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Summary

Compared with previous epidemic infections, Coronavirus has the
highest transmission rate and risk of death. On the other hand, diabetes is
one of the most prevalent diseases. Thus, diabetics infected with the
COVID-19 virus are the most affected. The aim of this research was to find
out if there was a correlation between infection with the COVID-19 virus
and patients with type 2 diabetes. The study concluded that there has been
a relationship between diabetes and patients with COVID-19.

The current study was conducted in the molecular laboratory in the
Department of Biology, College of Science, University of Babylon. The
samples were collected and the practical part of this study was completed
during October (2021-2022). The samples were obtained from patients
with Covid-19 and Covid-19, diabetes mellitus and healthy people. These
samples were collected from Marjan Medical Hospital and Al-Saadiq
Teaching Hospital in Babylon Governorate, where the total number of
samples was 92 including 31 blood samples from healthy people (3
females, 28 males), 30 blood samples from the patients infected with
COVID-19 (16 females, 14 males), and 31 blood samples from the patients
infected with COVID-19 + diabetes (17 females, 14 males).

The current study has been divided into three parts: the first study was
demographic, the second included measuring blood parameters, and the
third included a molecular study. The first part included the social and
demographic distribution of the study coefficients in terms of gender, level
of injury, age, duration of injury, and body mass. The second part included
an assessment encompassing the estimation of physiological parameters
(HBA1C, FBG, insulin, insulin resistance, insulin sensitivity, CRP, D-
dimer, Ferritin) and the third part involved the study of the effects of some
genes (ACE2, AT1R, rs657152) determined by PCR.



The results of this study showed that the gender revealed significant
differences at the probability value (p<0.01) (0.0002) between the two
groups of males and females, where the males in the CDM2 group were
(46.67 %) while in the C group it was (43.3%). The value of female was
(56.7%) in group C and it was (48.38%) in group CDM2. The level of
infection was classified into three sub- levels including: mild, moderate,
and severe. The percentage of the level of cut infection in CDM2 (48.30%)
was higher than that of group C (26.66%), while the average level was
higher in CDM2 group (38.70%) than it was before. Therefore, the minor
level was lower in CDM2 (12.9%) than in group C (43.33%), and the

severity of infection increased in CDM2 than in group C.

As for the age groups, there were statistically significant differences
for the three categories adopted in the current study (> 30, 30-50, <50
years). The group of less than 30 years old was more in group C (36.7%)
than in the CDM2 category (6.5%), while the 30-50 category was rounded
off in the C and CDM2 groups (26.7%, 22.6%). A higher percentage of
greater than 50 categories was observed in CDM2 (71%) and the of the
total C was (36.7%). There were three BMI categories (BMI) according to
the current study including (normal, overweight, and obesity), and there

were no statistically significant differences among these groups.

As for the injury period, the duration periods were classified into 3
subgroups including (<7, 7-14 >,14). days). It was less than 7 days in group
C (73.3%) while it was (51.61%) in CDMZ2, the 7-14 days in group C was
(13.33%) and it was (32.25%) in CDM2 group, and more than 14 days was
(13.33%) in the CDM2 group and it was (16.12%) in the C group. The
differences among groups were significant (p. 0.0311) with a value of (p <
0.05).



The results of the physiological study showed significant differences
among healthy people and Covid patients along with patients with Covid
+ diabetes mellitus compared to healthy people in ferritin (108.59+18.4,
322.28+30.1 and 583.10+44.6) respectively, while significant differences
at (p<0.01), showed significant differences In FBG, cumulative glucose
and insulin resistance only in the COVID-19 + diabetes group
(253.09£16.2, 9.15+£2.0,1 and 17.51+4.1 respectively) at (p<0.05) (p<0.01)
and at the same time there was no significant difference among the healthy
groups. C-reactive protein or D-dimer showed high values in the Covid-19
group and the covid-19 + diabetes groups compared with the healthy
groups (43.72+5.3, 61.1845.3, 1731.41+114.5 and 1282.97+221.3). at
(p<0.01) respectively but it did not show significant differences in insulin

and insulin sensitivity.

In the molecular study, single nucleotide polymorphism (SNPs) of
ACE2 gene was detected by using PCR technique in patients compared
with the healthy groups. The group (DD; ID) showed statistically
significant differences in relation to the genetic makeup of patients
compared with healthy controls at (0.04), whereas I, Il did not show any
significant relationship. The ACE D genotype was dominant in three
groups: (72.6%, 85%,54%) in the healthy control group, the COVID-19
group, and the COVID-19 + diabetes group respectively, followed by the
alleles DD; ID; I. It was observed in AT1R that there was a very significant
difference between the healthy group and the group of patients by using
polymerase chain reaction techniques PCR-SSCP, where the distribution
of DNA polymorphisms was found to be (96.77%, 3.23%) in the healthy
group and (6.67%,93.33%), respectively. In covid-19 + diabetes group and
(12.9%, 87.1) and in covid-19+ diabetes patients, the results showed that

there was no association between DNA polymorphisms according to the



number of bands with patients compared to control groups. Meanwhile,
there were significant differences in Frequencies of the ATI1R
polymorphism among patients with COVID-19 and Covid-19 with

diabetes mellitus and healthy subjects at (P-value <0.01).

As for the rs567152 SNP, the study showed that there were no
significant statistically significant differences among the genetic makeup

of patients compared with the genetic makeup of healthy people.

Finally, it was observed that patients with diabetes who developed
contracted Covid-19 appeared to have significantly higher levels of (CRP,
D-dimer, and Ferritin) and parameters related to diabetes than patients who
suffered from Covid-19 alone, also high levels of ACE2 gene, AT1R
receptor as such this would make them more likely to develop illness and
death.
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Chapter one Introduction

Introduction

The SARS-CoV-2, or syndrome coronavirus 2, was appeared
Coronavirus illness in late 2019 in Wuhan, China. The illness (Covid-19)
produced by SARS-CoV-2, quickly became a global pandemic (Zhu et al.,
2020). In June 15, 2020, there have been over 8.03 million confirmed cases
globally, amounting to over than 436,900 fatalities. Early on in the
epidemic, Italy and Spain were particularly hard to hit. The outbreak
peaking at 61,507 fatalities were recorded by June 15, 2020, and by the
second half of February 2020, covid-19 has a wide range of symptoms with
the vast majority of infected people experiencing relatively little or no
symptoms at all, the significant majority of fatality rates have been caused
by a subset of individuals suffering from severe respiratory failure due to
interstitial pneumonia in both lungs and acute respiratory distress

syndrome (Berlin et al., 2020).

In comparison to the infected non-diabetic patients, diabetic patients
with Covid-19 are at significant risk of severe pneumonia and have a
pronounced pro-inflammatory and pro-thrombotic condition. CRP,
interleukin.6, ferritin, and D-dimers are all higher in diabetes individuals
than in non-diabetic people. Some patients with SARS-CoV.2 pneumonia
experienced syndrome of acute respiratory distress (ARDS) in the past, and
some of them quickly deteriorated and died of multiple organ failure.
Individuals with diabetes will inevitably suffer from Covid-19 in
comparison to those who do not have diabetes. It has been seen that Covid-
19 illness 2019 (Covid-19) has a higher rate of morbidity and death (Chen
et al., 2020).

Diabetic patients with COVID-19 have greater levels of diabetes

biomarkers than patients with DM s alone. Increased levels of FBS and

1
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HblAc have been linked to the advancement of COVID-19 in diabetic
patients (Ling et al., 2021). Hyperglycemia inhibits neutrophil chemotaxis
by reducing macrophage, neutrophil, and monocyte phagocytosis, and
compromising innate cell-mediated immunity. FBS is linked to
inflammatory reactions in the body the immune system as well. Blood
glucose levels can be measured and tracked in clinical settings by a handy
and easy-to-detect diagnosis. For COVID-19 patients with increased
admission FBS, continuous glucose monitoring is very important.
Infections and the associated consequences can be prevented and
controlled with the help of glucose management. Diabetic patients can
have more inflammation leading to IR and the other way round Covid-19
Infections which result in an elevated inflammatory response. Moreover,
their coexistence with diabetes can also result in hyper inflammation and
severe/fatal outcomes due to the underlying inflammation. (Santos et al.,
2021). In the higher IR causes, more ACE2 receptors are to be produced
in the pancreas, which increase the INR patients to have a higher propensity
for the spike protein to bind, rendering them more vulnerable to COVID-
19 infections (Roca-Ho et al., 2017).

The CRP is a plasma protein that is formed in response to inflammatory
mediators produced by the liver, including IL-6. This acute-phase protein
Is useful despite its non-specificity as a diagnostic technique for a number
of inflammatory diseases in clinical settings. According to previous
studies, it has been seen that CRP levels were substantially greater in
COVID-19 patients who died compared to those who lived (Chen et al.,
2020).

The DM with COVID-19 patients had a greater level of D-dimer than
the other two research groups. D-dimer was also shown to be the most

accurate predictor of severe COVID-19 in diabetic individuals. One of the
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most prevalent laboratory results in COVID-19 patients requiring
hospitalization has been identified as a D-dimer increase (Zhang et al.,
2020). At that time, the non-survivors had much higher D-dimer levels
(Tang et al., 2020). Other coagulation indicators, including PT and APTT,
were shown to be higher in the patients studied by (Connors and Levy,
2020).

Patients with DM and COVID-19 had considerably greater ferritin
levels than the other two research groups. Ferritin levels were also
considerably higher in diabetic patients than in the control group. The

findings of this study were similar to those of ( Cheng et al.,2020)

The ACEZ2 receptor has been found in human heart failure and lymphoma
cDNA libraries before being identified as the SARS-CoV receptor. SARS-
CoV-2 binds to ACE2 more strongly than does SARS-CoV-1, and it has
been recently shown that ACE2 can also be the virus's cellular entry site
(Xu et al., 2020). The expression and distribution of ACE2 in the human
body may indicate infection pathways and tissues that are particularly
susceptible to SARS-CoV-2 infection. ACE2/Ang-(1-7) system protects
the lungs against Acute Respiratory Distress Syndrome by acting as an
anti-inflammatory and antioxidant (ARDS). As an adaptive reaction to
counterbalance the raised levels of Ang-lIl and Ang-I, ACE2 gene
expression is dramatically enhanced in patients with DM who are treated
with ACEi or ARBs. As a result, using ACE2-stimulating medicines might
make it easier for SARS-CoV-2 to enter pneumocytes and other ACE2-
rich tissues, potentially leading to a more severe and deadly illness.
Angiotensin-converting enzyme (ACE or ACEL1) converts Ang-Il into Ang-
I, whereas ACE2 hydrolyzes Ang-ll into Ang-1-7. Vasoconstriction,
fibrosis, inflammation, and thrombosis, among other things, happen when
Ang-Il binds to the AT1-receptor. Ang-1-7 binds to the AT2-receptor,
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resulting in an increased vasodilation and a reduced fibrosis, inflammation,
along with thrombosis. As a result, ACE and ACE2 are seen as competing
factors in the equation that influences hypertension, diabetes, and

cardiovascular disease risk (pal and Bhansali, 2020).

It has been seen that the ABO gene Chr 9g34.2, which is responsible
for ABO determination, is one of the risk factors that has been linked to
COVID-19 severity in research conducted in the United Kingdom and
Denmark (Kaiser 2020; Barnkob et al., 2020). The purpose of this study
aimed to look at the frequency of haplotypes of the ABO Transferase A
Gene (rs657152) in COVID -19 infected and non-infected people. This
SNP has been linked to respiratory failure in COVID-19 according to
genome-wide association studies. The rs657152 gene is present in the ABO
intron region, and it has been discovered that this location has an influence
on the severity of the disease (Group SCG et al., 2020).

Aim of the Study: -

Covid-19 and Diabetes are one of the risk diseases currently prevalent
among people, so this study aimed to determine the relationship between
Covid and diabetes mellitus by a set of physiological and molecular

markers.
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2- Review of Literatures
2-1 Definition of Covid-19

The SARS-CoV-2 is an RNA virus with positive strands having a
single-stranded genome encased in a lipid bilayer adorned with proteins.
SARS-CoV is a human virus that causes severe acute respiratory syndrome
and shares 82 percent of homology with SARS-CoV-2 (SARS) (Chen et
al., 2019). In cells from humans, the major entrance of the Angiotensin-
converting enzyme 2 (ACE-2) is SARS-receptor. CoV-2's (ACE2) (Walls
et al., 2020) is found in high amounts. Other cell types include Alveolar
cells in the lungs, cardiac myocytes in the heart, vascular endothelium and
other cells. (Zhang et al.,2020). However, SARS-CoV-2 is likely to be
transmitted through virus-bearing respiratory droplets with a viral load at
its maximum occurring within 5-6 days before the beginning of symptoms,
and with an average of 4-5 days before the onset of symptoms (Guan et
al., 2020; Pung et al., 2020).

2-2 SARS-genesis the Structure of CoV2

Spike (S) glycoprotein, small envelope (E) glycoprotein, membrane
(M) glycoprotein, nucleocapsid (N) glycoprotein, and a few additional
auxiliary proteins are all found in the nucleocapsid (N) glycoprotein. All
of these viral proteins make up SARS-CoV.2 (Jiang et al., 2020). The
spike, also called S glycoprotein, is a 150-kilodalton trans membrane
protein present in the virus's outer region. The S protein forms homotrimers
that protrude from the surface of the virus and attract angiotensin by
making it easier to envelope viruses in order to bind to the host cells. Lower
respiratory tract cells express converting enzyme 2 (ACE2). This
glycoprotein is cleaved into two subunits, S1 and S2, by a furin-like

protease in the host cell. Part S1 regulates the host viral range and the
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cellular tropism, while part S2 promotes the virus fusion in transmitting
host cells, due to the nature of the receptor-binding domain make-up (Walls
et al., 2020). Protein (N) is also phosphorylated to a higher degree. It is
assumed that this causes structural changes which improve viral RNA
binding. The Covid's nucleocapsid, also known as N protein, is a structural
component found in the endoplasmic reticulum-Golgi region that is
structurally linked to the virus's nucleic acid content because such a protein
Is attached to RNA. What involved in the processes of a virus's genome,
are the replication cycle, and the cellular response of the host cells of the
viral infections (Schoeman and Fielding, 2019) (Tai et al., 2020) As shown
in Figure(2-1).
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Figure 2-1 Structure of Severe Acute Respiratory Syndrome Covid-
19 (Tai et al., 2020)

Another important membrane, or M protein, is a component of this
virus that maintains the form of the viral envelope. It is the most physically
organized protein in the virus. All structural proteins can bind to this
protein. Affiliation with the M protein can happen by stabilizing the N
protein-RNA complex within the internal virion. It aids in the stabilization
of the nucleocapsids or N proteins and boosts the encouragement of viral
assembly. The E protein, also known as the envelope protein, is the
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smallest protein in the SARS-CoV structure which is crucial for viral

replication and maturation (Schoeman and Fielding, 2019).
2-3 Symptoms and Harms of Covid-19

Fever, cough, anosmia, ageusia, weariness, myalgia, headache, sore
throat, cold diarrhea and dyspnoea are some of the symptoms that people
experience along with the shortness of breath all of which are signs of
COVID-19 (Chen et al.,2020; Song et al.,2020).

Acute respiratory distress syndrome (ARDS) would be developed in
severe COVID-19 infected patients in around 8-9 days after the starting of
the symptom (Wang et al., 2020). Pneumonia, pulmonary edema, oxygen
saturation (SpO2) of 93 percent, respiratory failure requiring invasive
ventilation, and ICU admission, coagulopathy, lymphopenia, cytokine
storm, viremia, and multi-organ destruction are all signs of this illness
(Guan et al.,2020; Keeley et al., 2020). To confirm severe COVID-19
patients, physical and laboratory testing including SpO2, D-dimer, Ferritin,
CRP, inflammatory indicators, leucocyte counts, and computed

tomography (CT) scans are required he[e (Zhou et al., 2020) (figurgs 2-2).
A B
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Figures 2-2: Comparing Three Cases (A) Mid, (B) Moderate, (C)

Severe, from the domestic center.
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Pulmonary edema occurs when the lungs become swollen. Excess
fluid leaks from the lungs' blood vessels results in gas obstructing
exchange, lower SpO2, respiratory failure, and ICU admission due to the
lack of oxygen and carbon dioxide. Microvascular thrombosis and the
diffuse of intravascular coagulopathy are two different types of
coagulopathy(DIC) (Connors and Levy,2020),(Fei et al., 2020).
Lymphopenia might be a sign of impending death in severe circumstances.
In severe Covid-19illness survivors suffer from Scarring and fibrosis of the
lungs which are frequent hyper-inflammatory signs that indicate tissue
damage caused by hyperactive, dysregulated inflammation (Tavakolpour
et al., 2020).

Further, in the Covid-19 pandemic, the autopsies of deceased people's
lungs Neutrophophil Extracellular traps (NETS) have been linked to lung
damage caused by inflammation thrombosis, and fibrosis (Radermecker et
al.,2020).In every case analyzed, autopsies have revealed type-2
pneumocyte hyperplasia (Carsana et al., 2020). The time-varying
reproduction number (R) of SARS-CoV-2 and the introduction and the
removal of non-pharmaceutical therapies potentially suggest a
compensation for the lung's loss of cells that express angiotensin-
converting enzyme 2 (ACE2) (Li et al., 2020). Severe infections have been
linked to a persistently elevated viral load in the upper respiratory tract (Liu
et al., 2020; Sungnak et al., 2020). SARS-CoV-2 virions have been found
in practically all organs, including the brain of individuals who have died
from severe COVID-19 (Vasquez-Bonilla et al., 2019; Al-Sarra;j et al.,
2020;).

Asymptomatic infections may be caused by the host immune
system's efficacy. Previous infection of the immunity system of other

human coronaviruses, low viral load, and cross-reactivity of existing

8
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Immune effectors are also possible causes of the longer duration of the viral
RNA detection in symptomatic patients' upper respiratory tracts and cross-
Immunity against SARS-CoV-2 (Lee et al., 2020; Sette et al., 2020).

2-4 Diabetes Mellitus

Diabetes mellitus (DM) is a glucose metabolic disorder marked by
insulin production and action both of which produce chronic
hyperglycemia. (Yates et al., 2016). There are two kinds of this disease:
Type 1 diabetes (T1) is characterized by an absolute insulin shortage
produced by the pancreas’ failure to secrete insulin, whereas type 2 diabetes
(T2) is characterized by insulin resistance and relative insulin
insufficiency, both of which may be present at the time when diabetes is
diagnosed. According to the eldest data from the International Diabetes
Federation (IDF) diabetes poses a significant hazard to human health. The
IDF attempts to understand of how the pathogenesis of DM is ongoing.
T1DM has traditionally been considered as an autoimmune disease and the
early research has demonstrated that T cells could have been involved in
various pathogenic steps in TLDM, including the initiation of insulitis and
the injury to B cells (Gao et al., 2017) T cells have also been identified to
play a function in the development of insulin resistance in the past study
(Jagannathan-Bogdan et al., 2011), and the various complications in
T2DM, including atherosclerosis (Zetterqvist et al., 2013) nephropathy and
neuropathy T cells may thus be a crucial player in the development of
diabetes mellitus, as well as a potential diagnostic and therapeutic target
(Zhang et al., 2016).

Diabetes can be classified into the following general categories:

1. Type 1 Diabetes is an autoimmune-cell destruction resulting in absolute

insulin insufficiency, including the adult-onset latent autoimmune diabetes
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2. Type 2 Diabetes is caused by a gradual loss of sufficient -cell insulin

production, often in the context of insulin resistance ADA (2021).

3. Gestational Pregnancy Diabetes Mellitus is a condition that occurs
when a woman is pregnant (diabetes diagnosed in the second or third
trimester of pregnancy which is not a clearly overt diabetes before

gestation.

4. Other Types of Diabetes are monogenic diabetes syndromes (such as
newborn diabetes and young-onset diabetes), exocrine pancreas illnesses
(such as cystic fibrosis and pancreatitis), and drug- or chemical-induced
diabetes (such as following glucocorticoid usage, HIV/AIDS treatment, or
organ donation) (ADA, 2014).

Both types of diabetes (typel and 2) are heterogeneous diseases
resulting from interaction among different factors including genetic and
environmental factors that cause loss of beta-cell function and
hyperglycemia, where the chronic hyperglycemia contributes to the

complications development (Skyler et al., 2017).
2-4-1 Type 1 Diabetes Mellitus (T1DM)

T1DM is an autoimmune disease in which the insulin-producing beta
cells in the pancreas are destroyed. Insulin is an anabolic hormone that
regulates growth as well as glucose, fat, protein, and mineral metabolism.
Insulin, too, has a big role to play. It allows glucose to enter the muscle and
adipose cells to promote the liver to store glucose as glycogen and produce
fatty acids. It increase amino acid absorption, slows fat breakdown in
adipose tissue, and enhances potassium uptake into cells. TLDM sufferers
will need insulin replacement medication for the rest of their lives. A
shortage of insulin causes diabetic ketoacidosis (DKA), which is a life-

threatening illness (Saxby et al.,2020).

10



Chapter two Review of Literatures

2-4-2 Type 2 Diabetes Mellitus

Non-insulin-dependent diabetes mellitus or adult-onset diabetes is a
metabolic disorder characterized by high levels of blood glucose caused
by two different things which are insulin resistance and relative insulin
insufficiency. T2DM symptoms include frequent urination, increased thirst,
tiredness, and weight loss. T2DM is caused by a combination of lifestyle
and genetic factors, while recent increases in T2DM rates may be due to
environmental contaminants. Having relatives with T2DM significantly
raises the family's risk of having such illness. In addition to any genetic
component, environmental factors, particularly nutrition and obesity, have
a significant role in the development of T2DM. Insulin resistance refers to
the inability of human tissues to respond effectively to insulin when it is
present (Ahima and Flier, 2000). Insulin resistance, unlike Type | diabetes,
is usually caused by cells' insulin receptors failing to respond correctly to
insulin rather than it is an issue with insulin synthesis. Increased glucose
levels on two occasions are defined by the World Health Organization
(WHO) as T2DM: first, a glucose tolerance test two hours after an oral
dose with plasma glucose of 11.1 mmol/Lans, and second, a fasting plasma
glucose of 7.0 mmol/L. T2DM can be avoided by following a healthy diet
and exercising regularly. Past studies have pinpointed that obesity and
T2DM have been related to insulin resistance in the brain and

neurodegeneration. (Ginter et al., 2013).
2-5 The Relationship Between COVID-19 and Diabetic Mellitus

The covid-19 and diabetes mellitus interact in a two-way manner The
unholy state of DM and COVID-19 coexistence is one in which one disease
entity tends to complement the other. The potential interactions between
the two pandemics have been investigated in old studies (Pal and Bhadada,
2020) (Figure 2-3).

11
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2-5-1 The Impact of COVID-19 on Diabetes Mellitus

Diabetes is an independent predictor of ICU admission in COVID-19,
invasive ventilation, and death. (Hazard Ratio: 1.59, with a 95% chance).
Although there is no apparent distinction in the COVID-19, type 2 diabetes
mellitus (T2DM) are potential predictor of poor outcomes (Pal et al.,
2020).

Multiple pathophysiological explanations for the correlation between the
severity of DM and COVID-19 have been proposed. Patients with
uncontrolled diabetes have an impaired innate immune system since it is the
primary line of defense against SARS-CoV-2 (Jafar et al.,, 2016). As
demonstrated in Covid-19 patients, DM is a pro-inflammatory state defined
by an inappropriate and excessive cytokine response where blood levels of
interleukin-6 (IL-6), C-reactive protein, and ferritin have been considerably
greater in DM patients than in non-DM patients. This indicates that diabetics
are more susceptible to an inflammatory cytokine storm which can result in
ARDS, shock, and rapid COVID-19 breakdown. According to the a
forementioned study, COVID-19 participants with diabetes posses higher D-
dimer levels than those without diabetes (Guo et al., 2020). Overactivation of
the hemostatic system could be the probable cause. In the context of a
Hypercoagulable pro-thrombotic disease could be made worse by the
presence of DM (Guo et al., 2020). In COVID-19, the excessive activation of
the coagulation cascade can result in catastrophic thromboembolic
consequences and eventual death (Hussain et al., 2020).

Diabetes has been linked to lower levels of angiotensin-converting
enzyme 2 (ACE2), which is found in the lungs (particularly type II
pneumocytes), kidney, stomach, and vascular endothelium. Angiotensin Il
and, to a lesser extent, angiotensin can be degraded by ACE2 into smaller
peptides.

12
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It's also important to consider the interaction between angiotensin-
converting enzyme inhibitors (ACEi) and angiotensin-receptor blockers
(ARB). As regards those with diabetes, ACEi/ARBs are commonly used
as antihypertensive and renoprotective medications. As an adaptive
response to increasing levels of angiotensin-II, the increased expression of
ACE2 is connected to the use of ACEiI/ARBs (Cure et al.,2020).
Unfortunately, SARS-CoV-2 requires ACE2 as a receptor for entry into the
host pneumocytes, therefore ACE2 overexpression would allow the
coronavirus to enter and replicate more easily. ACE2 is downregulated
after the virus uses the enzyme to gain access to the host tissue, and it is no

longer able to guard against lung harm (Pal and Bhansali; 2020).

According to a new research, the non-structural proteins from SARS-
CoV-2 attack hemoglobin's 1-chain causing iron to dissolve from
porphyrin and reducing hemoglobin's oxygen transport capability. SARS-
CoV-2 may have a stronger affinity for glycated hemoglobin than non-

glycated hemoglobin, albeit this is only a theory (Wenzhong et al., 2021).
2.5.2 Effect Does COVID-19 Have on Diabetes Mellitus?

The covid-19 can affect glycemic control in persons with pre-existing
diabetes according to the preclinical evidence and data collected from
research based on the previous SARS outbreak (2003). This is in addition
to the stress caused by a critical disease (i.e., stress hyperglycemia).
According to researchers, individuals with SARS (caused by SARS-CoV,
a relative of SARS-CoV-2) who never took glucocorticoids had
considerably higher fasting plasma glucose levels than patients with non-
SARS pneumonia. This is because ACE2 is expressed on the islets of the
pancreas (Yang et al., 2010). This could be interpreted as SARS-CoV-
mediated injury, in which individuals have died of SARS due to
Immunohistochemistry and in-situ hybridization. This may explain why

13
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persons with T2DM who have some functional b-cells in reserve have a

deteriorating glucose control (Ding et al., 2004).

Furthermore, COVID-19 may exacerbate T2DM patients with insulin
resistance (especially those who are fat and have some form of insulin
resistance in addition to a complete lack of insulin). Increased levels of IL-
6, IL-1, tumor necrosis factor (TNF), monocyte chemoattractant protein-1
(MCP-1), and inducible protein-10, leading to a loss of insulin sensitivity,
can be found even when COVID-19 levels are low. Obesity, which is
usually associated with T2DM, is also known to exacerbate the cytokine
response, leading to a greater insulin resistance (Kassir,2020). That is,
SARS-CoV raises serum levels of fetuin-A, a 2-Heremans glycoprotein
associated with decreased insulin sensitivity (Wan et al,2006). One needs
to investigate if SARS Cov-2 can cause an increase in fetuin-A levels.
Finally, COVID-19 has been linked to hypokalemia, which it in turn has
been linked to decreased pulmonary ACE2, decreased angiotensin-li

degradation, and increased aldosterone production (Liamis et al.,2014).

p-cell damage . = g
Poor innate immunity
Insulin resistance
= Cytokines

= Fetuin A

Pro-inflammatory
cytokines

Downregulated ACE2

Hypokalemia
levels

Drugs
= Corticosteroids
= Lopinavir/Ritonavir

Use of ACEVVARBs

Figure: 2-3 This Diagram Displays a Unique Coronavirus IlIness that
Has a Two-way Interaction: (Pal and Bhadada, 2020)

Covid-19 and diabetes mellitus. By impairing innate immunity,
creating an increased pro-inflammatory cytokine response, and reducing
angiotensin-converting enzyme 2 expression, diabetes mellitus worsens
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COVID-19 illness (ACE2). Furthermore, in COVID-1In of diabetic
patients, the wusage of angiotensin-converting enzyme inhibitors
(ACEi)/angiotensin-receptor blockers (ARBs)have been linked to disease
severity. COVID-19, on the other hand, exacerbates diabetes mellitus by
increasing insulin resistance via cytokines and fetuin-A, and via
hypokalemia. Additionally, Corticosteroids and lopinavir/ritonavir, which
are used to treat COVID-19, may induce dysglycemia (Pal and Bhadada,
2020).

2-6 Stress Hyperglycemia is Caused by the Viral Virus COVID-19

Stress hyperglycemia, a disease characterized by hyperglycemia,
insulin resistance, and glucose intolerance, can be caused by the body's
protection mechanisms during acute sickness (Saqib et al., 2020). As a
result of intubation and other therapies such as glucocorticoids,
hospitalized patients may incur additional stress on their bodies.
(Pourfridoni et al., 2020). Patients in intensive care units are more likely to
develop stress hyperglycemia (Ceriello et al., 2020). As patients heal and
are discharged from the hospital, many of these cases of stress
hyperglycemia disappear (Bronson et al., 2020). Patients with admission
hyperglycemia and no known diabetes have performed worse in recent
trials, both in terms of severity of illness and mortality rates than patients
with previously diagnosed diabetes along with patients with

normoglycemia (Carrasco-Sanchez et al.,2021).

2-7 Insulin Resistance Can Occur as a Component of Stress
Hyperglycemia after Severe Sickness

In fact, the virus causes a severe form of insulin resistance in type 2
diabetic individuals (Marik et al., 2013). COVID-19 and diabetes have a
bidirectional relationship. It is possible that inflammation, prevalent in

15
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both illnesses, is to blame: "Chronic illnesses [like diabetes] have several
common characteristics with infectious diseases, such as a
proinflammatory state and a weakened innate immune response. (Yang et
al., 2020). Insulin resistance is caused by inflammation in the liver, which
can progress to type 2 diabetes (Asrih et al., 2013). Diabetic people
infected with COVID-19 are said to be "at higher risk of excessive
uncontrolled inflammatory responses and hypercoagulable condition,
which may lead to the development of cardiovascular disease™ (Guo et al.,
2020). SARS-CoV-2 is most likely to affect pancreatic beta-cells, causing
insulin output to decrease. If combined with the cytokine storm, this would
result in insulin resistance, with the virus acting as a trigger for
hyperglycemia and DKA stress (Ceriello et al., 2020; Fadini et al., 2020).
Interleukin-6 has been found in both DKA and COVID-19 quite frequently
(Gentile et al., 2020).

2-8 Diabetes and COVID-19 Clinical Course

It has been recently demonstrated that diabetics can have a greater
prevalence of cardiovascular disease (32.4 percent vs. 14.6 percent) and
less fever than non-diabetics (59.5 percent vs. 83.2 percent). Really,
diabetes patients have been showing higher levels of inflammatory blood
markers such as LDH, CRP, ferritin, D dimer, lower lymphocyte counts,
and more evident of computer tomography (CT) imaging abnormalities all
of which indicate a more severe overall and especially lung involvement.
In COVID-19, greater D dimer levels are closely associated with increased
mortality (Tang et al.,2020), which are substantially higher in diabetic
patients showing a proclivity for hypercoagulation (Dong et al.,2020; Guo
et al.,2020).

One of the first observations of COVID-19 diabetic patients manifests

that they are more likely to require intensive care, which generally entails
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invasive ventilation. As regards this study, diabetes has been detected in
22.2 percent of ICU patients, compared to 10.1 percent of COVID-19
hospitalized patients. As a result, diabetes can have a comparable impact
similar to other risk factors including hypertension and cardiovascular
disease (Bai et al.,2019).

