory

findings of COVID-19 patients.
Pearson Correlations

NLR ‘ LYM D-dimer NEUT WBC
NLR | Pearson Correlation 1 -811™ 635" 760" 740™
Sig. (2-tailed) 000 1000 000 1000 1000
N 102 102 102 102 102 102
LYM | Pearson Correlation -811™ 1 -.728™ -.618™ -.606™ -.755™
Sig. (2-tailed) .000 .000 .000 .000 .000
N 102 102 102 102 102 102
PLR | Pearson Correlation .839™ -728" 1 5727 636" 659"
Sig. (2-tailed) 000 000 000 1000 1000
N 102 102 102 102 102 102
D- Pearson Correlation 635" -.618™ 572" 1 595" 603"
dimer I (-tailed) 000 000 1000 1000 1000
N 102 102 102 102 102 102
NEUT | Pearson Correlation 760" -.606™ 6367 595" 1 647
Sig. (2-tailed) 000 000 1000 000 1000
N 102 102 102 102 102 102
WBC | Pearson Correlation 740™ 755" 659" 603" 647 1
Sig. (2-tailed) 000 000 1000 000 1000
N 102 102 102 102 102 102

Abbreviations: NLR, Neutrophil-Lymphocyte Ratio; PLR; The platelet-lymphocyte ratio;
WBC, white blood cell; NEUT; Neutrophils; LYM; Lymphocytes ** Correlation is

significant at the 0.01 level (2-tailed).
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4.5. Molecular study

4.5.1. DNA extraction

The kit used in the extraction of DNA is obtained from Geneaid/Taiwan
to be extracted pure DNA from COVID-19 patients and control groups this
method depends on several steps included lyses blood cells and removing
undesirable contaminants such as (proteins and RNA) in addition to dissolving
cell membrane of white blood cells after DNA extraction measured
concentration and purity of DNA extracted by nanodrop and were ranged
concentrations (from 20-67 ng/uL) and purity (from 1.7-1.9) as in appendix (2).
DNA integrity was checked through electrophoresis in agarose gel as seen in
figure (4-19).
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Figure (4-19) Gel electrophoresis for the DNA extract from blood showed genomic
DNA bands visualized under UV after staining with ethidium bromide on “Agarose
1%, at 75 voltages, 20 mA, for 30 min,” C= control 1-7 lane, PS=patients of severe 7-13
lane, PN= patients of non-severe 14-19 lane.
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45.1.1. The Ala222Val polymorphism rs1801133 C>T SNPs in MTHFR
gene

The MTHFR gene is found on 1p36.3 of chromosome 1 exon 4 and
encodes an enzyme that is necessary for folate-mediated one-carbon
metabolism. The common variant C677T (rs1801133) in the MTHFR gene
which causes valine to be substituted for alanine and results in decreased
enzyme activity and increased homocysteine levels(Frosst et al., 1995). The
relationship between COVID-19 and coagulopathy has been well-studied to
confirmed it the relation (Abou-Ismail et al., 2020). Methylenetetrahydrofolate
reductase (MTHFR) is a gene that encodes an enzyme that aids in folate
metabolism. Systemic homocysteine accumulation is seen in genetic variations
that markedly impair MTHFR activity. This may cause abnormal clotting and
vascular irritation, and is considered a risk factor for blood clots(Undas et al.,
2005).

The MTHFR gene is one of many genes whose single nucleotide
polymorphisms (SNPs) regulate the coagulation cascades was one factor that
influences thrombosis occurrences in COVID-19-affected patients or in post-

vaccinated people(Balzanelli et al., 2021).

The targeted variant was detected using PCR and done by allele-specific
polymerase chain reaction (AS-PCR) as a technique for detecting
polymorphisms based on designed three unique primers(Kwok and Chen,
2003). In this method, the specialized primers are created to only allow DNA
polymerase amplification when the nucleotide at the mutant or wild-type
sequences completely matches the nucleotide at the 3' end of the primer.
Following PCR and electrophoresis. The Tetra-ARMS PCR amplification, is a
PCR-based approach that may be used to detect SNPs by four primers. In
addition to high throughput SNP detection techniques by DNA sequencing.
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In exon 4 of the MTHFR gene was found the substitution (C677T) and
resulted in the change of the amino acid (Ala222Val). The polymorphism was
identified using AS-PCR depended on three primers involved one as a common
primer and two primers as one wild (C allele) and second mutant (T allele),
amplified a region that contains the targeted sequence of the gene-based base
present in the region. This method is based on the selection/design of two AS

primers that end on a SNP and a common primer to amplify the PCR fragments.

The difference between the two AS-PCR products is made possible by
the distinct sequences of the tails; the 5' end of the primer is not regarded as
important for specificity. The insertion of a destabilizing mismatch within the
last five bases of the 3' primer, which differs between the two AS primers, is

essential for effective differentiation of the two alleles.

The size of the targeted polymorphism rs1801133 in this study was 266
bp, in figure (4-20), the PCR bands provided by agarose gel electrophoresis
allow the genotype to be identified as homozygous wild type in one band,

heterozygous in two bands, or rare homozygous in the other band.

The results of T-ARMS-PCR of the MTHFR rs1801133 as mentioned
previously involved four primers (two outer region and two inner region), in
this variant the outer region was 273 bp while the T allele (mutant) was 176 bp

and the C allele (wild) was 139 bp as in figure (4-21) by gel electrophoresis.

Sequencing results to this SNP MTHFR rs1801133 amplified 50 PCR
products were sent for direct DNA sequencing and found perfect 100%
concordance followed analysis the results and alignment to determines the

optimal similarity as in figure (4-22) and the appendix (3).
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cCT TT CC CC TT CC CC Tr CcC CcC TT CT

266 bp

MTHFR C677T ,rs1801133

CE WEE LCC . TT CC CC TR
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Figure (4-20) An electrophoresis pattern for some of the successful amplifications of
rs1801133 (Agarose 2%, at 70 voltages, 20 mA for 60min), "M denotes the DNA
ladder with a size of 100 base pairs, TT= wild-type; TC= heterozygous; CC=
homozygous mutant.

1 2 3 4 5 6 7 8 9 10 11 12
M CT TTCT TT TT CT CC CT TT CT CC TT

MTHFR, rs1801133

Figure (4-21) illustrates agarose gel electrophoresis conducted with a 2% agarose gel,
at 70 volts and 20 mA for 60 minutes. The gel was loaded with PCR products of the T-
ARMS PCR for the C677T locus of the MTHFR gene. The gel includes three distinct
bands: the outer primers resulting in a 273 bp band, the T allele resulting in a 176 bp
band, and the C allele resulting in a 139 bp band. The gel bands correspond to specific
genotypes: samples 1, 3, 6, 8, and 10 exhibit the CT genotype, samples 2, 4,5, 9, and 12
exhibit the TT genotype, and samples 7 and 11 exhibit the CC genotype.
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= Download v GenBank Graphics

Homo sapiens methylenetetrahydrofolate reductase (MTHFR) gene, complete cds
Sequence ID: AH007464.3 Length: 4284 Number of Matches: 1

Range 1: 1281 to 1341 GenBank Graphics

Score Expect Identities Gaps Strand
108 bits(58) 7e-20 60/61(98%) 0/61(0%) Plus/Plus

Query 1 GAGGCTGACCTGAAGCACTTGAAGGAGAAGGTGTCTGCGGGAGTEGATTTCATCATCACG 60
Sbjct 1281 GAGGCTGACCTGAAGCACTTGAAGGAGAAGGTGTCTGCGGGAGQCEGATTTCATCATCACG 1340

Query 61 c 61
Sbjct 1341 C 1341

480 470 480 490 500 510
GCTGACCTGAAGCACTTGAAGGAGAAGGTGT CTGCGGGAGTCGATTTCATCATCACGCAGCTTT,

T

g

Figure (4-22) MTHFR genotyping results of DNA sequencing to indicate heterozygous
C/T genotype.

Analysis of the frequency distribution of genotypes of MTHFR
rs1801133 in the Iragi population samples revealed their agreement with the
Hardy—Weinberg equilibrium for all genotypes in both groups with significant
p>0.05 as in table (4-5).

Table (4-5) Hardy-Weinberg equilibrium for MTHFR gene rs1801133 genotype

among patient groups and controls.
Polymorphism Group Genotype, n (%) Allele, n (Frg.)

%2

cC CT TT C T
MTHFR Control | 49(53.3) 33(35.8) 10(10.9) |131(0.711) 53(0.288) |1.44 048
rs1801133 Patients | 36(35.2) 47(46.1) 19(18.7) |119(0.583) 85(0.417) | 0.27 0.87

Abbreviations: HWE: Hardy—Weinberg equilibrium, Frq: allele frequency rate, ¥2: chi-

square, p: The p-value.
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In COVID-19 subjects as in table (4-6), Genotypes and alleles
distributions in C677T polymorphism in codominant model found CC®
(53.3%), CT (35.8%) and TT (10.9%) in the healthy while the frequency of
genotype in patients were CC® (35.2%), CT (46.1%) and TT (18.7%) and allele
frequency in both groups were (C® 71.1% vs T 28.9% , C® 58.3% vs T
41.7)respectively, and reported T allele increase risk of disease (OR = 1.76;
95% CI = 1.15-2.69; p=0.008).

Analysis of crude odd ratio in codominant revealed MTHFR 677 CT
genotype associated significantly with a higher risk of infection with COVID-
19 (OR =1.93; 95% CI = 1.04-3.6; p=0.03); in addition, COVID-19 positive
patients carrying TT genotype had a 2.58-fold increased risk infection
statistically these were significantly different (OR = 2.58; 95% CI = 1.079-
6.22; p=0.034), at the same time in dominant model found CT+CC had
increased the risk of COVID-19 infection (CC®vs CT+TT; OR=2.08; 95% Cl=
1.71-3.71; p=0.01).

According to the results of MTHFR mutant variant A222V showed
increased virus infection compared to wild-type MTHFR ; thus, this variant
could increase the risk for COVID-19, and this results in present study similar
to study in Uzbek population showed patients had a slightly higher frequency
of the T allele than controls, while patients with complications after COVID
had a higher frequency of the C/T genotype than controls(Kurbonova and
Babadjanova, 2022).

Another study agreed with the present study to show patients with post
COVID-19 complications after infection found T allele higher risk of infection
than C to increase of COVID-19 infection(Boymuradov et al., 2022).
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Table (4-6) association of MTHFR rs1801133 polymorphism with COVID-19 in

patients and control samples in multiple genetic models.
Polymorphism  Genetic models ~ Control, n(%) Patients, n(%bo) Odds ratio

OR (95%Cl)
Codominant
cce 49(53.3) 36(35.2) 1.00 (Ref.) -
cT 33(35.8) 47(46.1) | 1.93(1.04-36)  0.03*
T 10(10.9) 19(18.7) | 2.58(1.07-6.22)  0.034*
Dominant
cce 49(53.3) 36(35.2) 1.00 (Ref.) -
CT+TT 43(46.7) 66(64.8) | 2.08(1.17-371)  0.01*
Recessive
CC+CT® 82(89.1) 83(81.3) 1.00 (Ref.) .
MTHFR T 10(10.9) 19(187) | 1.87(0.82-428) 0.3
rs1801133 Over-dominant
TT+CC® 59(64.1) 55(53.9) 1.00 (Ref.) -
cT 33(35.9) 47(46.1) | 152(0.85-272) 0.5
Allele frequency
ce® 131(71.1) 119(58.3) 1.00 (Ref.) .
T 53 (28.9) 85(41.7) | 1.76 (1.15-2.69) 0.008*

Abbreviations: ® References, OR: odd ratio, p: The p-value, *: Significant.

In this study the patients with severe COVID-19 vs. non-severe, the
comparison of distribution of genotypes in the MTHFR gene 677 C>T
(rs1801133) polymorphism to the Hardy-Weinberg law.

The both the COVID-19 cases, the allelic distribution in the cohort for
this SNP was entirely consistent with the Hardy-Weinberg equilibrium as in
table (4-7).
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Table (4-7) Hardy-Weinberg equilibrium for MTHFR rs1801133 genotype among

patient groups.

Polymorphism  Group Genotype, n (%) Allele, n (Frq.)

CC CT TT C T
MTHER Severe | 13(22.8) 28(49.2) 16(28) | 54(0.473) 60(0,527) | 0.01 0.99

rs1801133

Non- |23(51.1) 19(42.2) 3(6.7) | 65(0.722) 25(0.278) | 0.12 0.94
severe
Abbreviations: HWE: Hardy—Weinberg equilibrium, Frq: allele frequency rate, ¥2: chi-

square, p: The p-value.

The association between a genetic variation in the human MTHFR
(rs1801133) gene with the severity and progression of COVID-19 in the results
of this study showed MTHFR p. Ala222Val polymorphism (rs1801133) was
detected in patients. The genotype and allele frequencies of this SNP are shown
in table (4-8), the frequency of genotype CT (49.2%) and TT (28%) in severe
patients while in non-severe CT (42.2%) and TT (6.7).

The results showed that the difference of CC vs. CT and CC vs. TT
between the severe and non-severe forms of COVID-19 was significant
(P <0.05). T allele in the codominant model (CC® vs. CT) model conferred an
increased severity of COVID-19 in the population of samples (OR =2.6, 95%
CI=1.06-6.38, P=0.03) and (CC® vs. TT) genotype a 9.431-folds higher risk
of severity due to COVID-19 infection (OR=9.43, 95% CI=2.3-38.58,
P <0.01).

The dominant (CC®vs. TT+CC) and recessive (CC+CT® vs. TT) models
markedly were associated with a significant increase severity of COVID-19
[OR=3.53, 95% CI=1.51-8.28, P=0.003 and OR=5.46, 95% CI=1.48—
20.16, P=0.01] respectively. During the analysis, the following results
emerged that the MTHFR rs1801133 gene polymorphism in over-dominant
Was not significantly correlated with the severity of infection due to COVID-

19. Statistical analysis showed that the T allele of rs1801133 caused a marked
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to get symptomatic or more severe COVID-19 (OR=2.88, 95% CI=0.75—
2.34, P <0.01). In a study of Uzbek population by Khidoyatovna, et al. (2022)
confirmed the T allele minor (CT,TT) were factors that induce the severe course
of COVID-19 and this results agreed to the results of this study. In a second
study, the frequency of the MTHFR C677T allele in the Latino community, as
well as the incidence and mortality of COVID-19, were greater than those
reported for other populations worldwide(Ponti, Pastorino, et al., 2021).

In Portugal research choose 8 SNPs one of them rs1801133 had an
important role in the mortality caused by SARS-CoV-2(Cantanhede et al.,
2022). The findings of the study by Cappadona et al., (2021) demonstrated that
evidence for a correlation with severe COVID-19 was established for five loci,
including two genes involved in the metabolism of folate (MTHFR and MTR).

Most intriguingly, vitamin supplementation is advised for people with
the MTHFR C677T polymorphism since it has previously been found to
predispose to a more severe course of COVID-19(Karst et al., 2020).

Ischemic stroke observed after COVID-19 is one of the main serious
complications of this disease. For that should recognize thrombophilia genes as
predictors of this serious complication, because some allelic forms of one gene
of thrombophilia MTHFR (rs1801133), in patients overexpressed this protein
causes systemic inflammation in the pathogenesis of COVID-19. This is the
reason rs1801133 polymorphism of the thrombophilia gene causes the folate
cycle to not pass normally. As a result, induced hyper-homocysteinemia
damages the vascular endothelial layer and causes coagulopathy, which
appeared as a result of the disease COVID-19(Moomos et al., 2022),
additionally this study determined that the MTHFR rs1801133 gene
polymorphism was associated with COVID-19 susceptibility and that the SNP
rs1801133-T variant was associated with COVID-19 severity.
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Table (4-8) MTHFR gene (rs1801133) polymorphism under different genetic model

and allelic models in severe patient and non-severe.

Polymorphism Genetic models  Severe, n(%) Non-severe, n(%) Odds ratio

OR (95%Cl)
Codominant
cc® 13(22.8) 23(51.1) 1.00(Ref.) -
CT 28(49.2) 19(42.2) 2.6(1.06-6.38) 0.03*
TT 16(28) 3(6.7) 9.43(2.3-38.58) p<0.01*
Dominant
cc® 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 TT 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
c® 54(47.3) 60(52.7) 1.00 --
T 65(72.2) 25(27.8) 2.88(0.75-2.34) p<0.01*

Abbreviations: ® References, OR: odd ratio, p: The p-value, *Significant p<0.05.

It was found that no association was found between rs1801133 genotype
and demographic characteristics, clinical and medical history with the
exception that female gender in severe cases and vaccination status in non-
severe were significantly higher among patients with three different genotypes
(p =0.01 and p = 0.002, respectively) in table (4-9). Recent studies have shown
that confirmed vaccination reduces non-severe COVID-19 cases and COVID-
19-related deaths in patients with the disease(Bell et al., 2022; Mosconi et al.,
2022; Kikuchi et al., 2023). Similar findings indicate full COVID-19
vaccination reduces the likelihood of progression to severe COVID-19
disease(lchii et al., 2022).
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Table (4-9) summarizes the demographics and clinical characteristics of patients with
COVID-19, based on genetic variant rs1801133 in the MTHFR gene.

Parameter Severity Genotype P-value
state CcC CT TT

Male Severe 9 15 9 0.33

Non-severe 7 5 3 0.44

Female Severe 13 7 0.072
Non-severe 16 14 0 =

Death Severe 1 1 3 0.44
Non-severe 0 0 0 --

Hypertension Severe 1 3 7 0.07

Non-severe 0 2 1 0.56

Diabetes Mellitus Severe 3 2 4 0.71

Non-severe 1 4 1 0.22
Cardiac Diseases Severe 0 4 0 --

Non-severe 2 3 0 0.65

Kidney Diseases Severe 2 1 2 0.81
Non-severe 0 1 0 --
Malignancy Severe 0 0 1 --
Non-severe 1 1 0 =
Hepatic Diseases Severe 1 0 1 --
Non-severe 0 0 0 --

Oxygen Support Severe 11 19 13 0.29
Non-severe 0 0 =

Vaccination Status Severe 6 4 0.36

Non-severe 12 16 1 0.002*

Abbreviations: *: significant p<0.05, p: The p-value.

According to Table (4-10), the hematological parameters of patients with
different genotypes of the rs1801133 polymorphism were summarized for
severe and non-severe patients. Among hematological parameters, WBC, NEU,
LYM, D-dimer, and PLR values were all significant in the total patient
population in addition to NLR values in both total and non-severe, while non-

significant in HGB and PLT values.
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Table (4-10) Hematological parameters in patients with COVID-19 according to
genotypes for MTHFR (rs1801133) polymorphism.

Parameters Severity Mean+SD genotypes of MTHFR (rs1801133) \ P-value
CC CT TT

WBC Total 11.5+5.43 13.97+£5.53 16.11+4.54 0.009*
Non-Severe 8.5+£3.63 8.52+2.46 9+2.64 0.96
Severe 16.81+£3.77 17.67+3.6 17.44+3.44 0.77

PLT Total 267.58+56.35 279.74+75.02 286.1+113.21 0.658
Non-Severe 251.82+36.21 259.1+31.75 244.66+£6.65 0.68
Severe 295.46+74.44 293.75+£91.72 293.87+122.34 0.99

NEU Total 9.444+4.12 11.39+4.34 12.324+4.23 0.034*
Non-Severe 7.17£2.66 8.22+2.74 8.26+2.51 0.43
Severe 13.46+3.018 13.544+3.9 13.08+4.1 0.92

D-Dimer Total 0.98+0.89 1.52+1.17 1.72+1.07 0.021*
Non-Severe 0.44+0.1 0.6+0.36 0.51+0.13 0.13
Severe 1.93+0.88 2.15+1.11 1.95+1.013 0.74

LYM Total 1.9+0.96 1.39+0.89 1.28+1 0.023*
Non-Severe 2.42+0.62 2.22+0.62 2.78+0.66 0.28
Severe 0.99+0.76 0.84+0.56 1.02+0.78 0.68

NLR Total 9.73+10.73 20.57+17.13 24.9422 88 0.002*
Non-Severe 3.45+1.28 5.6+£3.55 3.16+1.075 0.02*

Severe 20.83+11.13 30.73+15.06 28.97+22.72 0.218

PLR Total 216.63+203.17 329.45+268.09 | 411.01+349.88 | 0.028*
Non-Severe 108.62+23.83 129.96+52.66 91.934+24.87 0.12
Severe 407.73+£239.67 464.81+271.29 470.84+350.2 0.8
Male Total 14.33+1.65 13.57+1.6 14.03+0.91 0.31
Non-Severe 15.2+1.23 14.38+1.18 14.9+1.01 0.51
HB Severe 13.65+1.67 13.3+1.67 13.74+0.72 0.73
Female Total 13.24+1.8 12.52+1.86 12.174£2.54 0.33
Non-Severe 13.74+0.72 12.98+1.87 13.54+1.49 0.55
Severe 10.1£0.78 12.03+1.78 12.174£2.54 0.19

Abbreviations: WBC: white blood cell, PLT: platelet, NEU: neutrophils, LYM: lymphocytes, NLR:
Neutrophil-Lymphocyte Ratio, PLR: platelet-lymphocyte ratio, HB: hemoglobin, mean+SD: mean+
standard deviation, *: P<0.05 was considered statistically significant.