Diabetes has been found to be present in 7.4% of the COVID-19
population in a comprehensive assessment of 1099 patients in China;
however, 16.2% of those with severe disease have been discovered to have
the disease (Guan et al.,2020). Furthermore, diabetes has been found in
26.2 percent of patients who have experienced the primary composite
outcome, subsuming admission to an intensive care unit, mechanical
ventilation, and/ or death, in addition to a 3.6-fold enrichment for those
seriously ill. Diabetes patients are more likely to be admitted to an intensive
care unit, according to a recent meta-analysis (Li et al.,2020). With a
hazard ratio of 2.3, diabetes has been seen to be strongly linked to the
development of acute respiratory distress syndrome (ARDS) (Meiri et
al.,2021). The pooled diabetes ratio among COVID-19 patients having a
more severe course compared to those having a more favorable course has
been 2.26. Consequently, this points out to a considerably higher risk of
diabetes (Fadini et al.,2020).

Looking at 2003 COVID-19 fatalities in china and Italy, diabetes was
nearly twice as common in the non-surviving COVID-19 population as it
was in the surviving COVID-19 population (Wu et al.,2020). These data
referred to the higher mortality rates of diabetes patients in SARS and
MERS (Gupta et al.,2020). As a matter of fact, diabetic complications
increase the risk of diabetes-related death. In individuals with SARS,
plasma glucose levels and diabetes are the independent predictors of

mortality and morbidity. As a result, it is acceptable to conclude that
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diabetes not only increases the probability of SARS-CoV 2 infection but
also greatly increases the severity and mortality of COVID-19 (Dong et
al.,2020; Guo et al.,2020).

2-9 Treatment for Diabetes During COVID-19

The covid-19 initial influence on glycemic control appears to be
similar to that of other viral diseases. Insulin resistance and consequent
hyperglycemia results from an initial inflammatory reaction necessitate the
intensification of pre-existing diabetic treatment (Dungan et al., 2009).
This has been supported by Wuhan, China, research, in which 56% of the
blood glucose readings of the 881 of Covid-19 hospitalized patients have
been seen as normal. This emphasizes the importance of a proactive
approach to diabetes management for these patients, even though blood
sugar is not the primary concern. Furthermore, roughly 70% of T2DM
patients have been recommended to initiate or enhance insulin therapy
while in the hospital (Vickers et al.,2017).

Inadequate glycemic management has been proven to have a
deleterious impact on outcomes in a variety of conditions, including length
of stay, complication rate, and mortality. Patients who have preprandial
blood glucose levels of >180 mg/dl (>10 mmol/l) should begin or increase
their antidiabetic therapy. Target glucose varies depending on various
patient characteristics, including comorbidities, yet for individuals with
severe COVID-19 symptoms, the target usually falls between 140 and 180
mg/dl preprandial. Due to its well-established effectiveness and safety
profile, insulin is the treatment of choice for these patients to be preferably
repeated daily in the form of injections or to be admitted in intensive care
units along with continuous intravenous infusion via a syringe pump.
Dosing recommendations are included in the appropriate sections of the

DG guidelines (Mader et al.,2019).
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Metformin and sodium-glucose transporter (SGLT2) inhibitors, which
are both commonly used in type 2 diabetes, can have serious, even fatal
side effects in acute illness, and that is why they should be temporarily
stopped during COVID-19. This is because certain diabetics have an
increased risk of acute renal injury (James et al., 2015; Mansfield et al.,
2016). ACE inhibitors and angiotensin receptor blockers (ARB) should be
avoided during acute sickness; however, in COVID-19 a complete
withdrawal of renin-angiotensin-aldosterone inhibitors has not been
referenced due to concerns about their ability to up-regulate the heart
(Vaduganathan et al.,2020).

2-10 Increased COVID-19 Severity

Diabetes mellitus has been identified in 58 percent and 33 percent of
severely sick COVID-19 patients admitted to ICUs in the United States.
(Arentz et al.,2020; Bhatraju et al., 2020). There has been a relationship
between severe COVID-19 and diabetes mellitus, according to the
findings. The increased clinical severity of COVID-19 in patients with
diabetes can be caused by several processes. In individuals with diabetes
mellitus, glucotoxicity, Inflammation-induced endothelial damage,
oxidative stress, and cytokine production all lead to an increased risk of
thromboembolic complications and organ damage as shown in (figure 2-4)

(Walls et al.,2020). Furthermore, Systemic corticosteroids and antiviral
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medications, which are commonly used in the treatment of COVID-19

patients, might exacerbate hyperglycemia (Cui et al., 2020).
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Figure:2-4 Potential Pathogenic Pathways in T2DM and Covid-19
Patients (Walls et al.,2020).

2-11 Infections in People with Diabetic Mellitus.

The SARS-CoV-2 infection raises metabolic rate, causing tissue
hypoxia, which leads to interstitial lung damage and acute respiratory
distress syndrome (Tang et al.,2020). Diabetes mellitus patients infected
with coronavirus 2019 (COVID-19) disease have disrupted glucose
homeostasis, increased inflammation, and immune system dysfunction.
(Chen et al.,2020; Teuwen et al.,2020). These conditions increase
oxidative stress cytokine production, endothelial dysfunction
thromboembolism, and at the same damage to important organs are more
likely occur. As for diabetic individuals, all of these variables contribute to
COVID-19's enhanced severity and to the quick development of

cardiorespiratory failure. (Kuba et al.,2005).
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2-12 Indications Related to COVID-19 and Diabetes Type 2
2-12-1 Fast Blood Glucose

The use of a personal blood glucose monitor (BGM) to self-test blood
glucose (BG) is an important part of diabetes management. BGMs are used

for a variety of purposes including:

1) determining blood glucose levels to make therapeutic decisions
2) calibrating continuous glucose monitoring devices

3) detecting or confirming hypoglycemia.

BGM systems must accurately assess BG levels to be both safe and
clinically useful (Klonoff et al.,2018; Singh et al., 2020). During previous
pandemics of Middle East Respiratory Syndrome Coronavirus (MERS-
CoV), HIN1 influenza, and Severe Acute Respiratory Syndrome
Coronavirus-1 are all related to such pandemics, where poor glycemic
management has been linked to a greatly a higher risk of complications and
mortality. Although several research and meta-analyses have recently
indicated that individuals with diabetes have a considerably greater risk of
severe COVID-19 and increased mortality, no studies examining the
relationship between glycemic control and COVID-19 severity and death

have been available until recently (Badawi et al., 2016).
2-12-2 Hemoglobin Alc Test-glycated

Glycosylated hemoglobin (HbA1c) is a reliable indicator of long-term
glucose management that gives an average of the previous three months'
values. (Wang et al.,2020). It can be used to determine diabetes status and
to identify COVID-19 high-risk patients who are unaware of their diabetes
(Liu et al., 2021). Unlike some other risk factors for COVID-19-related
mortality of the advanced age, HbAlc may be altered by healthcare
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measures and is readily available in everyday practice (Holman et al.,
2020). According to a new meta-analysis, COVID-19 patients with pre-
existing DM have a threefold greater risk of in-hospital mortality (Guo et
al., 2020).

2-12-3 Insulin

It is a peptide hormone that controls blood glucose levels by assisting
cellular glucose absorption, regulating carbohydrate, lipid, and protein
metabolism, as well as stimulating cell division and proliferation through

its mitogenic actions (Lebovitz 2001).
2-12-4 Insulin Resistance

Insulin resistance is the inability of target organs to respond
appropriately to insulin's action. Insulin resistance leads to higher insulin
needs due to inadequate reduction of hepatic glucose production and
decreased insulin-mediated glucose absorption in the peripheral (skeletal
muscle and adipose tissue). Hyperglycemia occurs when higher insulin
demands are not met by increasing insulin levels. Insulin resistance has
also been linked to other disorders such as central obesity, hypertension,
and dyslipidemia, all of which are risk factors for heart disease (Ahima and
Flier, 2000).

Insulin resistance can be the source of inflammation. Insulin resistance
leads to adipose tissue macrophage infiltration which triggers an
inflammatory response in insulin signaling (IRS-1/2:P
I3BK:AKT:mTORC2) where pathwaymTORC2 suppresses the MCP1 gene
in adipose tissue. The downregulation of insulin signaling in conjunction
with lower mTORC?2 activity will depress MCP1 and draw monocytes to
adipose tissue, where they will be transformed into M1 macrophages as it
Is shown in figure (2-5) (Santos et al.,2021). The mystery behind the link
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between insulin resistance and inflammation has yet to be unraveled. As a
result, we could speculate that inflammation generated by insulin
resistance may be a contributing factor to the cytokine storm seen in obese
Covid-19 patients (Shimobayashi et al.,2018).

Insulin resistance

Insulin

mTORC2
,,7 nroRSS
MCP1

l TrasncrlptlonT ~
M1

macrophages.

figure 2-5 Insulin Resistance Relationship with Inflammation (Santos
et al.,2021)

2-12-5 Insulin Sensitivity

Dysregulation of carbohydrate and lipid metabolism causes glucose
intolerance. Genetic or lifestyle/environmental variables that influence the
physiological activity of beta-cells and insulin sensitivity are frequently
linked to this disorder (Igbal et al., 2015). Adipose tissue releases leptin,
resistin, adiponectin, and tumor necrosis factor (TNF-), where all of them
disturb glucose metabolism by lowering insulin sensitivity. It is clearly
seen that T2DM is more frequent in obese people (Duvnjak and Duvnja,
2009). Tumor necrosis factor can also suppress GLUT4 expression
required for glucose transfer (Olson, 2012). Insulin resistance, as a

symptom of T2DM, is caused by a loss of insulin sensitivity, whereas a



Chapter two Review of Literatures

lack of insulin secretion and function results in an elevated blood glucose
level (Igbal et al., 2015).

2-12-6 C-Reactive Protein

The c-reactive protein (CRP) is a highly conserved ancient molecule
that belongs to the pentraxin protein family. The liver produces CRP in
response to several inflammatory cytokines. CRP levels rise swiftly in
reaction to trauma, inflammation, and infection, and fall just as quickly
when the disease is terminated. As a result, CRP testing is used to monitor
a variety of inflammatory diseases. CRP binds to damaged tissue, nuclear
antigens, and some pathogenic organisms in a calcium-dependent way.
CRP's role in the innate immune system is assumed to be linked to its

engagement (Du Clos et al., 2000).

Some patients infected with SARS-CoV-2 have not developed
hypoxemia or respiratory stress during COVID-19, demonstrating that
SARS-CoV-2 infection is a diverse disease. To predict the severity of
COVID-19 pneumonia, one accurate and convenient biomarker is required.
Several studies have recently found that C-reactive protein (CRP) is linked
to severe dengue infection and that patients with greater plasma CRP
during the early stages of the disease are more likely to develop plasma
leakage (Eppy et al.,2016; Chen et al., 2020).

2-12-7 D-dimer level

D-dimer is a soluble fibrin degradation product that results from the
fibrinolytic system's orderly breakdown of thrombi. D-dimer has been
established in numerous studies to be a useful measure of coagulation and

fibrinolysis activation (Weitz et al., 2017).

A three- to four-fold increase in D-dimer levels is associated with a
bad prognosis. Furthermore, underlying disorders like diabetes, cancer,
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stroke, and pregnancy may cause D-dimer levels to rise in COVID-19
patients. Controlling and managing COVID-19 disease can also be done
by measuring D-dimer levels and coagulation parameters early on in the
disease (Rostami et al ., 2020).

2-12-8 Ferritin level

The ferritin, through direct immuno-suppressive and pro-inflammatory
actions, is a significant modulator of immune dysregulation, especially in
extreme hyperferritinemia, leading to the cytokine storm (Abbaspour et al.,
2014)

The COVID-19-infected individuals have had lower hemoglobin
levels and higher ferritin levels according to the past research. Regardless
of the underlying diseases, anemia associated with hyperferritinemia is a
powerful predictor of mortality. Elevated ferritin levels in COVID-19
could signal an impending inflammatory response linked to viral
propagation in the human body, affecting iron metabolism (Wessling,
2018). In this aspect, iron is an important micronutrient for both human
cells and pathogens. During infections, the natural immune response may
reduce iron turnover to restrict the pathogen's ability to use it. This process,
on the other hand, can cause anemia, which lowers oxygen delivery to
tissues and leads to multi-organ failure. As a result, one can assume that it
is critical for the investigation of the link between iron metabolism and the
evolution of covid-19(Weiss et al., 2019).

2-13 SARS-CoV and ACE2 as SARS-CoV Receptors

In vitro and in vivo, the functional SARS-CoV receptor has been
identified as angiotensin-converting enzyme 2 (Imai et al., 2005; Monteil
et al., 2020). On the human X-chromosome, the ACE2 gene has 22 exons

covering around 40 kb of genomic DNA. It has a 40 percent amino acid
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sequence similar to ACE1's N- and C-terminal domains which makes it a
homolog (Tipnis et al., 2000; Harmer et al., 2002).

Angiotensin-Converting Enzyme 1l (ACE2) is a membrane-bound
carboxydipeptidase found throughout the human body, including the heart,
kidney, small intestine, and to a lesser degree, the lungs. Type Il alveolar
cells and macrophages express the most ACE2, with bronchial and tracheal
epithelial cells expressing the least (Hamming et al., 2004). Angiotensin 1l
Is degraded by ACE?2 to produce angiotensin 1-7 which activates the mas
oncogene receptor and inhibits several angiotensin Il activities mediated
by the type 1 receptor (AT1R). Thus, the ACE2/angiotensin 1-7/mas
receptor axis is hypothesized to counterbalance the highly active
ACE/angiotensin II/AT1IR axis found in hypertension, cardiac

hypertrophy, heart failure, and other CVVDs (Santos et al., 2017).

Human ACE2, SARS-CoV, on the other hand, enters the host target
cells through a well-established functional receptor (Turner et al., 2004).
The SARS-transmembrane SARS-CoV binds to the target cells, then to
SARS-CoV-S protein primed by cellular surface proteases including
transmembrane protease serine 2 (TMPRSS2) which allows viral and
cellular membranes to merge, resulting in SARS-CoV infection which can
enter and reproduce in the target cells. Furthermore, in SARS-CoV-
infected mice, the elimination of ACE2 significantly lowers viral infection
and replication. As a result, it is believed that the SARS-CoV-S protein’s
binding to ACE2 is critical for SARS-CoV infection (Kuba et al., 2005).

2-13-1 ACEZ2'S Normal Physiological Role

The major physiological function of ACE2 is to serve as a
metalloprotease, digesting a variety of proteins in the renin-angiotensin-

aldosterone pathway. ACE2 transforms the vasoconstrictors angiotensin-I
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and angiotensin-Il into angiotensin-(1-9) and angiotensin-(1-7), both of
which are vasodilators (Carey et al., 2003; McKinney et al., 2014). As a
such, ACEZ2's activity tilts the vascular control balance in favor of
vasodilation (Schulz et al., 2011). AT1R, an angiotensin-Il receptor, is
found on macrophages, dendritic cells, T-cells, mesangial cells, and
vascular smooth muscle cells, suggesting that the ACE2 processing of
angiotensin-I1 affects their activity (Benigni et al., 2010). ACE2 possesses
normal physiological activities that are closely linked to COVID-19
characteristics in the lung, causing inflammation, oxidative stress, and
fibrosis, in addition to their role to sustain SARS-CoV-2 cellular entrance
(Schulz et al.,2011).

The ACEZ2 inactivates the vasodilator bradykinin, in addition to its
involvement in the RAAS. It is vital to remember that the RAAS and the
bradykinin system have a complicated relationship. Because of its
impartiality in silico approach to identify the underlying reason for variable
severity in COVID-19 symptoms, the role of bradykinin in the COVID-19
tale has lately acquired attention. Endothelial nitric oxide (NO) and
prostacyclin (PGI2) induce vascular permeability and local oedema, while
Bradykinin binds to particular G-protein-coupled receptors to mediate
vasodilation. Leaky capillaries in the lungs of COVID-19 patients would
not only make breathing difficult due to oedema, but they would also
enhance the trafficking of inflammatory cells and the inflammatory
mediators they carry between the blood and lung tissue (Garvin et al.,
2020).

2-13-2 ACE2 and the S Protein

SARS-S CoV-2's protein is a homotrimer, and it is a class I fusion
protein, much like SARS- CoV-1's which recognizes the ACE2 receptor

on the host cell as a crucial step in the viral internalization process (Chen
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et al., 2020). ACE2 is a zinc metalloprotease having ACE and collectrin-
like properties (CLTRN) (Kuba et al., 2010). The SARS-CoV-2 binding
interface is comparable to that of the SARS-CoV-1 S protein, according to
X-ray crystallography (Lan et al., 2020), and in vitro investigations have
demonstrated that SARS-CoV-2 internalization needs ACE2. (Hoffmann
et al., 2020)

When the S protein binds to ACE2, so its conformation changes allow
virus particles and host cells to create a membrane fusion permitting the
viral DNA to be internalized. The receptor-binding domain (RBD) of the
protein is found in the S1 subunit, where it interacts with the N-terminus
of ACE2 on target host cells. The S2 subunit has two different heptad
repeated domains as well as a fusion domain which are all required for viral
entrance into host cells (Walls et al., 2020). S2's heptad repeats interaction
with each other after the binding of the viral to ACE2, generating a Six-
helical bundle (6HB) complex (Xu et al., 2020). The development of 6HB
in SARS-CoV-1 exposes the hydrophobic fusion region of the S2 subunit

embedded into the host cell membrane to initiate fusion (Liu et al., 2004).
2-14 A1166C atlr Polymorphism Receptor

The AT1R receptor is one of the important receptors in modulating
blood pressure. High blood pressure is directly linked to the SARS-CoV-2
virus, caused by the inhibition of this receptor (Gurwitz,2020).

Overactivation of the AT1R is exceedingly damaging to the human
body, resulting in the formation of COVID-19 in particular. The activated
receptor causes vasoconstriction, hypertension, organ hypertrophy (heart,
blood vessels), tissue fibrosis (heart, lungs, kidneys, and liver), ageusia

(loss of taste), anosmia (loss of smell), neurological disorders, intestinal
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and vascular inflammation, obesity and glucose metabolism (diabetes), as

well as skin and testicular lesions (Coto et al., 2021; Rysz et al.,2021).

2-14-1 Angiotensin-Converting Enzyme 2 and Renin-Angiotensin—

Aldosterone System

As reviewed elsewhere, the renin-angiotensin-aldosterone system
(RAAS) is a signaling pathway that acts as a homeostatic regulator of
vascular function (lwai et al., 2009). It regulates systemic and local blood
flow, blood pressure, natriuresis, and trophic responses to a variety of
stimuli in a dynamic manner. Low intratubular sodium concentration and
sympathetic nerve stimulation cause the macula densa to produce renin in
the liver where angiotensinogen is converted to angiotensin I. Angiotensin-
converting enzyme (ACE) converts angiotensin I (Ang 1) to angiotensin Il
(Ang Il) which is produced mostly in the lungs. The adrenal cortex is then
stimulated by Ang Il to release aldosterone (Murray et al.,2020; Silhol et
al., 2020).

Figure (2-6) is a diagram of the RAAS signaling pathway.
ACE/angiotensin Il (Ang I1)/Ang Il receptors AT1 and AT2 make up the
RAAS' primary axis. The kind of receptor that Ang Il binds to can cause
distinct effects. For example, AT1 receptor binding increases the
conventional Ang Il effects of AT2 receptor binding to promote the
opposing effects of increased oxidative stress, inflammation, fibrosis, and
vasoconstriction. Furthermore, persistent RAAS activation is linked to Ang
[I/AT1 toxicity worsens inflammation, fibrosis, apoptosis, antidiuretic
hormone (ADH) and aldosterone secretion, and eventually water and salt
retention (Murray et al., 2020; Silhol et al.,2020).
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Renin-Angiotensin-Aldosterone system (RAAS)

Angiotensinogen

Angiotensin (1-9)  «——CAcCE2 >——  Angiotensin |

! | @D e
Angiotensin (1-7) — ACE2 —— Angiotensin Il

l e« 5

Figure: 2-6 Renin-Angiotensin-Aldosterone System(RAAS) (Silhol et
al.,2020).

2-15 ACE2 Distribution and COVID-19 Manifestations

The SARS-CoV-2 infection is linked to ACE2 expression in multiple
organs. Lower respiratory tract (2%), lung (> 1%), heart (> 7.5%), ileum
(30%), esophagus (> 1%), kidney (4%), and bladder (4%). (4%) are all
classified as high-risk tissues (2.4 percent). It is worth noting that the
number of ACE2-positive cells in stomach and liver samples is less than
1%, indicating that SARS-CoV-2 infection has not been a concern for these
organs (Zou et al., 2020). Importantly, ACE2 nasal gene expression is age-
dependent, which may explain, at least in part, why younger persons have
a lower COVID-19 incidence because they have the lowest ACE2 nasal
gene expression (Bunyavanich et al., 2020). As compared to adults,
children can have a reduced ACE2 expression not just in the bronchial
epithelial cells but also in nasal epithelial cells, and this may also explain
the non-respiratory COVID-19 symptoms/clinical presentations in the
youngest COVID-19 patients (Sharif-Askari et al., 2020).
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The SARS-CoV-2 infection in the oral cavity is also a possibility (Xu
et al.,, 2020) since ACE2 is expressed throughout the oral mucosa,
particularly in tongue epithelial cells. This conclusion has been in line with
previous research that shows in COVID-19 patients, SARS-CoV-2 induces
gustatory and olfactory impairment. Anosmia is not simply attributable to
ACE2 expression in the olfactory cavity of these patients. (Brann et al.,
2020), but it also raises concerns regarding SARS-CoV-2 (Vaira et al.,
2020).

To note, neurological manifestations can potentially be explained by a
fever or nasal obstruction and conductive olfactory loss due to mucosal
congestion (Lechien et al., 2020). ACE2 expression in sensory and
olfactory bulb neurons has not been found. However, magnetic resonance
imaging (MRI) has revealed no aberrant findings in the olfactory bulb or
tract, where there has been no evidence of nasal blockage (Galougahi et
al., 2020). As a result, anosmia and ageusia in COVID-19 might indicate a
problem with the olfactory and gustatory receptors in various brain
locations where ACE2 is expressed (Kabbani et al., 2020). and
encephalopathy characteristics have been observed by MRI along with
neurologic symptoms including headache and dizziness which boost the
ability of viruses to reach the brain and spinal cord (CNS) (Helms et
al,.2020). The SARS-CoV epidemic has presented a putative
pathophysiological mechanism for CNS involvement, in which the virus
might pass past the blood-brain barrier and attach to the epithelial ACE2
receptor via hematological dispersion or via the cribriform plate.
Furthermore, SARS-CoV-2 has been discovered in post-mortem samples
of the frontal lobe (PanizMondolfi et al., 2020) and in the cerebrospinal

fluid proving the virus's neurotropic capability (Moriguchi et al., 2020).

31



Chapter two Review of Literatures

In addition, evidence of ACE2 expression in the oral cavity suggests
the SARS-CoV-2 pathways infection. The major route of viral infection
has been thought to be the respiratory transmission; however, recent
studies may help us better comprehend alternate pathways transmission.
ACE2 expression has been found in various digestive system regions,
while SARS-CoV-2 RNA has been found in fecal samples from COVID-
19 patients (Amirian et al., 2020). Furthermore, the presence of Days after
nasopharyngeal swabs have been confirmed to be negative. The viral RNA
in rectal samples have shown the viral shedding for days following 1gG
seroconversion. As a result, ACE2 expression and distribution imply that
SARS-CoV-2 might be transmitted from feces to the mouth; nevertheless,
viral viability in stool samples must be investigated further (Smyk et al.,
2020; Wolfel et al., 2020).

It's worth noting that male patients can have a little higher infection
rate and a substantially greater death rate than female patients (> 60% vs.
40%). ACE2 expression might explain these results and, as such, the
impact of COVID-19 susceptibility in different ethnic groups, genres, and
ages (Chen et al., 2020; Li et al., 2020) reveals, with the help of single-cell
RNA-seq, that ACE2 expression is 3-fold greater in male lung samples
than in female lung samples (Beyerstedt et al., 2020). In virto experiments,
estrogen has also been shown to influence ACE2 expression in different
airway epithelial cells (Stelzig et al., 2020). In salivary glands, however,
there has beens no gender difference in ACE2 and TMPRSS2 expression
(Song et al., 2020) and bronchial epithelium (Bradding et al., 2020).

Therefore, other variables and habits, such as smoking, which is more
widespread in  males, might influence enzyme expression.
Smoking has been linked to 1.4 time of greater risk of developing severe

manifestations of the disease and 2.4 times of higher requirement for

32



Chapter two Review of Literatures

intensive care in studies employing epidemiological data from COVID-19
participants (Vardavas et al., 2020). ACE2 expression is high in the lungs
and bronchial tubes in patients with chronic obstructive pulmonary disease
(COPD) (Higham et al., 2020; Pinto et al., 2020) Smoking is the major
cause of COPD, as it damages the respiratory system and its function.
Because ACE2 expression in the lungs and bronchial epithelium is
increased by smoking, (Brake et al., 2020; Leung et al., 2020), the nicotinic
acetylcholine receptor may also upregulate ACE2 in neurons, glia, and
endothelial cells (Kabbani et al, 2020). As a result, smoking increases the
susceptibility of these tissues to SARS-CoV-2 infection and is linked to
COVID-19 pneumonia. Importantly, ACE-2 gene expression in bronchial
epithelial cells can not be changed in patients with asthma compared to
healthy people. This explains why asthma and COVID-19 severity are not
linked, but can be aggravated in COVID-19 (Bradding et al., 2020).

The researchers discovered that the major male hormone imbalances
have been connected to possible harm to Leydig cells. Longer follow-up is
still required to determine the impact of SARS-CoV-2 on male fertility. a
mystery because ACE?2 is expressed in the female reproductive system.
This is suggesting that it might be a target for SARS-CoV-2, aside from
genre distinctions. ACE2 is prominently expressed in the testicles, raising
awareness of the virus's impact on reproductive and sexual transmission.
SARS-CoV-2 has not been found in the semen according to a single-center
analysis, or male tissues of verified COVID-19 patients during the acute
and post-recovery stages (Song et al., 2020). SARS-CoV-2 transmission
by sexual intercourse, for example, is improbable. This leads to investigate
whether or not the illness may result in infertility (Yu et al., 2020).
Pregnant women are thus a high-risk category for COVID-19. ACE2

expression is increased in the kidneys, uterus, and placenta during
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pregnancy enhancing RAAS activation (Brosnihan et al., 2004). This has
clearly seen in murine models (Levy et al., 2008). ACE2 has a time-
dependent expression pattern in the placenta, and it may be found in
numerous fetal organs in the late stages of pregnancy (Bunyavanich et al.,
2020). SARS-CoV-2 has not been detected in the placenta, although
intramural fibrin deposition and the foci of villous stromal—vascular
karyorrhexis, as well as infarction, can be seen (Baergen et al., 2020).
Furthermore, 15.4% of pregnant women hospitalized for delivery have
been tested positive for SARS-CoV-2 though they are asymptomatic. Such

a finding can have serious clinical implications (Sutton et al.,2020).

The virus has not been found in amniotic fluid, cord blood,
breastfeeding, or newborn throat swabs. The symptoms of COVID-19
levels in a small group of pregnant women have been similar to those in
non-pregnant situations. Furthermore, a case-control study of 225 pregnant
women indicated that COVID-19-related symptoms have been comparable
to controls and that the cumulative rate of early pregnancy loss has been
different but similar to controls (Cosma et al., 2021). However, moms
hospitalized owing to COVID-19 pathology signal a higher chance of
having their pregnancy terminated by cesarean section, and the neonates
can have a higher risk of being born prematurely (Marin Gabriel et al.,
2020).

In late pregnancy, there are no signs of vertical transmission. Many
issues remain, including what implications the SARS-CoV-2 could have
on fetal development due to the reduced ACE2 activity during the early
stages of pregnancy. Of importance, the COVID-19 pandemic is still

ongoing and further investigation is required (Bharadwaj et al., 2011).
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2-16 Infants with SARS-CoV-2

Numerous studies have emphasized the low prevalence of SARS-
CoV-2 infection in newborns compared to adults (Castagnoli et al., 2020).
Approximately 2% of Covid-19 cases are in children. (Wu et al., 2020).
SARS-CoV-2 infection and death are less likely in children (Patel et al.,
2020). Furthermore, reduced ACE2 expression in the upper airway nasal

epithelium has just been found in newborns (Bunyavanich et al., 2020).

The ACE2 gene expression is an age-dependent in the nasal
epithelium, where it is the first site of contact between SARS-CoV-2 and
the human body. The ACE2 gene has the lowest expression in infants (aged
2.5 years). The positive and quasi-linear relationship between ACE2 gene
expression and age appears to be unaffected by sex or asthma. The fact that
children having lower nasal ACE2 gene expression than adults might
explain why SARS-CoV-2 is less frequent in neonates and why they have

a lower mortality rate (Dong et al., 2020).
2-17 The ABO Transferase A Gene Polymorphism (rs657152)

The ABO blood group system contains four blood types: A, AB, B,
and O, which is the most significant blood group system in humans. The
ABO blood group is found on chromosome 9 in humans (9934.2) (Guillon
et al 2008; Wiggins et al., 2009). According to several researches, the
ABO blood type has been linked to a variety of human illnesses, including
cardiovascular, oncological, infectious, and non-infectious disorders (
Chen et al., 2016; Wolpin et al., 2010). Meanwhile, the system can play a
direct role in infection by acting as receptors or co-receptors for bacteria,
parasites, and viruses. One of the most prevalent antigens identified on the
surface of human red blood cells are histo blood group antigens (HBGAS).

They have a variety of forms and qualities that are passed down across
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generations in individuals and groups. Antigen expression differences
across blood groups can enhance or reduce a host's susceptibility to a
variety of illnesses. Several blood-types antigens influence the innate
Immune response to infection by facilitating intracellular absorption, while
the architecture of membrane microdomains can be used for signal
transduction or adhesion (Behal et al., 2010; Singh et al., 2016; Chakrani
et al., 2018; Liu et al., 2018). Since March 2020, several papers have
reported a link between the ABO blood group and COVID-19. Among
these are works by (Wu et al., 2020; Zeng et al., 2020) Everyone agrees
that group A people would be at a higher risk of infection, whereas group
O people would be at a reduced risk. In conformity with epidemiological
data, Group O people can have a decreased risk of infection during the last
SARS-CoV-1 outbreak in Hong Kong (Cheng et al., 2005), However, due
to the swift management of the pandemic and its limited impact on the
world population, this discovery has not been thoroughly discussed or
validated by subsequent research. Findings from epidemiological
experimental investigations and the present human understanding of how
coronavirus enters our cells imply that the link between ABO blood group
and infection risk is extremely feasible. In a research setting, the anti-A
antibodies have been shown to prevent SARS-Cov-S protein-expressing
cells from adhering to ACE2-expressing cell lines. As a result, Researches
have come to the conclusion that the lower susceptibility of blood type O
to COVID-19 and the higher susceptibility of blood group A to COVID-
19 might be due to the existence of natural ABO antibodies in the blood,
specifically anti-A antibodies (Guillon et al.,2008).

Although the majority of individuals infected with SARS-CoV-2 do
not become ill, some do die within days. Some of the differences might be

attributed to age and past illnesses andobesity as well. Genetics, on the
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other hand, plays a role in COVID-19 where several genes and loci have
been linked to an increased risk of respiratory failure in genome-wide
association studies. By studying the SNP rs657152 situated in the intron
region of the ABO gene which defines blood type, it has been discovered
that the ABO gene, Chr 9934.2, the determines of blood type, may enhance
sickness severity (Lehrer and Rheinstein, 2021), This outcome, however,
has not been repeated. In a study of 2200 Covid-19 patients in United
Kingdom,it has been seen that there has been no connection between ABO
blood type and sickness severity (Kaiser, 2020). ABO blood group has
been found to be a risk factor for SARS-CoV-2 infection in Danish
research, but it has not been the result of hospitalization or mortality caused
by COVID-19 (Barnkob et al., 2020) In the current investigation, we will
look at the association between ABO blood types and rs657152, a cancer-
linked gene, and cardiovascular disease risk as well as COVID-19 testing
positive which leads to death (Li et al., 2020).
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Chapter Three

3- Materials and Methods

3-1 Chemical and Instrument

Materials and Methods

A chemical that was used during this study is shown in table (3-1)

Table (3-1): Chemical Materials Utilized in the Study

NO. Chemical
1-Acetic acid
2- Acrylamide
3- Agarose
4- Ammonium persulfate
5- Bis-Acrylamide
6- D200 DNA ladder
7-DNA Extraction Kit
8- EDTA
9- Ethanol
10- Ethidium Bromide
11-Formaldehyde
12- Glycerol
13- Loading Dye (bromophenol blue)
14-Master Mix
15- Primer
16- proteinaes K
17- silver nitrate
18- Sodium hydroxide
19- TBE Buffer
20- TEMED
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Company

Scharlau

Bio-Basic / Canada
Bio-Basic / Canada
Bio-Basic / Canada
Bio-Basic / Canada
Biosharp/Korea
Fibrogene
Himedia(India)
Biosolve company/USA
Promega/USA

BDH chemical/ England
Bio Basic/Canada
Promega/USA
Promega/USA
Macrogen
Biolabs/England
Scharlau
Scharlau

Bio-Basic / England
Bio-Basic/ Canada
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Materials and Methods

3-2 An Instruments Used During this Study is Shown in The

Table

Table (3-2): Instruments and
Company

NO. Tools

1-Autocluve

2-Balance

3-centrifuge; cooling centrifuge

4- Conical flask

5- Cylinder

6- Deep freeze

7-Digital Camera

8-Distillater

9-EDTA tube

9-Electronic sensitive Balance
10-Gel tube

11- Horizontal Gel electrophoresis unit
12- Hot plate with a magnetic stirrer
13- Microcentrifuge tubes
14-Micropipette

15- PCR tube

16- photo documentation, UV source
17- Polyacrylamide gel electrophoresis
18-Sodium Citrate tube

19- UV transilluminator

20- Vertical Gel electrophoresis unit
21- vortex mixer

22-water bath
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Equipment its Supplying

supplying company
Haramaya/Japan
pricisa/UK
Amal/Turkey
China
China
GFL/Germa
Sony/Japan
Ogawa Seki (Japan)
AFCO/ Jordan
Denevr / Instrument / Germany
AFCO/Jordan
Cleaver scientific/Germany
Heidolph/ Germany
Hlalab
Dragon med. (Germany)
Hlalab
Cleaver Scientific/ UK
Cleaver scientific/UK
AFCO/Jordan
Cleaver scientific/ Japan
Cleaver scientific/ Germany
Bioneer/Korea
GFL/Germany



Chapter Three

3-3 Experiment Design

Materials and Methods

Figure (3-1): The Scheme of Experiment Design is Explained as

Following:

EXPERIMENT SAMPLE (No.92) ]

[ Control (No.31) ]

l
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19(No.31)
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\ 4

|
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Figure (3-1): scheme of experiment design
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3-4 Study Subject
3-4-1 Study Design, Sample, and Data Collection Time

The current study was conducted in the molecular laboratory in the
Department of Biology, College of Science, University of Babylon.
Samples were collected in the month of October 2021. They included
males and females patients from Marjan Teaching Hospital and Al-Saadiq
Hospital. The percentage of patients ranged from mild, moderate, and
severe in Intensive Care Units (ICU). 31 control (3 females, 28 males), 30
covid only (16 females, 14 males), and 31 were covid and diabetes (17
females, 14 males), while the physiological analyses for them were
conducted in the Al-Sudair Specialized Laboratory where all the patients
and control were from the same ethnic group (Arabs). The samples and
data collection were carried out according to the ethical approval of
environment and in conformity with the criteria issued by The Ministry of
Health Irag.

2-4-2 Questionnaire

The questionnaire was given to the patient and the case sheets
included control individuals and covid -19 patients in addition to diabetes
patient. The Questionnaire sheets included: name, age, sex, duration of
disease, weight, work, place of injury, covid-19 treatment type, diabetes
treatment type + dose quantity, CT scan, and some other questions like: Do
you have other diseases? Do you have diabetes? Do you have injured or
deceased relatives with covid-19? Have they been injured or have deceased
due to diabetes?

41



Chapter Three Materials and Methods

3-4-3 Blood Collection

About five milliliters of venous blood were collected from each
patient and control subject in the study. The blood was collected into
(EDTA, gel, and sodium citrate) tubes. 2 ml of blood was put in the EDTA
tube used to measure Hbalc levels and extract DNA, stored at - 20°C (deep
freeze). 2 ml of Blood was pushed slowly into disposable serum tubes
containing separating gel. The blood in gel tubes was allowed to clot at
room temperature for 10-15 min then it was centrifuged at 2000 r.p.m for
about 10-15 min. After the serum was obtained by using the Gel tube to
measure FBS, Ferritin, CRP, IN. 1 ml in was placed sodium citrate being
used to measure D-dimer levels.

3-5 Methods
3-5-1 Fasting Blood Glucose Measurement (FBG)

The RanDox kit was used to determine serum Sugar levels based on
the PAP enzymatic determination of glucose (Barham and Trindoer
method,1972). Glucose was determined after its enzymatic oxidation in the
presence of glucose oxidase to gluconic acid and hydrogen peroxide
reacted under the catalysis of peroxidase, with phenol and 4-
aminophenazone to form a red-violet quinonimine dye as an indicator
according to the following reaction:

- ‘ GOD wr
Glucose +0, +H,0——— gluconic acid + H, 0,
2H,0, +4 - aminophenazone + phenol —=— quinoneimine + 4H,0

Procedure

Test tubes were prepared for sample, blank, and standard as following the
instructions in the table (3-3)
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Table (3-3): The Procedure for Measuring the levels of Fasting Blood
Sugar in Serum (mg/dl).

Reagents Blank Standard Sample
Standard - 10 pl -
Serum - - 10 p
Working 1000 pl 1000 pl 1000 pl
reagent

The solution was mixed and incubated for 10min at 370C, while the
absorbance of color was read at 505 nm by spectrophotometer within
60min using 1cm lightpath cuvette.

3-5-2 Hemoglobin Alc (HbAlc)

The test used a sandwich immunodetection method; the detector
antibody in buffer could bind to antigen in sample, forming antigen-
antibody complexes, and migrating onto nitrocellulose matrix to be
captured by the other immobilized antibody on test strip. The more antigen
in the sample forms the more antigen-antibody complex which led to
stronger intensity of fluorescence signal on detector antibody. Instrument
for ichromaTM tests would display the content of glycated hemoglobin in
terms of percent of the total hemoglobin in blood.

Normal range: 4.5-5.6%
Test procedure

1- Drawing 100 pL of hemolysis buffer and transferring it into detection
buffer tube.

2-Drawing 5 uL of fingertip blood or tube blood using 5 puL capillary tube
while puting the capillary tube into the detection buffer tube

3-Closing the lid of the detection buffer tube and mixing the sample
thoroughly by shaking it about 15 times.

5-Taking out the cartridge half form i-Chamber slot.
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6-Pipetting out 75 uL of the sample mixture and loading it into a sample
well in the test cartridge.

6-Waiting till the sample mixture flow would appear in the windows.(about
10 seconds)

7-Inserting the cartridge into i-Chamber slot.
8-Leaving the cartridge in i-Chamber for 12 minutes before removing it.

9- Scanning the sample-loaded cartridge and inserting it into the
cartridge holder of the instrument for ichromaTM tests. Proper orientation
of the cartridge was ensured before pushing it all the way inside the
cartridge holder. An arrow would be marked on the cartridge, especially
for this purpose.

10-Pressing the® Select’ button on the instrument for ichromaTM tests to
start the scanning process.

11- Scanning immediately the sample—loaded cartridge by the instrument
for ichroma TM tests.

12- Reading the test result on the display screen of the instrument for
ichromaTM tests.

3-5-3 Insulin Assay

Insulin level was detected by name of the company with a catalog
number as follows:

1- A 50ul of the appropriate serum was added to the assigned well.
2- A 100pl of the Insulin Enzyme Reagent was added to all the wells.

3- The microplate was swirled gently for 20-30 seconds to mix and was
covered with plastic wrap.

4- Incubated for 60 minutes at room temperatures.

5-The contents of the microplate were discarded by decantation or
aspiration and if decanting, the plate was tapped and plotted dry with
absorbent paper.
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6- A 350 pl of wash buffer, decanted or aspirated was added. Two
additional times were repeated for a total of three washes, then the wash
was decanted and repeated for two additional times.

7- A100 pl of substrate solution was added to all wells provided that the
plate should not be shaken after the substrating addition then the
microplate was incubated at room temperature for 15 minutes.

8- A 50 pl of stop solution was added to each well and gently was mixed
for 15-20 seconds.

9- Reading the absorbance in each well at 450 nm by using a microplate
reader and the results should be read within 15 minutes after adding the
stop solution.

10- Reading the concentration of insulin hormone from the standard curve,
as in the figure (3-2).

Y =0.156+ 0.0035 X
r-=0.98275818
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Figure (3-2): Insulin standard curve
3-5-4 Insulin Resistance Test

Insulin resistance (IR) can be evaluated by the determination of
homeostasis model assessment of insulin resistance (HOMA-IR)
(Mathews et al., 1985; Stumvoll and Gerich, 2001) and calculated by using
the following equation

IRHOMA = (10 x G0) / 22.5

Where: IRHOMA: insulin resistance according to homeostasis model
assessment
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10: Fasting insulin level.
GO: Fasting glucose level.
3-5-5 Insulin Sensitivity Test

The quantitative (IS) insulin sensitivity check index (QUICKI) is
derived by using the inverse of the sum of the logarithms of the fasting
insulin and fasting glucose (Katz et al., 2000).

1/ (log (fasting insulin pU/mL) + log (fasting glucose mg/dL)
3-5-6 C-Reactive Protein Test

The AFIAS CRP is a fluorescence immunoassay (FIA) for the
quantitative determination of C-reactive protein (CRP) in human whole
blood/serum/plasma. It is useful as an aid in the management and control
of autoimmune diseases and infectious processes, such as rheumatoid
arthritis. For in vitro diagnostic use only.

*The serum CRP level may rise from a normal level of <5 mg/L to 500
mg/L.

The test used a sandwich method to detect immunity. The reagent
antibodies in the buffer would bind to the antigens in the sample to form
antigen-antibody complexes, and migrate to the nitrocellulose matrix
which could be captured by other antibodies attached to the test strip. More
antigens in the sample would form more antigen-antibody complexes
resulting in a stronger fluorescence signal by the reagent antibody, which
was processed by the AFIAS assay instrument to show the CRP
concentration in the sample. (Pepys
et al., 2003)

1-A 100 uL of sample was taken with a pipette and dispensed into the
sample well in the cartridge.

2-The cartridge was inserted into the cartridge holder.
3-A tip was inserted into the tip hole of the cartridge.

4- The 'START" icon was tapped on the screen.
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5-The test result would be displayed on the screen after 3 minutes

3-5-7 D-dimer Test

The test used a sandwich immunodetection method; the detector of
antibody in buffer would bind to the antigen in the sample, forming
antigen-antibody complexes, and migrating onto nitrocellulose matrix to
be captured by the other immobilized antibody on the test strip. The more
antigen in the sample could form a more antigen antibody complex leading
to stronger intensity of fluorescence signal on detector antibody. This was
processed by Instrument for ichroma™ tests to show D-dimer
concentration in the sample: normal range: 1.0 ug/ml or lower

Test procedure

1- A 10 pL of sample was transferred (Human whole
blood/plasma/control) by using a pipette annexed to a tube containing the
detection buffer.

2- The lid of the detection buffer tube was closed and the sample was
mixed thoroughly by shaking it about 10~15 times.

3- out 75uL of a sample mixture was pipetted and loaded into the sample
well on the cartridge.

4- The sample-loaded cartridge was left at room temperature for 12
minutes.

5- The sample—loaded cartridge was inserted into the cartridge holder of
the instrument for ichromaTM tests after it was being scanned The proper
orientation of the cartridge should be ensured before pushing it all the
way inside the cartridge holder. For this purpose, an arrow was marked
on the cartridge.

6-The “Select’ was pressed and the ‘START’ button was tapped on the
Instrument for ichromaTM tests to start the scanning process.

7-The Instrument for ichromaTM tests started canning the sample-loaded
cartridge immediately.

8- The test result was read on the display screen of the Instrument for
ichromaTM tests.
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3-5-8 Ferritin Test

The test used a sandwich immunodetection method; the detector
antibodies in buffer would bind to antigen in a sample, forming antigen-
antibody complexes, and migrating onto nitrocellulose matrix to be
captured by the other immobilized antigen on a test strip. The more
antibody in the sample forms the more antigen-antibody complex and
leading to stronger intensity of fluorescence signal by director antibodies,
which was processed by Instrument for ichroma™ tests to show ferritin
concentration in the sample.

Procedure

1. Thirty of the blood samples (human serum/plasma/control) were
transferred. The pipette was transferred to a tube containing detection
buffer.

2. The cap of the detection buffer tube was closed and the sample was
mixed well by shaking it about 10 times.

3. seventy-five ul of the sample mixture was withdrawn and the sample
was loaded into a test cartridge

4. The test cartridge loaded with the sample was left at room temperature
for 10 minutes.

5. The ferritin identification code was put into place.

6. The "Select" button was pressed on the device for ichroma™ tests to
start the scanning process.

7. The instrument for ichroma™ tests started scanning the sample and the
cartridge was loaded immediately.

8. The test result was read on the display of the ichroma™ test instrument.
Interpretation of test results. An instrument for ichroma™ tests calculatesd
the test result automatically and displayed the ferritin concentration of the
test sample in terms of ng/mL. The cut off (reference range) was:

Women: 20~250 pg/mL Men: 30~350 pg/mL
Genetic study
3-6 DNA Extraction

The DNA isolation from whole blood of study groups by Total DNA
Extraction Kit (Favorgen)was as in the following:
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Genomic DNA from white blood cells (WBCs) for both diabetes, covid-
19, and the control group were extracted by using a DNA extraction Kit as
described below in Table (3-4)

Table (3-4) Kit Contents Used in DNA Extraction

Items Quantity
RBC Lysis Buffer 405 ml
FATG Buffer 75 ml
FABG Buffer 100 ml
W1 Buffer 130 ml
Wash Buffer (concentrate) 50 ml
Elution buffer 75 mi
FABG Columns 300 pcs
Collection Tubes 600 pcs
Use manual 1
Procedure

Protocol: Isolation of DNA from Frozen Blood.
Sample Preparation

1-A 200 pl of blood was transferred to a 1.5ml microcentrifuge tube (not
provided).

2-A 30 pl of Proteinase K (10 mg/ml, not provided) was added to the
sample and was briefly mixed. Then incubate for 15 min at 60 °C.

Cell Lysis

3- A 200 ul of FABG Buffer was added to the sample and was mixed by
the vortex.
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4- Was incubated in a 70 °C water bath for 15 min to lyse the sample.
During incubation, the sample was inverted every 3 min.

5- The required Elution Buffer was preheated in a 70 °C water bath for
DNA Elution.

DNA Binding

6- A 200 pl of ethanol (96-100%) was added to the sample and was
vortexed for 10 sec. The sample was pipetted to mix well if any precipitate
could be formed.

7- The FABG Column was placed in a Collection Tube. The sample
mixture was transferred carefully to FABG Column. It was centrifuged at
speed 14,000 rpm m for 1 min. Then the collection tube was discarded and
placed the FABG Column in a new Collection Tube.

Column Washing

8- A 400 pl of W1 Buffer was added to the FABG column and was
centrifuged for 30 sec at a speed 14,000 rpm. The flow was discarded
through and placed the FABG Column back in the Collection Tube.

9- A 600 pl of wash buffer was added to the FABG column and was
centrifuged for 30 sec at a speed 14,000 rpm; the flow was discarded
through and placed the FABG Column back to the Collection Tube. It was
assured that ethanol was added to Wash Buffer when first opened.

10- It was centrifuged for an additional 3 min at speed 14,000 rpm to dry
the column,

Elution

11- The dry FABG Column was placed to a new 1.5 ml microcentrifuge
tube.

12- A 100 pl of Preheated Elution Buffer or TE was added to the membrane
center of the FABG Column. -- Important Step! For effective elution, it
was assured that the elution solution would be dispensed onto the
membrane center and absorbed completely.

13- The FAGB Column was incubated at 37 °C for 10 min in an incubator.
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14- Centrifuged for 1 minute at full speed 14,000 rpm to eluted the DNA.
15- The DNA fragment was stored at 4°C or -20°C.
3-7 Reconstituting and Diluting Primers

Primer was constructed by Bioneer in a clean room under strict 1ISO
9001:2000 to confirm DNase/RNase and DNA-free environment.
Bioneer® primers were commonly shipped in a lyophilized state. The units
of a lyophilized primer were given as a mass, in picomoles. To create a
stock of primers, one would reconstitute the primer in sterile 1LX TE (1 mM
Tris, 0.1 mM EDTA, pH 8.0) or sterile, nuclease-free H,O. The company
supplied the amount of TE or sterile, nuclease-free H,O to be added to each
primer to obtain a master stock that would be used again to obtain a

working stock.

The following steps were followed for reconstituting and diluting the

primers:
1- The tube was spun down before opening the cap

2- The desired amount of water was added according to the oligos

manufacturer to obtain 100 pmoles/ul (Master Stock).
3 It was vortexed properly to re-suspend the primers evenly.

4- A10 pl was transferred from the master stock to a 0.2 ml Eppendorf

tube that containing 90 pl of sterile, nuclease-free H,O (Working Stock).
5- The master stock was stored at -20 C*
6-The working stock was stored at -20 C',

7-The working stock was thawed on ice and vortex before it would be
used in PCR and then was stored at -20 C
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Table (3-5): Sequences of Primers Used for PCR Amplification of
ACE2, AT1, rs657152:

PRIMER SEQUENCE Amplicon | References
NAME size (kb)

ACE-F 5-CTGGAGACCACTCCCATCCTTTCT-3 | 1490bp | (Takayanagi
ACE-R 5-GATGTGGCCATCACATTCGTCAGAT-3 |D190bp |€tal.1992)
AT1-RF 5-GCAGCACTTCACTACCAAATGAT-3 200 bp (Knoblauch et
AT1-RR 5-TGTTCTTCGAGCAGCCGT-3' al ., 1999)
rs657152-F | 5-GGGACCTTACTGGGGTGATT-3 300bp (Zhou et al .,
rs67152-R | 5-ACAAGGGCAAGCCTGAAAGG-3 2020)

3-8 Amplification by Polymerase Chain Reaction

Conventional PCR was used to amplify target DNA using specific

primer pairs.

PCR typically consists of three consecutive steps

(denaturation, annealing, and elongation) of repeated cycles to get PCR

product (amplicon). The PCR conditions were mentioned in tables (3-7)(3-
8)(3-9). The size of PCR products (5 pL) was analyzed in 1.5% (w/v)
agarose gel by electrophoresis using 1X TBE buffer and visualized by UV

and Product size had been determined by comparison with size 100 bp
DNA ladder (Intronbio/Korea).

Table (3-6) Recommended Volume and Concentration for Applying
PCR into PCR Tuber

Component Volume Concentration
PCR master mix 12.5 2X

Forward primer 1 DNA 10 PMOL/ul
Reverse primer 1 DNA 10 PMOL/ul
Templet DNA 2 50 ng

The final volume (dH20) 8.5
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Table (3-7): The Condition Used for ACE2 Polymorphism
Amplification

Stage Tamp(C") function Time(min) Cycle
1 94 Initial denaturation ~ 5:00

94 denaturation 0:30
2 57 Primer annealing 0:30

72 Template elongation 0:30 *
3 72 Final elongation 10:00

4 incubation HOLD

Table(3-8): The Condition Used for ATIR Polymorphism
Amplification

Stage Tamp(C’) Function Time(min) Cycle
1 94 Initial denaturation  5:00
94 Denaturation 0:30
2 56.6 Primer annealing 0:30 30
72 Template elongation  0:30
3 72 Final elongation 10:00

4 Incubation HOLD
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Table(3-9): The Condition Used for rs657152 SNP Amplification.

Tamp(C") Function Time(min) Cycle
1 94 Initial denaturation  5:00
94 denaturation 0:30
2 58 Primer annealing 0:30 30
72 Template elongation 0:30
3 72 Final elongation 10:00
4 incubation HOLD

3-9 Agarose Gel Electrophoresis

Electrophoresis through agarose is the standard method used to
separate, identify, and purify DNA fragments. The technique is simply
rapid to perform, and capable of resolving fragments of DNA that cannot
be separated adequately by other procedures. Furthermore, the location of
DNA within the gel can be determined directly by staining with low
concentrations of the fluorescent intercalating dye ethidium bromide;
bands containing as little as 1-10 mg of DNA can have been detected direct
examination of the gel in ultraviolet light. If necessary, these DNA bands
can be recovered from the gel and used for various cloning purposes (Sam
Brook and Russell, 2001).

This method, charging molecules in solution including chiefly proteins,
and nucleic acids migrating in response to an electric field, is allied to
electrophoresis. Their rate of migration, or mobility, through an electric
field, depends on the strength of the field, the net charge, size, and shape
of the molecules, and the ionic strength, viscosity, and temperature of the
medium the molecules are moving. The DNA movement in the gel depends

on its molecular weight, conformation, and concentration of the agarose,
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the voltage applied, and strength of the electrophoresis buffer. In this study,
the same procedure was used (Harisha, 2007).

3-9-1 Preparation of Solution

a- Ethidium Bromide Staining Solution

Ethidium bromide was put in four drops of concentration 1.25 mg/ml in
TBE buffer 100 ml 0.5X. The solution was stored in a dark bottle at room
temperature (Robinson and Lafleche, 2000).

b-Loading Buffer for Agarose Gel Electrophoresis

Bromophenol blue 0.25% and Sucrose 40%, then were stored at 4°C
(Sambrook and Rushell, 2001).

c- TBE (10X) Stock Solution / Liter

500ml of TBE (1X) and 50ml of TBE (10X) stock solution was added
to a final volume of 500ml dH-0O. Prepared 500ml of TBE (0.5X) and 25mi
of TBE (10X) stock solution was added to a final volume of 500ml dH,O

3-9-2 Gel Electrophoresis Protocol

1- gel-casting tray was placed in a plastic tray, after checking that the teeth

of the comb were approximately 0.5 cm above the gel bottom.

2-Prepared 500ml of TBE (1X). and 50ml of TBE(10X) stock solution was
added to a final volume of 500ml of deionized water.

3-A100ml of the buffer was placed into a 500ml flask and 0.8g of agarose
was added. The agarose was melt by heating the solution on a hot plate for
approximately 10 min. The agarose solution was carefully swirled to
ensure that the agarose could be dissolved so that there would be no visible

agarose particles.
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4-The agarose solution was cooled to approximately 60°C and add 2-3 pl
of ethidium bromide stock solution. The agarose was slowly poured into

the gel-casting tray. Any air bubbles had been removed by the yellow tip.

5- The comb was approximately 1.5 cm positioned from the edge of the
gel. The agarose was let to solidify for approximately 20-30 minutes. After
the agarose had solidified remove the comb was removed with a gentle

back and forth motion, taking care not to tear the gel.

6-The gel-casting tray was removed and the tray was [laced on the central

supporting platform of the gel box.

7-Electrophoresis buffer was added to the buffer chamber until it would

reach a level of 0.5-1cm above the surface of the gel.

8-First load of 5ul of ladder molecular weight marker was added to each
side of the gel (flanking the sample line) and 20ul of DNA specimen was
added to the other well.

9- The lid was placed on the gel box, and the electrodes were connected
setting the device at 75 volts. The power supply was turned on and
electrophoresis continued until the tracking dye would move at least 10 cm
of the gel length.

3-9-3 Photo Documentation

Agarose gel was visualized in a UV transilluminator provided with a
gel documentation unit: the agarose gel was placed above the UV
transilluminator device; the gel was exposed to UV light and the photos

were captured using Canon digital camera.
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3-10 Single-Strand Conformation Polymorphism (SSCP) for AT1R
receptor
3-10-1 Polyacrylamide-Bisacrylamide Stock Solution Preparation
(Sambrook and Rushell, 2001).
The stock solution was prepared as in the following:
1-A 30% w/v of 29:1 of acrylamide — bisacrylamide was prepared by
weighing 29gm of acrylamide and 1gm of bisacrylamide then it was
dissolved in ultra-pure distill water to complete the volume to 100 ml.
2-A 40% wl/v of 29:1 of acrylamide — bisacrylamide was prepared by
weighing 38.66gm of acrylamide and 1.33gm of bisacrylamide then it was
dissolved in ultra-pure distill water to complete the volume to 100 ml.
The acrylamide — bisacrylamide was dissolved in ultra-pure distill
water where the reaction temperature dropped down to be extremely
chilled. This was because the reaction was energy absorbance and this
could be a good indicator of the purity of the materials used. The stock
solution was wrapped with aluminum foil and stored at 4°C.
3-10-2 Resolved Gel Preparation and Poured
The gel concentration used in these experiments was 8% with a
continuous phase.

An 8ml of 0.5x TBE buffer was taken and mixed with 2.8 of glycerol
(100%), then 20.8 deionized distilled water was added; 40 pl of TEMED,
and 400 pl of freshly prepared ammonium persulfate (10%) were mixed
with the acrylamide — bisacrylamide gel stock solution (40%). The contents
were mixed briefly, depending on the quality of ammonium persulfate and
TEMED used.

3-10-3 Prepared of SSCP Loading Dye

A 0.025 g of bromophenol blue and 0.025 g of xylene cyanol was
dissolved in 9.5 ml formamide then 100ul sodium hydroxide was added,
Making up to 10 ml (Hongyo et al.,1993)
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3-10-4 Steps for SSCP
1- A10 pl of PCR product and 10 pl of 2x SSCP gel loading dye were

added to a microcentrifuge tube and the contents were mixed gently.

2-

3-

The tubes were placed into a 95°C water bath for 10 minutes and then
on ice for about 5 minutes.

A10 pl of the samples were loaded into wells of an 8% acrylamide
/bisacrylamide gel by specialized gel loading tips.

Electrophoresis took place in mini-slab gel provided by Cleaver
Scientific ~UK and performed at room temperature using pre-cold
electrophoresis buffer (stored in the refrigerator) and the whole tank
was placed in a big container that was loaded with an ice pack and
cooled water. Finally, the power supply was set up at 125V for about
3.5 hours.

Then polyacrylamide gel was photographed after staining it with silver
nitrate dye.

e Fixing

A 50 ml of absolute ethanol was supplemented with 500 ml of distilled
water with a concentration of 10%; 2.5 acetic acids of 0.5%
concentration was added to it and a solution of silver nitrate consisting
of 0.5 g of silver nitrate was added to 250 ml of water. The distilled
concentration was 0.2% and the volume was supplemented with
distilled water to 500 mi

The gel was placed in the silver nitrate solution for 20 minutes, while
gently stirring.

e Rinsing

the gel was placed in distilled water for half a minute.
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e Developing
The solution was transferred to a container containing 7.5 mg sodium
hydroxide completed with 250 ml of distilled water, and then 250
microliters of formaldehyde were freshly added to it (Byun et al .,2009).
3-11 Statical Analysis

All the statistical analysis was performed by using SPSS version 23,
while all data were excited as (meantSE) by using the one-way
ANOVA test, Chi-square test, Duncan’s, and Pearson correlation
analysis used to determine significant differences between groups
(P<0.05 and P <0.01).
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4- Results and Discussion
4-1 Demographic Distribution
The present samples were divided into three groups: control group, covid-19

patients (C), and covid with DM patients (CDM2) control Female 3, male 28,
Covid-19 female 16, male 14, Covid-19+DM female 17, and male 14 according to
age, duration gender, infection level, and body mass index (BMI) as listed in table
4-1. The results showed that there were significant differences regarding the age,
duration, gender, and Infection level categories among study groups while BMI
showed no significant changes.

There were significant differences of gender at (p <0.01) between males and
females’ groups, where the male in CDM2 was (46.67 %) while in the C group it
was (43.3%). The female was (56.7%) in the C group and was (53.33 %) in the
CDM2 groups (Figure 4-3). Several reports point to the sex differences in
COVID-19 outcomes, though the current evidence suggested no gender
difference in Covid-19 infection (Alon et al., 2020, Gebhard et al., 2020, Chang,
2020). Mukherjee and Pahan propose that these disparities may be due to higher
levels of ACE2 and TMPRSS2 in males, as well as hormonal influences on the
Immune response, while gender differences in behavior can also be contributed
to the greater severity and fatality in COVID-19 (Mukherjee and Pahan, 2021).

The infection level was classified into three-level included (Mild, moderate
and severe); the more percentage of infection level was the severe level in the
CDM2 (48.30%) than in C group (26.66%); the moderate level was high in the
CDM2 (38.70%) than in the C group (30%). Finally, the simple level was low in
the CDM2 (12.9%) than in the C group (43.33%) and the severity of infection
increased more in the CDM2 than in the C group (Figure 4-2).

According to Age, there were significant differences (p <0.01) among the
three candidate groups the distribution categories were depended on in the current

study including (> 30, 30-50, and <50 years). The group less than 30 years
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category was more in the C group (36.7%) than CDM2 (6.5%), while the 30-50
category in C and CDM2 groups was approximately (26.7%, 22.6%); in the <50
categories a high percent was observed in the CDM2 (71%) than in C group
(36.7%). Monod et al.(2021) state that individuals aging 20 to 49 are the only
age groups sustaining resurgent SARS-CoV-2 transmission with reproduction
numbers well above one and that at least 65 of 100 COVID-19 infections
originate from individuals aging 20 to 49 in the United States where those groups
are the most infected group. They also state that adults aging 20 to 50 years
suffering from diabetes mellitus be more vulnerable to Covid-19 with covid-19

symptoms of acute infection.

According to BMI there were three categories depended in the current study
including (normal, overweight, and obese) there were non-significant differences
among these groups mention that the severity of COVID-19 was found to have a
significant burden on intensive care resources in hospitals worldwide and
specifically in lower-and-middle income countries due to a lack of health finance
and resources. Hence, the patients having higher BMI with other comorbidities
should be given special attention to reduce morbidity and mortality associated
with COVID-19 infection as a result of the deterioration of the health standards
of obese people and the low insulin index (Malik et al., 2020). In current study,

BMI was not associated with Covid disease due to random sample collection

The duration periods were classified into 3 sub-groups including (<7, 7-14
and >14 days). The <7 days in the C group was (73.3%) while in CDM2 it was
(51.61%); the 7-14 days in the C group was (13.33%) and it was (32.25%) in the
CDM2 group, finally the >14 days was (13.33%) in the CDM2 group and it was
(16.12%) in C group. The differences among groups were significantly (p 0.0311)
at (p <0.05).
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Table (4-1): The Socio-Demographic Distribution of The Study Subject's

Categories.
Categories Mean+SE Sig.
Control COVID-19 COVID+DM
Male 28(90.3%) 14(43.3%) 14 (46.67 %) 0.0001**
Female 3(9.7%) 16(56.7%) 17 (53.33 %)
Infection level
Mild 13(43.33%) 4(12.9%) 0.0258*
Moderate 9(30%) 12(38.70%)
Sever 8(26.66%) 15(48.30%)
Age categories (years)
>30 17(54.8%) 11(36.7%) 2(6.5%) 0.0000**
30-50 11(35.5%) 8(26.7%) 7(22.6%)
<50 3(9.7%) 11 (36.7%) 22(71%)
BMI (kg/m?)
Normal 13(40.9%) 13(43.3%) 9(29.0%) 0.7065
Overweight 10(32.3%) 9(30%) 14(45.2%)
Obese 8(25.8%) 8(26.7%) 8 (25.8%)
Duration (days)
<7 22(73.3%) 16(51.61%)
7-14 4(13.33%)  10(32.25%)  O0811*
>14 4(13.33%) 5(16.12%)

*Significant at P-value < 0.05 ** significant at P-value <0.01.
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Figure (4-3): Distribution of Study Population by Sex (Gender).
4-2 Biochemistry Parameters Associated with the Covid-19 Infection

In the current study, eight parameters were implemented for the study groups
including Fasting Blood Glucose (FBG), Glycated Hemoglobin (HBALC),
Insulin level (IN), insulin Resistance (IR), Insulin Sensitivity (1S), C-Reactive
Protein (CRP), D-dimer and Ferritin. Generally, significant differences were
observed in the study variables except for INS and IN which did not show

significant differences.