4.5.1.2. Association of the MTHFR rs1801133 to Serum homocysteine in
COVID-19

Homocysteine is an amino acid containing sulfur that cannot be

effectively incorporated into proteins. It is a metabolic intermediate produced

when the amino acid methionine is converted to homocysteine, and it may be
expelled via the urine(Hou H. and Zhao 2021).
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Homocysteine may be methylated to produce methionine or transformed
to cysteine through a transsulfuration pathway. In the methylation process,
vitamin B12, folate, and the enzyme methylenetetrahydrofolate reductase
(MTHFR) are required, hence deficiency or severe deficiency of these vitamins
may result in homocysteine buildup in the blood, particularly in individuals
with certain mutations in the MTHFR gene(Raghubeer and Matsha, 2021).

It is well known that a high homocysteine plasma level considerably
increases the risk of vascular damage both in small and big vessels(Balint et
al., 2020). In addition to serological and clinical indicators that are clearly
connected with a severe clinical outcome of COVID-19 infection, it has been
recently proposed that Hcy played an essential predictive role(Yang Z. et al.
2020). In the present study showed Hcy levels was a significant increase in 92
patients serum compared with 92 healthy group was lower, the mean£SD serum
Hcy level in COVID-19 patients was16.17+9.33, while that in the controls was
4.46+2.73 (p<0.01) as in figure (4-23).

In Iraqg study confirmed serum homocysteine levels compared to healthy
controls, COVID-19 patients had significantly higher levels(Khalid et al.,
2022). Recent study on pediatric indicate the median serum Hcy concentration
in COVID-19 patients was 27.5 mol/L, while it was 1.8 mol/L in the control
group compared patients to controls, there was a statistically marked increase
in the Hcy level (p <0.001)(Fouda et al., 2022). Post-COVID-19 patients
showed increased homocysteine levels than healthy controls, leading to
endothelial dysfunction and inflammatory vasculopathy associated with
COVID-19(Keskin et al., 2022).

In patients with severe COVID-19, several studies have suggested that a
number of parameters may contribute to the severity of COVID-19. According
to the results multiple studies, homocysteine levels are a useful prognostic

indicator for predicting the severity of COVID-19 illness.

108




Chapter Four Results and Discussion

Levels of Homocysteine (Hcy)
aad| 16.17+9.33
=
=
= 30
&=
= —
S £ T-test
§ © 20- 4.46+2.73 p-value<0.05
= g Significant
2 _—
4 10
(=5
—
== L
0 1 1
Control Pateints
Groups

Figure (4-23) Mean = SD of homocysteine levels in healthy and COVID-19 patient
groups.

When compared the results between severe, non-severe, and dead
patients there was significantly differences (p<0.01) with mean+SD
(10.42+6.5, 3.25+1.21, and 12.5%5) respectively, as in figure (4-24). In
addition, the median (IQR) was severe 9.160 (IQR 5.72-13.91), non-severe
3.27 (IQR 2.45-4.2), and dead 10 (IQR 7-19). In a study including 304
hospitalized COVID-19 patients similar to the results of present study, plasma
homocysteine levels were measured and found to be significantly higher in

non-survivors compared to survivors(Ponti, Roli, et al., 2021).

In a study done by Keskin et al. (2022) and colleagues, plasma
homocysteine levels were evaluated in 117 COVID-19 hospital patients. Blood
oxygen saturation levels over 90% on room air were used to divide patients into
a moderate disease group, and those below 90% into a severe disease group
(patients with blood oxygen saturation lower) There was a significant elevation
in homocysteine levels in the severe disease group compared to the mild disease
group.
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Figure (4-24) Mean = SD of homocysteine levels in COVID-19 patients group including
(severe vs non-severe).

Increased homocysteine levels have been reported in patients with
advanced disease or those whose COVID-19 was severe(Yang. Z et al. 2020).
The results of a study have shown that Hcy is an effective biomarker for
predicting the outcome of COVID-19 patients who have been hospitalized. Hcy
may be a useful biomarker for assisting clinicians in the identification of
individuals at increased risk for severe COVID-19 infection(Olivaet al., 2021).
Higher Hcy was associated with higher in COVID-19 incidence and severity
and clinical outcome in individuals with ischemic stroke(Syahrul et al., 2022).
Serum homocysteine levels are associated with the diagnostic progression of
pulmonary disease on chest CT imaging for COVID-19 patients(Yang Z. et al.
2020). Hyper-homocysteinemia, an increase in homocysteine levels, is a risk
factor for several diseases, including cardiovascular and neurological
conditions, and may contribute to the severe course of COVID-19(Karst et al.,
2020). According to the Brazilian study, higher serum levels of homocysteine
are major risk factors for the severity of COVID-19(Dos Reis et al., 2022).
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Based on several investigations and studies homocysteine is a promising
biomarker of COVID-19 infection severity, and it can also indicate the
mortality rate. The ROC curve analysis was performed on the serum Hcy levels
for the experimental groups included (severe vs non-severe). The results
showed that the area under the curve (AUC) of Hcy is 0.938 (95% CI 0.854~1).
The best critical point was 10.3 nmol/ml, the specificity was 100%, and the
specificity was 81% as in figure (4-25).
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Figure (4-25) The ROC curve of homocysteine levels in predicting severity of
COVID-19.

One of the most frequent genetic causes of high homocysteine levels is
a mutation in the MTHFR gene. The most common MTHFR variant is the
C677T mutation, also known as the "thermolabile” MTHFR mutation(Moll and
Varga, 2015). The investigations of present study based on different genotypes
and impact of Hcy levels by the variant, the serum homocysteine levels with a
CT and TT genotype (11.3 = 4.6 and 8.6x6.1 nmol/mL, respectively) were
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significantly higher than with CC genotype (3.9 + 1.8 nmol/mL, p = 0.002) as
in figure (4-26).

Levels of Homocysteine (Hcy) with genotypes
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Figure (4-26) Mean = SD of homocysteine levels in participants individuals based on
genotypes carriers.

A study by Karst, et al(2020) assumed a theory of special susceptibility
to a severe course of COVID-19 caused by higher Hcy, which might be
activated by the presence of the C677T polymorphism. The presence of the rare
allele (T) decreases MTHFR enzyme activity to 35% (per copy of the allele),
resulting in increased homocysteine levels(Shane et al., 2018). The variant of
C677T (rs1801133) in the Uzbek population and their impact on the etiology
of COVID-19 and in patients with hyper-homocysteinemia it was crucial to
evaluate the severity of COVID-19 infection, enzyme activity reduces by 70%
in homozygous mutants and 35% in heterozygotes as a result of the
impact(Khidoyatovna et al., 2022). In similar findings to the results of this
study, rare homozygous carriers of this polymorphism had elevated

homocysteine levels compared to normal subjects, the mutation's wild-type.
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Heterozygotes showed a modest rise, midway between the uncommon

homozygotes and the wild type(Liew and Gupta, 2015).

In study on MTHFR rs1801133 on women proved patients with the TT
genotype had substantially higher homocysteine levels (8.3 3.9 nmol/mL) than
those with the CC and CT genotypes (6.3 1.4 and 6.6 1.4 nmol/mL,
respectively, p = 0.002)(Kuroda et al., 2021). Accordingly, increased levels of
homocysteine may cause diseases seen in COVID-19 and raise the risk of

thrombosis.

4.5.1.3. The Met268Thr polymorphism rs699 T>C SNPs in AGT gene

The AGT gene, located at 1942.2, codes for the peptide hormone
angiotensinogen. The rs699 ¢.803T>C is missense polymorphism in exon 2
changed Methionine (M) to threonine(T) in the protein at p. Met268Thr. This
rs699 is also known as M235T since it was previously found at amino acid 235.
Numerous human tissues and organs express the ACE2 cellular receptor for
SARS-CoV-2, the renin-angiotensin system (RAS) is associated with COVID-
19's pathogenicity. The AGT gene is considered one of the candidate genes of
the RAS system(El-Arif et al., 2021). Renin, which is released by the kidneys,
cleaves Angiotensinogen (AGT), released by the liver, to produce Angiotensin
I, last-mentioned cleaved by ACE to create Angiotensin Il (Ang Il), which
serves as the substrate of ACE2(Annweiler et al., 2020).

Several studies have evaluated the role of the renin-angiotensinogen
system in the development of COVID-19 severity in many patient
groups(Wiese et al., 2020; Akbari et al., 2022). There was growing evidence
that an imbalance in the RAS played a key role in the development of
ARDS(Vrigkou et al., 2017), and contributes significantly to the pathogenesis
of COVID-19(Henry et al., 2020). Generally, dysregulated RAAS in the

vasculature of COVID-19 patients may trigger a cascade of events that result
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in an increase in coagulopathy across oxidative stress damage, endothelial
dysfunction, and subsequent activation of the clotting cascade by a possible
role for von Willebrand factor (VWF) in the coagulopathy caused by COVID-
19.

Genotyping of rs699 was conducted using the primers tetra amplification
refractory mutation system (T-ARMS-PCR), Allele Specific-PCR (ARMS-
PCR), and sequencing techniques. The allele specific-PCR by used three
primers one of common primer and the other two for each base as reference
allele (wild primer) and alternative allele (mutant primer), the polymorphism
rs699 in AGT gene was identified PCR fragment was 142 bp for each allele,
after the amplification, electrophoresis was performed the presence of PCR
bands in the agarose gel in wild variant considered the (TT) genotype carriers,
whereas the (TC) genotype carriers (heterozygous) two band in gel included
wild and mutant, and the (CC) genotype carriers (homozygous mutant) had one

band in mutant line as in figure (4-27).

The T-ARMS-PCR in a single PCR, four primers are used, and gel
electrophoresis followed it: outer forward (OF), outer reverse (OR), inner
forward (IF), and inner reverse (IR). As an internal control for the PCR, the
OF/OR primer combination produces the SNP locus's outer fragment. The inner
primer gives the two allele-specific primers (inner primers), which will make
the allele-specific fragments. According to Figure (4-28), outer fragment (319
bp), T allele, and C allele (194,168) respectively, in heterozygous genotype
carriers (TC), the fragments were 319, 194, and 168 bp, while in wild-type
carriers (TT), they were 319 and 194, whereas in (CC) mutant genotype
carriers, they were 319 and 168).
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Figure (4-27): Allele specific-PCR analysis of the PCR product that contains position
T4072C of the AGT gene separated on (75 voltages, separated on agarose 1%o, at 75
voltage, 20 mA for 60min), M=DNA ladder 100 bp, TT= wild-type; TC= heterozygous;
CC= homozygous mutant.

1 2 3 4 S 6 7 8 9 10 11 12
M ¢C TT TC TC TC TT TC TT TC TT TC TT M

.
B
.

{1

AGT, rs699 ,T>C

Figure (4-28) SNP rs699 genotyping by T-ARMS-PCR resolved on (75 voltages,
separated on agarose 1%, at 75 voltage, 20 mA for 60min), 219 bp band represents the
outer amplicon, whereas the T and C alleles bands are represented by the 194 and 168
bp amplicons, respectively.
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After amplifying 50 PCR products for the AGT rs699 SNP, direct DNA

sequencing was performed, which showed perfect 100% concordance.

Subsequently, the sequencing results were analyzed and aligned to determine

the optimal level of similarity as in figure (4-29) and the appendix (4).
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Figure (4-29) Electropherograms of rs699 (TT) homozygous genotypes detected by
Sanger sequencing.

The rs699 polymorphism genotype and allelic frequency distributions

the data in table (4-11) shows the number of COVID-19 patients and apparently
healthy. The HWE was estimated for SNP AGT (rs699) genotype frequencies,

which did not match with HWE among the control group with a significant

difference, and was non-significant statistically matching with HWE among

patients. Results revealed significant differences statistically and impact of the

rs699 variant The risk of infection with COVID-19 is increased between patient

groups compared to control groups in codominant (OR =2.69, 95% CI=1.12—
6.44, P <0.02) and over dominant (OR =1.69, 95% CI=1.1-3.51, P <0.022) as
in table (4-12).
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A study on 104 positive patients by Cafiero et al. (2021) T/C genotype
was found to be significantly prevalent in patients with no symptoms.
According to a study by Kouhpayeh et al., (2021) carrying the C allele and TC
genotype of AGT rs699 increase the risk of contracting COVID-19.

Table (4-11) Hardy-Weinberg equilibrium for AGT gene rs699 genotype among

patient groups and controls.

Genotype, n (%) Allele frequency, n

(Frq.)

Polymorphism  Group

TT TC CC T C
Control [18(19.5) 31(33.7) 43(46.8)| 67(0.364)  117(0.636) | 6.82 0.03"

AGT (rs699)

Patients | 11(10.8) 51(50) 40(39.2) | 73(0.358)  131(0.642) | 0.78  0.67

Abbreviations: *: Significant p<0.05, HWE: Hardy—Weinberg equilibrium, y2: chi-square,
p: The p-value, Frq: allele frequency rate.

Table (4-12) association of AGT rs699 polymorphism with COVID-19 in patients and

control samples.

Polymorphism  Genetic models | Control, n (%) Patients, n (%) Odds ratio
OR (95%C]l)
Codominant
TT® 18(19.5) 11(10.8) 1.00 (Ref.) -
TC 31(33.7) 51(50) 2.69(1.12-6.44)  0.02*
cC 43(46.8) 40(39.2) 1.52(0.64-3.61) 0.34
Dominant
TT® 18(19.5) 11(10.8) 1.00 (Ref) -
TC+CC 74(80.5) 91(89.2) 2.01(0.89-4.52)  0.09
Recessive
AGT TT+TC® 49(53.3) 62(60.8) 1.00 (Ref.) -
rs699 cC 43(46.7) 40(39.2) 0.73(041-13) 029
Over-dominant
CC+TT® 61(66.3) 51(50) 1.00 (Ref.) -
TC 31(33.7) 51(50) 1.96 (1.1-3.51)  0.022*
Allele frequency
T 67(36.4) 73(35.8) 1.00 (Ref.) -
C 117(63.6) 131(64.2) 1.02 (0.67-1.55)  0.89

Abbreviations: ® References, OR: odd ratio, p: The p-value.
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As for distribution based on HWE law between patients group including
severe and non-severe, the results showed as in the table (4-13), the severe and

non-severe cases were consistent and match with HWE law.

Table (4-13) Hardy-Weinberg equilibrium for AGT gene rs699 genotype among

patient groups.

Polymorphism  Group Genotype, n (%) Allele, n (Frq.)

Severe

TT TC ccC | T C
Severe | 6(10.5) 28(49.1) 23(40.4)[ 40(0.35)  74(0.65) | 0.35  0.83
AGT (rs699) | Non- |5(11.1) 23(51.1) 17(37.8) | 33(0.367) 57(0.633) [0.45  0.79

Abbreviations: *: Significant p<0.05, HWE: Hardy—Weinberg equilibrium, Frqg: allele
frequency rate, y2: chi-square, p: The p-value.

Table (4-14) compared the allelic frequency of AGT genotypes in rs699
in several genetic models based on severe versus non-severe cases. Statistically,
the differences between the two groups were not significant in genotypes in all

models of AGT rs699 gene polymorphisms and severity of the disease.

Even though patients in this study with severe disease had a higher
frequency of the C allele, no statistical significance was found, possibly a need
for a larger sample size. So far, no data much-studied polymorphism rs699 in
order to explain its impact severity of COVID-19, there was one study in Iran
mentioned above, that did not observe any genotype associated with severe
outcomes or mortality of COVID-19(Kouhpayeh et al., 2021). According to the
findings in table (4-15), rs699 genotype did not correlate with demographics,
clinical history, and medical history except that female gender, diabetes
mellitus, hypertension, and oxygen therapy in severe cases were significantly
higher among patients with three different genotypes (p = 0.001, p=0.003,
p=0.045 and p = 0.001, respectively).
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Table (4-14) AGT gene (rs699) polymorphism under different genetic model and allelic

models in severe patient and non-severe.
Polymorphism  Genetic models = Severe, n(%) Non-severe, n(%) Odds ratio

OR (95%Cl)

Codominant
TT® 6(10.5) 5(11.1) 1.00(Ref.) --
TC 28(49.1) 23(51.1) 1.01(0.27-3.75)  0.98
cc 23(40.4) 17(37.8) 1.12(0.29-4.31)  0.86
Dominant
TT® 6(10.5) 5(11.1) 1.00(Ref.) --
TC+CC 51(89.5) 40(88.9) 1.06(0.3-3.73) 0.92
AGT (rs699)
Recessive
TT+TC® 34(59.6) 28(62.2) 1.00(Ref.) -
cc 23(40.4) 17(37.8) 0.89(0.4-2) 0.79
Over-dominant
TT+CC® 29(50.9) 22(48.9) 1.00(Ref.) --
TC 28(49.1) 23(51.1) 1.08(0.49-2.36) 0.84
Allele
T® 40(35) 33(36.7) 1.00 --
C 74(65) 57(63.3) 1.07(0.6-1.9) 0.81

Abbreviations: ® References, OR: odd ratio, p: The p-value.

Among diabetic patients, COVID-19 is more common and more
severe(Singh et al., 2020). In a study, it was found that patients with COVID-
19 are more likely to be hospitalized and to die as they age and have diabetes
mellitus, hypertension, and obesity(Muniyappa and Gubbi, 2020). The severity
of complications associated with COVID-19 is high in patients with diabetes(
Li G. etal., 2021). COVID-19 patients with hypertension have a high mortality
rate compared to patients without hypertension. An increase in the severity of
the COVID-19 infection may be caused by dysregulation of the RAAS,

Immune response, gastrointestinal tract, and inflammation(Peng et al., 2021).

Compared to COVID-19 patients without hypertension, patients with
hypertension often suffered from severe pneumonia, excessive inflammatory

reactions, organ and tissue damage, and disease progression.
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In order to prevent hypertension from worsening, patients should receive
additional care(Songjiang Huang et al., 2020). Specifically, COVID-19
requiring oxygen is assessed as either a noninvasive respiratory therapy or
invasive mechanical ventilation(Kayem et al., 2020). A chest X-ray showed
bilateral alveolar or interstitial infiltrates was more common in patients with

severe pneumonia needing additional oxygen(San-Juan et al., 2020).

Table (4-15) summarizes the demographics and clinical characteristics of patients with
COVID-19 based on the AGT genotype rs699.

P-value

Parameter

Severity

Genotypes

state TT TC CC
Male Severe 5 12 16 0.6
Non-severe S 6 4 0.81
Female Severe 1 16 7 0.001*
Non-severe 0 17 13 0.46
Death Severe 2 3 0 0.65
Non-severe 0 0 0 --
Hypertension Severe 1 9 1 0.003*
Non-severe 1 2 0 0.56
Diabetes Mellitus Severe 1 7 2 0.045*
Non-severe 2 3 1 0.6
Cardiac Diseases Severe 1 1 0 --
Non-severe 3 2 0 0.65
Kidney Diseases Severe 0 4 1 0.18
Non-severe 1 0 0 --
Malignancy Severe 0 1 0 --
Non-severe 1 1 0 --
Hepatic Diseases Severe 0 1 1 --
Non-severe 0 0 0 -
Oxygen Support Severe 3 22 20 0.001*
Non-severe 0 0 0 o
Vaccination Status Severe 2 4 6 0.36
Non-severe 4 14 11 0.06

Abbreviations: *: significant p<0.05, p: The p-value.

To investigate whether the 1s699 polymorphism modulates
hematological parameters, the hematological parameters were compared
between severe and non-severe subjects, based on their genotypes table (4-16).
Among the study parameters, the rs699 polymorphism did not significantly

affect any of them, except for Hb in females was significant (p=0.01).
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Table (4-16) Analysis of hematological values (Mean = SD) according to the AGT
(rs699) genotypes in patients.