The main significant difference among all three groups (control, Covid-19,
and covid-19+DM) was the Ferritin parameters with 108.59+18.4, 322.28+30.1
and 583.10+44.6 at (P <0.01) (Table 4-2). These findings were similar to Vargas
and Cortés who found that individuals with severe and very severe Covid-19
exhibited increased serum ferritin level, where the serum ferritin in the very
severe COVID-19 group was significantly higher than that the moderate Covid-
19 group (Vargas and Cortés, 2020).

The FBG, HbAlc, and INR parameters showed significant differences only
in the patients’ group of Covid-19 with DM (253.09+16.2, 9.15+2.0,1 and
17.51+4.1, respectively, while there were no significant differences between
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control and patient with Covid-19 groups. Wang and colleagues have found a
strong relationship between FBG, glycosylated hemoglobin (HbAlc) level,
inflammation, and prognosis of severe Covid-19 patients (Wang et al., 2020).
INR values have been significantly associated with Covid-19 severity and
mortality. Both INR and D-dimer elevations can be useful in diagnosing COVID-

19-associated coagulopathy (Zinellu et al., 2021).

The CRP and D-dimer parameters showed elevated values in both groups of
Covid-19 patients and Covid-19+DM patients compared to the control group
(43.7245.3, 61.18+5.3, 1731.41+114.5 and 1282.97+221.3 respectively. Ali and
colleagues have found that Troponin, D-dimer, and CRP levels have been
significantly higher in Covid-19 died patients than in Covid-19 survivors in

comparison with the unrelated Covid-19 patient control (Ali et al., 2022).

While both INS and IN parameters showed no significant differences among
the three groups, Chen and his colleagues have oppositely provided the first
evidence that Covid-19 may increase the risk of insulin resistance in patients
without diabetes (Chen et al., 2021). Santos and a coworker have found an
increase in the severity of the Covid-19 disease with the effects of drugs used to
treat insulin resistance and diabetes in patients with Covid-19 (Santos et al.,
2021).
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Table (4- 2): The Mean Differences of Study Parameters in Study Groups.

Variables Control COVID-19 COVID-19+DM  Sig
FBG 94.83+23.4b  119.37+43.9b 253.09+16.2a 0.000**
HbAlc 5.16+0.5b 5.37£0.7b 9.15+2.01a 0.000**
INR 5.41+1.2b 7.88+2.3b 17.51+4.1a 0.021*
INS 0.33+t0.05a  0.31+0.01a 0.30+£0.02 a 0.293
IN 22.76x1.6a 29.11+53a 24.95+4.7 a 0.685
CRP 2.44+0.2b 43.72+5.3a 61.18+5.3a 0.000**
D-dimer 140.37£19.4b 1731.41+114.5a 1282.97+221.3a 0.008**
Ferritin ~ 108.59+18.4c 322.28+30.1b 583.10+44.6a 0.000**

*Significant at P-value < 0.05, ** significant at P-value < 0.01, a, b and c refer to differences among groups

according to Duncan’s statistical test.

4-2-1 Biochemistry Parameters VVary According to Age Categories

Table 4-3 showed the eight parameters of the significant differences with
the age divided into three groups (>30, 30-50, and <50 years). D-dimer and
Ferritin were the most significantly changed parameters among three groups of
age (>30, 30-50, and <50 years) D-dimer Mean£SE: 425.00+24.1, 708.54+50.1,
1543.75+22.7, Ferritin MeantSE: 105.46+17.4, 258.98+12.6, 729.65+36.8,
respectively. Ferritin levels will increase in the second week after affecting with
Covid-19, and the other parameters will be changed according to the normal range
including as D-Dimer, ESR, and C.R protein. These levels can be increased with
age but Covid-19 infection elevates the level of these parameters increment (Ali
et al., 2022).

who discovered a link between a high ferritin level and severe symptoms
along with a bad prognosis for the condition It is proposed that ferritin is utilized
as a biomarker for infections since its circulation rises during viral infections. In
critically sick Covid-19 patients, increased ferritin levels due to cytokine storm
and subsequent hemophagocytic lymphohistiocytosis have been detected
(Velavan and Meyer, 2020).
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The results of the current study variables according to the age categories
showed non-significant differences in the CDM2 group for the parameters (FBG,
HBALC, INR, INS) except that for in (IN, CRP, D-dimer, ferritin level) there
were significant differences among them as far as age was concerned (Table 4-
3). The IN, CR, D-dimer, and ferritin were elevated with increased age.

Table (4-3): Mean Differences of Study Parameters According to Age Categories in the
Diabetic Patients with COVID-19 Infection.

Subjects COVID+DM Sig.
>30 30-50 <50

FBG 237.75£129a  219.31+33.3a  265.24t145a 0.734
HbAlc 9.92+45a 9.19+1.7 a 9.06+x1.6 a 0.856
INR 11.3243.9 a 12.65+4.8 a 19.62+2.6 a 0.820
INS 0.30+£0.07 a 0.34+0.1a 0.29+0.03 a 0.301
IN 15.06%3.1a 24.0248.6 b 26.14+3.4 b 0.042*
CRP 34.00+9.7a 36.11+6.4 a 71.63+10.7 b 0.036*
D-dimer  425.00+24.1a 708.54+50.1b 1543.75+22.7¢ 0.032*
Ferritin 105.46+17.4a 258.98+12.6 b  729.65+36.8 Cc 0.049*

*Significant at P-value < 0.05, a, b and c refer to significant differences among groups according to Duncan’s

statistical test.

In the C group there were non-significant differences among age categories
for the parameters (FBG, HBALC, INR, and INS) except that for in (IN, CRP, D-

dimer, ferritin level) where significant differences were observed (Table 4-4).
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Table (4-4): Mean Differences of Study Parameters According to Age Categories in
COVID-19 Infection.

Subjects COVID only Sig.
>30 30-50 <50

FBG 97.14+14.2 a 125.69+18.6 a 137.00+43.5a 0.082
HbAlc  5.22+0.72 a 5.3t0.52 a 5.52+09a 0.654
INR 9.82+3.4 a 5.28+19a 7.8t1.3a 0.597
INS 0.31+0.05 a 0.32+0.05 a 0.31+0.03 a 0.894
IN 39.00+4.2¢ 16.80+3.7 a 28.19+3.4b 0.034*
CRP 29.74+4.6a 36.57+3.8a 62.912+6.4b 0.023*
D-dimer 1327.16+132.1b  557.46+46.2a  2989.45+136.2c  0.019*
Ferritin ~ 82.97+17.2 a 254.34+14.7b  611.01455.6 ¢ 0.009*

*Significant at P-value < 0.05 ** significant at P-value < 0.01, a, b and c refer to significant differences among

groups according to Duncan’s statistical test.

4-2-2 Biochemistry Parameters Vary According to BMI Categories

The results of the current study as listed in tables 4-5 showed no significant
differences for both HBAlc and INS among patients with Covid-19+DM
(CDM2) and among three groups of body mass index which were divided into
(normal:18.5-24.9 kg/m2, overweight: 25-29.9 kg/m2 and obese: <30kg/m2),
while the FBG showed significant differences only in the obese group as more
than 30kg/m2 with 307.12 compared to normal and over wight groups (215.83
and 246.17) respectively. This goes in conformity with Smith and colleagues who
have found high increasing of fasting plasma glucose FBG in Covid-19 with DM
suffering from obesity (Smith et al., 2021).

High significant differences were found among the INR, IN, CRP, D-dimer,
and Ferritin parameters. All of these parameters increased more in <30 (obese)
than the normal and overweight groups as listed in table 4-5. Many recent studies
have referred to the direct relationship between obesity the and severity of Covid-
19 infection levels such as increasing levels of CRP, D-dimer, and Ferritin ( Deng
et al., 2020, Wang et al., 2020), but for Insulin IN and Insulin resistance INR in
Covid-19 with diabetes Mellitus IN and INR can play a crucial role when
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associated with obesity. Finucane and Davenport have approved the association
between Covid-19 and Covid-19+DM infection level, especially for Covid-19
patients with diabetes mellitus when obesity is directly associated with Insulin
Index which is one of the most of obesity causes. So, obesity is directly correlated
with the severity and infection level of Covid-19 and Covid-19+DM (Finucane
and Davenport, 2020; Lockhart and Rahilly, 2020).

Table (4-5): Mean Differences of Study Parameters According to BMI Categories in
Diabetic Patients with Covid-19 Infection.

Subjects COVID+DM Sig.
Normal Over weight Obese
18.5-24.9) kg\m?  (25-29.9) kg\m? <30 kg\m?
FBG 215.83+18.8 a 246.17+19.8 a 307.12+17.4 b 0.025*

HbAlc 8.39+t19a 9.11+1.8a 10.06+2.3 a 0.714
INR 6.79+1.8 a 14.82+3.2b 34.27+5.6 C 0.025*
INS 0.32+0.04 a 0.31+0.07 a 0.27+0.02 a 0.671
IN 14.38+4.1a 23.27%£5.2b 39.77+3.3c 0.035*
CRP 37.56+6.2 a 63.57+5.1b 83.58+6.9c 0.029*

D-dimer 550.28+36.1a 1102.60+138.7b  2422.92+261.4c  0.017*
Ferritin  336.44+37.2 a 542.99+47.9 b 930.78+45.2c 0.031*

*Significant at P-value < 0.05, a, b and c refer to differences among groups according to Duncan’s statistical test.

Table 4-6 showed the same eight parameters above but in association with
Covid-19 patients only without DM, and the results showed dramatic significance
between three groups of BMI for D-dimer and Ferritin parameters with Sig. 0.029
0.018 respectively, at (P< 0.05). Qeadan and colleagues have found that both
Ferritin and D-dimer levels have been higher in non-survivors and acute Covid-
19 patients. They have also found the Covid-19 patient has not been significantly
affected by gender, age, hypertension, cardiovascular disease and diabetes
(Qeadan et al., 2021). This was exactly what the study found, where each of FBG,
HbALc, INR and INS showed no significant change among all the three groups
of BMI except that for IN and CRP which showed significant differences just
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for those group with <30kg/m2 (Obese group) with 0.037 and 0.040 of
significance at (P <0.05).

Table (4-6): Mean Differences of Study Parameters According to BMI Categories in

Patients with Covid-19 Infection.

Subjects COVID only Sig.

Normal Overweight Obese

(18.5-24.9) (25-29.9) <30
kg\m? kg\m? kg\m?

FBG 113.12+24.7a  103.37+17.4a 147.52+44.7a 0.082
HbAlc 5.16++0.7 a 5.25+0.6 a 5.86+£0.82 a 0.092
INR 8.90t1.9a 9.09+1.6 a 4.86x1.4 a 0.585
INS 0.30+£0.04 a 0.32+£0.07 a 0.31+£0.03 a 0.644
IN 31.18+55a 38.66+5.2 a 15.02+£3.9b 0.037*
CRP 30.0616.3 a 36.67+3.8 a 73.87+£4.7b 0.040*
D-dimer 1141.15+£126.3a 1904.74+137.6b  2495.60+314.5¢c 0.029*
Ferritin  159.09+254a  321.10+15.8b 588.80+46.6C 0.018*

*Significant at P-value < 0.05, a, b and c refer to differences among groups according to Duncan’s statistical test.

4-2-3 Biochemistry Parameters Vary According to the Infection level

The statistical analysis of this study showed non-significant differences in
FBG, HBALC, INR, and INS, while it showed that significant differences were
documented for the IN, CRP, D-dimer, and ferritin levels in the CDM2 group.
IN, CRP and D-dimer were elevated in the mild level than the other categories. It
was seen that the ferritin was higher in the moderate and severe subgroups (Table
4-7).
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Table (4-7): Mean Differences of Study Parameters According to the Severity of
COVID-19 Infection in Diabetic Patients with Covid-19 Infection.

Subjects COVID+DM Sig.
Mild Moderate Sever
FBG 265.23+17.2a 223.54+353a  273.36x5.9a 0.863
HbAlc 9.06x19a 9.07+2.3 a 9.57+19a 0.114
INR 22.52+8.1a 14.69+2.3a 7.11+1.1a 0.495
INS 0.29+0.03 a 0.28+0.04 a 0.38+0.1a 0.636
IN 28.00+2.7 a 26.91+2.3 a 11.27+2.3b 0.041*
CRP 71.48+7.1 a 55.71+4.6 a 39.19+8.6b 0.044*
D-dimer 1573.75+260.4a 961.91+109.8b  994.62+49.6b 0.046*
Ferritin  392.79+44.6a 819.13+70.5b 720.04+78.5b 0.000**

*Significant at P-value < 0.05, ** significant at P-value < 0.01, a, b and c refer to differences among groups

according to Duncan’s statistical test.

In the C group, the statistical analysis showed non-significant differences in
FBG, HBALC, INS, and IN, while other parameters including INR, CRP, D-

dimer, and Ferritin were significantly different. It increased in the severity

infection compared with other infections level (Table 4-8).

Table (4-8): Mean Differences of Study Parameters According to the Severity of
COVID-19 Infection in Covid-19 Infection Patients.

Subjects COVID Sig.
Mild Moderate Sever
FBG 114.95+44.6a 108.81+10.7a  154.25+5.4b 0.031*
HbAlc 5.37+0.8a 5.30+0.4 a 5.46+0.2a 0.216
INR 8.08+1.7a 11.22+2.4a 3.44+4.9b 0.041*
INS 0.31+0.04 a 0.29+0.04 a 0.35+0.07 a 0.503
IN 30.98+7.8a 40.28+3.9b 7.70+1.8c 0.132
CRP 39.78+4.1 a 38.97+7.5a 70.16£9.1 b 0.012*
D-dimer 1523.36+136.2a 704.00+46.2b  3903.13+111.9c 0.024*
Ferritin  220.58+13.5a 120.93+10.3a  1083.03+13.8b 0.000**

*Significant at P-value < 0.05, ** significant at P-value < 0.01, a, b and c refer to differences among groups

according to Duncan’s statistical test
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4-3 Association between Covid-19 Patients and Patients with Diabetes

Mellitus Infected Covid-19 According to Some Blood Parameters

Table (4-9) showed the association between the diabetes mellitus patients
infected with Covid-19 and patients with covid-19 only for mild, moderate, and

severe symptoms according to our markers understudy

Where the mean of fasting blood glucose (FBG), hemoglobin Alc, insulin
sensitivity (INS), and ferritin exhibited significant differences between the two
groups at (0.000, 0.000, 0.017, 0.000), respectively, but Insulin resistance (INR),
Insulin (IN), C-reactive protein, and D-dimer did not significant. (p 0.01 and p

0.05) were used in the statistical analysis.

Table (4-9): Association Between Covid-19 and Covid -19 +Diabetes Mellitus Groups.

Paramete COVID+DM COVID Sig.
r Mild Moderat  Sever Mild Moderat Sever
e e
FBG 265.23+ 22354+ 273.36 11495+ 108.81+ 154.25+ 0.000*
10.6* 15.3 + 9.7* 10.2 11.2 B
16.4
HbAlc 9.06+ 9.07+ 9.57+ 5.37+ 5.30+ 5.46+ 0.000*
1.9* 2.3** 1.9*** 0.8* 0.4** 0.2%** B
INR 22.52+ 14.69+ 7.11+ 8.08+ 11.22+ 3.44+ 0.371
1.5 2.4 1.6 0.7 1.4 0.6
INS 0.29+ 0.28+ 0.38+ 0.31+ 0.29+ 0.35+ 0.017*
0.03 0.04 0.04 0.04 0.04 0.07
IN 28.00+ 26.91+ 11.27+  30.98+ 40.28+ 7.70+ 0.532
5.9 2.3 1.5 7.8 9.1 1.8
CRP 71.48+ 55.71+ 39.19+  39.78+ 38.97+ 70.16+ 0.392
7.2 6.5 2.6 4.9 1.5 9.1
D-dimer 1573.75 96191+ 994.62 1523.36 704.00+ 3903.13 0.438
+ 18. 3 + + 86.2 +
22.4 24.5 212.2 12.9
Ferritin 392.79+ 819.13+ 720.04 220.58+ 120.93+ 1083.03 0.000*
46.3 70.5** + 14.5 20.0** + |
28.5 137.8

*Significant at P-value < 0.05, ** significant at P-value < 0.01.

The COVID-19 has displayed a broad spectrum of severity, ranging from

mild-moderate to severe illness leading to death. Many factors influence disease
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outcome, including age and gender. Severe outcomes have been associated with
preexisting chronic illnesses, such as hypertension and diabetes (Alshukry et
al.,2021). In general, it has been found that patients with diabetes had more
severe COVID-19 outcomes than patients without diabetes as it was represented
by the mean of blood markers (Table 4-9). The results have been in agreement
with the findings obtained from a Chinese COVID-19 cohort, in which COVID-
19 diabetic patients had a 7.3% increased risk of morbidity (Wu et al.,2020).
Moreover, a British cohort showed that COVID-19 patients with uncontrolled
diabetes had a higher risk of death than the other patients did (Williamson et
al.,2020).

There was significantly more higher levels of blood parameters in all
COVID-19 diabetic patients than in non-diabetic COVID-19 patients (Table 4-
9). Previous studies by (Chen et al.,2020) have found an increase in many blood
markers, including hemoglobin, C-reactive proteins, dimer, ferritin, and other
factors. This is consistent with the results obtained from the current study which
showed an increase in these parameters for diabetic patients with covid-19
compared to non-diabetics. The reason for such differences in severity outcomes
in diabetic patients with COVID-19 compared to patients with covid-19 only was
likely due to the multifactorial syndromic nature of diabetes. In the cohort, for
instance, we found that diabetic patients had a higher percentage of FBG and
HbAlc, and INR. Furthermore other markers were noticed (273.36+ 16.4,9.57+
1.,9 and 22.52+ 1.5) respectively, compared with the non-diabetic patients
(154.25+ 11.2,5.46% 0.2, and 11.22+ 1.4 ) respectively (Table 4-9).
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4-4 The Association between Patients Diabetes Mellitus Infected Covid-19

and Infection Duration According to Some Blood Parameters

4-4-1 The Association between Patients Diabetes Mellitus Infected Covid-19

and Infection Duration

Table (4-10) showed the association between patients with Diabetes Mellitus
infected with Covid-19 and infection duration at >7,7-14 and <14 days according
to the parameters under study. Where the Mean of INR, INS, IN, CRP, D-dimer
and ferritin showed significant differences for all categories of days at (0.046,
0.041,0.023,0.030, 0.031, and 0.034) respectively, while the FBG and HbAlc did
not show any significant differences for all categories, since the statistical

analysis was made at (p< 0.05).
Table (4-10): The Association between Patients with Diabetes Mellitus Infected with
Covid-19 and Infection Duration.

Parameters COVID+DM Sig.
(Infection duration)
>7 days 7-14 <14

FBG 265.23+£17.2 223.54+15.3 273.36+58.5 0.707
HbAlc 9.06+1.9a 9.07+2.3 a 9.57+1.9a 0.885
INR 22.52+3.8 a 14.69+2.2 a 7.11+1.1b 0.046*
INS 0.29+0.03 a 0.28+0.04a 0.38+0.10b 0.041*
IN 28.00+2.7 a 26.91+2.2 a 11.27+1.2b 0.023*
CRP 71.48+57.12 a 55.71+45.65 a 39.19+28.60b 0.030*
D-dimer 1573.75+202.4 a 961.91+10.9b 994.62+96.5b 0.031*
Ferritin 392.79+46.3 a 819.13£70.5b 720.04+178.5b 0.034*

*Significant at P-value < 0.05 level

Since diabetes mellitus is a chronic inflammatory disorder associated with
high glucose levels, diabetic patients can show many changes in metabolism and
blood vessels that weaken the body's defenses and prevent the immune system

from responding properly to viral and bacterial infections, In addition, many
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disorders occur in innate immunity can increase the risk of pneumonia and
influenza (Cuschieri and Grech, 2020).

The results showed an increase in the mean of insulin (IN) and insulin
resistance (INR) in the first 7 days of infection at (28.00+2.7 a, 22.52+3.8 a)
respectively as it was explained by Muniyappa and Gubbi (2020) who stated that
patients suffering from both types diabetes (1and 2) have an ACE-2 production
increased due to frequent treatment with ACE-2 inhibitors and angiotensin Il type
1 receptor blockers (ARB), which have antihypertensive and nephroprotective
effects. Treatment with ACE-2 and angiotensin-receptor blockers inhibitors
increases ACE-2 production, which facilitates COVID-19 infection consequently
(Fang et al.,2020).

Many studies have mentioned that there is a significant association between
diabetes and increased morbidity of COVID-19, as there is evidence that people
with diabetes show an increased risk of infection and severe disease. some
findings have highlighted that the prevalence of diabetes among those infected
was 16% in patients with more severe forms of the disease and 5.7% in patients
with milder forms of the disease (Ma RCW and Holt, 2020). These results are in
agreement with the study results which showed that the percentage of
inflammatory parameters, fasting blood sugar, and insulin sensitivity increased

significantly for diabetic patients infected with Coronavirus (Table 4-10).
4-4-2 The Association between Covid-19 Patients and Infection Duration.

Table (4-11) showed the relationship between Covid-19 patients and infection
duration at >7,7-14, and 14 days according to the parameters studied, with the
Mean of INR, IN, D-dimer, and ferritin showing significant differences for all
categories of days at (0.039, 0.026,0.022, and 0.000, respectively), whereas the
FBG, HbAlc, INS, and CRP did not show any significant differences for all
categories, since the statistical analysis was done at (p < 0.01 and p <0.05).
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Table (4-11): The Association between Covid-19 Patients and Infection Duration

Parameters COVID only Sig.
>7 days 7-14 <14
FBG 114.95+8.6 a 108.81+10.02 a 154.25+5.4 a 0.220
HbAlc 5.37£0.8 a 5.30+0.4 a 5.46+0.2 a 0.961
INR 8.08+1.7 a 11.22+1.4 a 3.44+1.4b 0.039*
INS 0.31+0.04 a 0.29+0.04 a 0.35+0.07 a 0.182
IN 30.98+7.3 a 40.28+3.4 a 7.70+1.7b 0.026*
CRP 39.78+49 a 38.97+7.5a 70.16+9.7 a 0.471
D-dimer 1523.36+252.27 a 704.00+86.2b 3903.13+41.9c  0.022*
Ferritin 220.58+33.5a 120.93+24.0b 1083.03+137.8c  0.000**

*Significant at P-value < 0.05, ** significant at P-value <0.01.

Viral studies in which culture has been performed and where viral
replication can be elicited are also better data for inferring the infectious period,
relative to viral load estimates alone (Wolfel et al., 2020). Therefore, the data
include mean periods of 7-14 days after symptoms, Where some research
indicates that the duration of detection of the virus can be during this period
(Lavezzo et al., 2020).

The mean of parameters increased with the infection duration except that for
CRP, D-dimer and ferritin elevated in the first 7 days and, then decreased
afterwards. This was due to the effect of these inflammatory markers being higher
than in blood parameters at the beginning of the disease. After having assessed
the association between infection duration with the severity of COVID-19 (Wu
et al.,2020). It was indicated that the rate of infection with the covid-19 became
more severe as the incubation period increased, and thus the proportions of some
parameters in the blood such as hemoglobin (HbA1c), clotting factor (INR) and
fasting blood sugar (FBG) levels in table (4-11).
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4-4-3 Association between Covid-19 Patients and Patients with Diabetes

Mellitus Infected Covid-19 According to Infection Duration

Table (4-12) revealed the relationship between patients with diabetes mellitus
who were infected with covid-19 and patients who were only infected with covid-

19 for >7,7-14, and 14 days, according to the parameters studied.

Whereas the Mean of IN and D-dimer revealed significant differences for all
infection duration categories at (0.033 and 0.011), FBG, HbAlc, INR, INS, CRP,
and ferritin did not show any significant differences for all days category, as the

statistical analysis was done at (p 0.01 and 0.05).

Table (4-12): Association between Covid-19 Patients and Patients with Diabetes

Mellitus Infected covid-19 According to Infection Duration.

Parameters COVID+DM COVID only Sig.
>7 days 7-14 <14 >7 days 7-14 <14
FBG 265.23+ 22354+ 273.36x 11495+  108.81+ 154.25+ 0.707
17.0 18.3 58.5 14.6 10.0 54
HbA1lc 9.06x 9.07+ 9.57+ 537+ 5.30+ 5.46% 0.885
1.9 2.3 1.9 0.8 0.4 0.2
INR 2252+ 1469+  7.11% 8.08+ 11.22+ 3.44+ 0.546
8.0 2.2 1.0 1.7 1.4 0.4
INS 0.29+ 0.28+ 0.38+ 0.31+ 0.29+ 0.35% 0.061
0.03 0.042 0.10 0.04 0.04 0.07
IN 28.00+ 2691+ 11.27% 30.98+ 40.28+ 7.70+  0.033*
2.3 4.3 1.4 7.8 7.9 1.8
CRP 7148+ 55.71+ 39.19+ 39.78+ 38.97+  70.16x  0.430
7.2 4.6 8.6 4.1 7.5 9.1
D-dimer 1573.75 961.91+ 994.62+ 1523.36x2 704.00+ 3903.13+ 0.011*
+ 98.0 46.5 52.2 86. 3 112.5
202.4
Ferritin 392.79+ 819.13+ 720.04+  220.58+  120.93+ 1083.03+ 0.114
46.3 70.5 27.3 34.5 14.3 137.8

*Significant at P-value < 0.05, ** significant at P-value < 0.01.

In the current study, there was a highly significant difference in the
parameters in diabetes patients infected with covid-19 in contrast to the covid-19

patients only, where its high levels in the blood was explained by the high
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association between, diabetes and SARS-CoV-2 infection following a two-way
model as SARS-CoV-2 worsening pre-existing diabetes or predisposing non-
diabetic people to diabetes. The mechanism that allows the entry of the virus into
the cell involves ACE-2, which is highly expressed in the liver and pancreas,
especially in beta cells that produce insulin hormones (Maddaloni and Buzzetti,
2020). Highly significant differences were found in INR at (22.52+8.0) in >7 days
of infection because the infection by SARS-CoV-2 in pancreatic beta cells
generated insulin resistance and decreased insulin secretion, worsening
hyperglycemia in the acute phase of infection, whereas, in the chronic phase, it

could trigger autoimmunity of these pancreatic cells in predisposed patients.

As a result of diabetes, hyperglycemia and insulin resistance induce
increased synthesis of advanced glycation end products (AGEs) and pro-
inflammatory cytokines like CRP that generate oxidative stress. Such findings are
consistent with to referred to an increase in the percentage of CRP, ferritin, D-
dimer (Cuschieri and Grech, 2020).

4-5 The Correlation Coefficients between Covid-19 Patients and Patients
with and without Diabetes Mellitus
4-5-1 The Correlation Coefficients between Covid-19 Patients and blood

parameters

Table (4-13) showed the correlation between Covid-19 patients and infection
duration at (1-14 days) according to the parameters under study. Where the
correlation coefficient (r) of FBG with HbAlc, CRP ferritin, and CT showed
significant differences at (0.503, 0.495, 0.693 and 0.703) respectively, while with
INR, INS, IN, D-dimer and infection duration no significant differences were
signaled. HbAlc with CRP, d-dimer and CT showed significant differences at
(0.699, 0.458 and 0.47) respectively, while INR, INS, IN, ferritin, CT and
infection duration showed no significant differences. INR with INS and IN

showed a significant correlation at (0.762 and 0.956) respectively, while with
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CRP, D-dimer, ferritin and infection duration did not reveal any significant
differences. INS with IN showed significant differences at (0.737), while with
CRP, D-dimer, ferritin, CT, and infection duration did not disclose any significant
differences. IN did not reveal any significant differences with any markers. CRP
with D-dimer, ferritin and CT showed significant differences at (0.719 and 0.60,
0.774) respectively, while infection duration did not pinpoint any significant
differences. The D- dimer with ferritin and CT showed a significant correlation
at (0.566,0.530) while infection duration did not show any significant differences.
Ferritin with infection duration showed significant differences at (0.587), since
the statistical analysis was made at (p< 0.0land p< 0.05). It is necessary to
measure some blood and immunological parameters to assess the severity of
COVID-19, so one can easily assess patient severity and infection by monitoring
these indicators. In the findings, some analyzed haematological parameters of
COVID-19 patients and among these parameters, manifested a decrease in the
level of HbAlc and increased levels of CRP, ferritin and d-dimers. These results
are said to be consistent with (Rahman et al.,2021), who have found that
Hematological parameters have been associated with COVID-19 severity. Some
other studies have supported the present findings describing the evidence of the
correlation between CRP, D-dimer and ferritin levels in Covid -19 patients (Deng
et al.,2019; Ruan et al.,2020). Lippi et al.(2020) designed four different studies
about the blood parameters in covid -19 patients where showed that there was a
high correlation between HbAlc level and COVID that contributed to the good
diagnosis of disease, especially the role of coronavirus in clot blood formation.
The results showed that the correlation coefficient between ferritin and Covid-19
in the blood increased significantly since ferritin was a protein that stored iron.
Therefore, the elevated concentration induced cytokine storms and severity of
COVID-19 patients (Giamarellos et al.,2020; Velavan and Meyer, 2020). It is
believed that ferritin levels can serve as a factor for monitoring COVID-19

severity (Henry et al.,2020). In the current study, the noticed highly significant
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differences between inflammatory proteins and Covid-19 such as CRP, d-dimer
and ferritin were consistent with a previous study that showed that COVID-19
patients had significantly increased levels of serum inflammation-related
biomarkers, represented by interleukin-6, D-dimer and C-reactive protein, as well

as biomarkers related to disease prognosis (Guan et al., 2019; Zhou et al.,2020).

Table (4-13): The Correlation Coefficients between Covid-19 Patients and Blood

Parameters.
Paramet HBA IN INS IN CR D- Ferri CT- Covid
ers 1c R P dim tin Sca  durati
er n on
FBG r 0503 0.0 0.12 0.19 0.49 0.13 0.693° 0.70 0.346
B 57 1 1 | 6 i 3
p 0.005 0.7 0.52 0.31 0.00 0.47 0.000 0.00 0.061
65 2 2 5 3 0
hbalc r 1 0.1 0.03 0.02 0.69 0.45 0.345 0.47 0.026
05 9 7 o™ 8" 8™
p 0.5 0.83 0.88 0.00 0.01 0.062 0.00 0.891
80 9 8 0 1 7
INR r 1 0.76 0.95 0.16 0.22 0.117 0.18 0.025
2" 6™ 5 8 2
p 0.00 0.00 0.38 0.22 0.537 0.33 0.897
0 0 3 5 5
INS r 1 0.73 0.19 0.34 0.210 0.21 0.050
7 0 7 1
p 0.00 0.31 0.06 0.265 0.26 0.793
0 4 0 3
IN r 1 0.26 0.23 0.260 0.32 0.093
5 0 2
p 0.15 0.22 0.166 0.08 0.626
8 2 3
CRP r 1 0.71 0.601" 0.77 0.079
o™ 1 4
p 0.00 0.000 0.00 0.679
0 0
D- r 1 0.566" 0.53 0.147
dimer I 0™
p 0.001 0.00 0.438
3
Ferriti r 1 0.89 0.587"
N g~
p 0.00 0.001
0
CT-Scan r 1 0.454"
P 0.012
* Significant at the 0.05 level (2-tailed), ** Significant at the 0.01 level (2-tailed).
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4-5-2 The Correlation Coefficient between Diabetes Mellitus Infected

Covid-19 Patients and Blood Parameters

Table (4-14) showed the Correlation Coefficient between Mellitus Infected
Covid-19 Patients and infection duration at 1-14 days according to the parameters
under study. The correlation coefficient (r) of FBG with INR showed a significant
correlation at (0.647), while with HbAlc, INS, IN, CRP, D-dimer, ferritin, CT
and infection duration didn’t show any significant correlation. HbAlc did not

show any significant correlation with other markers.