Parameters Severity Mean£SD genotypes of AGT (rs699) P-

TT CT CC value

WBC Total 13.78+4.28 13.73+£5.58 13.12+5.87 0.86
Non-Severe 10.2+1.3 8.47+2.34 7.72+£2.79 0.42

Severe 16.76+3.44 18.04+3.23 16.8+3.94 0.43

PLT Total 246.72+37.28 | 284.47+91.04 | 274.87£64.92 | 0.33
Non-Severe | 258.6+24.13 | 254.52+36.65 | 253.05+£31.56 | 0.94

Severe 236.83+45.34 | 309.07+113.42 291+78.15 0.24

NEU Total 8.7+3.53 11.46+4.59 10.73+4.11 0.15
Non-Severe 6.14+1.55 8+2.76 7.72+2.79 0.38

Severe 10.83+3.33 14.34+3.78 12.96+3.47 0.08

D.DIMER Total 0.96+0.8 1.47+1.14 1.38+1.09 0.38
Non-Severe | 0.48+0.148 0.55+0.34 0.47+0.09 0.61

Severe 1.36+0.93 2.22+1 2+1.04 0.17

LYM Total 1.66+1.06 1.54+0.95 1.544+0.97 0.93
Non-Severe 2.53+0.55 2.24+0.75 2.47+0.421 0.43

Severe 0.93+0.79 0.97+0.69 0.86+0.63 0.85

NLR Total 16.07+16.88 18.49+£17.77 16.76+16.97 0.85
Non-Severe 2.77+0.96 4.79+3.21 4.2+2.09 0.31

Severe 27.14£19.35 29.75+£16.88 26.04+17.19 0.74

PLR Total 243.44+201.2 | 299.74+261.75 | 328.19+303.07 | 0.65
Non-Severe | 104.27£14.89 | 127.59+50.89 | 105.15£20.46 | 0.16

Severe 359.41+£212.8 | 441.15+280.68 | 493.05+£309.3 | 0.57

HB | Male Total 14.92+1.15 13.68+1.62 13.67+1.36 0.06
Non-Severe 15.4+0.65 14.13+1.37 15.3+0.87 0.13

Severe 14.44+1 .4 13.46+1.75 13.26+1.15 0.29

Female Total 13+0.1 12.53+£2.15 13.07+£1.56 0.62
Non-Severe | 14.01+0.91 12.92+1.87 -- 0.04

Severe 13.26+0 10.96+1.99 13.35+0.74 0.01%*

Abbreviations: WBC: white blood cell, PLT: platelet, NEU: neutrophils, LYM: lymphocytes, NLR:
Neutrophil-Lymphocyte Ratio, PLR: platelet-lymphocyte ratio, HB: hemoglobin, mean+SD: mean+
standard deviation, *: P<0.05 was considered statistically significant.

45.1.4. Association of the AGT rs699 to Serum Angiotensinogen in
COVID-19

The serum level of angiotensinogen was assessed using a commercially

available enzyme-linked immunosorbent assay (ELISA) kit for concentration

measurement in study samples. The present results in the study showed

significant (P <0.05) increase in angiotensinogen level of COVID-19 patients

as compared to healthy subjects, The results, as mean+ SD of concentration
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level, are presented in figure (4-30) showed increase in angiotensinogen in
patients compared with healthy individuals, in addition the results of median
(IQR) 76.56 (63.62-9219) vs 69.6 (55.66-84.34) for 95 patients and 95 healthy
control respectively.

There are still a limited number of studies evaluating the association
between rs699 (M268T) and other AGT levels and biomarkers of COVID-19 in
general populations. No data for comparison with present results, only one
study confirmed the concentration of angiotensinogen in the serum increased
COVID-19 severity(Tepasse et al., 2022).

Levels of Angiotensinogen (AGT)

= 86.07x34.29
g T-test
s L 69.9+19.08 p.value<0.05
= b= Significant
S =
s 2
?"’) 50—
z
—
o I 1
Control Patients
Groups

Figure (4-30) Mean £ SD of hormone angiotensinogen levels in healthy and COVID-19
patients.

There has been much of attention on how the renin-angiotensin signaling
(RAS) pathway is involved in COVID-19. The involvement of the RAAS
system in viral entry across Angiotensin-converting enzyme 2 (ACE2) has been
recognized as a potential entry receptor for SARS-CoV-2 infection(Bian and

Li, 2021), therefore may be a need for the replenishment of ACE2 in the system
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by increased of angiotensinogen concentration because the activity of the RAS

depends on the availability of angiotensinogen and may be to it as.

In study by Wu. Z et al. (2020), 12.2 % of SARS-CoV-2 patients showed
higher than normal renin levels, in advance the renin is secreted by
juxtaglomerular cells in the kidney and converts angiotensinogen to
angiotensin-l(Komukai et al.,2010), therefore, increased angiotensinogen
concentration may be for this reason. In a letter to the editor, it was found that
a decrease in renin may lower RAS system activity and ACE2, so decreasing
SARS-CoV-2 viral entrance into the host cell(Vasanthakumar, 2020). As
previously described RAS system is known best for its role in the maintenance
of blood pressure and electrolyte and based on significant results by Taheri et
al. (2021) were obtained after measuring the levels of electrolytes and

micronutrients in the bodies of patients with COVID-19.

It was discovered that the levels of trace elements and electrolytes in the
blood circulation play important roles in either lowering or increasing the
severity of the disease, and thus the mortality rates of patients, therefore this
may be one of reason to higher angiotensinogen concentration in present study
of patients compared with apparently healthy individuals. Based on the above
evidences could compare the levels of the AGT between severe vs non-severe
and their slight differences in levels were in severe cases than in non-severe
without significant differences (p>0.05) as in figure (4-31). In results of the
ROC curve in present study was drawn and the area under the curve (AUC)
was calculated to determine the accuracy of predicting the angiotensinogen
levels, AUC in AGT was (0.437) not accurate because less than 0.5 and non-

significant p>0.05 as in figure (4-32).
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Levels of Angiotensinogen (AGT)
150
g 77.87+£37.57
g 79.97+18.88
£ 100- —m T-test
S ?C,, p.value>0.05
E = Non-significant
s O
2z < 50+
2
—
0- T
Non-severe Severe
Severity of Covid-19 patients

Figure (4-31) Mean = SD of hormone angiotensinogen levels in COVID-19 patients
group including (severe vs non-severe).

ROC Curve of Angiotensinogen nglL

1.0
p-value=0.05
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@ pa
ATTC =0.437
NOT Accurate less than 0.5
0.z

0.0 0.2 0.4 0.6 0.g 1.0
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Figure (4-32) ROC curve of serum angiotensinogen level.
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The relationship between genotype and serum levels of AGT appears to
be present. Studies have indicated that there exists an association between the
presence of the 235T allele in the AGT M235T (rs699) polymorphism and a
notable elevation in plasma AGT concentrations(Jeunemaitre et al., 1992; Sethi
et al., 2003).

The results of present study to assessed AGT levels in present
homozygous TT genotype individuals were lowest circulating AGT levels was
median 62.24 (IQR 53.37-75.99) in comparison with C-allele (TC+CC) carriers
where higher levels CC was median 75.89 (IQR 59.64-90.48) and TC
70.46(IQR 56.53-87.17), but there were no statistically significant differences
between genotypes as in figure (4-33), but still when changed Methionine to a
threonine will change the AGT concentrations. In study found homozygous for
the wild allele (M235 or T4072) had the lowest circulating AGT levels, while
those mutant homozygous for the T235 (Thr) allele (C4072) had the
highest(Zarebska et al., 2013).

AGT levels by diffrent genotypes
150 =
72711485 79.61+40.4  83.27+37.2
- 100+
=4
= Anova-test
(O] p-value>0.05
< 50_ - - -
Non-significant
0= T
< <& <
O’c\‘Q O\\'\‘Q (;c\Q
0¢ 0*\ 0‘\
P o\o 0\0
< ¢ &

Figure (4-33) Mean=SD of protein angiotensinogen levels in participants
individuals based on genotypes carriers.
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The results in present study were similar to a study confirmed the AGT
rs699 C allele (TC+CC) is related with increased angiotensinogen (AGT)
levels(Pringle et al., 2016). Increased plasma AGT levels by 10-20% have been
associated to the mutant genotype, which has also been related with an
increased risk of developing hypertension(Jeunemaitre et al., 1992). The AGT
rs699 C allele (threonine variant) has been linked to increased plasma
angiotensinogen levels, according to previous studies(Sethi et al., 2003;
Takeuchi et al., 2012).

4.5.1.5. The Intron Polymorphism rs2106809 T>C SNPs in ACE2 Gene
The ACE2 gene is located on chromosome Xp22, spans 39.98 kb of
genomic DNA, and has 20 introns and 18 exons, as mentioned in the results
AGT gene was considered Angiotensin-converting enzyme 2 (ACE2) played a
significant role in the RAS system by converting Ang Il into angiotensin-(1-
7)/mitochondrial assembly receptor [ACE2/Ang-(1-7)/MasR] axis.

The rs2106809 variant (g.7132T>C) is located at the beginning of the
intron 2 of the ACE2 gene. The ACE2-Ang (1-7)-MAS axis has been identified
as a key mediator of the impacts an association between COVID-19 and
infection severity. ACE2 expression levels affect how successfully a virus
enters the human body, complications following COVID-19 are associated with
decreased ACE2 expression(Sahu et al., 2022).

Genotyping of rs2106809 was identified using the primers amplification
refractory mutation system (T-ARMS-PCR), Allele Specific-PCR (AS-PCR),
and sequencing techniques. In Allele specific-PCR the polymorphism
7132T>C in ACE2 gene was identified PCR fragment was 196 bp for each
allele, PCR reactions were performed in two reactions involved wild and
mutant to predicted the results amplifies the wildtype and mutant the PCR

products were separated and detected according to the difference bands that
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appear between wild (W) type and mutant (M) type was used to determine the
genotype of samples in figure (3-34).

ACE2 rs2106809 T>C

= L

— . —— e —

200 bp
100 bp

Figure (4-34) Gel electrophoresis separated on agarose 2%, at 75 voltage, 20 mA for
60min for allele specific PCR for ACE2 SNP-7132T>C (rs2106809). M: 100 bp DNA
ladder from Promega. PCR product upon using control forward primer and using C
primer and T primer, with some samples for males contain only allele because ACE2
on X-chromosome.

The ARMS-PCR technique for identification of SNP rs2016809 was
collected and used to identification of gene sequence and position of single
polymorphism. The fragment size of the ARMS PCR product was used to tell

the difference between the mutant allele and the wild type allele.

The optimization of primer Amplification Refractory Mutation System
Polymerase Chain Reaction (T-ARM-PCR) was applied by using different
ratios of outer and inner primer concentration. The genotype variation of
rs2106809 determined by control fragment or outer was (312 bp), specific
fragment of TT wild allele (312+159 bp) and CC mutant allele (312+196 bp)
as in figure (4-35).
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1 2 3 4 5 6 7 8 9
M TC TC TT CCTT CC T T T

male male male

ACE2 ,rs2106809 T>C

500 bp o
uter
300 bb 312 bp
200 bp 159 bp

100 bp iR

196 bp
IF

Figure (4-35) the T-ARMS-PCR for rs2106809 detection, M=100 bp ladder DNA, outer
primer, IR=inner reverse, IF=inner forward, male=only T OR C allele because ACE2
on X-chromosome, separated on agarose 2%, at 75 voltage, 20 mA for 60min.

Results of sequencing showed the genotypes of rs2106809 of ACE2 gene

wild in figure (3-36) while heterozygous and mutant in appendix (5).

& Download v GenBank Graphics

Homo sapiens angiotensin converting enzyme 2 (ACE2), RefSeqGene on chromosome X
Sequence ID: NG 012575.3 Length: 96015 Number of Matches: 1

Range 1: 12240 to 12296 GenBank Graphics

Score Expect Identities Gaps Strand
106 bits(57) 2e-19 57/57(100%) 0/57(0%) Plus/Plus
Query 1 TCATAAAGCTGCTGATGTAGAAGTGTGGAGAA CATCAGATAGAGATATGGAAAA 57

CELLLERREEEELE R PR ER LR ET e EEE LR EE L EErL 1

Sbjct 12240 TCATAAAGCTGCTGATGTAGAAGTGTGGAGAAGTCCATCAGATAGAGATATGGAAAA 12296

210 280 290 300 310
CATAAAGCTGCTGATGTAGAAGTGTGGAGAAGTCCATCAGATAGAGATATGGAAAA

Figure (4-36) Sequence alignment and sequencing analysis to confirmed of ACE2
rs2106809 sample TT genotype.
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The genotype distribution frequencies were in agreement with the
Hardy-Weinberg Equilibrium in the patients’ and control groups (p>0.05) in
females as in table (4-17). Table (4-18) showed no relation between the
outcome of COVID-19 infection and rs2106809 in findings of present study in
females, and these results come similar to some investigations in other

populations.

In a study by, Celik et al. examined 155 COVID-19 patients according
to the infection of the disease and found no association between ACE2
rs2106809 variation in females and the result of COVID-19 disease(Karakas
Celik et al., 2021). A case-control investigation that looked at the relationship
between rs2106809-tag SNP rs2285666 (and different exonic ACE2 variants)
and COVID-19 (and its severity) could not find a statistically significant
correlation. This may be because the study design and sample size were not

accurate(Gomez et al., 2020).

Table (4-17) Hardy—Weinberg equilibrium for ACE2 gene rs2106809 genotype among

patient groups and controls and different gender (male and female).
Polymorphism Gender Group Genotype, n (%) Allele, n (Frq.)

TT® TC cC T C
Control | 22(57.8)  15(39.4)  1(2.6) | 59(0.648) 32(0.351) | 0.7 0.7
Female -
ACED Patients | 34(62.9)  16(29.6)  4(7.4) | 84(0.777) 24(0.222) | 1.1 057
rs2106809 o c T c
Control | 43(79.6) 11(20.3) | 43(0.796) 11(0.203) -
Male
Patients | 27(56.2) 21(43.8) | 27(0.562) 21(0.438) -

Abbreviations: ® References, HWE: Hardy—Weinberg equilibrium, p: The p-value, ¥2: chi-square.
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In a study carried out by Cafiero et al. (2021) the researchers looked at a
number of SNPs, one of which was rs2106809, and discovered that there was
no correlation between it and COVID-19 infection. While in males there were
new findings in the present study indicated (C) allele genotype as a key concern
in association with likely to acquired COVID-19 infection, there is significant
statistically at p<0.05 between patients and control groups at threefold (OR,
3.04, 95% CI 1.26-7.28).

Table (4-18) Association of ACE2 rs2106809 polymorphism patients with COVID-19

as well as controls under different genetics models.
Polymorphism  Genetic models Control, n Patients, n (%0) Odds ratio

(%0) OR (95%Cl)
Codominant
female
TT® 22(57.9) 34(62.9) 1.00 (Ref.) --
TC 15(39.5) 16(29.7) 0.69 (0.28-1.67) 0.41
cc 1(2.6) 4(7.4) 2.58 (0.27-24.7) 0.4
Dominant
female
TT® 22(57.9) 34(62.9) 1.00 (Ref.) --
TC+CC 16(42.1) 20(37.1) 0.8 (0.34-1.88) 0.6
ACE2 Recessive female
rs2106809 TT+CT® 37(97.3) 50(92.6) 1.00 (Ref.) --
cC 1(2.7) 4(7.4) 2.96 (0.31-27.5) 0.34
Over-dominant
female
CC+TT® 23(60.5) 38(70.3) 1.00 (Ref.) --
TC 15(39.5) 16(29.7) 0.64 (0.26-1.54) 0.32
Allele frequency
female
T® 59(77.7) 84(77.8) 1.00 (Ref.) -
C 17(22.3) 24(22.2) 0.99 (0.49-2) 0.98
Male alleles
T® 43(62.9) 27(56.8) 1.00 (Ref.) --
C 11(20.3) 21(43.2) 3.04 (1.26-7.28) 0.01*

Abbreviations: ® References, OR: odd ratio, Frq: allele frequency rate, p: The p-value, *Significant
p<0.05.

In addition, the predicted genotypic frequencies in females between

severe and non-severe cases follow the Hardy-Weinberg equilibrium, the
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genotype frequencies in the same generation in the present data and allele
frequencies remained constant in generations and no significant difference as
seen in table (4-19).

Table (4-19) Hardy—Weinberg equilibrium for ACE2 gene rs2106809 genotype among

patient groups.

Polymorphism Gender Patients Genotype, n (%) Allele, n (Frq.)
Group
p
0.29 0.86
Severe | TT® TC CC T C
Female 13(62.9) 10(29.6) 1(7.4) | 84(0.777) 24(0.223)

Non- | 21(57.8 6(39.4) 3(2.6) | 59(0.648) 32(0.352) | 42 0.12

ACE? severe

rs2106809

T® C T C
Severe 15(45.5) 18(54.5) | 15(0.455) 18(0.545)

Male

Non- -
severe 12(80) 3(20) | 12(0.8)  3(0.2)

Abbreviations: ® References, ¥2: chi-square, Frq: allele frequency rate, p: The p-value, HWE:
Hardy—Weinberg equilibrium.

Regarding the severity, the present study assessed the (C) genotype in
males to increase the risk of severe COVID-19 as in table (4-20), In similar
results by Franczyk et al. (2022)showed the presence of SNPs rs2106809 and
rs2285666 was associated with an increased risk of hospitalization and disease

severity.

In second a study with recessive inheritance patterns in females, there
was an association between the SNP rs2106809 and the risk of hospitalizations
and a more severe progression of disease (C/C vs. T/C-T/T, OR = 11.41, 95%
Cl: 1.12-115.91; p =0.012). Furthermore, COVID-19 patients who showed the
(C)for the rs2106809 SNP had a greater probability of being admitted to the
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ICU or dying (OR = 11.41, 95%IC: 1.12-115.91, p = 0.012)(Sabater Molina et

al., 2022).

Table (4-20) ACE2 gene (rs2106809) polymorphism under different genetic model and

Polymorphism  Genetic models

ACE2
rs2106809

(%)

allelic frequency in severe patient and non-severe.
Severe, n

Non-severe, n
(%)

OR (95%Cl)

Odds ratio

Codominant
Females
TT® 13 (54.1) 21 (70) 1.00 (Ref.) --
TC 10 (41.6) 6 (20) 2.69 (0.79-9.17) 0.11
CC 1(4.1) 3 (10) 0.53 (0.05-5.74) 0.6
Dominant
Females
TT® 13 (54.2) 21 (70) 1.00 (Ref.) --
TC+CC 11 (45.8) 9 (30) 1.97 (0.64-6.05) 0.23
Recessive
Females
TT+TC® 23 (87.7) 27 (57.7) 1.00(Ref.) --
CcC 1(12.2) 3(42.2) 0.39 (0.038-4.02) 0.43
Over-dominant
Females
TT+CC® 14(58.4) 24(80) 1.00(Ref.) --
TC 10(41.6) 6(20) 2.85 (0.85-9.56) 0.08
Allele
Females
T® 84(77.7) 59(64.8) 1.00 (Ref.) --
C 24(22.3) 32(35.2) 0.62 (0.35-1.09) 0.1
Allele Male
T 15 (45.5) 12 (80) 100 (Ref.) --
C 18 (54.5) 3 (20) 4.8 (1.13-20.25) 0.03*

Abbreviations: ® References, OR: odd ratio, p: The p-value, *Significant p<0.05.

In present results this variant was risk in male more than female and this

Is due to the human ACE2 gene is located on the X chromosome (Xp22.2

chromosomal region), in males, who carry only one copy of X and females

have two, in addition higher ACE2 expression was reported in men's lungs

more than women(Fawzy et al., 2022).
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In this study, it was found that genotypes of rs2106809 ACE2 were
significantly associated with severe and non-severe cases in women (p=0.008
and p=0001 respectively), and the ACE2 rs2106809 C and T allele were
significant with non-severe in men (p=0.02), whereas ACE2 genotypes in
females and alleles in males were statically significant with oxygen-requiring
cases (p=0.001 and p=0.02 respectively). The vaccination status in non-severe
patients was correlated with ACE2 rs2106809 genotypes in females (p=0.03)
as shown in table (4-21).

Table (4-21) shows the effect of ACE2 rs2106809 genotype on the demographic and
clinical features of patients with COVID-19.

Parameter Severity Genotype Female P-value Allele Male P-value
state TT TC CcC T C
Male Severe -- -- -- 15 18 0.6
Non-severe -- -- -- 12 3 0.02*
Female Severe 13 10 1 0.008* -- --
Non-severe 21 6 3 0.001* -- --
Death Severe 2 1 0 0.56 0 2 --
Non-severe 0 0 0 -- -- -- --
Hypertension Severe 5 1 1 0.1 1 3 0.3
Non-severe 1 1 0 -- 0 1 --
Diabetes Mellitus Severe 1 3 0 0.31 1 4 0.1
Non-severe 2 1 1 0.77 2 0 --
Cardiac Diseases Severe 1 0 0 -- 2 1 0.5
Non-severe 0 1 0 -- 4 0 --
Kidney Diseases Severe 1 0 0 - 1 3 0.3
Non-severe 1 0 0 -- 0 0 --
Malignancy Severe 0 0 0 -- 0 1 --
Non-severe 1 0 0 -- 1 0 --
Hepatic Diseases Severe 0 0 0 - 0 2 --
Non-severe 0 0 0 -- 0 0 --
Oxygen Support Severe 14 9 1 0.001* 6 17 0.02*
Non-severe 0 0 0 -- 0 0 --
Vaccination Status Severe 1 1 0 -- 4 6 0.5
Non-severe 11 5 2 0.03* 8 3 0.1

Abbreviations: *: significant p<0.05, p: The p-value.

In females, hematological characteristics did not differ significantly
among 54 patients with different genotypes of the ACE2 rs2106809
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polymorphism on chromosome X, while only Hb differed significantly among

the non-severe patients as in table (4-22).

Table (4-22) Hematologic parameters associated with ACE2 polymorphism rs2106809

in females genotypes.

Parameters Gender Severity

WBC

PLT

NEU

D-DIMER

LYM

NLR

PLR

HB

Female

Mean=SD Female genotypes ACE2 (rs2106809) \ P-

TT CT CC
Total 11.99+6.06 13.86+5.19 10.25+£5.96 0.42
Non-Severe 8.19+3.8 8.5£1.51 7.33+1.52 0.86
Severe 18.13+£3.27 17.09+£3.6 1940 0.71
Total 278.114£96.15 270+57.6 254+24.01 0.84
Non-Severe 249.8+41.14 258.5+26.6 253.3+29.36 0.88
Severe 323.84+137.62 | 276.9+70.69 256+0 0.57
Total 10.1+4.76 10.63+3.81 10.19+£3.92 0.92
Non-Severe 7.54+3 7.17+0.83 8.32+1.43 0.83
Severe 14.24+4.09 12.743.33 15.82+0 0.54
Total 1.04£1.03 1.44+1.02 1.21+£1.53 0.47
Non-Severe 0.45+0.11 0.54+0.1 0.44+0.075 0.18
Severe 2+1.15 1.9840 .94538 3.51+0 0.39
Total 1.92+0.91 1.3870 +0.87 1.62+0.9 0.15
Non-Severe 2.38+0.65 2.32+0.41 1.99+0.6 0.6
Severe 1.18+0.8 0.82+0.49 0.49+0 0.36
Total 11.91£15.43 18.56+13.74 17.27+24.85 .035
Non-Severe 3.83+1.63 5.57+2.52 4.84+0.41 0.11
Severe 24.96+18.77 26.36+11.45 54.55+0 0.22
Total 215.114£221.77 | 304.46+221.75 | 232.27+196.81 | 0.41
Non-Severe 112+32.29 112.97£13.47 | 135.54+44.35 | 0.47
Severe 381.66+£291.31 | 419.35+£206.75 522.44+0 0.84
Total 12.86+1.95 12.85+1.66 11.3£2.75 0.36
Non-Severe 13.86+0.93a 13.46+1.3a 11.4+3.36b 0.02*
Severe 11.23£2.1 12.49+1.816 110 0.32

Abbreviations: WBC: white blood cell, PLT: platelet, NEU: neutrophils, LYM: lymphocytes,
NLR: Neutrophil-Lymphocyte Ratio, PLR: platelet-lymphocyte ratio, HB: hemoglobin,

mean+SD: mean+ standard deviation, *: P<0.05 was considered statistically significant.

In table (4-23), hematological parameters

and the 1rs2106809

polymorphism are presented by type of allele in males. WBC and Hb have

statistically significant differences in total samples and severe cases, whereas

NEU, LYM, NLR, and PLR are significant in total and non-severe samples. D-

dimer in a total sample with p<0.05 significant. Meanwhile, PLT value was

non-significant.
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Table (4-23) Hematologic characteristics associated with ACE2 polymorphism
rs2106809 in males Alleles.

Parameters Gender Severity = Mean+SD Male Alleles ACE2 (rs2106809) P-value
T C
WBC Total 12.64+4.59 17.3844.28 0.001*
Non-Severe 9+2.44 10.5+£3.27 0.38
Severe 15.554+3.74 18.524+3.24 0.02
PLT Total 262.37+£51.83 301.95+88.77 0.059
Non-Severe 255.25+19.59 276.33+£36.11 0.17
Severe 268.06+67.89 306.22+94.77 0.2
NEU Total 9.86+4.15 13.75+£3.35 0.001*
Non-Severe 6.79+1.63 12.7+1.46 0.0001*
Severe 12.324+3.91 13.92+3.57 0.23
D-DIMER Mal Total 1.224+0.97 2.06+1.075 0.007*
¢ 'Non-Severe 0.52+0.23 0.91::0.84 0.15
Severe 1.77+0.99 2.25+1 0.18
LYM Total 1.66+1.03 0.934+0.76 0.01%
Non-Severe 2.61+0.56 1.6800 .74081 0.03*
Severe 0.91+0.6 0.81+0.71 0.67
NLR Total 13.84+13.76 30.74+20.02 0.001*
Non-Severe 3.02+0.93 10.24+6.44 0.001
Severe 22.5+13.05 34.16£19.5 0.05
PLR Total 267.93+232.13 511.63+£344.22 0.005*
Non-Severe 103+29.5 190.02+86.87 0.009*
Severe 399.8+239.71 565.23+342 .36 0.12
HB Total 14.53+1.04 13.17+1.64 0.001*
Non-Severe 14.99+1.032 14.36+1.76 0.42
Severe 14.17+0.93 12.97+1.59 0.01%

Abbreviations: WBC: white blood cell, PLT: platelet, NEU: neutrophils, LYM: lymphocytes,
NLR: Neutrophil-Lymphocyte Ratio, PLR: platelet-lymphocyte ratio, HB: hemoglobin,
mean+SD: mean+ standard deviation, *: P<(0.05 was considered statistically significant.

4.5.1.6. Association of the ACE2 rs2106809 to Serum Ang (1-7) Levels in
COVID-19 Patients

The results were measured by ELISA of samples in this study showed

93 patients with reduced levels of Ang-(1-7) the median was 70.96 (IQR 58.6-

91.93) compared with elevated levels in 93 control group the median was 83.69

(IQR 68.96- 120.84) with significant difference at (p-value<0.05) as shown in

figure (4-37). Fanget al. Ang (1-7) has an anti-inflammatory and anti-

thrombotic impact through activation the MasR and antioxidant role protecting
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the lungs injury(Fang, Y. et al.,2019). In present study revealed lower Ang (1-
7) in patients because as mentioned it previously ACEZ2 is receptor to entry the
virus and ACE2 converts angiotensin Il into angiotensin 1-7 (Ang 1-7),
therefore the ACE2 utilized by virus and that may be lead reduced the Ang (1-
7) peptide levels consequently lead to increase of pathogenicity of infection. In
study with similar results found Ang 1-7 levels in COVID-19 patients were
lower than in controls, and lower levels of this peptide were associated with
disease severity. Patients with COVID-19 had lower Ang 1-7 levels after

several days of symptom onset(Carpenter et al., 2022).

Conclude that the SARS-CoV-2 had the same receptor with the SARS-
CoV-1, which was ACE2, and that this shared receptor might cause enhanced
activity of ACE-Ang Il compared to ACE2-Ang-(1-7) to cause acute lung
damage in SARS-CoV-2 patients(Kuba et al., 2005).

Angiotensin 1-7 levels

Mean+SD
300
91.38+39.96
200
TO.FTE28.75 T-test
p-value<0.05
Significant

100

Levels of concentration
Ang (1-7),ng/L

-100 1 T
Patients Control

Groups

Figure (4-37) Mean = SD of peptide Ang 1-7 levels in control (healthy individuals)
and (COVID-19 patients) groups.

136




Chapter Four Results and Discussion

The present results agreed with those published by Henry et al. (2021).
who discovered that Ang 1-7 levels were significantly lower in COVID-19
patients compared to controls, and in those hospitalized to the ICU vs those
who did not require critical care. The recent study by Amezcua-Guerra et al.
(2022) serum from 74 patients was tested compared with healthy group, The
concentration of Ang Il in patients was higher while that of Ang(1-7) was
lower, despite the fact that ACE2 activity in patients was higher. In study with
similar results to this study confirmed ACE2 activity and Ang (1-7) levels were
significantly lower in COVID-19 plasma samples than in healthy group, despite
increased SACE2 protein levels. This displays that ACE2 activity is functionally
inhibited in COVID-19 patients. Cell-surface ACE2 receptors are internalized
when SARS-CoV-2 attaches to them, which may lead to less ACE2 cleavage
action. Plasma ACE2 may involve both active and inactive versions, potentially

as a result of spike protein binding(Daniell et al., 2022).

In one study found the S protein-ACE2 complex is internalized by
endocytosis, resulting in a partial or total loss of ACE2's enzymatic function in
alveolar cells and, as a result, an increase in the tissue concentration of pro-
inflammatory angiotensin Il and decreasing the concentration of its
physiological antagonist angiotensin 1-7(Rothlin et al., 2020). The data from
various papers compared to present results in this study found similar. When it
comes to the severity of COVID-19, ranges widely from asymptomatic
infection to severe disease with lethal complications, there was a significant
difference in Ang (1-7) levels between severe patients compared to non-severe
in addition to 5 dead individuals as in figure (4-38), Ang 1-7 levels were lower
in severe more than non-severe and were more reduction among the dead.
Median (IQR) were in severe 68.96 (IQR 62.43- 91.93) vs. non-severe were
108.39(IQR 70.96-136.92) vs 44 (IQR 34-70) in dead with statistical

differences.
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Ang (1-7) levels
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Figure (4-38) Mean = SD of peptide Ang 1-7 levels in severe vs non-severe vs dead
comparisons.

The area under the curve (AUC) is a crucial psychometric that provides
the likelihood that the instrument would provide a higher score of the cut-off
value at high 87.5% specificity and 75% sensitivity to serum Ang (1-7) level
used to identify the severity of COVID-19 within the study population. The
results of this study found the AUC was 0.848 with a significant difference
(p<0.05) with cut-off value 80.6 ng/L as in figure (4-39). Ang 1-7 levels were
lower in COVID-19 patients than in control subjects, according to a study that
agreed with the present results, lower levels of this peptide were linked to the
severity and progression of the disease(Carpenter et al., 2022). In another study,
it was shown that higher levels of Ang (1-7) are associated to less severe
disease on the contrary of the results of present study based on the
conclusions(Seyedmehdi et al., 2022). In consequence, a study suggests that
severe symptoms and high mortality rates in COVID-19 patients may be related
to several factors including vasoconstriction, vascular damage, fibrosis,

proliferation, and inflammation caused by Ang reduction (1-7)(Khodarahmi et
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al., 2021). In a recent study unveiled importance it is to enhance the
angiotensin-(1-7)/MasR axis to control the severity of disease(Shete, A., 2020).
It should be noted selected the polymorphism rs2106809 and associated it with
Ang (1-7) levels, there was many of evidence to assess it with this variant. In a
recent study rs2106809 was associated with significantly lower levels of
angiotensin-(1-7) in the blood (P = 0.006)(Chen and Yu, 2018). In a paper, it
was speculated that the rs2106809 SNP would down-regulate ACE2 expression
and reduce Ang- (1-7)(Fan et al., 2019).

ROC Curve of Angiotensin 1-7 ngl/L

P.value<=0.05
[ )= \
AUTC=0.848

Cut-off value of Ang 1-7=80.6 ng/L
at high 87.5% specificity vs 75%0 sensitivity

Sensiivity

o0 oz 0.4 o6 o.s 1.0

1 - Specificity

Figure (4-39) ROC curve analysis for Ang 1-7 levels.

The T-allele of ACE2 rs2106809) leads to reduction in ACE2
levels/activity higher Ang Il levels and makes COVID-19 pathogenesis
worse(De et al., 2021), and based on these results and many studies conclude
lower ACE2 and higher Ang Il levels were accompanied by a decrease in Ang
(1-7). Last but not least, linkage disequilibrium is expected between ACE2
rs2106809 and other enzymes that might affect Ang-(1-7) level. The results
found in female ACE2 rs2106809 TT or CT genotype carriers showed greater
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circulating Ang (1-7) levels than CC genotype carriers according to figure (4-
40), although the difference was not statistically significant, while in male there
was increase T allele and decrease C allele with differences significant as in
table (4-24).

Table (4-24) showed the Ang 1-7 levels based on different genotype related rs2106809.

Polymorphism Gender Genotype Mean £SD, ng/L
TT 77.72+15.79
rs2106809 Female
Ang (1-7) levels TC 73.63+20.72 p>0.05
TT 43.83+9.43
T 69.87+16.54 p<0.05*
Male C 41.65+8.92

Abbreviations: *: significant p<0.05, p: The p-value, meantSD: meant standard
deviation,ng/L: nanograms (ng) per liter

Ang (1-7) levels by diffrent genotypes

Mean+SD
i masste o Female
60.87+16.54 B O 17 Anovatest
Bl TC  p>0.05
604 @ CC non-significant
41.65¢8.92 43.8349.43
40+ Male

B T1oele Test

3 Callele P<0.05
significant

Levels of concentration
Ang (1-7) , ng/L

T C TT TC CC

Male Female

Genotypes between male and female

Figure (4-40) showed the mean+SD of Ang (1-7) levels between rs2106809 genotypes
in males and females.
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45.1.7. The Promoter Polymorphism rs1799889 4G/5G Variant in
SERPINEL Gene

Plasminogen activator inhibitor 1, a master inhibitor of fibrinolysis and
protease activity (PAI-1/ SERPINE1), on chromosome 7021.3-g2, the
SERPINEL (SERine Proteinase INhibitor, clade E, member 1) gene provides
instructions for making PAI-1 polypeptide played a significant role in
thrombotic events. The rs1799889 4G/5G insertion/deletion polymorphism was
found in the gene promoter region. This genetic variation, called the 4G/5G
polymorphism, is about 675 base pairs (bp) upstream from where the gene starts
to be transcribed, in the 4G/5G polymorphism, there may be four (4G) or five
(5G) guanosine residues(Baglin, 2012). PAI-1 gene variants at 675 bp included
wild-type 4G/5G, mutant homozygous 5G/5G, and heterozygous 4G/5G.

The genotyped all subjects for 4G/5G polymorphisms of PAI-1, based
on the single nucleotide polymorphism (SNP) site, allele specific-PCR markers
were designed, allowing effective discriminating of SNP polymorphisms in two
reactions under PCR conditions. The finding was indicated by detecting 4G/5G

polymorphism by mutant and wild-type alleles in electrophoresis.

A common reverse primer and two forward allele-specific primers with
varying length tails to distinguish the two SNP genotypes by the size of
amplification products on an agarose gel. The size of 4G/5G bands in the study
were 255 bp as in figures (4-41 and 4-42) to detected the genotype wild 4G/4G,
heterozygous 4G/5G, and rare homozygous mutant 5G/5G.

The T-ARMS PCR was used to detect the genotype SNP of the SERPINE
1 4G/5G (rs1799889) gene. This variant had three genotype types (4G/4G,
4G/5G, and 5G/5G) with sizes (wild 315+145 bp, heterozygous 315+213+145
bp, and mutant 315+213 bp respectively) as in figure (4-43).
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4G/5G 4G/AG 4G/AG 4G/4G 4G/5G 5G/5G 5G/SG 4G/5G 4G/SG 4G/5G

Figure (4-41): PCR product of SNP 4G/5G rs1799889 (255bp) visualized under UV
light. An agarose gel 2% was electrophoresed at 75 voltages, 20 mA for one hour; M =

100 bp marker (ladder).

4G/5G 5G/5G 4GAG 4GAG 4GAG 5G/5G 4G/5G SGISG 4GH4G SG/SG 4G/4G 4GAG M 4G/4G 5G/SG 5GISG

T

¢

400b . SERPINE1 , rs1799889

20 by
P - - - — -
) 255 bp}

Figure (4-42) Electrophoresis of AS-PCR results of rs1799889 was performed with a
2% agarose, at 75 voltages, 20 mA for 60min, Lane M is the DNA size standard marker;
lane 4G/4G is the homozygous genotype, 4G/5G heterozygous, and 5G/5G rare
homozygous with size bands at 255 bp.
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

M 4G/4G 4G/4G 4G/4G 4G/4G 4G/5G 4G/AG 4G/5G 4G/5G 4G/5G 4G/SG SG/5G 4G/SG 4G/5G SG/SG 4G/SG SG/SG 4G/SG

Figure (4-43) T-ARMS-PCR pattern for detecting 4G/5G rs1799889 polymorphism. It
involved two outer primers and two inner primers. The 4G allele product size was 145
bp, the 5G allele product size was 213 bp, and the outer band size was 315 bp, M stands
for DNA marker, separated on agarose 2%, at 75 voltages, 20 mA for 60min.

Results of sequencing samples of this study were submitted to the
sequencer to detect rs1799889 and the raw sequencing data were alignment by
blast NCBI to find regions of local similarity between sequences and indicated
the genotypes of SNP SERPINE-1 rs1799889 as in figure (4-44) and the
appendix (6). The law of Hardy-Weinberg equilibrium (HWE) is a fundamental
concept in population genetics. It is normal to check to see if the observed
genotypes meet the HWE law in both the control population and the patients.
The calculated HWE for the SERPINE1 (rs1799889) SNP genotype
frequencies agreed with the law in the patient’s group but differed substantially

from the HWE in the control group (p<0.05) as seen in the table (4-25).

Table (4-25) Hardy—Weinberg equilibrium for SERPINE1 gene rs1799889 genotype

among patient groups and controls.

Polymorphism  Group Genotype, n (%) Allele, n (%)

4G/AG®  4G/5G 5G/5G 4G 5G

serpingr | GO0V [39(223) 31(336)  22(23.9) | 109(0.592)  75(0.407) | 84 001

rs1799889

Abbreviations: ® References, HWE: Hardy—Weinberg equilibrium, p: The p-value, ¥2: chi-square.
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& Download v  GenBank Graphics

Sequence ID: NG 013213.1 Length: 19169 Number of Matches: 1
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Homo sapiens serpin family E member 1 (SERPINE1), RefSeqGene (LRG_597) on chromosome 7
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CCTCAGGGGCACAGAGAGAGTC TGGACACGTGGGGAGTCAGCCGTGTATCATCGGAGGC GGCC

Figure (4-44) DNA sequencing results and alignment of SERPINE-1 rs1799889 in
samples of present study to showed wild genotype 4G/4G.

Table (4-26) Association of SERPINEL rs1799889 polymorphism with both controls
and patients with COVID-19.

Polymorphism Genetic models = Control, n | Patients, n Odds ratio
() COES OR (95%Cl)
Codominant

4G/4G® 39(42.4) 29(28.4) | 1.00 (Ref.) --
4G/5G 31(33.6) 47(46.1) | 2(1.05-3.94) 0.03*
5G/5G 22(24) 26(25.5) | 1.58(0.75-3.34)  0.22

Dominant
4G/4G® 39(42.4) 29(28.4) | 1.00 (Ref.) --
41G/5G+5G/5G | 53(57.6) | 73(71.6) |1.85(1.01-3.36)  0.04*

SEF?Zg;ggl Recessive
s AGIAG+AG/5G® | 70(76) | 76(745) | 1.00(Ref.) -
5G/5G 22 (24) 26(25.5) | 1.08 (0.56-2.09) 0.79

Over-dominant

AG/AG+5G/5G® | 61(66.3) 55(54) | 1.00(Ref.) —
4G/5G 31(33.7) 47(46) | 1.68 (0.93-3) 0.08

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: ® References, OR: odd ratio, p: The p-value, *Significant p<0.05.
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Regarding the impact of variants on participants individuals, found

statistically significant differences between the patient and control groups at

the p<0.05 level, the study concludes that individuals with the 4G/5G genotype

are at an elevated risk of acquiring COVID-19 infection by in codominant
model (OR:2; 95% CI =1.05-3.94; p=0.03) according to noticed the table (4-
26). In similar results to this study heterozygous genotypes of PAI-1 4G/5G

were more prevalent

in patients with COVID-19 and coagulation

events(Badulescu et al., 2022). In dominant model results there is significant
differences by increased risk of infection (OR:1.85; 95% CI =1.01-3.36;

p=0.04).

The Hardy-Weinberg theorem describes the distributions of genotype

frequencies in this results and identifies severe cases that are not evolving and

are consistent with the HWE law whereas the population of non-severe

individuals is not in Hardy-Weinberg equilibrium and the allele frequencies

differ from the original frequencies after one cycle of random mating; hence,

the population is not in Hardy-Weinberg equilibrium, and evolution has

actually occurred within the population as in the table (4-27).

Table (4-72) Hardy-Weinberg equilibrium for SERPINE1gene rs1799889 genotype

among patient groups.

Polymorphism Groups

Genotype, n (%)

Allele, n (Frq.)

4GIAG® 4G/SG  5G/5G | 4G 5G
SERPINE1 | Severe |15(26.3) 35(61.4) 7(12.2) | 65(0.57) 49(0.429) | 364 0.1
rs1799889
Non- 14(31.1) 12(26.6) 19(42.2) | 40(0.44) 50 (0.55) |9.52 0.008*
severe

Abbreviations: ® References, HWE: Hardy—Weinberg equilibrium, R: allele frequency rate

p: The p-value, ¥2: chi-square.
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Table (4-28) shows in addition to the risk of infection, the 4G/5G
genotype has been an associated increase in the risk of severity and progression
of COVID-19 and a higher mortality rate in two genetic models codominant
and over-dominant at (OR:2.72; 95% CI =1.02-7.25 p<0.05 and OR:4.37; 95%
Cl =1.87-10.22 p<0.05) respectively. While in the recessive model found
5G/5G genotype was positively associated with protective factor at (OR:0.19;
95% CIl =0.07-0.51 p<0.01). There were no large-scale studies on the
polymorphisms rs1799889 and their association with COVID-19 infection and

severity.

Table (4-28) SERPINE1 gene (rs179989) polymorphism under different genetic model

and allelic models in severe patient and non-severe.