INR with INS and IN revealed a significant correlation at (0.394 and 0.791)
respectively, while with CRP, D-dimer, ferritin, CT and infection duration did
not point to any significant differences. INS with IN and infection duration
showed a significant correlation at (0.592 and 0.369) respectively, while CRP, D-
dimer, CT and ferritin did not show any significant correlation. IN, CRP,and D-
dimer didn’t show any significant correlation with any markers, ferritin with CT
scan in (0.576) and didn’t significant with covid duration. Since the statistical
analysis was made at (p< 0.01 and p< 0.05).

Individuals with diabetes are more prone to SARS-CoV-2 infection, and the
severity of the disease is on the rise. Pathogenic links between DM and COVID-
19 include raising fasting blood sugar and the release of inflammatory proteins
that lead to the cytokine storm (Sen et al.,2021).

The severity of COVID 19 has been highly correlated with glycemic such as
insulin, insulin resistance, insulin sensitivity, and fasting blood sugar, because of
the ability of the Coronavirus to ACE 2 receptors of Beta cells in the pancreas,
liver cells, and other organs (Gregory et al., 2022). Table (4-14) showed highly
significant differences between these parameters in diabetic patients infected with
covid-19.
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Previous studies showed that diabetes was a risk factor for multiple viral
infections and deaths, including 2009 A (H1N1) influenza, MERS-CoV, and
SARS-CoV (Knapp, 2013), so the correlation coefficient was here tested between
these two parameters. Besides the current results, we also analyzed the Ct-Scan
data and found that diabetic patients had a higher incidence of covid-19 than non-
diabetics, as these results indicated that diabetic patients with COVID-19 could
have severe inflammatory responses and lung infiltration, which was the main
cause of elevated inflammatory protein and other haematological parameters
(Shang et al.,2021).

The concentration of serum D-dimer of diabetic patients was significantly
higher than that of nondiabetic patients indicating that COVID-19 patients with
diabetes were more likely to develop a hypercoagulable prothrombotic state,
These results were consistent with the findings of (Le et al.,2015), who mentioned
that the D-dimer was one of the main markers of coagulation activity and the
higher concentration in serum was closely related to a variety of thrombotic
diseases, including myocardial infarction, cerebral infarction, pulmonary

embolism, and venous thrombosis.
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Table (4-14): The Correlation Coefficient between Diabetes Mellitus Infected Covid-19

Patients and Blood Parameters.

Paramete HbA INR INS IN CR D- Ferrit CT- Covid

rs 1c P dim in Scan  durati
er on
FBG r 0.323 0.64 - 0.25 0.12 0.02 0.077 0.14 0.072
7 0.20 0 7 9 7
0
p 0.076 0.00 0.28 0.17 0.49 0.87 0.680 0.43 0.699
0 0 5 7 5 0
HbAl r 1 0.16 - 0.07 0.02 0.02 0.007 - -0.027-
C 9 0.04 8 7 5 0.16
0 8-
p 0.36 0.83 0.67 0.88 0.89 0.971 0.36 0.887
4 0 5 5 2 5
INR r 1 - 0.79 - - - - -0.177-
0.39 1™ 0.02 0.03 0.102- 0.10
4" 5- 0 0-
p 0.02 0.00 0.89 0.87 0.585 0.59 0.341
8 0 4 1 4
INS r 1 - 0.02 - - 0.05 0.369"
0.59 4 0.12 0.126- 8
2™ 0
p .000 0.90 0.51 0.499 0.75 0.041
0 9 7
IN r 1 - - - - -0.219-
0.02 0.09 0.111- 0.08
0 6 5-
p 913 0.60 0.551 0.64 0.237
6 8
CRP r 1 0.28 0.206 0.27 -0.271-
7 2
p 0.11 0.265 0.13 0.141
7 9
D- r 1 0.331 0.32 -0.154-
dimer 8
p 0.069 0.07 0.408
2
Ferriti r 1 0.57 0.098
0 e
p 0.00  0.598
1
CT- r 1 0.586™
Scan P 0.001

* Significant at the 0.05 level (2-tailed), ** Significant at the 0.01 level (2-tailed).
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4-6 Results of Genetic Studies
4-6-1 Extraction of DNA

By using a specific DNA extraction kit (Fibrogene/USA), the genome was
extracted, purified from the blood sample of the control, covid -19 patients, and

diabetes patients infected with covid-19 then it was migrated by using agarose

gel as a first step to ensure the presence of DNA samples after extraction. figure
(4-4) showed the DNA band of these three groups.

Figure 4.4: Extraction of genomic DNA from blood sample, 1% agarose gel
electrophoresis, TBE 1X, at a voltage 75volt 20 mA for 1 hour (10 pl in each
well). Lane 1-5 DNA for control, lane 6-10 DNA of covid-19 patients, lane 11-
15 DNA for diabetes mellitus infected covid-19.

In the current study, a high infection rate of covid-19 in the patients with
diabetes mellitus was marked, especially in those with severe diabetes when
compared with the control group. This can be very important of covid-19 in the

evolution and exacerbation of diabetes and body dysfunction (Lahera etal.,2017).
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4-6-2 ACE2 Genotyping Polymorphism

PCR technique was used to allow DNA amplification. Variation (gene
polymorphism) in the ACE2 gene was targeted using specific primers of 190 bp
and 490 bp respectively. (figure 4-5) showed the targeted genome bands.

190bp 190,490b

Figure (4-5): The electrophoreses pattern of PCR product for ACE2 gene,
This amplification product two bands 490bp and 190bp of control, diabetes
mellitus infected covid-19 and covid-19 patients under condition 1% agarose,
annealing 57 Ce, 75V, 20 mA for 1h. M: Promega ladder, Lane 1-4 PCR

product of control, Lane 5-8 for covid-19, and Lane 9-12 for covid+DM.

The differences in the size of DNA bands obtained from blood at the
comparison of the DNA of patients with COVID-19, diabetic patients with
Covid-19, and the control group could be related to the free radicals produced by
proinflammatory cytokines, such as TNF-a, IFN-g, IL-1, IL-8, CRP, and ferritin
released during severe COVID-19 infection (Li et al., 2013). These findings have
supported the use of peripheral blood DNA as a biomarker for ACE2 genetic
polymorphism study to determine the severity and prognosis of patients with
COVID-19 (Scozzi et al.,2021).

The ACE allele has been reported to be significantly prevalent among
hypertensive and diabetes Mellitus subjects having a parental history of CVD by
Tiret et al.(2018) (0.68 versus 0.56), and Kario et al.(2013) (0.46 versus 0.37).
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Yet, the study showed that there was no significant difference in the genotype
distribution between Covid-19 and Covid-19 with diabetes ,where the subjects
having diabetes had a higher frequency of D/D genotype (30.76 vs. 18.18%) and
D allele (0.49 vs. 0.42%) than did the subjects having no family history.

4-6-3 The Genotype Distribution of ACE2 Gene Polymorphism in Patients
and Control

Table (4-15) showed the distribution of ACE2 gene of control, covid-19
patients, and diabetes mellitus patients infected with covid-19, where the (ID;
DD) group showed significant differences at (0.04) while the Il and | groups
manifested no significant differences.

Table (4-15): The Genotype Distribution of ACE2 Gene Polymorphism in Patients and
Control Groups

Genotype | Control | Covid-19 | Covid+DM | Qi Sig.
square

1 0 0 0

ID 17(54.8%) | 9(30.0%) | 8(25.8%) 6.53 |0.04*

DD 14(45.2%) | 21(70.00%) | 23(74.2%)

I 17(27.4) | 9(15.0) 8(12.9) 5.05 0.8

D 45(72.6) | 51(85.0) 54(87.1)

*Significant at P-value < 0.05

The present study focused on the percentage of ACE2 genotyping in three
groups including control, covid-19, and diabetes with covid-19. The ACE D
genotype was the dominant genotype (72.6%, 85%, and 87%) for the control,
covid-19, and diabetes with covid-19 respectively, followed by DD, ID and |
genotypes. The results of the current study were in line with the study that
confirmed the frequency of ACE I/D genotype in a series of 26 COVID-19 cases
finding that the ACE DD genotype was the dominant genotype in 73% of the
patients (Annunziata et al.,2020).
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Karagiannidis et al.(2020) found an association between ACE2 and risk of
SARS-CoV-2 infection. The current study was in agreement with the studies
that confirmed that genetic variations in the angiotensin receptors (ACE2) which
could make some people more susceptible to recurrence of infection than others.
In addition other scientists have hypothesized that polymorphisms in the genes
encoding critical components of the angiotensin system such as ACE or ACE2

might have a role in infection risk for a variety of reasons (Novelli et al.,2020).

There were significant differences in (ID; DD) group at (0.04) in contrast to
the (I; D) groups. This indicated that there could be some alleles related with

increased ACE2 serum levels or even cellular ACE2 expression (Wu et al.,2017).

The coding region variants in the gene ACE2 seem to play an important role
in the severity of infection, although they might be functional (Calcagnile et
al.,2021) Furthermore, ACE2 genotype distribution referred to highly significant
differences between diabetes mellitus infected covid-19, covid-19, and control
group table (4-15). Qi square analysis confirmed that the DD-allele could have
an independent risk factor for a COVID-19 infection besides the known risk
factors male gender and chronic diseases. It has been postulated recently that
genetic polymorphism in ACE2 may play a central role in COVID-19 (Sriram et
al.,2020).

The results mentioned an increase in the percentage of D allele by (72.6%,
85%, and 87.1%) for each of the control groups, Covid-19 patients and diabetic
patients with Covid-19 respectively compared to the other alleles DD, ID, I,
which showed a small percentage according to the statistical analysis. Meaning:
If D-allele carriers would actually produce more ACE2 of those with DD or ID
genotypes, D-allele holders could be more susceptible to infection with Covid-
19 disease compared to carriers of the other allele, which could cause Severe

infection to organs such as the pancreas, lung, and heart (Lumbers et al.,2020).
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4-6-4 The Genotype Distribution of ACE2 Gene Polymorphism in Covid-19

Patients

Table (4-16) showed the association between ACE2 gene polymorphism and
covid-19 patients according to parameters understudy, where the Mean of D-
dimer and ferritin showed significant differences at (0.037 and 0.030)
respectively for two categories, while FBG, HbAlc, INR, INS, IN, and CRP did
not show any significant differences for the two categories (p< 0.05).

Table (4-16): Association between the ACE2 Gene Polymorphism (DD, DI) Groups and
Covid-19 Patients

Subjects COVID only Sig.
DD DI
Mean+S.E

FBG 119.84+8.14 118.56 0.541
HbAlc 5.360.16 5.41%0.26 0.611
INR 7.931+2.40 7.821+2.29 0.441
INS 0.32%0.01 0.31%+0.01 0.667
IN 30.34%+3.6 27.0£4.2 0.124
CRP 43.69+10.71 43.79£75 0.537
D-dimer 1788.0+68.1 1633.68+24.3 0.037*
Ferritin = 365.42+10.9 247.78+14.6 0.030*

*significant at (p < 0.05)

The primary finding of the current study revealed that there was increasing
in the covid-19-associated hematological and diabetic parameters as for the
expression of genotype frequencies DD in the moderate and severe COVID-19
cases as shown in table (4-16) , in which the concentration of each FBG, INR,

CRP, D-dimer, and ferritin was more than a normal value.
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The ACE2 genotypes are linked to hypertension and chronic disease such as
diabetes, cardiovascular disease, and the inflammatory parameters are the
leading risk factors for disease severity (Patnaik et al.,2014). This could be due
to a pathophysiological causal link between ACE2 genotyping alleles (DD, DI)

and disease severity.

The association of elevated CRP, D-dimer, ferritin and COVID-19 disease
severity in this study reflected the ongoing activation of the hemostatic system
and potentially of chronic disease complications (Luo et al.,2019). This may be
linked to a genetic basis as the increasing of these parameters was also
significantly associated with the ACE2 (DD + DI) SNP since this genotype was
linked to potentially chronic diseases. These results were consistent with the

results obtained by (Srivastava et al.,2020).

Infection with COVID-19 has been linked to higher levels of inflammatory
indicators such CRP, LDH, and ferritin, according to many investigations
(Salvamani et al.,2020). Such a finding was consistent with the data which
revealed that COVID-19 illness severity was linked to ferritin, CRP, D-dimers,
and HbAlc levels (Badawi ,2020). It was found that genetic variants within an
individual's ACE2-positive cell population were evidently associated to

hypercytokinaemia and hence their response to COVID-19 illness.

4-6-5 The Genotype Distribution of ACE2 Gene Polymorphism in Diabetes
Mellitus Covid-19 Patients

Table (4-17) showed the association between ACE2 gene polymorphism and
diabetes mellitus Covid-19 patients according to the parameters under study,
where the Mean of FBG, INR, IN, CRP, and ferritin showed significant
differences at (0.036, 0.041, 0.022, 0.032 and 0.033) respectively for two
categories, while HbAlc, INS and d-dimer did not show any significant

differences for two categories.
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Table (4-17): Association between the ACE2 Gene Polymorphism (DD, DI) Groups and
Diabetes Mellitus Covid-19 Patients

Subjects COVID +DM Sig.
DD DI
MeantS.E

FBG 277.16133.04 230.3640.2 0.036*
HbAlc 9.58+0.5 8.69+0.4 0.127
INR 13.97*£2.9 24.92+4.3 0.041*
INS 0.30%=0.01 0.31%0.02 0.611
IN 21.08+=3.4 33.41%+9.6 0.022*
CRP 53.31+9.8 79.61+17.3 0.032*
D-dimer 1390.43+57.6 1275.42+42.6 0.511
Ferritin  667.46+41.2 544.45+12.7 0.033*

*significant at (p < 0.05)

There was an effect of ACE DD/DI polymorphism on the natural course of
COVID-19. This was consistent with a recent Spanish study by (Gomez et
al.,2020). who reported an increased risk for an unfavorable COVID-19 outcome

in ACE DD genotype carriers.

There was a significant association of the ACE2 (DD) allele with d-dimer,
ferritin and ACE2 (DI) allele with CRP (table 4-17). These findings were
associated with increased risk for an COVID-19 severity, therefore the
clarification of these results stemmed from the association of some genes with
inflammatory proteins such as D-dimer and ferritin, whereas some other genes
were associated with CRP. This heterogeneity resulted from the samples
obtained from diabetic patients infected with Covid-19, which effected the

concentration of this proteins in blood.
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The results showed a significant increase in blood markers and diabetes
markers in the ACE 2 polymorphism of the (DD,DI) alleles for diabetic patients
with covid-19 compared with covid-19 patients only. This increase may be
related to an increase in the gene expression of these two alleles, and thus an
increase in the ACE2 receptors in the body, allowing the Corona virus to bind
with many cells in the body could have caused an increase in the concentration
of these parameters . This explanation agreed with Abdelsattar et al.(2020)

finding who also noticed an elevation in some of these parameters.

Due to the limitation of a relatively small sample size, there was a difficulty
in making further speculations regarding links the between these genetic
polymorphism in ACE2 (DD,DI) and other research indices. Nevertheless, the
data that represented additional information about diabetes mellitus patients
infected covid-19 demonstrated the ability of ACE2 (DD) and (DI) gene
polymorphisms to predict COVID-19-related illness severity explained 86
percent of the severity when combined with conventional cell and blood

indicators.

Under normal physiological settings, angiotensin (1-7) and angiotensin (1-9)
are produced. The anti-inflammatory and antioxidant effects of the pulmonary
ACE2/Ang (1-7) system have been shown, and ACE2 has been proven to protect
against the lethal H5N1 avian influenza infection (Zou et al.,2020). As a
consequence, the decreased ACE2 expression in DM might explain the higher
occurrence of severe lung damage and ARDS linked with COVID-19 (Tikellis et
al., 2011).

4-6-6 The Correlation between Genotyping, and Groups of Control, Covid-
19, Diabetes Mellitus Patients Infected Covid-19

Table (4-18) showed the correlation between diabetes mellitus patients
infected with covid-19 and the control group according to the parameters under
study. Where the Mean of FBG, HbAlc INR, CRP and ferritin was high in
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diabetes mellitus patients infected with covid-19 compared to other groups with
(DD) type at (277.16£33.04, 9.58+0.5, 13.97+2.9, 53.31+9.8 and 667.46+41.2)
respectively, whereas with (DI) type it was at (230.36+40.2, 8.69%0.4, 24.92+4.3,
79.61+17.3 and 544.45+12.7) respectively. The Mean of INS and (DD) was high
in covid-19 group at (0.32+0.01), while with (DI) type it was high in control
group at (0.34+0.02). The Mean of IN and (DD) was high in the control group at
(57.83 £ 8.2) while with (DI) type it was high in the diabetes mellitus infected
covid-19 group at (33.41+9.6). Finally, the Mean of d-dimer was high with both
(DD) and (D1) types in covid-19 group compared to other groups at (1788.0+68.1
and 1633.68+24.3) respectively.
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Table (4-18 ): The Correlation between Control, Diabetes Mellitus Patients Infected
Covid-19, and Covid-19 Patients with Blood Parameters

Subjects | Genotype Control Covid Covid+DM
Mean+S.E
FGS DD 76.50+4.97 a 119.84+8.14 b 277.16+33.04 ¢
Dl 80.50*£7.77 a 118.56=*hb 230.3640.2 ¢
HbA1c DD 4.88+0.27 a 5.36+0.16 a 9.580.5b
Dl 5.23*0.31a 5.41*0.26 a 8.69t0.4b
INR DD 10.67£3.34b 7.93x2.40a 13.97+£29¢c
(D) 4.00+2.63a 7.82*£2.29b 249243 c
INS DD 0.27*£0.01a 0.32*0.01a 0.30*£0.01a
DI 0.34£0.02 a 0.31£0.01a 0.31+0.02 a
IN DD 57.83*£8.2c 30.34+3.6b 21.08E34a
DI 18.03£6.7 a 27.0£4.2b 33.41*9.6¢c
CRP DD 1.71+0.01a 43.69+10.71b 53.31£9.8¢c
Dl 3.40*£0.52 a 43.79t75D 79.61*t17.3c
D-dimer DD 164.00£1140a 1788.0E£68.1c 1390.43£57.6 b
Dl 140.00*t175a | 1633.68+24.3c 1275.42+42.6 b
Ferritin DD 785498 a 365.42+109b 667.461+=41.2 c
D) 119.88+8.77a 247.78+146Db 544.45+12.7 c

**Significant at P-value < 0.01, a, b and c refer to differences among groups according to Duncan’s

statistical test.

The reason for comparing the ACE2 genotyping alleles (DD, DI) in diabetic
patients with Covid -19 and Covid-19 patients was that the alleles were the
dominant alleles causing incidence of pneumonia . This was also confirmed by
Itoyama et al.(2004) who showed that the incidence of pneumonia was higher
In patients carrying D allele in SARS-CoV-1 infection in addition to the variants

of ACE-2 and the receptor of SARS-CoV-2, caused by gene polymorphism which
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were thought to result from differences in disease susceptibility and disease

severity (Gémez et al.,2020).

The data showed the correlation between ACE2 genotyping (DD,DI) and
some parameters in control group, diabetes infected COVID-19, and COVID-19
patients. For example, the DD genotype caused higher levels of blood parameters
associated with covid and diabetes in comparison to DI genotype as shown in the
result due to the increase of the expression of ACE2 receptor on the surface of
cell causing more invasion of virus to body. This finding complied with
(Chaudhary, 2020) who explained the effect of ACE2 gene expression in viral

pathogenesis.

Considering the impact of ACE2 expression on the parameters under study
,the findings in table (4-18), suggested that ACE 2 polymorphism may have a
role in different reactions to COVID-19 infection. Previous studies showed that
the majority of the ACE 2 gene polymorphism (47%) was related to
insertion/deletion (1/D) polymorphism (Sayed-Tabatabaei et al.,2006). The
correlation between 1/D polymorphism and cardiovascular disease, blood
pressure, diabetes was previously shown the variety of DD, Il, and DI genetic
polymorphism in patients. For example, those with DD genotype had the highest
and those with 11 genotype had the lowest ACE activity (Mohaghegh et al.,2021).

The results revealed that the study groups (control group, diabetes with covid-
19, and covid-19) suffered from elevated FBG concentration in DD allele, while
those with (DI) allele had an elevated level concentration of HbAlc, INR, INS
and IN. The patients with DI allele were shown to have increases in activity of
ACE-2 level in Pancreas which acted as a receptor for SARS-CoV-2 that
produced more invasion of virus for beta cell in charge of producing insulin
(Elifcan et al.,2021).
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4-7 AT1R Genes Polymorphism.

The AT1R genotyping, the genomic DNA was amplified by using specific
primers and accomplished by the Thermo-cycler apparatus under the optimal
conditions. The results revealed that the presence of a single band (200 bp) of the

target sequence of AT1R gene in agarose gel (figure 4-6).

Figure (4-7) showed the SSCP analysis which detected the sequence variations
(single-point mutations) through electrophoretic mobility differences. Where A
pattern showed haplotype (one band) for control specimens, while Pattern B had

two bands of them to COVID patients, and diabetes patients infected with covid-

19 20 ' 21. 22 2324 25 2008370 08 D9 -"35 31 32 33 34 35 36
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Figure (4-6): Agarose gel electrophoresis of amplified product patterns of AT1R
with specific primer. M: refers to DNA size marker (100bp). lanes 1 - 36 refer to
PCR products of AT1R (200bp) of patients and healthy control groups.
Electrophoresis conditions: 1% agarose concentration 1%; 75 V, 20 mA.

95



Chapter four Results and Discussion

figure (4-7). SSCP electrophoreses pattern of AT1R receptor for samples
control, COVID-19, and COVID-19+DM, 15% gel polyacrylamide, 100V,
20mA, for 3h, was showed haplotype (Pattern A: one band) to control and
(Pattern B: two bands) in COVID and COVID+DM.

4-7-1 the SSCP Distribution in the Patients and Control Groups.

The results revealed that DNA polymorphism distributions were 96.77% and
3.23 % in the control group respectively ;DNA polymorphism distributions were
6.67% and 93.33 % in COVID only, while it was 12.9% and 87.1 % in the
COVID-DM group. The results demonstrated that there was no association
between DNA polymorphisms according to the number of bands with patients as

compared with the control groups (Table 4-19).

There were significant differences (P< 0.01) in the frequencies of AT1R
polymorphism between patients with COVID-19, Covid-19 with diabetes and
control subjects. The patients with diabetes mellites infection with covid-19 and

diabetic nephropathy had the same pattern of genotype frequencies.
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Generally, the increased activation of angiotensin 1 receptors (AT1R) at the
expense of the ACE2/Ang 1-7-driven pathway resulted in fibrosis, hypertrophy,
increased reactive oxygen species (ROS), vasoconstriction, hyperglycemia, and
gut dysbiosis. (Bourgonje et al., 2020; Devaux et al., 2020; GroB et al., 2020; La
Vignera et al., 2020). In addition, TNF- (tumor necrosis factor-) levels rose, and
the tumor necrosis factor receptor (TNFR) was activated. These factors, when
combined with infected people' comorbidities like as diabetic mellitus (T2DM)
and hypertension, can trigger a cytokine storm with deadly consequences.
(Coperchini et al., 2020; Gubernatorova et al., 2020; Nile et al., 2020).

The finding showed that AT1R autoantibodies may play a role in Sars-CoV-2
infection by decreasing the effect of Angll accumulation following the virus
occupation of the ACE2 receptor. Because AT1Rab was present in healthy
controls without any clinical signs, it may be explained as a result of a possible
condition of tolerance to AT1Rab's continuous stimulation on its receptor.
Because of the rise in Angll caused by Sars-CoV-2 occupying ACE2, patients
with antiAT1R autoantibodies having an immune system that was "refractory” to
acute activation, whereas subjects without anti. AT1R autoantibodies could have

a cytokine storm (Papola et al.,2022)

The results of the current study showed that the SARS-CoV-2 virus targeted
RAS and produced hyperactivation of the characteristic detrimental axis (Ang 11—
ATI1R), which was characterized by vasoconstriction, hyper inflammation,
oxidative stress, and cell death. Ang Il, a key component of RAS, largely
coordinates its endocrine, autocrine, paracrine, and intracrine actions through
ATI1R, which promotes NF-B, ROS, tyrosine kinase, and other signaling
pathways can problems in numerous organs and tissues, including the lungs,
heart, and kidneys skin, gonads, and the brain Finally, RAS inhibitors
(particularly ARBs) may be crucial factors in treating COVID-19 affecting renal,
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pulmonary, cardiovascular, immunological, and brain functioning, according to

various research studies completed so far. (EI-Arif et al.,2022).

Table (4-19) The SSCP (one band, and two) Distribution in the Study Group

SSCP Control COVIDonly COVID-DM Qi square P
No. (%)

A 30(96.77%)  2(6.67%) 4(12.90%)  40.667 0.0001**

B 1(3.23%) 28(93.33%)  27(87.10%)  25.107 0.0001**

** significant at P-value < 0.01.

4-7-2 The association of PCR-SSCP Polymorphisms of AT1R Gene in
COVID Disease Groups with the Physiological Parameter

Table (4-20) refered to the present significant differences (P < 0.05) in the
serum levels of FBG, IN, CRP, D-dimer, and Ferritin among PCR-SSCP
polymorphisms of the AT1R gene in the COVID group, while there were no
significant differences in the concentrations of HbAlc, INR, INS in COVID
group (Ceolotto et al., 2001).
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Table (4-20): The Association of PCR-SSCP Polymorphisms of AT1R Gene in COVID

Disease Groups with the Physiological Parameter

Subjects COVID only Sig.
1 2
Mean+S.E

FBS 183.0£78.0 114.83£6.6 0.041*
HbAlc 5.35£0.05 5.381+0.14 0.678
INR 8.6810.7 7.83*1.8 0.222
INS 0.31%0.04 0.32=0.01 0.671
IN 15.20=2.9 30.11*+6.8 0.013*
CRP 59.6514.6 42.5918.8 0.049*
D-dimer 1379.59+20.4  1756.55+54.2 0.016*
Ferritin  604.08+35.6 302.16£77.0 0.034*

* significant at P-value < 0.05.

In general, it was found that patients with diabetes had more severe COVID-
19 outcomes than patients without diabetes, represented by the mean of blood
markers (Table 4-20). These results were in agreement with the findings obtained
from a Chinese COVID-19 cohort, in which COVID-19 diabetic patients had a
7.3% increased risk of morbidity (Wu et al.,2020). Moreover, a British cohort
showed that COVID-19 patients with uncontrolled diabetes had a higher risk of
death than other patients did (Williamson et al.,2020).
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4-7-3 The Association of PCR-SSCP Polymorphisms of AT1IR Gene in

Diabetes and Covid Patients Groups with the Physiological Parameter

Table (4-21): referred to the present significant differences (P < 0.05) in the
serum levels of INR, IN, CRP, and D-dimer among PCR-SSCP polymorphisms
of the AT1R gene in the COVID group, while there were no significant
differences in the concentrations of HbAlc, FBG, INS, Ferritin in COVID group
(Ashavaid et al., 2000). There were Significant differences (P <0.05) in the serum
levels of INR, IN, CRP, and D-dimer among PCR-SSCP polymorphisms of the
ATI1R gene.

Table (4-21): The Association of PCR-SSCP Polymorphisms of AT1R Gene in Diabetes

and Covid Patients groups with the Physiological Parameter

Subjects COVID +DM Sig.
1 2
Mean+S.E

FBS 228.0866.9 256.801+26.1 0.433
HbAlc 9.78+t1.3 9.060.3 0.691
INR 11.31*1.9 18.43+5.7 0.023*
INS 0.33%0.03 0.30=£0.01 0.429
IN 15.10*0.8 264147 0.011*
CRP 36.181+8.9 64.89+10.0 0.005**

D-dimer 806.01113.5 1353.64+40.4 0.0006**
Ferritin  657.7046.1 572.05+92.3 0.056

* significant at P-value < 0.05 ** significant at P-value <0.01
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The severity of COVID 19 is highly correlated with glycemic such as
insulin, insulin resistance, insulin sensitivity, and fasting blood sugar, because of
the ability of the Coronavirus to get into ACE 2 receptors of Beta cells in the
pancreas, liver cells and other organs (Gregory et al., 2022). Table (4-21) showed
highly significant differences between these parameters in diabetic patients
infected with covid-19.

Lippi et al(2020) studied four different cases about the blood parameters in
covid -19 patients which showed that there was a high correlation between
HbALc level and COVID contributing to the good diagnosis of disease, especially

the role of coronavirus in clot blood formation.

Hyperglycemia and insulin resistance resulting from diabetes, induce
increased synthesis of advanced glycation end products (AGEs) and pro-
inflammatory cytokines like CRP that generate oxidative stress (Cuschieri and
Grech, 2020). Such a finding went in line with our findings where an increase in

the percentage of CRP, ferritin, D-dimer was found.
4.8 rs657152 SNPs Gene Polymorphisms

For rs657152 genotyping, the genomic DNA was amplified using specific
primers and accomplished by the Thermo-cycler apparatus under the optimal
conditions The results revealed the presence of a single band (300 bp) of the target

sequence of rs657152 gene in agarose gel (figure 4-8).

1031 12° 13718 15 16
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Figure (4-8) the electrophoreses pattern of PCR product for rs657152, this
amplification product one band 300 bp, M: DNA ladder, lane (1-5) PCR product
of COVID only, (6-10) PCR product for COVID+DM, (11-16) for Control
groups. 1% agarose, 75V, 20 mA for 1 hour (5 ul in each well) annealing

temperature 58 Ce.

Deep-vein thrombosis and pulmonary embolism are common in individuals
with severe Covid-19, and the variation rs657152-A has been linked to these
disorders. Correlated polymorphisms are also linked to the increased levels of the
blood-clotting proteins von Willebrand factor and factor VIII, as well as
interleukin-6, both of which are typically elevated in Covid-19 patients. (Hu et al
., 2021).

A recent study found that those with blood types A or B, regardless of Covid-
19 status, have a greater risk of thromboembolic events than people with type O.
(picchiotti et al ., 2020) have shown that greater levels of the soluble lectin CD209

are related with the single-nucleotide polymorphism rs505922-C.
4-9 Sequencing

Figure (4-9) showed the results of gene polymorphism sequencing, where the
Single Nucleotide Polymorphism SNP was in two locations as shown in figure

4-9, first location A deletion and second location A insertion.
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Figure (4-9): Element of Detected rs657152 SNPs Pattern within the DNA
Chromatogram of the Targeted 300 bp Sequencing Distribution I (A), A in the Study
Group

4-9-1 The Sequence Distribution of Adenine Allele in Patients with Diabetes
Mellitus Infected Covid-19, Covid-19 only, and Control Group

Table (4-22) showed the association between the adenine allele sequencing
(A/lI= Addition and A/D=deletion) and the patients in the groups under study,
where the A/D showed a high value at (2.667) for diabetes mellitus infected
covid-19, covid-19, and control group respectively. The A/l showed a low value
at (1.300) for the same group. In contrast, table (4-23) showed the association
between the adenine allele sequencing (A/1= Addition and A/D=deletion) and the
patients in the groups under study where the A/l and A/D showed high value at
(0.433).
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Table (4-22): The Sequence Distribution of Adenine Alleles in Patients with Covid-19,
Covid-19 with Diabetes and Control Groups.