Polymorphism  Genetic models Severe, n Non-severe, n Odds ratio
(%) (%)
OR (95%(CIl)
Codominant
24G/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® 15(26.3) 14(31.1) 1.00 (Ref.) --
4G/5G+5G/5G 42(73.6) 31(68.8) 1.26 (0.53-2.99) 0.59
SERPINE1
rs1799889 Recessive
4G/4G+4G/5® 50 (87.7) 26(57.7) 1.00(Ref.) --
5G/5G 7(12.2) 19(42.2) 0.19 (0.07-0.51) 0.001*

Over-dominant

4G/4G+5G/5® 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.) -
5G 49(42.9) 50(55.5) 0.62 (0.35-1.09) 0.1

Abbreviations: ® References, OR: odd ratio, p: The p-value, *Significant p<0.05.
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It was recently confirmed in a Turkish thesis that PAI-1 4G/5G
polymorphism is associated with increased risk SARS-CoV-2 infection, Delta
variants as opposed to the Omicron BA.1 variant. Moreover, according to the
findings of the study, the PAI-1 polymorphism at 6754G/5G polymorphism of
the PAI-1 gene shows that 64.7% of those with positive SARS-CoV-2 infection
(the "case group") had at least one mutant allele (whether it was homozygous
or heterozygous), while only 3% of patients in the "control group” were
homozygous. Only 21% of those infected with the Delta variant were found to
have the "wild type" genotype, whereas 79% of those infected carried at least

one mutant allele (homozygous or heterozygous)(MOGOL, 2022).

A second study revealed PAI-1-675 5G/4G was related to COVID-19
infection and especially 4G/4G genotype may be a predictor of severe COVID-
19 disease(Vatseba and Virstyuk, 2021). A study showed a strong correlation
between critical or severe COVID-19 and heterozygous 4G/5G PAlI-1
polymorphism(Sezer et al., 2022).

In Russia, a study with different findings from present study
investigations and due to genetic polymorphisms determine the diversity of
individuals within populations, Patients with mild cases of COVID-19 (91%)
were more likely to display the 4G allele (4G/4G, 4G/5G variants) in the PAI-
| gene (rs1799889), which leads to impaired fibrinolysis than patients with
extremely severe COVID-19 (70%). The 4G/4G and 4G/5G polymorphisms
may therefore have a protective effect on individuals who are severely ill and
are experiencing hyperfibrinolysis. This can cause pulmonary COVID-19 to
become sepsis(I'oponun et al., 2021).

Among the 2 groups studied (severe and non-severe), no significant
differences were observed in chronic diseases correlated to genotypes
rs1799889 4G/5G. The gender male and female were higher in patients with

severe symptoms compared to patients with mild or no severe who did not
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require hospitalization (p<0.001 Hospital ward male and severe female; p<0.03
respectively) related to genotypes of 4G/5G. Moreover, oxygen requirements
were significantly higher in the severe group than in the non-oxygen-requiring
group (p<0.001) as show in table (4-29).

Table (4-29) presents the impact of the SERPIN 1 4G/5G genotype on demographics
and clinical characteristics of patients with COVID-109.

Parameter Severity state Genotype P-value
Male Severe 10 21 2 0.001*
Non-severe 8 3 4 0.2
Female Severe 5 14 5 0.03*
Non-severe 6 9 15 0.1
Death Severe 1 4 0 0.1
Non-severe 0 0 0 -
Hypertension Severe 3 8 0 0.1
Non-severe i i 1 --
Diabetes Mellitus Severe 6 1 2 0.09
Non-severe 3 1 2 0.6
Cardiac Diseases Severe 4 0 0 --
Non-severe 1 2 2 0.8
Kidney Diseases Severe 2 2 1 0.8
Non-severe 1 0 0 -
Malignancy Severe 0 1 0 --
Non-severe 1 0 1 --
Hepatic Diseases Severe 1 1 0 --
Non-severe 0 0 0 --
Oxygen Support Severe 12 31 4 0.001*
Non-severe 0 0 0 -
Vaccination Status Severe 4 7 1 0.1
Non-severe 9 7 13 0.3

Abbreviations: *: significant p<0.05, p: The p-value.

In the table (4-30) different genotypes of polymorphism rs1799889 had
different hematological parameters. According to the comparisons of
hematological parameters with genotypes, severe and non-severe cases were
identified, and the WBC, NEU, and NLR values were significant both in the

total patient sample and in non-severe cases, while the LYM, D-dimer, and PLR
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values were significant in the total sample. The hemoglobin levels of all cases

differed significantly.

Table (4-30) Hematological characteristics of COVID-19 patients in accordance with
their genotypes on the SERPINE1 polymorphism rs1799889.

Parameters Severity Mean£SD genotypes of SERPINE1 (rs1799889) P-value
4G/4G 4G/5G 5G/5G
WBC Total 13.26+4.67 15.76+5.57 9.66:+4.14 0.001*
Non-Severe 10.1+4.32 8.542.32 7.42+1.71 0.04*
Severe 16.21+£2.67 18.25+£3.91 15.77+1.84 0.07
PLT Total 270.314£59.92 288.06+95.55 263.03+54.11 0.36
Non-Severe 252.35+25.6 267.08+34.88 247.94+35.93 0.28
Severe 287.06+77.13 295.25+108.4 304+75.14 0.92
NEU Total 9.21+3.83 12.86+3.93 9.15+4.22 0.001*
Non-Severe 6.52+2.05 10£3.23 7.09£1.78 0.001*
Severe 11.72+3.38 13.84+3.69 14.77£3.83 0.1
D.DIMER Total 1.29+1.07 1.68+1.05 0.87+1 0.008*
Non-Severe 0.51+£0.21 0.6+0.41 0.46+0.12 0.32
Severe 2.03£1.04 2.06+0.94 2+1.47 0.98
LYM Total 1.62+0.9 1.2+0.89 2.13+0.9 0.001*
Non-Severe 2.18+0.61 2.3340.8 2.51+0.5 0.33
Severe 1.09+0.81 0.81+0.51 1.0934+0.962 0.3
NLR Total 12.29+12.51 24.43+18.55 10.98+15.8 0.001*
Non-Severe 3.34£1.23 6.68£3.9 3.6+1.52 0.001*
Severe 20.65£12.53 30.52+17.64 30.99+19.86 0.15
PLR Total 264.64+234.33 | 396.65+£306.5 | 183.66+178.15 | 0.003*
Non-Severe | 123.45433.59 130.4+58.52 102.65+25.11 0.12
Severe 396.434265.01 | 487.93+£303.97 | 403.52+230.62 0.52
Male Total 13.99+1.74 13.74+1.36 14.55+1.17 0.49
Non-Severe 15.36+0.62 14.36£1.76 14.25+1.38 0.21
HB Severe 12.9+1.56 13.65+1.33 15.15+0.21 0.1
Female Total 13.86+0.83 11.67£2.09 13.35+1.59 0.001*
Non-Severe 14+£1.09 12.3£1.99 14.1£0.69 0.007*
Severe 13.740.44 11.27+£2.13 11.124+1.42 0.042*

Abbreviations: WBC: white blood cell, PLT: platelet, NEU: neutrophils, LYM: lymphocytes, NLR:
Neutrophil-Lymphocyte Ratio, PLR: platelet-lymphocyte ratio, HB: hemoglobin, mean+SD: mean+
standard deviation, *: P<0.05 was considered statistically significant.

4.5.1.8. PAI-1rs1799889 Genotype Associated with PAI-1 Levels.

PAI-1 is a protein that is encoded by the SERPINE1 gene. It has been
observed that a polymorphism known as 4G/5G in the gene promoter of the
plasminogen activator inhibitor type 1 (PAI-1) gene has an effect on the plasma
levels of PAI-1. PAI-1 is the most essential component of the fibrinolytic

system, accounting for about 60% of inhibitor action.
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PAI-1 played a vital role in the control of fibrinolysis; hence, its increase
may induce thrombosis of events. Various lines of evidence indicated that PAI-
1 interacts to increase coagulopathy and thrombosis in COVID-19 patients. The
results in this study exhibited significantly increased levels in 95 COVID-19
patients compared with 95 apparently healthy control was lower (median
COVID-19: 5.56 [IQR 4.34— 10.93] mg/mL, Control: 3.37 [IQR 2.73— 3.85]
ng/mL, P < 0.05) in addition to mean+SD was (3.56x1.34 and 6.5%5) for
healthy and patients, respectively as in figure (4-45). In similar findings, the
study by Whyte et al. found a group of 113 hospitalized COVID- 19 patients,
levels of PAI- 1 antigen was higher compared to 24 patients with healthy
controls(Whyte et al., 2022). In a second study included 37 individuals with
positive COVID-19 and 23 healthy individuals, in the COVID-19 group, the
levels of PAI-1, tPA, and fibrinogen were all significantly higher(Cabrera-
Garcia et al., 2021).

The results from Cuba showed that moderately and severely sick
COVID-19 patients who were diagnosed during the B.1.617.2 variant wave in
Cuba had high serum levels of PAI-1(Saavedra et al., 2022). A study that
agreed with results of this study showed that patients with moderate or mild
COVID-19 had significantly higher levels of PAI-1 in their blood. These levels
increased with the severity of the disease, with patients in the death group
having the highest levels(Lopez-Castaneda et al., 2021). There was strong
correlation evidence about how higher PAI-1 affects the formation of
thrombosis in COVID-19 patients with three types of obesity and BMI-related
disease severity(Mahdi, 2021). Several studies had indicated the fibrinolytic
shutdown in COVID-19, which has been associated with increased plasma

levels of plasminogen activator inhibitor 1 (PAI-1)(Zuo et al., 2021).
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Therefore, higher levels of PAI-1 induction were seen in COVID-19 patients,

showed resistance to thrombus breakdown and hence promoting thrombosis.

Plasminogen activator inhibitor-1 (PAI-1) levels
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Figure (4-45) COVID-19 cases and control group measured differences according
to serum PAI-1 levels.

The relationship between PAI-1 marker with COVID-19 disease
progression was studied by grouping according to the level of severity included
severe, non-severe cases and dead. In results of this study revealed that was
higher PAI-1 levels in severe patients compared with non-severe and dead
mean+SD were (8.63+4.62 vs 3.34+0.75 vs 13.2+4) respectively according to
figure (4-46) at (p-value<0.05), the median in severe was 6.54 (IQR 4.63-11)
while in non-severe was 3.55(2.86-4.37) in addition in dead was 13 (IQR 9-
19).

Pine et al. (2020) showed Plasma levels of PAI-1 were normal in
individuals with mild to moderate illness, but were elevated in patients with
severe COVID-19 infection and strongly predictive of mortality. Furthermore,

PAI-1 plasma concentrations have been identified as a possible biomarker for
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predicting disease development in ARDS and a favorable predictor of death.
Functional studies showed that in COVID-19 disease, PAI-1 activity was
elevated whereas plasmin production and clot lysis were significantly
reduced(Whyte et al., 2022). Consistent with this study, a study found high
PAI-1 correlated with decreased oxygen supply in COVID-19 patients and that
tPA, as an activator of plasminogen, ultimately led to its consumption, making
it the strongest predictor of mortality(Zuo et al., 2021). In a new study, it was
confirmed that PAI-1 levels are likely to be a biomarker of poor clinical
outcomes in COVID-19 cases. Due to COVID-19's prothrombotic risk, early
detection allows for prophylactic anticoagulation to be initiated in patients with
high prothrombotic risk(Baycan et al., 2023). Plasminogen activator and
inhibitor levels have both been associated to the severity of COVID-19(Cugno
et al., 2021). In similar results to present study PAI-1 is considered an
endothelial damage biomarker, it has been shown that its concentration
increases in severe cases of COVID-19(Khan S.S. 2021).

There was a correlation between the concentration of plasminogen
activation inhibitor-1 (PAI-1) and lung injury. individuals with severe
infections showed a reduction in fibrinolysis in a different cohort. a study
demonstrated a substantial association between plasminogen levels and death
in patients with COVID-19. Increased PAI-1 is connected with pneumonia that
IS more severe, a major cause of mortality in COVID-19 patients(Cheng et al.,
2021). The concentration of serum PAI-1 to predicted severity in the study was
calculated using receiver operating characteristic curves and the area under the
curve (AUC) at 0.766 in a study and cut-off value was 6.14 ng/ml at high 75%
sensitivity and 75% specificity were plotted on a curve as in figure (4-47). In
this study, investigated the effect of PAI-1 gene polymorphism (-675 4G > 5G
rs1799889) on the level of PAI-1. One of the most well-known SERPINE1
polymorphisms that influences PAI-1 levels is the 4G/5G insertion/deletion

(rs1799889)(Bayram et al., 2021). The genotypes in present study may impact
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on the PAI-1 concentration, the results showed elevated mean+SD in 4G allele
(4G/4G, 4G/5G) were 6.73+3.19 and 5.94+1.16 respectively, while in 5G/5G
was lower 3.22+0.7 with significant difference (p-value<0.05) as in figure (4-
48).

PAIl-1 levels between severe, non-severe and dead
301
13.2+4
- 8.63+4.62
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2 3.34+0.75 significant
g £ 10
s 2
)
wn
T) 0- ...........................................
>
(<F]
-
'10 1 1 1
Severe Non-severe Dead
Severity levels

Figure (4-46) measured PAI-1 levels to COVID-19 cases according to severe, non-
severe, and dead.

Notably, there is no published data of serum PAI-1 data to confirm PAI-
1 levels in people linked to the 4G/5G genotype in COVID-19 infection so that
may be compare the present results with other studies. Although some studies
have associated the 4G allele to increased plasma levels of PAI-1(Kucukarabaci
et al., 2008). A study revealed when compared to other PAI-1 genotypes, the
4G/4G had considerably higher PAI-1 levels(Ezzidi et al., 2009). In another
study it was the 4G allele carriers(4G/4G,4G/5G) that showed the significant
increases in PAI-1(Abboud et al., 2010). In a study done by Gilabert-Estellés
(2012) higher PAI-1 concentrations in endometrial tissue seem to be related to

the 4G/5G polymorphism.
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Figure (4-47) Receiver Operating Characteristic (ROC) curves for serum PAI-1in

study.
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Figure (4-48) showed the mean+SD of PAI-1 levels between rs1799889 genotypes

in samples.
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4.6. In Silico Study

4.6.1. Interaction Genes and Proteins

Genetic interactions in model organisms differ depending on the type of
interaction being studied, with the goal of finding functional relationships
between genes in order to gain a deeper understanding of what role each gene
plays within the organism. There are two levels of interaction in organisms, the
first interaction depends on the genes and the second one relies on the product

of genes intended as proteins.

The results of the present study figure (4-49) showed by using the
GENEMANIA network(Warde-Farley et al.,, 2010), a type of interactions
between genes of the study such as physical Interaction if two gene products
were discovered to link in protein-protein interaction research, they are related

to each other.
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Figure (4-49) Genemaina network predicts function and relationships between the

genes included in the study.
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The results of the present study in silico showed physical interaction
between AGT and ACEZ2, in addition to predicted interaction type between both
genes which means connections are the mapping of known functional links
from another organism via ortholog is an important source of expected data.
Further, that co-expression interaction if two genes are related their expression
levels are equal across conditions such as co-expression between AGT and
SERPINE-1 and both have a shared protein domain which included if two gene

products have the same protein domain, they are said to be related.

As for protein interactions, the results of STRING database(Szklarczyk
et al., 2015) in the study of genes, there were several connections shown
between the products of the study of genes. In addition to stable complexes,
metabolic pathways, and a dizzying array of direct and indirect regulatory
interactions between proteins, proteins can form a wide range of functional

connections with one another.

In human genetics, protein networks can provide a number of benefits,
including aiding in drug discovery, filling knowledge gaps about metabolic
enzymes, and the prediction of phenotypes and the function of genes, to name
a few(Szklarczyk et al., 2010).

The results of this study found interactions on proteins level included
knowing, predicted and other interactions. Figure (4-50) clarified that between
AGT and ACE2 experimentally determined, gene neighborhood and protein
homology in addition to curated databases with regard to other genes there is
textmining interactions figure (4-51), one of their comparison of
polymorphisms for the genes associated with thrombotic disease or another

disease such as cancer for example.
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00 STRlNG Seach  Download  Help  MyData

CLEC4M

Figure (4-50) The string database to viewed the interaction between the AGT and ACE2
proteins.

0:9/ STRI N G Search Download Help My Data

MTHFD2L

© Viewers ) ‘Ongend’»V: {¥ Settings > £ Analysis > EBExports > & Clusters > @ More @ Less

Figure (4-51) The interaction of MTHFR gene and related to thrombosis genes
network.
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In figure (4-52) string relationships and interactions how to observed

between four the genes of the present study.

STRI NG Search Download Help My Data
MTHFR
Q SERPINET

- 8

© Viewers > [KDiLegend™S I Settings > T Analysis > EBExports >  #Clusters > @ More @ Less
Nodes:
Network nodes represent proteins Node Color Node Content
-/ ! { o/

Edges:
Edges represent protein-protein associations Known Interactions Predicted Interactions Others

Figure (4-52) The interactions types between of proteins of the study.

4.6.2. Tools Prediction of Polymorphisms

A number of single nucleotide polymorphisms (SNPs) in genes encoding
various proteins were discovered in COVID-19 patients. The information was
retrieved from the National Biotechnology Information Center's website (using
the database dbSNP). The genetic variations relating to COVID-19's
pathogenesis and severity can be identified using bioinformatics techniques.
The present study subjected four genetic polymorphisms in four genes in Iraqi
patients for in vitro detection. Interestingly, these SNPs are worth analyzed by

in silico study to further elucidate they’re affected on patients with COVID-19.

Classified the variations in this work as described in the previous, there
are two polymorphisms in the exon site, one in the intron site, and finally one

upstream site as following table (4-31).
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Table (4-31) SNPs details includes gene, rs number, and region of genome.

Gene name  Reference number of Region of genome Amino acid change
SNP

1 rs1801133 T>C Exon site A222V
2. AGT rs699 A>G Exon site M268T
2k ACE2 rs2106809 A>G Intron site

4. SERPINE1 rs1799889 4G>5G Promoter site -

4.6.2.1. In Silico of Exon SNPs rs1801133 and rs699 SNPs

The rs1801133 polymorphism (677C > T DNA label) and alanine to
valin (A222V protein label) is located in the MTHFR gene (exon 4) and is
formed by conversion from cytosine (C) to thymine (T). This SNP viewer all

information by dbSNP database (https://www.ncbi.nlm.nih.gov/snp/) as seen

in appendix (7).

While the rs699 polymorphism as DNA label T to C substitution in the
exon 2 or label protein methionine to threonine at (M268T). Previously, rs699
was positioned to the amino acid 235 varied based on the numbering in today’s
databases and the SNP is therefore also referred to as M235T (El-Garawani et
al., 2021). The SNP can viewer by dbSNP included all information about the
rs699 as in appendix (8), the SNP prediction is promising in current genomic
studies. Many web servers and software analyzed the polymorphisms in this

study as following:

4.6.2.1.1. SIFT Prediction Tool

Using the SIFT algorithm (sorting intolerants from tolerants), the gap
between mutations and phenotypic variations is bridged by predicting the
likelihood of amino acid substitutions being deleterious and the likelihood of

amino acid alterations having a detrimental effect on protein function. This
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predicts the potential impact that amino acid substitutions may have on protein
functions(Sim et al., 2012). In order to calculate the SIFT scores, a range of 0
to 1 is taken into account, where damage can be predicted if the score is below
0.05, and tolerable if it is above 0.05. The result for rs1801133 was predicted
deleterious as shown in the figure (4-53).

SIFT results (dbSNP)
022413913 doSNPheml and tov results at brops: ift bila-
Doaz.
AMINO NOOF
: . e/ REF | ALT GENE . . . .| SIFT | SIFT SIFT
SNP | ORGANISMBUILD  CHR COORDINATE \LLELEALLELE AC]‘I} YAE GENEID  TRANSCRIPTID| PROTEINID REGION SCORE MEDLAN SEQSAT‘ PREDICTION
. . . CHANGE . . POSITION
151801133 | Homo_sapiess GRCBITTHL  [LISS3T8 |G A !A!!Z‘\' MTHFR/ENSGO00001 77000 ENST00000376383 [ENSPOOOOO6ST6TICDS 0048 P72 82 DELETERIOUS

1 T 1

Figure (4-53): The SIFT prediction for the effect of the SNP (rs1801133) MTHFR gene.

While the result for rs699 was predicted tolerated with score=1 and this
change in amino acid may not involve in protein function or structure for that
has been tolerated as in figure (4-54).

SIFT results (dbSNP)

Processing... IF your beowser times out befare results are shown, htiml results can be seen at hups: sift bil.a-staeedu.sg www sift i labaceTh0l_dbSNE Ltml and tav results at hrtps:sift biLa-
staredu.sg www/sift inp labace Th0]_dbSNP1sv Both files are stored for 24 hours before being deleted.

Drone,
AMINO | ‘ NOOF
. S , , REF | ALT - |GENE . . )| SIFT | SIFT SIFT
SNP| ORGANISMBUILD | \CHR COORDINATE| /o | v ol ACID | (ol GENEID | TRANSCRIPTID| PROTEINID | REGION cloerly o ol SEQSAT ooy oo o
CHANGE [POSITION .
5699 Homo_sapiens GRCWIM[1 130845704 [a la M2GT [AGT [ENSGO0000135744[ENSTO0000366667 ENSPOOOOOISS6T[CDS 1 227 s TOLERATED |

[ 1

Figure (4-54): The SIFT prediction for the effect of the SNP (rs699) AGT gene.
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Sequence profiles offer evolutionary information that can be used to
determine whether amino acids are suitable with a given of a protein. While
certain residues are tolerated, others may cause structural disruption(Altschul
et al., 1997). Change to residues (charged or polar) usually predicted to change
protein function but change to other neutral amino acid will be predicted
tolerated. The protein can tolerate certain amino acid changes at certain
positions if these positions are not critical to function or structure(Pauline and
Henikoff 2001).

4.6.2.1.2. PROVEAN Tool

A web server that uses PROVEAN to assess the function of proteins
when they are mutated was used to predict the effect of mutations on protein
function and determine the functional impact of single or multiple amino acid
changes, insertions, and deletions. Additionally, the server offers a high-
throughput analysis of human and mouse genetic and protein variations at both
the genomics and protein levels. Scores less than 2.5 are known to be harmful,
while scores greater than 2.5 are considered tolerant. The rs1801133 figure (4-

55) was considered deleterious and this linked to disease state in human.

PROVEAN Result (Download)
= Query sequence (fasta)
= Supporting sequence set used for prediction
Number of sequences: 164 (fasta, E-values)
Number of clusters: 30
= Score thresholds for prediction
(1) Defauilt threshold is -2.5, that is:
-Variants with a score equal to or below -2.5 are considered “deleterious,”
-Variants with a score above -2.5 are considered "neutral.”
(2) How to use a more stringent threshold.
farian! -
A222V -3.582 Deleterious
= Submitted at 17:32:20 EDT, Monday, May 23, 2022
= Started at 17:32:24 EDT, Monday, May 23, 2022
+ Finished at 17:38:59 EDT, Monday, May 23, 2022

Figure (4-55): The PROVEAN prediction for the effect of the SNP rs1801133 MTHFR
gene.
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While in rs699 analyzed by provean tool figure (4-56) predicted to be
neutral with provean score above -2.5 and this may be to change in protein
structure but Sandell and Sharp (2022) noted that while the standing frequency
of a detrimental allele is determined by its fitness effect as much as it is by the
rate at which it is created by mutations, which is dependent not only on the

fitness effect.

There is a possibility that alleles categorized as neutral by PROVEAN
due to their high frequency could actually have modestly detrimental effects,
while the underlying mutation rate might be high. However, the extent of these

adverse effects is unclear.

PROVEAN Result (Download)

PROVEAN Prediction - Job ID: 746394825232552

« Query sequence (fasta)
« Supporting sequence set used for prediction
Number of sequences: 88 (fasta, E-values)
Number of clusters: 30
« Score thresholds for prediction
(1) Default threshold is -2.5, that is:
-Variants with a score equal to or below -2.5 are considered "deleterious,”
-Variants with a score above -2.5 are considered "neutral.”
(2) How to use a more stringent threshold.

R > | oo~ =g P g R -
variant PROVEAN score rreqgiction (cutorr= oy

M268T 1.561 Neutral

Figure (4-56): The PROVEAN prediction for the effect of the SNP rs699 AGT gene.

The interaction between amino acids is useful for predicting secondary
and tertiary structures of proteins as well as predicting their folding and
stability. when calculate the likelihood of each amino acid residue being the
target of a mutation using methionine as an example, should have to take into
account the mutational distance as well as the physicochemical similarity

between the two residues.
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4.6.2.1.3. PolyPhen-2 Software

The polymorphism phenotyping program, known as PolyPhen-2
(Polymorphism Phenotyping v2) predicts how amino acid variations affect
human protein structure and function through software and a web server,
Polyphen2 predicts based on factors like as sequencing, phylogeny, and
structural information(Adzhubei et al., 2010). In this case, a score of 0.9 is
considered a potentially harmful mutation. The rs1801133 in the MTHFR gene

was considered damaging in figure (4-57).

PolyPhen-2 report for P42898 A222V (rs1801133)
Query

ProteinAcc Position AA; AA, Description
P42898 2 AV Canonical; RecName: Full=Methylenetetrahydrofolate reductase; EC=1.5.1.20; Length: 656
Results
4| Prediction/Confidence PolyPhen-2 v2.2.3r406
HumDiv
This mutation is predicted tobe PROBABLY DAMAGING with a score of 0.996 (sensitivity: 0.55; specificity: 0.98)

o

T T T T 1
8,00 8,20 8,40 0,60 0,80 1,60

[+ HumVar

Details
4| Multiple sequence alignment UniProtKB/UniRef100 Release 2011_12 (14-Dec-2011)
| 3D Visualization PDB/DSSP Snapshot 25-May-2021 (178229 Structures)

Figure (4-57): Prediction possible impact of the rs1801133 MTHFR gene using
PolyPhen-2.

In addition, using the PDB database for all proteins and 3D visualization
the substitution of A222V in the protein structure of MTHFR appendix (9).
Based on results of polyphen-2 server size differences between wild-type and
mutant amino acids in A222V. There is a larger residue in the mutant compared
to the wild-type residue. In the core of the protein, the wild-type residue was
hidden. Due to its size, the mutant residue is unlikely to fit. Mutated residues

are located within domains that are crucial in contact with other domains and
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necessary for protein activity. The mutation may have an effect on the function

of the protein by altering the interaction between these domains.

As to rs699 in AGT analyzed by polyphen-2 tool the mutation is
predicted benign in figure (4-58).

PolyPhen-2 report for P01019 M268T (rs699)

Query
ProteinAcc Position AA; AA; Description
Canonical; RecName: Full=Angiotensinogen; AltName: Full=Serpin AB; Contains: RecName: Full=Angiotensin-1; AltName: Full=Angiotensin I; Short=Ang I; Contains: RecName: Full=Angiotensin-2
PO1019 28 M T AtName: Full=Angiotensin II; Short=Ang Il; Contains: Rechame: Ful=Angiotensin-3; AltName: Full=Angiotensin III; Short=Ang IIl; Aithame: Full=Des-Asp{1}-angiotensin II; Flags: Precursor,
Length: 485
Results
| Prediction/Confidence PolyPhen-2v2.2.2r406
HumDiv

This mutation is predicted tobe BENIGN  with a score of 0.000 (sensithvity: 1.00; specificity: 0.00)

l )

5,08 0.0 e 08 0@ 1,08

Figure (4-58): Prediction possible impact of the rs699 SNP AGT gene using PolyPhen-
2.

As for using the PDB file to viewed the protein with mutation M268T
for appendix (10), The protein is colored grey based on results from
polyphenol-2 server, a wild-type residues are colored green and mutant
residues are colored red. An amino acid's size varies between wild-type and
mutant. A wild-type residues are larger than mutant residues. It is possible that
external interactions will be lost as a result. Wild-type residues are more
hydrophobic than mutant residues. Hydrophobic interactions between the

protein surface and other molecules might be lost due to the mutation.

4.6.2.1.4. I-Mutant2.0 Tool
This web server is used for automatically predicting the stability of

proteins when they are mutated at a single site. Depending on the structure or,
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more importantly, the sequence of the protein, I-Mutant2.0 predicts the protein
structure(Capriotti et al., 2005). Training and testing were conducted using
ProTherm, which is currently the largest resource of thermodynamic
experimental data on changes in protein stability resulting from mutations.
Basically, the input code for determining G values is the same by selecting two
labels, one indicates increased protein stability (AAG > 0, label is +), whereas
the other indicates a destabilizing mutation (AAG< 0, label is —) cause causes
decreased stability. A single point mutation's effect on protein stability is
predicted using Delta G (DDG). This metric is an indicator of a change in Gibbs
free energy, otherwise known as the DDG (double digit change). The
rs1801133 A222V in the present work showed by I-Mutant2.0 decreased
protein stability and the AAG less than 0 as seen in figure (4-59) by using a
sequence file of protein. Depend on the structure of protein by used PDB file to
check if the protein decreased same in used sequence, and the result figure (4-

60) below the stability of protein decreased.

I-Mutant2.0

S I-Mutant v2_.© 733
K Predictor of Protein Stability Changes upon Mutations *x

R b e e T

SEQ File: fileseq.txt

Position WT  MNEW DDG pH T
222 A v -a.77 7.e 25

WT: Amincacid in Wild-Type Protein

NEW: MNew Aminocacid after Mutation

DDG: DG(MewProtein)-DG(WildType) in Kcal/mol
DDG<@®: Decrease Stability
DDG>@: Increase Stability

T: Temperature in Celsjius degrees

pH: -log[H+]

R b e e T

Capriotti E, Fariselli P and Casadio R (2005). I-Mutant2.9: predicting *
stability changes upon mutation from the protein sequence or structure. *
Nucl. Acids Res. 33: W306-W310. =
http://gpcr.bioccomp.unibo.it/cgi/predictors/I-Mutant2.8/I-Mutant2.8.cgi *

*®

* OB R K K ¥

***************************************************************************

Figure (4-59): The predicted protein stability by AAG value of MTHFR gene as affected
by the rs1801133 SNP using I-mutant2.0.
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I-Mutant2_0O

o e
= = ==
* I-Mutant wv2_.0© *
HChL Predictor of Protein Stability Changes upon Mutations e one
= ==
B e o e S

SEQ File: fileseq.txt

Position WT NEW Stability RI pH T

222 Pay v Decrease (=] 7.0 25

WT - Aminoacid in Wild-Type Protein

NEW: New Aminocacid after Mutation

RTY = Reliability Index

= Temperature in Celsius degrees

pH = —log[H+]
S s SR o koK R R R R B B T T e T T
= ==
* Capriotti E, Fariselli P and Casadio R (2005). I-Mutant2.9: predicting o
* stability changes upon mutation from the protein sequence or structure. =
* Nucl. Acids Res. 33: W306-W3l10. e
* http://gpcr.-biococomp.unibo.it/cgi/predictors/IT-Mutant2.0/I-Mutant2.@.cgi *
= =
e i i i s S Sk ik sk S i i i i i i i i S Sk i Sk Sk Sk Sk Sk I i i i K i

Figure (4-60): The predicted protein stability of MTHFR gene as affected by the
rs1801133 SNP using I-mutant2.0.

As for rs699 in present study led to decrease of stability of protein
because methionine changed to threonine affected on protein stability figure (4-
61).

63 5 5 R SR S SRS R SR S S 3R SR SR SR S SO R 3R N R B R SR SRR SR O 3 B S SR 3SR S SR R N O 30K R R R R R R R OR

e e
e I-Mutant v2.0© B
EERE) Predictor of Protein Stability Changes upon Mutations 2383
T =

s s s e o e o ok e ok o ok i o o e e o ok ok ok ok ok ok ok ok o o o ok e ol ook ok ok ok ok ok ok o o sk o e o s o ok ok o o ok ok ko ok o o o o ok ok ok Rk ok ko R

SEQ File: fileseq.txt

Position WT MEW Stability RI pH T
268 M T Decrease 5 7.e 2=

WT: Aminoacid in Wild-Type Protein
NEW: Mew Aminocacid after Mutation
RI: Reliability Index

T: Temperature in Celsius degrees
pH: -log[H+]

s s SR SR R SRR R SRR S SR RS R S SRR RO R R SRS TR S SR SR SR SR SRR R SRR SRR S SR SR SRR R R R SRR SRR R R R R RO R

= =
* Capriotti E, Fariselli P and Casadioc R (2885). I-Mutant2.8: predicting *
* stability changes upon mutation from the protein sequence or structure. *
* Nucl. Acids Res. 33: W3@6-W310. &
* http://gpcr.biocomp.unibo.it/cgi/predictors/I-Mutant2.@/I-Mutant2.8.cgi *
* *=
*® ®

s R S SR S SR SR SR RSB R SRR SR SRR R SR SR SRR SRR R SRR S SR SR SR SR R SRR SRR R SRR R S ST SR TR R R R SR SRR R K R R R R R

Figure (4-61): The predicted protein stability of AGT gene as affected by the rs699
SNP using I-mutant2.0.
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While in figure (4-62) showed rely on the DDG less than 0 equal to (-

1.48) the result was decreased stability of protein.

I-Mutant v2.@
Predictor of Protein Stability Changes upon Mutations

---------------------------------------------------------------------------

PDB File: pdb2wxw.ent Chain: A
Position WT NEW DDG pH T RSA
235 M T -1.46 7.0 25 55.0

WT: Aminoacid in Wild-Type Protein

NEW: New Aminocacid after Mutation

DDG: DG(NewProtein)-DG(WildType) in Kcal/mol
DDG<O: Decrease Stability
DDG>©: Increase Stability

T: Temperature in Celsius degrees

pH: -log[H+]

RSA: Relative Solvent Accessible Area

---------------------------------------------------------------------------

Capriotti E, Fariselli P and Casadio R (2005). I-Mutant2.0: predicting *
stability changes upon mutation from the protein sequence or structure. *
Nucl. Acids Res. 33: W306-W310.

http://gper.biocomp.unibo.it/cgi/predictors/I-Mutant2.0/I-Mutant2.0.cgi *

Figure (4-62): The predicted protein stability by AAG value of AGT gene as affected
by the rs699 SNP using I-mutant2.0.

Many changes must be explained by the cumulative effects of several
factors, including (1) A change in the dihedral angles of the main chains and
rotomers on the side chains, (2) close interactions between some atoms, and (3)
adverse electrostatic interactions between the Asp side chains and main chain
carbonyls(Pokkuluri et al., 2002).

4.6.2.1.5. MUpro Tool
A set of machine learning programs for predicting how single amino

acid mutations affect protein stability is prediction of protein stability changes
for single-site mutations from sequences. Two machine learning methods were
developed: support vector machines and neural networks. The two methods
were tested using a large mutation dataset and showed an accuracy above 84%
via 20 fold cross validation(Cheng et al., 2006). According to the results of
polymorphisms by the MUpro tool, AGT rs699 (p.M268T) and MTHFR
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rs1801133 (p.A222V) both decrease the stability of protein when changed to

mutated amino acids as depicted in figures (4-63 and 4-64).

Structure stability prediction for mutation:

Mutation Reqguest:
Name: PO1019ANGT_ _HUMAN Angiotensinogen
Sequence:

MRKRAPQSEMAPAGVSLRATILCLLAWAGLAAGDRVYYIHPFHLVIHNESTCEQLAKANAG
KPKDPTFIPAPIQAKTSPVDEKALQDQLVLVAAKLDTEDKLRAAMVGMLANFLGFRIYGM
HSELWGVVHGATVLSPTAVFGTLASLYLGALDHTADRLQATILGVPWKDKNCTSRLDAHKY
LSALQAVQGLLVAQGRADSQAQLLLSTWVVGVF TAPGLHLKQPFVQGLALYTPVYVLPRSLD
FTELDVAAEKIDRFMQAVTGWKTGCSLMGASVDSTLAFNTYVHFQGKMKGFSLLAEPQEF
WWDNSTSVSWPMLSGMGTFQHWSDIQDMFSYTQWPFTESACLLLIQPHYASDLDKVEGLT
FQQMSLNWMKKLSPRTIHLTMPQLVLQGSYDLQDLLAQAELPATLHTELNLQKLSNDRIR
VGEWLNSIFFELEADEREPTESTQQLMNKPEVLEVTLNRPFLFAVYDQSATALHFLGRVAM
PLSTA

Position: 268
Original Amino Acid: M
Substitute Amino Acid: T

Prediction Results:

1. Predicted both value and sign of energy change using SVM and sequence information only (Recommended)

[detal delta G =-1.583079 (DECREASE stability) ]

2. Prediction of the sign (direction) of energy change using SWVM and neural network with a smaller sequence window

Method 1: Support Vector Machine, use sequence information only.
Effect: DECREASE the stability of protein structure.
Confidence Score: -1

Method 2: Neural Network, use sequence information only.
Effect: DECREASE the stability of protein structure.
Confidence Score: -0.861968249053411

Figure (4-63) The effect of the rs699 SNP on the protein stability was determined
through energy change predictions that utilized both support vector machine (SVM)
and neural network algorithms using the MUpro tool.

Structure stability prediction for mutation:

Mutation Request:
Name: P42898 M THR HUMAN Methy lenetetrahydrofolate reductase
Sequence:

MVNEARGNSSLNPCLEGSASSGSESSKDSSRCSTPGLDPERHERLREKMRRRLESGDKWF
SLEFFPPRTAEGAVNLISRFDRMAAGGPLYIDVTWHPAGDPGSDKETSSMMIASTAVNYC
GLETILHMTCCRQRLEEITGHLHKAKQLGLKNIMALRGDPIGDQWEEEEGGFNYAVDLVK
HIRSEFGDYFDICVAGYPKGHPEAGSFEADLKHLKEKVSAGADFIITQLFFEADTFFRFV
KACTDMGITCPIVPGIFPIQGYHSLRQLVKLSKLEVPQEIKDVIEPIKDNDAATIRNYGIE
LAVSLCQELLASGLVPGLHFYTLNREMATTEVLKRLGMWTEDPRRPLPWALSAHPKRREE
DVRPIFWASRPKSYIYRTQEWDEFPNGRWGNSSSPAFGELKDYYLFYLKSKSPKEELLKM
WGEELTSEESVFEVFVLYLSGEPNRNGHKVTCLPWNDEPLAAETSLLKEELLRVNRQGIL
TINSQPNINGKPSSDPIVGWGPSGGYVFQKAYLEFFTSRETAEALLQVLKKYELRVNYHL
VNVKGENITNAPELQPNAVTWGIFPGREIIQPTVVDPVSFMFWKDEAFALWIERWGKLYE
EESPSRTIIQYIHDNYFLVNLVDNDFPLDNCLWQVVEDTLELLNRPTQNARETEAP

Position: 222
Original Amino Acid: A
Substitute Amino Acid: Vj

Prediction Results:

1. Predicted both value and sign of energy change using SVM and sequence information only (Recommended)

detal delta G = -0.92498553 (DECREASE stability) I

2. Prediction of the sign (direction) of energy change using SVM and neural network with a smaller sequence window]

Method 1: Support Vector Machine. use sequence information only.
Effect: DECREASE the stability of protein structure.
Confidence Score: -0.0062966335

Method 2: Neural Network. use sequence information only.
Effect: DECREASE the stability of protein structure.
Confidence Score: -0.81220681680991

Figure (4-64) The MUpro tool was used to evaluate the impact of the rs1801133 SNP
on the predicted protein stability of MTHFR through energy change predictions
utilizing both SVM and neural network algorithms.
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4.6.2.1.6. MutPred2 Tool

The MutPred2 is a tool for classifying pathogenic and benign amino acid
changes in humans. It also predicts their effect on over 50 different protein
properties, allowing for the inference of pathogenic molecular pathways. It is a
machine learning-based method that includes packaged software combined to
predict probabilities about the pathogenicity of amino acid alterations. It
incorporates genetic and molecular data(Pejaver et al. 2017).

The general score to which protein pathogen is between (0.5-1) or not
damaging (0.0-0.5), the protein score with change A222V in rs1801133 is
(0.892) score that leads to pathogenic and most of the properties of protein after
changed p-value was significant as in figure (4-65). Whereas to M268T
Angiotensinogen mutation was score is predicted less than 0.5 that equal to
(0.028) was considered benign as in figure (4-66) with no result for protein
properties after changing it.

It is difficult to identify pathogenic mutations and underlying functional
changes. To that aim, there is MutPred2, a tool that enhances the prioritizing of
pathogenic amino acid changes over previous approaches, develops molecular
processes that may be disease-causing, and produces interpretable
pathogenicity score ranges on individual genomes. Providing a probabilistic
model for predicting the influence of variants on specific structural and
functional elements of proteins, MutPred2 facilitates the study of variations that

alter phenotypes(Pejaver et al., 2020).
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MutPred?

Loss of Relative solvent accessibilty

10 Substitution MutPred2 score Remarks Affected PROSITE and ELM Motifs
SpIPAZBIBIMTHR_HUMAN AN 0492 ELME00023Y
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13009

Figure (4-65): The predicted protein probabilities about the pathogenicity of
amino acid of MTHFR gene as affected by the rs1801133 SNP using MutPred?2.
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Figure (4-66): The predicted protein probabilities about the pathogenicity of
amino acid of AGT gene as affected by the rs699 SNP using MutPred2.
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4.6.2.1.7. TMHMM Tool

In TMHMM (Transmembrane Prediction Using Hidden Markov
Models), hidden Markov models are used to predict transmembrane helices.
Using a FASTA formatted protein sequence, it predicts the intracellular,
extracellular, and transmembrane domains(Krogh et al., 2001).