Sequences | Control @ Covid-19 = COVID- Qi P
DM square

No. (%)
All* 9(64.29%) 5(83.33%) 6(66.67%) = 1.300 0.522
A/D* 5(35.71%)  1(16.67%) | 3(33.33%) @ 2.667 0.264

*A/l refer to Adenine insertion, A/D refer to Adenine deletion

The ABO and Rh(D) blood types were not linked to an increased or decreased
risk of SARS-CoV-2 infection according to the findings. These findings
contradicted those of prior research, which had a significant influence on the
media. Other explanations for the inconsistent results existed, including samples
looked to be healthy and adult having with no obvious comorbidities. Only severe
instances of COVID-19 may be linked to ABO blood types. Another study
postulated that, whereas ABO blood type and/or cardiovascular disease were
predictive of the severity of COVID-19 in patients, they were not characteristics
predisposed to SARS-CoV-2 infection. 5 This notion was supported by a
pathophysiological mechanism: people with the blood type A were more likely

to acquire diabetes (Paré et al., 2008)

Lehrer and Rheinstein (2020) found no evidence that the ABO blood group
affected COVID-19 infection risk or outcome. More research will be needed to
confirm ABO's participation in COVID-19. The current study showed that SNP
rs657152 and its link to illness complications was related to Covid-19" as
regards the lIragi population ,although this did not mean it was a severe risk

factor.

The present study revealed that polymorphisms SNPs could cause a

considerable alteration in RNA secondary structure. These changes might cause
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dysregulations in ACE2 transcription/translation or protein stability, altering
COVID-19 binding to the ACE2 receptor and influencing SARS-CoV-2
pathogenesis. By exposing the sensitive amino acid sequence or changing its
appropriate folding, the secondary structure of MRNA generated by the described
polymorphisms may make a protein more susceptible to proteases (Pouladi and
Abdolahi,2021). ACE2 is involved in the balance of a system which its
malfunctioning has been linked to a number of conditions including hypertension,
heart failure, and diabetes mellitus (Gheblawi et al.,2020). In humans, several
studies have shown a strong association of alanine polymorphisms with diabetes.
Thus, together with the blood parameters, they can play an important role in
COVID-19 infection and the patients with these changes are more susceptible to
get the disease (Luo et al.,2019).

According to a study about diabetes mellitus, Ig A nephropathy, the DD
genotype, or D allele of this polymorphism has been associated with elevated
circulating and tissue ACE activity as well as increased risk for hypertension
and diabetic renal (Li et al., 2007).

The current study evaluated the association between sequence distribution of
adenine alleles (A/D, A/l) in covid-19 patients and diabetes patients with covid-
19 These results were consistent with the findings of the study by (Walls et
al.,2020) demonstrating that some of SNPs in ACE2 were associated with
COVID-19 disease and the genotype frequencies of rs2074192 and rs1978124
SNPs, In addition the relation between ACE2 SNPs with the severity of the

disease was increasing.
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4-9-2 The Sequence Distribution of Adenine Allele in Patients with Diabetes
Mellitus Infected Covid-19, Covid-19, and Control Group

Tables (4-23, 4-24, and 4-25) showed the Allele frequency between Covid-19
patients and control group, diabetes patients infected with covid-19 with a control

group, and diabetes patients infected with covid-19 and covid-19 patients.

The results of the first group (Covid-19 patients and the control group) did not
showed significant differences at the probability value (0.406) and the individual
ratio was 0.360 at the limits of about 0.032 - 4.006 as shown in table (4-23), while
in the second group (diabetes patients infected with covid-19 and control group)
did not also show any significant differences at the p-value (0.906) and the
individual percentage was 0.900 with a range of about 0.154 - 5.258 listed in the
table (4-24). Finally, the third group (diabetes patients infected covid-19 and
covid-19 patients) did not show any significant differences at the p-value (0.482)
and the individual percentage was 2.500 with a range of about 0.194-32.195 (table
4-25).

Table (4-23): Odd ratio of adenine alleles sequence between Covid-19 patients and

Control group.

Sequences Control COVID only | Odd ratio P
All* 9(64.29%) | 5(83.33%) 0.360 0.406
A/D* 5(35.71%) | 1(16.67%) (0.032-4.006)

Table (4-24): Odd ratio of Adenine Alleles Sequence between Diabetes Patients Infected
with Covid-19 and Control Group.

Sequences Control COVID-DM | Odd ratio P
All* 9(64.29%) | 6(66.67%) 0.900 0.906
A/D* 5(35.71%) | 3(33.33%) (0.154- 5.258)
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Table (4-25): Odd ratio of Adenine Alleles Sequence between Diabetes Patients Infected
Covid-19 and Covid-19 Patients.

Sequences Covid-19 | COVID-DM | Odd ratio P
All* 5(83.33%) | 6(66.67%) 2.500 0.482
A/D* 1(16.67%) | 3(33.33%) (0.194-32.195)

*A/l refer to Adenine insertion, A/D refer to Adenine deletion

Sienko and colleagues (2020) suggested that Some single nucleotide
polymorphisms (SNPs) in the ACE2 gene were a risk factor for COVID-19
infection. ACE2 structure, serum concentration, and circulating angiotensin
levels were all affected by (1-7) genotypes. Furthermore, there was evidence that
the ACE genotype could influence the outcomes of ARDS therapy, the most
serious complication of SARS-CoV-2 infection. The frequency of the ACE D
allele may influence COVID-19 morbidity, infection, and death. In light of the
COVID-19 pandemic, the goal of this narrative review was to evaluate and
determine the mechanisms of ACE-I and ARBs, with a focus on angiotensin
receptors and their polymorphism. These drugs have been often recommended to

aged people.

Yamamoto et al.(2021) studied the ACE1 gene (a homolog of ACE2) which
was linked to COVID-19 phenotypic expression, particularly in terms of severity.
The apparent disparity in mortality between West and East Asia appeared to be
explained by ethnic differences in the ACEL insertion (I)/deletion (D)
polymorphism, suggesting that the ACE1 Il genotype was a risk factor. This
conflicting conclusion may be true in some geographic locations, particularly
among specific patient populations. It might also be due to interactions with other

genes or biochemical pathways that are still unknown.
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4-9-3 The Association between Adenine Allele Sequence in Covid-19 patients

and the Blood Parameters

Table (4-26) showed the association between the adenine allele sequencing in
COVID-19 patients according to blood parameters. where the mean of FGB,
HbAL1C,INR,IN,CRP,D-dimer and ferritin showed significant differences at
(0.031,0.024,0.011, 0.0001, 0.0001, 0.0001 and 0.0001) respectively, while the
INS, did not show any significant differences at (p< 0.01 and < 0.05).

Table (4-26) The Association between Adenine Allele Sequence in Covid-19 Patient and

Blood Parameters.

Subjects COVID only Sig.
A/D* All*
Mean+S.E
FBS 180.0+10.2 107.68+13.7 0.031*
HbAlc 7.13+1.6 5.01+0.3 0.024*
INR 1.78+0.3 5.92+2.3 0.011*
INS 0.35+£0.01 0.32+0.02 0.614
IN 4.0+0.28 28.87+14.4 0.0001**
CRP 175.0£11.9 20.51+13.8 0.0001**
D-dimer  10000+100.6 1289.16+52.9 0.0001**
Ferritin 1200+54.7 250.40+18.7 0.0001**

*Significant at P-value < 0.05 ** significant at P-value < 0.01.

*A/l refer to Adenine insertion, A/D refer to Adenine deletion

The current results showed how addition and deletion in the adenine allele
sequence and blood parameters could influence an individual’s susceptibility to
SARS-CoV-2 infection and discussed some marker associated the diabetes (table
4-27). In addition, Residue changes of ACE2 receptor in the binding interface
would influence its expression and affinity with SARS-CoV-2 (Chen et al.,2021).
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Yi et al.(2006) studied the DNA sequencing technology to comprehensively
define the degree of inter-individual variations in susceptibility and subsequent
Immune responses determined by gene polymorphisms. As such, we compared
the adenine allele frequencies of expressions of 30 covid-19 and some
inflammatory proteins such as CRP, D-dimer, and ferritin that showed highly
significant differences at (0.0001) and found that they could partially account for
the differences in COVID-19 prevalence and morbidity rates in the region under

study.

4-9-4 The Association between Adenine Allele Sequence in Diabetes

Patients with Covid-19 and the Blood Parameters

Table (4-27) showed the association between the adenine allele sequencing in
COVID-19 patients according to blood parameters, where the mean of FBS, CRP,
D-dimer, and ferritin showed significant differences at (0.023,0.049,0.011, and
0.0001) respectively, while the HbAlc, INR, INS, and IN didn’t show any

significant differences.
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Table (4-27): The Association between Adenine Allele Sequence in Diabetes

Patients with Covid-19 and Blood Parameters

Subjects COVID +DM Sig.
A/D* All*
MeanzS.E

FBS 374.50£14.5 243.20+44.2 0.023*
HbAlc 9.30+1.9 8.49+0.7 0.415

INR 22.0618.2 18.2615.5 0.06
INS 0.30+0.03 0.29+0.01 0.122
IN 19.11+7.5 34.50+10.7 0.034
CRP 53.32+12.4 44.58+3.6 0.049*
D-dimer  343.25%£17.8 853.01+23.1 0.011*

Ferritin  183.31+28.6 1092.27+22.26 0.0001**

*Significant at P-value < 0.05 ** significant at P-value < 0.01.

*A/l refer to Adenine insertion, A/D refer to Adenine deletion

The current study described some potential mechanisms underlying the
increased susceptibility of patients with diabetes to a more severe COVID-19
disease, leading to higher morbidity and mortality. This mechanism involved
comparisons according to blood parameters, SSCP assay, and sequencing to
explain a possible increased susceptibility to infection with SARS-CoV-2 in

patients with diabetes.

According to above findings, the increase in the parameters associated with
diabetes such as FBG,HbA1c,INR, INS, and IN in A/D group compared A/l
group explained the susceptibility of diabetes patients to be infected by severe
covid-19 more than the other people . These results agreed with the study of
(Azar et al.,2020) who explained a possible increased susceptibility to infection

diabetes patients.
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Several reports showed a consensus on the role of ACE2 between diabetes
and COVID-19, since diabetic patients have high heterogeneity in ACE2
receptor-specific alleles. Thus, this would facilitate the viral entry and subsequent
replication while other infected people showed low levels of ACE2 and an
apparent increase in ACE2 due to other factors such as treatment with ACE/ARBS
and hyperglycemia (Fang et al.,2020). Some reports mentioned that the ACE2
genetic polymorphisms rs2106809 and rs2074192 in diabetics patients may cause
increasing in the levels of cytokines such as IL1-f and IL-6 and other
inflammatory proteins such as CRP, dimer, and ferritin so with a state of chronic
inflammation this is called a “cytokine storm”. They also suggested to change
AMPK/mTOR signaling pathway in patients with diabetes so as to aggravate
insulin resistance IN,(INR) and diabetes-induced complications (Suleiman et
al.,2021).
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Conclusion

1- COVID-19 has a strong relationship with Diabetes Mellitus (DM). It is
discovered that not only diabetes is a key risk factor for developing severe
COVID-19, but also the virus might trigger DM in some cases. They show
the bidirectional relationship between COVID-19 and DM.

2-The greater the age and duration of infection, the greater the impact of
the Covid virus on patients

3-The levels of IN, C-Reactive protein, D-dimer, and ferritin are markedly
in COVID-19 and COVID+DM increase in the severe covid patients.

4- Levels of FBG, HBA1C, and IN increase sometimes in covid and markedly
Covid+ Diabetes.

5- Gene polymorphism of ACE2 plays a role in the pathogenesis Covid-
19.

6- Disorder in levels of ACE2, and AT1R lead to increase progressive of
disease in Covid19 patients.
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Recommendation

1- Increasing the sample size of Covid patients of different severity, as
well as including other Iraqgi governorates

2- Studying the covid-19 with type 1 diabetes and The relationship of
covid-19 with other diseases such as pressure, kidney failure, heart
and stroke,attack.

3- Detecting the effective other blood markers such as alanine
aminotransferase (ALT), aspartate aminotransferase (AST), and higher
lactate dehydrogenase (LDH), higher creatine kinase (CK), and
immunological side IL-6, and IL-8.

4- Investigating, ACE2 antagonists may be considered as potential
therapeutic strategies to alleviate the complications associated with
COVID.19 disease.

5- Studying of other genes associated with covid-19 and diabetes
diseases such as PRKRA and LAPTM4B and other SNP in ABO blood
groups such as rs505922, rs8176719, and rs8176746.

6- Studying of gene expression using real-time PCR.

114



References




Reference

References

Abbaspour, N., Hurrell, R., and Kelishadi, R. (2014). Review on iron and its
importance for human health. Journal of research in medical sciences: the official

journal of Isfahan University of Medical Sciences, 19(2), 164.

Abdelsattar, S., Kasemy, Z. A., Ewida, S. F., Abo-Elsoud, R. A. A., Zytoon, A. A,
Abdelaal, G. A., ... & Kamel, H. F. M. (2022). ACE2 and TMPRSS2 SNPs as
Determinants of Susceptibility to, and Severity of, a COVID-19 Infection. British

Journal of Biomedical Science, 79, 10238.

Alshukry, A., Abbas, M. B., Ali, Y., Alahmad, B., Al-Shammari, A. A., Alhamar,
G., ... and Ali, H. (2021). Clinical characteristics and outcomes of COVID-19
patients with diabetes mellitus in Kuwait. Heliyon, 7(4), e06706.

Ahima, R. S., and Flier, J. S. (2000). Adipose tissue as an endocrine organ. Trends
in Endocrinology & Metabolism, 11(8), 327-332.

Alexandre, J., Cracowski, J. L., Richard, V., and Bouhanick, B. (2020, June). Renin-
angiotensin-aldosterone  system and COVID-19 infection. In Annales

d'endocrinologie (Vol. 81, No. 2-3, pp. 63-67). Elsevier Masson.

Alhazzani, W., Mgller, M. H., Arabi, Y. M., Loeb, M., Gong, M. N., & Fan, E. and
Du, B.(2020). Surviving Sepsis Campaign: guidelines on the management of crit

Ali, A. M., Rostam, H. M., Fatah, M. H., Noori, C. M., Ali, K. M., and Tawfeeq, H.
M. (2022). Serum troponin, D-dimer, and CRP level in severe coronavirus (COVID-

19) patients. Immunity, inflammation and disease, 10(3), €582.

115



Reference

Alon, T., Doepke, M., Olmstead-Rumsey, J., and Tertilt, M. (2020). The impact of
COVID-19 on gender equality (No. w26947). National Bureau of economic

research.

Al-Sarraj, S., Troakes, C., Hanley, B., Osborn, M., Richardson, M. P., Hotopf, M.,
... and Everall, I. P. (2021). Invited Review: The spectrum of neuropathology in
COVID-19. Neuropathology and applied neurobiology, 47(1), 3-16.

American Diabetes Association Diagnosis and classification of diabetes mellitus.
Diabetes Care 2014;37(Suppl. 1):S81-S90

Andersen, K. G., Rambaut, A., Lipkin, W. I., Holmes, E. C., and Garry, R. F.
(2020). A origem proximal do SARS-CoV-2. Nat Med, 26(4), 450-452.
Annunziata A, Coppola A, Lanza M, Simioli F, Imitazione P, Pepe N, et al. ACE

DD polymorphism in severe COVID-19. Journal of Translational Science 2020 7:
DOI: 10.15761/JTS.1000396.

Arentz, M., Yim, E., Klaff, L., Lokhandwala, S., Riedo, F. X., Chong, M., and Lee,
M. (2020). Characteristics and outcomes of 21 critically ill patients with COVID-19
in Washington State. Jama, 323(16), 1612-1614.

Ashavaid, T. F., Shalia, K. K., Nair, K. G., and Dalal, J. J. (2000). ACE and AT1R

gene polymorphisms and hypertension in Indian population. Journal of Clinical
Laboratory Analysis, 14(5), 230-237.

Ashavaid, T. F., Shalia, K. K., Nair, K. G., and Dalal, J. J. (2000). ACE and AT1R
gene polymorphisms and hypertension in Indian population. Journal of Clinical
Laboratory Analysis, 14(5), 230-237.

Asrih, M., & Jornayvaz, F. R. (2013). Inflammation as a potential link between
nonalcoholic fatty liver disease and insulin resistance. J Endocrinol, 218(3), R25-36.
Azar, W. S., Njeim, R., Fares, A. H., Azar, N. S., Azar, S. T., El Sayed, M., & Eid,
A. A. (2020). COVID-19 and diabetes mellitus: how one pandemic worsens the
other. Reviews in Endocrine and Metabolic Disorders, 21(4), 451-463.

116



Reference

Badawi A. Hypercytokinemia and Pathogen-Host Interaction in COVID-19.Jir
(2020) 13:255-61. d0i:10.2147/jir.s259096.

Badawi, A., and Ryoo, S. G. (2016). Prevalence of comorbidities in the Middle
East respiratory syndrome coronavirus (MERS-CoV): a systematic review and
meta-analysis. International Journal of Infectious Diseases, 49, 129-133.

Baergen, R. N., and Heller, D. S. (2020). Placental pathology in Covid-19 positive
mothers: preliminary findings. Pediatric and Developmental Pathology, 23(3), 177-
180.

Bai, Y., Yao, L., Wei, T., Tian, F., Jin, D. Y., Chen, L., Wang, M. (2020). Presumed
asymptomatic carrier transmission of COVID-19. Jama, 323(14), 1406-1407.

Baig, A. M., Khaleeqg, A., Ali, U., and Syeda, H. (2020). Evidence of the COVID-
19 virus targeting the CNS: tissue distribution, host—virus interaction, and proposed
neurotropic mechanisms. ACS chemical neuroscience, 11(7), 995-998.

Barham,D. and Trinder,P.(1972).Analyst;97-142

Barnkob, M. B., Pottegard, A., Stevring, H., Haunstrup, T. M., Homburg, K.,
Larsen, R., ... & Barington, T. (2020). Reduced prevalence of SARS-CoV-2
infection in ABO blood group O. Blood advances, 4(20), 4990-4993.

Barnkob, M. B., Pottegard, A., Stevring, H., Haunstrup, T. M., Homburg, K.,
Larsen, R., ... and Barington, T. (2020). Reduced prevalence of SARS-CoV-2
infection in ABO blood group O. Blood advances, 4(20), 4990-4993.

Behal, R., Jain, R., Behal, K. K., and Dhole, T. N. (2010). Variation in the host
ABO blood group may be associated with susceptibility to hepatitis C virus
infection. Epidemiology and Infection, 138(8), 1096-1099.

Benigni, J. P., Sadoun, S., Banet, M., and Derreumeaux, B. (1999). Syndrome de la
classe économique: Intérét d'une enquéte épidémiologique. Phlébologie, 52(2), 133-
136.

117



Reference

Beyerstedt, S., Casaro, E. B., amd Rangel, E. B. (2021). COVID-19: angiotensin-
converting enzyme 2 (ACE2) expression and tissue susceptibility to SARS-CoV-2
infection. European Journal of Clinical Microbiology & Infectious Diseases, 1-15.
Bharadwaj, M. S., Strawn, W. B., Groban, L., Yamaleyeva, L. M., Chappell, M.
C., Horta, C., ... and Brosnihan, K. B. (2011). Angiotensin-converting enzyme 2
deficiency is associated with impaired gestational weight gain and fetal growth
restriction. Hypertension, 58(5), 852-858.

Bharadwaj, M. S., Strawn, W. B., Groban, L., Yamaleyeva, L. M., Chappell, M.
C., Horta, C., ... and Brosnihan, K. B. (2011). Angiotensin-converting enzyme 2
deficiency is associated with impaired gestational weight gain and fetal growth
restriction. Hypertension, 58(5), 852-858.

Bhatraju, P. K., Ghassemieh, B. J., Nichols, M., Kim, R., Jerome, K. R., Nalla, A.
K., ... and Mikacenic, C. (2020). Covid-19 in critically ill patients in the Seattle
region—case series. New England Journal of Medicine, 382(21), 2012-2022.
Bonnardeaux A, Davies E, Jeunemaitre X, et al. Angiotensin Il type | receptor gene

polymorphisms in human essential hypertension. Hypertension 2006;24:63—69.

Bourgonje, A.R., Abdulle, A.E., Timens, W., Hillebrands, J.L., Navis, G.J.,
Gordijn, S.J., Bolling, M.C., Dijkstra, G., Voors, A.A., Osterhaus, A.D.M.E., van
der Voort, P.H.J., Mulder, D.J., van Goor, H.J., 2020. Angiotensin converting
enzyme-2 (ACE2), SARS-CoV-2 and pathophysiology of Coronavirus disease 2019
(COVID-19). J. Pathol. https://doi.org/10.1002/path.5471.

Bradding, P., Richardson, M., Hinks, T. S., Howarth, P. H., Choy, D. F., Arron, J.
R., ... and Siddiqui, S. (2020). ACE2, TMPRSS2, and furin gene expression in the
airways of people with asthma—implications for COVID-19. The Journal of allergy
and clinical immunology, 146(1), 208.

Brake, S. J., Barnsley, K., Lu, W., McAlinden, K. D., Eapen, M. S., and Sohal, S.
S. (2020). Smoking upregulates angiotensin-converting enzyme-2 receptor: a

118


https://doi.org/10.1002/path.5471

Reference

potential adhesion site for novel coronavirus SARS-CoV-2 (Covid-19). Journal of
clinical medicine, 9(3), 841.
Brann, D. H., Tsukahara, T., Weinreb, C., Lipovsek, M., Van den Berge, K., Gong,

B., ... and Datta, S. R. (2020). Non-neuronal expression of SARS-CoV-2 entry
genes in the olfactory system suggests mechanisms underlying COVID-19-
associated anosmia. Science advances, 6(31), eabc5801.

Bronson, S. C. (2020). Letter to the Editor in response to the article “Lack of Type
1 Diabetes involvement in the SARS-CoV-2 population: Only a particular
coincidence?”. diabetes research and clinical practice, 167.

Brosnihan, K. B., Neves, L. A. A., Anton, L., Joyner, J., Valdes, G., and Merrill,
D. C. (2004). Enhanced expression of Ang-(1-7) during pregnancy. Brazilian
Journal of Medical and Biological Research, 37, 1255-1262.

Bunyavanich, S., Do, A., and Vicencio, A. (2020). Nasal gene expression of
angiotensin-converting enzyme 2 in children and adults. Jama, 323(23), 2427-2429.
Byun, S., Ruffini, C., Mills, J. E., Douglas, A. C., Naing, M., Stepchenkova, S., .
.. Atallah, M. (2009). Internet addiction: Metasynthesis of 1996-2006 quantitative
research. Cyberpsychology and behavior, 12(2), 203-207.

Calcagnile M, Forgez P, lannelli A, Bucci C, Alifano M, Alifano P. Molecular
docking simulation reveals ACE2 polymorphisms that may increase the affinity of
ACE2 with the SARS-CoV-2 spike protein. Biochimie 2021; 180:143-148.
Carey, R. M. (2003). Siragy HM. The intrarenal renin-angiotensin system and
diabetic nephropathy. Trends Endocrinol Metab, 14, 274-281.

Carrasco-Sanchez, F. J., Lopez-Carmona, M. D., Martinez-Marcos, F. J., Pérez-
Belmonte, L. M., Hidalgo-Jiménez, A., Buonaiuto, V., ... and SEMI-COVID-19
Network. (2021). Admission hyperglycaemia as a predictor of mortality in patients
hospitalized with COVID-19 regardless of diabetes status: data from the Spanish
SEMI-COVID-19 Registry. Annals of medicine, 53(1), 103-116.

119



Reference

Carsana, L., Sonzogni, A., Nasr, A., Rossi, R. S., Pellegrinelli, A., Zerbi, P., ... and
Nebuloni, M. (2020). Pulmonary post-mortem findings in a series of COVID-19
cases from northern Italy: a two-centre descriptive study. The Lancet infectious
diseases, 20(10), 1135-1140.
Castagnoli, R., Votto, M., Licari, A., Brambilla, 1., Bruno, R., Perlini, S., ... and
Marseglia, G. L. (2020). Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection in children and adolescents: a systematic review. JAMA
pediatrics, 174(9), 882-889.
Ceolotto, G., Papparella, 1., Bortoluzzi, A., Strapazzon, G., Ragazzo, F., Bratti, P.,
.-and Semplicini, A. (2011). Interplay between miR-155, AT1R A1166C
polymorphism, and AT1R expression in young untreated hypertensives. American
journal of hypertension, 24(2), 241-246.
Ceriello, A. (2020). Hyperglycemia and COVID-19: What was known and what is
really new?. Diabetes research and clinical practice, 167.
Chan, L., and Coca, S. G. (2020). Acute kidney injury in the time of COVID-19.
Kidney360, 1(7), 588-590.
Chang, W. H. (2020). Understanding the COVID-19 pandemic from a gender
perspective. Taiwanese Journal of Obstetrics and Gynecology, 59(6), 801-807.
Channappanavar, R., and Perlman, S. (2017, July). Pathogenic human coronavirus
infections: causes and consequences of cytokine storm and immunopathology. In
Seminars in immunopathology (Vol. 39, No. 5, pp. 529-539). Springer Berlin
Heidelberg.
Chaudhary M. COVID-19  Susceptibility:  Potential of ACE2
Polymorphisms.Egypt J Med Hum Genet (2020) 21:1-8. doi:10.1186/s43042-020-
00099-9.

120



Reference

Chakrani, Z., Robinson, K., and Taye, B. (2018). Association between ABO
blood groups and Helicobacter pylori infection: a meta-analysis. Scientific
reports, 8(1), 1-11.

Chen Fei, Zhang Yankun, Li Xiaoyun, Li Wen, Liu Xuan, Xue Xiny. The Impact
of ACE2 Polymorphisms on COVID-19 Disease: Susceptibility, Severity, and
Therapy Frontiers in Cellular and Infection Microbiology. VOLUME 11, 2021,
DOI=10.3389/fcimb.2021.753721 .

Chen, G., Wu, D. 1., Guo, W., Cao, Y., Huang, D., Wang, H., ... and Ning, Q.
(2020). Clinical and immunological features of severe and moderate coronavirus
disease 2019. The Journal of clinical investigation, 130(5), 2620-2629.

Chen, H., Guo, J., Wang, C., Luo, F., Yu, X., Zhang, W., ... and Zhang, Y. (2020).
Clinical characteristics and intrauterine vertical transmission potential of COVID-
19 infection in nine pregnant women: a retrospective review of medical records.
The lancet, 395(10226), 809-815.

Chen, 1. Y., Moriyama, M., Chang, M. F., and Ichinohe, T. (2019). Severe acute
respiratory syndrome coronavirus viroporin 3a activates the NLRP3 inflammasome.
Frontiers in microbiology, 10, 50.

Chen, J., Jiang, Q., Xia, X., Liu, K., Yu, Z., Tao, W., ... and Han, J. D. J. (2020).
Individual variation of the SARS-CoV-2 receptor ACE2 gene expression and
regulation. Aging cell, 19(7), e13168.

Chen, J., Ping, L., and Li, L. (2020). Preliminary study of hydroxychloroquine
sulfate in treating common coronavirus disease (COVID-19) patients in 2019.
Journal of Zhejiang University (Medical Science).

Chen, M., Zhu, B., Chen, D., Hu, X., Xu, X., Shen, W. J., ... and Qu, S. (2021).
COVID-19 may increase the risk of insulin resistance in adult patients without

diabetes: a 6-month prospective study. Endocrine Practice, 27(8), 834-841.

121



Reference

Chen, N., Zhou, M., Dong, X., Qu, J., Gong, F., Han, Y., ... and Zhang, L. (2020).
Epidemiological and clinical characteristics of 99 cases of 2019 novel coronavirus
pneumonia in Wuhan, China: a descriptive study. The lancet, 395(10223), 507-513.
Cheng, Y., Cheng, G., Chui, C. H., Lau, F. Y., Chan, P. K., Ng, M. H., ... and Wong,
R. S. (2005). ABO blood group and susceptibility to severe acute respiratory
syndrome. Jama, 293(12), 1447-1451.

Connors, J. M., & Levy, J. H. (2020). COVID-19 and its implications for
thrombosis and anticoagulation. Blood, 135(23), 2033-2040.

Connors, J. M., and Levy, J. H. (2020). Thromboinflammation and the
hypercoagulability of COVID-19. J Thromb Haemost, 18(7), 1559-1561.

Coperchini, F., Chiovato, L., Croce, L., Magri, F., Rotondi, M., 2020. The Cytokine
storm in COVID-19: an overview of the involvement of the chemokine/chemokine-
receptor system. Cytokine Growth Factor Rev. https://doi.org/10.1016/].
cytogfr.2020.05.003.

Cosma, S., Carosso, A. R., Cusato, J., Borella, F., Carosso, M., Bovetti, M., ... and
Benedetto, C. (2021). Coronavirus disease 2019 and first-trimester spontaneous
abortion: a case-control study of 225 pregnant patients. American journal of
obstetrics and gynecology, 224(4), 391-el.

Coto, E., Avanzas, P., and Gomez, J. (2021). The renin—angiotensin—aldosterone
system and coronavirus disease 2019. European Cardiology Review, 16.

Cui, S., Chen, S., Li, X,, Liu, S., and Wang, F. (2020). Prevalence of venous
thromboembolism in patients with severe novel coronavirus pneumonia. Journal of
Thrombosis and Haemostasis, 18(6), 1421-1424.

Cure, E., and Cure, M. C. (2020). Angiotensin-converting enzyme inhibitors and
angiotensin receptor blockers may be harmful in patients with diabetes during
COVID-19 pandemic. Diabetes & Metabolic Syndrome: Clinical Research &
Reviews, 14(4), 349-350.

122



Reference

Cuschieri S, Grech S. COVID-19 and diabetes: the why, the what and the how. J
Diabetes Complications. 2020;34(9):107637.

Cuschieri S, Grech S. COVID-19 and diabetes: the why, the what and the how. J
Diabetes Complications. 2020;34(9):107637.

Deng Y, LiuW, Liu K, et al. Clinical characteristics of fatal and recovered cases of
coronavirus disease 2019 in Wuhan, China: a retrospective study. Chin Med J
(Engl). 2020; 133: 1261-1267. https://doi. org/10.1097/CM9.0000000000000824
PMID: 32209890

Deng, M., Qi, Y., Deng, L., Wang, H., Xu, Y., Li, Z., ... and Dai, Z. (2020). Obesity
as a potential predictor of disease severity in young COVID-19 patients: a
retrospective study. Obesity, 28(10), 1815-1825.

Devaux, C.A., Rolain, J.M., Raoult, D., 2020. ACE2 receptor polymorphism:
susceptibility to SARS-CoV-2, hypertension, multi-organ failure, and COVID-19
disease outcome. J. Microbiol. Immunol Infect.

Ding, Y., He, L. I, Zhang, Q., Huang, Z., Che, X., Hou, J., ... and Jiang, S. (2004).
Organ distribution of severe acute respiratory syndrome (SARS) associated
coronavirus (SARS-CoV) in SARS patients: implications for pathogenesis and virus
transmission pathways. The Journal of Pathology: A Journal of the Pathological
Society of Great Britain and Ireland, 203(2), 622-630.

Docherty, A. B., Harrison, E. M., Green, C. A., Hardwick, H. E., Pius, R., Norman,
L., ... and Semple, M. G. (2020). Features of 20 133 UK patients in hospital with
covid-19 using the ISARIC WHO Clinical Characterisation Protocol: prospective
observational cohort study. bmj, 369.

Dong, Y., Mo, X., Hu, Y., Qi, X,, Jiang, F., Jiang, Z., and Tong, S. (2020).

Epidemiology of COVID-19 among children in China. Pediatrics, 145(6).
Du Clos, T. W. (2000). Function of C-reactive protein. Annals of medicine, 32(4),
274-278.

123



Reference

Dungan, K. M., Braithwaite, S. S., and Preiser, J. C. (2009). Stress hyperglycaemia.
The Lancet, 373(9677), 1798-1807.

Duvnjak, L., and Duvnjak, M. (2009). The metabolic syndrome-an ongoing story.
J Physiol Pharmacol, 60(Suppl 7), 19-24.

Williamson, E. J., Walker, A. J., Bhaskaran, K., Bacon, S., Bates, C., Morton, C.
E., ... and Goldacre, B. (2020). OpenSAFELY:: factors associated with COVID-19
death in 17 million patients. Nature, 584(7821), 430.

Aladag, E., Tas, Z., Ozdemir, B. S., Akbaba, T. H., Akpmar, M. G., Goker, H., ...
and Sayinalp, N. (2021). Human Ace D/l Polymorphism Could Affect the
Clinicobiological Course of COVID-19. Journal of the Renin-Angiotensin-
Aldosterone System, 2021.