Given the very modest number of high-resolution structures for
membrane proteins (about 0.5 % of the PDB), predicting transmembrane (TM)
helices is critical in the study of membrane proteins. To find out the area of the
inside, transmembrane, and outside depend on the changed between the wild
and mutant. The rs699 as in figure (4-67) showed there are little changed where
in present wild amino acid more transmembrane part and increase outside with
mutant on the contrary as shown in figure (4-68), and this may be led to

decreased of stability as mentioned previously by Mutant.2 tool.

sp|P01019]ANGT_HUMAN
#AA inside membr outside
268 M 0.10268 0.03184 0.86547

TMHMM posterior probabilities for sp|P01013|ANGT UMAN

0.8 f

probability

" m- T [ [ - 1 1 1
50 100 150 200 250 300 350 400 450
transmembrane inside outside

Figure (4-67): The predicted protein transmembrane wild amino acid of AGT gene
as affected by the rs699 SNP using TMHMM.
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sp/[P01019]ANGT_HUMAN

#AA inside membr outside
268 T 0.10463 0.01332 0.88204
TMHMM posterior probabilities for sp|P01013|ANGT4UMAN
1.2
1}
0.8 f

0.6

probability

0.4

0.2 ¢

Al

50 100 150 200 250 300 350 400 450
transmembrane inside outside

Figure (4-68): The predicted protein transmembrane with mutant amino acid of
AGT gene as affected by the rs699 SNP using TMHMM.

As for the rs1801133 most of the membrane of outside for that effected
on the changed the outside of the protein figure (4-69) with wild amino acid,

while figure (4-70) in present of the mutant increased probability to external.

# sp|P42898 | MTHR_HUMAN
# AA inside membnr ocoutside

. A ©.00205 ©.CCCO2 ©.9979S3

TNIHNMDM result

AL RR R

TMHMM posterior probabilities for sp|P42898|MTHR_HUMAN

1.2 -

0.8

probabity

0.6

O.4

0.2

transmembrane inside oultside

Figure (4-69): The predicted protein transmembrane with wild amino acid of
MTHFR gene as affected by the rs1801133 SNP using TMHMM.
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# sp|P42898 | MTHR_HUMAN
# AA inside membnr outside

222\ 0.00205 0.00005 0.9979

INIHMIM result

.....

TMHMM posterior probabilities for spi|P42898|MTHR_HUMAN

prodabiity

o 100 200 300 400 SO0 s00

transmembrane inside outside

Figure (4-70): The predicted protein transmembrane with mutant amino acid of
MTHFR gene as affected by the rs1801133 SNP using TMHMM.

4.6.2.1.8. Grand average of hydropathicity

(GRAVY) is a metric used to quantify the hydrophobicity of a peptide,
computed as the sum of hydropathy values for its amino acids divided by the
peptide’s length. Positive GRAVY values signify hydrophobicity, while
negative values denote hydrophilicity. These physicochemical values can be

directly acquired from the EXPASyY website (http://www.expasy.org/).

For the rs1801133 variant where the wild-type amino acid is Alanine:
« Aliphatic index: 81.01
. Grand average of hydropathicity (GRAVY): -0.414
However, when the wild-type Methionine is changed to the mutant
Valine:
« Aliphatic index: 80.72
« Grand average of hydropathicity (GRAVY): -0.418

This change results in hydrophilic properties.
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For the rs699 variant where the wild-type amino acid is Methionine:

Aliphatic index: 99.77

Grand average of hydropathicity (GRAVY): 0.065

However, when the wild-type Methionine is changed to the mutant
Threonine:

Aliphatic index: 99.77

Grand average of hydropathicity (GRAVY): 0.059

This changed in hydrophobic properties.

4.6.2.1.9. PhD-SNP Tool

The PhD-SNP is web server designed to determine single point
mutations in  proteins are either diseases-related or neutral
polymorphisms(Capriotti and Fariselli, 2017). In this work, the Uniprot protein
sequence was entered into the computer after the mutation site and the new
amino acid residue were specified. The technique uses a threshold of 0.5 as the
point at which the nsSNVs are expected to be disease-associated. In changed
ALA to VAL at 222 site PhD-SNP tool reported this mutation as deleterious in
study and related to disease as figure (4-71).

As for rs699 in AGT gene and because not bigger effect on the
angiotensinogen protein consequently, the algorithm analyzed by PhD-SNP
was neutral figure (4-72). The PhD-SNP has multiple modes that strike
concluded that different between runtime and performance. Both sequence and
evolutionary characteristics should be taken into account when choosing the
most precise mode. In addition to the living systems have many interaction
networks. As a result, changed in the protein may affected on the other protein
in same network on the protein of study as mentioned in the types of

interactions.
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Figure (4-71): The predicted protein stability of MTHFR gene as affected by the
rs1801133 SNP of gene using PhD-SNP.
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Figure (4-72): The predicted protein stability of AGT gene as affected by the rs699 SNP
of gene using PhD-SNP.
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4.6.2.2. In Silico of Intron Polymorphisms rs2106809 and rs1799889

The polymorphisms of rs2106809 T>C substitution located in intron of
ACE2 gene as in appendix (11). Introns can also include functional
polymorphisms that affect the expression of the genes that contain them, intron-
specific SNPs may enhance illness risk and modulate the genotype-phenotype
association. The impact of intronic SNPs on splicing and transcription factor
binding was investigated using some of tools. As for the rs1799889 4G/5G in
promoter region polymorphism of SERPINEL gene as seen in appendix (12). A
promoter is a sequence of DNA that acts upstream or at the 5’ end of a
transcription start site, regulating the transcription of genes. Researchers found
that promoters affect RNA splicing and polyadenylation in addition to
transcription. Among multiple-promoter genes, about 91.9% of human and

87.5% of mouse genes were alternatively spliced genes(Kolathur, 2021).

4.6.2.2.1. SpliceAid 2 Tool

The SpliceAid 2 is a database that contains information on the expression
of human splicing factors as well as RNA target motifs. SpliceAid 2 can help
predict splicing pattern changes, lead the discovery of molecular effects caused
by mutations, and explain tissue-specific alternative splicing. It 2 is a tool that
helps researchers figure out which proteins can bind to a given RNA sequence

and so induce RNA maturation in certain biological contexts.

The results of rs2106809 showed changed the proteins that bind to wild
and mutant variant as in figure (4-73), with A base there is only SRp30c protein
bind to the site A base with score (2), SRp30c's function in CE9 activity, an
interaction between recombinant SRp30c and CE9 can suppress splicing in
vitro by CE9-dependent mechanisms(Simard and Chabot, 2002). Despite
substituting sites of ASF/SF2 binding with high affinity for intronic SRp30c
binding sites, ASF/SF2, the most closely related homologue of SRp30c, does
not bind to CE9 and does not inhibit splicing. Accordingly, SRp30c may
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repress the use of the 3' splice site in hnRNP Al, suggesting SRp30c-CE9
interactions may regulate alternative splicing of HnRNP Al(Dai et al.,
2012).While with replaced to G base as shown in figure (4-74) there were
different proteins involved hnRNP (H1, H2, H3 and F) with score (-5, -5, -2,
and-2) sequentially. Nuclear ribonucleoproteins (hnnRNPs) are RNA-binding
proteins (RBPs) that play a variety of roles in nucleic acid metabolism,
including alternative splicing, stabilizing mRNA, controlling transcription and
translation, and regulating gene expression. While many hnRNPs have similar
characteristics, their domain content and functional aspects vary(Geuens et al.,
2016).

Regrading to the results of rs1799889 with 4G contain this site involved
hnRNP (F, H1, H2, and H3) and score (-4, -5, -5, and -5) respectively as in the
figure (4-75), while in figure (4-76), in addition to hnRNP (F, H1, H2, and H3)
and score (-4, -6, -6, and -6) respectively. A mutant type -675 5G creation of
new ones splicing site (GGGGGG) and this led to new proteins RNA-binding
motif protein 5 (RBMS) at score (-10) participated in new site dependent on
results of spliceaid2 tools. It has been reported in the previous that controlling
RBMS5 expression alters the transcript levels of many genes that regulate cell

growth and apoptosis(Mourtada-Maarabouni et al., 2006).

In heterogeneous nuclear RNA, HnRNPs form complexes with RNA-
binding proteins. These proteins, which are connected with pre-mRNAs in the
nucleus, govern several processes in organisms on the cell and molecular
levels, including alternative splicing, polyadenylation, and other aspects of
MRNA metabolism and transport (Glisovic et al., 2008). In terms of function,
hnRNP F/H has been found to be involved in regulating telomerase activity and
telomere length (Xu C. et al. 2020). RNA-binding protein 5 (RMP5) is part of

the spliceosome a complex. Manages alternative splicing of several mRNAs.
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When the U1 and U2 snRNPs are recruited to the 5' and 3' splice sites of the

intron, they may modulate splice site pairing(Dvinge, 2018).

I SpliceAid: a database of strictly experimentally assessed target RNA

sequences in humans

Thank you for using our server.

our results:
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Figure (4-73): The predicted splicing factor of ACE2 gene as changed by wild base the
rs2106809 SNP of gene using SpliceAid.
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Figure (4-74): The predicted splicing factor of ACE2 gene as changed by mutant base
the rs2106809 SNP of gene using SpliceAid.
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I SpliceAid: a database of strictly experimentally assessed target RNA

sequences in humans

Thank you for using our server.

Your results:
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Figure (4-75): The predicted splicing factor of SERPINE1 gene as changed by wild the
rs1799889 SNP of gene using SpliceAid.

I SpliceAid: a database of strictly experimentally assessed target RNA
sequences in humans
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Your results:

Figure (4-76): The predicted splicing factor of SERPINEL gene as changed by mutant
the rs1799889 SNP of gene using SpliceAid.
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4.6.2.2.2. HaploReg v4.1 Tool

The HaploReg tool explores haplotype blocks for candidate regulatory
SNPs at disease-associated loci, as well as annotations of the noncoding
genome. Based on SNPs and small indels linked to linkage disequilibrium (LD)
data from Phase 1 of the 1000 Genomes Project, there are four ancestral
superpopulations available (AFR, AMR, ASN and EUR) and chromatin state
and protein binding annotations from ENCODE and Roadmap Epigenomics
can be visualized(Abecasis, G. R., et al 2012).

A comprehensive repository of bioinformatics information, available

online at (https://pubs.broadinstitute.org/mammals/haploreg/haploreg.php). An

analysis of the polymorphism rs2106809 by HaploReg v4.1 software revealed
a number of details about that mutation, such as its location, its reference allele
and its alternative allele, 1000 Genomes Phase 1 frequencies in Africans of
0.10, American of 0.34, Asian of 0.52, and European of 0.24. The dbSNP
functional annotations include motifs altered, promoters, DNAse and enhancers

of histones in figure (4-77).

Homepage

HaploReg v4.1 o Erondpsibry |||i|'

HaploReg is & tool for exploring annotations of the noncoding genome at variants on haplotype blocks, such as candidate regulatory SNPs at disease-associated loci. Using LD information
from the 1000 Genomes Project, linked SNPs and small indels can be visualized along with chromatin state and protein binding annotation from the Roadmap Epigenomics and ENCODE
projects, sequence conservation across mammals, the effect of SNPs on regulatory molifs, and the effect of SNPs on expression from eQTL studies. HaploReg is designed for researchers
developing mechanistic hypotheses of the impact of non-coding variants on clinical phenotypes and normal variation.

Update 2015.11.05: Version 4.1 GWAS and eQTL have been updated; a simpler pruning strategy is applied when combining GWAS; and links out to other NHGRI/EBI GWAS hits and
GRASP QTL hits are provided

Update 2015.09.15: Version 4.0 now includes many recent eQTL results including the GTEX pilot, four different options for defining enhancers using Roadmap Epigenomics data, and a
complete set of source files for download and local analysis. Older versions available: v3, v2, v

Build Query | Set Options || Documentation

Use one of the three methods below to enter a set of variants. If an 2 threshold is specified (see the Set Options tab), results for each vaniant will be shown in a separale table along with
other variants in LD. If s set to NA, only queried variants will be shown, together in one table.
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Figure (4-77): The polymorphism rs2106809 details are represented in the HaploReg
v4.1 software.
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According to HaploReg v4.1 software, a change on the regulatory motif
CCAAT Enhancer Binding Protein Beta (CEBPB_disc2) was predicted. This
intronless gene encodes a transcription factor with a basic leucine zipper
domain (bZIP). According to study by Ruminy (2001), this transcription factor
plays an important role in regulating the expression of genes implicated in
immune responses as well as inflammation. A study based on current findings,
it was found that the risk allele (C) results in the generation of a second
CCAAT/enhancer binding protein beta motif (CEBPB) and leads to an increase
in this motif, this is due to a polymorphism in the ACE2 gene (rs2106809) as
in figure 4-78. According to the new study, CEBPB is strongly expressed in
lung tissue(Consortium, 2020). This lead may be to important effects of the
ACE2 rs2106809 on developing COVID-19.

Regulatory moffs alered

B R Match on:

Position Weight Matrx 0 Stand Ref Al

(Library from Kheradnour and Kel, 2013 AN REVAL g, e
At T CCATATCTCTATCTGATBRCTTCTCCHACTTCTACATCAGCACTT

CEBPB dlsc? VA YSATIGCT

Figure (4-78): In HaploReg v4.1, one regulatory motif was predicted as altered.

Based on the results of the rs1799889 polymorphism, the variant
overlaps with enhancers located on 17 bound proteins, such as GR, USF1,
POL2, E2F6, RXRA and so on. There is also an association between the variant
rs1799889 and several of the markers that indicate DNase | hypersensitivity

and histone modification as in figures (4-79 and 4-80).
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HaploReg v4.1 . Broad Institute I I I i I-
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Genomes Project, linked SNPs and small indels can be visualized along with chromatin state and protein binding annotation from the Roadmap Epigenomics and ENCODE projects, sequence conservation
across mammals, the effect of SNPs on regulatory motifs, and the effect of SNPs on expression from eQTL studies. HaploReg is designed for researchers developing mechanistic hypotheses of the impact of
non-coding variants on clinical phenotypes and normal variation

Update 2015.11.05: Version 4.1 GWAS and eQTL have been updated; a simpler pruning strategy is applied when combining GWAS; and links out to other NHGRI/EBI GWAS hits and GRASP QTL hits are
provided

Update 2015.09.15: Version 4.0 now includes many recent eQTL results including the GTEx pilot, four diferent options for defining enhancers using Roadmap Epigenamics data, and a complete set of source
files for download and local analysis. Older versions available: v3, v2, v1
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Figure (4-79): A representation of the polymorphism rs1799889 details in the
HaploReg software v4.1.
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Figure (4-80) Protein binding is detected in the rs1799889 polymorphism using
HaploReg software.
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Conclusions

Based on the findings and data from the present study and data, the

following conclusions can be drawn:

1.

The severity and the progression of COVID-19 infection depend on the
age was an independent risk factor of patients; moreover, gender may
play a role as the disease was more severe in male patients because ACE2
on X-chromosome was a single copy. Chronic conditions like
hypertension, cardiovascular disease, and diabetes increase COVID-19
severity and mortality risk. VVaccines can reduce severity and potentially
alter the course of the pandemic.

Elevated white blood cells, neutrophils, NLR, PLR, and D-dimer along
with decreased lymphocytes have clinical significance for predicting
disease severity and outcomes in severe patients.

The MTHFR gene polymorphism (rs1801133, C677T) suggests that CT
and TT genotypes, along with the T allele, are associated with a higher
risk and increased severity of COVID-19 infections. Serum
homocysteine levels were notably elevated in individuals with TC and
TT genotypes compared to those with CC genotypes.

The variant (rs699) of the AGT gene; CT genotype may contribute to
COVID-19 infection, but no genotype and alleles contribute to infection
severity. Serum levels of angiotensinogen were not significantly
different among carriers of the TT, TC, and CC genotypes.

The genotypic distribution of (rs1799889, 4G/5G) of SERPINE-1 gene,
indicated that the genotype 4G/5G was a risk factor for infection and
disease progression. It has been found that carriers of the 4G/4G
genotype have significantly higher levels of PAI-1 in their serum than
carriers of the 4G/5G or the 5G/5G genotypes.

The polymorphism ACE2 rs2106809 does not contribute to increased

risk of SARS-CoV-2 infection and severity in females. In contrast, the C
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allele contributes to Covid-19 infection and severe illness among males.
Ang 1-7 levels in the serum of carriers of the female genotypes were not
significant, although the CC genotype had slight levels. Ang 1-7 levels
were significantly affected by the alleles, with C alleles lower than T
alleles in males.

7. The levels of angiotensinogen may be a factor in the likelihood of
contracting COVID-19, but they do not appear to play a role in
worsening the severity of the disease. Conversely, the serum levels of
homocysteine and PAI-1 are reduced in COVID-19 patients, while Ang
1-7 levels are elevated. These proteins may play a role in the risk and
severity of the disease and show potential as promising biomarkers for
assessing the likelihood of contracting the infection and tracking its
progression.

8. According to in silico results, the polymorphism in exon rs1801133
p.A222V MTHFR contributes to a change in protein structure and
damage leading to related disease with decreased protein stability. In
contrast, rs699 p.M268T AGT affects protein stability slightly, but it is
benign in causing disease. Meanwhile, in silico results of intron
polymorphisms rs2106809 and rs1799889 in promoter lead to altered

transcription activity and the creation of new splicing factors.
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Recommendations

1. Hopefully, the Ministry of Health will consider the following points:

A. In addition to traditional laboratory tests, the use of molecular
techniques for critical polymorphisms of genes to each patient
early to avoid any worsening for them with COVID-19 or any
epidemic.

B. Study therapy of thrombosis in instances of COVID-19 using the
available trials all around the world.

2. Larger samples are required to confirm viral infection behavior by
demonstrating substantial differences in viral loads among age groups.

3. Further research is warranted to investigate additional sets of genetic
variations (polymorphisms) among individuals with COVID-19.

4. The COVID-19 infection may be mapped in the human genome by using
the transcriptomic data method, which can give useful information on
differential gene and transcript expression patterns.

5. Proteomic study provides more concrete data and a complete view of
COVID-19 infection and severity.

6. Detection of other biomarkers and determining their specificities, such
as homocysteine beside D-dimer and strong accuracy rely on our
findings, PAI-1, and Ang 1-7 levels can be served as early detection
markers, especially if they are correlated with the severity of the disease.

7. Investigate the risk factors associated with post-COVID-19 conditions
as well as all human organs after infection.

8. Study risk of acute myocardial infarction after COVID-19 recovery.

9. The COVID-19 viral load test assesses the concentration of RNA copies

per milliliter of serum or plasma and requires further study.
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Appendix (1): Patient’s questionnaire

Number of sample

Name

Age

Gender o Male H o Female

Chronic of diseases

e Hypertension
e DM

e CKD

e CVD

e OTHERS

Diagnosis method e RT-PCR e CT e Rapid Antibody-Covid-19

Data admission

Case severity e Severe |‘ e non-severe

Date sample

collection

Type of sample e Blood |‘ e Serum |‘ e Plasma

Laboratory tests e Hematology H e other
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Appendix (2): Measurement of DNA concentration

—

dsDNA (Factor: 50)

H#A4
A260 (10 mm): 0.891
A260/A280: 1.87

445 nglpl

@2 HNow 2821 13:26:56
Blank: 92 Nouv 2821 13:24:35 =

Measure sample

dsDNA (Factor: 50)

#20
A260 (10 mm): 0.754
A260/A280: 1.95

82 Nou 2021 13:41:08-=
Blank: 82 Nou 2021 13:24:35=

Measure sample
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Appendix (3): MTHFR rs1801133 sequencing

Sequence results and alignment of rs1801133 polymorphism (wild and

mutant)

& Download v

GenBank Graphics

Homo sapiens methylenetetrahydrofolate reductase (MTHFR) gene, complete cds
Sequence ID: AH007464.3 Length: 4284 Number of Matches: 1

Range 1: 1283 to 1344 GenBank Graphics

Score Expect Identities Gaps Strand

115 bits(62) d4e-22 62/62(100%) 0/62(0%) Plus/Plus

Query 1 GGCTGACCTGAAGCACT TGAAGGAGAAGGTGTCTGCGGGA! TCATCATCACG

< |III|IIIIIIIIIIIIIIIIIIIIIIIII!IIIIIIIII IIIIIIIIIHIIIIII

Sbijct 1283 GGCTGACCT GAGAAGGTGTCTGCGGGA CATCATCACG 1342

Query 61 ?T 62

Sbjct 1343 GC 1344
340 350 360 370 380 9 400
ACCTGAAGCACTTGAAGGAGAAGGTGTCTGCGGGAGCCGATTTCATCATCACGCAGCTTTTCT

/e

Lo

GenBank Graphics

Lttt

Homo sapiens methylenetetrahydrofolate reductase (MTHFR) gene, complete cds
Sequence ID: AH007464.3 Length: 4284 Number of Matches: 1

Range 1: 1287 to 1347 GenBank Graphics
Score Expect Identities Gaps Strand
_108 bits(58) _7e-20 60/61(98%) _0/61(0%) __Plus/Plus
Query 1 CCTGAAGCACTTGAAGGAGAAGGTGTCTGCGGGA GATTTCATCATCACGCAGCTT 60

. I lIIIIIIIIIIIIIIIlIIlIIIIIIIIIIIIIIIlIlIIIIIIIllIIIIIlII
Sbijct 1287 GACCTGAAGCACTTGAAGGAGAA TGCGGGA GATTTCATCATCACGCAGCTT 1346
Query 61 1I' 61
Sbijct 1347 T 1347