El-Arif, G., Khazaal, S., Farhat, A., Harb, J., Annweiler, C., Wu, Y., ... and Sabatier,
J. M. (2022). Angiotensin Il Type | Receptor (AT1R): The Gate towards COVID-
19-Associated Diseases. Molecules, 27(7), 2048.

Eppy, E., Suhendro, S., Nainggolan, L., and Rumende, C. M. (2016). The
differences between interleukin-6 and C-reactive protein levels among adult patients
of dengue infection with and without plasma leakage. Acta Medica Indonesiana,
48(1), 3.

Fadini GP, Morieri ML, Longato E, Avogaro A Prevalence and impact of diabetes
among people infected with SARSCoV-2. J Endocrinol Invest. 2020

Fadini, G. P., Morieri, M. L., Boscari, F., Fioretto, P., Maran, A., Busetto, L., and
Vettor, R. (2020). Newly-diagnosed diabetes and admission hyperglycemia predict
COVID-19 severity by aggravating respiratory deterioration. diabetes research and
clinical practice, 168, 108374.

124



Reference

Fadini, G. P., Morieri, M. L., Longato, E., and Avogaro, D. A. (2020). Prevalence
and impact of diabetes among people infected with SARS-CoV-2. Journal of
endocrinological investigation, 43(6), 867-869.

Fan H, Li S, Gu W, et al. Association between angiotensin Il type | receptor gene
and human essential hypertension. Chung-Hua I Hsuesh | Chuan Hsueh Tsa Chih
2018;15(2):101-103.

Fang L, Karakiulakis G, Roth M. Are patients with hypertension and diabetes
mellitus at increased risk for COVID-19 infection? Lancet Respir Med.
2020;8(4):e21. https://doi.org/10.1016/ S2213-2600(20)30116-8.

Fang L, Karakiulakis G, Roth M. Are patients with hypertension and diabetes
mellitus at increased risk for COVID-19 infection? Lancet Respir Med.
2020;8(4):e21. https://doi.org/10.1016/ S2213-2600(20)30116-8.

Fei, Y., Tang, N., Liu, H., and Cao, W. (2020). Coagulation DysfunctionA Hallmark
in COVID-19. Archives of pathology & laboratory medicine, 144(10), 1223-1229.

Ference, B. A., Kastelein, J. J., Ray, K. K., Ginsberg, H. N., Chapman, M. J.,
Packard, C. J., ... & Catapano, A. L. (2019). Association of triglyceride-lowering
LPL variants and LDL-C-lowering LDLR variants with risk of coronary heart
disease. Jama, 321(4), 364-373.

fgene.2020.564741.

Files, D. C., Gibbs, K. W., Schaich, C. L., Collins, S. P., Gwathmey, T. M., Casey,
J. D., ... and Chappell, M. C. (2021). A pilot study to assess the circulating renin-

angiotensin system in COVID-19 acute respiratory failure. American Journal of
Physiology-Lung Cellular and Molecular Physiology, 321(1), L213-L218.
Finucane, F. M., and Davenport, C. (2020). Coronavirus and obesity: could insulin
resistance mediate the severity of Covid-19 infection?. Frontiers in public
health, 8, 184.

125


https://doi.org/10.1016/

Reference

Foresta, C., Rocca, M. S., and Di Nisio, A. (2021). Gender susceptibility to
COVID-19: a review of the putative role of sex hormones and X chromosome.
Journal of Endocrinological Investigation, 44(5), 951-956.

Gao, Y., Wang, Y., Zhai, X., He, Y., Chen, R., Zhou, J., ... and Wang, Q. (2017).
Publication trends of research on diabetes mellitus and T cells (1997-2016): a 20-
year bibliometric study. PLoS One, 12(9), e0184869.

Garvin, M. R, Alvarez, C., Miller, J. |, Prates, E. T., Walker, A. M., Amos, B. K.,
... and Jacobson, D. (2020). A mechanistic model and therapeutic interventions for
COVID-19 involving a RAS-mediated bradykinin storm. Elife, 9, e59177.

Gaul, D.S., Weber, J., Van Tits, L.J., Sluka, S., Pasterk, L., Reiner, M.F., Calatayud,
N., Lohmann, C., Klingenberg, R., Pahla, J., Vdovenko, D., Tanner, F.C., Camici,
G.G., Eriksson, U., Auwerx, J., Mach, F., Windecker, S., Rodondi, N.L., Uuml
Scher, T.F., Winnik, S., Matter, C.M., 2018. Loss of Sirt3 accelerates arterial
thrombosis by increasing formation of neutrophil extracellular traps and plasma
tissue factor activity. Cardiovasc. Res. 114, 1178-1188.

Gebhard, C., Regitz-Zagrosek, V., Neuhauser, H. K., Morgan, R., and Klein, S. L.
(2020). Impact of sex and gender on COVID-19 outcomes in Europe. Biology of
sex differences, 11(1), 1-13.

Genetic Association of ACE2 Rs2285666 Polymorphism with COVID-19 Spatial
Distribution in India. Front Genet (2020) 11:564741. doi:10.3389/

Gentile, S., Strollo, F.,, Mambro, A., and Ceriello, A. (2020). COVID-19,
ketoacidosis and new-onset diabetes: are there possible cause and effect
relationships among them?. Diabetes Obes Metab, 2507-2508.

Gheblawi M, Wang K, Viveiros A, Nguyen Q, Zhong JC, Turner AJ, et al.
Angiotensin-Converting Enzyme 2: SARS-CoV-2 Receptor and Regulator of the

Renin-Angiotensin System: Celebrating the 20th Anniversary of the Discovery of

126



Reference

ACE2. Circ Res. 2020; 126(10):1456-1474. https://doi.org/10.
1161/CIRCRESAHA.120.317015 PMID: 32264791

Giamarellos-Bourboulis EJ, Netea MG, Rovina N, et al. Complex Immune

Dysregulation in COVID-19 Patients with Severe Respiratory Failure. Cell Host
Microbe. 2020; 27: 992—-1000. https://doi.org/10. 1016/j.chom.2020.04.009 PMID:
32320677

Ginter, E., and Simko, V. (2013). Type 2 diabetes mellitus, pandemic in 21st
century. Diabetes, 42-50. 1ISO690

Gomez J, Albaiceta GM, Garcia-Clemente M, Lopez-Larrea C, Amado- Rodreguez
L, Lopez-Alonso I, et al. Angiotensin-converting enzymes (ACE, ACE2) gene
variants and COVID-19 outcome. Gene 2020; 762: 145102.

Gregory JM, Slaughter JC, Duffus SH, et al. COVID-19 Severity Is Tripled in the
Diabetes Community: A Prospective Analysis of the Pandemic's Impact in Type 1
and Type 2 Diabetes [published correction appears in Diabetes Care. 2022 Mar
02;:]. Diabetes Care. 2021;44(2):526-532. d0i:10.2337/dc20-2260

Groop, L. C., Bonadonna, R. C., DelPrato, S., Ratheiser, K., Zyck, K., Ferrannini,
E., and DeFronzo, R. A. (1989). Glucose and free fatty acid metabolism in non-
insulin-dependent diabetes mellitus. Evidence for multiple sites of insulin resistance.
The Journal of clinical investigation, 84(1), 205-213.

Grol3, S., Jahn, C., Cushman, S., B™ar, C., Thum, T., 2020. SARS-CoV-2 receptor
ACE2- dependent implications on the cardiovascular system: from basic science to
clinical implications. J. Mol. Cell. Cardiol. 144, 47-53. https://doi.org/10.1016/j.
yjmcc.2020.04.031.

Group SCG, Ellinghaus D., Degenhardt F., Bujanda L., Buti M., Albillos A.,
Invernizzi P., Fernandez J., Prati D., Baselli G., Asselta R., Grimsrud M.M., Milani
C., Aziz F., Kassens J., May S., Wendorff M., Wienbrandt L., Uellendahl-Werth F.,

127


https://doi.org/10
https://doi.org/10.1016/j.%20yjmcc.2020.04.031
https://doi.org/10.1016/j.%20yjmcc.2020.04.031

Reference

Zheng T., Yi X,, de Pablo R., Chercoles A.G., Palom A., Garcia-Fernandez A.E.,
Rodriguez-Frias F., Zanella A., Bandera A., Protti A., Aghemo A., et al.,
Genomewide association study of severe covid-19 with respiratory failure. N. Engl.
J. Med. 2020;383:1522-1534.

Guan WJ, Ni ZY, Hu Y, et al. Clinical characteristics of coronavirus disease 2019
in China. N Engl J Med 2020;382:1708-20.

Guan, W. J., Ni, Z. Y., Hu, Y., Liang, W. H., Ou, C. Q., He, J. X,, ... and Zhong,
N. S. (2020). Clinical characteristics of coronavirus disease 2019 in China. New
England journal of medicine, 382(18), 1708-1720.

Gubernatorova, E.O., Gorshkova, E.A., Polinova, A.l., Drutskaya, M.D., 2020.
IL-6: relevance for immunopathology of SARS-CoV-2. Cytokine Growth Factor
Rev. https://doi.org/10.1016/j.cytogfr.2020.05.009.

Guillon P, Clement M, Sébille V, et al. Inhibition of the ninteraction between the
SARS-CoV Spike protein and its cellular receptor by antihisto-blood group
antibodies. Glycobiology 2008; 18: 1085-93.

Guo, W., Li, M., and Dong, Y. Diabetes is a risk factor for the progression and

prognosis of COVID-19 [published online March 31, 2020]. Diabetes Metab Res
Rev.

Guo, W., Li, M., Dong, Y., Zhou, H., Zhang, Z., Tian, C., ... and Hu, D. (2020).
Diabetes is a risk factor for the progression and prognosis of COVID-19.
Diabetes/metabolism research and reviews, 36(7), e33109.

Guo, W., Li, M., Dong, Y., Zhou, H., Zhang, Z., Tian, C., ... and Hu, D. (2020).
Diabetes is a risk factor for the progression and prognosis of COVID-19.
Diabetes/metabolism research and reviews, 36(7), e3319.

Guo, W, Li, M., Dong, Y., Zhou, H., Zhang, Z., Tian, C., ... and Hu, D. (2020).
Diabetes is a risk factor for the progression and prognosis of COVID-19.

Diabetes/metabolism research and reviews, 36(7), e3319.

128


https://doi.org/10.1016/j.cytogfr.2020.05.009

Reference

Gupta, R., Ghosh, A., Singh, A. K., and Misra, A. (2020). Clinical considerations
for patients with diabetes in times of COVID-19 epidemic. Diabetes & metabolic
syndrome, 14(3), 211.

Gurwitz, D. (2020). Angiotensin receptor blockers as tentative SARS-CoV-2
therapeutics. Drug development research, 81(5), 537-540.

Hamming, 1., Timens, W., Bulthuis, M. L. C., Lely, A. T., Navis, G. V., and van
Goor, H. (2004). Tissue distribution of ACE2 protein, the functional receptor for
SARS coronavirus. A first step in understanding SARS pathogenesis. The Journal
of Pathology: A Journal of the Pathological Society of Great Britain and Ireland,
203(2), 631-637.

Harmer, D., Gilbert, M., Borman, R., and Clark, K. L. (2002). Quantitative mRNA

expression profiling of ACE 2, a novel homologue of angiotensin converting
enzyme. FEBS letters, 532(1-2), 107-110.

Helms, J., Kremer, S., Merdji, H., Clere-Jehl, R., Schenck, M., Kummerlen, C., ...
and Meziani, F. (2020). Neurologic features in severe SARS-CoV-2 infection. New
England Journal of Medicine, 382(23), 2268-2270.

Henry BM, de Oliveira MHS, Benoit S, Plebani M, Lippi G. Hematologic,
biochemical and immune biomarker abnormalities associated with severe illness
and mortality in coronavirus disease 2019 (COVID- 19): a meta-analysis. Clin
Chem Lab Med. 2020; 58: 1021-1028. https://doi.org/10.1515/cclm-2020- 0369
PMID: 32286245.

Higham, A., and Singh, D. (2020). Increased ACE2 expression in bronchial
epithelium of COPD patients who are overweight. Obesity, 28(9), 1586-1589.
Hoffmann, M., Kleine-Weber, H., Schroeder, S., Kriiger, N., Herrler, T., Erichsen,
S.,...and Wu, N. (2020). H., Nitsche A., Miller MA, Drosten C., Péhlmann S. Cell,
181, 271.

Hollstein T, Schulte DM, Schulz J, Glick A, Ziegler AG, Bonifacio E, et al.
Autoantibody-Negative Insulin-Dependent Diabetes Mellitus After SARSCoV-2

129



Reference

Infection: A Case Report. Nat Metab (2020) 2(10):1021-4. doi: 10.1038/s42255-
020-00281-8.

Holman, N., Knighton, P., Kar, P., O'Keefe, J., Curley, M., Weaver, A., ... and
Valabhji, J. (2020). Risk factors for COVID-19-related mortality in people with type
1 and type 2 diabetes in England: a population-based cohort study. The lancet
Diabetes & endocrinology, 8(10), 823-833.

Holanda, M. A., & Pinheiro, B. V. (2020). COVID-19 pandemic and mechanical
ventilation: facing the present, designing the future. Jornal Brasileiro de
Pneumologia, 46.

Hongyo ,T, Buzard GS, Calvert RJ, and Weghorst, CM (1993) ‘Cold SSCP’: a
simple, rapid and non-radioactive method for optimized single-strand conformation

polymorphism analyses.Nucleic Acids Research., 21, 3637-3642.

Hu B, Guo H, Zhou P, Shi ZL. Characteristics of SARS-CoV-2 and COVID-19.
Nat Rev Microbiol 2021;19(3):141-54.

Hussain, A., Bhowmik, B., and do Vale Moreira, N. C. (2020). COVID-19 and
diabetes: Knowledge in progress. Diabetes research and clinical practice, 162,
108142,

Hussain, A., Mahawar, K., Xia, Z., Yang, W., and El-Hasani, S. (2020). Obesity
and Mortality of COVID-19. Meta-Analysis. Obes. Res. Clin. Pract. 14 (4), 295—
300. doi: 10.1016/j.0rcp.2020.07.002.

Imai, Y., Kuba, K., Rao, S., Huan, Y., Guo, F., Guan, B., ... & Penninger, J. M.
(2005). Angiotensin-converting enzyme 2 protects from severe acute lung failure.
Nature, 436(7047), 112-116.

Igbal, S., & Naseem, I. (2015). Role of vitamin A in type 2 diabetes mellitus

biology: effects of intervention therapy in a deficient state. Nutrition, 31(7-8), 901-
907.

130



Reference

Izmailova, O., Shlykova, O., Vatsenko, A., Ivashchenko, D., Dudchenko, M.,
Koval, T., & Kaidashev, 1. (2022). Allele C (rs5186) of atlr is associated with the
severity of COVID-19 in the Ukrainian population. Infection, Genetics and
Evolution, 105227.

Gomez, J., Albaiceta, G. M., Garcia-Clemente, M., Lopez-Larrea, C., Amado-
Rodriguez, L., Lopez-Alonso, ., ... and Coto, E. (2020). Angiotensin-converting
enzymes (ACE, ACE2) gene variants and COVID-19 outcome. Gene, 762, 145102.
Jafar, N., Edriss, H., and Nugent, K. (2016). The effect of short-term
hyperglycemia on the innate immune system. The American journal of the medical
sciences, 351(2), 201-211.

Jagannathan-Bogdan, M., McDonnell, M. E., Shin, H., Rehman, Q., Hasturk, H.,
Apovian, C. M., and Nikolajczyk, B. S. (2011). Elevated proinflammatory cytokine
production by a skewed T cell compartment requires monocytes and promotes
inflammation in type 2 diabetes. The Journal of Immunology, 186(2), 1162-1172.
James, M. T., Grams, M. E., Woodward, M., Elley, C. R., Green, J. A., Wheeler,
D. C., ... and Ballew, S. H. (2015). A meta-analysis of the association of estimated
GFR, albuminuria, diabetes mellitus, and hypertension with acute kidney injury.
American Journal of Kidney Diseases, 66(4), 602-612.

Jiang, S., Hillyer, C., and Du, L. (2020). Neutralizing antibodies against SARS-
CoV-2 and other human coronaviruses. Trends in immunology, 41(5), 355-359.
Jir (2020) 13:255-61. doi:10.2147/jir.s259096.

Kabbani, N., and Olds, J. L. (2020). Does COVID19 infect the brain? If so, smokers
might be at a higher risk. Molecular pharmacology, 97(5), 351-353.

Kaiser, J. (2020). Found: genes that sway the course of the coronavirus.
Karagiannidis, C., Mostert, C., Hentschker, C., Voshaar, T., Malzahn, J.,

Schillinger, G., ... & Busse, R. (2020). Case characteristics, resource use, and

131



Reference

outcomes of 10 021 patients with COVID-19 admitted to 920 German hospitals: an
observational study. The Lancet Respiratory Medicine, 8(9), 853-862.

Karim, M., Dunham, 1., and Ghoussaini, M. (2020). Mining a gwas of severe covid-
19. The New England journal of medicine, 383(26).

Kassir, R. (2020). Risk of COVID-19 for patients with obesity. Obesity Reviews,
21(6)

Katz A, Nambi SS, Mather K, Baron AD, Follmann DA, Sullivan G, Quon MJ.
(2000).Quantitative insulin sensitivity check index: a simple, accurate method for
assessing insulin sensitivity in humans. J Clin Endocrinol Metab. 85(7):2402-10.
Kazakou, P., Paschou, S. A., Psaltopoulou, T., Gavriatopoulou, M., Korompoki,
E., Stefanaki, K., ... & Mitrakou, A. (2021). Early and late endocrine complications
of COVID-19. Endocrine Connections, 1(aop).

Keeley, P., Buchanan, D., Carolan, C., Pivodic, L., Tavabie, S., and Noble, S.
(2020). Symptom burden and clinical profile of COVID-19 deaths: a rapid
systematic review and evidence summary. BMJ supportive & palliative care, 10(4),
381-384.

Klonoff, D. C., Parkes, J. L., Kovatchev, B. P., Kerr, D., Bevier, W. C., Brazg, R.
L., ... and Kohn, M. A. (2018). Investigation of the accuracy of 18 marketed blood
glucose monitors. Diabetes Care, 41(8), 1681-1688.

Knapp S. Diabetes and infection: is there a link?—A mini-review. Gerontology,
2013;59(2):99-104.

Knoblauch, M., & Lindpaintner, K. (1999). Use of animal models to search for
candidate genes associated with essential hypertension. Current Hypertension
Reports, 1(1), 25-30.

Kuba, K., Imai, Y., Ohto-Nakanishi, T., & Penninger, J. M. (2010). Trilogy of
ACEZ2: A peptidase in the renin—angiotensin system, a SARS receptor, and a partner

for amino acid transporters. Pharmacology and therapeutics, 128(1), 119-128.

132



Reference

Kuba, K., Imai, Y., Rao, S., Gao, H., Guo, F., Guan, B., ... & Penninger, J. M.
(2005). A crucial role of angiotensin converting enzyme 2 (ACE2) in SARS
coronavirus—induced lung injury. Nature medicine, 11(8), 875-879.
Kuxdorf-Alkirata, N., Maus, G., and Brickmann, D. (2019, August). Efficient
calibration for robust indoor localization based on low-cost BLE sensors. In 2019
IEEE 62nd International Midwest Symposium on Circuits and Systems (MWSCAS)
(pp. 702-705). IEEE.

La Vignera, S., Cannarella, R., Condorelli, R.A., Torre, F., Aversa, A., Calogero,
A.E., 2020. Sex-Specific SARS-CoV-2 Mortality: Among Hormone-Modulated
ACE2 Expression, Risk of Venous Thromboembolism and Hypovitaminosis D. Int.
J. Mol. Sci. https://doi.org/10.3390/ijms21082948.

Lahera, V., de Las Heras, N., Lopez-Farre, A., Manucha, W., and Ferder, L. (2017).
Role of Mitochondrial Dysfunction in Hypertension and Obesity. Curr. Hypertens.
Rep. 19 (2), 11. doi: 10.1007/s11906-017-0710-9.

Lan,J., Ge,J, Yu,J., Shan, S., Zhou, H., Fan, S, ... and Wang, X. (2020). Structure
of the SARS-CoV-2 spike receptor-binding domain bound to the ACE2 receptor.
Nature, 581(7807), 215-220.

Lavezzo, E., Franchin, E., Ciavarella, C., Cuomo-Dannenburg, G., Barzon, L., Del
Vecchio, C., ... & Crisanti, A. (2020). Suppression of COVID-19 outbreak in the
municipality of Vo’, Italy. MedRxiv.

Le Gal, G., Righini, M., & Wells, P. S. (2015). D-dimer for pulmonary embolism.
Jama, 313(16), 1668-1669.

Lebovitz, H. E. (2001). Insulin resistance: definition and consequences.
Experimental and clinical endocrinology & diabetes, 109(Suppl 2), S135-5148.
Lechien, J. R., Chiesa-Estomba, C. M., De Siati, D. R., Horoi, M., Le Bon, S. D.,
Rodriguez, A., ... & Saussez, S. (2020). Olfactory and gustatory dysfunctions as a
clinical presentation of mild-to-moderate forms of the coronavirus disease (COVID-

133


https://doi.org/10.3390/ijms21082948

Reference

19): a multicenter European study. European Archives of Oto-Rhino-Laryngology,
277(8), 2251-2261.

Lee, B. C., and Lee, J. (2014). Cellular and molecular players in adipose tissue
inflammation in the development of obesity-induced insulin resistance. Biochimica
et Biophysica Acta (BBA)-Molecular Basis of Disease, 1842(3), 446-462.

Lee, S, Kim, T., Lee, E., Lee, C., Kim, H., Rhee, H., ... and Kim, T. H. (2020).
Clinical course and molecular viral shedding among asymptomatic and
symptomatic patients with SARS-CoV-2 infection in a community treatment center
in the Republic of Korea. JAMA internal medicine, 180(11), 1447-1452.

Lehrer, S., and Rheinstein, P. H. (2021). ABO blood groups, COVID-19 infection
and mortality. Blood cells, molecules & diseases, 89, 102571.

Leung, J. M., Yang, C. X., Tam, A., Shaipanich, T., Hackett, T. L., Singhera, G.
K., ... and Sin, D. D. (2020). ACE-2 expression in the small airway epithelia of
smokers and COPD patients: implications for COVID-19. European Respiratory
Journal, 55(5).

Levy, A., Yagil, Y., Bursztyn, M., Barkalifa, R., Scharf, S., and Yagil, C. (2008).
ACE?2 expression and activity are enhanced during pregnancy. American Journal of
Physiology-Regulatory, Integrative and Comparative Physiology, 295(6), R1953-
R1961.

Li, J.,, Wang, X., Chen, J., Cali, Y., Deng, A., and Yang, M. (2020). Association
between ABO blood groups and risk of SARS-CoV-2 pneumonia. British journal
of haematology.

Li, X., Fang, P., Mai, J., Choi, E. T., Wang, H., and Yang, X. F. (2013). Targeting
Mitochondrial Reactive Oxygen Species as Novel Therapy for Inflammatory
Diseases and Cancers. J. Hematol. Oncol. 6, 19. doi: 10.1186/1756-8722-6-19.

134



Reference

Li, Y., Liu, L., Huang, Y., Zheng, H., and Li, L. (2020). Association of ABO
polymorphisms and pancreatic Cancer/Cardiocerebrovascular disease: a meta-
analysis. BMC medical genetics, 21(1), 1-10.

Li, Y., Xu, Q., Ma, L., Wu, D., Gao, J., Chen, G., and Li, H. (2020). Systematic
profiling of ACE2 expression in diverse physiological and pathological conditions
for COVID-19/SARS-CoV-2. Journal of cellular and molecular medicine, 24(16),
9478-9482.

Liamis, G., Liberopoulos, E., Barkas, F., and Elisaf, M. (2014). Diabetes mellitus
and electrolyte disorders. World Journal of Clinical Cases: WJCC, 2(10), 488.

Lim S, Bae JH, Kwon H-S, Nauck MA. COVID-19 and Diabetes Mellitus: From
Pathophysiology to Clinical Management. Nat Rev Endocrinol (2021) 17(1):11-
30. doi: 10.1038/s41574-020-00435-4

Ling, P., Luo, S., Zheng, X., Cai, G., and Weng, J. (2021). Elevated fasting blood
glucose within the first week of hospitalization was associated with progression to
severe illness of COVID-19 in patients with preexisting diabetes: a multicenter
observational study. Journal of Diabetes.

Lippi G, Plebani M. Procalcitonin in patients with severe coronavirus disease 2019
(COVID-19): A meta-analysis. Clin Chim Acta. 2020; 505: 190-191.
https://doi.org/10.1016/j.cca.2020.03.004 PMID: 32145275

Lippi G, Plebani M. Procalcitonin in patients with severe coronavirus disease 2019
(COVID-19): A meta-analysis. Clin Chim Acta. 2020; 505: 190-191.
https://doi.org/10.1016/j.cca.2020.03.004 PMID: 32145275

Liu, L., Wei, W., Yang, K., Li, S., Yu, X,, Dong, C., and Zhang, B. (2021).
Glycemic control before admission is an important determinant of prognosis in
patients with coronavirus disease 2019. Journal of diabetes investigation, 12(6),
1064-1073.

135



Reference

Liu, S., Xiao, G., Chen, Y., He, Y., Niu, J., Escalante, C. R., ... and Jiang, S. (2004).
Interaction between heptad repeat 1 and 2 regions in spike protein of SARS-
associated coronavirus: implications for virus fusogenic mechanism and
identification of fusion inhibitors. The Lancet, 363(9413), 938-947.

Liu, J., Zhang, S., Liu, M., Wang, Q., Shen, H., and Zhang, Y. (2018).
Distribution of ABO/Rh blood groups and their association with hepatitis B virus
infection in 3.8 million Chinese adults: a population-based cross-sectional study.

Journal of viral hepatitis, 25(4), 401-411.
Liu, Y, Yan, L. M., Wan, L., Xiang, T. X., Le, A, Liu, J. M., ... and Zhang, W.

(2020). Viral dynamics in mild and severe cases of COVID-19. The Lancet
infectious diseases, 20(6), 656-657.

Lockhart, S. M., and O’Rabhilly, S. (2020). When two pandemics meet: why is
obesity associated with increased COVID-19 mortality?. Med, 1(1), 33-42.
Lumbers ER, Delforce SJ, Pringle KG, Smith GR. The lung, the heart, the novel
coronavirus, and the renin-angiotensin system; the need for clinical trials. Front
Med (Lausanne) 2020; 7:248.

Luo, Y., Liu, C., Guan, T., Li, Y., Lai, Y., Li, F.,, ... & Zeyaweiding, A. (2019).
Association of ACE2 genetic polymorphisms with hypertension-related target
organ damages in south Xinjiang. Hypertension Research, 42(5), 681-689.

Luo Y, Liu C, Guan T, Li Y, Lai Y, Li F. Association of ACE2 Genetic
Polymorphisms with Hypertension-Related Target Organ Damages in South
Xinjiang. Hypertens Res (2019) 42:681-9. doi:10.1038/s41440-018-0166-6.

Ma RCW, Holt RIG. COVID-19 and diabetes. Diabetes Med. 2020;37(5):723-5.
https://doi.org/10.1111/dme.14300.

Maddaloni, E., & Buzzetti, R. (2020). Covid-19 and diabetes mellitus: unveiling
the interaction of two pandemics. Diabetes/metabolism research and reviews, 36(7),
e33213321.

136



Reference

Mader, J. K., Brix, J., Aberer, F., Vonbank, A., Resl, M., Pieber, T. R., ... and
Sourij, H. (2019). Hospital diabetes management (Update 2019). Wiener Kklinische
Wochenschrift, 131(Suppl 1), 200-211.

Maeda, Y., Ikeda, U., Ebata, H., Hojo, Y., Seino, Y., Hayashi, Y., ... & Shimada,
K. (1996). Angiotensin-converting enzyme gene polymorphism in hypertensive
individuals with parental history of stroke. Stroke, 27(9), 1521-1523.

Magrone, T., Magrone, M., Jirillo, E., 2020. Focus on Receptors for Coronaviruses
with Special Reference to Angiotensin-converting Enzyme 2 as a Potential Drug
Target — A Perspective. Endocr. Metab. Immune Disord. Drug Targets.
https://doi.org/ 10.2174/1871530320666200427112902.

Malik, V. S., Ravindra, K., Attri, S. V., Bhadada, S. K., and Singh, M. (2020).
Higher body mass index is an important risk factor in COVID-19 patients: a
systematic review and meta-analysis. Environmental Science and Pollution
Research, 27(33), 42115-42123.

Mansfield, K. E., Nitsch, D., Smeeth, L., Bhaskaran, K., and Tomlinson, L. A.
(2016). Prescription of renin—angiotensin system blockers and risk of acute kidney
injury: a population-based cohort study. BMJ open, 6(12), e012690.

Mao, L., Jin, H., Wang, M., Hu, Y., Chen, S., He, Q., ... and Hu, B. (2020).
Neurologic manifestations of hospitalized patients with coronavirus disease 2019 in
Wauhan, China. JAMA neurology, 77(6), 683-690.

Marik, P. E., and Bellomo, R. (2013). Stress hyperglycemia: an essential survival
response!. Critical care, 17(2), 1-7.

Marin Gabriel, M. A., Reyne Vergeli, M., Caserio Carbonero, S., Sole, L.,
Carrizosa Molina, T., Rivero Calle, I., ... and Fernandez-Cafiadas Morillo, A.
(2020). Maternal, perinatal and neonatal outcomes with COVID-19: a multicenter
study of 242 pregnancies and their 248 infant newborns during their first month of
life. The Pediatric Infectious Disease Journal, 39(12), e393-e397.

137


https://doi.org/

Reference

Mathews, D., Hosker, J. and Naylor, B. (1985). Insulin resistance and beta-cell
functioning from fasting plasma glucose and insulin concentration in man.
Diabetologia .,28, 412-419.

MCcKINNEY, C. A., Fattah, C., Loughrey, C. M., Milligan, G., and Nicklin, S. A.
(2014). Angiotensin-(1-7) and angiotensin-(1-9): function in cardiac and vascular
remodelling. Clinical science, 126(12), 815-827.

Meiri, A., Ross-Degnan, D., and Wharam, J. F. (2021). Inaccurate Estimates of
Negotiated Reimbursement Prices for Insulin—Reply. JAMA Internal Medicine,
181(1), 141-142.

Mohaghegh, S., Motie, P., & Motamedian, S. R. (2021). Role of ACE2
polymorphism in COVID-19: impact of age. Clinical Chemistry and Laboratory
Medicine (CCLM), 59(10), 1623-1627.

Monod, M., Blenkinsop, A., Xi, X., Hebert, D., Bershan, S., Tietze, S., ... and
Imperial College COVID-19 Response Team. (2021). Age groups that sustain
resurging COVID-19 epidemics in the United States. Science, 371(6536),
eabe8372.

Monteil, V., Kwon, H., Prado, P., Hagelkriys, A., Wimmer, R. A., Stahl, M., ...and
Penninger, J. M. (2020). Inhibition of SARS-CoV-2 infections in engineered human
tissues using clinical-grade soluble human ACE2. Cell, 181(4), 905-913.
Moriguchi, T., Harii, N., Goto, J., Harada, D., Sugawara, H., Takamino, J., ... and
Shimada, S. (2020). A first case of meningitis/encephalitis associated with SARS-
Coronavirus-2. International journal of infectious diseases, 94, 55-58.

MR, et al. Analysis of ACE2 genetic variants in 131 Italian SARS-CoV-2-positive
patients. Hum Genomics 2020; 14:29.

Mukherjee, S., and Pahan, K. (2021). Is COVID-19 gender-sensitive?. Journal of
Neuroimmune Pharmacology, 16(1), 38-47.

138



Reference

Muniyappa, R., & Gubbi, S. Perspective: COVID-19 Pandemic, Corona Viruses,
and Diabetes Mellitus.

Ngo, K. A., Jones, S. A., Church, T. M., Fuschino, M. E., George, K. S., Lamson,
D. M., ... & Ciota, A. T. (2017). Unreliable inactivation of viruses by commonly
used lysis buffers. Applied Biosafety, 22(2), 56-59.

Nile, S.H., Nile, A., Qiu, J., Li, L., Jia, X., Kai, G., 2020. COVID-19: pathogenesis,
cytokine storm and therapeutic potential of interferons. Cytokine Growth Factor
Rev. https:// doi.org/10.1016/j.cytogfr.2020.05.002

Novelli A, Biancolella M, Borgiani P, Cocciadiferro D, Colona VL, D’ Apice
Olson, A. L. (2012). Regulation of GLUT4 and insulin-dependent glucose flux.
International Scholarly Research Notices, 2012.

Pal, R., and Banerjee, M. (2020). COVID-19 and the endocrine system: exploring
the unexplored. Journal of endocrinological investigation, 43(7), 1027-1031.

Pal, R., and Bhansali, A. (2020). COVID-19, diabetes mellitus and ACE2: the
conundrum. Diabetes research and clinical practice, 162, 108132.

Pal, R., and Bhansali, A. (2020). COVID-19, diabetes mellitus and ACE2: the
conundrum. Diabetes research and clinical practice, 162, 108132.

Pal, Rimesh, and Sanjay K. Bhadada. 2020. “COVID.19 and Diabetes Mellitus: An
Unholy Interaction of Two Pandemics.” Diabetes and Metabolic Syndrome:
Clinical Research and Reviews 14 (4): 513-17.

Paniz-Mondolfi, A., Bryce, C., Grimes, Z., Gordon, R. E., Reidy, J., Lednicky, J.,
... and Fowkes, M. (2020). Central nervous system involvement by severe acute
respiratory syndrome coronavirus-2 (SARS-CoV-2). Journal of medical virology,
92(7), 699-702.

Paré, G., Chasman, D. I., Kellogg, M., Zee, R. Y., Rifai, N., Badola, S., ... and
Ridker, P. M. (2008). Novel association of ABO histo-blood group antigen with

139



Reference

soluble ICAM-1: results of a genome-wide association study of 6,578 women. PL0S
genetics, 4(7), e1000118.

Tiwari, A., De, A., Pande, V., & Sinha, A. (2021). Human Angiotensin-Converting
Enzyme may be under malaria selection pressure: a need to explore. Hum Cell, 34,
289-290.

Picchiotti, N., Salvioli, M., Zanardini, E., & Missale, F. (2020). COVID-19
pandemic: a mobility-dependent SEIR model with undetected cases in ltaly, Europe
and US. arXiv preprint arXiv:2005.08882.

Papola, F., Biancofiore, V., Angeletti, C., Grimaldi, A., Carucci, A. C., Cofini, V.,
... and Cervelli, C. (2022). Anti-AT1R autoantibodies and prediction of the severity
of COVID-19. Human immunology, 83(2), 130-133.

Pepys, M. B., and Hirschfield, G. M. (2003). C-reactive protein: a critical update.
The Journal of clinical investigation, 111(12), 1805-1812.

Pinto, B. G., Oliveira, A. E., Singh, Y., Jimenez, L., Gongalves, A. N., Ogava, R.
L., ... and Nakaya, H. I. (2020). ACE2 expression is increased in the lungs of
patients with comorbidities associated with severe COVID-19. The Journal of
infectious diseases, 222(4), 556-563.

Pouladi, N., and Abdolahi, S. (2021). Investigating the ACE2 polymorphisms in
COVID-19 susceptibility: An in silico analysis. Molecular Genetics & Genomic
Medicine, 9(6), e1672.

Pourfridoni, M., Abbasnia, S. M., Shafaei, F., Razaviyan, J., and Heidari-
Soureshjani, R. (2021). Fluid and Electrolyte Disturbances in COVID-19 and Their
Complications. BioMed Research International, 2021.

Pung, R., Chiew, C. J., Young, B. E., Chin, S., Chen, M. I., Clapham, H. E., ... and
Ang, L. W. (2020). Investigation of three clusters of COVID-19 in Singapore:
implications for surveillance and response measures. The Lancet, 395(10229),
1039-1046.

140



Reference

Qeadan, F., Tingey, B., Gu, L. Y., Packard, A. H., Erdei, E., and Saeed, A. I. (2021).
Prognostic values of serum ferritin and D-dimer trajectory in patients with COVID-
19. Viruses, 13(3), 419.

Radermecker, C., Detrembleur, N., Guiot, J., Cavalier, E., Henket, M., d’Emal, C.,
... and Marichal, T. (2020). Neutrophil extracellular traps infiltrate the lung airway,
interstitial, and vascular compartments in severe COVID-19. Journal of
Experimental Medicine, 217(12), e20201012.

Rahman MA, Shanjana Y, Tushar MI, Mahmud T, Rahman GMS, et al. (2021)

Hematological abnormalities and comorbidities are associated with COVID-19
severity among hospitalized patients: Experience from Bangladesh. PLOS ONE
16(7): e0255379. https://doi.org/10.1371/journal.pone.0255379

Robinson, D. H., and Lafleche, G. J. (2000). Nucleic acid electrophoresis in agarose
gels. Essential Molecular Biology: A Practical Approach, 1, 89-119.
Roca-Ho, H., Riera, M., Palau, V., Pascual, J., and Soler, M. J. (2017).

Characterization of ACE and ACE2 expression within different organs of the NOD
mouse. International journal of molecular sciences, 18(3), 563.

Rostami, M., and Mansouritorghabeh, H. (2020). D-dimer level in COVID-19
infection: a systematic review. Expert review of hematology, 13(11), 1265-1275.
Ruan Q, Yang K, Wang W, Jiang L, Song J. Clinical predictors of mortality due
to COVID-19 based on an analysis of data of 150 patients from Wuhan, China.
Intensive Care Med. 2020; 46: 846-848. https://doi.org/10.1007/s00134-020-
05991-x PMID: 32125452

Rysz, S., Al-Saadi, J., Sjostrom, A., Farm, M., Campoccia Jalde, F., Plattén, M., ...
and Lundberg, J. (2021). COVID-19 pathophysiology may be driven by an
imbalance in the renin-angiotensin-aldosterone system. Nature communications,
12(1), 1-12.

141



Reference

Itoyama, S., Keicho, N., Quy, T., Phi, N. C., Long, H. T., Van Ban, V., ... and
Sasazuki, T. (2004). ACE1 polymorphism and progression of SARS. Biochemical
and biophysical research communications, 323(3), 1124-1129.

Sabater Molina M, Nicola ~ s Rocamora E, Bendicho Al, Va ~ zquez EG, Zorio

E, Rodriguez FD, et al. (2022) Polymorphisms in ACE, ACE2, AGTRL1 genes and
severity of COVID-19 disease. PLoS ONE 17(2): e0263140.

Saleh, J. P., Carole,, Keshav, K.S., and Marvin, E. (2020). Mitochondria and
Microbiota Dysfunction in COVID-19 Pathogenesis. Elsevier 54, 1-7. doi:
10.1016/j.mit0.2020.06.008.

Salvamani S, Tan H, Thang W, Ter H, Wan M, Gunasekaran B. Understanding the
Dynamics of COVID-19; Implications for Therapeutic Intervention, Vaccine
Development and Movement Control. Br J Biomed Sci (2020) 77: 168-84.
d0i:10.1080/09674845.2020.1826136.

Sambrook,J. and Russell ,D.W.(2001). Molecular cloning. A laboratory manual.
3rd edition ,Cold Spring Harbor, NewY ork

Santos, A., Magro, D. O., Evangelista-Poderoso, R., and Saad, M. J. A. (2021).
Diabetes, obesity, and insulin resistance in COVID-19: molecular interrelationship
and therapeutic implications. Diabetology & metabolic syndrome, 13(1), 1-14.
Santos, R. A. S., Sampaio, W. O., Alzamora, A. C., Motta-Santos, D., Alenina, N.,
Bader, M., and Campagnole-Santos, M. J. (2017). The ACEZ2/angiotensin-(1-
7)IMAS axis of the renin-angiotensin system: focus on angiotensin-(1-7).
Physiological reviews.

Saqib, A., Solanki, P., Carroll, M., Gough, A., and Oguntolu, V. (2020). Impact of
COVID-19 on glycaemic control: a retrospective cohort study in a local district

general hospital. Practical Diabetes, 37(5), 164-167.

142



Reference

Saxby, N., Beggs, S., Kariyawasam, N., Battersby, M., and Lawn, S. (2020). Do
guidelines provide evidence-based guidance to health professionals on promoting
developmentally appropriate chronic condition self-management in children? A
systematic review. Chronic Illness, 16(4), 239-252.

Sayed-Tabatabaei, F. A., Oostra, B. A., Isaacs, A., Van Duijn, C. M., & Witteman,
J. C. M. (2006). ACE polymorphisms. Circulation research, 98(9), 1123-1133.
Schoeman, D., and Fielding, B. C. (2019). Coronavirus envelope protein: current
knowledge. Virology journal, 16(1), 1-22.

Schulz, E., Gori, T., and Minzel, T. (2011). Oxidative stress and endothelial
dysfunction in hypertension. Hypertension Research, 34(6), 665-673.

Scozzi, D., Cano, M., Ma, L., Zhou, D., Zhu, J. H., O'Halloran, J. A., et al.
(2021).Circulating Mitochondrial DNA Is an Early Indicator of Severe IlIness and
Mortality From COVID-19. JCI Insight 6 (4), 1-16. doi:
10.1172/jci.insight.143299.

Sen S, Chakraborty R, Kalita P, Pathak MP. Diabetes mellitus and COVID-19:
Understanding the association in light of current evidence. World J Clin Cases.
2021;9(28):8327-8339. d0i:10.12998/wjcc.v9.i28.8327

Sette, A., and Crotty, S. (2020). Pre-existing immunity to SARS-CoV-2: the
knowns and unknowns. Nature Reviews Immunology, 20(8), 457-458.
Shang, J., Wang, Q., Zhang, H., Wang, X., Wan, J., Yan, Y., ... & Lin, J. (2020).

The relationship between diabetes mellitus and COVID-19 prognosis: a
retrospective cohort study in Wuhan. China Am J Med.

Sharif-Askari, N. S., Sharif-Askari, F. S., Alabed, M., Temsah, M. H., Al Heialy,
S., Hamid, Q., and Halwani, R. (2020). Airways expression of SARS-CoV-2
receptor, ACE2, and TMPRSS2 is lower in children than adults and increases with
smoking and COPD. Molecular Therapy-Methods & Clinical Development, 18, 1-
6.

143



Reference

Shimobayashi, M., Albert, V., Woelnerhanssen, B., Frei, I. C., Weissenberger, D.,
Meyer-Gerspach, A. C., ... and Hall, M. N. (2018). Insulin resistance causes
inflammation in adipose tissue. The Journal of clinical investigation, 128(4), 1538-
1550.

Sienko, J., Kotowski, M., Bogacz, A., Lechowicz, K., Drozdzal, S., Rosik, J., ...
and Kotfis, K. (2020). COVID-19: the influence of ACE genotype and ACE-I and
ARBs on the course of SARS-CoV-2 infection in elderly patients. Clinical
Interventions in Aging, 15, 1231.

Singh, A. K., and Singh, R. (2020). Does poor glucose control increase the severity
and mortality in patients with diabetes and COVID-19?. Diabetes & Metabolic
Syndrome: Clinical Research & Reviews, 14(5), 725-727.

Singh, B. K., Leuthold, M. M., and Hansman, G. S. (2016). Structural constraints
on human norovirus binding to histo-blood group antigens. MSphere, 1(2),
e00049-16.

Skyler, J. S., Bakris, G. L., Bonifacio, E., Darsow, T., Eckel, R. H., Groop, L., ...

and Ratner, R. E. (2017). Differentiation of diabetes by pathophysiology, natural
history, and prognosis. Diabetes, 66(2), 241-255.

Smith, S. M., Boppana, A., Traupman, J. A., Unson, E., Maddock, D. A., Chao,
K., ... and Connor, R. I. (2021). Impaired glucose metabolism in patients with
diabetes, prediabetes, and obesity is associated with severe COVID-19. Journal of
medical virology, 93(1), 409-415.

Smyk, W., Janik, M. K., Portincasa, P., Milkiewicz, P., Lammert, F., and
Krawczyk, M. (2020). COVID-19: focus on the lungs but do not forget the
gastrointestinal tract. European journal of clinical investigation, 50(9), e13276.
Song, C., Wang, Y., Li, W., Hu, B., Chen, G., Xia, P., ... and Liu, Y. (2020).
Absence of 2019 novel coronavirus in semen and testes of COVID-19 patients.

Biology of reproduction, 103(1), 4-6.

144



Reference

Song, J. W., Zhang, C., Fan, X., Meng, F. P., Xu, Z., Xia, P., ... and Zhang, J. Y.
(2020). Immunological and inflammatory profiles in mild and severe cases of
COVID-19. Nature communications, 11(1), 1-10.
Song, J., Li, Y., Huang, X., Chen, Z., Li, Y., Liu, C., ... and Duan, X. (2020).
Systematic analysis of ACE2 and TMPRSS2 expression in salivary glands reveals
underlying transmission mechanism caused by SARS-CoV-2. Journal of medical
virology, 92(11), 2556-2566.
South, A. M., Shaltout, H. A., Washburn, L. K., Hendricks, A. S., Diz, D. I., and
Chappell, M. C. (2019). Fetal programming and the angiotensin-(1-7) axis: a review
of the experimental and clinical data. Clinical Science, 133(1), 55-74.
Sparks, M. A., Crowley, S. D., Gurley, S. B., Mirotsou, M., and Coffman, T. M.
(2014). Classical renin-angiotensin system in kidney physiology. Comprehensive
Physiology, 4(3), 1201.
Sriram K, Insel PA. A hypothesis for pathobiology and treatment of COVID-19:
the centrality of ACE1/ACE2 imbalance. Br J Pharmacol 2020; 177:4825-4844.
Srivastava A, Bandopadhyay A, Das D, Pandey RK, Singh V, Khanam N.

Stelzig, K. E., Canepa-Escaro, F., Schiliro, M., Berdnikovs, S., Prakash, Y. S., and
Chiarella, S. E. (2020). Estrogen regulates the expression of SARS-CoV-2 receptor
ACE2 in differentiated airway epithelial cells. American Journal of Physiology-
Lung Cellular and Molecular Physiology, 318(6), L1280-L1281.

Stumvoll, M and Gerich, J (2001) Clinical features of insulin resistance and beta
cell dysfunction and the relationship to type 2 diabetes. Clin Lab Med 21: 31-51

Suleiman, A., Rafaa, T., Alrawi, A., and Dawood, M. (2021). The impact of ACE2
genetic polymorphisms (rs2106809 and rs2074192) on gender susceptibility to
COVID-19 infection and recovery: A systematic review. Baghdad Journal of
Biochemistry  and  Applied  Biological  Sciences, 2(03),  167-180.
https://doi.org/10.47419/bjbabs.v2i03.53

145



Reference

Sungnak, W., Huang, N., Bécavin, C., Berg, M., Queen, R., Litvinukova, M., ...
and Sampaziotis, F. (2020). HCA Lung Biological Network. SARS-CoV-2 entry
factors are highly expressed in nasal epithelial cells together with innate immune
genes. Nat. Med, 26, 681-687.

Sutton, D., Fuchs, K., D’alton, M., and Goffman, D. (2020). Universal screening
for SARS-CoV-2 in women admitted for delivery. New England Journal of
Medicine, 382(22), 2163-2164.

Tai, W., He, L., Zhang, X., Pu, J., Voronin, D., Jiang, S., ... and Du, L. (2020).
Characterization of the receptor-binding domain (RBD) of 2019 novel coronavirus:
implication for development of RBD protein as a viral attachment inhibitor and
vaccine. Cellular & molecular immunology, 17(6), 613-620.

Tang, N., Li, D., Wang, X., and Sun, Z. (2020). Abnormal coagulation parameters
are associated with poor prognosis in patients with novel coronavirus pneumonia.
Journal of thrombosis and haemostasis, 18(4), 844-847.

Tang, X., Du, R. H., Wang, R., Cao, T. Z., Guan, L. L., Yang, C. Q., ... and Shi, H.
Z. (2020). Comparison of hospitalized patients with ARDS caused by COVID-19
and HIN1. Chest, 158(1), 195-205.

Tavakolpour, S., Rakhshandehroo, T., Wei, E. X., and Rashidian, M. (2020).
Lymphopenia during the COVID-19 infection: What it shows and what can be
learned. Immunology letters, 225, 31.

Takayanagi, R., Ohnaka, K., Sakai, Y., Nakao, R., Yanase, T., Haji, M., ... &
Nawata, H. (1992). Molecular cloning, sequence analysis and expression of a cDNA
encoding human type-1 angiotensin Il receptor. Biochemical and biophysical
research communications, 183(2), 910-916.

Teuwen, L. A., Geldhof, V., Pasut, A., and Carmeliet, P. (2020). COVID-19: the

vasculature unleashed. Nature Reviews Immunology, 20(7), 389-391.

146



Reference

Tikellis, C., and Thomas, M. C. (2012). Angiotensin-converting enzyme 2 (ACE2)
is a key modulator of the renin angiotensin system in health and disease.
International journal of peptides, 2012.

Tikellis, C., Bernardi, S., and Burns, W. C. (2011). Angiotensin-converting enzyme
2 is a key modulator of the renin—angiotensin system in cardiovascular and renal
disease. Current opinion in nephrology and hypertension, 20(1), 62-68.

Tipnis, S. R., Hooper, N. M., Hyde, R., Karran, E., Christie, G., and Turner, A. J.
(2000). A human homolog of angiotensin-converting enzyme: cloning and
functional expression as a captopril-insensitive carboxypeptidase. Journal of
Biological Chemistry, 275(43), 33238-33243.

Tiret L, Blanc H, Ruidavets JB, et al. Gene polymorphisms of the renin angiotensin
system in relation to hypertension and parental history of myocardial infarction and
stroke: the PEGASE study. Projet d’Etude des Genes de I’Hypertension Arterielle
Server a Moderee Essentielle. J Hypertens 2018;16(1):37-44.
Turner, A. J., Hiscox, J. A., and Hooper, N. M. (2004). ACE2: from vasopeptidase
to SARS virus receptor. Trends in pharmacological sciences, 25(6), 291-294.
Vaduganathan, M., Vardeny, O., Michel, T., McMurray, J. J., Pfeffer, M. A., and
Solomon, S. D. (2020). Renin—angiotensin—aldosterone system inhibitors in patients
with Covid-19. New England Journal of Medicine, 382(17), 1653-1659.
Vaira, L. A., Salzano, G., Deiana, G., and De Riu, G. (2020). Anosmia and ageusia:
common findings in COVID-19 patients. The Laryngoscope, 130(7), 1787-1787.
Vardavas, C. I., & Nikitara, K. (2020). COVID-19 and smoking: A systematic
review of the evidence. Tobacco induced diseases, 18.
Vargas-Vargas, M., and Cortés-Rojo, C. (2020). Ferritin levels and COVID-
19. Revista Panamericana de Salud Publica, 44, e72.
Vasquez-Bonilla WO, Orozco R, Argueta V, Sierra M, Zambrano LI, Munoz-Lara
F, et al. A review of the main histopathological findings in coronavirus disease
2019. Hum Pathol. (2020) 105:74-83. doi: 10.1016/j.humpath.2020.07.023

147



Reference

Velavan TP, Meyer CG. Mild versus severe COVID-19: Laboratory markers. Int J
Infect Dis. 2020; 95: 304-307. https://doi.org/10.1016/j.ijid.2020.04.061 PMID:
32344011
Velavan, T. P., and Meyer, C. G. (2020). Mild versus severe COVID-19: laboratory
markers. International Journal of Infectious Diseases, 95, 304-307.

Vickers, N. J. (2017). Animal communication: when i’m calling you, will you

answer too?. Current biology, 27(14), R713-R715.

Walls A, Park Y, Tortorici M, Wall A, McGuire A, Veesler D. Structure, Function,
and Antigenicity of the SARS-CoV-2 Spike Glycoprotein. Cell. 2020; 181(2):281—
292.e6. https://doi.org/10.1016/j.cell.2020. 02.058 PMID: 32155444,

Walls, A. C., Park, Y. J., Tortorici, M. A., Wall, A., McGuire, A. T., and Veesler,
D. (2020). Structure, function, and antigenicity of the SARS-CoV-2 spike
glycoprotein. Cell, 181(2), 281-292.

Walls, A. C., Park, Y. J., Tortorici, M. A., Wall, A., McGuire, A. T., and Veesler,
D. (2020). Structure, function, and antigenicity of the SARS-CoV-2 spike
glycoprotein. Cell, 181(2), 281-292.

Walls, A. C., Park, Y. J., Tortorici, M. A., Wall, A., McGuire, A. T., and Veesler,
D. (2020). Structure, function, and antigenicity of the SARS-CoV-2 spike
glycoprotein. Cell, 181(2), 281-292.

Wan, J., Sun, W., Li, X,, Ying, W., Dai, J., Kuai, X., ... and He, F. (2006).

Inflammation inhibitors were remarkably up-regulated in plasma of severe acute
respiratory syndrome patients at progressive phase. Proteomics, 6(9), 2886-2894.
Wang C, Horby PW, Hayden FG, Gao GF. A novel coronavirus outbreak of global
health concern. Lancet 2020;395(10223):470-3.

Wang, Y., Dong, C., Hu, Y., Li, C., Ren, Q., Zhang, X., ... and Zhou, M. (2020).
Temporal changes of CT findings in 90 patients with COVID-19 pneumonia: a
longitudinal study. Radiology, 296(2), E55-E64.

148


https://doi.org/10.1016/j.cell.2020

Reference

Wang, Z., Du, Z., and Zhu, F. (2020). Glycosylated hemoglobin is associated with
systemic inflammation, hypercoagulability, and prognosis of COVID-19 patients.
Diabetes research and clinical practice, 164, 108214.

Wang, Z., Du, Z., and Zhu, F. (2020). Glycosylated hemoglobin is associated with
systemic inflammation, hypercoagulability, and prognosis of COVID-19 patients.
Diabetes research and clinical practice, 164, 108214.

Weiss, G. Ganze T. and Goodnough L. 2019. Anemia of inflammation blood. Pub
Med, 133, 40-50.

Wenzhong, L., and Hualan, L. (2021). COVID-19: captures iron and generates
reactive oxygen species to damage the human immune system. Autoimmunity,
54(4), 213-224.

Wessling-Resnick, M. (2018). Crossing the iron gate: why and how transferrin
receptors mediate viral entry. Annual review of nutrition, 38, 431-458.

Wiggins, K. L., Smith, N. L., Glazer, N. L., Rosendaal, F. R., Heckbert, S. R., Psaty,
B. M., ... and Lumley, T. (2009). ABO genotype and risk of thrombotic events and
hemorrhagic stroke. Journal of thrombosis and haemostasis, 7(2), 263-269.

Weitz, J. |, Fredenburgh, J. C., and Eikelboom, J. W. (2017). A test in context: D-
dimer. Journal of the American College of Cardiology, 70(19), 2411-2420.

Wolfel R, Corman VM, Guggemos W, et al. Virological assessment of hospitalized
patients with COVID-2019. Nature 2020;581:465-9.

Wolfel, R., Corman, V. M., Guggemos, W., Seilmaier, M., Zange, S., Miiller, M.
A., ...and Wendtner, C. (2020). Virological assessment of hospitalized patients with
COVID-2019. Nature, 581(7809), 465-469.

Wolpin, B. M., Kraft, P., Gross, M., Helzlsouer, K., Bueno-de-Mesquita, H. B.,

Steplowski, E., ... and Fuchs, C. S. (2010). Pancreatic cancer risk and ABO blood
group alleles: results from the pancreatic cancer cohort consortium. Cancer
research, 70(3), 1015-1023.

149



Reference

Wu J, Li W, Shi X, et al. Early antiviral treatment contributes to alleviate the
severity and improve the prognosis of patients with novel coronavirus disease
(COVID-19). J Intern Med 2020;288(1):128-138. DOI: 10.1111/joim.13063.

Wu Y-H, LiJ-Y, Wang C, Zhang L-M, Qiao H. The ACE2 G8790A polymorphism:
involvement in type 2 diabetes mellitus combined with cerebral stroke. J Clin Lab
Anal 2017; 31:e22033.

Wu, C., Chen, X., Cali, Y., Zhou, X., Xu, S., Huang, H., ... and Song, Y. (2020). Risk
factors associated with acute respiratory distress syndrome and death in patients with
coronavirus disease 2019 pneumonia in Wuhan, China. JAMA internal medicine,
180(7), 934-943.

Wou, Z., and McGoogan, J. M. (2020). Characteristics of and important lessons from
the coronavirus disease 2019 (COVID-19) outbreak in China: summary of a report
of 72 314 cases from the Chinese Center for Disease Control and Prevention. Jama,
323(13), 1239-1242.

Chen, X., Hu, W.,, Ling, J., Mo, P., Zhang, Y., Jiang, Q., ... and Xiong, Y. (2020).
Hypertension and diabetes delay the viral clearance in COVID-19 patients.
MedRxiv.

Xu, H., Zhong, L., Deng, J., Peng, J., Dan, H., Zeng, X, ... and Chen, Q. (2020).
High expression of ACE2 receptor of 2019-nCoV on the epithelial cells of oral
mucosa. International journal of oral science, 12(1), 1-5.
Xu, H., Zhong, L., Deng, J., Peng, J., Dan, H., Zeng, X., ... and Chen, Q. (2020).
High expression of ACE2 receptor of 2019-nCoV on the epithelial cells of oral
mucosa. International journal of oral science, 12(1), 1-5.

Yamamoto, N., Nishida, N., Yamamoto, R., Gojobori, T., Shimotohno, K.,
Mizokami, M., and Ariumi, Y. (2021). Angiotensin—Converting Enzyme (ACE) 1

150



Reference

Gene  Polymorphism and  Phenotypic  Expression of COVID-19
Symptoms. Genes, 12(10), 1572.

Yang, J. K., Feng, Y., Yuan, M. Y., Yuan, S. Y., Fu, H. J.,, Wu, B. Y., ... and Chan,
J. C. N. (2006). Plasma glucose levels and diabetes are independent predictors for
mortality and morbidity in patients with SARS. Diabetic medicine, 23(6), 623-628.
Yang, J. K., Lin, S. S., Ji, X. J., and Guo, L. M. (2010). Binding of SARS
coronavirus to its receptor damages islets and causes acute diabetes. Acta
diabetologica, 47(3), 193-199.

Yang, J., Zheng, Y., Gou, X., Pu, K., Chen, Z., Guo, Q., ... and Zhou, Y. (2020).
Prevalence of comorbidities and its effects in patients infected with SARS-CoV-2:
a systematic review and meta-analysis. International Journal of Infectious Diseases,
94, 91-95.

Yang, X,, Yu, Y., Xu, J., Shu, H., Liu, H., Wu, Y., ... and Shang, Y. (2020). Clinical
course and outcomes of critically ill patients with SARS-CoV-2 pneumonia in
Wauhan, China: a single-centered, retrospective, observational study. The Lancet
Respiratory Medicine, 8(5), 475-481.

Yates, T., and Khunti, K. (2016). The diabetes mellitus tsunami: worse than
the'Spanish flu'pandemic?. Nature Reviews Endocrinology, 12(7), 377-378.

Yi, L., Gu, Y. H, Wang, X. L., An, L. Z., Xie, X. D., Shao, W., et al. (2006).
Association of ACE, ACE2 and UTS2 Polymorphisms With Essential Hypertension
in Han and Dongxiang Populations From North-Western China. J. Int. Med. Res.
34, 272-283. doi: 10.1177/147323000603400306.

Yu, Y., Xu,D., Fu,S., Zhang, J.,, Yang, X., Xu, L., ... and Shang, Y. (2020). Patients
with COVID-19 in 19 ICUs in Wuhan, China: a cross-sectional study. Critical care,
24(1), 1-10.

Wou, Z., and McGoogan, J. M. (2020). Characteristics of and important lessons from
the coronavirus disease 2019 (COVID-19) outbreak in China: summary of a report

151



Reference

of 72 314 cases from the Chinese Center for Disease Control and Prevention. jama,
323(13), 1239-1242.
Zeng, Z., Yu, H., Chen, H., Qi, W., Chen, L., Chen, G., ... and Wu, D. (2020).

Longitudinal changes of inflammatory parameters and their correlation with disease
severity and outcomes in patients with COVID-19 from Wuhan, China. Critical
Care, 24(1), 1-12.

Zeng, X., Fan, H., Lu, D., Huang, F., Meng, X., Li, Z., ... and Hu, X. (2020).
Association between ABO blood groups and clinical outcome of coronavirus
disease 2019: Evidence from two cohorts. Medrxiv.

Zetterqvist, A. V., Berglund, L. M., Blanco, F., Garcia-Vaz, E., Wigren, M., Duner,
P., ... and Gomez, M. F. (2013). Inhibition of nuclear factor of activated T-cells
(NFAT) suppresses accelerated atherosclerosis in diabetic mice. PloS one, 8(6),
e65020.

Zhang, N., Tai, J., Qu, Z., Zhang, Z., Zhao, S., He, J., ... and Jiang, Y. (2016).
Increased CD4+ CXCR5+ T follicular helper cells in diabetic nephropathy.
Autoimmunity, 49(6), 405-413.

Zhang, Y., Xiao, M., Zhang, S., Xia, P., Cao, W., Jiang, W., ... and Zhang, S.
(2020). Coagulopathy and antiphospholipid antibodies in patients with Covid-19.
New England Journal of Medicine, 382(17), e38.

Zhao, J., Yang, Y., Huang, H., Li, D., Gu, D., Lu, X., ... and Wang, P. G. (2021).

Relationship between the ABO blood group and the coronavirus disease 2019
(COVID-19) susceptibility. Clinical Infectious Diseases, 73(2), 328-331.

Zhou, F., Yu, T., Du, R., Fan, G., Liu, Y., Liu, Z., ... & Cao, B. (2020). Clinical
course and risk factors for mortality of adult inpatients with COVID-19 in Wuhan,
China: a retrospective cohort study. The lancet, 395(10229), 1054-1062.

Zhou F, Yu T, Du R, et al. Clinical course and risk factors for mortality of adult
inpatients with COVID-19 in Wuhan, China: a retrospective cohort study. Lancet
2020;395(10229):1054-62.

152



Reference

Zhou, S., Zhu, T., Wang, Y., and Xia, L. (2020). Imaging features and evolution on
CT in 100 COVID-19 pneumonia patients in Wuhan, China. European radiology,
30(10), 5446-5454.

Zhu, N., Zhang, D., Wang, W., Li, X., Yang, B., Song, J., ... and Tan, W. (2020).
A novel coronavirus from patients with pneumonia in China, 2019. New England
journal of medicine.

Zietz, M., Zucker, J., and Tatonetti, N. (2020). Testing the association between
blood type and COVID-19 infection, intubation, and death. medRxiv Prepr. Serv.
Health Sci.

Zinellu, A., Paliogiannis, P., Carru, C., and Mangoni, A. A. (2021). INR and
COVID-19 severity and mortality: a systematic review with meta-analysis and
meta-regression. Advances in Medical Sciences, 66(2), 372-380.

Zou, X., Chen, K., Zou, J., Han, P., Hao, J., and Han, Z. (2020). Single-cell RNA-
seq data analysis on the receptor ACE2 expression reveals the potential risk of
different human organs vulnerable to 2019-nCoV infection. Frontiers of medicine,
1-8.

153



APPENDIX

Questionnaire

Name

Age

Sex

weight

duration of disease

place of injury

do you have other diseases?

do you have diabetes?

covid-19 treatment type

diabetes treatment type + dose quantity

CT scan

Does he have injured or deceased relatives with covid-19?
Dose he has injured or deceased from diabetes
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