470 480 490 500 10
CTTGAAGGAGAAGGTGT CTGCGGGAGTCGATTTCATCATCACGCAGCTTTTC
T/T

i Nmm it

480
GACCTGAAGCA
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Appendix (4): AGT rs699 sequencing

Sequence results and alignment of rs699 polymorphism (heterozygote
and wild)

& Download ~ GenBank Graphics

Homo sapiens angiotensinogen (AGT), RefSeqGene on chromosome 1
Sequence ID: NG 008836.3 Length: 50061 Number of Matches: 1

Range 1: 40506 to 40567 GenBank GCGraphics

Score Expect Identities Gaps Strand

110 bits(59) 2e-20 61/62(98%) 0/62(0%) Plus/Plus
Query | CAGGATGGAAGACTGGCTGCT CAGTGTGGACAGCACCCTGGCT 60
) IIIIIIIII|l||||I||IIII|I||I|III|||||I|||I|||I||l|l|||l|||||
Sbjct 40506 CAGGATGGAAGACTGGCTGCT CAGTGTGGACAGCACCCTGGCT 40565
Query 61 CA 62

Sbjct 40566 CA 40567

320 330 340 350 360 370 380
IFTGACAGGATGGAAGACTGGCTGCTCCCTGATGGGAGCCAGTGTGGACAGCACCCTGGCTTTCAA

A

& Download v GenBank Graphics

Homo sapiens angiotensinogen (AGT), RefSeqGene on chromosome 1
Sequence ID: NG 008836.3 Length: 50061 Number of Matches: 1

Range 1: 40509 to 40570 GenBank Graphics

Score Expect Identities Gaps Strand

110 bits(59) 2e-20 61/62(98%) 0/62(0%) Plus/Plus
e i pnnntitnnnaH
Sbjct 40509 AGGATGGAAGACTGGCTGCTCCCTGATEGGAGCCAGTGTGGACAGCACCCTGGCTTTCAA 40568

Query 61 (IZ? 62
Sbjct 40569 CA 40570

320 330 340 350 360 370 380
CAGGATGGAAGACTGGCTGCTT CCTGATGGGAGCCAGTGTGGACAGCACCC T TGGCTTTCAACA
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Appendix (5): ACE2 rs2106809 sequencing

Sequence results and alignment of rs2106809 polymorphism (mutant

and heterozygote)

& Download v GenBank Graphics

Homo sapiens angiotensin converting enzyme 2 (ACE2), RefSeqGene on chromosome X
Sequence ID: NG 012575.3 Length: 96015 Number of Matches: 1

Range 1: 12235 to 12295 GenBank Graphics

Score Expect Identities Gaps Strand
102 bits(55) 3e-18 59/61(97%) 0/61(0%) Plus/Plus
Query 1 TAGTGTCATAAAGCTGCTGATGTAGAAGTGTGGAGAG CATCAGATAGAGATATGGAA 60

COLDELLEEEEEe e et b et e bt A e rrtl

Sbjct 12235 TAGTGTCATAAAGCTGCTGATGTAGAAGTGTGGAGAAGTCCATCAGATAGAGATATGGAA 12294

120 130 140 150 160 170
CTGATGTAGAAGTGTGGAGAGGCCCATCAGATAGAGATATGGAAAAAAAAG

C/IC

st

& Download v GenBank Graphics

Homo sapiens angiotensin converting enzyme 2 (ACE2), RefSeqGene on chromosome X
Sequence ID: NG 012575.3 Length: 96015 Number of Matches: 1

Range 1: 12231 to 12289 GenBank Graphics

Score Expect Identities Gaps Strand
110 bits(59) 2e-20 59/59(100%) 0/59(0_0/0) Plus/Plus
Query 1 AGTATAGTGTCATAAAGCTGCTGATGTAGAAGTGTGGAGAAQTECATCAGATAGAGATA 59

CLLELELEEEEEEE L L E et et il
Sbjct 12231 AGTATAGTGTCATAAAGCTGCTGATGTAGAAGTGTGGAGAAGTCCATCAGATAGAGATA 12289

120 130 140 150 160
ATAAAGCTGCTGATGTAGAAGTGTGGAGAAGTCCATCAGATAGAGATATGGAA

th.u...c,\;

Lo

T/C

U




Appendices

Appendix (6): Appendix (5): SERPINE] rs1799889 sequencing

Sequence results and alignment of rs1799889 polymorphism
(heterozygote and mutant)

& Download v GenBank Graphics

Homo sapiens serpin family E member 1 (SERPINE1), RefSeqGene (LRG_597) on chromosome 7
Sequence ID: NG 013213.1 Length: 19169 Number of Matches: 1

Range 1: 4296 to 4346 GenBank Graphics

Strand
Plus/Plus

Identities
49/51(96%)

Expect
le-12

Gaps
0/51(0%)

Score
84.2 bits(45)

GCCCTCAGGGGCACAGAGAGAGTCTGGACACGTGGGGALTCCGCCGGGTAT

CLLLCEEREELEEEEEEEEEE LR EE I LA TEEL T

Sbjct 4296 GCCCTCAGGGGCACAGAGAGAGTCTGGACACGTGGGGAGTCAGCCGTGTAT

Query 1 51

4346

170 180 190 200 210 220
CCCTCAGGGGCACAGAGAGAGTCTGGACACGTGGGGAATTCGCCGGGTTTTAACCGAGGGG GG

4GI5G
m"“‘A AJ“ .L".“ Al »Q‘!&“u ‘

I , }\
A ’.’A’l LAV ~‘J‘I.‘

& Download v GenBank Graphics

Homo sapiens serpin family E member 1 (SERPINE1), RefSeqGene (LRG_597) on chromosome 7

Sequence ID: NG 013213.1 Length: 19169 Number of Matches: 1

!
|

[
I
il
A
|

,A

.41&‘ A

Ml

N i

A

<<

A A \
ALK A rav A /

Range 1: 4294 to 4355 GenBank Graphics

Score

110 bits(59)
Query 1
Sbjct 4294
Query 61

Sbjct 4353

Identities
62/63(98%)

Expect
2e-20

Gaps

GAGCCCTCAGGGGCACAGAGAGAGTCTGGACACGTGGGGG
CLLULEEEEEEEEEEEEEE L L L Lt reLd

GAGCCCTCAGGGGCACAGAGAGAGTCTGGACACGTGGGGGAGTCAGCCGTGTATCATCGG 4352

AGG 63

]
AGG 4355

1/63(1%)

Strand
Plus/Plus

ETCAGCCGTGTATCATCGG 60
[LLLLEELELLTTLT T

170 180 190 200 210 220 230
GAGCCCTCAGGGGCACAGAGAGAGTCTGGACACGTGGGGGAGTCAGCCGTGTATCATCGGAG

N,

56/5G

A“. .«“l.‘& o .Ll“ I\ Adh‘\.“ AN i 2
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Appendix (7): SNP database to view rs1801133 included most of details

variant;

£ NC_000001.11 v | Find: v|apa RO = A Tools + | ¥ Tracks» ¥, Download » 2 7 ~

1,796,270 11,796,280 |11,796 290 lll,796,398 ll 796,318 ] \11 796,330 \11 796,340 \11 796,350 ‘ll 796,360

nts with precise endpoints

11,796,370

244156¢ I - 1651160 M A 187850 I - 2194685 AR 1690952 N - zoe0247 Ml C 127139 M T
2094212 M6 s3ec27 @ T 199615t M ¢ seesz7 M A 1369429 M ¢ 1essss: M Al zzei7es M A 187572 I -
1134243 W 6 187879 Wl & ssco A 1608340 [ C
57304 Il A 1091686 [ T 499744 W 7| 632428 W T 937445 WA
267120 W A 1515110 [l C 2pzeos i - 690065 [l T
1090921 Ml A 1674059 | T
Live RefSNPs, dbSNP bl156 v2 W) " L00x%
44826 W GG/6 rs1644253716 W ARA/A  rs786204016 TGATGATERA/TBATEA  rs7S56691180 B8 C/A/G/T rs1644255482 GCTTCABET
371671 BB 6/A/C rs45589033 B8 C/6/T 51362436529 WM A/G/T  rs2100539422 W8 A/C/T rs2100540023 CTTCT/CT  rs200771471 BB C/A/G/T  rs2100540749 B A/G/T rs210854161(
8413627 W G/R/C/T rs768853678 M A/6 752100535110 B8 6/A/C rs1057519062 M. CCC/CC rs746353274 MEMN CTTC/C  rs2100540553 BB G/R/C  rs755829023 MM G/R/C/T  rs
B A/G/T rs780767010 B8 G/A/C rs2100539045 W8 A/T rs774825500 BN C/G/T  rs2100539520 MM A/C/T| | rs2100539360 MM A/C/G/T  rs2100540221 B8 T/A 752100540497 B8 A/C/B/T  rs2100540779 W8 A/B/T  rs10182(
S MR G/R  rslI77716874 M8 T/C rs2100539064 M8 G/A/C  rs772698730 MM 6/R/C/T rs776956662 MM BYR  rs751512280 M G/A/C rs2100540241 B8 T/A rs750053102 B8 6/R/C rs1293871926 M C/T rsi
04 B C/A/G/T rs2100538877 M8 G/A/C/T rs2100539131 BN C/6/T rs200100285 W8 T/C/6 rs45438591 B C/T  rs2100540048 BN T/A/C/G  rs780701935 M8 T/R/C/G  rs2109540640 B C/6/T  rs748601308 HE C/6
134279942 W G/R/C/T 12100536962 BB T/R/C 0OS39165 Em /R rs2100539478 EW 6/A/C  ril41060174 @B C/R/6/T  rs2100540121 @R T/A/C  rs2100540460 @8 T/R/C  rs2100540686 @ T/R/C  rs1B44256133 mm
194897557 W A/6 52100538905 B C/A/G/T 752100539184 W8 6/A/C r52100539542 W T/A/6] 52100539903 W8 A/C/T 52100540256 B8 C/A/G rsi57047657 BB T/A/C/6  rs2100540856 BB T/A '
52100536716 B A/6/T  rsi570478420 R C/6/T 15748571395 W 6/R/C rsi50847674 B8 C/T| rs1418131796 IR A/6 52100546262 B A/6/T 51302392264 8 C/6 rs779138021 B C/6/T
rs1644253208 B T/A/C 2100539012 B A/T rs1644254008 B T/A/C/6 rs1801133 [ 6/A/C rs1644255161 BB C/R/6/T  rs2100540321 B G/R/C  rs2196540609 B A/6/T rs1391033297 BB C/A/T
rs2100536804 B 6/C rs1217691063 B8 A/6/T 52160539662 [ C/A/6/T  rsi644255213 B C/T  rs2106540306 BE A/T rs2100540622 B8 6/R/C 752100540936 B8 T,
/6/T rs1287071274 BB C/A/T 5773410203 B8 T/R/C/G  rs2100! = T/R/C rs2100540072 B8 T/A rs2100540390 B8 6/A/C rs2100540661 B C/6/T rs1644256205 |
/B/T rs1644254284 W8 G/A/C/T  rs2100539720 W8 C/A/6/T rs2100540094 B C/6/T  rs2100540442 BB C/6 51363516407 B C/6/T r52100541¢
52160539507 B A/T 629 BB G/A/C/T  rs2100540143 B C/6/T rs2100540734 BB A/G
2100535843 B C/T rs1644255279 BB C/6/T
dbSNP b156 v2 LOOx
534279942 BB 6/A/C/T 5786204016 TGRTGATEA/TGATER rs2106540023 EE—— CTTCT/CT 152100540661 B8 C/6/T rs10182(
rs45589033 B8 C/6/T rs774825300 BN C/6/T r51057519062 M CCC/CC rs746353274 Em— CTTC/C rs779138021 W8 C/6/T
rs2100539064 W G/A/C r5773410203 W T/R/C/6  rs1801133 sm/c rs756691180 W C/A/6/T rst?
rs748571395 B G/R/C rs150847674 R C r51644255161 B C/R/6/T
51644254284 B 6/R/C/T m 1860174 BR C/A/6/T
5200100285 B T/C/6 rs2109539860 B8 A/C/G/T
rs776956662 M 6 rs1644255213 M C/T
Cited Variations, dbSNP bl36 v2 LOGx
rs786204016 TEATGATER/TEATEA rs746353274 mm— CTTC/C rstl
rs1657519062 cee/ce '
5200100285 B8 T/C/6 rs45438591 IR C/T
rs1801133 [ 6/R/C
1000 Genomes Phase 3, dbSNP bl156 v2 LOBx
m A/6/T rs45589033 W C/6/T 75200100285 W T/C/G rs200771471 B C/A/G/T
534279942 BB 6/R/C/T rs150847674 B C/T|
rs1801133 [ 6/A/C
Splice Donor Region Variations, dbSNP bi156 v2 _‘ LOOx
macrogen
File: A2_AF.abl Run Ended: 2022/12/20 22:46:14 Signal G:1070.4:1595 C:2799 T-1191 %}
Sample: A2 AF Lane: 47 Base spacing: 13.429932 688 bases in 8414 scans Page I of 2
10 20 30 40 s0 60 70 50 90 100 1o
TCA G AG CCCOMG COT GTGC GAGE CGGETGUGGTE AG AGTGGGET GG GGG AG TTAT G GGCTC TCC TGGGCCCC TCACC TG GAT GGG 4G T C 00 GGEG ACGAT GGG AAGT G AT GO
. f I
X i -\ﬁMmf oot o et
AT A R A .
120 130 140 170 30 240
T 0T COOTHE AT GCET TCA A A GEQGALG AT 6T OT CABECTEA AT LGET GE QT GAT AT G AA ML C BCTCEC O AG ACACCTT ETCOT T CAn BT GUTTCAGOTE A GE ETCA AL GETEC
370

0 ;ﬁ& et e sttt et

250 260 270 280 290 300 3
CTGCTTCGGGGTGGUCTTT GGGGTAACCT GCCAATAGGGAT GACAGT AQG T AGAGGCTGA CCTGAAGCACTTGA ‘GG .G“GGTG C'TCK:GGG GCCG TTT C‘ C \T CA CGC.GCTT TCTTTG

350 350 400 410 420 430 440 430 460 470 480 490
AGGUTGACACATTOTTOCGOTT TGT GAAGGUATGC ACCGACATGGGUAT CACTT GUOCCATCGT COCCGGGATCTTTCCCATOC GOT GAGGGGUC CAGGAGAGCC AT AAGOTCCCTO Caco oo

500 s10 520 530 340 550 560 7o 580 590 600 610
LOTOT CAC CGUAC CGTCUT 0G0 A AG G GEGEGCTCTGGETGGAGI GO TGAGTITCEITGME TTC T TCCAAT AG GT GG TTC G GTGOGT AT ATGGN GT CCAGUGGGTGITG A GCAGTT

LA
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Appendix (8): SNP database to view rs699 included the details of variant

& NC_000001.11 | Find: vi@ D Q b @ i 2= I A Tools v | Tracks» ¥, Download » @ 7
230,710 K |230,710,016 [230,710,020 230,710,030 (230,716,048 5 [230,710,260 230,710,070 |230,710,080 [230.710,0% 2307

ClinVar variants with precise endpoints LO08x
a7s73s W T 2328345 @ 7 247836 [l ¢ 18068 2083617 @ T g7eees T
296081 Wl 234g800 Wl A
874937 Wl
Live RefSNPs, dbSNP bl56 v2 ! LOSx
769499544 W T/R  rs777091946 W T/C/6 rs148445907 W 6/R/C 15141980991 CT/RG | rs750932689 B 6/C rs769423281 M T/C rs1663526753 Wi CT/- rst
51392095692 BN 6/A  rs759652013 MM G/A rs1571976634 M T/6 rs878390662 W CA/T  rs993966867 MM G/A/T  rs368513901 MM A/G  rs770682393 M 6/A re
rs374407232 W C/T rs1228544607 M G/A rs760908753 W T/C rs764367611 ME C/T  s779634377 MM G/A  rs7477688478 WO C/T rs1663528456 W A/6 rs772166501 M8 C/A
1543740975 M 6/A rs767559655 M8 C/A rs894744940 M C/T  rs754176245 MW C/T] rs147721058 BB C/T  rs1260609293 M8 C/T rs867582024 MM G/A

rs56073403 mm T/C rs1357821632 mm C/T rs1032547924 mm CYT) rs760800426 W 6/ 15749172070 u C/T
rs530610040 W A/T rs1345023968 W C/6 9 qzcw rs1663528151 WM C/T  rs1663528! rs1663529509 &8 T/A
5774267658 W 6/C rs1553314015 [ R/~ 521827904 T/C 0928 IR C/T 151424041609 I C,

rs1663525273 W 6/A rs699 | A/G 4 W C/T rsi371141530 W A/6
rs1183886380 M C/T
rs1663527257 I 6/A
-fsmts?asrz = A/6

cal, dbSNP b156 v2 Uy L LOHx

rs543740975 W 6/A
rs56073463 I T/C
Cited Variations, dbSNP bl36 v2

rs749172070 = C/T

LO8x
1000 Genomes Phase 3, dbSNP bl156 v2 3L LOGx
rs543740975 W 6/A rs147721658 IR C/T
rs56073463 I T/C
Splice Donor Region Variations, dbSNP bl56 v2 B LO8x
2 tor Reqa Variatio; dbSNP bl156 v2 £ 3 X
geNo lcracc?t%af’a'!oun‘ﬂ?n Eranagg SRR S2TE oo
ssense Variations, dbSNP bl36 v2 ! LOGx
769499544 W T/A rs777091946 WM T/C/6 rsiS71976634 MR T/G rs141900991 CT/A | rs750932: B G/C rs769423281 W T/C rs1663528 = A/6 rs772166501 M8 C/A rsi
51392095692 W 6/A rs12268544607 M 6/A rs760908753 M T/C rs764367611 W C/T $179634377 M G/A rs36851390; /6 rs770682393 W G/A rs8908841950 T/C re
rs374407232 W C/T rs767559655 Il C/A rs894744940 IR C/T rs147721058 Wl C/T  rs1260609. mo/T rs774320928 W C/T rs1663529509 W T/A
rs56073403 I T/C rs1345023 rs780800426 W G/A rs749172070 I8 C/T
rsS30610040 IR A/T rs11568053 f"T rsi663 mC/T rsi371141530 W A/6
rs77426765¢ IR 6/C rs699 I A/G
1151571976675 W A/6
T U O DO DU N LT L e
, __macrogen
File: E3_EF.abl Rim Ended: 2023/1/25 22:25:13 Signal G:863 A:1290 C:2866 19586 ?}

Sample: E3_EF Lane: 44 Base spacing: 13.221314 515 bases in 6206 scans Page 1 af 1

80 90 100 110 120
CGaT Iﬂi CCICGC G'.'GGC Go CCC\G(I:C'\CICC ‘GGCC\GCIGGCIG CTeA GC\\C\C\\ \GG‘I‘CI‘~G\CC\‘GGGCC‘G‘-GCC&GC‘G‘-G-'-GGII GOCTTACCTTGGANG

—

oo OM A IO I i A A

GGA CG GGfGHG AGCCA GGGIGCTG C(‘CC\GG(‘ICCCG\(‘ Qaas GC GCCGC‘ ICC\CCIGICCGCCIGC G CC‘TGC IC\TCCGCGC ACA ICC GTT C\GIG

e

260 a7 280 290 300 310 320 330 340 350 360 370
GTCCAGAGAGCGT GEGAGG CCACAGGGGT AT AGAGAGCCAGGCCCT GO ACAAACGGCT G TTCAGGTGOA GG O TGGGGOTGT GAACACGOCCACCACCGTGGAC AGO AGC AGOC TGGGOCTGGE T
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380 3900 400 410 420 430 440 450 470 AH0 490
ATCAGUCOTGOOCTGGGU CACT AGCAGGUUCTGT ACAGUCT G AGGGU A AACAGGACCTTGTGU GU AT CCGGUT GGG AGET GC GITCTTGT CCTTCCAA GGAACACCCA GGAT GLIL(:-CL‘GG
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Appendix (9): PDB file to view three-dimensional shape substitution of
amino acid A222V.

Green is wild and

red is mutant
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Appendix (10): PDB file to viewed three-dimensional shape substitution
of amino acid M268T

Wild is green

Mutant in red
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Appendix (11): SNP database to view rs2106809 included the details of

polymorphism
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Appendix (12): SNP database to view rs1799889 included details.
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AACTECAAAT GT CTAGE GEAAGETC GAMG MGT GAAVCT TACACGT TGETC TCCT GTTTCCT TACCAAGCT TT TACCAT GGT AACCCCTGGTCCC GTTCAGE CACTACCACCOCACCCAGUACA
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AAAGACCAAGAGTCCTCTGTTGGGEUCCAAGTCCT AGACAGACAAAACCTAGACUACAG GGIGG CTGA AA C ATGAG ATCATG ATG GACTGCT ACAGGT TACCCGCC T GGATAG GCTT TTTT
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CGAT GGGG CGI CcTC GC‘ C COC TGIT GCCG GCTGGCC G\ VTCAG GCTGGTAGTACAGACTCE T GTCGAT ATGG A GBAGAGTGGTTCGGGGT GOGT ATT GI'T GTG ATCCAGCGAGH TGTT
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